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A SEARCH AND CLASSIFICATION OF MULTIPLE SYSTEMS IN THE GENERAL FIELD

J. P. Anosova

Leningrad University Observatory, USSR

(Received: October 12,1989)

SUMMARY: The subject of the present paper is a study of multiple stellar and galaxy
systems aimed at a classification of their dynamical states and finding a statistical
criterion for recognition of chance and non-chance groups of objects. The proposed
statistical criterion is applied to some multiple systems of stars and galaxies. A corre-
sponding algorithm is extended and finally the dynamical states of triple system ADS
9909 ('I' Sco) are studied taking into account the uncertainty of the observational data.

I. INTRODUCTION

The study of surface and space distributions of
stars and galaxies in the general Galactic and Metagalac-
tic field shows a marked tendency to the clustering for
these objects. It is joining of stars and galaxies in the
multiples with a different number from the smallest
systems (doubie and triple stars and galaxies) to the
clusters of these objects with a large number.

The investigations of star multiplicity distri-
butions in the solar neighbourhood (see e.g. Agekyan
at aJ. 1%2, Brosche 1964, Abt and Levi 1976, Domman-
get 1977, Worley 1977, Poveda et al. 1982) have shown
that a mean multiplicity ratio is equal approximately to
0.45 : 0.35 : 0.10 : 0.10 for the single, double, triple,
and more multiple stars correspondingly. Dornmanget
(1977) made a statistical comparison between the mul-
tiple stars and the open star clusters and found that a
significant distinction is observed in the characteristic
distributions between the multiple systems with n ~ 10-20
and ones with n > 20. Therefore, one can consider the
s-ellar systems with a number n~ 10-20 as multiple
stars, and ones with a larger n as star clusters.

The galaxies also have a strong tendency to the
clustering, their muitiplicity distribution is similar to
the analogous one for the stars of our Galaxy. There
have been also observed galaxies with multiple nuclei.

•••••

The study of multiple systems has interest for
many problems in stellar and extragalactic astronomy
because of widespreading of multiple stars and galaxies
in the Galactic and Metagalactic fields and in the star
and galaxy clusters, as well as some cosrnogoruc conciu-
sion which one may draw from the investigation of
statistics and dynamics of multiple systems (the age
estimations for dusters, Galaxy and Metagalaxy inclu-
ding the multiples; a presentation of their qualitative
evolution scenario etc.).

The general problems in the study of multiple
systems of objects (stars, galaxies etc.) are the following
ones:

1) a discovery of multiple systems in the general
Galactic or Metagalactic field or in the star or galaxy
clusters;

2) a separation of the discovered multiples to
the chance (optical) groups of objects and the non-chan-
ce ones;

3) an eduction of the systems with components
connected physically;

4) a division of such multiple systems into the
ones with components connected dynamically (i. e. with
relatively strong dynamical connections) and the ones
without such connections;

5) a division of the systems with connected com-
ponents into the stable and unstable ones;
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6) a numerical study of dynamical evolution for
tstable systems: the estimations of their life-time;
alysis of processes of formation, evolution, and
,tion for the subsystems of a smaller multiplicity;
g of the trajectories of the component's relative
ns etc.

One must solve the problems formulated obove
Iing to the indicated sequence. The necessary
tion for solving these problems is the availability
: three-dimensional coordinates and velocities and
elative masses for all components in a multiple
n, i.e. the availability of data obtained by the com-
of astrometrical and astrophysical observations
hese objects. The problems enumerated require
iverse accuracy levels in the data used for their
on, in addition to that the requirements to accura-
'ei grow as the number of problems increases. The
lete solution of all problems enumerated above
ultiple stars is possible only at the highest accuracy
attainable at present for the observational data ob-
I from the ground observations as well as by the
observatories.

The problem to obtain the complex of obser-
ial data for star and galaxy systems is a compli-

task in connection with some natural physical
.es of their components. It requires significant
s of specialists in different astronomical speciali-
IS. The majority of multiple stars and galaxies
ins the components of different brightnesses.
iently the components have so Significant diversi-
I the apparent magnitudes and in the spectral types
iminosity classes (for stars) or in the morphological
(for galaxies) that it strongly troubles obtaining
homogeneous high-precise data for all components
the astrometrical observations as well as the

ihysical ones. Moreover, a large part of the obser-
iultiple stars and galaxies have no known distances
I for systems with the values r > 100 pc it is
.sible to solve correctly the problems formulated

at present. For the multiple galaxies, one may
obtain the relative positions and radial velocities
mponents.

In connection with these difficulties, the prob-
o obtain the complex of astrometrical and astro-
cal data for the multiple stars has not been prac-
{ formulated before. For the most part, the obser-
15 of components in multiple stars (un til an assu-
limited apparent magnitude) have been carried out
ssing with the observations of double stars. More-
the programs of astrometrical and astrophysical

vations include for the most part different objec-
the photographic astrometrical observations are

ally carried out for stars with m = 9m--ll m; the
physical ones -- for stars brighter than 7m __gm;
program of meridian astrornetrical observations
de only the primary components (brighter than 4Jn

) of a few multiple stars. For the multiple galaxies,
ias also a Significant deficit of observational data.

2. THE CONSTRUCTION OF HIERARCHICAL
STRUCTUCTURE FOR THE FIELD OF OBJECTS

nents
the d:

The first problem in the study of multiple stars
and galaxies is the discovery of such systems in the ge-
neral Galactic or Metagalactic field or in the clusters
of objects under consideration.

In the majority of works, some subjective met-
hods have been used for a recognition of multiple sy-
stems (see e.g. Holmberg 1940, Karachentsev 1970,
Turner and Gott 1977). Materne (1978) was the first
to develop a strict algorithm to construct a hierarchi-
cal structure in the Metagalactic field on the base of the
well-known mathematical method of cluster-analysis
(see e.g. Aivasian et al.). Then Tully (1980). Huchra
and Geller (1982), and Vennik (1984) used this method
in order to compile the more complete and homo-
geneous lists of galaxy groups in the Metagalaxy.

This method consists of the following operati-
ons: 1) at first, one searches from a totality of N objects
of the field two objects i and j (ij = 1,2, ... ,N) with an
extreme value of a selection parameter chosen (Ma-
terne (1978). Huchra and Geller (1982, 1983) have
chosen it as a minimum theree-dimensional distance
RI, between objects, Tully (1980) and Vennik (1984)
ha~e taken It as a maximum parameter of the gravita-
ting force Fij = Mmax Rij-

2, where Mmax = max (Mi.
~), Mi and Mj are the masses of objects i and j); 2)
secondly, one considers such two objects as a single
unit with a mass equal to the summary one of this
binary and with an inertia centre at its baricentre; 3)
furthermore, one uses this algorithm for N -1 objects
etc., until all the members within the considered totality
are joined in a unified hierarchical structure according to
a chain defined by the condition for the maximum of
values Rij-I orFjj-

In order to separate the members of multiple
systems from the background objects, one must use
some isolating criteria, however there is no objective
criterion of such type at present. Therefore, some
empirical dependences between the characteristics of
multiple system components and background objects
have been generally used. Such dependences reflect
an isolation of the members of systems from the back-
ground objects in a phase space of coordinates and ve-
locities. The diverse authors used the unlike selection
parameters and various (sometimes strongly distinguis-
hing from each other) decisive values of these parame-
ters when they compiled the lists or catalogues of
multiple stars and galaxies.

comp
space
beiso
space;
groups

groups,
in the
mon fc
compos
regular
be isola
nate spa
-chance
systems

I
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3. CLASSIFICATION OF MULTIPLE
SYSTEMS

The multiple systems of objects (stars, galaxies,
their groups or clusters etc.) with any number of compo-
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nvnts nnghr be divided into three basic types from
the dynamical point of view;

[ - such multiple systems in which all or a few
components ale by chance within a region of the phase
space covered by the system: these systems cannot
be isolated from the background objects in the phase
space; one may qualify suchlike systems as the chance
groups of objects or optical systems;

II --such multiple systems which are no chance
groups; they are isolated from the background objects
!I1 the phase space; their components have some com-
mon features; however, the gravitating forces between
components are small or approximately equal to the
regular forces of the environment; these systems, cannot
be isolated from the background objects in the coordi-
nate space; one may qualify suchlike systems as the 110/1-

-chance groups of objects, One might divide these
systems into two classes:

II a - systems completely isolated in the ve 10-
city space (e. g. the moving star dusters);

II b systems only partially isolated in the ve

A classification of the states of multiple systems

Multiple systems

1- (Jiance (optical)
'.)skIllS

III-dynamically
connected systems

1I1-1 total
encrgyL~O

locity space (e. g, in one or two ofvelocity components.
like some of well-known Eggen's kinematical groups);

lll- multiple systems which can be isolated
from the background objects in the coordinate SPJL",

in these systems the irregular gravitating forces between
their components essentially exceed the regular forces
of the environme nt ; one may qualify such systems a"
the multiples with a physical connection bet ween then
components.

One might divide the systems of the latter type
into two classes:

III - 1 multiple systems in which there is I/U

dynamical connection among all or a part of compo-
nents so that the total energy is non-negative E;;' 0
One might also divide such systems into two subclasses:

III - la- the multiple systems ill which there
is 110 genetic connection among all or a part of c'.)JllPr)·

nents: all n single objects in :I system rapidly PelS,
by each other OT a number s (s < 11) of single ':C';~lP()'

nents and subsystems inside this system rapidly pass
by each other,

Non-chance
gro"p of objects

III ·2 total
energy E <0

-------.. ------~-----.,
Jlvdvnaoiicall, 1

not conneckd ,ystcmj

L,/'// r-'-.~-"-2t.---...

rIi3 systems lib --'Y·,ll'iiiS 1

L isOlated. in not cornplctclv I
ve lccity b~)la te.,j in

~pace velocity SPdCt.' !

J1I- 2a slow
passages

III-Ib .. recession"
of components

connected gcneti-
cally

[II lJ iast
passagl:s

ru- 2h systems l
connected
g~ncticaUy

Ill- I
type l of
dynamics
(stable)

11I II
type II of
dynamic-
(u nstablc )
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III 1b the multiple systems in which there
is a genetic community of components but also there
is J. .,recession" of components (E > 0) -. e.g. according
(0 the well-known conception of V.A. Ambartsumian;

III 2 ..· the multiples in which there is a dyna-
mical connection of the components so that the total
energy is negative E< 0; one might also divide such
systems into two subclasses:

I Il- 2a _. the multiple systems in which there
IS no genetic community among a part of components:
;J number s (s < n) of single components and subsystems
with a smaller multiplicity than n inside a system pass
slow (E < 0) by each other;

III- 2b -- the multiples in which there is a ge-
netic community among all components (a co-formati-
on); such systems may have one of two dynamical
types:

III- I - dynamically stable multiples;
III - II_.dynamically unstable ones.
The proposed classification of multiple systems

(stars, galaxies e tc.) might clearly be shown by a block-
-scheme (see Table I).

4. STATISTICAL CRITERIA FOR RECOGNITION
OF CHANCE AND NON -CHANCE GROUPS OF
OBJECTS.

Deutsch (1961) was the first to develop a stati-
stical criterion in order to recognize the chance star
groups in the galactic field; this criterion uses only the
astrorne tr ic data for stars - the relative positions of
components on the celestial sphere and their proper
motions.

This criterion estimates the expectation EX of
a number of chance realizations that n single stars will
be found within a circle of radius p and area a on the
celestial sphere of total area ~, on condition that the
proper motions j.l of these stars are in agreement in
Emits of their uncertainties 8j.J.

EX - C n a r'l - I (s 'f'- ( ..- - ...

N ~s· (1)

where eN n is a number of combinations from N by n;
~ is the total number of stars; the star proper motions
are represented as the vectors radiating from one point
and reaching their ends to some region of area S, s is
In area of circle of radius Evn where E is a probable
error of a single measurement of the star proper motion.

Deutsch's criterion is feasible only to the multi-
ple stars. Moreover, it does not take into consideration
a likeness or difference in the space characteristics of
stars -- their parallaxes and radial velocities.

In the present work, a statistical criterion is pro-
posed in order to recognize the chance and non-chance
star and galaxy groups with any multiplicity n which
takes into consideration a likeness or difference of
the individual configurational and kinematical data for

4

all components within a system

r, u, v A; p,r,j.J.,v i; i=1,2, .... I1·-1

where A is the primary component of a system witl
multiplicity n, i is the number of Its i-th companion: ~
is the relative angular separation of the i-th object frorr
the component A; r, J.1, and V are the distance on the
line=of=sight, the modulus of a relative proper motion
and the relative radial velocity accordingly. The effects
of uncertainties in the values

or,O/1,ov A 0p,or,0I1,(iv (3

are also taken into account.
The necessary condition in order to establish

the chance or non chance for a multiple system is shown
to be an availability of the total complex of observed
data (2) and (3) for all components, unless the relative
orbits of all components are obtained. For every multi-
ple system with a total complex of observed data, one
could estimate:

1) the probability P that all n components have
by chance been found in the region a of phase space
occupied by the multiple system,

2) the expectation EX of a number of the sy·
stems with parameters corresponding to the observed
data (2) taking into account (3).

This probability P and expectation EX in the
case of a sphere ~ with a radius R are estimated by
the following formulae by assuming a random distri-
bution of the objects within the sphere

(4)

where 13 is the ratio of the volume of the region (I t o
the volume of the sphere ~ given as (Anosova 1990)

, -3' 2 tg::"/1 / 2 > rA
B = J .)5 10 (tg P . ) (-----)- (----l

n , 2 tg J.1 . R

(5)

rn 3 rn 2[I - (--) 1 [1 - (--)
rA rA

where rA > rn; the number n corresponds to a compo-
nent that is the most distant one from the primary
component A of the system; when fA < Tn the indexes
n and A in the quantities r and v are changed: the
quantity U is the rnaxumurn possible total velocity of
objects in the field under consideration, j.J. is the pro-
per motion of an object located at the distance R from
observer which corresponds to the value LJ.
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Comparing the expectations EX obtained with
an observed number of multiple systems with data
dose to (2) in the uncertainty limits (3), one could
conclude that the multiple system under consideration
is a chance group of objects or a non-chance one by
the following conditions:

I - the multiple system is certainly a non-chart-
ce group if the expectation is submitted to the inequa-
lity

EX ~ 1 ; (6)

JI-- the multiple system is certainly a chance
(optical) group if the equality takes place

EX "" Nln, (7)

where N/n is the maximum possible number of systems
with multiplicity n in the general field of objects;

III -- one cannot make any certain conclusion
for the multiple system if the relation is realized

I < EX < Nln (8)

perhaps, the lack of confidence for such multiples is
due to large errors (3) of the values (2).

The statistical criterion proposed might be used
for solving of a number of problems: 1) a recognition
of multiple systems -- chance and non-chance groups
of objects in stellar and extragalactic fields; 2) a samp-
ling of the probable members in the moving star clusters
and streams; 3) an elimination of the background objects
in the star and galaxy groups and clusters; 4) a recogni-
lion inside the star and galaxy clusters of the subgroups
of objects connected physically.

In the coordinate space, formula (5) becomes

where rn < rA. This formula with (4) IS a statistical
criterion isolating multiple systems in the coordinate
space _ It could be used in order to recognize multiple
systems with components connected physically. By
analogy. one can easily obtain a statistical criterion iso-
lating multiples in the velocity space.

5. CRITICAL PARAMETER VALUES ISOLATING
THE CERTAINLY PHYSICAL MULTIPLE STARS
AND GALAXIES

One might use the criterion proposed above in
order to recognize chance and non-chance groups of
objects and physical multiples in order to obtain some
objective critical values of parameters isolating the
certainly physical systems from the probably backgro-
und objects considering some different selection para-
meters -- the relative angular separations p within pairs

of objects, [he corresponding three-dimensional distan-
ces R or the parameter F of the gravitating force.

The condition (6) must be fulfilled for the certa-
inly physical system with n components, and the condi-
tion (7) must be satisfied for the probably chance 5Y·
stern with multiplicity n + 1, in this case the (n ,. 1)-1h
probably background object is the most nearby one to
the system of multiplicity n in the coordinate space,

Transposing the expressions (4) and (9) in order
to estimate the expectations EXn and EXn + 1 for the
systems with multiplicities nand n+ 1, one can obtain
the ratios of the parameters

(10)

Substituting in the expressions obtained the quo
antities of the expectations (6) and (7), one obtains
some objective extreme quantities (10) corresponding to
a maximum possible isolation of a system with multi-
plicity II from the background objects of the field

=y'N/n+l (11)
, max (M Lil M)'

I ' -, I -, n+I.' l~J I(F ! F \ = (n+l 'N) .------------------n + t : a I I - max (~1 2)1-- 1 M ')
n ' l~ 1 I'

Let us consider for example the triple stars
in the solar neighbourhood within the radius R = 20 pc
(Gliese , 1969). for the certainly chance triple stars
with components A, S, C in this case, one has the follo-
wing limited estimations for the ratios of the selection
pararne ters

(p /P)' =30 (R IRI =: 30n+I : n max -. , n+L: n/rn ax }

(F IF)' =: 10-3_
n+J' n rnax

(12)

The proposed statistical criterion recogruzing
the chance and nonchance multiple systems gives SOme

possibility to estimate a critical quantity tl "cr for the
tolerant differences of the radial velocities of compo-
nents in the certainly physical multiple galaxies for the
different separation between their components on the
celestial sphere and along the line of sight. The results
of calculations carried out for the double Markarian
galaxies from a paper of Dahari \ 1985) are shown in
Table 2 in which the quantity 6. vcr is expressed in km/s,
z is the redshift of the primary component within a
binary, D is the linear distance bet ween the cornponen ts
in kpc. The estimations obtained show that the quantity
.6 vCf strongly varies depending on the values of z and
D; if their values, are small the quantity .6 Ycr may reach
the largest values of tl Ycr -r-. J 000 km/s. As the values
z and D incerease the quantity 6. Ycr rapidly decreases
and falls to the values compared with the uncertainties
of modern observations of radial velocities of galaxies.

5



Table 2
The quantities II vel (km/s) for multiple galaxies
with components connected physically (EX';;;;1)

1 tl(kpc) 10 7030 50

J(J-1 1000 150 60 30
2 • 10-2 200 20 10 5
J . Jl)-2 50 5 2 1
4. 10-2 25 1 1 0.5

6. APPLICATION OF THE STATISTICAL CRITERI·
ON TO MULTIPLE STARS ANG GALAXIES

a) some wide triple stars in the solar neighbourhood

In the Index catalogue of double and multiple
stars (Jeffers et al. 1963), there are a few wide multiple
systems which have large angular separations between
their components. A distribution N (c) for the binaries
and multiples from this Catalogue. where p is the maxi-
mum separation between two components. is presented

Distribution N (p) of multiple stars in IDS

-
J. P. Anosova

in Table 3. The data for triple stars are separately shown
in the third column of this Table.

Among these triple stars, one select s seven sy-
stems located at the distances from the SUf, shorter than
20 pc and having the total complex of observed data (2)
and (3) for all components. The most distant cornpo-
nents have the characteristics (2) similar to the ones of
other components in five wide multiple stars presented.
For two systems ADS 10058 and ADS 11853, the di-
stances from the Sun and the radial velocities of the
distant components are in disagreement with the corres-
ponding values of other components.

Using the proposed statistical criterion, one
estimates for the multiple stars under consideration the
probability P that component C that is the most distant
one from the primary component A, by chance in its
environment, and the expectation EX of a member of
suchlike optical systems inside the sphere of radius
R = max (rA, rel on the following parameters of the
stellar field (see e.g. Wielen 1(74) a radius of the neig-
hbourhcod R = 20 pc, a mean local star number den-
sity v = 0.12 stars in I pel, a velocity !vl = 20 krn rs ..
and a peculiar velocity standard o; = 20 km/s. The re-
sults of calculations are in Table 4.

Table 3

p 0-2 3-5
- - -- --- --------_._---- ----- _._-- - ----------- --- ---------------------

N
N(n=3)

2.6' 102

3.3 • 10
1.6' 104

1.7· 102

5--10 10--30 30-100 100

7.2' 10
9

2.5' 10
2

:2

------- ----------

Table 4
The probabilities P and expectations EX of a number of optical stars (chance groups)

ADS 7I 14+
(9+10)UMa

20390
S3142

a Cen

----------------------- --------------
p' 7.7' 10

1 )
2\
3)
4)

5.0' 10-3
1.1 . 10-4

7.3. 10-5

2.8 . 10-5

The probabilities P
7.6 • lO-s 2.6 . 10-5

5.3 . 10-7 4.2 • 10-7

2.8 • 10-'1 2.5 • 10-7

7.0' 10-8 7.6 • 1O-~

20 20 20

The expectations
4.5 • 10-2

7.2 . 1(f4
4.5 . 10-4

1.3 • 10-4

8.5
0.18
0.12
0.47' 10-1

I)

2)
l'.: ,

O' 10
8.9' 10-4

3.5 . 10-4

1.1 • 10-44)

10058 11853
6175

(Castor)
48

9.4 5.5 1.26.9

0.30
0.60
0.60
0.30

2.6 • 10-5

2.5 . 10-5

3.0 . 10-9

2.6' 10-5

7.2 . 1O-~
1.2 . l(f~
5.9 . 10-9

8.0 • 10-10

1.4 • 10-'
5.2' 10-5

3.0' 1(f9
4.0' 10-10

---------
200 2050 20

-.~---- -------------------
EX

5.3' 105

0.3 . 106

0.3 . 106

5.6 . 105

0.68
0.59
0.58
0.68

2.4 • 10-3

3.4 . 10-4

2.0' 10-6

2.6 . 10-7

1.2'10-4

1.9' 10-5

9.1 . 10-6

1.3 . 10-6

Explanations 1) only p values used; 2) only p and tJ- used. 3) P u, r used; 4) used values of:111 quantities o , tJ-,r, v.
---.---------
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It appears that the first five multiple stars are
certainly physical systems; ADS 10058 is probably an
optical one; the quadruple star ADS 11853 is a projecti-
on of two physical binaries.

b) the multiple galaxies in the metagalactic
field

Let us calculate the values P and EX for the gala-
xy triplets from a list of Karachentseva et al. (1979).
The following characteristics of the rnetagalactic field
were used for the estimations of the quantities sought:
a mean galaxy number density of v = 0.05 galaxies in

3 •
I Mpc (see Agekyan et al. 1962), the Hubble constant
is Hb:: 75 krn S-I Mpc-I, the radius of the sphere is
R:: max (rA' re).

The results of calculations are in Table 5, the
triplets classified by the authors of the list as the proba-
bly physical systems on a critical quantity .:1 vcr 0: 500
km/s are marked by asterisks. In Table 6 (the second
line), there is a distribution N (EX) of the galaxy trip-
lets in the values EX. This Table shows that the galaxy
triplets are clearly separated into two groups according
to the quantities EX: 44 triplets have EX < 300, and 33
ones have EX > 1 000, there are only 6 triple galaxies
in the intermediate interval. If one considers EX = 300

Triplets of galaxies

as a critical value of EX (an increasing of EX may be
caused by an internal velocity dispersion as well as by
the uncertainties in the values v of components) then
for the most part (70 triplets out of 83 ones) the results
by LD. Karachentsev and V.E. Karachentseva on the
selection of the physical galaxy triplets are confirmed.
Only in three cases (N 33, 50, and 68 from the list by
Karachentseva et al, 1979), the nearby triplets with
close components have a difference .:1 v of the radial
velocities more than 500 km/s, however the values EX
for them are small and these triplets might be qualified
as probable physical systems. Ten distant and wide
systems (N 31, 34, 46, 48, 60, 73--77) with t. v < 500
km/s have EX > 300 and therefore they might be quali-
fied as possible chance (optical) systems. Use of the
criteria (6) and (7) enables to recognize 11 certainly
physical systems (N 1, 22, 24, 25, 28,33,36,39,41,
44, 54) with EX < I and 33 probably optical systems
with EX > J 03 (their numbers are underlined in T able
6) among the triple galaxies under consideration. In
Table 7 there are the distribu tions of the ratios of three-
dimensional distances for the galaxy triplets with the
quantities EX inside the intervals indicated. 1, the
last line of this Table a number of triplets with corre-
sponding values EX is given, in Table 7a there are the

---------------_._---- -------
EXNO EX tfl EX

--'_._-.,.,-

i- 3.4 . 10-13 IS" 2.7' 102

2· 2.2' 102 16* 2.9' 102

3' 3.0' 10 17 8.8' 103

4" 8.5 . 10 18 5.9 • lO4

5 1.1 . 104 19 9.1 . 104

6 2.9' 105 20 4.7' 103

7 7.2' 104 21* 8.9
8 2.3 • 103 22" 5.5 • 10-1

9 2.2' 104 23' 1.7 • 10-'
10 1.8 • !OJ 24 9.0' 104

II' 6.0' 10 25* 8.8' 10-1

12" 9.5 . 10 26' 6.3 - 10
13 5.8- 10· 27 5.7 • 1O~
14· 3.0' )0 28' 2.1 • 10-2

EX

29 8.2' 102 43~ 6.8 - 10
30 1.5 • 105 44* 4.3 . 10-3

31" 6.9' i02 45· 2.2' 10
32 5.2' 103 46· 1.3 - lO·l

33 2.4 • 10-1 47" 1.4 • 10'
34* 4.1 . 103 48'" 3.3 . 101

35 1.9' 104 49" -) " . 102

36* 9.3 • 10-2 50 2.0 - 10
37 0.5 • 107- 51" 1.2-10~

38" 1.0 • 1O~ ,'"'1* lA - 10.J< ..

39· 2.2' 10-1 53 1.6- 10"
40 9.1 • 104 54." 4.8 . 10-1

41" 3.8' 10-3 5 -* 1.7)

42" 3.6 56 1.6. IOs

10--100

--- ---_.-----------------

Table .5

A distribution of expectations EX for the multiple galaxies from the tits
of Karachentseva et al. and Dahari

EX 1--10
-- -------_._-------------------- ---------._--

300--500«I
n=3

n=2
10
17

5

11
_._----- .._--------_._----._._------------------------ ..----~.--.---...•----".---------------.

7

=

100-300

EX EX

57 7.1 jQ.l 71* 2.1 102

58 2.9 104 12" 2.4 . 102

59· 2.1 102 'j ....•It 3.5 103,;)

60* o.s 104 ..". '7.1 103li+

61" 5.8 10 7-· 5.5 102:>
62* 9.0 76- 1.6 t03

63 ~'7 103 77* 2.8 103
;}.I

64" 7.9 10 78* 6.7 :0
65 2.8 105 79* lA' 102

66 1.8- ;0; 80· 2 ,)
'-''7* 1.6· 102 81· 9.3 iOOf

68 2.3 I O~ 82* 1 .., 101. • :

69 83 8,6 • 102

70· 3.) ]0 84 1.6· 105

----,--_. --- -----------

Table 6

500--1000 > 1000
-------------,_.------------,----------

3316
7

13
6

3
3

3
3 :::
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mean values and rms deviations for the parameters EX.
Rc/RB' <LId PC/PD' The data show (Table 7) that a
strong prevalence of small ratios Rc/RB (an isolation of
the distant component from the close pair is not large)
1:11.;;.'5 place for the probably physical galaxy systems
with EX < 300. At the same time, the distribution
of values Rc IRB for the probably optical systems is
practically random within the interval (1, 1(0). Table
7J shows also the absence of correlation between the
quunutics (EX. PC/PB) and (Rc/RB .. PC/PB)' Accor-
ding to this Table. the certainly physical systems have
Kr,.' Rg ~ 5. the probably physical ones have 5 < Rc I
R [j ~.~J 5, the possible chance ones have 15 < Rc IRB ~

3.0, and the certainly optical (chance) systems have Rc /
RB > 30.

Now, let us apply the statistical criterion of re-
cognizing optical and physical mul tiple systems to the
close double galaxies from the list of Dahan (1985) in
which the primary components are Seyfert galaxies.
The results of calculation of P and EX for these objects
are in Table 8, the distribution N (EX) for them is
given in the third line of Table 6. These data show that
the condition EX ~ I is satisfied for J 7 nearby and close
doable galaxies and they may he qualified as certain
physical systems; the inequality 1 < EX ~ 300 takes
place for 24 binaries and they might be qualified as

Table 7
The distributions of the hierarchy coefficients of galaxy triplets
..--.- ..."._-_._-_._._-------_ ..._._---_.- .._-_._----_._. __ ._-.._--------_._- ._------- ---------.
R~/Rb ~X ~ J 1-100 100--300 300-·1000 10' -.105

--.---- -----.-- ....•- - ------- --------. --------------_ .._- --"-----. __ .------_.----_._--------
I 5 4 12 6 2 7
5-lU 6 7 2 ") 6

10 - 20 1 2 .3 0 4
20 - 50 0 1 1 2 5
50 100 0 0 0 0 (i

> 100 0 0 1 0 :'

17
'--- --------------- -_._---_._----------- ---'- _.------------

32

The means of hierarchy coefficients for the galaxy triplets

FX 0.1 ± 0.2 47 ± 36
.._------- -- --------------------- - - --- ------.--.-----~------.- •..--..--.. --------

540 ± 200

(Rc/Rr)
(p/Pb)

N

13 6

Table 7a

210 ± 54 (30 ± 14) - IO}

4.3 ± 2.3 8.0 ± 7.3 16 ± 25 18:: 21 45 ± 65
3.0 ± 1.8 2.9 ± 1.8 3.0 ± 2.2 l.<) i 1.2 3.5 ± 4.1

II 22 13 6 32
-.----_._------- -- ._--_._ ...._- --------_ ..._----- ._--------_._-- --_._----- -_.- - -_._ .. -_ .... - -_ .. - -..---- ..---

Seyfert double galaxies
fabk ~~

-.----- .-.~----.--------------.------------------.------ ~~--.-----.-.----NO EX NO EX ~ EX ~ EX NO EX--- ------- ---- --- - --- ----------- ---- -------- - - ---_ .._-- ---------
," 6.0 . J 02 463 l.3 915 1.3 - 10" 3227 7.0 - 10-3 5506 1.0 10tv -
40 2.5 . 10-4 474 7.4 - 103 926 8.1 102 3516 2.0 - 102 5929 I ) . 10-'

141 1.1 102 506 1.2· 10 975 6.1 3998 3.5 . 10-2 5953 7.6 . 10-J
176 4.0 530 2.9 . 103 1040 1.4 - 10-1 4117 3.6 . 10-2 6251 3.9 - 102
266 7.2 . 10-2 533 1.3 - 10 1073 4.1 . 10: 4151 1.3 - J 02 7212 4.4 W-6

268 9.6 . 102 595 1.3 102 1218 5.9 4258 5.1 10-3 7319 J .8
279 5.2 - 10 612 9.5 1239 3.1 4593 1.6 7469 1.9
349 9.7 - 10-1 716 2.7 . 10 ll44 7.4 4922 3.9 . 10-2 4329 1.3 . 10
37";' 4.4 . 102 739 1.0- 10-1 2992 5.3 • 10-1 5273 2.2 . 10 700 2.5
423 1.2 744 2.0 - 10 3031 5.1 10 5427 6.2 - 10
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probable physical systems; six doubles (MrK 10, 268,
374,926,1073, and 6251) might be qualified as proba-
ble optical systems and two double galaxies (MrK 474
and 550) with EX> 103 are certainly optical systems.

7. ALGORITHM FOR RECOGNITION, ESTABLISH-
MENT OF A NUMBER AND MULTIPLICITY FOR
SYSTEMS" AND THEIR CLASSIFICATION L"lTHE
GENERAL FIELD

After constructing a hierarchical structure for
a field of objects, using the statistical criterion one can
recognize the groups of objects in the field, establish
the number and multiplicity of them, and make their
classification -- in order to separate the chance and phy-
sical systems among them.

A proposed algorithm consists of the following
operations:

1) one takes any object ~ from the general
totality of N objects in the Held;

2) for this object A, one constructs a sequence
of N· I objects arranged according to decreasing of
the selection parameter used in the construction of the
hierarchical structure of the field;

3) for this sequence of N-I objects, one obta-
ins a sequence of the expectations EX! , EX2 ,"', EXN_1
according to the formulae (4) and (5) j ustified for the
phase space;
every time, one considers as a primary object of a mul-
tiple system the inertia centre of a subsystem consi-
sting of i-J objects for which the calculatins have alre-
ady been executed, and the observational data (2) and
(3) for this subsystem are obtained as the means for
i-I and Aj objects;

4) one verifies the inequality (6) EX ,,;;;:1 for
every element of the sequence EXi 0=1, 2, ... , N-l).
Note that the sequence EXi determined for N·-l objects
considered in the phase space is no monotonously in-
creasing sequence in spite of decreasing of the selection
parameter with rise of the number i;

. 5) a number K of elements from the totality
EXi satisfiing the condition (6) then determines the
multiplicity of this system n = K + 1; if neither of the
elements EXj satisfies the condition (6) then the object
~ is qualified as a single object of the Held; if the cri-
terion of isolation in the phase space is not satisfied
for any object i then the observed data for this object
i are excluded from the calculation of EXi + 1' i.e , the
position of object i + 1 in the phase space is considered
in regard to the inertia centre of i-I objects etc.;

6) an examination of elements j~ from the ge-
neral totality of N objects excluding from it the objects
included in the multiple systems found earlier allows
to define a number n" and a composition of the non-
-chance groups of objects with a various multiplicity in
the general field;

7) by repeating the operations 1) and 2) and
by using the statistical criterion of isolating in the coor-
dinate space -- one determines for every object f~ U 0::

= 1,2, ... , ]\1) a sequence of the expectations EX; for tne
number of the corresponding chance groups in the coor-
dinate space by using formulae (4) and (9) with the
observational parameters of their members. The ob-
tained sequences EXij are the monotonous inceasing se-
quences in accordance with the algorithm used for
adding of objects to an object Aj;

8) one finds objects for which the inequality
(6) ceases to be fulfilled for the increasing sequence EXU;

9) the number i + 1 determines a multiplicity
nl = i + 1 of a system (ail object :'l and i of its compa-
nions) for which the condition of Isolation is fulfilled
in the coordinate space, and this system might be qua-
lified as the certainly physical system in the field of ob-
jects under study;

10) a repetition of the operations 6) gives a num-
ber nh of systems with a physical connection of their
components isolated in the coordinate space. Using the
statistical criterion of isolation in the velocity space,
one may recognize the multiples - the certainly non-chan-
ce groups in this space - by repetition of operations "7)
-- 10).

8. CRITERIA FOR CLASSIFICATION OF DYNAM-
MICAL STATES IN CERTAINLY PHYSICAL MU-
LTIPLE SYSTEMS

The main characteristics of dynamical states
within multiples which are certainly physical (the type
III of the classification of multiple systems- see item
III) are the values of their total energies E and the re-
lative energy Eij (i, j = 1,2, ... ,r.,i =1= j) of every possible
combinations of components- the subsystems of a
smaller multiplicity. The signs of the energies E and Eij
determine the existence or absence of dynamical conne-
ction between the components and correspondingly
the classes of multiples .

Class III-I - multiple systems in which there
is no dynamical connection of the components, they
have non-negative total energies E ~ O. The following
cases are possible:
a-- l ) E;?;O, Eij ;?;O;ij = 1,2, ... ,n;d= j
for all possible combinations of components in a system
- the dynamical connection is absent for all components:
a - 2) E;' 0, Eij < 0; ij = I ,.. _,s; i =1= j; S < n
(for some subsystems of a lower multiplicity) - in a
multiple system there are s components connected
dynamically, the rest of n-s components are not dyna-
mically connected with them and with each other;
b) the subclass - "recession -, of components connected
genetically (a co-formation) in a system shows a special
case when two or a few components have a positi: e

9
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relative energy and move in the opposite directions
with a large relative velocity.

Class [iI--2 .- multiple systems in which there is
a dynamical connection between all components, they
have a negative total energy E <O.

Ir. order to relate two types of dynamics in mul-
tiplc systems (stable or unstable systems) with the com-
portents connected dynamically and physically (class
III 2b) one should use the criteria developed in ce-
lestial mechanics (see e.g. Timoshkova and Kholshev-
nikov 198~, Anosova 1985) for stability of the systems
consisting of N gravitating bodies.

IJI - 1 - dynamically hierarchical stable multi-
pic systems with Keplerian character of motions of the
bodies - the stability criteria t the conditions of isola-
tion of the distant bodies from the subsystems of ot-
her bodies) are fulfilled during all the time of dynamical
evolution of a multiple system.

1I1- II --dynamically non-hierarchical unsta-
ble ruul tiple systems are separated by two forms:

a) the conditions of an escape (a hyperbolity
of mainly radial motion of a distant component regar-
ding to a subsystem of other bodies) are fulfilled from
the very beginning of a study of the dynamical evolution

b) the escape conditions in a system will be ful-
filled after a certain lapse of time T from the beginning
of tracking of its evolution.

Ci. TAKING INTO ACCOUNT THE UNCERTAINTIES
IN THE OBSERVED DATA ON CLASSIFICATION
OF MULTIPLE SYSTEMS

In order to estimate the dynamical state of an
observed star or galaxy system one must take into acco-
unt some uncertainties in the observational data i.e.
take into account the errors in the intial state of this
system.

In the present work, in order to take into consi-
dcr at ion this effect one proposes to use a method of
statistical tests - a method of variation of observational
data in the limits of their uncertainties for the compo-
nents of multiple systems.

Let us describe this method for the triple stellar
systems; it could be easily generalized for a system with
any multiplicity.

One has for the components within a triple star
system a vector of observational parameters

X ::(Xl,X2 ... ·,XI9)= (P,8)AB,AC;WU.'

Po' v ; 71, M)A,ll,C

and a vector of their errors

(15)

(16)

The dynamical state of a triple system is determi-
ned by the following energetic characteristics: the

10

total energy

~ ~ 4
E:: E (A), aE :: UE (X, ox) (17)

and the relative energies of pairs of components

.-> ~ ~
E.. = E.. (X). aE .. :: aE .. L'!.., ox)

I) I)' I) lJ '
(18)

Let us use the Monte Carlo method of the varia-
tions of values x 1 within the confidence intervals

(19)

where I = 1,2, ... , 1Y is the number of the observational
parameters. xl are their observed quantities, j = 1,2 .... , N
is the number of the test. Proposing the Gaussian distri-
bution for the uncertainties Ox truncated at the con-
fidence probability P = 0.95 one has a quantity K :: 2.

For every rnul tiple system. one can make 1\ tests
varying all (of by turns) in order to obtain every time
new quantities for these parameters and to calculate
by them the energetic characteristics E and Eij which
determine every time the class of the dynamical state
of this multiple system. For a large number of tests
(N == 103

- 1004
), the frequency of realization of the

classes of dynamical states determines the probabili-
ties of these states for a multiple system under consi-
deration.

10. DYNAMICAL STATES FOR SELECTED
TRIPLE STARS

An analysis of data from nearly 60 Catalogues
received from the Cen tre de Donnees Stelaires in Stras-
bourgh by the Centre of Astronomical Data of the
Astronomical Council of the Academy of Sciences of
the U.S.S.R. has shown that at present the total complex
of observational data necessary for solution of the pro-
blems formulated above (see section II) concerning the
study of multiple systems exists for 16 nearby and
bright triple stars including such well-known systems
such as a Cen, a Gem (Castor), 'Y And etc. However even
for these systems, the estimations of uncertainties in
the observational data are not present in the Catalogues
for all components. In the present paper 8 triple stars
are investigated: ADS 1630,2926,6175 (Castor), 6650,
6811,7114,9626, and 9909.

The results of application of the method of
simuiteneous variations of all observational parameters
withi.n the limits of their errors are given in Table 9
for these triple stars. In Table 9 there are the probabili-
ties of dynamical states of these systems, the me an
quantities of their energetic characteristics -- the total
energy E and energy Eb of a close pair and the mean
quantities aE and aEb for the boundaries of confidence
intervals at the level I a for these values.
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N,me ADS (pc)
Probabilities P of states

E ± af:
I (E > 0) Ill-I (E> 0) III -II

._------ -------._._-_._---
rAnd J630 80 0.00 0.53 0.47 -117 ± 2S
Castor 6175 14 0.02 0.12 0.86 - 18 ± 10
7Sm 9909 22 0.00 0.20 0_80 -531±8.6
~ Cnc 6650 19 0.29 0.71 - 12 ± 2S
Ii Boo 9626 29 0.11 0.89 -10.0 ± 8.4
21 Cnc 68J 1 50 0.30 0.70 50 ± 140
lUMa 7114 16 0.20 0.80 -- 4.6 ± 4.5

2926 170 0.97 0.03 + 23 ± 23

The probabilities of dynamical states and means of energetic
parameters of the triple stellar systems

Table 9

-J04:!:19
- 171.10
-44.3 ± 7.5
-- 31 ± 17
-19.6 ±6.4

80 1: 11 o
- 2.5 ± 2.6
+ 15:t 23

_.---------_._-_ ..__ . _._---_ .._-----_._------------------------.-_._-_._-------_. __ .

One may formulate the results obtained as the
following ones:

1) the triple stars ADS 1630, 6J 75, and 9909
located at the distances from the Sun of 80, 14, and 22
pc. respectively, are certainly dynamically connected
systems with a probability P ;;" 0.98 (the variations of

. _. aE . aEb
energies are (, E ~ 1--£-.-1, {j Eb = I-E----I ~ 0_2, 0.6);.

- b
2) the triples ADS 2926, 6650,6811,7114, and

%26 have large variations of the total energy [) E =1--3.
Therefore, for them one cannot certainly obtain the
values of the total energies. However, the probabilities
of dynamical connections in these systems, except in
ADS 2926, arc large P (E < 0) > 0_7. The triple star
ADS 2920 has a positive energy P (E > 0) = 0.97
according to the observed data existing at present.
Moreover, the maximum contribution in the positive
energy E appeas to make a positive energy Eb of the clo-
se pair AB with an angular separation p = 7."6 between
the cornponen ts P (Eb > 0) = 0.77. It should be noted
that the kinematical parameters of an inertia centre of
the pair AB and a distant component C are in good
agreement. but the uncertainties of space velocities
'of A and B are Significantly large. Therefore, the prob-
lem of physical connections of the components of
ADS 2926 may be solved only after a closer definition
of the kinematical characteristics of the close pair;

3) the triple systems ADS 6650 and ADS 9626
have small variations of the energies of the close pairs
o Eb-=0.2, OJ and these pairs are dynamically connec-
ted binaries with a probability P = 0.96; in order to
establish some dynamical connection between these
binaries and the third distant component one must
verify the kinematical parameters for the latter one.

4) in the triple stars ADS 6811 and ADS 7114,
one cannot certainly estimate the total energy Eb of
a dose pair (the variations [) Eb = I), although marked
orbital motions of the components are observed in them
and the probability of its dynamical connection is

P > 0.8S. One must verify the space vc locities of tbe
close stars in these systems;

5) the certainly physical triple stars ADS 6175
(r = 14 pc) and ADS 9909 (r = 22 pc) are dynamically
non-hierarchical unstable triple systems with a probabi-
lity P > 0.80 in spite of an apparent high hierarchy of
their configurations: ADS (i17S -- ~1= PAC / PA B :-:=12,
ADS 9909 -- ~ ===6.In the triple star ADS 1630 (r '" tlO
pc) one can make no certain conclusion on a type uf
dynamics because of the large uncertainties in the spa-
ce velocity of the distant component A with respect
to the close pair BC.

11. A STUDY OF DYNAMICAL EVOLUTION OF
TRIPLE STAR ADS 9909 (s Sco)

The data from Table 9 show that the study of
dynamical states of triple star systems has given the
certain results at least for two triple stars ADS 6175 and
ADS 9909.

A study of dynamical evolution for the second
system was carried out in detail.

The triple star ADS 9909 has the following
observational parameters: the precise coordinates for
the epoch 1950.0 - a= 16hOpn36s889, 0 = - 110

14'l2:'27; the primary component A with an apparent
magnitude m A = 4ITl 16 has a close companion B with
nlB = sm 2 at the angular separation P A B =: 1'.' 30
and also a more distant companiorn C with me =: 711136
at the angular separation PAC = /"43; the spectral
type of the pair AB is F 5-8 IV-V and the one of
Cis G 7-8 V.

One has a vector of observational data at the
epoch To = 1920.5 for this system

x = PAB;P.<\C:OA13;OAc;(D.J.1a)AB;(L1J-LO)AB;

(L1J-La)AC; (L1/-10JAC; V A.B.C;1TAB.C; (20)

11
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MI\,B,C 1';30, 7'.'43, 9~0, 60~2,
(0.044,0.035,0.009. - 0.009)" per year;
(-33,6, -33,6, -33.8) km/s; 0:'044; (1.60,1.20,
0.80) Mo

and a vector of the uncertainties for these data
->

ox = lip AB; lip AC; oe AB; liOAC;(O~/la)AB;(o~/lcJAB;

(o~a)AC; (li~/l5)AC; 5(v)A,B,C; 6(1T)A,B,C;(21)
o(M)A,B,C = 0'.'04, 0'.'01, 0~7, 0~2;

(0,005.0.001,0.003,0.003)" per year; (0.2,
0,2.0.2) km/s, 0.002; (0.10, 0.10. 0.10) Mo

The configuration of triple star system ADS
9Y09 as well as the vectors of relative proper motions of
components are in Figure 1.

N (North)

C \B
(East) E _-J?-"---- __ --tl A

Fig. 1

The masses M of stars are calculated by the follo-
wing formulae

(22)

and
4,62 - MbolIg M = ------. for M < 7m 5

10.03 bol'

the quantities Mare expressed in the solar masses;
Mbol is the bolornetric absolute magnitude of stars to
be obtained by their spectral types and luminosity clas-
scs,

The following system of units is assumed (see
Anosova 1985)

unit of distance [r] = 0,01 I", pc = 2062.65 l",a.u.

unit of mass [M] = 2 . 1033 /l", g, (23)

unit of time [t] = 104 k, years,

One may assume I", = /l* = k, = 1 for the multi-
ple systems with components -. the solar type stars.
The unit star velocity is [v] = 0.9778 km/s,G = 0.4474.

In Table 9 (the third line) there arc given the
results of determining the dynamical state of the triple
star ADS 9909 -- the probabilities of dynamical connec-
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tion between components and the quantities of energetic
parameters. These data show that this triple star is
a certainly physically connected system with the proba-
bility P == 1; its energies E and Eb are reliably obtained

aE aEb
with the variations SE = I-Ei~ 0.2, oEb = I-f--i ~ 0,2,

b
Therefore, one can solve the problem of determining
its dynamics type stable or unstable (see item IX and
Anosova 1985, Anosova and Orlov 1985, Anosova
1986).

In order to solve this problem one may again
use the method of statistical tests proposed above for
50 runs varying the observational data (20) of their
doubled errors assuming the Gaussian distribution of
these uncertainities. One calculates the means, and ems
deviations of the basic dynamical parameters (see
AnOSOV31985, Anosova and Orlov 1985. Anosova 1986)
at an initial time moment To'

The following initial data have been obtained
as a result of the tests carried out -- the coordinates and
velocities of the components are in the baricentric coor-
dinate system the masses of the bodies are relative

Xl -0,0162, X2 -0.0017, X3 0,0356
±0,0007 to,0014 ±0.OO21

Yl =: 0,0139. Y2 = -0.0139, yj -0,0501
±0,OOI6 ±0.0016 ±0.0033

Zl 0 Z2 0 Z3 0

Xl -1.37 X2 = 3.20 X3 -2,15
±0.19 ±0.21 ±0.31

Yl 1.64 Y2 -2.47 Y3 0.47
±0.24 ±0.45 ±0.30

2:1 0.02 1.2 -0.02 2:3 0.09
±1.32 ± 1.66 ± 1.38

MI 1.0 M2 0.76 M3 0.49
±O.O8 ±0.O7

where the indexes 1,2,3 correspond to the components
A,B,C, respectively.

The main dynamical parameters of the tnple star
ADS 9909 have the following values at an initial time
moment To =: 1920.5:

mean dimension d = (32 ± 2) a.u.,
mean crossing time T = (2.7 :I 3) years,
total energy E = (-53.2 ± 8.6) - energy units in the

system of units (23);
rotal energy of the close binary Eb = ( -44.3 ± 7.5)

energy units; T*
virial coefficient ko == uo

- =: (0.28 ± 0,01) where
o

T~ and Uo are the kinetic and potential energies of the
system at t =: To; an angular momentum L = (0.11 ± 0.02)
units of angular momentum; the dynamical elements
of the inner pair CAB) orbit: major semi-axis ain =:

=: (I9.5 ± 0.4) a.u., eccentricity e =: (0.78 ± 0.02), period
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bE

0.05
0.04

0.02
0.00

0.25
0.10

0.05
0.01

0.03
0.01

0.02
0.01

0.02 7.58
0.00

0.02 2.1
om
0.1 . 10-3 57,64
0.5 • 10-5

Pin = (54 ± I) years; the dynamical elements for the
external pair AB-C: lIex = (170 ± 50) a.u., eex = (0.71 ±
0.21), Pex = (1.2 ± 0.2) . 103 years; coefficient of sta-

. . aex (I - eex) . . .bility s = ------.--- ---- = (2.3 ± 0.9), Its critical
ain

quantity s* '" 3.5 (if 5> s· a triple system must be stable
- accordingto Harringtons 1972) criterion.

The probability that the triple system ADS 9909 is
stable is equal Ps= 0.05, the probability of instability
isPi! = 0.95.

In connection with the conclusion that ADS 9909
has the unstable type II of dynamics one may study the
dynamical evolution of this system by computer simu-
lations (see Anosova 1985, 1986, Anosova and Orlov
1985). A corresponding study carried out from To =
= 1920.5 has given the following results: a lower limit of
escape time is te = (1.2 ± 0.3) • 103 years (in 38% of the
cases under consideration, the system did not disrupt
during a time t = 100 T = 3 • 103 years); one has obser-
ved during the evolution n = 4.3 :!: 2.6 of triple approac-
hes of bodies which have a perimeter p =.~. rij .;;;;100
a.u. where rij is the distances between two1Thmponents;

Individualcontribution of uncertainties of the observational data

Parameter Uncertainty
o x]

.-- .._ .._--------------
±0.005 0.070

0.002

±0.005 _. 0.026, + 0.006
0.0005

±O.S 0.6
0.2

±0.OD5 0.048, - 0.037
0.0005

± 1.0 -- 7')
0.3

±1.0 3.2
0.3

±O.! 6.25
0.005

±0.5 2.2
0.2

±O.l 73.41
0.005

(oxdobs

(ox] )min

"/s/Jc

VAB km/s

Integralcontribution

-

a triple approach causing an escape has the perimeter p =
= (56 :t 1>8)a.u.; a final binary AB (after the escape of
component C) has a semi axis major 3f = (5.1 ± l.6) a.u.,
an eccentricity ef = 0.70 ± 0.27, and a period Pf = (23 ± 7)
years; a value of cos X = 0.95 _t 0.05 where X is an
inclination of the orbit of the escaper C to the orbit of
the final binary AB - both orbits are approximately
co-planar (as at the initial time moment T); the in cli-
nation of the velocity vector of the escaper C to the
angular momentum vector of the triple system is gi-
ven by cos 'Y = 0.017 ± 0.011; the final value of the
virial coefficient is k = 0.43 ± 0.16 at the end of evo-
lution (after escape of component C l' - the system is
near an equilibrium state; an excess of the energy taken
away by the component C is equal to DE = 0.14 ± 0.80
- an excess of the kinetic energy of escaper over the one
necessary for an escape of triple system according to
the criterion of G .A. Tevzadze (see 1962).

Thus, the study of the dynamical state and dyna-
mical evolution of the triple star ADS 9909 ('Y Sco) car-
ried out here has shown that this system is certainly a
physical one and it has probably the unstable type II dy-
namics. The quantitative results obtained on the basis

Table 10

rr = 0'.'070 n :: 0:'010
DE

0.010 0.45
0.20

-0.0022,0.003 0.25
0.03

0.10
0.04

0.08
0.01

0.08
0.02

0.06
0.02

0.4

0.002,0_002

3.4

1.6

0.02
0.00

0.01
0.00
0.3 . 10-2

0.2 • JO-s
-----------_._-

0.27
0.10

0.50

0.25
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of observational data have given a large dispersion ll1

values of the evolutional parameters; in order to obtain
mort certain results one should improve the accuracy
of rhe observational data.

12. THE NECESSARY ACCURACY LEVEL OF
THE OBSERVATIONAL DATA

The method proposed in order to take into account
the uncertainties in the observational data for the mul-
riplc star components allows to estimate the individual
contributions frum the uncertainties of every cha-
racteristics observed and to evaluate the accuracy level
necessary for solving the problem produced - revealing
the dynamical states of objects under study.

In the present work, such a study has been carried
au! for two triple stars a Gem (Castor) -- ADS 6] 75
and ADS 2926 whose parallaxes are equal to 0".070
and 0'.'010 respec tively.

The results are given in Table] O. In the first column
of this Table there are the observed data Xl; in the se-
cond column there are their uncertainties 0 x, obtai-
ned from the observations (the upper lines and the valu-
es {6 Xl )mtn corresponding to the maximum accuracy
level reached at present by the systematically planned
observations (the lower lines) - see Kiselev and Kiyaeva
1980, Anosova ] 984, Anosova and Orlov 1985, Dorn-
mangel 198.5, Anosova 1986, Anosova and Sudakov
191:\7, Anosova et al. 1987.

The conditions of reaching such an accuracy
lcve I in the observational data for the components of
triple stars will be given below. In the following columns
of Table 10 there are the values of the observed chara-

. . . . OE E(x+ox) -E(x)
cterisncs x, and the vanJUOnSD E = 1'lrl = 1---- EW~i
of a relative change of the total energy for the systems
ADS 2926 and ADS 6175 under consideration.

The study carried out has given the following re-
suits: I) the variations of energy are 5E ~ K 5x' K ::;

0= const for all values x I; 2) the main contribution in
51:: for rather distant triple stars is given by the uncer·
tainties in the parallaxes being a growth of 5 E with a
decrease of 7T (Table 1 I).

Table 11
Dependence 5rr on 7T

0'.'070
0.040
0.020
0.010

0.08
0.20
0.50

0.03
0.08
0.20
0.40

3) therefore, a reliable study of dynamics for the
triple stars with 51T ::; .:t 0:'005 is possible only for 1T ~

14

0'.'020 (the probability of dynamical connection bet-
ween components P (E -.. 2 0E ~ 0) ~ Ion bE ".; 0.50
and E < 0); in the opposite case, the sign of the total
energy and, therefore, the probability of dynamical
connection is not determined. The study of triple stars
with 1T ~ 0'.'010 is possible for 01T ::; t 0~'002 (see Dom-
rnanget 1985);

4) taking into account the sizes ~ z of triples
along the line-of sight for 01T = ± O~'005 a reliable study
is possible only for the triple star a Cen (Table 12)
supposing ~ z ::; 0.01 pc - a mean size of triple systems
whose components arc solar-type stars. Some attempts
of analogous study for the triple star ADS 3093 are
possible for 0rr =± 0'.'001 -·0'.'002 (using the observa-
tions by the cosmic observatories -- see Dornmanget
1985). Taking into account the sizes along the line-of.
-sight for more distant systems a reliable study is possi-
ble only statist ically.

Table] 2
------_._._--

~1T"

(~ z= 0.01 pc) rr" triple system

t 0.010
0.001
0.0002

0.756:tO.003
0.202:!:0.006
0.074±0.OO 1

a Cen
ADS 3093

aGem

in order to take into account the sizes of systems
along the line of-sight by statistics one must obtain the
relative distances Rij between the components i and j
with the angular separation Pij and positional angie
81j according to the formula

4R.. ::; -- p ..
I) tt I)

where Pjj = Rij cos w, W is the angle between the vectors
R· and po.IJ ~ i)'

I 2rr nt ; 1T
Pi)' = -4- J J R,' ws2w d 81, dw::; < RoO

o - rr f 2) J... I)

(according to Kleiber's theorem) assuming an equal di-
stribution of angles wand e ii within the intervals
[-- 1T /2, 1T /2] and [O.2/rr J ; -

5) for the hierarchical triple stars, taking into
account of observed parameters for a close pair (at first,
the relative masses of components, then, their relative
proper motions) plays a great role;

6) the smallest contribution in the variations
0E of multiple systems is made by the uncertainties in
the relative coordinates.

The necessary accuracy level or observations
migh t be reached on the following conditions:

a) for the astrome trical observations an accuracy
5 P = to'.'005 and 5 J1 = ±0~'OO05 per year (p, J1 are the
relative coordinates and proper motions of components)
may be achieved on p > 3" by the dense series of ob-
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scrvatioris at the long-focus refractors during 10-15
years (Kiselev and Kiyaeva 1980); for the systems con-
taining the close pairs with p < 2", one must carry out
the specie interferometry observations;

b) the uncertainties of the radial velocities 0v =
:: :! 0.1 -0.5 krn/ s are reached by the spectrocsopic
observations using the equipment of CORA VEL's type
(Anosova et al, 1987);

c) one may obtain the uncertainities oM = ± 0.2
Mo of star masses using the differences of their appa-
rent magnitudes (data from the photoelectric photo-
metry) ill the nearby triple systems with the well-known
trigonometric parallaxes for every component provided
that any peculiarity in their spectra is absent.

d) an accuracy level l5 IT = ± 0~'002 of the stellar
parallaxes is proposed to be reached by the observations
on board of the European astrometric satellite HIPPAR-
cas;

e) an essential increase in the accuracy of astro-
physical and astrornetrical data (0/J.' 07T = ± 0'.'0003)
will be reached by the observations on board of the
HUBBLE SPACE TELESCOPE.

A program of the Leningrad University Observa-
tory consisting of 137 neaby and bright multiple stars
and made with 3 purpose to study their dynamical sta-
tes has been included in the HIPPARCOS Input Catalo-
gue (in part, ill accordance with the technical possibi-
lities) and submitted to the HUBBLE SPACE TELESCO-
PE Science Institute.
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SUMMARY: If we adopt the solution of extended method ill the Delauaay theo-
ry of the Moon as real and entirely logical and substitute the square term in the
Moon's mean longitude by the very long period inequality, the remaining residu-
als - fluctuations - can be treated as the consequence of collected effect
of a few other inequalities. The frequencies of these periodical terms correspond
to the identical relative positions of the Moon's node, Sun and Earth.
On the basis of such an approach to the problem of secular acceleration of the
Moon and fluctuations, lunar observations in the period 1681 - 1985 are ana-
lysed.
The results are quite consistent with values presented by other authors.

1. INTRODUCTION

The secular quadratic term was introduced in the
expression for the Moon's longitude on the basis of
Halley's conclusion that the mean lunar motion was
not constant (Halley, 1695). The term had an empirical
character and from the very beginning there have been
great difficulties in attempts of establishing its real
amount and finding an acceptable theoretical expla-
nation. Unfortunately, in spite of the efforts of many
investigators during almost three whole centuries, we
cannot claim that in this field significant progress has
beenachieved.

Even the theory of nonuniforrnity in the Earth's
rotation based on the lunar tidal effect, contrary to ex-
pectations, has failed in giving a complete explanation
of the difference between the lunar secular accelera-
tion derived thcoreticalJy and the values resulting from
observations. Brumberg and Kovalevsky (1986), and
especiallySeidelmann (1986), certainly for this reason
put this problem among the unsolved problems of
CelestialMechanics since it is doubtlessly important

also from the point of view of the Earth =Moori's stubili-
ty system.

However, if one thinks about the reasons why
the final solution of the problem is still uuceratain, it
is not difficult to suppose that this situation may be
the consequence of assuming a priori the notion of
the secular acceleration in the mean lunar motion as
an evident fact and of accepting the existing formal
theoretical explanation as a proof for its real existence.
But such a concept certainly includes a quite different
approach to the problem and a subsequent analytical
solution, more adequate for the explanation of the
phenomenon.

2. MEAN LONGITUDE OF THE MOON

Supposing that such a line of reasoning is correct
and justified, it is of interest to envisage what kind of
result can be obtained if the residuals found in the lunar
longitude are expressed as a collective effect of several
long=period inequalities; in other words, if an aIter-

l i
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native assumption i~ introduced. The alternation possi-
bilitv was also mentioned by Newcomb in his .Rese-
aro.l;es" (Newcomb, 1878), in addition to the hypo-
tb'.:sis of nonuniforrnity in the Earth's rotation. Howe-
·,U. we do nut Emit ourselves in this procedure to pure
iluc tuat ions alone. but we also take into account the
,,'(:liar ouadr atic tern I completely. A sufficiently relia-
b'e ban; to such an approach is the already known
:m;i:Vt)caJ solutions of the differential equations of
)'la:,:~-p\)in[ ,;101 ion through the procedure applied in
Delacnays theory of the Moon. Solutions of this kind
have been the subjects of many studies and cases of their
application in Celestial Mechanics become more nume-
reus today (e. g. the problem of motion near the libra-
non points, the problem of central motion of an unli-
mi:eJ number of rnasive bodies, etc). The use of modern
methods adapted to software application aimed at
finding such solutions also contributes to this.

"WithQ~t going into details, it will be enough
to write down only the solution defining the mean
1\)!lgituJe anal)' tically:

n
L = Ld + n . t +2: Ai sin (ai . t + (3i) (1)

r= 1

rnentioninz that analogous relations arc obtainable
a.so for th-e cases of w and S1 (pericentre longitude and
node of an orbit ) and that in the expressions yielding
a. e, i (serni-vmajor axis, eccentricity and inclination)
ll!'.'r,: is no secular linear term. As for the parameters
1.,0' n. Ai, aj, !3i, I1,e best way is their determination
from direct observations since according to the existing
«xcerience only then one can avoid the differences
appearing usually between their real values and the
ihcoret iCJ11y derived ones.

As seen, fhe;e are no quadratic and mixed terms
it: which t i, before the sign :i:, here. This means that
such solutions are in accordance with the oscillatiory
i;c;tllr<: of central motions of celestial bodies being esscn-
uallv true, but in macrodimensions. In addition they
:11t: 'Dot conu adic rory to Kepler's laws and the stability
,~ra system is not violated, in particular of the Earth-

\1u()!l system.
It should be mentioned that Brown's theory of

the Moon is practically also based on solutions of this
kir.d. though the classical definition and the prescnta-
[i'on of secular inequalities as a series are preserved in
Jr.

in this wav BrGwn, like Hamer! and Newcomb before
him. had ;;0 choice but to introduce also an empirical
iongvpe riod term i;J the longitude expression. For
residual deviations, the minor fluctuations as they
were: flamed by Newcomb, h ad been looked for ant!
various solutions were found until de Sitter (1927)
and later OIl, Spencer Jones (1939) proposed their
solu ticns in which the fluctuations were interpreted

, (
J .,'

as a set containing the difference between the observa-
tional and theoretical secular acceleration value and the
minor fluctuations. The consequences of such an appro,
ach are we U known.

3. OBSERVATlONALDAfA ANALYSIS
AND RESULTS

By reducing the discrepancies (O·-C) in the
Moon's mean longitude to the quasi-keplerian motion.
taking also into account the total amount of the secu-
lar acceleration,M. Protitch (1987) attempted then
explanation following the condusi~ns mentione~ above.
In this wav , he demonstrated after the revision and
analvsis or" i-.Jewcomb'5 results from J 878 and 1917,
firstly in Hansen's system and afterwards by reducing to
Bro\~n's system, that all ancient. Babylonian·-HeUer.ic-·
=Arabian, and later (by the end of 17th century) ecli-
pses of the Moon can be well represented by substi-
tuting the quadratic term with an inequality of a very
long pcriod. He also established that as a consequence
of such an interpretation a periodical character in the
fluctuations is clearly seen and that their frequencies
are correlated with cycles whose durations are deterrni-
ned by the time needed for the restitution of the same,
or nearly the same, relative positions of t~e Sun. the
Earth. the node and the perigee of the lunar orbit.

The plots presented here (Fig. 1, a, b) display
the trend of the residuals in Hansen's system before and
after the elimination of its secular quadratic term (n =
= +26':68 arc sec/cy2 epoch 1900.0). One should add
that the oararne ters of this inequality are derived in a
way Similar to Newcomb's one (Newcomb, 1917)
but omitting his correction to the secular acceleration.

These results gave us all impetus to carry out a
verification of such an approach to the problem based
on an analysis af later lunar observations (from the
period 1681-1985) not considered by hi~ and to esta-
blish whether an alternative concept of the secular
acceleration, phenomenologically and according to what
contains very different from the present one, is justified
or not.

The data used by us for this purpose are taken
from Brouwer's (1952)' thorough study. On the basi,
of his values B, which are fluctuations in the Moon '5

mean longitude, by applying a corresponding correc-
tion G and also the long-period Venus term A. accep-
ted from Hansen's theory, we obtain the residuals with
respect to the quasi-keple rian motion. With regard to
(1) we should have:

o Lk == (O-Ch ""/51'0 + on .
=B+G+A

n
+- 2: C, sin (ai • t + {3J =
1:1 (2)

where: 8 La and on are the longitude corrections for the
epoch and for the mean diurnal motion, el> (lj and Pi
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are the parameters of the assumed inequalities which
should be determined, B arc Brouwer's fluctuation
values derived from occultations. G and A are the
corrections of the form:

G = 4:'65 + J 2:'%T + 12:'36T2 + A
A = t 14:' 27 sin (13l.c92T + 344.° 82)

(T from 1900.0 in Julian centuries).
One should say that the values B do not contain

Brown's great empirical term and that the quadratic
term in G is the tropic value of the secular acceleration
derived from observations (theoretical value+de Sitter's
correction 7:'141 + Y'22T2) also assumed by Spencer
lones (1939).

In Brouwer's series there are data by 1948.5 on·
ly. Therefore, to obtain the further data (by 1985)
we use the published values of ~ T according to Clemen-
ce's(l948) definition:

B" = 0:'549 I . T -. 13:'77 .- 39:'71· T - 16:'44]'2

where T is in time seconds.
Though inhomogeneous the material prepared in

this way gave nevertheless a sufficiently reliable base
for solving the problem. The data from the period
1920-1950 are treated by use of the third-degree-fi-
ve-points-Ieast -squarc--smoothing procedure.
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The main problem which should be solved re-
quires a number of periodical terms, which can be im-
portant, to be known. One of them is found imme-
diately: we assume the long-period inequality having
been the substitution for the secular quadratic term in
an earlier paper (Protitch, 1987). In addition, it is ;1

part of global fluctuations so that finding a real solu tion
for its residual part would be at the same time a con-
firmation to its reality.

The numerical value of this inequality derived
from observations covering an interval greater than 24
centuries is: +2369:'9 . cos (6:'883T + 270:'33). Its
period is 5230 tropic years, or 64686 synodic, 69325
anornalistic and 70197 draconistic lunar revolutions.
The amplitude is, as seen, identical to the variation
amplitude. The introducing of it implies a mean longi-
tude correction for J 900.0 of: fj Lo = -14:'07 and a
reduction in the annual mean motion of fjn = -2:'9316.
By omitting this term denoted as fjL, one would obtain
the fluctuation amount with respect to the quasi-keple-
rian motion:

which should be represented through the corresponding
long-period functions.

In our analysis we just interpret ~fj L and on the
basis of the smoothed curve for the interval 1695 ---i985.
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Figure I. The trend of residuals in the mean longitude of the Moon (Hansen); a -- secular quadratic term included, b
in the quasi-keplerian system secular quadratic term eliminated.

(3)

19



V. Protitch+Benishek, M.B. Protitch
---.--- ..--- ._---- --_._--------------_._---

• I :. r .rC, :-~~) __

" I I.1 I
. '" i -; -

I
. ~I -I

i
I·

I':- I
I I

"'i "1-

I; i-I.
! I

z r. _I

!
:, I I
1,: _ I .

! i
. ) ~ ~. 1_

1(.-'0

.1750 __ ':r<-18QQ 13S0 1900'" '. - ·_···_··1-··--·_--_·J5 . !).. 0,

./ -~".-\\;. ------

----\J------

1700,

I I
.----I.;!

I -

.... f ~ - - .. -- .. _--.--

I
I
!

I

Figure 2. Fluctuations in the Moon's
mean longitude. The dots represent
observed values used bv various authors
(De Sitter, Sp. Jones: Brouwer, Mor-
rison) and the full line represents the
calculated values (Protitch).
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4. CONCLUSIONIn which a periodical character is clearly seen, we choose
iwenty equidistant values.

By applying the classical procedure of determi-
ning the paramc ters of a periodical function and assu-
ming i = 4 we determine Cj, ai, Pj. The obtained periods
indicate their similarity to the corrunensurability periods
for longitudes of the Sun, the Moon's node and the Earth
and therefore they are reduced to the latter ones. He-
wever, the inspection of the residuals reveals the pre-
sence of at least two additional periodical terms. Repea-
ung the procedure we find the periods for which the
following rounded values are assumend: 46.5 and 74.5
years. These periods appear to be commensurable
with the lenght of the eclipse year and begin at the
times when the lunar nodes and the SUIl are in the same
point of ecliptic, An insight into Oppolzer's (1887)
Canon or Meeuse-Mucke's (1983) Canon is in favour of
their reality.

Without insisting upon a high precision in deri-
ving the parameters C, and (3i assuming that the seven
long -period inequalities can be substituted as the input
data with a sufficient accuracy (within + 1 arc second)
we determine the values (Bok by applying the inverse
procedure. Their trend is presented in Fig. 2 together
With the values used by other authors. True, as far
as we know, Stoyko (1967) and Pejcev (1986) mentio-
ned in their papers concerning the nonuniforrnitv in
the Earth's rotation that in this the longitude of the
node of the lunar orbit and the Moon's relative position
with respect to the Sun have some part, bu t withou t
answering the question completely. If we wanted to use
our results concerning this matter, we would establish
that the correction .:'.I.T has a tendency of further incre-
ase.

We are fully aware of criticisms which can be
addressed to such an attempt of explaining the fluctua-
tions in the mean lunar longitude and also the ones in
its secular acceleration. It is well known that many
authors before us (Cowell, Brown, Radau, Ross, ete)
have tried and found in a similar way various long-pe-
riod terms, but without attempting to look for any
explanation of their nature. Examples are the long=pe-
riod empirical terms introduced by Newcomb, Brown,
Fotheringham and others. Similar analyses and attempts
to express the trend of the corrections .:'.I.Tthrough
periodical functions and consequently to determine
the values for the near future by means of extraoola-
tion, as done for example by Cholij (1989), are beco-
ming more and more frequent nowadays.
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CEKY;IAPHO Yf.>P3AfuE Y CPEJlfbOJ nOHH1TYIlH MECEUA: MOIYnE OIiJAillfbHbE

B. Ilporah --lieHlullcK. M. h. fiPOHltl

A,iPOIIOMCK{J ortcepbaropuju, 11050 Iieotpaq, Bonruua 7, Jytocnabuja

YJJ,K 521. 174
Oputuuanuu IWJ"iHU pag

AKO ce npaxsare Kil\) peanaa l1 caCBHM nOII1'lHa
peurea.a ;J.o5uBcHa n':llep:uunau,YljoM MeT()~(a npHMelbeHor
y Delaunay-esoj r:oopl1jH Meceua, na YMccru ceKYJIapHOf

KHa;:ipamof 'LialiJ Y HJC[l)!3Uj cperut-cj JIOHrHTygH YBCgc

11yrO[J~PYlo.i\!j\!Ha !lCjc'Ll,1l3KOCT npeocrann peJI1)1.YH /O-C i
~i1yKTyal(I1JC MOlY ce n5jacl!lu:1 K30 rtocneznnra cy-

MapHor c~eKla cynepnoao aen.a HeKOJU1KOnpyrnx nejen-
H~KO(;fI1,pa:JJIll'iliWI 1pajan-a Ii axnrtaryna. <DpeKBcm.re

HlX HCjCAl!aKOCTI1 cpasaepne cy mrrepaamera BpCMCHa
KOjl1 nene TpcHYTKe uacrynaa.a HgeHIl1'!Hl1X, H!111KBJll1-
-HiJ,eHTlillHHX pe:lan1BHI1X rroncxaja xsopa Meceseae
nyraa.e , 3eM.'be }f CYHl(a.

Y QlWM Pa;J:Y npHKJJJHl1 cy pe sy.rraru no KOJiH

ce ,IJ,l)}Ia3H aH,L,lH30M nonaraxa uocaarpaa-a 11] rrepuona
166 1- 1985. Taxo 113Be;~eHe :p!Iy~ryaulijc: )J,oopo ce
Cn<l.}KYca Bpe;J,HOC1I1MJ KCljC cy ;:\iHll1 ilpyrH ayropu.
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SUMMARY: Coronae of galaxies are assumed to be spherically symmetric, self-con-
sistent and in a steady state. The velocity distribution is studied on the basis of the
hydrodynamica1 equation through the ratio v~Iv? (transversal aul radial velocity
components, respectively). It is found that in the conditions supposed to occur in real
galaxies the radial velocities prevail so that the fraction of the radial velocity in the
total kinetic energy of the system attains even more than 50%. Applied to our Galaxy
the results of the present paper suggest a value of the ratio mentioned above of a
little bit greater than one at the galactocentric position of the Sun.

1. INTRODUCTION

It is well known that for the purpose of explai-
ning some phenomena in stellar astronomy (rotation
curves of spiral galaxies, etc) a concept of galactic
coronae-vast, very massive systems, dominating the
dynamics of their galaxies-has been developed (e. g.
Trimble, 1987). Because of sufficiently flat rotation
curves an inverse-square law has been usually assumed
for the mass distribution within the coronae. Since the
coronal constituents are unknown, there is no observa-
tional evidence on their velocity distribution. However,
as weD known, in the most simple case when spheri-
caDysymmetric coronae are considered, the inverse-squ-
are law can be obtained by assuming an isotropic and
isothermal velocity distribution. On the other hand
Antonov and Chernin (1975, also Antonov et al., 1975)
ugued that an isotropic and isothermal velocity distri-
b.ution cannot be expected within very rarefied systems
such as coronae since their relaxation time is extremely
long. The two authors proposed another velocity dis-
tribution characterised by a domination of radial velo-
cities which may have resulted from the primordial

conditions. One should point out that a pure inverse-
-square law is not realistic for two reasons:

i) it yields a singularity in the central density;
ii) integrated over infinity it yields an infinite

total mass. To avoid the second disadvantage one can
assume that the inverse-square law IS valid only within
a finite radius. However, in this case we have a disconti-
nuity at the boundary of the system since at the inner
side of the boundary the density is greater than zero
and at the ou ter one it vanishes.

The purpose of the present paper is to introduce
more realistic conditions for the density function and
then to consider the velocity distribution under these
conditions.

2. THEORETICAL BASE

For reasons of simplicity it is here assumed that
the corona of a galaxy is a self-consistent system In such
a case the most simple decision is to assume also the
spherical symmetry and the steady state. In reality the
coronae co-exist with discs of their galaxies so that

,'~-'



strictly speaking they cannot preserve the spherical
symmetry which they aright have if they existed sepa-
rately.

These two assumptions mean that the Poisson
equation and the hydrodynamical one (e. g. Ogorodni-
kov, 1958) are valid. The latter equation will be writ-
ten here because in the present paper it is widely used

___ r dp_._ _. dv;
v 1 '" 11 2 t ._- ·v .,. + 2V"' + r .-~

t C p-dr r r dr (1)

In l~qU.(1) the following designations are used: V( -the
me ;jl~ square of transversal velocity at a given radius
r, VI 2 -the mean square of radial velocity, uc-the cir-
cular velocity and p the density.

It can be proved that at the centre (r=O) is valid
.;? = 2ir~-i provided that the density function is reali-
stic, i. e. being decreasing, finite at the centre, almost
constant near it and vanishing at a certain radius r1, so
that the derivative is always negative, except at the cen-
tre where it vanishes, but near it its absolute value is
very small. The proof easily follows from (1) since
under such conditions must be uc(O) ::: O. Therefore, it
is clear why in different families of models describing
the spherically symmetric and self-consistent systems
in a steady state the velocity distribution is isotropic
at the centre (Binney and Tremaine, 1987, p. 242).

Beyond the centre the velocity distribution of a
spherically symmetric system is generally anisotropic
because in such systems it depends on two integrals of
motion-the energy and the modulus of the an~lar mo-
mentum. Imposing a realistic condition on v/, i. e.
introducing it as

"Yr2 == v( (0) f (r), (2)

where fer) ;s a montonously decreasing function so that
.: l _.._

:1. ;

Figure 1 An example of "transversal" velocity distri-
bution; re/fJ = 0.1, 'v/ (0) ::: O.l5x4rrGArc2
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f(O) =: 1 and f(rl) =: 0, one finds that with respect to the
ratio -V~2Iv?' one can define two kinds of velocity
distributions for a given mass distribution. These are:

i) the "transversal" anisotropic - v? ~ 2v(
(the equality corresponds to r =: 0, see Fig. I);

ii) the "radial" anisotropic where within some
part rE(O, ra) is ~ < 2vr2 and beyond that interval,

r > ra, vt
2 > 2y~2(Fig. 2). Since all the objects belen-

ging to a corona are within their potential wells, the
central value of the radial-~elodty square. -v? (0),
must satisfy the condition v/ (0) «2/3)fI (0). where
Il is the potential of the system.

The form of the function describing the mass
distribution within the corona of a galaxy in the present
paper is the same as that in an earlier paper of the pre·
sent author (Ninkovic, 1988). The corresponding solu-
tion of the Poisson equation was also given there.
The task is to specify possible constraints on the velc-
city distribution for these conditions using equation l I).

3. PROCEDURE

Since in equ. (l) there are only two physical
quantities - the distance and the velocity square ... their
units should be specified. The distance unit will be ri (li-
miting radius) and the velocity square will be expressed
in 4uGArc 2 (G is the gravitation constant, for the mea-
ning of others see Ninkovic, 1988).

The scale parameter re must be specified, too.
The circumstance that as a rough description of the di-
stance dependence within a corona may be used the
inverse-square law acts as a constraint to the choice of
the ratio rcI rl' Intuitively one finds a value of 0.1 as
the fair one. It agrees well with those values assumed in
some models of our Galaxy (e. g. Cald well and Ostriker,
1981; Rohlfs and Kreitschmann, 1981). With regard to
the requirements concerning the function fer) (2) it
is corvenient to choose expressions like (1-r/r1), i. e.
(I-r /r1

2
). The former expression raised to a power

greater than I yields a sufficiently steep decrease in
fer) near the centre. The latter one acts as a smoothing
term by enabling a more gradual decrease of fer). This
is seen from the following examples.

In the case v? (0) = 1 (units established above,
equal to 0.56n(0» a solution of (i) is obtained with

fer) = a) (l-r/rQ)3+ U;?(1-r /rd + a3 (l-r=/rQ 2),
3
~ u. =: I:

i=I I ,

in the particular case a) = 0.09, a2 = 0.89, a3 :: 0.02.
(F ig. 3). The role of the first ferrn is to make the decrea-
se sufficiently steep near the centre (on the contrary
one would obtain a negative v?), the second one is the
basic term (for this reason its coefficient is largest)
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andthe role of the third term is to diminish the increa-
seof~2.(?= v;r + V?) near the boundary. For values of
V( (0) as large as 1 this increase is inevitable because at
I'" rl as easy to see it will be yt2 -= Ue

2 - 4a3V? (0). Sin-
ce v? cannot be ne~ve, this is a limitation for the
valueof a3. Only at vr (0) approximately as small as
0.8 (0.44II(0) ) this limitation is not so strong and it
IS possibleto obtain a function v2(r) always decreasing.
However,as seen from Figs. 2-3 the minimum of the
ra~iov;rfV;I is much deeper in the second case (larger
vr2 (0) ) achieving about 0.01 and occuring at about
r = 0.55 rf, whereas in the first case the value of the
minimumis about 0.66 and it corresponds to the appro-
ximatevalue of r equal to 0.7 rl' The "critical" value of
vr

1 (0) above which is impossible to obtain a "transver-
sal" solution of (I) (like in Fig. 1) occurs at about
v/ (0) = 0.15 (0.08 II (0).

The present procedure is repeated for two more
cases:fe/rl = 0.01 and relrl = 0.5. The latter one eviden-
tly does not correspond to the present purpose, thus
it isusedonly as an illustrative one.

In the case re/rl ;:::0.01 all the facts found i.n
the former case (re/rl = 0.1) become more strongly
expressed.For example, if vr

2 (0) ;:::2 (about one half of
n (0) ) the dependence of the radial velocity square is gi-
venby

f(r)=at (I-r/rlt +G.-z(l_r2/rI2);

at = 0.975, az = 0.025 (Fig. 4).

Thevalueof the coefficient az is large enough to achieve
smoothing·Vl{r)is a monotonously decreasing functi-
on.The minimumin vNv; occurs at about r/rl = 0.26
(26r,) and it is less than 0.001! A transversal solution is
impossibleto obtain above~ (0) ~ 0.2 (0.06 II (0) ).

For the case rclTf = 0.5 the minima are not so
deepby far and one can add that transversal solutions
cessat aboutV( (0);:::0.1 (0.25 II (0)).

Therefore, it is seen that within self-consistent
coronaeof galaxies velocity distributions with promi-
nent radial motions are generally acceptable. If the ar-
gumentsof cosmogony are also invoked, then distri-
buttons characterised by prominent radial motions are
veryprobable(e. g. Jaaniste and Saar, 1975).

4. DISCUSSIONAND CONCLUSIONS

One could say that the general conclusions of
the present paper and of that by Antonov and Chernin
(1975) are similar. One should bear in mind that no
quantitativecomparison is possible since in the present
papera different mass distribution, with no singularity
at the centre and no discontinity at the boundary, is
assumed.On account of this the ratio vt2/vr2 is a
functionof distance whose values generally depend on
the massdistribution unlike Antonov and Chernin who

_. -- -----~--------...,-,

J --.--_.. -----,---~--------,---. -- .-.-.-02 o.~ O{J 0,8 I,O!..

"

Figure 2 A "radial" solution; re/I[::: 0.1, vr2 (0);::: 0.7x
x4rrGArc2, f(r);::: 0.0571(1-r/r03 + 0.7714
(1-r/rl)2 +O.l714(1-r2/r]2)

..- --~.-.- ~----.--- -----

Figure 3 relrl;::: 0.1, v/ (0) = 4rrGAre 2, fer) '" 0.09
(I-r/rD3 + 0.89 (l-r/rl)2 + 0.02 (1-r2 Ir12)

---_ _. - ._.-----,--------

_~__ .~__ " l. _
~ u u • L

"
Figure 4 re/r];::: 0.01, Vr 2 (0) :::2x4rrGAre 2, f(r);:::0.975

(I-r/rl)" + 0.025 (l-rz Ir12)
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obtained an arbitrarily small and weakly variable v t 2/
/-:.,:/ ratio.

As quantitative measures of the radial fraction
in the velocity distribution one can use according to the
present author the value of v/ (0) above which there are
no "transversal" solutions of (I] expressed in units of
the central potential. We see that for the cases which
are likely for the coronae of galaxies (re/rl about 0.1
or less) this amount is 6··8%. Of course, such a small
rate is low probable and therefore it seems that some
kind of "domination" of radial motions within the
coronae of galaxies is very probable.

Another quantitative measure may be the frac-
tion of the radial component in the total kinetic ener-
gy of the system. As well known the double total kine-
tic energy is defined as

It
2W,,= r -;2 dM,

c5
where dM is the mass differential. Accordingly the mean
velocity square taken over the entire system will be

- Ij
< v1 > = M -1 I Vi dM;

o

J\J is the total mass of the system. Since the integral in
(3) is additive, it will be

and accordingly the fraction of the radial component
will be simply defined as the ratio

(4)

The values of the ratio (4) corresponding to some
cases considered above are

.~; (0) = 0.l5

·v
I
i (0) = 0.7

vr? (0) '" 1

~?(0) = 2 0.67 .

0.19

0.55

0.66

It is clear that for a given Ie/rl the ratio (4) depends on
the amount of\,~·i(0); to a larger vr2 (0) corresponds a
larger ratio (4). It is seen that in some limiting cases
(in the sense that above them one already begins to
obtain solutions with v2 not monotonously decreasing)
the ratio (4) attains even more than 50'lV.

Finally, it would be interesting to apply the pre-
sent results to our own Galaxy. As has been already
said the value of 0.1 for re/q might be applicable for
this purpose. Then, since the integral (3) can be put
into a dimensionless form, one obtains <V2 > =: 0.547x
x4nGArc 2 regardless of v~-i(0) assumed. If one assu-
mes as rough values re = 10 kpc and A = 0.01 M0 pc-3,

S. Ninkovic

(3)

one obtains <y;. > = 1752 km2 s -2. The mean square
of the radial velocity taken over the entire system na-
turally depends on v/ (0) assumed in the allal~s. For
the two cases presented in Figs. 2-3 it is < vr

2 > =
= O.298x41TG Ar c 2, i. e. 0.363x41rG Are2, or 1292 kmJ

S-2, 1432 km2 S-2. If the value of 8.5 kpc is assumed
for the galactocentirc distance of the Sun according to
the IAU, then at the Sun we shall have vt2(V/ "" LOf
course, all these conclusions are tentative since they
are valid for the case of a spherically symmetric and
self-consistent galactic corona which, strictly speaking,
is not true. Perhaps, such a situation is not far from the
truth (see galactic models, e. g. by Caldwell and Ostri-
ker, 1981 and by Rohlfs and Kreitschrnann, 1981).
In any case a study taking into account these circum-
stances is desirable.

One should certainly emphasize once again that
the coronal constituents arc unknown, so that any ob-
servational verification of the present conclusions meets
extremely serious difficulties. The only chance is to
study eventual consequences for models of the Galaxy
(and also for other galaxies).

The principal conclusion of the present paper is
that the conclusions of Antonov and Chernin (1975)
are confirmed in principle and that they are made more
complete by introducing the ratio (4) as a quantitative
measure of the radial-component fraction in the kinetic
energy of the coronae of galaxies.

NOTE
A preliminary report on the present work was presented
at the IX National Conference of Yugoslav Astronomers
held in Sarajevo (October 1988).

ACKNOWLEDGEMENT
This work has been supported by RZNS (Republican
Community for Science of Serbia) through the project
"Physics and Motions of Celestial Bodies and Artifi-
cial Satellites".

REFERENCES
Antcnov, V. A., Osipkov, L. P., Chernin, A. D.: 1975. in Oine-

mika i evolyutsiya rvezdnvkt: sistem, ed. K. F. Ogo-
rcdnikov. ¥Yp. 4 ser. Problemy issledovaniya vselennoj,
izd. AN SSSR VAGO GAO, Moskva=Leningrad. p. 289.

Antonov, V. A., Chernin, A. D.: 1975, Pis'm« v Astron. Zh., 1,
18.

Binney, 1., Tremaine, S.: 1987, Galactic Dynamics, Princeton
University Press, Princeton, New Jersey.

Caldwell, J. A. R., Ostriker, 1. P.: 1981, Astrophys. J., 251,61.
Jaaniste, J., Saar, E.: 1975, Publ. Tart. A strot. observ., 43, 216.
Nink ovic, S.: 1988, Bull. Observ, A stron. Belgrade, 139, 21.
Ogorodnikov, K. F .. 1958, Dinsmike zV8zdnykh sistem. GO!. iz-

dat. flZ.- mat. literatury, Moskva, eh. IX.
Rohlfs, K., Kreitschrnann, J.: 1981, Astrophys, Space se: 79,

289.
Trimble, V.: 1987, Ann. Rev. Astron. A stropbys., 25,425.



A CONSIDERATION OF VELOCITY DISTRIBUTION WITHIN CORONAE OF GALAXIES

PA3MATPAlbE PACnO,llEnE liP3HHE Y KOPOHAMA rAnAKCHJA

C. Hn}{KOBUh,

AcrpoHOMCKa oncepbaropuja, Bontuua 7, 11050 Beorpaq, Jyrocnabuja

Y.LlK 524. 7-85
Opurunanuu Hay'lHu pag

Ilpernocraarsa ce na cy xopoae ranaxcaja
apepHo<HMeTpl1'!He,caxo-ycarnaureae H Y crauaoaapnoa
Cli\lby.Pacnoaena 5p311He ce rtpoysasa aa OCHOBYXHAPO-
IlHHaMll~KejeAHa'lI1He npexo onnoca ~ /-v;r /rpaHCBep-
3iL1HaIi panajanaa xosmorreara 5p3HHe, peCrreKTHBHO/ .
Haheao je na y ycnoaaaa KOjH ce cpehy y crsapaaa ra-

naxcajaaa PaAHjaJ1Ha xperaisa npeosnahyjy raxo Aa yneo
PaAHjaJ1He KOMrrOHeHre 5p3HHe y yxyrnro] KHHeTI1'1Koj
eaepraja CHCTeMaAOCTH)I(e H BHUle OA 50%. Ha OCHOBY
pesyrrrara osor pana npaaeaseaax na HaUlY I'anaxcajy
rrpOHCTU4.e na je sa raJ1aKTOI~eHTpl{lUm norroscaj CYHu.a
spenaocr ropa.er onaoca HellITO Mano seha OA jeAHHHJ.J;e.
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SUMMARY: Using a semiclassical approach, we have calculated electron+, proton-
and ionized helium-impact widths and shifts of 51 neutral potassium multiplets as a
function of electron temperature and electron density.

I.INTRODUCfION

Stark broadening parameters for potassium lines
areusefulin astrophysics as well as in plasma diagnostics,
technologyof high pressure discharge lamps etc. Solar
abundanceof potassium is 4.70 (Hack and Struve,
J969). K abundance is also determined by using line
profiles,e.g. for 'Y Ser and ~ Her (Hack and Struve,
1969). Potassiumline profiles are also important for the
study of pulsed lamps at medium and high pressures,
containingK vapors. Such lamps are important for
neodymiumlaser optical pumping, since potassium lines
coincidewith absorption bands of laser material.

Using a semiclassical-perturbation formalism
(Sahal-Brechot, 1969a, b) we have calculated recently
(Dimitrijevicand Sahal-Brechot, 1987) electron-s,
proton- and ArII-impact line widths and shifts of 50
neutralpotassium multiplets at electron density Ne :::
= 101

S em". Due to Debye screening, obtained data
are not always linear with electron density, especially
in the case of transitions between more excited states.
Sincethe corrections proposed e. g. by Griem (1974)
arenot simple to do, we recalculated Stark broadening
data as a function of electron density also. Moreover,
we improved the integration procedure (the improve-
mentsinfluence especially the shift at higher tempera-
tures)and we included ionized helium-impact broade-
ningparametersdue to its astrophysical meaning.

2. THEORY

Details concerning the calculation procedure are
given elsewhere (Sahal-Brechot, 1969a, b) and only a
few details will be given here. Within the framework
of semiclassical-perturbational formalism developed
using impact approximation, the full halfwidth (2W)
and shift (D) of an electron-impact broadened line
can be expressed as (Sahal-Brechot, 1969a, b):

00

2W::: Ne !vf(v) dv ~'~i Oii>(v)+f'~f0ff'(v) +

+oel(V)] (l)
00 RD

D :::N, J vf(v) dv J 21TPdp sin 2cpp,
o R3

Here, Ne is the electron density, f(v) the Maxwellian
velocity distribution function for electrons, p denotes
the impact parameter of the incoming electron, i and f
denote the initial and final atomic energy level and i',
f'their perturbing levels, The inelastic cross section 0ii' (v)
can be expressed by an integration over the impact
parameter of the transition probability PH' (P,v)

I RD
L 0ii' (v) := -2 1TRi + J 21Tpdp L Pli' (P,v) (2)

j'::pi Rl j'*i

29



M. S. Dimitrijevic, S. Sahal=Brechot

and the elastic cross section is given by

RO
aej =-: 270 R~ + J 8rrpdp sin 2 (j

R2

The phase shifts 'ry and <Pq due respectively to the po-
larization potential ((4) and to the quadrupolar poten-
tial (r-3) part, art' given ill §3 of Section 3 in the paper
of Sahal=Brechot (1969a). All the cut offs RI , R2' R3,

RD are described in § 1 of Section 3 of Sahal=Brechot
(1909b)

If we want to make certain that 3. line is isola-
red, we can use the parameter c defined by Dimitrijevic
and Sahal=Brechot (1984) and given in Table. For an
electron concentration lower than

the line can be treated as isolated in the core, even if
weak forbidden components due to the failure of this
approximation still appear in the vying.

3. RESULTS AND DISCUSSION

Data for needed energy levels were taken from
Bashkin and Stoner (1975). Oscillator strengths have
been calculated using the method of Bates and Darnga-
ard (1949) and tables of Oertel and Shomo (1968),
while for low-jying levels, the oscillator strengths were
taken from Wiese, Smith and Miles (1969). For hi.gher
levels, when tables of Oertel and Shomo are not appli-
cable, the method described by Van Regemorter, Hoang
Binh Dy and Prud'homme (1979) was used.

The results are shown in Table 1 for a number of
temperatures (2500; 5000; 10000; 20000; 40000 and
80000 K) and for electron densities from 1013 em? to
101

R cm", In table is also given a parameter dencted by
c (see Eq. 4) which ean be used to obtain an estimate
for the maximum electron density for which the line
may be treated as isolated.

We checked also is the collision volume (V) mu-
ltiplied by the electron density (Ne) much lesser than
one for values given in the table. In such a case, the
impact approximation is valid (Sahal=Brechot, 1969).
The values for which Ne V > 0.5 are not given in the
[able, while values where 0.1 < Ne V';;; 0.5 are denoted
with an asterisk and are given in order to enable inter-
polation to lower densities. In the cases when the im-
pact approximation is not valid. the ion broadening
contribution may be estimated by the quasistatic ion-
broadening parameter (Griem, 1974) introduced by
Griern et al (1962). Ar H impact linewidths and shifts
for 50 neutral potassium multiplets <it Ne = 1015 ern":'
may he found in Dimitrijevic and Sahal=Brechot (1987).
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Table 1. This table lists electron>, proton- and ionized
helium-impact broadening parameters for K I lines for
electron densities from 1013 cm " to 1018 ern? and
temperatures from 2500 K to 80000 K. Transitions
and averaged wavelengths for the multiplet (in A) are
also given. Under 2W are given full halfwidths (in ,1\)
while D denote corresponding shifts. By using c [see Eq,
(4)J, we obtain an estimate for the maximum elec-
tron density for which the line may be treated as iso-
lated and the tabulated values may be used. Asterisk
denotes cases when the collision volume multiplied by
the electron density (condition for the validity of the
impact approximation) lies between 0.1 and 0.5.



STARK BROADENING OF K I LINES

NE= 0.lE+l4
EI.ECIIDNS PRDIDNS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) Ol(A) 2WI(A) Ol(A)

3D - 4P 2500. 3.60 -0. 470E-01 1.61* 1.38* 1.27* 1.09*
9l050.0A 5000. 3.39 -0. 877E-01 1.86 1.61 1.44* 1.27*
c= 0.27E+19 10000. 3.11 -0.110 2.11 1.89 1.64* 1.46*

20000. 2.80 -0. 619E-01 2.17 2.26 1.89 1.67
30000. 2.62 -0. 510E-01 2.04 2.45 2.04 1.83
80000. 2.17 -0.242E-01 1.43 2.50 2.15 2.31

3D - 5P 2500. 0.573E-02 0.333E-02 0.210E.,..02 0.883E-03 0.205E-02 0.709E-03
31453.0A 5000. 0.655E-02 0.398E-02 0.215E-02 0.993E-03 0.207E-02 0.798E-03
c= O.27E+21 10000. 0.77OE-02 0.404E-02 0.220E-02 0.112E-02 0.21lE-02 0.897E-03

20000. 0.942E-02 0.364E-02 0.227E-02 0.125E-02 0.215E-02 0.101£-02
30000. 0.107E-01 0.311£-02 0.232E-02 0.134E-02 0.218E-02 0.108E-02
80000. 0.140E-01 0.240E-02 0.247E-02 0.158E-02 0.228E-02 0.127E-02

3D - 6P 2500. 0.352E-02 0.230E-02 0.132E-02 0.605E-03 0.127E-02 0.486E-03
13384.0A 5000. 0.410E-02 0.270E-02 0.135E-02 0.681£-03 0.129E-02 0.547E-03
c= 0.21E+20 10000. 0.480E-02 0.264E-02 0.139E-02 0.767E-03 0.132E-02 0.616E-03

20000. 0.572E-02 0.243E-02 0.145E-02 0.862E-03 0.136E-02 0.693E-03
30000. 0.640E-02 0.218E-02 0.149E-02 0.922E-03 0.138E-02 0.741£-03
80000. 0.788E-02 0.167E-02 0.160E-02 0.109E-02 0.146E-02 0.873E-03

3D - 7P 2500. 0.560E-02 0.370E-02 0.20lE-02 0.96lE-03 0.193E-02 0.769E-03
10482.OA 5000. 0.655E-02 0.420E-02 0.206E-02 0.109E-02 0.197E-02 0.871£-03
c= 0.68E+l9 10000. 0.772E-02 0.418E-02 0.214E-02 0.122E-02 0.20lE-02 0.98lE-03

20000. 0.925E-02 0.343E-02 0.223E-02 0.137E-02 0.207E-02 0.110E-02
30000. 0.103E-01 0.298E-02 0.229E-02 0.147E-02 0.21lE-02 0.118E-02
80000. 0.123E-01 0.197E-02 0.248E-02 0.173E-02 0.224E-02 0.139E-02

3D - 8P 2500. 0.974E-02 0.646E-02 0.332E-02 0.164E-02 0.318E-02 0.131£-02
9348.6A 5000. 0.114E-01 0.694E-02 0.342E-02 0.186E-02 0.324E-02 0.149E-02

c= 0.32E+19 10000. 0.136E-01 0.650E-02 0.355E-02 0.209E-02 0.333E-02 0.168E-02
20000. 0.164E-01 0.505E-02 0.372E-02 0.236E-02 0.343E-02 0.189E-02
30000. 0.183E-01 0.410E-02 0.383E-02 0.253E-02 0.351£-02 0.203E-02
80000. 0.212E-01 0.220E-02 0.417E-02 0.298E-02 0.374E-02 0.240E-02

3D - 9P 2500. 0.167E-01 0.107E-01 0.539E-02 0.274E-02 0.515E-02 0.218E-02
8764.8A 5000. 0.196E-01 0.112E-01 0.558E-02 0.311£-02 0.527E-02 0.249E-02

c= 0.18E+19 10000. 0.236E-01 0.102E-01 0.582E-02 0.352E-02 0.542E-02 0.282E-02
20000. 0.288E-01 0.740E-02 0.610E-02 0.397E-02 0.561£-02 0.319E-02
30000. 0.318E-01 0.557E-02 0.630E-02 0.425E-02 0.574E-02 0.341£-02
80000. 0.361£-01 0.247E-02 0.689E-02 0.502E-02 0.614E-02 0.403E-02

3D - 4F 2500. 0.264E-02 -0.110E-02 0.595E-03 -0. 377E-03 0.550E-03 -0.302E-03
15165.0A 5000. 0.295E-02 -0.702E-03 0.627E-03 -0. 424E-03 0.57lE-03 -0. 340E-03
c= 0.17E+20 10000. 0.355E-02 -0.358E-03 0.666E-03 -0. 476E-03 0.598E-03 -0. 383E-03

20000. 0.408E-02 -0.111£-03 0.713E-03 -0.535E-03 0.631£-03 -0.430E-03
30000. 0.439E-02 -0.114E-03 0.745E-03 -0.572E-03 0.654E-03 -0. 460E-03
80000. 0.508E-02 0.416E-04 0.837E-03 -0.674E-03 0.719E-03 -0. 542E-03
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HE= O.1E+14
EIECI'RONS PRafONS IONIZED HP..JT..;'M

TPANSITICN T(K) 2WE(A) D£(A) 2WI(A) DI(A) 2WI (A) DI(A)

3D - SF 2500. 0.236£-01 0.348£-02 0.839£-02 0.754£-02 0.674£-02 0.600£-02
l1022.3A 5000. 0.216£-01 0.137E-02 0.949E-02 0.859E-02 0.756E-02 0.687£-02
c= 0.14[+18 10000. 0.197E-01 0.734£-03 0.108£-01 0.977E-02 0.851E-02 0.78lE-02

20000. 0.180£-01 -0.200E-03 0.125E-01 0.112£-01 0.963E-02 0.885£-02
30000. 0.170E-01 -0.202£-03 0.134E-01 0.124E-01 0.104£-01 0.950£-02aoooo. 0.147£-01 -0.975£-04 0.136E-01 0.152£-01 0.127E-01 0.114£-01

4S - 4P 2500. 0.448E-04 0.339E-04 0.277£-04 0.942£-05 0.273£-04 0.757£-05
7676.2A 5000. 0.509£-04 0.401£-04 0.280£-04 0.106E-04 0.275£-04 0.850£-05

c=-= 0.47£+20 10000. 0.624E-04 0.454£-04 0.284£-04 0.119£-04 0.277£-04 0.955E-05
20000. 0.825E-04 0.461£-04 0.290E-04 0.133E-04 0.281£-04 0.107E-04
30000. 0.973£-04 0.410£-04 0.294£-04 0.143£-04 0.283E-04 0.115£-04
80000. 0.139E-03 0.285E-04 0.306E-04 0.168E-04 0.291E-04 0.135£-04

4S - 5P 2500. 0.963E-04 0.606E-04 0.406E-04 0.165E-04 0.397E-04 0.133£-04
4045.2A 5000. 0.110£-03 0.719E-04 0.414E-04 0.186E-04 0.401£-04 0.149£-04

c= O. 44E+ 19 10000. 0.126E-03 0.777E-04 0.424E-04 0.209E-04 0.407£-04 0.168E-04
20000. 0.148E-03 0.763E-04 0.436E-04 0.235£-04 0.415£-04 0.189£-04
30000. O.164E-03 0.670E-04 0.445E-04 0.251E-04 0.420£-04 0.202£-04
80000. 0.206£-03 0.492£-04 0.472E-04 0.296E-04 0.438£-04 0.238£-04

4S - 6P 2500. 0.233E-03 0.152E-03 0.92.0E-04 0.409E-04 0.S93E-04 0.328E-04
3446.7A 5000. 0.271E-03 0.176E-03 0.942E-04 0.460E-04 0.906E-04 0.370E-04

0= O.14E+19 10000. 0.315E-03 0.183E-03 0.969E-04 0.518E-04 0.922E-04 0.416E-04
20000. 0.373E-03 0.17lE-03 0.100E-03 0.582£-04 0.945£-04 0.468E-04
30000. 0.414E-03 0.150E-03 0.103E-03 0.623£-04 0.960E-04 0.501£-04
80000. 0.505£-03 0.107E-03 0.110E-03 0.734E-04 0.10lE-03 0.590E-04

4S - 7P 2500. 0.526E-03 0.346E-03 0.193E-03 0.909E-04 0.186E-03 0.728E-04
3217.3A 5000. 0.615E-03 0.395E-03 0.198E-03 0.103E-03 0.190E-03 0.824E-04

0= 0.64E+18 10000. 0.723E-03 0.385E-03 0.205E-03 0.116E-03 0.194£-03 0.928E-04
20000. 0.364E-03 O.333E-03 0.214£-03 0.130E-03 0.199E-03 0.104£-03
30000. 0.961£-03 0.282£-03 0.220E-03 0.139E-03 0.203E-03 0.112E-03
80000. 0.114E-02 0.184E-03 0.237E-03 0.164E-03 0.215£-03 0.132E-03

4S - 8P 2500. 0.107E-02 0.700E-03 0.368£-03 0.180E-03 0.354£-03 0.144E-03
3101. 9A 5000. 0.125E-02 0.765E-03 0.380E-03 0.204E-03 0.361£-03 0.164E-03

c= 0.36E+18 10000. 0.149E-02 O.738E·-03 0.394£-03 0.230£-03 0.370E-03 0.185E-03
20000. 0.180E-02 0.580E-03 0.412E-03 0.259E-03 0.381£-03 0.208E-03
30000. 0.200E-02 0.479E-03 0.425E-03 0.278E-03 0.390£-03 0.223£-03
80000. 0.232E-02 0.277E-03 0.461£-03 0.328E-03 0.415E--03 O.264E-03

4S - 9P 2500. 0.199E-02 0.128E-02 0.650£-03 0.328E-03 0.62lE-03 0.262£-03
3034.8A 5000. 0.235E-02 0.134E-02 0.672E-03 0.373E-03 0.635£-03 0.298E-03

0= 0.22£+18 10000. 0.282E-02 0.124£-02 0.700£-03 0.422E-03 0.653£-03 0.338E-Q3
20000. 0.344E-02 0.931£-03 0.735£-03 0.476E-03 0.675£-03 0.382E-03
30000. 0.380£-02 0.760E-03 0.758E-03 0.510E-03 0.691£-03 0.409E-03
80000. 0.431E-02 0.395E-03 0.828£-03 0.602E-03 0.739£-03 0.484E-03
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STARK BROADENING OF K I LINES

NE= 0.1E+14
EI.ECI'RONS PRCYI'ONS IONIZED HELIUM

'mANSITION T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI(A) DI(A)

4P - 5S 2500. 0.584E-03 0.412E-03 0.136E-03 0.114E-03 0.116E-03 0.914E-04
12492.0A 5000. 0.672E-03 0.490E-03 0.150E-03 0.128E-03 0.126E-03 0.103£-03
c= O.58E+20 10000. 0.748E-03 0.573E-03 0.165£-03 0.144E-03 0.138E-03 0.116E-03

20000. 0.844E-03 0.566E-03 0.182E-03 0.16lE-03 0.15lE-03 0.130E-03
30000. 0.900E-03 0.513E-03 0.193E-03 0.173E-03 0.160E-03 0.139E-03
80000. 0.115E-02 0.36lE-03 0.224E-03 0.203E-03 0.184E-03 0.163E-03

4P - 6S 2500. 0.665E-03 0.488E-03 0.143E-03 0.133E-03 0.116E-03 0.107E-03
6929.SA 5000. 0.765E-03 0.572E-03 0.160E-03 0.150E-03 0.130E-03 0.120E-03

c= O.75E+19 10000. 0.824E-03 0.625E-03 0.180E-03 0.169E-03 0.145E-03 0.136E-03
20000. 0.916E-03 0.619E-03 0.202E-03 0.190E-03 0.163E-03 0.152E-03
30000. 0.950E-03 0.554E-03 0.216E-03 0.203E-03 0.174E-03 0.163E-03
80000. 0.117E-02 0.413E-03 0.254E-03 0.239E-03 0.204E-03 0.192E-03

4P - 7S 2500. 0.126E-02 0.936E-03 0.265E-03 0.247E-03 0.213E-03 0.198E-03
5795.3A 5000. 0.15lE-02 0.110E-02 0.297E-03 0.278E-03 0.239E-03 0.223E-03

cr O.27E+19 10000. 0.154E-02 0.110E-02 0.333E-03 0.313E-03 0.268E-03 0.252E-03
20000. 0.170E-02 0.103E-02 0.374E-03 0.352E-03 0.30lE-03 0.283E-03
30000. 0.184E-02 0.896E-03 0.400E-03 0.377E-03 0.322E-03 0.303E-03
80000. 0.224E-02 0.642E-03 0.47lE-03 0.445E-03 0.379E-03 0.358E-03

4P - 8S 2500. 0.232E-02 0.168E-02 0.468E-03 0.434E-03 0.377E-03 0.347E-03
5334.3A 5000. 0.260E-02 0.19lE-02 0.526E-03 0.492E-03 0.423E-03 0.394E-03

e= O.13E+19 10000. 0.298E-02 0.189E-02 0.590E-03 0.554E-03 0.474E-03 0.445E-03
20000. 0.323E-02 0.153E-02 0.662E-03 0.624E-03 0.533E-03 0.50lE-03
30000. 0.360E-02 0.127E-02 0.709E-03 0.668E-03 0.570E-03 0.537E-03
80000. 0.425E-02 0.762E-03 0.835E-03 0.788E-03. 0.67lE-03 0.634E-03

4P - 9S 2500. 0.43lE-02 0.317E-02 0.870E-03 0.800E-03 0.700E-03 0.638E-03
5094.3A 5000. 0.475E-02 0.346E-02 0.977E-03 0.908E-03 0.786E-03 0.727E-03

cr O.76E+18 10000. 0.537E-02 0.319E-02 0.110E-02 0.103E-02 0.882E-03 0.824E-03
20000. 0.623E-02 0.244E-02 0.123E-02 0.116E-02 0.990E-03 0.929E-03
30000. 0.695E-02 0.189E-02 0.132E-02 0.124E-02 0.106E-02 0.996E-03
80000. 0.796E-02 0.907E-03 0.155E-02 0.146E-02 0.125E-02 0.118E-02

4P -10S 2500. 0.730E-02 0.522E-02 0.146E-02 0.133E-02 0.118E-02 0.106E-02
4951.4A 5000. 0.807E-02 0.544E-02 0.164E-02 0.152E-02 0.132E-02 0.12lE-02

c= 0.48E+18 10000. 0.924E-02 0.498E-02 0.184E-02 0.172E-02 0.l48E-02 0.138E-02
20000. O.l11E-01 0.357E-02 0.207E-02 0.194E-02 0.166E-02 0.156E-02
30000. 0.123E-01 0.26lE-02 0.222E-02 0.208E-02 0.178E-02 0.167E-02
80000. 0.138E-01 0.105E-02 0.26lE-02 0.246E-02 0.210E-02 0.198E-02

4P -l1S 2500. 0.119E-01 0.843E-02 0.230E-02 0.207E-02 0.185E-02 0.164E-02
4859.0A 5000. 0.13lE-01 0.818E-02 0.259E-02 0.237E-02 0.208E-02 0.189E-02

cr 0.33E+18 10000. 0.152E-01 0.706E-02 0.290E-02 0.270E-02 0.234E-02 0.216E-02
20000. 0.187E-01 0.49lE-02 0.326E-02 0.305E-02 0.262E-02 0.245E-02
30000. 0.206E-01 0.364E-02 0.349E-02 0.327E-02 0.28lE-02 0.263E-02
80000. 0.228E-01 0.124E-02 0.412E-02 0.387E-02 0.330E-02 0.311E-02
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NE= 0.1£+14
ElEcrnoNS IK1IDNS IONIZED HF..LIUM

THANSITION T(K) 2WE(A) OE(A) 2WI (A) or (A) 2WI(A) Ol(A)

4P -12S 2500. 0.173E-01 0.118E-01 0.334E-02 0.297E-02 0.269E-02* 0.235E-02*
4795.7A 5000. 0.206E-01 0.116E-01 0.375E-02 0.341£-02 0.301£-02 0.272E-02

c= 0.24E+13 10000. 0.238E-01 0.917E-02 0.421£-02 0.389E-02 0.338E-02 0.311.£-02
20000. 0.298E-01 0.624E-02 0.473E-02 0.441.E-02 0.380E-02 0.353E-02
30000. 0.327E-01 0.465E-02 0.506E-02 0.474E-02 0.407E-02 0.380E-02
80000. 0.358E-01 0.144E-02 0.597E-02 0.560E-02 0.479E-02 0.450E-02

4P - 3D 2500. 0.253E-03 0.131.E-03 0.873E-04 0.348E-04 0.854E-04 0.279£-04
11745.0A 5000. 0.27lE-03 0.144E-03 0.888E-04 0.390E-04 0.863E-04 0.3l4E-04
c= 0.44E+20 10000. 0.312E-03 0.142E-03 0.908E-04 0.438E-04 0.875E-04 0.352E-04

20000. 0.394E-03 0.111.E-03 0.933E-04 0.492E-04 0.890E-04 0.396E-04
30000. 0.464E-03 0.944E-04 0.952E-04 0.526E-04 0.90lE-04 0.423E-04
80000. 0.639E-03 0.673E-04 0.10lE-03 0.620E-04 0.937E-04 0.498E-04

4P - 40 2500. 0.766E-03 0.563E-03 0.200E-03 0.147E-OJ 0.177E-03 0.118E-03
6955.2A 5000. 0.839E-03 0.605E-03 0.215E-03 0.166E-03 0.188E-03 0.133E-03

c= 0.35E+19 10000. 0.914E-0) 0.579E-03 0.232E-03 0.186E-03 0.20lE-03 0.150E-03
20000. 0.lOlE-02 0.457E-03 0.253E-03 0.210E-03 0.217E-03 0.168E-03
30000. 0.109E-02 0.406E-03 0.267E-03 0.224E-03 0.227E-03 0.180E-03
80000. 0.120E-02 0.282E-03 0.305E-0) 0.264E-03 0.256E-03 0.212E-03

4P - 50 2500. 0.166E-02 0.124E-02 0.422E-03 0.316E-03 0.373E-03 0.253E-03
5825.3A 5000. 0.181£-02 0.128E-02 0.455E-03 0.357E-03 0.397E-03 0.286E-03

c= 0.14E+19 10000. 0.197E-02 0.122E-02 0.494E-03 0.401.E-03 0.426E-03 0.322E--03
20000. 0.22lE-02 0.923E-03 0.540E-03 0.451.E-03 0.460E-03 0.363E-03
30000. 0.236E-02 0.776E-03 0.570E-03 0.483E-03 0.482E-03 0.388E-03
80000. 0.254E-02 0.453E-03 0.654E-03 0.570E-03 0.546E-03 0.458E-03

4P - 60 2500. 0.333E-02 0.249E-02 0.833E-03 0.626E-03 0.731£-03 0.500E-OJ
5354.lA 5000. 0.364E-02 0.252E-02 0.90lE-03 0.710E-03 0.78lE-03 0.568E-03

c= 0.74E+18 10000. 0.398E-02 0.225E-02 0.980E-03 0.802E-03 0.840E-03 0.644E-03
20000. 0.452E-02 0.165E-02 0.107E-02 0.902E-03 0.909E-03 0.725E-03
30000. 0.483E-02 0.128E-02 0.113E-02 0.967E-03 O.955E-03 0.776E-03
80000. 0.512E-02 0.58lE-03 0.130E-02 0.114E-02 0.108E-02 0.917E-03

4P - 70 2500. 0.624E-02 0.467E-02 0.153E-02 0.116E-02 0.134E-02 0.923E-03
5107.2A 5000. 0.683E-02 0.445E-02 0.166E-02 0.132E-02 0.143E-02 0.105E-02

0= 0.43E+18 10000. 0.752E-02 0.385E-02 0.181.E-02 0.149E-02 0.155E-02 0.120E-02
20000. 0.863E-02 0.274E-02 0.199E-02 0.168E-02 0.168E-02 0.135E-02
30000. 0.917E-02 0.204E-02 0.210E-02 0.180E-02 0.177E-02 0.145E-02
80000. 0.960E-02 0.736E-03 0.242E-02 0.213E-02 0.201£-02 0.171£-02

4P - 80 2500. 0.109E-01 0.789E-02 0.265E-02 0.200E-02 0.230E-02 0.159E-02
4960.2A 5000. 0.120E-01 0.778E-02 0.288E-02 0.229E-02 0.247E-02 0.183E-02

c= 0.28E+18 10000. 0.134E-01 0.616E-02 0.315E-02 0.260E-02 0.267E-02 0.208E-02
20000. 0.154E-01 0.429E-02 0.346E-02 0.295E-02 0.291E-02 0.236E-02
30000. 0.162E-01 0.314E-02 0.366E-02 0.316E-02 0.306E-02 0.254E-02
80000. 0.168E-01 0.986E-03 0.423E-02 0.373E-02 0.349E-02 0.300E-02
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STARK BROADENING OF K I LINES

NE= O.lE+l4
EIECI'RONS PfVIONS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI (A) DI(A) 2WI(A) DI(A)

4P - 90 2500. O.180E-0l 0.128E-Ol 0.432E-02* 0.325E-02* 0.373E-02* 0.257E-02*
4865.2A 5000. 0.199E-01 0.122E-01 0.470E-02 0.375E-02 0.402E-02* 0.298E-02*

c= O.19E+l8 10000. 0.224E-01 0.926E-02 0.515E-02 0.427E-02 0.436E-02 0.34lE-02
20000. 0.258E-0l 0.642E-02 0.567E-02 0.484E-02 0.475E-02 0.388E-02
30000. 0.270E-0l 0.46lE-02 0.600E-02 0.52lE-02 0.50lE-02 0.417E-02
80000. 0.277E-01 0.134E-02 0.695E-02 0.616E-02 0.573E-02 0.495E-02

40 - 6P 2500. 0.675E-01 0.173E-0l 0.23lE-01 0.395E-02 0.23lE-01 0.317E-02
62191.0A 5000. 0.935E-0l 0.218E-01 0.23lE-0l 0.444E-02 0.23lE-0l 0.357E-02
c= O.2SE+21 10000. 0.127 0.235E-0l 0.232E-01 0.499E-02 0.23lE-01 0.40lE-02

20000. 0.166 0.206E-01 0.233E-0l 0.560E-02 0.23IE-0l 0.450E-02
30000. 0.189 0.184E-0l 0.233E-0l 0.599E-02 0.232E-01 0.482E-02
80000. 0.232 0.154E-01 0.235E-0l 0.707E-02 0.233E-01 0.567E-02

40 - 7P 2500. 0.369E-01 0.215E-0l 0.124E-0l 0.559E-02 0.120E-0l 0.448E-02
27199.0A 5000. 0.45lE-01 0.232E-01 0.127E-0l 0.630E-02 0.122E-0l 0.506E-02
c= O.46E+20 10000. 0.56lE-01 0.225E-0l O.13lE-Ol 0.71OE-02 0.124E-01 0.570E-02

20000. 0.70lE-0l 0.178E-01 0.136E-01 0.799E-02 0.127E-01 0.642E-02
30000. 0.790E-0l 0.154E-01 0.139E-0l 0.855E-02 0.129E-01 0.687E-02
80000. 0.94lE-01 0.945E-02 0.150E-0l O.lOlE-Ol 0.136E-0l 0.810E-02

40 - SP 2500. 0.477E-0l 0.296E-Ol 0.156E-0l 0.767E-02 0.150E-Ol 0.614E-02
20691.0A 5000. 0.569E-Ol 0.3l5E-0l 0.16IE-01 0.870E-02 0.153E-01 0.697E-02
c= O.16E+20 10000. 0.690E-Dl 0.293E-Ol 0.167E-Ol 0.98lE-02 0.157E-0l 0.788E-02

20000. 0.852E-0l 0.212E-0l 0.175E-01 0.1l0E-D1 0.162E-01 0.887E-02
30000. 0.95lE-0l O.l72E-Ol 0.180E-Ol 0.1l8E-Ol 0.165E-01 0.950E-02
80000. 0.110 0.868E-02 0.196E-0l 0.140E-0l 0.176E-Ol 0.1l2E-Ol

40 - 4F 2500. 0.441 -0.263 0.803E-Ol -0.704E-Ol 0.668E-01 -O.565E-01
136923.A 5000. 0.484 -0.276 0.889E-Ol -0.792E-Dl 0.735E-Ol -0.636E-Ol
c= O.14E+22 10000. 0.527 -0.228 0.987E-Ol -0.89lE-01 0.812E-Ol -0.7l6E-01

20000. 0.617 -0.172 0.110 -0.100 0.900E-01 -0.805E-01
30000. 0.670 -0.156 0.117 -0.107 0.956E-01 -0.862E-01
80000. 0.737 -0.953E-01 0.137 -0.126 0.111 -0.102

40 - 5F 2500. 0.199 0.183E-0l 0.665E-01 0.598E-0l 0.533E-01 0.476E-01
31162.0A 5000. 0.184 0.184E-02 0.752E-Ol 0.682E-0l 0.599E-01 0.545E-01
c= O.11E+19 10000. 0.168 -0.103E-0l 0.86lE-0l 0.776E-0l 0.674E-01 0.620E-01

20000. 0.157 -0. 943E-02 0.99lE-0l 0.887E-01 0.764E-01 0.702E-Ol
30000. 0.151 -0.100Er01 0.106 0.968E-01 0.825E-0l 0.754E-01
80000. 0.133 -0. 642E-02 0.107 0.120 0.101 0.906E-01

55 - 5P 2500. 0.350E-02 0.127E-02 0.174E-02 0.362E-03 0.174E-02 0.29lE-03
27114.0A 5000. 0.416E-02 0.120E-02 0.175E-02 0.407E-03 0.174E-02 0.327E-03
c= O.20E+21 10000. 0.550E-02 0.767E-03 0.176E-D2 0.456E-03 0.175E-02 0.367E-03

20000. 0.767E-02 0.485E-03 0.177E-02 0.512E-03 0.175E-02 0.412E-03
30000. 0.913E-02 0.402E-03 0.177E-02 0.548E-03 0.175E-02 0.44lE-03
80000. 0.123E-0l 0.272E-03 O.180E-02 0.646E-03 0.177E-02 0.519E-03
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M. S. Dimitrijevic , S. Sahal=Brechot
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NE-= 0.1£+14
ElECTRONS ffiafONS IONIZED h'ELIUM

1'Rl\."lSITION T(K) 2WE(A) DE(A) 2WI(A) or (A) 2WI (A) Ol(A)

55 - 6P 2500. 0.302E-02 0.19lE-02 0.120E-02 0.502E-03 0.117E-02 0.403E-03
12531. OA 5000. 0.352E-02 0.215E-02 0.123E-02 0.565E-03 0.119E-02 0.454E-OJ
c= 0.19E+20 10000. 0.420E-02 0.217E-02 0.126E-02 0.636E-03 0.120E-02 0.511E-OJ

20000. 0.514E-02 0.176E-02 0.130E-02 0.715E-03 0.123E-02 0.574E-OJ
30000. 0.585E-02 0.153E-02 0.133E-02 0.765E-03 0.125E-02 0.615E-OJ
80000. 0.732E-02 0.116E-02 0.141E-02 0.90lE-03 0.130E-02 0.724E-03

5S - 7P 2500. 0.503E-02 0.329E-02 0.184E-02 0.855E-03 0.178E-02 0.685E-03
9951. 3A 5000. 0.588E-02 0.368E-02 0.189E-02 0.965E-03 0.18lE-02 0.775E-03

L"':'= 0.62E+19 10000. 0.699E-02 0.370E-02 0.195E-02 0.109E-02 0.185E-02 0.873E-03
20000. 0.844E-02 0.299E-02 0.203E-02 0.122E-02 0.190E-02 0.983E-03
30000. 0.946£-02 0.247E-02 0.209E-02 0.13lE-02 0.193E-02 0.105E-02
80000. 0.1l3E-01 0.160E-02 0.225E-02 0.154E-02 0.204E-02 0.124E-02

5S - 8P 2500. 0.886E-02 0.588E-02 0.305E-02 0.148E-02 0.292E-02 0.119E-02
8924.4A 5000. 0.104E-01 0.623E-02 0.314E-02 0.168E-02 0.298E-02 0.135E-02

c== 0.29E+19 10000. 0.124E-01 0.598E-02 0.326E-02 0.190E-02 0.306E-02 0.152E-02
20000. 0.151£-01 0.433E-02 0.340E-02 0.214E-02 0.315E-02 0.172E-02
30000. 0.168E-01 0.351£-02 0.351£-02 0.229E-02 0.322E-02 0.184E-02
80000. 0.195£-01 0.183E-02 0.381£-02 0.270E-02 0.342E-02 0.217E-02

5S - 9P 2500. 0.153E-'01 0.101£-01 0.4~7E-02 0.250E-02 0.474E-02 0.2ooE-02
8390.7A 5000. 0.180E-01 0.104E-01 0.514E-02 0.285£-02 0.485E-02 0.228E-02

CF 0.11£+19 10000. 0.216E-D1 O.906E-02 0.535£-02 0.322E-02 0.499E-02 0.258E-02
20000. O.265E-0l 0.597E-02 0.561£-02 0.363E-02 0.516E-02 0.292E-02
30000. 0.292E-01 0.505£-02 0.579E-02 0.389E-02 0.528E-02 0.312E-02
80000. 0.332E-01 0.210E-02 0.632E-02 0.459E-02 0.564E-02 0.369E-02

5P - 6S 2500. 0.180E-01 0.121£-01 0.442E-02 0.317E-02 0.396E-02 0.255E-02
36529.0A 5000. 0.209E-01 0.142E-01 0.473E-02 0.351£-02 0.418E-02 0.287E-02
c= 0.21E+21 10000. 0.247E-01 0.146E-01 0.511£-02 0.402E-02 0.445E-02 0.323E-02

20000. 0.299E-01 0.126E-01 0.554E-02 0.45lE-02 0.477E-02 0.363E-02
30000. 0.344E-01 0.110E-Ol 0.583E-02 0.483E-02 O.499E-02 0.388E-02
80000. 0.445E-01 0.868E-02 0.664E-02 0.569E-02 0.560E-02 0.457E-02

SP - 7S 2500. 0.122E-01 0.881£-02 0.255E-02 0.230E-02 0.209E-02 0.184E-02
17979.0A 5000. 0.139E-01 0.104E-0l 0.284E-02 0.259E-02 0.232E-02 0.208E-02
c= 0.26E+20 10000. 0.154E-01 0.985E-02 O.317E-02 0.292E-02 0.258E-02 0.234E-02

20000. 0.175E-Ol 0.896E-02 0.354E-02 0.328E-02 0.288E-02 0.264E-02
30000. 0.197E-01 0.775E-02 0.378E-02 0.352E-02 0.307E-02 0.283E-02
80000. 0.243E-01 0.543E-02 0.444E-02 0.414E-02 0.359E-02 0.333E-02

5P - 85 2500. 0.169E-01 0.123E-01 0.345E-02 0.318E-02 0.279E-02 0.254£-02
14178.0A 5000. 0.188E-01 0.138E-01 0.387E-02 0.360E-02 0.312E-02 0.288E-02
c= 0.93E+19 10000. 0.217E-01 0.137E-01 0.434E-02 0.406E-02 0.350E-02 0.326E-02

20000. 0.242E-01 0.107E-01 0.487E-02 0.457E-02 0.392E-02 0.367E-02
30000. 0.272E-Ol 0.869E-02 0.52lE-02 0.489E-02 0.419E-02 0.393E-02
80000. 0.322E-01 0.509E-02 0.613E-02 0.577E-02 0.493E-02 0.464E-02
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STARK BROADENING OF K I LINES

lID:: O.IE+l4
ElECI'RONS PROroNS IONIZED HELIUM

TAAN5rI'rON T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI(A) DI(A)

5P - 95 2500. 0.263E-Ol 0.195E-Ol 0.53lE-02 0.487E-02 0.428E-02 0.389E-02
12600.0A 5000. 0.290E-Ol 0.208E-01 0.596E-02 0.553E-02 0.480E-02 O.443E-02
c= O.46E+l9 10000. 0.332E-Ol 0.192E-Ol 0.669E-02 0.627E-02 0.539E-02 0.502E-02

20000. 0.389E-Ol 0.134E-Ol 0.75lE-02 0.705E-02 0.604E-02 0.566E-02
30000. 0.436E-Ol 0.109E-Ol 0.804E-02 0.756E-02 0.646E-02 0.607E--02
80000. 0.50lE-Ol 0.509E-02 0.948E-02 0.892E-02 0.76lE-02 0.717E-02

5P -lDS 2500. 0.412E-01 0.294E-Ol 0.824E-02 0.750E-02 0.663E-02 0.597E-02
11761.0A 5000. 0.456E-Ol 0.303E-Ol 0.926E-02 0.854E-02 0.744E-02 0.683E-02
c= O.27E+l9 10000. 0.523E-Ol 0.269E-Ol 0.104E-01 0.969E-02 0.836E-02 0.776E-02

20000. 0.635E-01 0.174E-01 0.117E-Ol 0.109E-01 0.938E-02 0.878E-02
30000. 0.706E-Ol 0.142E-Ol 0.125E-01 0.1l7E-01 0.100E-01 0.94lE-02
80000. 0.794E-Ol 0.557E-02 0.147E-01 0.139E-01 0.1l8E-Ol O.lllE-Ol

5P -115 2500. 0.639E-01 0.46lE-01 0.124E-Ol 0.lllE-01 0.993E-02 0.88lE-02
1125J.OA 5000. 0.702E-01 0.435E-01 0.139E-01 O.127E-Ol O.l12E-01 0.lOlE-01
o= O.lBE+l9 10000. 0.817E-01 0.362E-01 0.156E-Ol 0.144E-Ol 0.125E-01 0.116E-Ol

20000. 0.101 0.220E-01 0.175E-01 0.164E-01 0.14lE-01 0.13lE-01
30000. 0.112 0.186E-Ol 0.187E-01 0.175E-01 0.150E-01 0.141E-01
80000. 0.124 0.64lE-02 0.22lE-01 0.207E-01 0.177E-Ol 0.167E-01

5P - 4D 2500. 0.20lE-01 0.138E-01 0.505E-02 0.369E-02 0.45lE-02 0.296E-02
3725S.OA 5000. 0.232E-01 0.135E-01 0.543E-02 0.416E-02 0.477E-02 0.334E-02
0= O.lOE+21 10000. 0.27lE-01 0.10lE-01 0.587E-02 0.467E-02 0.509E-02 0.376E-02

20000. 0.34lE-01 0.787E-02 0.639E-02 0.525E-02 0.548E-02 0.422E-02
30000. 0.379E-01 0.673E-02 0.673E-02 0.562E-02 0.573E-02 0.452E-02
80000. 0.446E-Ol 0.39lE-02 0.769E-02 0.662E-02 0.645E-02 0.532E-02

5P - SD 2500. 0.16lE-01 0.115E-01 0.393E-02 0.303E-02 0.343E-02 0.243E-02
IB272.0A 5000. 0.176E-01 0.12lE-01 0.426E-02 0.343E-02 0.368E-02 0.275E-02
c= O.14E+20 10000. 0.195E-01 0.106E-01 0.465E-02 0.386E-02 0.397E-02 0.310E-02

20000. 0.227E-01 0.79lE-02 0.509E-02 0.434E-02 0.430E-02 0.348E-02
30000. 0.247E-01 0.670E-02 0.539E-02 0.465E-02 0.453E-02 0.373E-02
80000. 0.273E-01 0.352E-02 0.62lE-02 0.548E-02 0.515E-02 0.440E-02

5P - 6D 2500. 0.238E-01 0.17lE-01 0.582E-02 0.445E-02 0.508E-02 0.355E-02
14J19.0A 5000. 0.260E-01 O.l72E-Ol 0.63lE-02 0.504E-02 0.544E-02 0.404E-02
c= O.5JE+l9 10000. 0.286E-01 0.15lE-01 0.688E-02 0.569E-02 0.587E-02 0.457E-02

20000. 0.330E-Ol 0.104E-ol 0.754E-02 0.64lE-02 0.637E-02 0.515E-02
30000. 0.354E-Ol 0.839E-02 0.798E-02 0.687E-02 0.670E-02 0.552E-02
80000. 0.380E-01 0.366E-02 0.919E-02 0.81lE-02 0.762E-02 0.652E-02

5P - 7D 2500. 0.385E-01 0.290E-01 0.935E-02 0.712E-02 0.814E-02 0.568E-02
1?679.0A 5000. 0.422E-Ol 0.270E-01 0.102E-01 0.81lE-02 0.873E-02 0.648E-02
c= O.27E+l9 10000. 0.466E-Ol 0.224E-Ol 0.lllE-01 0.919E-02 0.944E-02 0.736E-02

20000. 0.537E-01 0.14lE-ol 0.122E-Ol 0.104E-01 0.103E-01 0.832E-02
30000. 0.572E-01 0.118E-Ol 0.129E-01 O.l1lE-01 0.108E-01 0.892E-02
80000. 0.603E-01 0.424E-02 0.149E-01 O.13lE-01 0.123E-01 0.105E-01
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NE= 0.1£+14
EIECI'R)NS FROfONS IONIZED HELIUM

TIWJSrrrON T(K) 2WE(A) DE (A) 2WI(A) or (A) 2WI (A) or (A)

5P - 80 2500. 0.620E-01 0.450E-01 0.149E-01 0.113E-01 0.129E-01 0.901£-02
USll.OA 5000. 0.682E-Ol 0.441£-01 0.162E-Ol 0.130E-01 0.139E-01 0.104E-01

C'" 0.16E+19 10000. 0.760E-01 0.334E-01 0.178E-Ol 0.147E-01 0.15lE-Ol 0.118E-01
20000. 0.876E-01 0.200E-01 0.195E-01 0.167E-01 0.164E-01 0.134E-01
30000. 0.926E-01 0.176E-01 0.207E-01 0.179E-01 0.173E-01 0.144E-01
80000. 0.962E-Ol 0.540E-02 0.239E-01 0.212E-01 0.197E-01 0.170E-01

5P - 90 2500. 0.968E-01 0.684E-01 0.232E-01* 0.175E-01* 0.200E-01* 0.138E-01*
1l286.0A 5000. 0.107 0.66lE-Ol 0.252E-Ol 0.20lE-01 0.216E-01* 0.16OE-01*
c= 0.10E+19 10000. 0.121 0.480E-Ol 0.277E-Ol 0.230E-01 0.234E-Ol 0.184E-01

20000. 0.139 0.294E-01 0.304E-01 0.26lE-01 0.255E-01 0.209E-01
30000. 0.146 0.250E-01 0.322E-01 0.280E-01 0.269E-01 0.224E-01
80000. 0.150 0.715E-02 0.373E-Ol 0.331£-01 0.308E-01 0.266E-01

NE= 0.1£+15
3D - 4P 2500. 33.5 -1.79

9l050.0A 5000. 32.1 --1.36
0= 0.27E+19 10000. 29.8 -1.14

20000. 27.2 -0.619 21.7* 21.8*
30000. 25.5 -0.510 20.3* 23.8*
80000. 21.3 -0.242 14.3 24.7 21.5* 22.7*

3D - SP 2500. O.573E-01 0.333E-01 0.210E-01 0.874E-02 0.205E-01 0.700E-02
31453.0A 5000. 0.655E-01 0.397E-01 0.214E-01 0.987E-02 0.207E-01 0.792£-02
0= 0.27E+21 10000. 0.770E-01 0.4C4E-0l 0.220E-01 0.l1lE-01 0.211£-01 0.892£-02

20000. 0.942E-01 0.364E-01 0.227E-01 0.l25E-01 0.215E-01 0.100E-01
30000. 0.107 0.31lE-01 0.232E-01 0.134E-01 0.218E-01 0.108E-01
80000. 0.140 0.240E-01 0.247E-01 0.158E-01 0.228E-01 0.127E-01

3D - 6P 2500. 0.352E-01 0.229E-Ol 0.132E-01 0.592E-02 0.127E-01 0.472£-02
13384.0A 5000. 0.410E-01 0.270E-01 0.135E-Ol 0.672E-02 0.129E-Ol 0.538E-02
0= 0.2lE+20 10000. 0.480E-Ol 0.263E-01 0.139E-01 0.76lE-iJ2 0.132E-01 0.610E-02

20000. 0.572E-01 0.243E-01 0.145E-01 0.857E-02 0.136E-01 0.688E-02
30000. 0.640E-01 0.218E-01 0.149E-01 0.919E-02 0.138E-01 0.738E-02
80000. 0.788E-01 0.167E-01 0.160E-01 0.108E-01 0.146E-01 0.872£-02

3D - 7P 2500. 0.560E-01 0.368E-01 0.200E-Ol 0.927E-02 0.193E-01 0.736E-02
10482.0A 5000. 0.655E-Ol 0.419E-01 0.206E-01 0.106E-01 0.197E-Ol 0.846E-02
0= 0.68E+19 10000. 0.772E-01 0.417E-01 0.214E-01 0.121£-01 0.201£-01 0.964E-02

20000. 0.925E-Ol 0.343E-01 0.223E-01 0.136E-01 0.207E-01 O.l09E-ol
30000. 0.103 0.298E-01 0.229E-Ol 0.146E-01 0.211£-01 0.118E-01
80000. 0.123 0.197E-01 0.248E-01 0.173E-01 0.224E-Ol 0.139E-01

3D - SP 2500. 0.974£-01 0.642E-01 0.330£-01 0.155E-01 0.316E-01 0.123E-01
9348.6A 5000. 0.114 0.690E-Ol 0.342E-Ol 0.180E-Ol 0.324E-01 0.143E-01

c= 0.32E+19 10000. 0.136 0.648E-01 0.355E-01 0.205E-01 0.332E-01 0.164E-01
20000. 0.164 0.504E-01 0.372E-01 0.233E-01 0.343E-Ol 0.186E-01
30000. 0.183 0.410E-0l 0.383E-01 0.25lE-01 0.351£-01 0.201£-01
80000. 0.212 0.220E-01 0.417E-01 0.297E-01 0.374E-01 O.238E-Ol
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STARK BROADENING OF K I LINES

NE= O.1E+15
ElECffiONS PRaIDNS IONIZED HELTIJM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI(A) DI(A)

3D - 9P 2500. 0.167 0.105 0.536E-01* 0.254E-01*
8764.8A 5000. 0.196 0.111 0.557E-01* 0.297E-01<1t'0.524E-01* 0.235E-01*

c= 0.18E+19 10000. 0.236 0.102 0.58lE-01 0.342E-01 0.54lE-01* 0.272E-01*
20000. 0.288 0.740E-01 0.610E-01 0.390E-01 0.560E-01* 0.31lE-01*
30000. 0.318 0.556E-01 0.630E-01 0.419E-01 0.574E-01* 0.336E-01*
80000. 0.361 0.247E-01 0.689E-01 0.499E-01 0.614E-01 0.40lE-01

3D - 4F 2500. 0.264E-01 -0.110E-01 0.595E-02 -0. 37lE-02 0.550E-02 -0. 297E-02
15165.0A 5000. 0.295E-01 -0.70lE-02 0.627E-02 -0. 42lE-02 0.57lE-02 -0. 337E-02
c= 0.17E+20 10000. 0.355E-01 -0.358E-02 0.666E-02 -0. 474E-02 0.598E-02 -0. 38lE-02

20000. O.408E-01 -0.11lE-02 0.713E-02 -0. 533E-02 0.63lE-02 -0. 428E-02
30000. 0.439E-01 -0.114E-02 0.745E-02 -0. 57lE-02 0.654E-02 -0. 459E-02
80000. 0.508E-01 0.416E-03 0.837E-02 -0. 674E-02 0.719E-02 -0. 542E-02

3D - SF 2500. 0.235 0.286E-01 0.839E-01* 0.68lE-01* 0.674E-01* 0.527E-01*
1l022.3A 5000. 0.215 0.118E-01 0.948E-01* 0.808E-01* 0.756E-01* 0.636E-01*
c= 0.14E+18 10000. 0.196 0.687E-02 0.108* 0.940E-01* 0.85lE-01* 0.745E-01*

20000. 0.180 -0.200E-02 0.12~ 0.109* 0.962E-01* 0.857E-01*
30000. 0.169 -o.202E-02 0.134 0.122 0.104* 0.927E-01*
80000. 0.147 -0. 975E-03 0.136 0.151 0.127 0.113

45 - 4P 2500. 0.448E-03 0.339E-03 0.277E-03 0.938E-04 0.273E-03 0.753E-04
7676.2A 5000. 0.S09E-03 0.40lE-03 0.280E-03 0.106E-03 0.275E-03 0.848E-04

c= 0.47E+20 10000. 0.624E-03 0.454E-03 0.284E-03 0.119E-03 0.277E-03 0.953E-04
20000. 0.825E-03 0.46lE-03 0.290E-03 0.133E-03 0.28lE-03 0.107E-03
30000. 0.973E-03 0.410E-03 0.294E-03 0.143E-03 0.283E-03 0.ll5E-03
80000. 0.139E-02 0.285E-03 0.306E-03 0.168E-03 0.29lE-03 0.135E-03

4S - SP 2500. 0.963E-03 0.604E-03 0.406E-03 0.164E-03 0.397E-03 0.13lE-03
4045.2A 5000. 0.110E-02 0.719E-03 0.414E-03 0.185E-03 0.40lE-03 0.148E-03

c= 0.44E+19 10000. 0.126E-02 0.777E-03 0.424E-03 0.208E-03 0.407E-03 0.167E-03
20000. 0.148E-02 0.763E-03 0.436E-03 0.234E-03 0.415E-03 0.188E-03
30000. 0.164E-02 0.670E-03 0.445E-03 0.25lE-03 0.420E-03 0.202E-03
80000. 0.206E-02 0.492E-03 0.472E-03 0.296E-03 0.438E-03 0.238E-03

4S - 6P 2500. 0.233E-02 0.15lE-02 0.919E-OJ 0.400E-03 0.89lE-03 0.319E-03
3446.7A 5000. 0.27lE-02 0.175E-02 0.94lE-03 0.454E-03 0.905E-03 0.363E-03

c= 0.14E+19 10000. 0.315E-02 0.183E-02 0.969E-03 0.514E-03 0.922E-03 0.412E-03
20000. 0.373E-02 O.17lE-02 0.100E-02 0.579E-03 0.944E-03 0.465E-03
30000. 0.414E-02 0.150E-02 0.103E-02 0.62lE-03 0.960E-03 0.498E-03
80000. 0.505E-02 0.107E-02 0.llOE-02 0.733E-03 0.10lE-02 0.589E-03

4S - 7P 2500. 0.526E-02 0.343E-02 0.193E-02 0.877E-03 0.186E-02 0.696E-03
3217.3A 5000. 0.615E-02 0.394E-02 0.198E-02 0.100E-02 0.189E-02 0.80lE-OJ

c= 0.64E+18 10000. 0.723E-02 0.384E-02 0.205E-02 0.114E-02 0.194E-02 0.912E-03
20000. 0.864E-02 0.333E-02 0.214E-02 0.129E-02 0.199E-02 0.103E-02
30000. 0.96lE-02 0.282E-02 0.220E-02 0.138E-02 0.203E--02 0.lllE-02
80000. 0.ll4E-Ol 0.184E-02 0.237E-02 0.164E-02 0.215E-02 0'13lE-02
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M. S. Dimitrijevic, S. Sahal=Brechot
--------_._._--_._- ------

NE= 0.1£+15
ElECI'RONS PROrONS IONIZED HELU;M

TrtANSITION T(K) 2\-[£(A) DECA) 2WI(A) Ol(A) 2WI(A) Ol(A)

4S - 8F 2500. 0.107E-Ol 0.692E-02 0.367E-02 0.171£-02 0.351£-02* 0.135E-02·
3101. 9A 5000. 0.125E-Ol 0.76lE-02 0.379E-02 0.198E-02 0.360E-02* 0.157E-02*

c= 0.36E+18 10000. 0.149E-01 0.738E-02 0.394E-02 0.226E-02 0.369E-02 0.180E-02
20000. 0.180E-01 0.579£-02 0.412E-02 0.256£-02 0.38lE-02 0.205E-02
30000. 0.200E-01 0.479£-02 0.425E-02 0.276E-02 0.390E-02 0.221£-02
80000. 0.232E-Ol 0.277E-02 0.461£-02 0.326E-02 0.415E-02 0.262E-02

4S - 9P 2500. 0.199£-01 0.126E-01 0.646E-02* 0.305E-02*
3034.8A 5000. 0.235E-01 0.133E-01 0.67lE-02* 0.356E-02* 0.632E-02* 0.282E-02*

c== 0.22E+18 10000. 0.282E-01 0.124E-01 0.700E-02 0.410E-02 0.652E-02* 0.326E-02*
20000. 0.344E-01 0.930E-02 0.734E-02 0.467E-02 0.675E-02* 0.373E-02*
30000. 0.380E-01 0.760E-02 0.758E-02 0.503E-02 0.691£-02 0.403E-02
80000. 0.43lE-Ol 0.395E-02 0.828E-02 0.599E-02 0.739E-02 0.480E-02

4P - 58 2500. 0.584E-02 0.41lE-02 0.136E-02 0.113£-02 0.116£-02 0.903E-03
12492.0A 5000. 0.672E-02 0.489E-02 0.150E-02 0.127E-02 0.126E-02 0.102E-02
c= 0.58E+20 10000. 0.748E-02 0.573E-02 0.165E-02 0.143E-02 0.138E-02 0.115E-02

20000. 0.844E-02 0.566E-02 0.182E-02 0.161£-02 0.151£-02 0.129E-02
30000. 0.900E-02 0.513E-02 0.193E-02 0.172E-02 0.160E-02 0.139E-02
80000. 0.115E-01 0.36lE-02 0.224E-02 0.203E-02 0.184E-02 0.163E-02

4P - 6S 2500. 0.665E-02 0.486E-02 0.14.,3E-02 0.13lE-02 0.116E-02 0.104E-02
6929.5A 5000. 0.765E-02 0.57lE-02 0.16lE-02 0.148E-02 0.130E-02 0.119E-02

c= 0.75£+19 10000. 0.824E-02 0.625E-02 0.180E-02 0.168E-02 0.145E-02 0.135E-02
20000. 0.916E-02 0.619E-02 0.202E-02 0.189E-02 O.163E-02 0.152E-02
30000. 0.950E-02 0.554E-02 0.216E-02 0.202E-02 0.174E-02 0.162E-02
80000. 0.l17E-01 0.413E-02 0.254E-02 0.239E-02 0.204E-02 0.192E-02

4P - 7S 2500. 0.126E-Ol 0.930E-02 0.264E-02 0.239E-02 0.213E-02 0.190E-02
5795.3A 5000. 0.15lE-01 0.110E-01 0.297E-02 0.273E-02 0.239E-02 0.218E-02

c= 0.27E+19 10000. 0.154E-01 0.110E-01 0.333E-02 0.310E-02 0.268E-02 0.248E-02
20000. 0.170E-01 0.103E-Ol 0.374E-02 0.350E-02 0.301£-02 0.281£-02
30000. 0.184E-01 0.895E-02 0.400E-02 0.375E-02 0.322E-02 0.301£-02
80000. 0.224E-01 0.642E-02 0.471£-02 0.444E-02 0.379E-02 0.356£-02

4P - 8S 2500. 0.232E-01 0.166E-Ol 0.468E-02 0.414E-02 0.376E-02 0.327E-02
5334.3A 5000. 0.260E-01 0.190E-01 0.525E-02 0.477£-02 0.423E-02 0.379E-02

c= 0.13E+19" 10000. 0.298E-01 0.189E-01 0.590E-02 0.544E-02 0.474E-02 0.435E-02
20000. 0.323E-01 0.153E-01 0.662E-02 0.617E-02 0.533E-02 0.494E-02
30000. 0.360E-01 0.127E-Ol 0.709E-02 0.663E-02 0.570E-02 0.531£-02
80000. 0.425E-01. 0.762E-02 0.835E-02 0.785E-02 0.671£-02 0.630E-02

4P - 9S 2500. 0.431E-01 0.314E-01 0.870E-02 0.747E-02 0.700E-02* 0.585E-02·
5094.3A 5000. 0.475E-01 0.345E-01 0.977E-02 0.870E-02 0.785E-02* O.689E-02*

c= 0.76E+18 10000. 0.537E-Ol 0.318E-Ol O.llOE-Ol 0.100E-01 0.882E-02 0.796E-02
20000. 0.623E-01 0.243E-01 0.123E-0l 0.114E-01 0.990E-02 0.910E-02
30000. 0.695E-01 0.189E-01 0.132E-01 0.123E-01 0.106E-01 0.981£-02
80000. 0.796E-Ol 0.907E-02 0.155E-01 0.145E-01 0.125£-01 0.117E-01

40



5T ARK BROADENING OF K I LINES
-------_.- --- ------------" -~-•...-... ._-------_ .._------

NE= 0.1.£->-15
ELEcrnoNS F'R!:JI'Ot.) S IONIZED I--!E'"Ln)~1

T(K) 2WE(I\) DE (A) 2w~(A) DI(l\.) 2WI(A) DI(A)

4P -10S 2500. 0.7]OE-01 0.512£-01 O.14GE-01* 0.121£-01* 0.1l8E-U1* o . 940E-·',~~~"f.:
4951.4A 5000. 0.807£-01 0.:>40£-01 0,164E-01k 0.143£-01* 0.132£-':)1* O ..llJE-CIK

c= 0.48E-.-1810000. 0.924E-01 0.497£-01 0.184E-01 0.166E-01 0.148E-01;'- 0.lJ2E-iJ:L*
20000. 0.111 0.357E-01 0.207£-01 0.190£-01 0.166E-01* 0.1SlE-OU
30000. 0.123 0.260£-01 O.22lE-01 0.205£-01 0.178E-01* 0.164£-01 k

80000. 0.138 0.105£-01 0.26lE-01 0.244£-01 0.210£-01 0.196E-01

4P -l1S 2500. 0.119 0.840£-01 0.230£-01* 0.183£-01*
4859.0A 5000. 0.131 0.809£-01 0.250£-01* 0.220£-01*

c= 0.33E+18 10000. 0.152 0.705E-01 0.290E-01* 0.257E-01* 0.233E-01* 0.204E-01*
20000. 0.187 0.490E-01 0.326£-01* 0.296E-01* 0.262£-01* 0.2J6E-Ol*
30000. 0.206 0.364£-01 0.349£-0:;'* O.320E--01* 0.280E-01* O,255E-CLA
80000. 0.228 0.124£-01 0.412E-01 0.333£-01 0.331£-01* 0.::;07£-01*

4P -12S 2500. 0.173 0.116
4795.7A 5000. 0.206 0.116

c= 0.24E+18 10000. 0.238 0.914£-01 0.421£--01* 0.368E-Ol*
20000. 0.298 0.622E-01 0.472E-01* 0.425£-01* 0.380E-01* 0.338£-0::'*
30000. 0.327 0.465£-01 0.506E-Ol* 0.461£-01* 0.406E-Ol* 0,:)6'7£-01"
80000. 0.358 0.144E-Ol 0.598E-Ol* 0.553E-01* 0.479E-01* 0 ..442E>-1~ t*

4P - 30 2500. 0.253E-02 0.131£-02 0.873E-03 0.346£-03 O.854E-03 0.278£-03
11745.OA 5000. 0.271£-02 0.144E-02 0.8813E-03 0.389£-03 0.863£-03 O.313E-()]
0" O.44E+20 10000. 0.312£-02 0.142£-02 0.908E-03 0.438E-03 0.875E-03 0.352.2-03

20000. 0.394£-02 0.111£-02 0.933E-03 0.492£-D3 0.890E--03 O.395E-Zn
30000. 0.464E-02 0_944E-03 0.952E-03 0.526£-03 0.90lE-03 0.423E-03
80000. 0.639E-02 0.673E-03 0.101£-02 0.620£-03 0.937E-03 0.498E-03

4P - 40 2500. 0.766E-02 0.560£-02 0.199£-02 0.144E-02 0.177E-02 0.115E-02
6955.2A 5000. 0.839E-02 0.604E-02 0.215£-02 0.164E-02 0.188£-02 0.131£-0:2

0= 0.35E+l9 10000. 0.914E-02 0.579£-C2 0.232E-02 0.185E-02 O.201£-()2 0.149E-02
20000. 0.101£-01 0.457E-02 0.253E-02 0.209E-02 0.217E-02 0.167E-02
30000. 0.109E-01 0.406E-02 0.267E-02 0,224£-02 0.227E-02 0.180E-02
80000. 0.120E-01 0.282E-02 0.305E-02 0.264£-02 0.256E-02 0.212£-02

4P - 5D 2500. 0.166E-01 0.123£-01 0.422E-02 0.304E-02 0.372£-02 0.241£-02
5825.3A 5000. 0.181£-01 0.128£-01 0.45.5E-02 0.348E-02 0.397E-02 0.278E-;)2

0= 0.14E+l9 10000. 0.197E-01 0.122£-01 0.494E-02 0.396£-02 0.425£-02 0.316E-OL
20000. 0.221E-0l 0.922E-02 0.540E-02 0.448E-02 0.460E-02 0.359E-02
30000. 0.236E-01 0.775£-02 0.570E-02 0.480E-02 0.482E-02 0.386£-02
80000. 0.254£-01 0.453E-02 0.654£-02 0.568E-02 0.546E-02 0 ..456E-02

. i'"

4P - 60 2500. 0.333E-01 0.247£-01 O.83lE-02 0.591£-02 0.729E-02* 0.466E--02*
5354.1A 5000. 0.364E-01 0.252E-01 0.900E-02 0.6851::-02 0.780E-02 0.'544£-02

0= O.74E+18 10000. 0.398E-01 0.225E-01 0.980E-02 0.783£-02 0.839E--02 0.625E-02
20000. 0.452E--Ol 0.164£-01 0.107E--01 0.890£-02 0.909E-02 O.712:E-()2
30000. 0.483E-01 0.128E-01 0.113E-01 0.958E-02 0.955E-02 0.767£-02
80000. 0.S12E-01 0.581£-02 0.130E-01 0.114E-01 0.108E-01 O.91JE-02

, ,
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M. S. Dimitrijevic, S. Sahal=Brechot
----.-

N£=: 0.1£+15
ELECffiONS PlVIDNS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI (A) Ol(A)

4P - 70 2500. 0.624E-01 0.466E-01 0.153E-01* 0.106E-01* 0.133E-01* 0.830E-02*
5107.2A 5000. 0.683E-01 0.44lE-01 0.166E-01* 0.125E-01* 0.143E-01* O.988E-02*

c= 0.43E+18 10000. 0.752E-01 0.384E-01 0.18lE-01 0.144E-01 0.155E-01* 0.115E-01*
20000. 0.863E-Ol 0.273E-01 0.199E-01 0.165E-01 0.168E-01* 0.132E-01*
30000. 0.917E-01 0.204E-01 0.210E-01 0.178E-01 0.176E-01 0.142E-01
80000. 0.960E-01 0.736E-02 0.242E-Ol 0.212E-01 0.201£-01 0.170E-01

4P - 80 2500. 0.109 0.778E-01 0.264E-01* 0.178E-01*
4960.2A 5000. 0.120 0.776E-01 0.287E-01* 0.213E-01*

c= 0.28E+18 10000. 0.134 0.615E-01 0.314E-01* 0.249E-01* 0.267E-01k 0.197E-01*
20000. 0.154 0.428E-01 0.345E-01* 0.286E-01* 0.291£-01* 0.228E-01*
30000. 0.162 0.314E-01 0.366E-01* 0.309E-01* 0.306E-Ol* O.247E-01*
80000. 0.168 0.986E-02 0.423E-01 0.370E-01 0.349E-Ol* 0.296E-01*

4P - 9D 2500. 0.180 0.127
4865.2A 5000. 0.199 0.122

c= 0.19E+18 10000. 0.224 0.923E-01 0.515E-Ol* 0.403E-01*
20000. 0.258 0.642E-01 0.566E-01* 0.467E-01*
30000. 0.270 0.461£-01 0.600E-01* 0.506E-01*
80000. 0.277 0.134E-01 0.695E-01* 0.607E-01* 0.573E-01* 0.486E-01*

4D - 6P 2500. 0.675 0.173 0.231 0.390E-Ol 0.230 0.312E-01
62191.0A 5000. 0.935 0.218 0.231 0.44lE-01 0.231 0.354E-01
c= 0.28E+21 10000. 1.27 0.235 0.232 0.497E-01 0.231 0.399E-01

20000. 1.66 0.206 0.233 0.559E-01 0.231 0.449E-01
30000. 1.89 0.184 0.233 0.599E-01 0.232 0.481E-01
80000. 2.32 0.154 0.235 0.707E-0l 0.233 0.567E-01

4D - 7P 2500. 0.369 0.213 0.124 0.54lE-01 0.119 0.430E-01
27199.0A 5000. 0.451 0.231 0.127 0.618E-01 0.121 0.493E-01
0= 0.46E+20 10000. 0.561 0.225 0.131 0.70lE-01 0.124 0.561E-01

20000. 0.701 0.178 0.136 0.794E-01 0.127 0.636E-01
30000. 0.790 0.154 0.139 0.850E-01 0.129 0.683E-01
80000. 0.941 0.945E-01 0.150 0.101 0.136 0.807E-01

40 - 8P 2500. 0.477 0.293 0.156 0.729E-01 0.149* 0.575E-01*
20691.0A 5000. 0.569 0.115 0.161 0.842E-01 0.152* 0.669E-01*
c= 0.16E+20 10000. 0.690 0.293 0.167 0.96lE-01 0.156 0.768E-01

20000. 0.852 0.212 0.175 0.109 0.162 0.873E-01
30000. 0.951 0.171 0.180 0.117 0.165 0.940E-01
80000. 1.10 0.868E-01 0.196 0.139 0.176 0.112

40 - 4F 2500. 4.41 -2.62 0.802 -0.687 0.668 -0.548
136923.A 5000. 4.84 -2.76 0.889 -0.781 0.735 -0.625
c= 0.14E+22 10000. 5.27 -2.28 0.987 -0.885 0.812 -0.708

20000. 6.17 -1. 72 1.10 -0.996 0.900 -0.800
30000. 6.70 -1.56 1.17 -1.07 0.956 -0.858
80000. 7.37 -0.953 1.37 -1.26 1.11 -1.01

4::



STARK BROADENING OF K I LINES

NE= 0.lE+l5
EI.ECl'RONS PROroNS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE(Al 2WI(A) DI(A) 2WI(A) DI(A)

4D - 5F 2500. 1.98 0.142 0.665* 0.541* 0.533* 0.419*
31162.0A 5000. 1.84 -0. 352E-02 0.752* 0.642* 0.599* 0.505*
c= 0.11E+19 10000. 1.68 -0.107 0.860* 0.746* 0.674* 0.59l*

20000. 1.57 -0.963E-01 0.991 0.866 0.763* 0.681*
30000. 1.51 -0.100 1.06 0.952 0.825* 0.736*
80000. 1.33 -0. 642E-01 1.07 1.20 1.01 0.897

5S - SP 2500. 0.350E-01 0.127E-01 0.174E-01 0.360E-02 0.174E-01 0.288E-02
27114.0A 5000. 0.416E-01 0.120E-01 0.175E-01 0.405E-02 0.174E-01 0.325E-02
c= 0.20E+21 10000. 0.550E-01 0.767E-02 0.176E-01 0.455E-02 0.175E-01 0.366E-02

20000. 0.767E-01 0.485E-02 0.177E-01 0.512E-02 0.175E-01 0.41lE-02
30000. 0.913E-01 0.402E-02 O.l77E-01 0.548E-02 0.175E-01 0.44lE-02
80000. 0.123 0.272E-02 0.180E-Ol 0.646E-02 0.177E-Ol 0.519E-02

5S - 6P 2500. 0.302E-01 0.190E-01 0.120E-01 0.49lE-02 O.l17E-01 0.392E-02
12531.0A 5000. 0.352E-01 0.215E-01 0.123E-01 0.558E-02 0.119E-01 0.446E-02
c= 0.19E+20 10000. 0.420E-01 0.217E-01 0.126E-01 0.632E-02 0.120E-01 0.506E-02

20000. 0.514E-01 0.176E-01 0.130E-01 0.71lE-02 0.123E-01 0.57lE-02
30000. 0.585E-01 0.153E-01 0.133E-Ol 0.762E-02 0.125E-01 0.612E-02
80000. 0.732E-Ol 0.116E-01 0.141£-01 0.900E-02 0.130E-01 0.723E-02

5S - 7P 2500. 0.503E-01 0.327E-Ol 0.184E-01 0.825E-02 0.177E-01 0.655E-02
99S1.3A 5000. 0.588E-01 0.367E-ol 0.189E-Ol 0.944E-02 0.18lE-01 0.753E-02

c= 0.62E+19 10000. 0.699E-ol 0.369E-Ol 0.195E-Ol 0.107E-ol 0.185E-01 0.858E-02
20000. 0.844E-Ol 0.299E-01 0.203E-01 0.12lE-01 0.190E-01 0.973E-02
30000. 0.946E-Ol 0.247E-01 0.209E-01 0.130E-01 0.193E-Ol 0.105E-01
80000. 0.113 0.160E-01 0.225E-Ol 0.154E-01 0.204E-01 0.124E-01

5S - 8P 2500. 0.886E-01 0.584E-01 0.304E-01 0.14lE-01 0.290E-01* 0.11lE-01*
8924.4A 5000. 0.104 0.620E-01 0.314E-01 0.163E-01 0.298E-01* 0 •.129E-01*

c= 0.29E+19 10000. 0.124 0.598E-01 0.326E-01 0.186E-Ol 0.305E-01 0.148E-01
20000. 0.151 0.432E-01 0.340E-Ol 0.21lE-01 0.315E-01 0.169E-01
30000. 0.168 0.35lE-01 0.35lE-Ol 0.227E-Ol 0.322E-Ol 0.182E-01
80000. 0.195 0.183E-Ol 0.38lE-Ol 0.269E-Ol 0.342E-Ol 0.216E-Ol

5S - 9P 2500. 0.153 0.997E-Ol 0.494E-Ol* 0.232E-01*
8390.7A 5000. 0.180 0.104 0.513E-01* 0.272E-ol* 0.483E-01* 0.215E-01*

c= 0.17E+l9 10000. 0.216 0.905E-01 0.534E-Ol 0.313E-01 0.498E-01* 0.249E-01*
20000. 0.265 0.596E-01 0.561£'-01 0.356E-01 0.516E-01* 0.285E-01*
30000. 0.292 0.505E-01 0.579E-01 0.384E-01 0.528E-01 0.307E-01
80000. 0.332 0.2l0E-01 0.632E-01 0.457E-01 0.564E-01 0.367E-Ol

5P - 6S 2500. 0.180 0.120 0.44lE-Ol 0.312E-Ol 0.395E-01 0.249E-Ol
]6529.0A 5000. 0.209 0.142 0.473E-01 0.353E-Ol 0.418E-01 0.283E-01
c= 0.2lE+21 10000. 0.247 0.146 0.51lE-Ol 0.399E-Ol 0.445E-Ol 0.320E-Ol

20000. 0.299 0.126 0.554E-Ol 0.449E-01 0.477E-Ol 0.36lE-Ol
30000. 0.344 0.110 0.583E-01 0.482E-Ol 0.499E-01 0.387E--Ol
80000. 0.445 0.868E-Ol 0.664E-01 0.568E-01 0.560E-01 0.457E-01
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.M.S. Dimitrijevic, S. Sahaf-Brechot
------- .. ------ ..._---------------------------------------------

NB= O.IE+l5
EIECI'RONS PfVroNS IONIZED HEI.J1.,'M

1T<ANSITION T(K) 2WE(A) D£(A) 2WI(A) DI(A) 2h1I(A) DI(A)

5P - 7S 2500. 0.122 0.875£-01 0.255E-Ol 0.223£-01 0.209E-01 0.177£-01
17979.0A 5000. 0.139 0.104 0.234£-01 0.254£-01 0.232E-01 0.203£-01
G= 0.25£"'20 10000. 0.154 0.984E-01 0.317E-01 0.289£-01 0.258£-01 0.23lE-01

20000. 0.175 0.896£-01 0.355E-0l 0.326£-01 0.288E-01 0.262£-01
30000. 0.197 0.775E-01 0.378£-01 0.350E-01 0.307£-01 0.28lE-0l
80000. 0.243 0.543£-01 0.444£-01 0.413£-01 0.359£-01 0.332£--01

5P - 8S 2500. 0.169 0.122 0.345E-01 0.303£-01 0.279£-01 0.239£-01
14178.OA 5000. 0.188 0.138 0.387E-01 0.349E-01 0.312E-01 0.278E-01
c=- 0.93£ .•.19 10000. 0.217 0.137 0.434E-01 0.398E-01 0.350£-01 0.318E-01

20000. 0.242 0.107 0.487E-01 0.452E-01 0.392£-01 0.362£-01
30000. 0.272 0.868E-01 0.52lE-Ol 0.486E-Ol 0.419£-01 0.389£-01
80000. 0.322 0.509E-Ol O.613E:-01 0.575E-01 0.493E-01 0.462£-01

51? - 95 2500. 0.263 0.193 0.531£-01 0.455E-01 0.428E-01* 0.357E-01*
l2600.0A 5000. 0.290 0.208 0.596E-01 0.530E-01 0.480£-01* 0.420E-Ol*
c= 0.46E+19 10000. 0.332 0.192 0.669E--01 0.609E-Ol 0.538E-01 0.485£-01

20000. 0.389 0.133 0.75lE-01 0.694£-01 0.604E-01 O.555E-01
30000. 0.436 0.109 0.804E-01 0.747E-01 0.646E-01 0.598£-01
80000. 0.501 0.509E-01 0.948E-01 0.887E-01 0.761£-01 0.713£-01

5P -10S 2500. 0.412 0.288 0.824E-01* 0.683E-01* 0.663E-01* 0.530E-Ol*
11761.OA 5000. 0.456 0.301 0.925E-01* 0.807E-01* 0.744E-Ol* 0.635E-ol*
c= O.27E+ 19 1.0000. 0.523 0.268 0.104 0.934E-01 0.835E-01* 0.742E-01*

20000. 0.635 0.174 0.117 0.107 0.938E-01* 0.853E-01*
30000. 0.706 0.141 0.125 0.115 0.100* 0.921£-'01*
80000. 0.794 0.557E-01 0.147 0.138 0.118 0.110

5P -ris 2500. 0.639 0.455 0.123* 0.982E-01*
11253.0A 5000. 0.702 0.430 0.139* 0.118*
c=: 0.18£+19 10000. 0.817 0.362 0.156* 0.138* 0.125* 0.109*

20000. 1.01 0.220 0.175* 0.159* 0.140* 0.126* ,~.

30000. 1.12 0.186 0,187* 0.172* 0.150* 0.137*
80000. 1.24 0.641£-01 0.221 0.205 0.177* 0.164*

5P - 4D 2500. 0.201 0.137 0.505E-01 0.362E-Ol 0.450E-01 0.289E-01
37255.0A 5000. 0.232 0.135 0.543E-Ol 0.411£-01 0.477E-01 0.329E-01
c=- 0.10E+21 10000. 0.271 0.101 0.587E-01 0.464E-01 0.509E-Ol 0.373E-01

20000. 0.341 0.787E-01 0.639E-01 0.523E-01 0.548E-Ol 0.420£-01
30000. 0.379 0.673E-01 0.673£-01 0.560E-01 0.573£-01 0.450E-01
80000. 0.446 0.391£-01 0.769E-01 0.66].E-Ol 0.645E-Ol 0.532E-01

5P - 50 2500. 0.1.61 0.114 0.393E-01 0.292£-01 0.343E-01 0.232E-01
18272.0A 5000. 0.176 0.121 0.426E-01 0.335E-01 0.363E-01 0.267£-01

'<~c;= 0.14E+20 10000. 0.195 0.106 0.465E-01 0.380E-01 0.397E-01 O.304E-01
20000. 0.227 0.791£-01 0.509E-Ol 0.431£-01 0.430E-01 0.345£-01
30000. 0.247 0.670E-Ol 0.539£-01 0.461E-01 0.453E-01 0.371E-Ol
80000. 0.273 0.352E-01 0.62lE-0l 0.546E-01 0.515E-01 0.439£-0
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STARK BROADENING OF K I LINES

NE= 0.lE+15
ELECTRONS fRJIDNS IONIZED HELIUM

TRANSITION T(K) 2WE(A) OE(A) 2WI(A) DI(A) 2WI(A) DI (A)

5P - 60 2500. 0.238 0.169 0.58lE-01 0.420E-Ol 0.507E-01* 0.331E-01*
14319.0A 5000. 0.260 0.171 0.631£-01 0.486E-ol 0.544E-Ol 0.386E-Ol
c= O.S3E+19 10000. 0.286 0.151 0.688E-Ol 0.557E-01 0.587E-Ol 0.444E-Ol

20000. 0.330 0.104 0.754E-Ol 0.632E-0l 0.637E-Ol 0.506E-0l
30000. 0.354 0.838E-Ol 0.798E-Ol 0.680E-Ol 0.670E-Ol 0.545E-01
80000. 0.380 0.366E-0l 0.919E-0l 0.806E-01 0.762E~01 0.647E-0l

5P - 70 2500. 0.385 0.287 0.932E-01* 0.655E-01* 0.810E-01* O.51lE-Ol*
12679.0A 5000. 0.422 0.268 0.101* 0.770E-01* 0.872E-Ol* 0.608E-Ol*
c= O.27E+19 10000. 0.466 0.224 0.111 0.889E-01 0.943E-01* 0.707E-01*

20000. 0.537 0.141 0.122 0.102 0.102* 0.811E-01*
30000. 0.572 0.118 0.129 0.109 0.108 0.875E-0l
80000. 0.603 0.424E-01 0.149 0.130 0.123 0.105

SP - 80 2500. 0.620 0.439 0.149* 0.101*
11811.0A 5000. 0.682 0.438 0.162* 0.121*
c= O.16E+19 10000. 0.760 0.334 0.178* 0.141* 0.151* 0.112*

20000. 0.876 0.199 0.195* 0.162* 0.164* 0.129*
30000. 0.926 0.176 0.207* 0.175* 0.173* 0.140*
80000. 0.962 0.540E-0l 0.239 0.210 0.197* 0.168*

SP - 9D 2500. 0.968 0.661
11286.OA 5000. 1.07 0.653
c= O.lOE+19 10000. 1.21 0.478 0.276* 0.217*

20000. 1.39 0.294 0.304* 0.251*
30000. 1.46 0.250 0.322* 0.272*
80000. 1.50 0.715E-01 0.373* 0.327* 0.308* 0.261*

NE= O.1E+16
3D - SP 2500. 0.573 0.330 0.210 0.843E-01 0.204 0.669E-01

314S3.0A 5000. 0.655 0.396 0.214 0.964E-01 0.207 0.769E-01
o= O.27E+21 10000. 0.770 0.404 0.220 0.110 0.211 0.877E-Ol

20000. 0.942 0.363 0.227 0.124 0.215 0.994E-01
30000. 1.07 0.311 0.232 0.133 0.218 0.107
80000. 1.40 0.240 0.247 0.157 0.228 0.126

3D - 6P 2500. 0.352 0.225 0.131 0.551E-01 0.126* 0.432E-01*
13384.0A 5000. 0.410 0.269 0.135 0.643E-01 0.129* 0.509E-01*
c= O.21E+20 10000. 0.480 0.262 0.139 0.740E-0l 0.132 0.589E-0l

20000. 0.572 0.243 0.145 0.843E-01 0.135 0.674E-0l
30000. 0.640 0.218 0.149 0.907E-01 0.138 0.726E-01
80000. 0.788 0.167 0.160 0.108 0.146 0.866E-Ol

3D - 7P 2500. 0.560 0.357 0.197* 0.822E-D1*
lO482.0A 5000. 0.655 0.414 0.205* 0.986E-01* 0.194* 0.772E-Ol*
c= O.68E+19 10000. 0.772 0.417 0.213* 0.115* 0.200* 0.912E-01*

20000. 0.925 0.342 0.223* 0.133* 0.207* 0.106*
30000. 1.03 0.297 0.229 0.143 0.211 0.114
80000. 1.23 0.197 0.248 0.171 0.224 0.137
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M. S. Dimitrijevic, S. Sahal=Brechot
---'----------,-~-----------------

NE= 0.1£+16
.E:'"LECI'RONS .ffiCYl:YJNS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI CA) DI(A)

3D - 8P 2500. 0.974 0.618
9348.6A 5000. 1.14 0.676

'C'=' O.32E+19 10000. 1.36 0.641 0.354* 0.192*
20000. 1.64 0.503 0.371* 0.223*
30000. 1.83 0.410 0.383* 0.242* 0.350* 0.193*
80000. 2.12 0.220 0.417* 0.292* 0.374* 0.233*

3D - 9P 2500. 1.66 0.990
a764.SA 5000. 1.96 1.07

~ 0.18E+19 10000. 2.36 1.01
20000. 2.88 0.740
30000. 3.18 0.554 0.629* 0.402*
80000. 3.61 0.247 0.688* 0.488*

3D - 4F 2500. 0.264 -0.108 0.594£-01 -0. 353E-01 0.548E-01 -0. 279E-01
15165.0A 5000. 0.295 -0.695£-01 0.627E-01 -0.407E-01 0.57lE-01 -0. 324E-01
c= 0.17E+20 10000. 0.355 -0. 354E-01 0.666£-01 -0.465E-01 0.598E-01 -0.371£-01

20000. 0.408 -0. 110E-01 0.713E-01 -0.527E-01 0.63lE-01 -0. 422E-01
30000. 0.439 -0. 114E-01 0.745E-01 -0.567E-01 0.654E-01 -0.454E-01
80000. 0.508 0.416E-02 0.837E-01 -0.67lE-01 0.719E-01 -0. 539E-01

3D - 5F 2500. 2.12 0.949E-01
1l022.3A 5000. 1.99 0.295E-01
c= 0.14E+13 10000. 1.85 0.475E-02

20000. 1.72 -0.303E-01
30000. 1.63 -0. 278E-01
80000. 1.43 -0. 975E-02 1.36* 1.47*

4S - 4P 2500. 0.448E-02 0.338E-02 0.277E-02 0.924E-03 0.273E-02 0.739E-03
7676.2A 5000. 0.509E-02 0.400E-02 0.280E-02 0.105E-02 0.275E-02 0~839E-03

0= 0.47E+20 10000. 0.624E-02 0.453E-02 0.284E-02 0.118E-02 0.277E-02 0.948E-03
20000. 0.825E-02 0.46lE-02 0.290E-02 0.133E-02 0.280E-02 0.107E-02
30000. 0.973E-02 0.410E-02 0.294E-02 0.142E-02 0.283E-02 0.1l4E-02
80000. 0.139E-01 0.285E-02 0.306E-02 0.168E-02 0.291£-02 0.135E-02

48 - 5P 2500. 0.964E-02 0.599E-02 0.405E-02 0.157E-02 0.395E-02 0.125E-02
4045.2A 5000. 0.110E-(n 0.718E-02 0.413E-02 0.180E-02 0.40lE-02 0.144E-02

c= 0.44E+19 10000. 0.126E-01 0.776E-02 0.424E-02 0.205E-02 0.407E-02 0.164E-02
20000. 0.148E-Ol 0.763E-02 0.436E-02 0.232E-02 0.415E-02 0.186E-02
30000. 0.164E-01 0.670E-02 0.445E-02 0.249E-02 0.420E-02 0.200E-02
80000. 0.206E-01 0.492E-02 0.472E-02 0.295E-02 0.438E-02 0.237E-02

4S - 6P 2500. 0.233E--01 0.149E-01 0.913E-02 0.372E-02 0.879E-02* 0.291E-02*
3446.7A 5000. 0.271£-01 0.174E-01 0.939E-02 0.434E-02 0.90lE-02* 0.344E-02*

c= 0.14E+19 10000. 0.315E-01 0.182E-01 0.968E-02 0.500E-02 0.92lE-02 0.398E-02
20000. 0.373E-01 0.17lE-01 0.100E-01 0.569E-02 0.944E-02 0.455E-02
30000. 0.414E-01 0.149E-01 0.103E-01 0.613E-02 0.960E-02 0.490E-02
80000. 0.505E-01 0.107E-01 0.110E-Ol 0.728E-02 O.IOlE-Ol 0.585E-02
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STARK BROADENING OF K 1 LINES

NE= O.lE+Hi
EIECI'RONS FROTONS IONIZED HELItJM

TAA."l5ITION T(K) 2\v'E(A) DE(A) 2WI(A) DI(A) 2HI (A) DI(A)

45 - 7P 2500. 0.526E-01 0.333E-01 0.190E-01* 0.778E-02*
3217.3A 5000. 0.615E-01 O.391E-01 0.197E-01* 0.933E-02* 0.187E-01* 0.730E'-02*

c= 0.64E+18 10000. 0.723E-01 0.382E-01 0.205E-01* 0.109E-01* 0.193E-01* 0.863E-02*
20000. 0.864E-01 0.332E-Ol 0.214E-01 0.125E-01 0.199E-01* 0.998E-02*
30000. 0.96lE-01 0.282E-01 0.219E-Ol 0.135E-01 0.203E-01 0.108E-01
80000. 0.114 0.184E-01 0.237E-01 0.162E-01 0.215E-01 0.130E-01

45 - 8P 2500. 0.107 0.664E-01
310l.9A 5000. 0.125 0.748E-01

c= 0.36E+18 10000. 0.149 0.736E-01 0.393E-01* 0.211£-01*
20000. 0.180 0.578E-01 0.412E-01* 0.246E-01*
30000. 0.200 0.478E-01 0.424E-01* 0.267E-01* 0.389E-Ol* 0.212E-01*
80000. 0.232 0.277E-01 0.461E-01* O.321E-01* 0.414E-01* 0.257E-01*

45 - 9P 2500. 0.199 0.119
3034.8A 5000. 0.235 0.129

c= 0.22E+18 10000. 0.282 0.123
20000. 0.344 0.927E-01
30000. 0.380 0.757E-01 0.757E-01* 0.482E-01*
80000. 0.431 0.395E-01 0.828E-01* 0.585E-01*

4P - 5S 2500. 0.584E-01 0.409E-01 0.136E-01 0.109E-01 0.116E-01 0.868E-02
12492.OA 5000. 0.672E-01 0.488E-01 0.149E-01 0.125E-01 0.126E-01 0.995E-02
0= 0.58E+20 10000. 0.748E-01 0.573E-01 0.165E-D1 O.14lE-ol 0.138E-01 0.113E-01

20000. 0.844E-01 0.566E-01 0.182E-01 0.160E-01 0.151E-0l 0.128E-01
30000. 0.900E-01 0.513E-01 0.193E-01 0.171E-01 0.160E-01 0.138E-'01
80000. 0.115 0.36lE-01 0.224E-01 0.203E-01 0.184E-01 0.163E-Ol

4P - 6S 2500. 0.665E-01 0.477E-01 0.143E-01 0.123E-01 0.116E-01 0.962E-02
6929.5A 5000. 0.765E-01 0.566E-01 0.160E-01 0.142E-01 0.130E-01 o ;113E-01

c= O.75E+19 10000. 0.824E-01 0.623E-01 0.180E-01 0.163E-01 0.145E-Ol 0.130E-01
20000. 0.916£-01 0.618E-01 0.202E-01 0.186E-01 0.163E-01 0.149E-01
30000. 0.950E-01 0.553E-ol 0.216E-01 0.200E-01 0.174E-01 0.160£-01
80000. 0.117 0.4l3E-01 0.254E-01 0.237E-01 0.204E-01 0.191E-Ol

4P - 7S 2500. 0.126 0.907E-01 0.264E-Ol 0.214E-01 0.2l3E-01* 0.165E-01*
5795.3A 5000. 0.151 0.109 0.297E-01 0.255E-01 0.239E-01* 0.200E-01*

c= 0.27E+19 10000. 0.154 0.109 0.333E-01 0.297E-01 0.268E-01 0.235E-01
20000. 0.170 0.103 0.374E-01 0.341£-01 0.30lE-01 0.272E-Ol
30000. 0.184 0.895E-01 0.400E-01 0.368E-01 0.322E-01 0.294':':;-01
80000. 0.224 0.642E-01 0.471£-01 0.440E-01 0.379E-01 O.352E-01

4P - 8S 2500. 0.232 0.160 0.468E-01* 0.35lE-01*
5334.JA 5000. 0.260 0.186 0.525E-01* 0.432E-01* 0.422E-01* 0.335E-01*

0= 0.13E+19 10000. 0.298 0.188 0.590E-01* 0.512E-01* 0.474E-01* 0.403E-01*
20000. 0.323 0.152 0.662E-01 0.594E-01 0.532E-01* 0.471£-')1*
30000. 0.360 0.127 0.708E-01 0.644E-01 0.570E-01* 0.513E-01*
80000. 0.425 0.762E-01 0.835E-01 0.774E-01 0.671E-01 0.619E-01
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M. S. Dirnitrijevic, S. Sahal=Brechot
---------_._-_ ..-----

NE= 0.1E+16
ElECI'RON5 maroN5 IONIZED HELIU"M

TRANSITION T(K) 2WE(A) DE(Aj 2WI(A) 01 (A) 2WI (A) DIiA)

4P - 95 2500. 0.431 0.299
5094.3A 5000. 0.475 0.338

c= O.76E+18 10000. 0.537 0.313 0.110* 0.916E-01*
20000. 0.623 0.243 0.123* 0.108*
30000. 0.695 0.189 0.132* 0.118* 0.106* 0.932E-01;
80000. 0.796 0.907E-Ol 0.155* 0.142* 0.125* 0.114*

4P -lOS 2500. 0.730 0.475
4951.4A 5000. 0.807 0.517

c= 0.48E+18 10000. 0.924 0.491
20000. 1.11 0.357
30000. 1.23 0.259
80000. 1.38 0.105 0.261* 0.237*

4P -l1S 2500. 1.19 0.771
4859.0A 5000. 1.31 0.763

c= 0.33E+18 10000. 1.52 0.690
20000. 1.87 0.487
30000. 2.06 0.364
80000. 2.28 0.U4

4P -12S 2500. 1.73 1.02
4795.7A 5000. 2.06 1.08

0= 0.24E+18 10000. 2.38 0.885
20000. 2.98 0.616
30000. 3.27 0.465
BOOOO. 3.58 0.144

4P - 3D 2500. 0.253E-·01 0.130E-01 0.372E-02 0.339E-02 0.853E-02 0.271£-02
11745.OA 5000. 0.27lE-01 0.143E-01 0.888E-02 0.385E-02 0.862E-02 O~308E-o
c= 0.44E+20 10000. 0.312E-01 0.142E-01 0.908~-02 0.435E-02 0.874E-02 0.349E-o

20000. 0.394E-Ol O.lllE-Ol 0.933E-02 0.490E-02 0.890E-02 0.393E-o
30000. 0.464E-Ol 0.944E-02 0.952E-02 0.525E-02 0.90lE-02 0.42lE-o
80000. 0.639E-Ol 0.673E-02 O.lOlE-Ol 0.619E-02 0.937E-02 0.498E-o

4P - 4D 2500. 0.766E-01 0.55lE-01 0.199E-01 0.135E-01 0.176E-01 0.106E-o
6955.2A 5000. 0.839E-Ol 0.599E-01 0.214E-Ol 0.157E-01 0.188E-01 0.124E-o

c= 0.35E+19 10000. 0.914E-01 0.579E-01 0.232E-Ol 0.180E-01 0.20lE-01 0.144E-o
20000. 0.101 0.457E-01 0.253E-01 0.205E-01 0.217E-01 0.164E-0
30000. 0.109 0.405E-01 0.267E-01 0.22lE-0l 0.221£-01 0.177E-o
80000. 0.120 0.282E-Ol 0.305E-01 0.262E-01 0.256E-01 0.211£-0

4P - 50 2500. 0.166 0.120 0.419E-01* 0.268E-01* 0.367E-Ol* 0.206E
5825.3A 5000. 0.181 0.126 0.454E-01* 0.323E-01* 0.395E-01* 0.253E

c= 0.14E+19 10000. 0.197 0.122 0.494E-01 0.378E-Ol 0.425E-01* 0.299E
20000. 0.221 0.92lE-0l 0.540E-01 0.435E-01 0.459E-01* 0.346E
JOOOO. 0.236 0.774E-01 0.570E-01 0.470E-01 0.482E-01 O.375E
80000. 0.254 0.453E-01 0.654£-01 0.562E-01 0.546E-01 0.450E
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STARK BROADENING OF K I LINES

NE= 0.lE+l6
El.ECrnONS PIVIQ.lS ICNIZED HELIUM

"rnANSTIION T(l<) 2WE(A) DE (A) 2WI(A) or (A) 2WI(A) or (A)
4P - 60 2500. 0.333 0.237
5354.L~ 5000. 0.364 0.247 0.896E-01* 0.607E-ol*

0= 0.74E+l8 10000. 0.398 0.224 0.978E-Ol* 0.729E-ol*20000. 0.452 0.164 0.107* 0.85lE-01* 0.908E-01* 0.673E-01*30000. 0.483 0.128 0.113 0.925E-01 0.954E-Ol* 0.735E-ol*80000. 0.512 0.58lE-01 0.130 0.112 0.108* 0.89lE-Ol*

4P - 70 2500. 0.624 0.440
5107.2A 5000. 0.682 0.424

0" O.43E+18 10000. 0.752 0.378
20000. 0.863 0.272
30000. 0.917 0.204 0.210* 0.169*80000. 0.960 0.736E-01 0.242* 0.206*

4P - 80 2500. 1.09 0.707
4960.2A 5000. 1.20 0.737

0- O.28E+l8 10000. 1.34 0.600
20000. 1.54 0.424
30000. 1.62 0.314
80000. 1.68 0.986E-01

4P - 90 2500. 1.80 1.11
4865.2A 5000. 1.99 1.12

0- O.19E+l8 .00סס1 2.24 0.886
.00סס2 2.58 0.640
.00סס3 2.70 0.460
80000. 2.77 0.134

4D - 7P 2500. 3.69 2.08 1.22* 0.484*27199.0A 5000. 4.51 2.29 1.26* 0.578* 1.20* 0.453*
0- O.46E+20 10000. 5.61 2.25 1.30* 0.673* 1.24* 0.533*20000. 7.01 1.78 1.36 0.772 1.27* 0.615*30000. 7.90 1.54 1.39 0.834 1.29* 0.666*80000. 9.41 0.945 1.50 0.996 1.36 0.798

4D - 8P 2500. 4.77 2.8120691.OA 5000. 5.69 3.12
0" O.16E+20 10000. 6.90 2.92 1.66* 0.901*20000. 8.52 2.12 1.74* 1.05*

30000. 9.51 1.71 1.80* 1.14* 1.65* 0.904*80000. 11.0 0.868 1.96 1.37 1.76* 1.09*

5S - SP 2500. 0.350 0.126 0.174 0.350E-Ol 0.173 0.278E-Ol27114.OA 5000. 0.416 0.119 0.175 0.398E-ol 0.174 0.31BE-01
c= , .20E+21 10000. 0.550 0.766E-ol 0.176 0.45lE-01 0.174 0.361E-ol20000. 0.767 0.485E-ol 0.177 0.509E-ol- 0.175 0.409E-0130000. 0.913 0.402E-01 0.177 0.545E-01 0.175 0.438E-0180000. 1.23 0.272E-01 O.lBO 0.645E-Ol 0.177 0.518E-Ol
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M. S. Dirnitrijevic, S. Sahal=Brechot
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NE= 0.1E+16
rrzcrross PROTONS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) Ol(A) 2WI(A) Ol(A)

55 - 6P 2500. 0.)02 0.186 0.119 0.458E-01 0.115* 0.359E-01*
12531.OA 5000. 0.352 0.213 0.122 0.535E-01 0.118* 0.423E-01*
c;= 0.19£+20 10000. 0.420 0.217 0.126 0.614E-01 0.120 0.489E-01

20000. 0.514 0.176 0.130 0.699E-01 0.l23 0.559E-01
30000. 0.585 0.153 0.132 0.753E-01 0.125 0.603E-01
80000. 0.732 0.116 0.141 0.894E-01 0.130 0.719E-01

5S - 7P 2500. 0.503 0.317 0.181* 0.732E-01*
9951.3A 5000. 0.588 0.361 0.188* 0.878E-01* 0.178* 0.688E-01*

c;= 0.62E+19 10000. 0.699 0.367 0.195* 0.103* 0.184* 0.812E-01*
20000. 0.844 0.298 0.203 0.118 0.189* 0.939E-01*
30000. 0.946 0.247 0.208 0.l27 0.193* 0.102*
80000. 1.13 0.160 0.225 0.152 0.204 0.122

55 - 8P 2500. 0.886 0.560
8924.4A 5000. 1.04 0.604

c= 0.29E+19 10000. 1.24 0.592 0.324* 0.174*
20000. 1.51 0.430 0.340* 0.202*
30000. 1.68 0.350 0.350* 0.220* 0.321* 0.175*
80000. 1.95 0.183 0.381* 0.264* 0.342* 0.211*

5S - 9P 2500. 1.53 0.940
8390.7A 5000. 1.80 0.998

c= 0.17E+19 10000. 2.16 0.887
20000. 2.65 0.591
30000. 2.92 0.505 0.578* 0.367*
80000. 3.32 0.210 0.632* 0.446*

5P - 6S 2500. 1.80 1.19 0.441 0.294 0.394 0.231
36529.0A 5000. 2.09 1.41 0.473 0.340 0.417 0.270
c= 0.21E+21 10000. 2.47 1.46 0.510 0.390 0.445 0.311

20000. 2.99 1.26 0.554 0.443 0.477 0.354
30000. 3.44 1.09 0.583 0.477 0.499 0.382
80000. 4.45 0.868 0.664 0.565 0.560 0.454

5P - 7S 2500. 1.22 0.853 0.255 0.200 0.209* 0.154*
17979.0A 5000. 1.39 1.03 0.284 0.238 0.232* 0.187*
c= 0.26E+20 10000. 1.54 0.977 0.317 0.277 0.258 0.220

20000. 1.75 0.895 0.354 0.318 0.288 0.253
30000. 1.97 0.775 0.378 0.343 0.307 0.274
80000. 2.43 0.543 0.444 0.410 0.359 0.328

SP - 8S 2500. 1.69 1.17 0.345* 0.256*
14178.0A 5000. 1.88 1.35 0.387* 0.316* 0.312* 0.244*
c= 0.93E+19 10000. 2.17 1.36 0.434* 0.375* 0.350* 0.295*

20000. 2.42 1.07 0.487* 0.435* 0.392* 0.345*
30000. 2.72 0.866 0.521 0.471 0.419* 0.375*
80000. 3.22 0.509 0.613 0.566 0.493 0.453
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STARK BROADENING OF K I LINES

NE= 0.1£+16
ELECI'RONS maroNS IONIZED HELIUM

'rnANSITION T(K) 2WE(A) DE (A) 2WI(A) DI (A) 2WI(A) DI(A)

5P - 95 2500. 2.63 1.83
12600.0A 5000. 2.90 2.01
c= 0.46E+19 10000. 3.32 1.89 0.669* 0.558*

20000. 3.89 1.33 0.751* 0.658*
30000. 4.36 1.09 0.803* 0.717* 0.646* 0.568*
80000. 5.01 0.509 0.947* 0.869* 0.761* 0.693*

5P -105 2500. 4.12 2.67
11761.OA 5000. 4.56 2.87
c= 0.27E+l9 10000. 5.23 2.62

20000. 6.35 1.72
30000. 7.06 1.41
80000. 7.94 0.557 1.47* 1.34*

5P -115 2500. 6.39 4.14
11253.OA 5000. 7.02 4.02
c= 0.18E+l9 10000. 8.17 3.48

20000. 10.1 2.15
30000. 11.2 1.84
80000. 12.4 0.641

5P - 40 2500. 2.01 1.35 0.504 0.340 0.448 0.267
37255.OA 5000. 2".32 1.34 0.542 0.395 0.476 0.313
c= O.10E+21 10000. 2.71 1.01 0.587 0.453 0.509 0.361

20000. 3.41 0.786 0.639 0.515 0.547 0.412
30000. 3.79 0.673 0.673 0.554 0.573 0.444
80000. 4.46 0.391 0.769 0.658 0.645 0.528

5P - 50 2500. 1.61 1.11 0.391* 0.259* 0.339* 0.198*
18272.OA 5000. 1.76 1.19 0.425* 0.311* 0.366* 0.243*
c= O.14E+20 10000. 1.95 1.05 0.464 0.363 0.396* 0.287*

20000. 2.27 0.790 0.509 0.418 0.430* 0.333*
30000. 2.47 0.670 0.539 0.452 0.452 0.360
80000. 2.73 0.352 0.621 0.540 0.515 0.433

5P - 60 2500. 2.38 1.61
14319.0A 5000. 2.60 1.66 0.628* 0.432*
c= O.53E+19 10000. 2.86 1.48 0.687* 0.518*

20000. 3.30 1.04 0.754* 0.605* 0.636* 0.479*
30000. 3.54 0.836 0.797* 0.657* 0.669* 0.522*
80000. 3.80 0.366 0.919 0.792 0.762* 0.633*

5P - 70 2500. 3.85 2.69
12679.0A 5000. 4.22 2.56
c= O.27E+19 10000. 4.66 2.18

20000. 5.37 1.39
30000. 5.72 1.17 1.29* 1.04*
80000. 6.03 0.424 1.48* 1.27*

5]



M. S. Dimitrijevic, S. Sahal=Brechot
---- ..---------.- ---_._-_._----_ ...

NEro 0.lE+16
EIECI'RONS PROTONS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) Ol(A) 2WI(A) DI(A)

SP - 80 2500. 6.20 3.99
118ll.0A 5000. 6.81 4.11
c= O.16E+19 10000. 7.60 3.21

20000. 8.76 1.95
30000. 9.25 1.75
80000. 9.62 0.540

5P - 90 2500. 9.67 5.77
11286.0A 5000. 10.7 5.96
c:= O.10E+19 10000. U.1 4.48

20000. 13.9 2.85
30000. 14.6 2.48
80000. 15.0 0.715

NE= 0.lE+17
3D - 5P 2500. 5.73 3.20 2.06* 0.747* 1.96* 0.573*

31453.0A 5000. 6.55 3.90 2.13 0.897 2.04* 0.702*
c= O.27E+21 10000. 7.69 4.02 2.19 1.05 2.10* 0.829*

20000. 9.42 3.63 2.27 1.20 2.15 0.959
30000. 10.7 3.11 2.32 1.30 2.18 1.04
80000. 14.0 2.40 2.47 1.56 2.28 1.25

3D - 6P 2500. 3.52 2.13
13384.0A 5000. 4.10 2.59 1.j2* 0.552*
c= O.21E+20 10000. 4.80 2.57 1.38* 0.675*

20000. 5.72 2.42 1.44* 0.797* 1.35* 0.628*
30000. 6.40 2.18 1.48* 0.870* 1.38* 0.689*
80000. 7.88 1.67 1.60 1.05 1.45* 0.842*

3D - 4F 2500. 2.64 -1.03 0.583* -0.298* 0.527* -0.224*
1.5165.0A 5000. 2.95 -0.658 0.623* -0.368* 0.563* -0;285*
c= C.17E+20 10000. 3.55 -0.334 0.665 -0.437 0.595* -0.344*

20000. 4.08 -0.107 0.713 -0.507 0.630* -0.402*
30000. 4.39 -0.111 0.745 -0.550 0.653 -0.438
80000. 5.08 0.416E-0l. 0.837 -0.661 0.719 -0.529

4S - 4P 2500. 0.448E-01 0.334E-01 0.276£-01 0.88IE-02 0.nDE-01* 0.696E-02*
7676.2A 5000. 0.509E-Ol 0.398E-01 0.280E-01 0.IOlE-01 0.274E--01* 0.808E-02*

c= 0.47E+20 10000. 0.624E-01 0.453E-01 0.284E-01 0.116E-01 0.277E-01* 0.925E-(l2*
20000. 0.825E-01 0.461E-Ol 0.290E-01 O.13lE-0l 0.280E-01 0.105E-01
30000. 0.973E-01 0.409E-01 0.294£-01 O.14lE-·01 0.283E-01 0.1l3E-Ol
80000. 0.139 0.285E-01 0.306E-01 0.167£-01 0.291£-01 0.134E-Ol

4S - SP 2500. 0.962E-Ol 0.580E-01 0.396E-01* 0.138E-01* O.377E-01* 0.106E-01*
4045.2.A 5000. 0.110 0.704E-01 0.410E-01 O.167E-01 0.394E-01* 0.130E-01*

c= 0.44E+19 10000. O.U6 0.768E-01 0.422E-01 0.195E-01 0.405E-Ol* 0.154E-01*
20000. 0.148 O.76IE··01 0.436E-01 0.225E-01 O.414E-Ol 0.179E-01
JOOOO. 0.164 0.669E-01 0.445E-01 0.243E-Ol O.420E-01. 0.194E-01
80000. 0.206 0.492E-01 0.472E-01 0.292E-Ol 0.438E-01 0.233E-01
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STARK BROADENING OF K I LINES

NE= 0.lE+l7
ELECTRONS ffiOTONS IONIZED HELIUM

'IWlNSITION T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI(A) DI(A)

4S - 6P 2500. 0.233 0.140
3446.7A 5000. 0.271 0.167

c= O.14E+19 10000. 0.315 0.179 0.960E-01* 0.456E-01*
20000. 0.373 0.169 0.100* 0.538E-01*
30000. 0.414 0.149 0.103* 0.587E-01* 0.957E-01* 0.465E-01*
80000. 0.505 0.107 0.110 0.712E-01 0.101* 0.569E-01*

4S - 7P 2500. 0.525 0.301
3217.3A 5000. 0.614 0.369

c= O.64E+l8 10000. 0.723 0.367
20000. 0.864 0.326
30000. 0.961 0.279
80000. 1.14 0.184 0.237* 0.156*

4S - 8P 2500. 1.07 0.571
3101.9A 5000. 1.25 0.681

c= O.36E+l8 10000. 1.49 0.694
20000. 1.80 0.559
30000. 2.00 0.468
80000. 2.32 0.277

4S - 9P 2500. 1.98* 0.945*
3034.8A 5000. 2.34* 1.12*

0'" O.22E+l8 10000. 2.82 1.12
20000. 3.44 0.874
30000. 3.80 0.732
80000. 4.31 0.395

4P - 5S 2500. 0.583 0.397 0.136 0.980E-01 0.115 0.756E-01
12492.0A 5000. 0.672 0.481 0.149 0.117 0.126 0".916E-01
c= O.58E+20 10000. 0.748 0.572 0.165 0.136 0.138 0.108

20000. 0.844 0.566 0.182 0.156 0.151 0.124
30000. 0.900 0.513 0.193 0.168 0.160 0.134
80000. 1.15 0.361 0.224 0.201 0.184 0.161

4P - 6S 2500. 0.665 0.452 0.143* 0.969E-01* 0.115* 0.706E-01*
6929.5A 5000. 0.765 0.548 0.160* 0.124* 0.129* 0.948E-01*

c= O.75E+l9 10000. 0.823 0.612 0.180* 0.151* 0.145* 0.117*
20000. 0.916 0.615 0.202 0.177 0.163* 0.140*
30000. 0.950 0.552 0.216 0.193 0.174* 0.153*
80000. 1.17 0.413 0.254 0.233 0.204 0.186

4P - 75 2500. 1.26 0.828
5795.3A 5000. 1.51 1.03

c= O.27E+l9 10000. 1.54 1.05 0.333* 0.258*
20000. 1.70 1.02 0.374* 0.313*
30000. 1.84 0.888 0.400* 0.346*
80000. 2.24 0.642 0.471* 0.425* 0.379* 0.338*
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fo.I'B= G.lE+-l7
ElECl'RONS PRO'IDNS IONIZED HELIlJM

1'F-2\NS ITION T(K) 2v."'E (A) DE(A) 2HI(A) Ol(A) 2WI (A) or (A)
4P - 8': 2500. 2.32 1.40.J

5334.3A 5000. 2.60 1.72
c= 0.1.1£->-1910000. 2.98 1.79

20000. 3.23 1.49
30000. 3.60 1.25
80000. 4.25 0.761 0.835* 0.738*

4P - 9S 2500. 4.30* 2.45*
5094.31\ 5000. 4.75 3.00

\....•.- 0.76E+18 10000. 5.37 2.88
20000. 6.23 2.31
30000. 6.95 1.83
80000. 7.96 0.903

4P -10S 2500. 7.21* 3.49*
4951.41\ 5000. 8.03* 4.29*

o= 0.48£+18 10000_ 9.21 4.32
20000. 11.1 3.37
30000. 12.3 2.45
80000. 13.8 1.04

4P - 3D 2500. 0.253 0.128 0.867E-01 0.319E-01 0.843E-01 0.25LE-0l
11745.0A 5000. 0.271 0.142 O.886E-01 0.370E-01 0.859E-Ol 0.294E-01
c..= 0.44E+20 10000. 0.312 0.142 0.907E-01 0.424E-01 0.873E-01 0.338E-01

20000. 0.394 D.lll 0.933E-01 0.483E-Ol 0.890£-01 0.386E-01
30000. 0.464 C.943E-Ol 0.952E-01 0.519E-01 O.90lE-D1 0.416E-01
80000. 0.639 0.673E-01 0.101 0.616E-·01 0.937E-01 0.495E--01

4P - 4D 2500. 0.766 0.522 0.195* 0.105*
6955.2A 5000. 0.839 0.578 0.213* 0.136* 0.185* 0.103*

(~ 0.35E+19 10000. 0.914 0.567 0.232* 0.165* 0.200* 0.129*
20000. l.01 0.453 0.253* 0.195* 0.216* 0.154*
30000. 1.09 0.403 0.267 0.212 0.227* 0.168'"
80000. 1.20 0.282 0.305 0.257 0.256 0.205

4P - 5D 2500. 1.66 1.09
5825.3A 5000. 1.81 1.18

c= 0.14£+19 10000. 1.97 1.17
20000. 2.21 0.903
30000. 2.36 0.763 0.569* 0.437*
80(100. 2.54 0.452 0.653* 0 • .542*

4P - 6D 2500. 3.33 2.02
5354.B. 5000. 3.63 2.22

'.r- 0.74E+18 10000. 3.98 2.07
20000. 4.52 1.58
30000. 4.83 1.25
80000. 5.12 0.578
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STARK BROADENING OF K I LINES

NE= 0.lE+17
EIECI'RONS P.RCJroNS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE (A) 2WI(A) DI(A) 2WI(A) DI(A)
4P - 70 2500. 6.16 3.41
5107.2A 5000. 6.78 3.54

o= 0.43E+18 10000. 7.49 3.32
20000. 8.61 2.55
30000. 9.15 1.93
80000. 9.59 0.725

55 - SP 2500. 3.50 1.23 1.70* 0.320* 1.65* 0.249*
27114.QA 5000. 4.16 1.17 1.73 0.377 1.71* 0.298*
c= 0.20E+21 10000. 5.50 0.756 1.75 0.436 1.73* 0.347*

20000. 7.67 0.480 1.76 0.498 1.75 0.398
30000. 9.13 0.401 1.77 0.537 1.75 0.429
80000. 12.3 0.271 1.80 0.641 1.77 0.513

55 - 6P 2500. 3.02 1.76
12531.0A 5000. 3.52 2.06
c= 0.19E+20 10000. 4.20 2.12 1.24* 0.562*

20000. 5.14 1.74 1.29* 0.663* 1.22* 0.522*
30000. 5.85 1.52 1.32* 0.723* 1.24* 0.572*
80000. 7.32 1.16 1.41 0.876 1.30* 0.699*

55 - 7P 2500. 5.02 2.87
9951.3A 5000. 5.88 3.40

c= O.62E+19 10000. 6.99 3.55
20000. 8.44 2.93
30000. 9.46 2.43
80000. 11.3 1.59 2.25* 1.47*

NE= 0.lE+18
45 - 4P 2500. 0.448 0.320 0.263* 0.745E-01* 0.246* 0.560E-01*
7676.2A 5000. 0.509 0.388 0.275 0.919E-01 0.265* 0.711E-Ol*

c= 0.47E+20 10000. 0.624 0.447 0.282 0.109 0.274* 0.857E-01
20000. 0.825 0.459 0.289 0.126 0.279 0.100
30000. 0.973 0.409 0.293 0.137 0.282 0.109
80000. 1.39 0.285 0.306 0.165 0.290 0.132

45 - 5P 2500. 0.960 0.519
4045.2A 5000. 1.10 0.661

o= 0.44E+19 10000. 1.26 0.738
20000. 1.48 0.743 0.432* 0.204*
30000. 1.64 0.655 0.443* 0.226*
80000. 2.06 0.491 0.472* 0.281* 0.437* 0.223*

4S - 6P 2500. 2.31 1.12
3446.7A 5000. 2.70 1.48

c= 0.14E+19 10000. 3.15 1.64
20000. 3.73 1.60
30000. 4.14 1.42
80000. 5.04 1.06
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N'B= O.lE+18
ElECI'RONS :maroNS ronzrn HELTI.'M

TRlIJ1SITlCN T(K) 2'Wt:(A) DE(A) 2WI (A) DI(A) 2WI(A) DI(A)

4S - 7? 2500. 5c09* 1.97*
J217.3A 5000. 6.08* 2.95*

c:=:= 0.64£+18 10000. '1.20 3.15
20000. 8.62 2.96
30000. 9.60 2.55
80000. 11.4 1.81

4P - 5S 2500. 5.83 3.62 1.31* 0.627*
12492.0A 5000. 6.72 4.57 1.48* 0.918* 1 ..,..,* 0.667*•.c.~

a= 0.58E+20 10000. 7.48 5.56 1. 64* 1.18* 1.37* 0.900*
20000. 8.44 5.59 1.82* 1.43* 1.51* 1.12*
30000. 9.00 5.08 1.93 1.58 1.60* 1.24*
80000. 11.5 3.60 2.24 1.95 1.84* 1.55*

4P - 6S 2500. 6.64 3.70
6929.51 .•.. 5000. 7.65 4.90

o= 0.75E+19 10000. 8.23 5.72
20000. 9.16 5.91
30000. 9.50 5.40
80000. 11.7 4.11 2.54* 2.18*

4P - ]r. 2500. 2.53 1.22 0.814* 0.256* 0.742* 0.188*
L-

11745.0A 5000. 2.71 1.38 0.867* 0.326* 0.823* 0.249*
c= 0.44E+20 10000. 3.12 1.41 0.900 0.393 0.860* 0.307*

20000. 3.94 1.11 0.931 0.460 0.885* 0.364*
30000. 4.64 0.940 0.950 0.501 0.899 0.397
80000. 6.39 0.673 1.01 0.605 0.936 0.483

4P - 4D 2500. 7.63 4.25
69~)5.2A 5000. 8.38 5.10

c= O.35E+19 10000. 9.13 5.19
20000. 10.1 4.25
30000. 10.9 3.89
80000. 12.0 2.80 3.05* 2.40*

NB= O.lE+19
4S - 4P 2500. 4.44 2.76
7676.2A 5000. 5.08 3.57

c= 0.47E+20 10000. 6.24 4.25 2.66* 0.874*
20000. 8.25 4.45 2.83* 1.11*
30000. 9.72 4.01 2.90* 1.25*
80000. 13.9 2.84 3.06* 1.57* 2.89* 1.24*



STARK BROADENING OF K I LINES
••

IUTAPKOBO IIlHPElbE JIHID1JA K I

1AcrpOHOMCKaottcepbaropuja, BO/ll'UHa 7, 11050 Eeorpag, Jyrocnabuja
2Departement .Atomes et molecules en astrophysique ': Unite associee au

C. N R. S. No 812, Observatoire de Paris Meudon, France

YJIK 52-355.3
Ilpetxoqno caottuitetee

Kopacreha ceMHKl1aCHQaH npanaa, Y P2AY cy
HJpa4}'HareUIHpHHe H noxana aa 51 Myrmml1er ueyrpan-
aor KanHjyMa,npoyspoxosane cynapaaa ca el1eKTpOHHMa,

nporoauaa H jOHH30BaHHM xel1HjyMOM. Pe3YmaTH cy nata
y IjJYHJ<IlHjHel1eKTpOHCKe resmeparype H rycnme.
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Bull.Obs.Astron. Belgrade NO 142 (1990), 59-77 UDC 52-355.3
Preliminary report

(Received: August 4, 1989)

SUMMARY: A semiclassical approach has been used to evaluate electron-, proton-,
and ionized-hellum-impact line widths and shifts for 61 neutral sodium multiplets as
a function of electron temperature and electron density.

Reliable Stark broadening parameters for Na I
linesareuseful for a number of problems in astrophysics
(e.g. Caccin,Gomez and Roberti, 1980; Vince, Dimi-
tnjevicand Krsljanin, 1985), plasma diagnostics (Griern,
1974), technology of high pressure discharge lamps
(Stormberg,1980; Wharmby, 1980) etc. Using a semi-
classical-perturbationalapproach (Sahal=Brechot, 1969,
ab) wehavecalculated recently (Dimitrijevic and Sahal-
Brechot, 1989) electron-, proton-, and ionized heli-
um-impactbroadening parameters for 46 neutral sodium
multipletswith the principal quantum number (n) of
theupperstate between 6 and 10, at perturber density
'l = .1013 cm-3 and electron impact broadening para-
metersat N = 1016 cm ". For higher densities the de-
parturefrom the linear density law due to Debye scree-
nmginfluenceson the accuracy of the method (this is
especiallyserious in the case of the shift) making that
extrapolationto higher densities is sometimes difficult
andinaccurate.

In order to enable such extrapolation, we calcu-
latedStark broadening data for 61 Na I multiplets for
perturber densities 1013 - 1019 em -3, when validity
conditionsof the theory are satysfied. Data at 1013
and1016 em" for n ;;;.6, can be found in Dimitrijevic
andSahal-Brechot (1989), where all details of the cal-
culationsare given. For the discussion and the compa-
risonwith experimental data see also Dimitrijevic and
Sahal-Brechot(1985). Energy level data were taken
fromBashkinand Stoner ( 1975).

The calculated values are presented in Table
1. We checked that for each value given in the Table,
the collision volume (V) multiplied by the perturber
density (NE) is much less than one. In such a case the
impact approximation is valid (Sahal=Brechot, 1969)_
The values for which NE • V > 0.5 are not given in the
Table, while values where O.l < NE • V ~ 0.5 are deno-
ted with an asterisk and are given in order to enable
interpolation to lower densities. In the case when the
impact approximation is not valid, the ion broadening
contribution may be estimated by the quasi static ion-
-broadening parameter (Griern, 1974).

Table 1. This table lists electron->, proton- and ionized
helium-impact broadening parameters for Na I lines for
perturber densities from 1013 to 1018 em? and tempe-
ratures from 2500 to 80,000 K. Transitions and avera-
ged wavelengths for the multiplet (in A) are also given.
Under 2W are given full halfwidths, while D denotes
corresponding shifts. Using c (see Eq. (4) in the pre-
ceeding article), we obtain an estimate for maximum
perturber density for which the line may be treated as
isolated and the tabulated values may be used. Asterisk
denotes cases when the colision volume multipled by
the electron denisity (condition for the validity of
the impact approximation) lies between 0.1 and 0.5.
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Nf.:;;;: 0 lE~l-t
E.:LEC'!RONS PRO'rONS IOl'OIZE!) HELIUX

7F.A:-jSlTLON TIK) 2WE{/>"} DEIA) 2'<II (A) DI\A) 2wr I A, D1 (!-.i

3S - 3? ~50C 0.191E-04 0 .132£-04 0.i26£-04 0.372E-05 0.125£-04 O.301E-OS
SB9l · e.A 5000 . 0 . 211E-·04 0.155E-04 0.127£-04 0 .417E-05 0 .126€-O-i O . 333E-05

t....:::: O. 30S+20 10000 0.249£-04 0.17~£-O4 0.129£-04 0 .469£-05 0.127E-04 0.380E-05
20000. 0.322E-01 O. 182£-04 0.130£-04 0.526£-05 o . 128 £-0 4 0.425£-05
30000 o . 38 i a- 0·1 0.183£-04 0.132E-04 0 .553E-05 O. 12ilE-04 0.4S6E-05
80000. O.55U:--04 0.129E-04 O.l.36E:-04 O.663E-OS 0.1310;-04 0.53;£-05

3S - 4 ~":" 2500. O. 649E'-O~ -O.24lE-C4 O.224E:-·04 -0.797<:-05 0.220E-04 -;'J.645E-05
:;)02.6A 5COO. 0.725£-04 -0.148E-04 0.227£-04 -0.896£-05 0.222£-·04 -0.7251:-05

G= Q. l::Z.E+19 10000. 0.864£-04 -Q.4HE-05 0.2Hf:-04 --0.101E-04 0.224<;-04 -0.815E-05
20000. 0.100E-03 O.232E-OS il.236E ..04 -0.113£-04 0.227<:-04 -·0.915E-05
30000. O.ln8E-03 0.579E-05 0.2:'9";·-04 -0 121E-04 0 .230~-O4 .. a .979£-·OS
80000. 0.126E-03 0.631£-05 O.2~l!->O4 -0 .142£-04 C .237£-04 -0.11::£-04

3S - "p 2500 0.2021-:-03 -·0.114E-03 0.599£-04 -O.341E-04 0.555£-04 -O.276£-O~
2.352 .8A 5GOC. 0.221E-·03 -0 .100E-03 0.620;-·04 -0.384E-04 0.5821::-0'; -0.310;;-04

C :".: C.40E-r.L8 10000. 0.254E-03 -0.668E-·04 0.656E-·O' --0 .432£-04 0.603E--04 -0 349E-O~
20000. O. 295E-03 -0.465E-04 0.695E-04 -0.485:::-04 0.6l0E-04 -0 .393£-04
30000. 0.313E-03 -0.344E-0'1 o. n:LE-04 -0.,)20E-04 0.6~8E-04 -0.421E-04
20000. 0.347£-03 -0.115E-04 O.799r;-04 -0.609£-04 o. 70':::-04 --0.49CE-04

3F .- ~~ 2')00. O.367E-03 0.262,;'-03 O.8S:E:-04 0 .708E-O'j O.737E-OQ 0 573£-04
11391.01'. 5000. 0.420:::-03 0.301F.-03 O.938r.--04 0.795£-04 0.7991:-04 0.644E-04
c:::: O. 5') f. ~ 2 0 10000 0.41)6£--03 O. 356£-03 o .1Q3!;-03 0.893E-04 O.87lE-O~ 0 . 724E-O~

20000. O.515E-03 Q.334E-03 0.114E-·03 a .lOCE-OJ O.95~;o;-04 0.312E-Q4
30COO. C.S52E-OJ 0.329£--03 O.121E-03 0.10n-03 0 lOiE-03 0.8;;%-04
80000. 0.7021::-03 0.228E-03 0.140£;"'03 0 .12~E-03 0.116£---03 D.lOH-03

3r - 5S 2500. 0 .405E-03 O.294E-03 O.867E-04 0 .807£-04 0.706E:-()Q O.&53E-O~
&158 · 61.. 5000, 0.468£-03 0.351E-03 O.971L-04 0_908E-04 O.790E-04 0.735E-Di

c= O. 70£:-+10 10000. 0.508E-03 0.3e3E-03 O.109E-03 0.102E-03 0.885E>04 C.827;;-04
2000(' 0.563£-03 0.366E-03 Q.12a-03 0.1150;-03 0 .991E-()4 0 . ',,29E-04
300,)0. 0 .589£ ..03 O.339E-03 0.130E-03 0.123£-03 0 .106E-03 0.995<'-04
80(100 0.732E-03 '1.254E-03 0.154£-03 0.145E-03 0.1251':-03 o .11·IE-03

3P - 3D 2500 O.31'?'£-O..i O.228E-()} 0.814E-04 0 .617>:-04 O.72.!.E,-·04 '.l.500<;-0'
8191 · .LA 5000. 0.355<::-03 0.247£-03 0.079E·-04 0.694E-01 0.759E--04 0 .562E-04

c= o . 7 -i L"1- ~ '; 10000. 0.3851"--03 0.247E-03 0.9551:>04 C . nOE--04 0.825E-04 0 .632E-04
20000. 0.413E-03 O.227E-C;3 C .104 :;-03 0.876E-:)4 O.89.H-04 O. 7 ~Of.-04
30000. 0.428<::-03 0.201E-03 0.110E-03 0.937E-04 C.936E-04 O.759E-C1
80000. O.474E-03 0.1:;7<:-03 0.126<::-03 o .110r::-O) 0.106E·-03 0.394E-04

3 i:> - 40 250G. 0.255£-02 O.126E-C2 0.699E-03 0.638E-03 O.56~E-03 O. S14E-v3
~f.,ef, . 4A 5000 . 0.243E-02 O.107E-02 0.784£-03 0 .723£-03 O.637E ..03 0.584::'03

, .. O. 13[+18 100GO. 0.226E-02 0.836£-03 0.BB3E-03 0.816E-03 0.713E-03 0.65lF.-03
20000. O. 208E--02 0.598£-03 0.100E-·02 0.919£-03 0.800E:-03 0.743E .. ·)'
30000 0.197£-02 0.479,:-03 (J .109';'-02 0 .986E-03 O.~58E-03 0.7971:-L
30000. 0.170E-02 o . ~" l £ _.03 0.130E ..02 0.120£-02 0.103£-02 0.941£,,03

3P - 5[1 2500. 0.672£-02 0.321E-02 0.139£-02 0.170[-02 0.154E ..02 O.136E-Cl
4981 · ~A 5000. 0.633£-02 0.249E-02 0 .212£-02 0.194£-02 0.172£-02 0.156£-02

c= G .52f;+l7 10000 :).585£-02 O.189E-02 0.239:;-02 0.220£-02 0.193E--02 0.177E-02
20000. 0.532:';-02 0.121£-02 -' .272£·-02 0.249E-02 0.217£-02 O.2ClF.-02
30000. 0.500<.-02 0.915£-03 0.295£-02 0.267£-02 0.233£-02 0.216£-02
30000. 0.419£-02 0.426E-·03 G.354::-02 0.325E-02 O.279E-02 0.255£-02

f,i'.' .•..1



TABLES FOR NA I LINES STARK BROADENING PARAMETERS

NE= O.lE+14
ELECTRONS PROTONS IONIZ£D H£LIUM

TRANSITION T(K) 2W£(A) D£(A) 2WI(A) DI (A) 2WI(A) DI(A)

3D - 4P 2500. 0.734£-01 -0.424£-01 0.169£-01 -0.110£-01 0.156E-01 -0.892£-02
91050.QA 5000. 0.814E-01 -0.428E-01 0.179£-01 -0.124£-01 o .162E-01 -0.100E-01
c= 0.91£+21 10000. 0.901£-01 -0.336£-01 0.191£-01 -0.139£-01 0.171E-01 -0.113£-01

20000. 0.105 -0.252E-01 0.205E-01 -0.156E-01 0.181£-01 -0.127E-01
30000. 0.114 -0.221E-01 0.214E-01 -0.167£-01 0.188£-01 -0.136E-01
80000. 0.131 -0.129E-01 0.241E-01 -0.197E-01 0.207£-01 -0.160E-01

3D - SP 2500. 0.785E-02 -0.463E-02 0.208£-02 -0.130£-02 0.193£-02 -0.105E-02
17038.7A 5000. 0.874E-02 -0.441E-02 0.219E-02 -0.146E-02 0.200E-02 -0.118E-02
c= 0.14E+20 10000. 0.986E-02 -0.328E-02 0.232E-02 -0.165E-02 0.209E-02 -0.133E-02

20000. o .115E-01 -0.260E-02 0.248E-02 -0.185£-02 0.221E-02 -0.150E-02
30000. 0.123E-01 -0.226E-02 0.259E-02 -0.198E-02 0.229£-02 -0.160E-02
80000. 0.136E-01 -0.104E-02 0.290E-02 -0.233E-02 0.251E-02 -0.189E-02

3D - 4F 2500. 0.188E-01 -0.586E-02 0.552E-02 -0.508E-02 0.448E-02 -0.410£-02
18465.3A 5000. 0.177£-01 -0.359E-02 0.621£-02 -0.576£-02 0.502£-02 -0.465£-02
c= 0.14E+J9 10000. 0.164E-01 -0.180E-02 0.701E-02 -0.648£-02 0.564£-02 -0.525£-02

20000. 0.149E-01 -0.785E-03 0.801E-02 -0.730E-02 0.634E-02 -0.591E-02
30000. 0.142E-01 -0.445E-03 0.870E-02 -0.787E-02 0.681E-02 -0.633E-02
80000. 0.126E-01 0.221E-03 0.103E-01 -0.974E-02 0.821E-02 -0.748E-02

4S - 4P 2500. 0.356E-02 -0.189£-02 0.105£-02 -0.504£-03 0.102E-02 -0.408£-03
22070.0A 5000. 0.385£-02 -0.189£-02 0.108E-02 -0.567£-03 0.103£-02 -0.459£-03
ce O.53E+20 10000. 0.440E-02 -0.165E-02 0.112E-02 -0.637£-03 0.106£-02 -0.516E-03

20000. 0.529£-02 -0.124E-02 0.117£-02 -0.715£-03 0.109E-02 -0.579£-03
30000. 0.589£-02 -0.105£-02 0.120£-02 -0.765£-03 0.111£-02 -0.620E-03
80000. 0.723£-02 -0.658E-03 0.130£-02 -0.901E-03 0.118E-02 -0.730E-03

4S - 5P 2500. 0.298£-02 -0.171£-02 0.859£-03 -0.499E-03 0.808E-03 -0.404£-03
10747.0A 5000. 0.325E-02 -0.162£-02 0.898£-03 -0.562£-03 0.833£-03 -0.455£-03
c= 0.57E+19 10000. 0.372£-02 -0.124£-02 0.945£-03 -0.633£-03 0.866£-03 -0.512E-03

20000. 0.438£-02 -0.103£-02 0.100E-02 -0.711£-03 0.906£-03 -0.576E-03
30000. 0.470£-02 -0.800E-03 0.104E-02 -0.762£-03 0.933E-03 -0.617E-03
80000. 0.531£-02 -0.387£-03 0.116£-02 -0.897E-03 0.101E-02 -0.727E-03

4P - 40 2500. 0.451E-01 0.216£-01 0.118£-01 0.108£-01 0.961E-02 0.872£-02
23370.0A 5000. 0.433£-01 0.187E-01 0.133£-01 0.123£-01 0.108£-01 0.991£-02
c= 0.22E+19 10000. 0.408E-01 0.148E-01 0.149£-01 o .138E-01 0.121£-01 0.112E-01

20000. 0.381E-01 0.105£-01 0.170£-01 0.156£-01 0.136£-01 0.126E-Ol
30000. 0.367£-01 0.824E-02 0.184E-01 0.167£-01 0.145£-01 0.135£-01
80000. 0.329£-01 0.432£-02 0.221£-01 0.203£-01 0.114£-01 0.160£-01

4P - 50 2500. 0.599£-01 0.282£-01 0.166E-01 0.149£-01 0.135£-01 0.120E-01
14776.0A 5000. 0.566£-01 0.229E-01 0.187E-01 0.171E-01 0.151E-01 0.137E-Ol
c= 0.45E+18 10000. 0.525£-01 0.lHE-01 0.211£-01 0.194£-01 0.170E-01 0.156E-Ol

20000. 0.481E-Ol o .116E-Ol 0.239£-01 0.219E-01 0.191E-01 0.177E-01
30000. 0.453E-01 0.893£-02 0.259£-01 0.235£-01 0.205E-Ol 0.190E-01
80000. 0.385£-01 0.408£-02 O.HIE-Ol 0.286£-01 0.245E-01 0.225£-01

5S - 5P 2500. 0.948£-01 -0.576£-01 0.235E-01 -0.152E-Ol 0.217£-01 -0.123E-Ol
54318.3A 5000. 0.106 -0.610£-01 0.249E-01 -0.171£-01 0.226£-01 -0.138E-01
c= 0.15E+21 10000. 0.120 -0.572£-01 0.265E-01 -0.192£-01 0.237£-01 -0.156E-01

20000. 0.139 -0.463£-01 0.284£-01 -0.216£-01 0.251£-01 -0.175£-01
30000. 0.152 -0.389£-01 0.297£-01 -0.232£-01 0.261£-01 -0.188£-01
80000. 0.176 -0.255£-01 0.334£-01 -0.273£-01 0.288£-01 -0.221£-01

NE= 0.1E+15
3s - 3P 2500. 0.191£-03 0.132£-03 0.126£-03 0.371£-04 0.125£-03 0.300£-04
5891.8A 5000. 0.211£-03 0.155£-03 0.127E-03 0.417£-04 0.126£-03 0.338£-04

c= 0.30E+20 10000. 0.249£-03 0.178£-03 0.129£-03 0.468£-04 o .127E-03 0.379£-04
20000. 0.322£-03 0.182£-03 0.130£-03 0.526£-04 0.128E-03 0.426£-04
30000. 0.381£-03 0.183£-03 0.132£-03 0.563£-04 0.128£-03 0.456£-04
80000. 0.551£-03 0.129E-03 0.136E-03 0.663£-04 0.131E-03 0.537£-04
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NE= O.lE+15
£LECTRONS PROTONS IONIZED HELIUM

TRANSITION T( K) 2WE(A) r ;(A) 2WI(A) Dr (A) 2WI(Al DI(Al

3S - 4P 2500. 0.649E-03 -0.24 It.-·03 0.224E-03 -0.790E-04 0.220E-03 -0.637E-04
3302.6.'. 5000. 0.725E-03 -0.148£-03 0.227E-03 -0.890E-04 0.222E-03 -0.721£-04

c= O.12E+19 100CO. 0.864E-03 -0.448E-04 0.231E-03 -0.100E-03 0.224E-03 -0.811E-04
20000. 0.100E-02 0.232E-04 0.236E-03 -O.113E-G3 O.227E-03 -0.9131:-04
30000. 0.10er.-02 0.579E-04 0.239E-03 -0.121E-·03 0.230E-03 --0.978E-04
80000. 0.126E-02 0.634E-04 0.251E-03 -0.142E-03 0.237E-03 -0.l1SE-03

35 - 5P 2500. 0.202E-02 -0.113E-02 0.598E-03 -0.332E-03 0.564E-03 -0.267E-03
2852.8A 5000. 0.221E-02 -0.998£-03 0.624E-03 -0.378E-03 0.58LE-03 -0.30SE-03

c= 0.40E+18 10000. 0.254E-02 -0.668E-03 0.656E-03 -O.428E-03 0.603E-03 -0.346E-OJ
20000. O.295E-02 -0.465E-03 0.695E-03 -0.433E·-03 0.630E-03 -0.391E-03
30000. 0.313E-02 -0.344£-03 0.721E-03 -0.517E-03 0.648E-03 -0.4191;-03
80000. 0.347E-02 -0.115E-03 0.799E-03 -0.608£-03 0.703E-03 -0.49SE-03

3S - 61' 2500. 0.528E-02 -0.337£-02 0.143E-02 -0.909£-03 O.13lE-02 -O.726E-03
2680.4A 5000. 0.573E-02 -0.286£-02 0.152£-02 -0.105£-02 0.137E·-02 -0.839E-03

c= 0.19E+18 10000. 0.653E-02 -0.206£-02 0.163E-02 -0.119£-02 0.145£-02 -0.959£-03
20000. 0.749£-02 -0.145E-02 0.176E-02 -0.135E-02 0.154£-02 -0.109£-02
30000. 0.785E-02 -·0.110E-02 0.184E-02 -0.145E-02 0.160E-02 -0.117E-02
80000. 0.843E-02 -0.366E-03 0.208£-02 -0.1721::-02 0.178E-02 -0.139E-02

35 - 71' 2500. 0.118E-Ol -0.732£-02 0.304E-02*-0.202E-0~* O.272E-02*-O.160E-02'
2593.9A 5000. 0.127£-01 -0.662£-02 0.327E--02 -0.235E-02 0.289E-02*-0.188E-02'

c= 0.10E+18 10000. 0.145E-01 -0.470E-02 0.354E-02 -0.271E-02 O. 308E-02 *-0. 21aE-02'
20000. 0.164£-01 -0.334E-02 0.385E-02 -0.309E-02 0.332E-02 -0.249E-02
30000. 0.170E-Ol -0.247E-02 0.406£-02 -0.332E-02 0.347E-02 -0.268E-02
80000. O.l78E-Ol -0.749E-03 0.454E-02 -0.395E-02 0.391£-02 -0.320E-02

35 - 81' 2500. 0.235E-01 -0.153E-Ol 0.588£-02*-0.393E-02*
2543.8." 5000. 0.252E-Ol -0.125E-01 0.638£-02*-0.468E-02" o .554 £- 02 *.-0 .371 E-02'

c= 0.63E+17 10000. 0.288E-01 -0.913£-02 0.695£-02*-0.544£-02* 0.598£-02 *-0.05£-02'
20000. 0.321E-Ol -0.675E-02 0.761E-02*-0.624E-02* O. 648E-02 '-0. 50lE-n'
30000. 0.331E-01 -0.455£-02 0.805E-02 -0.673£-02 0.681£-02*-0.542E-02'
80000. 0.340E-01 -0.126£-02 0.929t:-02 -0.804E-02 O. 775E-02 *-0.649£-02'

3S - c;p 2500. 0.431E-Ol -0.262E-()~
2512.1A 5000. 0.461E-01 -0.227£-01

c= 0.42£+17 10000. 0.526£-01 -O.l44E-Ol 0.126£-01*-0.991£-02'
20000. 0.578£-01 -0.104£-01 0.139E-01*-0.115£-01*
300eo. 0.593E-01 -·0.743E-02 0.147£-01*-0.124£-01* 0.124E-01*-0.997£-02'
80000. 0.600E-01 -0.234£-02 0.171£-01*-0.149E-Ol* 0.141£-01*-0.120£-01'

35 -lOP 2500. 0.739E·-01 -0.445E-Ol
2490.7A 5000. O. "J89E--Ol -0.372E-Ol

c= 0.29E+17 10000. 0.898E-Ol -0.257£-01
20000. 0.974E-Ol -0.161E-01
30000. 0.994E-Ol -0.113E-01
80000. 0.990E-Ol -0.270£-02 0.294£-01*-0.257E-01'

3P - 4S 2500. 0.367E-02 0.262E-02 0.857E-03 0.703E-03 C.737E-0:; 0.567E-03
11397.0A 5000. 0.420£-02 0.301£-02 0.938£-03 0.791E-03 0.799E-03 0.640£-03
c= 0.59E+20 10000. 0.466E-·02 0.356£-02 0.103E-02 0.891E-03 0.871£-03 O.721E-~3

20000. 0.515E-02 0.334£-02 0.114£-02 0.100E-02 0.954£-03 0.81lE-03
30000. 0.552E-02 0.329E-02 0.121£-02 0.107E-02 0.101E-02 0.868E-03
80000. 0.70n-02 0.228E-02 0.140E-02 0.126E-02 0.116E-02 0.102E-D2

3P - 5s 2500. 0.405E-02 0.293£-02 0.867E-03 0.793~~-03 0.7061;-03 O.639E-03
61S8.6.A 5000. 0.468E-02 0.350E-02 0.971£-03 O.899E-OJ 0.790E-03 0.7261:-03

c= 0.70E+l9 10000. 0.508E-02 0.383E-02 0.10%-02 0.101E-02 a.S85E-03 a . B 221:-03
200CO. O.56·~E-02 0.366E-02 0.122E-02 0.114£-02 0.991E-03 O.92S!:-03
30000. 0.589E-02 0.339E-02 0.130F.-02 0.122E-02 O.106E-02 0.991E-03
80000. 0.732E-02 0.254E-02 0.1541::-02 0.145E-02 O. U5E-·02 0.117E-02

':;'"
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TABLES FOR NA I LINES STARK BROADENING PARAMETERS

NE= 0.lE+15
ELECTRONS PROTONS IONIZED HELIUM

TRANSITION T (K) 2WE(A) DE(A) 2WI(A) DI(A) 2WI(A) DI(A)

3P - 6S 2500. 0.780£-02 0.571E-02 0.162E-02 0.147E-02 o .131E-02 0.118E-02
5151.9A 5000. 0.892E-02 0.648E-02 0.182E-02 0.168E-02 0.147E-02 0.135E-02

c= O.25E+19 10000. 0.974E-02 0.676E-02 0.204E-02 0.190E-02 0.165E-02 0.153E-02
20000. o .110E-01 0.640E-02 0.229E-02 0.215E-02 0.186E-02 0.1·74E-02
30000. 0.119E-01 0.546E-02 0.245E-02 0.230E-02 0.199E-02 0.186E-02
80000. 0.146E-Ol 0.375E-02 0.289E-02 0.272E-02 0.234E-02 0.220E-02

3P - 7S 2500. 0.152£-01 0.107E-01 0.302E-02 0.269E-02 0.245E-02 0.215E-02
4750.6A 5000. 0.173E-01 0.122£-01 0.339E-02 0.309E-02 0.275E-02 0.248E-02

c= 0.12E+19 10000. 0.190E-Ol 0.118£-01 0.381E-02 0.352E-02 0.309E-02 0.284E-02
20000. 0.219E-01 0.101E-01 0.428E-02 0.399£-02 0.347E-02 0.322E-02
30000. 0.245E-01 0.844E-02 0.458£-02 0.429£-02 0.371E-02 0.347E-02
80000. 0.293E-Ol 0.528E-02 0.540E-02 0.507E-02 0.437E-02 0.410E-02

3P - 8S 2500. 0.271E-Ol 0.189E-Ol 0.533E-02 0.464E-02 0.432E-02 0.368E-02
4544.2A 5000. 0.307E-01 0.206E-Ol 0.599E-02 0.538E-02 0.485E-02 0.430E-02

c= 0.68£+18 10000. 0.361E-01 0.198E-01 0.672E-02 0.616E-02 0.544E-02 0.495£-02
20000. 0.423E-01 0.151E-01 0.755E-02 0.700E-02 0.611E-02 0.564E-02
30000. 0.475E-01 0.126E-01 0.808E-02 0.753E-02 0.654E-02 0.608E-02
80000. 0.555E-Ol 0.692E-02 0.952E-02 0.893E-02 0.771E-02 0.723E-02

3P - 9S 2500. 0.460E-Ol 0.310E-01 0.886E-02* 0.748E-02* 0.718E-02- 0.589E-02-
4423.51\ 5000. 0.526E-Ol 0.325E-Ol 0.995E-02 0.878E-02 0.806E-02- 0.699E-02*

e= 0.43E+18 10000. 0.627E-Ol 0.299E-Ol 0.112E-01 0.101E-Ol 0.905E-02" 0.811E-02"
20000. 0.770E-01 0.218E-01 0.125E-Ol 0.115E-01 0.102E-01 0.930E-02
30000. 0.861E-Ol 0.178E-Ol o .134E-01 0.124E-Ol 0.109E-Ol 0.100E-Ol
80000. 0.986E-Ol 0.694E-02 0.158E-01 0.148E-Ol 0.128E-Ol 0.120E-Ol

3P - 3D 2500. 0.312E-02 0.228E-02 0.814E-03 0.611E-03 0.721E-03 0.493E-03
8191.1A 5000. 0.355E-02 0.247E-02 0.879E-03 0.691E-03 0.768E-03 0.558E-03

e=0.74E+19 10000. 0.385£-02 0.247E-02 0.955E-03 0.777E-03 0.825E-03 0.629E-03
20000. 0.413E-02 0.227E-02 0.104E-02 0.874E-03 0.892E-03 0.708E-03
30000. 0.428E-02 0.201E-02 0.110E-02 0.936E-03 0.936E-03 0.758E-03
80000. 0.474E-02 0.137E-02 0.126E-02 0.110E-02 0.106E-02 0.894E-03

3P - 40 2500. 0.255E-01 0.123E-Ol 0.698E-02 0.605E-02 0.569E-02 0.481E-02
5686.4A 5000. 0.243E-01 0.106E-01 0.784E-02 0.699E-02 0.636E-02 0.560E-02

c= 0.13E+18 10000. 0.226E-01 0.833E-02 0.882E-02 0.799E-02 0.713E-02 0.643E-02
20000. 0.208E-Ol 0.597E-02 0.100E-01 0.907E-02 0.800£-02 0.732E-02
30000. 0.197E-Ol 0.479E-02 0.109E-Ol 0.978E-02 0.858E-02 0.788E-02
80000. 0.170£-01 0.262E-02 0.130E-Ol 0.119E-01 0.103E-01 0.936E-02

3P - 50 2500. 0.672E-01 0.304E-01 0.189E-Ol- 0.153E-01*
4981.4/\ 5000. 0.633E-01 0.243E-01 0.212E-Ol- 0.182E-Ol- 0.172£-01- 0.144E-01-

c= 0.52E+17 10000. 0.585E-Ol 0.187E-01 0.239£-01' 0.211E-01* 0.193£-01- 0.169E-Ol-
20000. 0.532E-01 0.120E-01 0.272E-01 0.242E-01 0.217£-01- 0.195E-01·
30000. 0.500E-01 0.942£-02 0.295E-01 0.262E-01 0.232£-01" 0.210E-Ol"
80000. 0.419E-Ol 0.426E-02 0.354E-01 0.322E-01 0.279E·-01 0.252E-01

3P - 60 2500. 0.144 0.601E-Ol
4667.5A 5000. 0.135 0.472E-01

e= 0.28E+17 10000. 0.124 0.316E-01
20000. 0.113 0.213E-01 0.598E-01~ 0.521E-01*
30000. o .106 0.166£-01 0.648£-01* 0.566E-01'
80000. 0.875E-01 0.630E-02 0.776E-01" O.703E-01~ 0.612E-01- 0.547£-01'-

3P - 70 2500. 0.272 0.999E-01
4496.6A 5000. 0.255 0.812E-01

c= 0.17E+17 10000. 0.236 0.455E-01
20000. 0.213 0.347E-01
30000. 0.199 0.265E-01
80000. 0.164 0.851E-02
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Jv1.S. Dirnitrijevic, S. Sahal=Brechot
--------.--. --------------

[liE-= O.lE-t-15

ELECTRONS PROTONS IONIZED HELIUMTRANS!TION T(K) ,WE (;..j DE(A) 2WI(A) :)1(A) 2WI(A) Dr (A)
3P - 8D 2500. 0.07 0.160
1392.3A SOOD. 0.448 0.125

c= 0.961::+16 10000. 0.114 0.789E-01
20000. 0.314 0.428E-01
30000. 0.348 0.395E-01
80000. 0.284 0.108E-01

3P - 9D 2500. 0.739 0.230
4323.5h 5000. 0.705 0.176

c= 0.67£+16 10000. 0.658 0.116
20000. 0.596 0.651£-01
30000. 0.555 0.454£-01
80000. 0.454 0.138E-01

3D - 4P 2500. 0.734 -0.423 0.169 ·-0.109 0.156 -0.877E-Ol
91050.0A 5000. 0.814 -0.428 0.179 -0.123 0.162 -0.994E-Ol
c= 0.91E+21 lOOOD. 0.901 -0.336 0.191 -0.139 0.171 -0.112

20000. l. 05 -0.252 0.205 -0.1.56 0.181 -0.126
30000. 1.14 -0.221 0.214 -0.167 0.188 -0.135
80000. 1.31 -0.129 0.241 -0.197 0.207 -0.160

3D - 5P 2500. 0.785£-01 -0.462£-01 0.207£-01 -(j.l2IE-Ol 0.192E-Ol -0.102<;-01
17038.71\. 5000. 0.874E-01 -0.441E-01 0.219E-Ol -0.144£-01 u.200£-OI -0.116E-Ol
c-== 0.14£+20 100CO. 0.986£-01 -0.328£-01 0.232E-Oi -0.163E-Ol 0.209£-01 -0.132E-Ol

20000. 0.115 -0.260E-01 0.248E-01 -0.184E-01 0.221£-01 -0.149E-01
30000. 0.123 -0.226E-01 0.259E-01 -0.197E-01 0.229E-01 -0.16QE-Ol
80000. 0.136 -0.104E-01 0.290£-01 -0.233E-01 0.251E-01 -0.189E-Ol

3D - 6? 2500. 0.114 -0.696E-01 0.299E-01 -0.194E-01 0.271E-01 -0.155E-Ol
12309.2A 5000. 0.125 -0.63&E-01 0.318£-01 -0.223£-01 0.285E-01 -0 .179£-01
~- 0.39E+19 10000. 0.142 -0.447E-01 0.311£-01 ..0.254£-01 0.302E-01 -0.2051:-01

20COO. 0.163 -0.309£-01 0.369::-01 -·0.288E-01 0.322£-01 -0.233E-Ol
30000. 0.171 -0.229£-01 0.387£-·01 -0.310E-01 0.336£-01 -0.250E-Ol
80000. 0.184 -0.564£-02 0.439£-01 -0.366E-01 0.374£-01 -0.296<:-01

3D .- 7P 2500. 0.201 -0.125 0.512E-01*-0.344E-Ol' O.456';-01*-0.27lE-Ol'
10674.6.!o 5000. 0.21.8 -0.112 0.552£-01 ·-0.401E-01 0.486£-01*-0.320E-Ol'
c= 0.18£+19 10000. 0.248 -0.752E"01 0.597£-0J. -0.461E-01 O. 520E-01*-0. 370E-01'

20000. o . 281 -0.471E-01 0.650£-01 -0.525E-Ol 0.560£-01 -0.423E-Ol
30000. 0.292 -0.359E-01 0.686£-01 ..·0.565E-Ol 0.586E-·01 -0.'155E-Ol
80000. a. 307 -O.537E-02 O.786E-·01 -0.669£-01 0.661E-01 -0.543E-Ol

3D - 8P 2500. 0.356 -0.2 J2 O.883E-01*-0.593E-01*
9875 . 0 .. 5000. 0.382 -0.193 0.959£-01*-0.706E-01* O.8:J3E-Ol'·-0.559E-Ol'

c= 0.96£+18 10000. 0.436 -0.127 0.105' -0.820E-01* 0.899£-01*-0.656E-Ol'
20000. 0.487 -0.762£-01 0.115* -0.941£-01* O. 975E-01 *-1).756E-Ol*
30000. 0.503 -0.592E-Ol 0.121 -0.102 0.103' -0.81H-Ol'
80000. 0.517 -0.881E-02 0.140 -0.121 0.117' -0.979E-Ol'

3D - 91' 2500. 0.607 -0.363
9414.<1:-. 5000. 0.649 -0.322

c= 0.58£+18 10000. 0.741 -0.21B 0.177' -0.139*
20000. 0.815 -0 .125 0.195· -0.161*
30000. 0.836 -0.975E-Ol 0.207* -0.174* 0.173* -0.140*
80000. 0.846 -0.175E-Ol 0.240* -0.209* 0.198· -0.169*

3D ..lOP 2500. 0.992 -0.627
9120.8A 5000. I.C6 -0.480

c= 0.39£+18 10000. 1.2l. ·-0.355
20000. 1.31 -0.200
30000. 1.34 ·-0.155
80000. 1.33 -0.332E-01 0.394* -0.344'
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TABLES FOR NA I LINES STARK BROADENING PARAMETERS

NE= 0.lE+15
ELECTRONS PROTONS IONIZED HELIUM

T(K) 2WE(A) DE(A) 2WI(A) DI(A) 2WI(A) DI(A)

3D - 4F 2500. 0.188 -0.571E-01 0.552E-01 -0.485E-01 0.448E-Ol -0.387E-01
18465.3A 5000. 0.177 -0.355E-01 0.620E-01 -0.558E-Ol 0.502E-01 -0.448E-Ol
c= 0.14E+19 10000. o . 164 -0.180E-01 0.701E-01 -0.636E-01 0.563E-01 -0.513E-01

20000. 0.149 -0.785E-02 0.801E-Ol -0.723E-01 0.634E-01 -0.583E-01
30000. 0.142 -0.445E-02 0.870E-01 -0.783E-Ol 0.681E-01 -0.627E-01
80000. 0.126 0.221E-02 0.103 -0.971E-01 0.821E-Ol -0.744E-Ol

4S - 4P 2500. 0.356E-Ol -0.188E-Ol 0.105E-01 -0.498E-02 0.101E-01 -0.402E-02
22070.0A 5000. 0.385E-Ol -0.189E-Ol 0.108E-01 -0.563E-02 0.103E-01 -0.455E-02
c= 0.53E+20 10000. 0.440E-01 -0.165E-01 0.112E-01 -0.634E-02 0.106E-Ol -0.513E-02

20000. 0.529E-Ol -0.124E-01 0.117E-Ol -0.713E-02 0.109E-Ol -0.577E-02
30000. 0.589E-01 -0.105E-01 0.120E-Ol -0.764E-02 0.111E-01 -0.619E-02
80000. 0.723E-Ol -0.658E-02 0.130E-01 -0.901E-02 0.118E-01 -0.730E-02

45 - SF 2500. 0.298E-Ol -0.170E-01 0.859E-02 -0.487E-02 0.807E-02 -0.391E-02
10747.0A 5000. 0.325E-01 -0.161E-01 0.898£-02 -0.554E-02 0.833E-02 -0.446E-02
c= 0.57E+19 10000. 0.372E-Ol -0.124E-01 0.945E-02 -0.628E-02 0.865E-02 -0.507E--02

20000. 0.438E-01 -0.103E-01 0.100E-01 -0.707E-02 0.906E-02 -0.573E-02
30000. 0.470E-Ol -0.800E-02 0.104E-01 -0.758E-02 0.933E-02 -0.614E-02
80000. 0.531E-01 -0.387E-02 0.116E-01 -0.896E-02 0.101E-01 -0.725E-02

45 - 6P 2500. 0.556E-01 -0.353E-01 0.150E-01 -0.952E-02 0.137E-01 -0.760E-02
8650.3A 5000. 0.604E-01 -0.310E-01 0.159E-01 -·0.109E-01 0.143E-Ol -0.879E-02

c= 0.19E+19 10000. 0.687E-01 -0.217E-Ol 0.170E-Ol -0.125E-Ol 0.151E-01 -0.100E-01
20000. 0.793E-01 -0.156E-Ol 0.184E-01 -0.141E-01 0.161E-01 -0.114E-01
30000. 0.834E-01 -0.116E-01 0.192E-01 -0.152E-Ol 0.168E-01 -0.123E-Ol
80000. 0.902E-01 -0.292E-02 0.218E-01 -0.180E-01 0.186E-Ol -0.145E-01

4S - 7P 2500. 0.107 -0.664E-01 0.276E-Ol*-0.184E-Ol* 0.246E-01*-0.145E-01*
7810.0A 5000. 0.116 -0.598£-01 0.297E-01 -0.214E-Ol 0.262E-01*-0.171E-Ol*

c= 0.94E+18 10000. 0.132 -0.423E-01 0.321E-01 -0.246E-Ol 0.280E-01*-0.198E-01*
20000. 0.150 -0.301E-01 0.349E-01 -0.280E-01 0.301E-01 -0.226E-01
30000. 0.156 -0.197E-Ol 0.368E-01 -0.302E-01 0.315E-01 -0.243E-01
80000. 0.164 -0.312E-02 0.421E-01 -0.358E-Ol 0.355E-Ol -0.290E-01

4S - 8P 2500. 0.198 -0.129 0.494E-01*-0.330E-01*
7373.3A 5000. 0.213 -0.110 0.536E-Ol*-0.393E-01* 0.466E-01*-0.311E-01·

c= 0.53E+18 10000. 0.242 -0.781E-01 0.584E-01*-0.457E-01* 0.502E-01*-0.365E-01*
20000. 0.271 -0.523E-01 0.640E-01*-0.524E-01* 0.545E-01*-0.421E-01*
30000. 0.280 -0.340E-01 0.677E-01 -0.566E-Ol 0.573E-Ol*-0.455E-Ol*
80000. 0.288 -0.523E-02 0.781E-01 -0.676E-01 0.651E-Ol*-0.545E-Ol*

4S - 9P 2500. 0.346 -0.210
7113.0A 5000. 0.370 -0.177

c= 0.33E+18 10000. 0.422 -0.132 0.101* -0.794E-Ol*
20000. 0.465 -0.853E-01 0.111* -0.919E-01*
30000. 0.477 -0.548E-Ol 0.118* -0.995E-01* 0.990£-01*-0.779£-01*
80000. 0.483 -0.103E-01 0.137* -0.119' 0.113' -0.963E-01*

4S -lOP 2500. 0.575 -0.364
6944.0A 5000. o . 614 -0.290

c= 0.22E+18 10000. 0.698 -0.202
20000. 0.758 -0.130
30000. 0.774 -0.918E-01
80000. 0.771 -0.197E-01 0.229* -0.200*

4P - 65 2500. 0.890E-01 0.582E-01 0.175E-01 0.153£-01 0.145E-01 0.123£-01
16384.OA 5000. 0.103 0.672E-01 0.195£-01 0.175E-01 0.160£-01 o .141E-01
c= 0.25E+20 10000. 0.114 0.691E-01 0.218E-01 0.198E-01 0.179E-01 0.160E-01

20000. 0.129 0.634E-01 0.243E-01 0.224E-01 0.199E-Ol 0.181E-01
30000. 0.14 2 0.544E-01 0.260£-01 0.240E-01 0.212E-Ol 0.194£-01
80000. 0.174 0.382E-01 0.305E-01 0.284E-Ol 0.248E-Ol 0.230E-Ol
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M. S. Dimitrijevic, S. Sahal=Brechot

NE= 0.lE+15
ELECTRONS PROTONS IONIZED HELIUM

TRANSITION T( K) 2WE(A) DE(A) 2WI(A) DI(A) 2WI(A) DI(A)

4P - 7s 2500. 0.117 0.801E-Ol 0.227E-Ol 0.201E-Ol 0.185E-Ol 0.160E-01
12915.0A 5000. 0.133 0.935E-Ol 0.255E-01 0.231E-01 0.207E-01 0.185E-01
c= 0.88E+19 10000. 0.151 0.877E-01 0.286E-01 0.263E-01 0.232E-01 0.212E-01

20000. 0.174 0.751E-01 0.321E-01 0.298E-01 0.260E-Ol 0.240E-01
30000. 0.195 0.629E-01 0.343E-01 0.320E-01 0.278E-01 0.259E-01
80000. 0.233 0.394E-01 0.404E-01 0.379E-01 0.327E-01 0.306E-01

4P - 8S 2500. 0.178 0.121 0.343E-Ol 0.298E-Ol 0.278E-Ol" 0.236E-01'
11495.0A 5000. 0.203 0.133 0.385E-01 0.345E-01 0.312E-01 0.276E-01
c= 0.44E+19 10000. 0.235 0.129 0.432E-01 0.395E-01 0.350E-01 0.318E-01

20000. o .281 0.100 0.485E-01 0.449E-Ol 0.393E-01 0.362E-01
30000. 0.315 0.825E-01 0.519E-01 0.484E-01 0.421E-01 0.390E-01
80000. o . 368 0.465E-01 0.612E-01 0.573E-01 0.495E-01 0.464E-01

4P - 9S 2500. 0.277 o . 185 0.528E-01' 0.445E-01' 0.428E-01' 0.351E-01'
10745.0]\ 5000. 0.317 0.195 0.593E-01 0.523E-01 0.481E-Ol' 0.416E-01'
c= 0.25E+19 10000. 0.379 0.181 0.666E-01 0.603E-01 0.539E-Ol' 0.483E-01'

20000. 0.464 o . 136 0.747E-01 0.688E-Ol 0.605E-Ol 0.554E-01
30000. 0.519 0.111 0.800E-01 0.741E-01 0.648E-01 0.597E-01
80000. 0.594 0.572E-01 0.944E-01 0.882E-01 0.763E-01 0.714E-01

4P - 4D 2500. 0.451 0.213 O.llS 0.103 0.961E-Ol 0.816E-01
23370.0A 5000. 0.433 o . 185 0.133 0.119 o .108 o .950E-01
c= 0.22E+19 10000. 0.408 0.147 0.149 0.136 0.121 0.109

20000. 0.381 0.105 o .170 0.154 0.136 0.124
30000. 0.367 0.824E-Ol o .la4 0.166 0.145 0.134
80000. 0.329 0.432E-01 o .221 0.202 o . 174 o . 159

4P - 50 2500. 0.599 0.269 0.166' 0.134'
14776.0A 5000. 0.566 0.224 0.187' 0.160' 0.151' 0.127*
c= 0.45E+18 10000. 0.525 0.171 0.210' 0.186' 0.170' 0.149*

20000. 0.481 0.115 0.239 0.213 0.191' 0.171'
30000. a • 453 0.891E-Ol 0.259 0.231 0.204' 0.185'
80000. 0.385 0.408E-01 0.311 0.283 0.245 0.222

4P - 60 2500. 0.998 0.423
12318.0A 5000. 0.939 0.341
c= 0.20E+18 10000. 0.869 0.236

20000. 0.791 0.144 0.410' 0.358'
30000. o .742 0.111 0.444' 0.389'
80000. 0.618 0.414E-01 0.533' 0.482' 0.420' 0.376'

4P - 70 2500. 1. 69 0.654
11195.0A 5000. 1. 59 0.522
c= 0.10E+18 10000. 1.47 0.349

20000. 1.33 0.220
30000. 1. 24 0.158
80000. 1. 02 0.493E-01

4P - 80 2500. 2.76 0.938
10570.0A 5000. 2.60 0.743
c= 0.56E+17 10000. 2.40 0.437

20000. 2.17 0.301
30000. 2.02 0.185
80000. 1. 65 0.587E-01

40 - 6p 2500. 1.95 -0.997 o . 410 -0.327 0.345' -0.259'
36390.1A 5000. 1. 99 -0.921 0.454 -0.380 0.379 -0.304
c= 0.52E+19 10000. 2.03 -0.673 0.504 -0.436 o . 418 -0.350

20000. 2.14 -0.443 0.564 -0.496 0.462 -0.400
30000. 2.17 -0.347 0.604 -0.534 0.492 -0.431
80000. 2.15 -0.129 0.718 -0.641 0.575 -0.513

66



TA13LLS fOR NA I LINES STARK BROADENINC PARAt>lETERS
-~----.--.-----.--.--.-.---.- ..---- "-'"'-"- ..... _--_ ...... ---._----_ .. ------------------.- ..-- ..--- ------- ------. __ ._._-------------------_ .._-_._-

NE= 0.1£+15
ELECTRONS PROTONS IONIZED HELIUM

TRANS ITIOr,; T (K ) 2WEtA) DE(A) 2"'1iP.) Dr (A) 2WI(A) 01 (AI

~D - 7P 2500. 1.55 -0.861 0.330· -0.241* 0.284' -0.190'
:5050.1A 5000. 1.62 -0.7,8 0.361* -0.28P 0.30S' -0.225'
c= 0.25E+'9 10GOO. 1.74 -0.507 0.396 -0.326 0.335* -0.261'

,0000. 1. S 8 -0.287 0.438 -0.3 i : 0.367 -0.300
30000. 1.93 -0.217 0.465 -0.401 0.388 -0.323
30000. 1 .95 -0.626E-01 0.544 -0.479 0.446 -O.3S6

4D - SP 2500. 1.93 -1.05 0.425' -0.294'
21052.6A 5000. 2.03 -0.854 0.464' -0.351<
c= 0.18E+19 10000. 2.24 -0.471 0.509' -0.409* 0.433' -0.326'

20COO. 2.45 -0.294 0.560' -0.469' 0.472* -0.377'
30000. 2.51 -0.206 0.594 -0.506 0.498' -0.408*
80000. 2.53 -0.2971':-01 0.691 -0.606 0.571' -0.488'

4D - 9P 2500. 2.74 -1.50
19062.1,\ 5000. 2.90 -1.24
c= O.14E+19 10000. 3. 25 -0.693 0.746* -0.591'

20000. 3.54 -0.320 0.821' -0.685'
30000. 3. 61 -0.204 0.873' -0.741' 0.730' -0.595*
80000. 3.62 -0.853E-02 1 .02 ' -0.890* 0.838' -0.717*

40 -101' 2500. 4.04 -2.43
17595.5A 5000. 4.29 -1.84
c= 0.131:+19 10000. 4.83 -0.9S1

20000. 5.21 -0.375
30000. 5.30 -0.279
80000. 5.25 -0.136 1 .54 • -1.35*

5s - 51' 2500. 0.948 -0.573 0.235 -0.148 0.217 -0.118
54318.3.<. 5000. 1 .0 f, -0.608 0.249 -0.168 0.226 -0.135
c~ O.ISE";' 10000. 1.20 -0.572 0.265 -0.191 0.237 -0.154

20000. 1.39 -0.463 0.284 -0.215 0.251 -0.174
30000. 1.52 -0.389 0.297 -0.230 0.261 -0.186
SOOGO. 1.76 -0.255 0.334 -0.272 0.288 -0.220

5s - 61' 250C. 0.470 -0.301 0.121 -0.785£-01 o .110 -O.626£-Ol
24414.1A 5000. 0.515 -0.291 0.129 -0.903£-01 0.116 -0.725£-01
c= 0.15£+20 10000. 0.5e4 -0.223 0.139 -0.103 0.123 -0.829E-Ol

20000. o .680 -0.162 0.150 -0.117 o .1 31 -0.9410:-01
30000. 0.725 -0.128 o .157 -0.125 0.136 -0.101
80000. 0.-;96 -·0.,)60E-O! 0.178 -0.148 0.152 -0.120

55 - 7P 2500. o .6 2S -0.406 0.160* --0.107' 0.142* -0.842;:-01*
18726.6.~ 5000. 0.6S1 -0.349 0.172 -0.124 0.1:;1* -0. 9',2E-Ol *
c= 0.54E+19 10000. 0.776 -0.228 0.186 -0.143 0.162' -0.115*

2000C. 0.887 -0.158 0.202 -0.163 0.174 -·0.131
30000. 0.929 -0.102 0.213 -0.17~ 0.182 -0.111
80000. 0 986 -0.329E-Ol 0.244 ·-0.20 B 0.206 -0.169

55 - 8P 2500. 0.987 -0.642 o .745' -0.164'
1639B.8h 5000. 1. 06 -0.~34 0.266' -0.195' 0.231' -0.155'
c= 0.26E+19 10000. 1.21 -0.348 0.290' -0.227' 0.249' -0.la1*

20000. 1.36 -0.220 0.317* -0.260' 0.270' -0.209*
30000 1 .41 -0.102 0.335 -0.281 0.284' -0.226*
80000. 1.46 -0.369E-01 0.387 -0.336 0.321* -0.271*

5s - 9P 2500. 1.53 -0.956
1516~. 31\ 5000. 1. 69 -0.821
c= 0.15E+19 10000. 1.93 -0.~46 0.460' -0.361'

20000. 2. 13 -0.335 0.50"!* -0.418'
30000. 2.19 -0.124 0.537' -0.453' o .451 * -0.3;)4*
80000. 2.22 -0.5871':-01 0.623' -0.543" 0.516- -0.438"
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NE= 0.1E+15
ELECTRONS PROTONS IONIZED HELI:.JM

TRANSITION T(K) 2WE(A) DE(AI 2WI(!;.) Dl(A) 2WI(AI DI(AI

5s -lOP 2500. 2.48 -1.57
14417.5A 5000. 2.65 -1.26
c= O.97E+18 10000. 3.02 -0.850

20000. 3. 2a -0.515
30000. 3.36 -0. H8
8COOO. 3.35 -0.986E-01 0.986' -0.851"

5P -. 6S 2500. 2.80 1.73 0.574 o .430 a .50 2 0.345
i5075.1A 5000. 3.24 1.95 0.623 0.492 0.539 O. 396
c= 0.28E+21 10000. 3.67 1. 96 0.680 0.558 0.582 0.450

20000. 1.17 1. 67 0.745 0.632 0.632 0.511
30000. 4.58 1.42 0.788 O. I:,77 0.665 0.548
80000. 5.38 0.986 0.908 0.801 0.758 0.548

5P - 7s 2500. 0.969 o .605 0.18~ 0.152 0.152 o .121
336se ..7.'. 5000. 1.13 0.694 0.202 0.174 0.168 0.140
c: 0.56E+20 10000. 1. 29 0.702 0.224 0.199 0.186 0.160

20000. 1.48 0.569 0.250 0.225 G.20b o .182
30000. 1.64 0.467 0.266 0.242 0.219 o . ! 96
80000. 1.93 0.288 0.311 0.286 0.255 o .232

5D - 7P 2500. 11. 5 -3.51 3.37* -2.62'
66489.~A 5000. 11. o -2.39 3.76' -3.11* 3 .10' -2.4'
::= 0.91E+19 10000. 10.3 -1. 41 4.21* -3.61' 3.44 • - 2.8'

20000. 9.47 -0.584 4.76 .-4 .14 3.83' -3.3'
30000. 8.92 -0.267 5.15 -4.48 4.09' - 3.6'
80000. 7.56 0.174 6.14 -5.53 4 .8F. -4 .31

SD - 8P 2500. 12.1 -5.79
44208.7A 5000. 12.5 -4.35 2.78' -2.21'
c'" 0.40E+19 10000. 13.0 -2.23 3.09* -2.59"

20000. 13.6 -1.63 3.45" -2.99' 2.83 • - 2.40'
30000. 13.7 -1.01 3.69" -3.23' 3.01' - 2.60'
80000. 13.2 -0.113 4.39 * -3.91* 3.52 • -3.12*

5D - 9P 2500. 12.4 -6.45
36258.2A 5000. 12.8 -4.36
c~ 0.27E+19 10000. 13.8 - 2.31

20000. 14.7 -1.20 3.48 • -2.96'
30000. 14.8 -0.914 3.71' -3.20*
80000. 14.5 -0.2991:;-·01 4.37* -3.86" 3.55' - 3.10'

3S - 3p 2500. 0.191E-02 0.132E-02 0.126E-02 O.366E-03 o .125E-·02 0.296£-03
5891.81> 5000. 0.2ilE-02 0.155E-02 0.127E-02 0.414E-03 0.126E-02 o .335£-03

c= 0.30£+20 10000. 0.2491::-02 0.178E-02 0.129E·-02 0.466£-03 0.127E-02 0.377£-03
20000. 0.322E-02 0.182E-02 0.130E-02 0.525E-03 O.12BE-02 0.425£-03
30000. 0.38IE-02 0.183E-02 0.132E-02 0.562£-03 0.128E·-02 0.455£-03
8000)0. 0.551£-02 0.129£-02 0.136£-02 0.663E-03 O.lHE-02 0.537E-03

3s - 4P 2500. 0.649£-02 -O.B9E-02 0.223E-02 ··0.764£-03 0.219E-02 -0.612£-03
3302.6/\ 5000. 0.72SE·-02 -0.146E-02 0.226£-02 -0.873E-03 O.222E-02 -0.70n-03

c= 0.12E+19 10000. O.B64E-02 -O.442E-03 0.230E-02 -0.991E-03 0.224E-02 -0.799£-03
20000. 0.100E-01 0.234E-03 O.236E-02 -0.112E-02 0.227E-0] -0.906£-0
30000. 0.10BE-01 0.579E-03 0.239E-02 -0.120E-02 0.230E-02 -0.972t-OJ
80000. 0.126<;-0)1 0.634E-03 0.251E-02 -0.142E-02 0.237E-02 -O.llSE-U

3S - 5F 2500. 0.202E-Ol -0.110E-01 0.595E-02 -0.307E-02 O. 558E-02 *-0.242£-0
2852.8A 5000. 0.221E-OJ -0.983E-02 0.623E-02 -0.360E-02 0.S79E-02·-O.287E-0

c'" 0.40E+18 10000. O.2S4E·-Cl -0.662E-02 0.655E--02 -0.415E-02 0.602E-02 ·-0.333E-0
20000. 0.2951::-01 -0.164E-02 0.695£-02 -0.474E-02 0.6~9E-02 -0.381£-0
30000. 0.313E-Ol -0.344E-02 0.721:::-02 -O.510E-02 0.648£-02 -0.411E-O
80000. 0.347t:-Ol -0.115E-02 O.799E-02 -O.605E-02 0.703E-02 - 0 .491E-0
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PROTONS
2W! (A. i

IONIZED HELIUM
2WI(A) DI(AI

TABLES FOJ~NA 1LINES STARK BROA,DENING PARAMETERS
----------------------- --------------------------

NE~ 0.1E+16
ELECTRONS

T(KI 2WE(A) DE(AITRANS: T I ON

3S - 6 P
268Q,4A

c= 0.19[+18

2500.
5000.

10000.
200GO.
30000_
80000.

a.52St-Ol -O.325E-Ol
0.573E-01 -0.281E-Ol
0.653E-Ol -0.202E-01
0.749E-01 -0.145£-01
O.785E-Ol -0.109E-Ol
0.843£-01 -O.365~-02

3F -- 4S 2500_ 0.367E-Ol 0.262E-01 O.856E-02 O.683E-(j2 0.736£-02 0 .548£-02

11397.0A 500G. 0.420£-01 0.300E-01 C .938:::-02 0.778E-02 0.798£-02 0 .626£-02
c= 0.59E+20 10000 0.466E-Ol 0 .356E-01 0.103E-01 0.882E-02 0.871£-02 O. i:"2E-02

20000 0.515E-Ol 0.334E-01 G .114£-·01 0.995E-02 0 .954£-02 0.606£-02
30000. 0.552E-01 0.329£-01 0.121E-01 0.107E-01 0 .101£--01 0.863£-02
50000. 0.702E-Ol 0.228E-Ol 0.140£-01 0.126£-01 0.116E--01 0.102E-01

lP - 5.5 2500 0.405E--01 0.289£-01 0.866E-02 O.750E--02 0.705£-02 0 . S:'~6E-02

6158.6A 5000 0.468E-01 0.349E--01 0.971£-02 0.868E-02 0.790E--02 0.695E-02
c= 0.70E+19 10000. 0.508E-01 0 .382E-01 0.109E--01 0.993E-02 0.884E-02 0.799E-02

20000 0.563E-Ol a .365E--01 a .122£-01 0.113E-01 0.991E-02 0_910£-02
30000 0.539£--01 a .339E-Ol 0.130E-01 O.121E-Ol 0.106E-01 0.979E-02
80000 0.732£-01 0.2541':-01 O. 154 E-" 01 0.144E-01 0.125E-01 0 .116E-01

3P - 65 2500 0.780E--Ol 0.562E--01 0.162£-01 O. 134E-01 0.131E-01* 0.105E-01'
5151.9A 5000. 0.892E-Ol 0.640£-0J. 0.182E-01 0.158E-01 0 .147E-·01 0.1261::-01

c= 0.25£+19 10000 0.974E-01 0.673£-01 O.2GH-0l 0.183£-01 0.165E-01 0.147£-01
20000. 0.110 0.640£-01 0.229£-01 0.210E--01 0.18.6E-01 0.169E-01
30000. 0.119 0 .545E-01 0.245E-01 0.226E-Ol 0.199E-01 0.1821:-·01
30000. 0.146 O.3~J5E-OJ 0.289E-01 0.270E-01 0.234£-01 O. 218E-Ol

3S - 7P 250O, 0.118
25g3.9,,~ 5000_ 0.127

c= 0.10£+1.3 10000. 0.145
20000. 0.164
30000_ 0.170
80000. 0.178

3S -- 81' 2500. 0.235
2543.8A 5000. 0.252

c= O.63E-t17 10000. 0.288
20000. 0.321
30000. 0.331
80000. a .340

35 - 91' 2500. 0.430
2512.1A 5000. 0.460

c= O.42E+17 10000. 0.525
20000. 0.578
30000. 0.593
80000. 0.600

35 -101' 2500. 0.730*
2490.71>. 5000. 0.783

c; Q,29E";'17 10000. 0.894
20000. 0.971
30000. 0.992
80000. 0.989

2500.
5000.

0.152
0.173
0.19('
0.219
0.245
0.29,

3P - ~}S

4750.6A
C:: O.12E+1.9 1 (J 0 0 0 .

20000.
.J.J () 0 0 .
80000.

--0.687E-01
-0.634E-01
--0.458E-01
-0.332£-01
--0.245E-01
-0.749E-02

-0.141
-0 _119
-0.877E-01
-0.656E-01
-0.450£-01
-0.126£-01

-0.225
-0.205
-0.142
·-0.103
-0.730£-01
-0.230£-1)1

-0.388*
-0.320
-0.235
-0.158
-0.110
-0.270B-01

0.104
0.121
0.117
0.101
0.843£-01
O.~;28E-01

DI(A)

0.141£-01*-0.782E-02*
0.152£-01*-0.955E-02*
o . 16 3 E--C 1 * -0.113 £-01 *
0.175£-01*-0.130£-01*
0.184£-01 -0.141£-01
0.208E-01 -0.169E-01

0.145£-01*-0.895E-02"
0.154E-Ol*--0.104£-01*
0.160E-01*-0.113£-01*
C~178E-Ol*-O.137S-01·

0.384E-Ol*-0.292E-01'
0.405£-01*-0.319E-01"
0.464£-01*-0.387E-01* 0.391E-01*-0.311E-01*

0.302E-01"
0.339<:·-01"
0.381E-01
0.428£-01
0.458:::--01
0.540£-01

0.233£--01'
0.284E-01"
0.334E-01
0.3e6E-01
0.418E-"01
0.501E-Ol

0.178E--O0.245£-01*
0.275E ..-01"
0.309E-01"
0.347£-'01"
O.371E-,Ol1r
0.137£-01

0.223£--·01<

0_266f~O *
O.3fJH:-O ;
0.3'36£--0 '"
J 4D4E-O



M. S. Dimitrijevic, S. Sahal=Brechot

NE= 0.IE+16
ELECTRONS PROTONS IONIZ£D HELIUM

TRANSITION T(K) 2WE(A) DElh) 2WI(h) DI(h) 2WI(h) D1(A)

3P - 8S 2500. 0.271 0.180
4544.2A 5000. 0.307 0.202 0.598E-01· 0.474£-01'

c= 0.681::+18 10000. 0.361 0.198 0.672E-Ol· 0.571E-01* 0.544£-01' G.450E-OI'
20000. 0.423 0.151 0.754E-01' 0.668E-01' 0.611E-01· 0.532E-OI'
30000. 0.475 0.125 0.807E-Ol' 0.726E-01· 0.654£-01' 0.58IE-01*
8JOOO. 0.555 0.692E-01 0.952E-Ol 0.877E-Ol 0.770E-01· 0.706E-OI'

3P - 9s 2500. 0.460 0.291
4423.5/\ 5000. 0.526 0.315

C= 0.43E+18 10000. 0.627 0.298
20000. 0.770 0.217 0.125* 0.108*
30000. 0.861 0.177 0.134' 0.119'
80000. 0.986 0.594E-Ol 0.158' 0.144' 0.128' 0.116 •

3P - 3D 2500. 0.312E-01 0.226E-01 0.814E-02 0.589E-02 0.720E-02 0.472E-02
3191.1A 5000. (;.355E-01 0.246E-01 0.87910-02 0.674E-02 0.768E-02 0.542E-02

c:::; 0.74E+19 10000. 0.385E--01 O.246E-Ol 0.95')£-02 0.766£-02 0.825E-02 0.618E-02
20000. 0.413£-01 0.227E-01 0.104t:-Ol 0.868E-02 0.892£-02 0.701£-02
30000. 0.428E-01 0.201E-01 0.l10E-Ol 0.930E-02 0.936E-02 O.753E-02
80000. 0.474<:-01 0.U7E-01 0.126£-01 0.110E-01 0.106E-01 0.891E-02

3F - 40 2500. 0.253 0.112 0.697E-Ol· 0.499E-Ol·
5686.4/\ 5000. 0.242 0.993E-01 0.783E-01' 0.624E-01"

c:::: 0.11£+18 10000. 0.22~ 0.804E-01 0.882E-01· 0.746E-01' 0.713£-01' 0.590E-01'
20000. o . 207 0.593E-01 0.100' 0.869E-01" 0.8GOE-Ol" 0.69U-OI'
30000. o . 196 0.47SE-01 0.108" 0.945E-Ol" 0.857E-01* 0.757E-OI'
80000. 0.170 0.262E-01 0.130 0.117 0.103' 0.916E-OI'

3P - 5D 2500. 0.644 0.246
4981.4A 5000. 0.613 0.221

c= 0.52:::+17 10000. 0.571 0.171
20000. 0.523 0.117
30000. o . 492 0.922E-01
80000. 0.414 0.426E-Ol

3p - 6D 2500. 1. 27 0.434
4667.5h 5000. 1. 23 o . 387

c= 0.28E+17 10000. 1.16 0.302
20000. 1.07 0.204
30000. 1. 01 0.158
80000. o .846 0.630E-01

3P - 70 2500. 2.15 0.670
4496.6A 5000. 2.15 0.602

c= 0.17E+17 10000. 2.07 0.455
20000. 1.93 0.319
30000. 1.83 0.242
80000. 1.54 0.851E-01

3P - 8:> 2500. 3.20 0.910
4392.3A 5000. 3.39 o . 833

c= 0.96E+16 10000. 3.37 0.663
20000. 3.19 o .428
30000. 3.03 0.336
80000. 2.57 0.108

3P - 9D 2500. 4.30' 1.21 "
4323.5.'. 5000. 4.89 1. 14

c= 0.67E+16 10000. 5.05 a .901
20000. 4. 88 0.624
30000. 4. 6"/ 0.454
800De. 4.00 0.138
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TABLES FOR NA I LINES STARK BROADENI! G PARAMETERS

NE= 0.lE+16
ELECTRONS PROTONS IONIZED HELIUM

TRANSITION T(K) 2WE(A) DE(A) 2WI (A) DI(A) 2WI(A) DI(A)

3D - 4P 2500. 7.34 -4.19 1. 69 -1.04 1. 55 -0.831
91050.0A 5000. 8.14 -4.26 1. 79 -1.20 1. 62 -0.960
c= 0.91E+21 10000. 9.01 -3.35 1.91 -1.36 1.71 -1.10

20000. 10.5 -2.52 2.05 -1.55 1.81 -1.25
30000. 11.4 -2.21 2.14 -1.66 1. 88 -1.34
80000. 13.1 -1.29 2.41 -1. 96 2.07 -1.59

3D - 5P 2500. 0.785 -0.457 o . 206 -0.117 0.190" -0.917E-Ol"
17038.7A 5000. 0.874 -0.440 0.218 -0.137 0.199" -0.109"
e= 0.14E+20 10000. o . 986 -0.327 0.232 -0.158 0.209 -0.127

20000. 1.15 -0.260 0.248 -0.180 0.221 -0.145
30000. 1. 23 -0.226 0.259 -0.194 0.229 -0.157
80000. 1.36 -0.104 0.290 -0.231 0.251 -0.187

3D - 6p 2500. 1. 14 -0.670 0.295' -0.167-
12309.2A 5000. 1.25 -0.627 0.317' -0.204'
e= 0.39E+19 10000. 1.42 -0.446 0.341' -0.240' 0.301- -0.191'

20000. 1. 63 -0.309 0.369- -0.278' 0.322" -0.223'
30000. 1. 71 -0.229 0.387 -0.301 0.336- -0.242-
80000. 1.84 -0.564E-01 0.439 -0.361 0.374 -0.291

3D - 7P 2500. 2.01 -1.17
10674.6A 5000. 2.18 -1.09
e= 0.18E+19 10000. 2.48 -0.747

20000. 2.81 -0.467 0.650' -0.497'
30000. 2.92 -0.356 0.685' -0.542'
80000. 3.07 -0.537E-Ol 0.786' -0.656' 0.661* -0.528-

3D - 8P 2500. 3. 56 -2.12
9875.6A 5000. 3.82 -1.82

e= 0.96E+18 10000. 4.36 -1.26
20000. 4.87 -0.752
30000. 5.03 -0.584
80000. 5.17 -0.881E-01

3p - 9P 2500. 6.05 -3.16
9414.4A 5000. 6.48 -2.89

c= 0.58E+18 10000. 7.40 -2.05
20000. 8.15 -1.23
30000. 8.36 -0.957
80000. 8.46 -0.175

3D -lOP 2500. 9.80 ' -5.10'
9120.8A 5000. 10.5 -4.27

c= 0.39E+18 10000. 12.0 -3.21
20000. 13.0 -1. 95
30000. 13.3 -1. 51
80000. 13.3 -0.332

3D - 4F 2500. 1. 86 -0.496 0.551' -0.412* 0.447* -0.314'
18465.3A 5000. 1.77 -0.317 0.620' -0.507* 0.502' -0.397*
e= 0.14E+19 10000. 1. 64 -0.176 0.701' -0.600' 0.563- -0.476*

20000. 1. 49 -0.755E-Ol o . 800 -0.701 0.634- -0.557'
30000. 1. 41 -0.425E-01 0.870 -0.759 0.681- -0.605-
80000. 1.26 0.221E-Ol 1. 03 -0.960 0.821 -0.731

45 - 4P 2500. 0.356 -0.186 0.105 -0.479E-01 0.101 -0.383E-01
22070.0A 5000. 0.385 -0.188 0.108 -0.549E-Ol 0.103 -0.441E-01·
c= 0.S3E+20 10000. 0.440 -0.165 0.112 -0.625£-01 0.106 -0.504E-01

20000. 0.529 -0.124 0.11 7 -0.708E-01 0.109 -0.571E-01
30000. 0.589 -0.105 0.120 -0.760E-Ol 0.111 -0.614E-01
80000. 0.723 -0.658E-01 0.130 -0.898E-01 0.118 -0.727E-Ol
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NE= 0.1[ •.16
ELECTRONS PROTONS IONIZED HELiUM

TR."NSITION T(K) 2WE(A; DEIA) 2WI(A) DI(A) 2WI(A) Dr (A)

4S - 51' 2500. 0.293 -0.167 0.8~4E-Ol -0.<I19E-Ol O. 798E··Ol·-0. 353£-01'
10747.0.'>. 5000. 0.325 -0.160 0.896E-01 -0.527E-Ol 0.830E-01'-0.4201:-01' .
c= O.57E+19 10000. 0.372 -0.124 0.944E-01 -0.603E-Ol 0.864E-01 -0 .•87E-01

20000. 0.438 -0.103 0.100 -0.694E-Ol 0.905E-01 -0.5SaE-01
30000. 0.470 -0.800E-Ol 0.104 -0.747£-01 0.933E-01 -0.602£-01
80000. 0.53 ;. -0.387E-Ol 0.116 -0.890E-Ol 0.101 -0.720E-01

4S - 6P 2500. 0.556 -0.340 0.148' -0.818E-Ol'
8650.3A 5000. 0.604 -0.303 0.158" -0.100'

c= 0.191:+19 10009· 0.687 -0.217 0.170' -0.118* 0.151' -0.938E-01'
lOOOO. 0.793 -0.155 0.183' -0.137' 0.161' -0.109'
30000. O. e 34 -0.116 0.192 -0. H8 0.167> -0.119'
80000. 0.902 ··0.292E-Ol 0.218 -0.177 0.186 -0.143

4S - "/p 2500. 1.07 -0.6.2 :~
7810 .O!. 5000. 1.16 -0.57,.

c:=; 0.94~+18 10000. 1 .32 -0.420
20000. 1. SO -0.299 0.349' -0.265'
30000. 1. 56 -0.195 0.368' -0.289'
30000. 1. 64 -0.312£:-01 0.421' -0.351' 0.355' -O.28Z'

4S - 8[' 2500. 1. 98 -1. 18
7373.31\ 50eo. 2.12 -1.02

c= 0.53£+18 10000. 2.42 -0.751
2000e. 2.71 -0.517
30000. 2.80 -0.336
80000. 2.88 -0.523E-01

45 - 91' 2500. 3.45 -1.81
7113.0A 5000. 3.70 ··1.64

c= 0.33E+18 10000. 4.22 -1.23
20000. 4.64 -0.840
30000. 4. 77 -0.5H
80000. 4.82 -0.103

45 -lOP 2500. 5.68' -2.96'
6944.0'\ 5000. 6.09 -2.48

c:;::; O.22~+18 10000. 6.95 -1.88
20000. 7.56 -1.30
30000. 7.72 -0.894
80000. 7.70 -0.197

4P - 6s 2500. 0.890 0.568 0.175 0.139 0.144' 0.109'
16384.010. 5000. 1. 03 0.663 0.195 0.165 o .160 o .131
c= O.25E+20 10000. 1.14 0.686 0.218 0.191 0.179 0.153

20000. 1.29 0.634 0.243 0.219 0.199 0.176
30000. 1.42 0.543 0.260 0.236 0.212 C.190
80000. 1.74 0.382 0.305 0.282 0.248 0.227

4P - 7s 2500. 1.17 0.773 0.227' 0.173' 0.185' o .13 3'
12915.0.; 5000. 1.33 0.922 0.255' 0.211' 0.207' o . 166'
c= 0.88E"'19 10000. 1 .51 0.868 0.286' 0.249' 0.232' 0.198*

20000. 1. 74 0.750 0.320 0.288 0.260' 0.231'
30000. 1.95 0.628 0.343 o .312 0.7.'8' 0.250'
80000. 2 .33 0.394 o .404 0.374 0.327 0.301

4P - 8 2500. 1.78 1. 15
1149S.0 5000. 2 .03 1.29 0.385* 0.304'
c= 0.44 +19 10000. L 35 1.28 0.432' 0.366'

20000. 2 .81 0.997 0.485' 0.429' 0.393' o .34 2'
30000. 3. 15 0.823 0.519' 0.466' 0.421' 0.373'
80000. 3. 68 0.465 0.612 0.563 0.495* O.~53·
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NE: O.lE+16
l':LECTRONS PROTONS IONIZ~D Hl::LIUM

TRANSITION T(K) 2WE(A) DE(A) 2WI{A) DI(Aj 2WI (A) DI(A)

4P - 95 2500. 2.77 1.73
10745.0." 5000. 3. l7 1. 88
c= 0.25E+19 10000. 3.79 1.78

20000. 4 .64 1. 35 0.747* 0.646*
30000. 5.19 1.11 0.800' 0.707'
80000. 5.94 0.572 0.943- 0.860' 0.763- 0.691'

4P - 4l.J 2500. 4.49 1.95 1.18' 0.847'
233'10. OJ.. 5000. 4.32 1.74 1.33* 1. 06'
c= 0.L2E+19 10000. 4 .0'] 1.42 1. ~ 9 • 1.27 ' 1.21' 1. 00'

20000. 3. 80 1.04 1. 70' 1.48' 1. 35' 1 .l8 •
:;0000. 3.66 0.824 1. 84' 1. 60' 1. 45' 1.28'
80000. 3.29 0.432 2.21 1.99 1. 74' 1. 56'

-1P - 5D 2500. 5.75 2.18
14776.0A 5000. 5.49 1.93
c= 0.45£+18 10OOO. 5.13 1. 55

20000 4.72 1.13
30000. 4.46 0.873
80000. 3.80 0.408

4P - 6D 2500. 8.88 3.04
12318.01\ 5000. 8.62 2.71
0;:': O.20E+18 10000. B. Iq 2.18

20000. 7.52 1. 44
30000. 7.10 1. 06
80000. 5.99 0.414

55 - 5P 2500. 9.48 -5.62 2.34 -1. 35 2 .14 • -1.06'
5018.3A 0,000. 10.6 -6.04 2 . 48 -1 .59 2.25' -1.27'
c= 0.15E+71 10000. 12.0 -5.71 2.65 -1.84 2.37 ..1. 47

20000. 13.9 -4.63 2.84 -2.10 2.51 -1.159
30000. 15.2 -3.88 2.97 ,- 2.27 2./)1 ··1.83
80000. 17.6 -2.55 3.34 -2.71 2.88 -2.19

55 - 6;> 2500. 4.70 -2.96 1. 20' -0.672*
24414.1i'. 5000. 5.15 -2.90 1.29' -0.823*
c= 0.15£ •.20 10000. 5.84 -2.23 1.38' -0.973' 1. 22' -0.772'

20000. 6.80 -1.62 1.50' -1.13* 1. 31 * -0.901'
30000. 7.25 -1.28 1.57 -1.22 1.36' -0.979'
80000. 7.96 -0.560 1.78 -1.46 1.52 -1.18

5S - 7P 2500. 6.28 -3.85
18726.61\ 5000. 6.81 -3.,:] 2
c= 0.54E+19 10000. 7.75 -2.26

20000. 8.87 -1.58 2 .02' -1.:;4*
30000. 9.29 -1. 02 2.13' -1.68'
80000. 9.86 ··0.329 2.44 " -2.04' 2.05* -1.64'

55 - Bp 2500. 9.87 - 5.87
16398.8A 5000. 10.6 -5.06
c= O.26E+lJ 10000. 12.1 -3. 45

20000. 13.6 -2.17
30000. 14.1 -1.02
80000. 14 .6 -0.369

NE= 0.1 <:+l7
3s 3P 2500. 0.191£··01 0.1301:-01 0.126E-01 0.352E-02 0.124E-Ol 0.282£--02
5891 8A 5000. 0.211E··01 0.1 ~.4E-Ol a . 127 E··a 1 0.404E-02 0.125£-01 0.325E-02

c= O. jOt:T~O 10000. 0.249£-01 0.177£-01 0.U9E··01 0.459E-02 0.127E-01 0.370£-02
20000. 0.322E--01 0.181E-01 Co.130E·-01 0.521£-02 0.128E-01 0.420E-02
300QO. 0.381£-01 o .183E-01 O.132E-OI 0.559E-02 0.128E-01 0.452E-02
80000. 0.551E,-01 0.129£-01 0.136E-01 0.660£-02 0.131E-01 0.534£-02
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NE~ 0.1E+17 IONIZED HELIUMELECTROnS PROTONS
TRANSITION T(K) 2WE(A) DEIA) 2WI(A) OI(A) 2WI(A) 01(1-.)

35 4P 2500. 0.649E-01 -0.231E-01 0.219E-01*-0.686£-02" O. 211E-Ol*-0. 535E-02'
- 0.219£-01*-0.647E-02'3302.6A 5000. 0.725£-01 -0.141E-Ol 0.225E-01 --0.818E-02

0.12£+19 10000. 0.864E-01 -0.422£-02 0.230£-01 -0.951E-02 0.22 3E-0 1 *-0. 760E-02'c= 0.227£-01 -0.8771:-0220000. o .100 0.248E-02 0.235E-01 -0.109£-01
30000. 0.108 0.582E-02 0.239£-01 -0.118E-01 0.229E-Ol -0.948£-02
eoooo. 0.126 0.635E-02 0.251E-01 -0.141E-01 0.237E-01 -0.114E-Ol

35 - 5P 2500. 0.202 -0.102
2852.81\ 5000. o .221 -0.928£-01 0.611E-01*-0.303E-01'

c% 0.40E-+-18 10000. 0.254 -·0.631E-01 0.651E-01*-0.375E-01"
20000. 0.295 -0.460E-01 0.693£-01*-0.445E-01' 0.626E-01'-0.353E-Cl'
30000. 0.313 -0.340E-01 0.720E-Ol*-0.487E-01' 0.646£-01 *-0. 388E-Ol'
80000. 0.347 --0.114£-01 0.798£-01 -0.590£-01 O. 702E-01'-0. 476E-01'

3S - 6P 2500. 0.527 -·0.283
2680.4A 5000. 0.573 -0.257

c== 0.19£-+-18 10000. 0.653 -0.186
20000. 0.749 -0.143
30000. 0.785 -0.108
80000 0.842 -0.356E ..Ol 0.208' -v.162'

3P - 4S 2500. 0.367 0.258 0.85SE-01 0.623E-Ol O.733E-Ol 0.488E-Ol
11397.0A 5000. 0.420 0.296 0.937E-01 0.135E-Ol O.797E-01 0.S84E-Ol
~- O.59E+20 10000. o .466 0.355 0.103 0.8511::-01 O.S70E-Ol 0.681E-01

20000. 0.515 o .333 0.114 O.97·1E-01 0.953F.-01 0.783E--01
30000. 0.552 0.329 0.121 o .105 0.101 0.846£-01
80000. 0.702 0.228 0.140 0.12 5 0.116 a .101

3P .- 5S 2500. 0.405 0.276 0.865£-01' 0.615E-01' 0.702£-01" 0.461E-Ol'
6158./lA 5000. 0.468 0.339 O.970E-Ol 0.773£-01 0.789E-Ol· 0.600E-Ol'

c'" 0.70E+19 10000. 0.508 0.376 0.109 0.925E-01 0.8S4E-01' O.73lE-01'
20000. 0.563 0.363 0.122 0.108 0.991E-Ol 0.862E-01
30000. 0.589 0.339 0.130 0.117 0.106 0.940E-01
80000. 0.732 0.254 0.154 0.141 0.125 o .114

3P -- 65 2500. o .780 0.519
5151.9" 5000. o .891 0.611 0.181' 0.129'

c= O.25E+19 10000. o .974 0.654 0.204' 0.162*
20000. 1.10 0.634 0.229* 0.195' 0.186' o .154'
30000. 1.19 0.542 0.245* 0.214' 0.198' 0.170'
80000. 1.46 0.374 0.289' 0.262' 0.234* 0.210*

3P - 7s 2500. 1.52 0.920
4750.61, 5000. 1.73 1.12

c= 0.12E+19 100ao. 1.90 1.12
20000. 2.19 0.9&6
30000. 2.45 0.832
80000. 2.93 0.528 0.539' a .48 ()'

3P -- 3D 2500. 0.312 0.219 0.809E-01 0.521E-Ol 0.711£-01' 0.404E-01'
8191.1." 5000. 0.355 0.241 0.877E--01 0.626E-Ol 0.765E-Ol 0.494E-01

c= 0.74E+19 10000. 0.385 0.244 0.954E-01 O.732E-01 0.824E-01 0.584£-01
20000. 0.413 0.227 0.104 0.843E-01 0.891E-Ol 0.676E-Oi
30000. o .Ii 28 o .200 0.110 0.910E-01 0.936E-01 O.732E-Ol
80000. 0.474 0.136 0.126 o .109 0.106 G.879E-Ol

3P - 4D 2500. 2.25 0.809
5686.4A 5000. 20 22 0.772

c= 0.13£+18 10000. 2.11 o .669
20000. 1. 97 0.550
30000. 1. 88 0.450
80000. 1. 65 0.254
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NE= O.1E+17
ELECTKONS PRO'fONS IONIZED HELIUM

TRANSITION TIK) 2WE(A) OEIA) 2WI(A) 01 (A) 2WIIA) DI(A)

3P - 5D 2500. 4.62 1.43
4981.4A 5000. 4.86 1.45

c= 0.52E+17 10000. 4. 81 1.24
20000. 4.59 0.993
30000. 4.40 a . 8 a 8
80000. 3.82 0.426

3D - 5P 2500. 7.85 -4.29
17038.7A 5000. 8.74 -4.29 2.14' -1.14'
c= O.14E+20 10000. 9.86 -3.25 2.31' -1.42'

20000. 11.5 -2.58 2 .48 * -1.69' 2.20* -1.34'
30000. 1 2 .3 -2.26 2.59' -1.85* 2 .28' -1.47'
80000. 13.6 -1. 04 2.90 -2.26 2.51 • -1.81'

3D - 6P 2500. 11 .1 -5.81
12309.2A 5000. 12.5 -5.67
c= 0.39E+19 10000. 14.2 -4.25

20000. 16 .3 -3. 01
30000. 17.1 -2.25
80000. 18.4 -0.564 4.39* -3.46*

4S - 4P 2500. 3.56 -1 .a 1 1 .03 • -0.421' 0.974' ··0.325'
22070.0A 5000 . 3.86 -1. 84 1.07 -0.508 1. 02' -0.400'
c= 0.53E+20 10000. 4.40 -1.62 1.12 -0.595 1. 05' -0.474'

20000. 5.29 -1.23 1.16 ··0.686 1.09 -0.550
30000. 5.89 -1.05 1.20 -0.742 1.11 -0.596
80000. 7.23 -0.658 1.30 -0.888 1 .18 -0.716

4S - Sf 2500. 2.98 -1.55
10H7.0A 5000. 3.25 -1.52
c= 0.S7E+19 IOOOO. 3.72 -1.21 0.938* -0.548'

20000. 4.38 -1.02 1. 00' -0.651' O~901k -0.516'
30000. 4.70 -0.797 1 .04 • -0.713' 0.931 ' -0.568'
80000. 5.31 -0.387 1. 16 -0,868 1.01' -O.~97'

4S - 6£1 2500. 5.55 -2.97
86SG.3A 5000. 6.04 -2.74

c= 0.19£+19 10000. 6.87 -2.00
20000. 7.92 -1.49
30000. 8.34 -1.15
80000. 9 .02 -0.292 2 .17' -1.70'

NE" 0.lE+18
lS - H 2500. 0.191 o .126 0.121 0.308E-01 0 116 ' 0.238E-01*
5891.8,\ 5000. 0.211 0.150 0.126 0.373E-01 0.123* 0.294E-01'

c= 0.30U20 10000. 0.249 o .176 0.128 0.437E-01 o . 125 0.348E-01
20000. 0.322 0.lS0 0.130 0.504E-01 0.127 O.404E-Ol
30000. 0.381 0.182 0.132 O.545E-01 0.128 0.438E-01
80000. 0.551 0.129 0.136 0.653E-Ol 0.131 0.527E-01

lS - 42 2500. 0.648 -0.206
3302.61\ 5000. 0.724 -0.124

c= 0.1210+19 looeo. 0.863 -0.359E-Ol 0.224* -0.828E-01*
20000. 1.00 0.293E-01 0.233* -0.100'
30000. 1.08 0.591E-01 0.238* -0.111* 0.227* -O.877E-Ol*
80000. 1.26 0.641E-01 0.251* -0.136* 0.236' -0.109'

35 - Sp 250U. 1.98 -0.749
2352. BA 5000. 2.19 -0.734

c= 0.40[+18 10000. 2.53 -0.494
200~0. 2. 95 -0.378
30000. 3.12 -0.281
30000. 3. 4 '7 -0.108
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NE= 0 1£·.-18
ELECTRONS

TRANSITIO~~ T\K) 2WEIA) DE(A)

35 - 6P 2500. 4.39* -1.41'
262C.4A 5000. 5.24* -1.55'- - 0 19E+.l3 10000. b.21 -1.14

20000. 7.28 -0.921
30000 1.68 -;).748
80000. S .32 -0.326

3? - 4S 2500. 3.67 2.37
1l:·9-i.OA 5000 4.20 2 .83
C:.::: o .5';E+20 10000. 4 .66 3.45

20000. 5.15 3.28
30000. 5.52 3 .26
80000 7.02 2. 27

3 P - 5,; 250~) . 4 .04 2.33
6158 · f.A 5000 4.68 3.C9
= o. i~r.19 l~O()O. 5.08 3. 55

20000 5.6] 3.50
:~o 0 0 0 5.89 3.32
30000 7 .32 2 .54

3F - t s 2500. 7.76* 3.84'
51:'l :.1;\ 5000 a ." o 5.15

c== (':.25E-t19 10000. 9.74 5.87
20000 11. a 5.92
30000 11. 9 5.12
80000. 14.6 3. 71

3P - 3u 25(:0. 3.12 1. 97
8191.1.'\ 50CO. 3. 55 2.21;

c= 0.7.;[.,·:9 10000. 3.85 2.34
20000. 4.13 2.20
30000. 4. 28 1 .97
80000. 4.74 1 .36

3P - 48 2500 12 .8 4.00
5686 · '1A 5000. 1.5.3 4.81

c-= 0.13£+lB 10000 16.3 4.63
20000. 16.3 4. 08
30000. 16.0 3.50
80000. 14 .8 2.32

NE·" Q . .!..E+19
}S .. 3£' 2500 1 .90 1 .12
58'11 . 8"', 5000 . 2.11 1 .41

c= 0.30:;+20 10000. 2.49 1. 70
20000. 3. 22 1.78
30000. 3 .81 1 .82eoooo. 5.51 1.29

3S - 4"' 2500. 5.62 -1.1S
3302 · G.?!. 500a. 6 .89 -0.586

c-.::= 0.128+19 10000. 8.45 0.146
20000. 9.91 0.593
30000. 10.7 O. i39
SOOCIO. 12.5 0.659

PROTONS
2WI{A) DI{A)

IONIZED HELIUM
2WI(A) DI(A)

0.831* Q. 4]1;' :l . I>39' 0.300 •
0.930' 0.602' 0.784* a . 451 •

1. 03* O.757·~ 0.865' o . 5 ~.,'.
1.14 0 ..907 o .952 • o . 716'
1 ..21 O.99S 1 . 01' o .791'
1 . .:.1 C 1.22 1.16 o .977

1. 22'
1. 30 *
1.53+'

0.749'
0.859'
0.943'

1 . 04'
1. 10'
1.26

0.7'l6~
1.09 "
1 . 22'
1.28 >

1.31'
1.36

0.929*
1. I):;' It

1 . 34 •

0.308"
0.475'
0.625"
0.767'
0.$48"

1.05

0.17Q'
0.275"
o . 368·'
0.4:;5'
0.505'
0.628

1. 06'

0.812'
0.887'
a.9.p*

1 .06"

O.oi77*
C . 600'
0.£70'
0.841'

1.23"
1 . 26'
1. 30*

0.355'
O. 398'
o . 502'
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SUMMARY: The subject of the paper is the earlier and present importance of second
level examinations. The data of :1 general analysis are presented. They indicate not
only some problems of second levels, but also give informations on level triers whose
properties are weakly known at present.

Bull.Obs. Astron. Belgrade NO 142 (1990),79-81

For levels it is very important that the tempera-
ture difference at some parts of the tube is not large.
According to Drodofski (Drodofski, 1956) in the case of
a tube t50 mrn long a temperature difference greater
than 0.009 C already causes a measurable effect in the
position of the bubble. It is difficult to satisfy this requ-
irement. Sardy (Sardy, 1965) measured temperature di-
fferences. equal to 0.25 C on the average, on the outer
sides of levels in the field conditions and for the levels
examined by him a change of ..T" in the geographic
latitude determined by use of Talcots method due to
a temperature difference of i C at the level ends was
found. Drodofski's datum concerns the hydrostatic
influences only. whereas Sardy 's effect corresponds to
a sum of influences both of hydrostatic and mechanical
character. The therrnomechanical influence is a function
of properties of the level· tube housing. The housing
can produce a change in the tube's curvature already
at a uniform temperature distribution. In the case of a
nonuniform temperature distribution its influence is
significantly larger and more complicated (Tarczy =Hor-
noch, A., 1964).

The hydrostatic effects may have a more ge-
neral character, whereas the mechanical influences are
practically different for different levels. This means that
one should carefully examine the level behaviour within
an inhomogeneous temperature field. This behaviour is

UDC 528,541
Preliminary report

usually not taken into account because it is thought
that the tube is welt isolated from outer influences.
but unfortunately this statement is not true.

a) At the geode tico-geophysical Institute in
Soprano in 1964, two levels (in further text level A and
level B) were examined with a photo-automatical trier.
One level was put on a trier (Tarczy=Hornoch, 19:59)
and then its ends were heated by lamps. Between the
lamps and the levels was a glass wail 10 nun thick. A
lamp was at the distance of 1 m from the level's body
(position f), i. c. shifted by 40c with respect to position I
(position ll). The heating was carried out with an in-
Iralarnp (power 250 W), or with a normal tamp (power
300 W). The beam was directed to the part of the level's
end containing the correction screws ( H ). i. e. to the
opposite end (,,- ~). The hovel was read every minute.
The cooling interval between two successive groups of
rneasurerne nts was '-I minutes. When the position of the
bubble's middle was determined (expressed in parts of
the level constant), a significant difference in heating.
between the two kinds of lamps, as well as a prominent
in Due nee caused by the heating of the level's ends con-
taining the correction screws, were established. Practi-
cally, there was no difference in the effects for positi-
ons I and Il. After the heating was finished the bubble
would come back to its rest position along a Iogaritu-
mic spiral trajectory. Since the major part of the normal
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lamp effects was absorbed by the glass, the shifting of
the bubble was in this case about three times smaller.

On the basis of these examinations one call
conclude that it is desirable to pu t a level within a pro-
tective shell in such a way that the correction screws
should be covered and a glass slab situated in front of
the level in order to protect it from the direct influence
of observer who radiates like a normal lamp whose
power is 100 W (Te leki, 1965).

b) Level A was heated along its length with elec-
rric heaters. The heaters (each one having 0.5 kW power)
were at the distance of 170 em from level B. A 0.5 kw
heater changed the position of the bubble's middle bv
a very small amount (0.2 level constants) and the bubh!~
came back to its rest position within 5 minutes. A hea-
tel of I kW shifted the bubble by 1 level constant and
to come back to the rest position the bubble needed 25
minutes.

Level A was permanently under heating and the
change 1fI the bubble's position was observed from the
moment of turning the heating source off. The time
interval necessary to the middle of the bubble to come
back to its original position was one hour. Later on,
during the cooling process, the level ends were two
times, the first time for 5 minutes, the second time for
10 minutes, heated with infralarnps. This caused an un-
certainty in the bubble's position and a long time in-
terval was necessary for the bubble to come back in the
state of equilibrium.

The levels A and B were heated under the condi-
tions mentioned above with electric heaters of 1 kW
power. After the bubble had reached its rest position,
the positions of the levels were changed by 180°. The
position of the bubble of level A had a change of 1.8
level constants after rotation and to reach the state of
rest it needed 24 minutes. In the case of level B the rest
state of its bubble was already reached after 16 minutes
~H1d the change in the bubble's middle position was
1.8 level constants.

The results of these measurements also indicate
111" different character of the levels on the one side and
the necessity of level protection on the other side;
lJl the case of existence of temperature gradients the
position of the bubble had significant and long-lasting
changes. This fact is especially important for those
observations where instruments are rotated and there is
EO time enough to wait for the bubble to reach its rest
state again.

c) The determinations of the constants for level
A and level B in the presence of a temperature gradient
were performed on a classical level trier of the type
..Bamberg" No 5023 which belongs to the Geodetical
Institute of Faculty of Civil Engineering of Belgrade
University. The levels were heated along their lengths
from the distance of 170 em with an electric heater
whose power was 1 kW. The trier was covered so that it
suffered no direct radiation. The bubble length for
both levels was 25 level constants and the mean external

temperature was + 18 C. Wanach's method was used.
The examinations began only after the bubble had rea-
ched its state of rest.

The levels were examined by two observers in
two positions (of the levels). In the first position (I)
the screws were opposite the heater and in the second
one (11) they were closer to the heater.

Table I

level 11

N M F N M

A 1.12136 0.050 0.056 i.I2123 0.060
1.12276 0.065 0.073 1.11410 0.060

B 0.80636 0.057 0.046 0.81505 0.096
0.80949 0.116 0.096 0.81160 0.109

It is seen from Table 1 that there is a systematk
difference in the level constant value depending on the
rectification screw position. For level A from the mean
values of the data concerning both observers one obta
ins a difference of 0·"00438; for level B the difference is
-0':'01040.

AU our examinations concerning the asymmetrical
level heating point out that the problem is serious.
Since it is very difficult, or perhaps impossible. to sati-
sfy completely Drodofski's condition concerning the
temperature difference at the tube's ends (Drodofski,
1956), a better level isolation becomes necessary. If
we carry out the isolation, and especially if we do
not, it is necessary for any level to know also the chars-
cteristics in the case that the level is within a variable
temperature fieJd. The results of these examinations
indicate that the level constant at almost the same mean
terneprature has different values. According to Drodof
ski as level characteristics in addition to the constant one
should also assume the durations of oscillations and
damping and the highest possible accuracy of measure-
ments with a given level. These data in Drodafski's
opinion sufficiently characterise a level in the course
of its using.

It is true that our instruments, including the
levels as well, are seldom within a homogeneous tempe-
rature field. Knowing this and also that mentioned
above one concludes that Drodofski's characteristics
give no real picture of a level. Drodofski's opinion
should be, certainly, taken into account, however the
data proposed by him neither characterise a level suffi-
ciently, nor give a real picture of it and therefore a~i.

level characteristic one should assume the datum con
cerning its behaviour within an inhomogeneous tempe-
rature field. In astrornetrical and astrogeodetical praxis
these data are necessary, whereas the data concerning
the durations of oscillations and damping are of no
practical importance because there is time enough for
the bubble to reach its rest state.



ivy Levels should be thoroughly examined at all
temperatures at which they are used. A special attention
should be paid to the level behaviour at low tempera-
tures.

v) One should verify the constant of the disc
belonging to the trier serving for the purpose of leve 1
examining. The trier should be well isolated from
ex ternal effects.

All the examinations and analyses indicate that
the levels are very large sources of errors of different
kinds. For this reason levels should be examined in de-
tail, comprehensively and with a special care, so that a
prior knowledge of them is required.

BEHAV lOUR OF LEVELS IN THE COr-.;DlTIONS OF ASYMMETRICAL HEATING

Or. the basis of the results obtained from the
examinations of levels A and B and of other ones (Sa-
dzakov, 1969) ani: can point out the following.

i) Any level is a problem for itself requiring thus
a special examination.

ii) Levels are 110t sufficiently isolated from tern-
perature influences. The correction screws are the main
source of trouble. For this reason it is necessary to put
a level within a protective shell and to separate it from
the observer with a glass slab.

iii) For every leve lone should specify the datum
describing its behaviour within an inhomogeneous tern-
perature field. This characteristic is necessary to any
astrometric and astrogeodetic measurement.

C. CaJ,laJ{OB

nOHAWAfbE JUffiEJJA nPH ACI1METPWIHOM fPEJAfhY

AC'rpONOMCKa oricepbaropuja, Beorpaq, Bontuna 7, Jyrocnabu]a

vnx 528.54l
Ilperxoquo caotuurense

rOBOpH cc 0 3Ha4ajy YlCIIl1rHSafh3 CeKyliJ~HHX rni-
Gena npe H cana .. ilaTI1 /;y nonaun aHaJIJ.1.]C Ol1UJTer xapax-
Tepa. KOjl1 yxasyjy He caxo H3 HCKe npocncxe CeKjl1AHliX

JlHOeJla, Hero najy IiH¢OpMaI~HJY 11 Q I1Cl1HTHBdlbY J!}f6cJra

411je cy OC05l1He sa cana ~laJIO noauare.
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VALUES OF BELGRADE LATITUDE OBTAINED IN THE PERIOD
1969.0-1975.0

R. Grujic, M.Djokic, V. Milovanovic, L. Djurovic

A stro no mical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

(Received: March 5, 1990)

SUMMARY: The values of Belgrade latitude obtained in the period 1969.0-1975.0
are presented here.

The latitude values presented here (Table 1)
arcsubjectof the analysis of the variations in the latitu-
deof Belgradegiven in the paper by Grujic, Djokic and
Jovanovic(1989). The observations comprehend a peri-
odwithin which the conditions of deriving the latitude
valueswere the most favourable with regard to the pro-
grammecharacteristics and the number of observations.
Forthis reason the mentioned period has been chosen
for the purpose of examining the fine change of the
Belgradelatitude and the other nonpolar changes (Z
term).The six-year period has been taken in order
toobtain the value of the Belgrade mean latitude and

its change by applying Orlov's formula which eliminates
the Chandlerian annual and semi-annual periods. The
latitudes are reduced to the FK4 system. No expla-
nations of the designations appearing in the title are
given because they are usual.

REFERENCES
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BPED.HOcrn UII1PI1HAliEOfPAD.A D.OliJ1JEHI1X 113nOCMATPA'lKOf
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Acrpononcxa ottcepbaropuja, Bonruna 7, 11050 Beorpaq
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Ilare cy spezraocra WHpHHa xopaurheue 1<OAaaanase npoMeHa WHpHHe Beorpana y pa,n;y I'pyjuh, D01<Hll H JOBa-
HOBlm /1989/.
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VALUES OF BELGRADE LATITUDE OBTAINED IN THE PERIOD 1969.0-1975.0
----.---~.-----------.--- ----- .•.--------.--.-- --_._-

..1 7 S9P. ~ . ~(; , . le.5ce le.,:1.,2'7
-' - , ,

7 90Q -;· ....r; 10.S05 10. :~C5O .."V.)'::i./ c: ~
11 '3C2.375 ;1.u I 10.581 1(' .403
12 903.365 hD I 10.551 10.'732
12 903.525 hD II 10. 52L~ 10.50'1
13 904.365 V1"1 I 10.510 10.652lq 910.355 hD I 10.482 10.578
25 916.345 Vh I 10.533 10.414
~c; '-:116.515 HG II 10.614 10.415c./
29 920.335 V1-1 I 10.447 10.547
29 920.48C VN II 10.485

1(:71
I 19 971.34(' ~G II 10.166

20 972.355 Vl1 II 10&314 10.332
23 975.355 RG II 10.'282 10.403
23 9'15.515 RG III 10.316 10.237
30 982.505 HG III 10.446 10.350

II 10 993.510 HG III 10.177
11 994.295 ['m II 10.375 10.221
11 994 •.485 hD III 10 ..483 10.249
12 995.285 Vl'1 II 10.144- 10.299
12 995.475 VM III 10.269 10.14D13 996.285 RG II 10.214 10.187
13 996.470 RG III 10.345 10.172
16 999 •.260 LD II 10.341

2441000+
III 10 021.560 RG IV 10.016 10.186

12 023.530 LD IV 10.275
13 024.385 RG III 10.423 10.Qli9
13 024.555 RG IV 10.093 10.211
F,' 026.400 t'lD III 10.218--18 029.365 t'lD III 10.225 10.126
18 029.535 i'in IV 10.137 10.184-
20 031.365 RG III 10.132 10.012
20 031.535 RG IV 9.970 10.172
22 033.365 an III 10.236 10.1C8
24 035.525 LD IV 10.346 10.176
25 036.380 t'lD III 10.306
25 036.520 MD IV 10.229 10.388
26 037.350 LD III 10.3n 10.194-
26 037.515 LD IV 10.104- 10.197
31 042.32 ~ RG III 10.113 10.027

IV 2 044.480 LD IV 10.350
? 0'+9.340 RG III 10.082
8 050.315 ~1D III 10.282 10.229
8 050.485 hD IV 10.103 10.240
9 051.315 1:D In 10.053 10.048
9 051.485 LD IV 9.972 10.268

14 056.320 f'lD III 10.089
14 056.465 HD IV 10.272 10.357
15 057.465 Vl'1 IV 10.129 10.059
16 058.465 LD IV 10.118 10.191
18 OGO.h55 HD TV 10.180 10.172
20 062.310 LD III 10 ..159
20 062.L145 LD IV 10.044 10.180
21 063.445 I"iD IV 10.099 10.304-
21 063.590 f-m V 10.246

I' 7 079.430 LD IV 10.213v
9 081.3°5 j''-iD IV 10.10,1 io.re»

10 0[,2. ~'7C 'VI" IV 10.lC:~
11 083.38S LI) IV 10.G~:::; ~(J. 08,S
11 08').57C 1:D l' 11. ,.13?-I
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VALUES OF BELGRADE LATITUDE OBTAINED IN THE PERIOD J969.0-1975.0

11 236.305 V1"l VI 10.661 10.726
11 236.475 VI". I 10.7;:·;:: 10.7(')
1 ,-) ~3?. :)I,~-I:) LD 1fI 10.699 10.666~L

'? 237.%5 LD I 10.654 10.675.1.<-

13 238.305 I'ID VI 10.531 10.610
14- 239.295 HD VI 10.700 10.634
14 239.465 rID I 10.568 10.581
19 244.285 LD VI 10.54? 10.567
19 244.470 LD I 10.75620 24-5.285 Vl\~ VI 10.61C' 10.644-
20 245.445 V1·1 I 10.664- 10.58722 247.275 T.JJ VI 10.661 10.505
22 247.'-+45 LD I 10.729 10.778
23 24-8.275 VM VI 10.642 10.637
23 24-8.435 VM I 10.606 10.736
24 249.275 !'ID VI 10.605 10.484-
24 249.435 HD I 10.615 10.654-
26 251..240 LD VI 10.568
28 253.·425 t-ill I 10.627 10.724
29 254.425 LD I 10.565 10.648XI 5 261.••.405 LD I 1.0.500 10.4-90

5 261..565 LD II 10.561 10.545
6 262,AOO VM I 10.560 10.553
6 262.565 VM II 10.677 10.6478 264.395 MD I 10.532 10.5518 264 •.580 MD II 10.62411 267.385 HD I 10.749 10.61811 267.520 r-ID II 10.54915 271.680 rwm III 10.61727 283.345 VH I 10.612 10.4-99

27 283.505 VN II 10.437 10.559XII r-: 293.340 LD I 10.488(

7 293.500 LD II 10~57410 296.305 LD I 10.625 10.692
15 301.295 VM I 10.550 10.629
15 301.455 VN II 10.625 10••59222 308..275 VM I 10.464- 10.4-95
22 308.440 VM II 10.57223 309.275 HD I 10~448 10.•%6
23 309.410 MD II 10.315

1972
II 2 350.350 RG II 10.476

3 351.325 HD II 10.512 10.5265 353.315 RG II 10.267 10.44217 365.285 rm II 10.444- 10.44917 365.455 rID III 10.358 10.50216 ~66.280 LD II 10.438 10.38268.250 RG II 10.31626 374.255 RG II 10.•272 10.29026 374.410 RG III 10.358III .. 378.270 JiG.l- II 10.2831 378.425 RG III 10.356 10.2el4 331.415 RG III 10.243 10.184±~ ~~g:~~~ LD III 10.228 10.250Mn TIT 1C.26:1 10.54}
91
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1t, 3(~1~;35 ;(C IT!. 1 , ]C lO.3'J.5...••.. '-,' .
:/~ 391.:J5·5, ~{(~ I'! lU.4).::: !.C • ~::::~~

l~ 3~'2.?~":;5 ; '-~
1..1 1 io. 2f~') 10 c,+2'j

-, r- 3Y2. ~,45 .:D I} lC.3~:'(- lO.3'7(;..L' )

7';4.375 1 ~." :",1..: lC .•2~'~9 lOr32S
~- (

1."!J.)

l\A 396.365 rlG T:LI J..~\•.2!k~) 10.5"':':)
20 397.3,30 LlJ '1'- - 1:''':'~:)?2.-J.. .J..

2U 397.525 I,D IV 10.132 10,335
zi 398.550 r·:n IV lO.3dS,
25 402.34:; I~G III 10.215 lO.2l0
jfJ 4D7.335 LD III 10.211 10.155
31 408.310 [~ III 10.321

J'V ') 410.470 :-;.G -" Ie •.:::,:~4
L ' "
7. 411..325 - " ill lG.C9c:: 10.082
_J U:
4- 412.510 t-. ..U IV 10.2'+7
,- 413.325 I~G III 10. ~?::'l 10.114
7 la5.46o I'ill iV 10.1"h
8 416.290 RG III 10.223
~ 416.480 RG IV l'2.208 10.2360

1.0 418.305 LD II.~ 10.263 10.037
-:;.;> 4-3 0 ,.J+1~5 dG IV 10.277 10.209
~c 437.4-00 RG IV l(;~139«:

v s 444.405 RG IV 10.199 10.148
6 444.570 RG v 10.12(,' 10.137
'1 445~420 MD IV 10.2l1
8 4JHS.395 LD rJ 10 •.099 10.l64-
.::3 446.565 LD r r 10.122 100129'I

1.7 t~55.350 RG IV 10.233
:.~ 460.365 LD IV 1O.2L~3 10.258
22 4~O •..535 LU 'T 10.225 10.296v

;:',z; 461.355 rill IV 10.lb4 10.392
'-'.'"
'JA 461 .•525 1·1D 'l 10. ;~Ol 10. 211-!-·
'--./

24 462.355 "Q'r'O ::J 10.50S 10.220•• '-.I

::~j- 462.525 nc V 10.112 10.C9?\"J

25 4637320 L-D IV lO.l}::;
26 LI-6Lt-.:320 xn :'V 10.1('2
/0 467.360 LD rJ H). 00')
._/
'")q '1-67.530 l:.D v r 10.074-
-.' 'f

7,(\ 468.325 hD IV 10.2:14 10L21(:;,v
30 468.495 I-lD '7 10.2::2 10.267,
31 469.350 ~." IV 10.183,U.\J

31 460.1~95 R" v 10.25'7 10.1::;9• l;
\:---.£ .., 474-.Ll-85 LD V 10.2.95 lO~~2:"

.»

6 4.75.315 f'ill IV 10.121';- 10.156
S 4·75.460 ED V lO~2nl
r-s 476.315 RG T.V l·;).l'-}O 10.2(:6
(

7 476.!~W:' ,-\,-, 'J lC.163 10.0BOit'..;;

G 477.31·j,O LD "'1" ~ yo 10.153l."
c 47'1.500 LD 'l 10.124-
<;1 4'('8.330 I':D 11.[ 10.16')
C. 478.475 ED v .lC.:!b8 10.259
"15 484.480 ~" V 10.132J..I.lJ

1'7 486.4-55 '"_F' 'ol 10.11C. 10.192
I

1,U

21 490,..450 RG » 1C.l(~t:: 10.165
:;.:, 494.435 HG V 10.1);':-, lOti??,-/

2Ej 495.435 IJj V lC,;_C:cl 10.233
,··,r) 497.450 RG 'I 10.227'c: "-~
, .... '-, 497.5';0 !-IG VI 10.)o~,.::t:
29 !~gf'.!.!.;:-. 5 I~ 'i lC .J_J ic, U')fJ

".:1...1- 2 ;,01.41'j R:~ "./ 1')~~)1'l lr, ")-:'-,
V .• r_~-,(

) e,.r,L!.. Llf-:::: i '"'\ :"
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VALUES OF BELGRADE LATITUDE OBTAINED IN THE PERIOD 1969.0 1975.0
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16 ;15.350 tiG V 10. j').:.
12 517.34-0 !-:D V lC.23018 517.510 -.-, VI 10.11'7~. ':".1.)

1';l 518.340 RG V 10.193
20 519.510 -m VI 1f'I 'A.\v~..LJ\J

30 529.360 filD V 10.165
VIII 9 539.315 ED V 10.l?3 10,259

9 539.4-50 nn VI 10.2'7611 541.305 I'lD V 10.196 10.179
II 541.450 ND VI 10.,29514- 544.490 t'lD VI 10.24527 557.280 f'lJ) V 10.29227 557.4-00 HD VI 10.350

IX 1 562.415 ~ID VI 10.338 10••2906 567 •.4-00 RG v"T 10.430 10.415
'7 568.395 LD VI 10.508 10.53'1;

14 575.375 RG VI 10.4-71 10.399
1'+ 575.:)20 liG I 10•.532
U3 579.34D RG IfI 10.442
22 583.355 LD VI 10.21-67 10.514-22 583.550 LD I 10.52125 586.355 RG VI 10.530 10.39128 589.345 liG VI 10,,4(35 10.47'1-

X ~5 606.455 rID I 10.354 10.35'117 608.310 1-11) VI 10.4&324- 6~5.460 ~m I 10A3625 616.260 RG VI 10.453 10•.455
25 616.4-30 RG I 10.500 10.510
26 6~7.265 LD VI 10.670 10 •.67826 617.425 IJJ T 10.619 10.595...
27 618 .•260 MJJ vr 10 .•.390 10A9927 618.425 fiill I 10.592 10.36331 622 •.245 l"lD VI 10.455 10 •.7,'7631 622.415 Fill L 10.5'75 10.3:04-

1.'"1 1 623.245 BG VI ' n - ')1 10.656J...\J. 7c:..~1.
1 623.4-15 RG T -e (\ r- .". " 1{jei1~7.1. J..1•...•·7.')'-!-
4 626.4-05 RG I 10 •.632 10.511
7 629.370 IvID I 10.521
8 630.395 RG I 10.695 1'"" r r-""

.V.O)) ...c 631.'+20 LD I 10,7C?/

12 63'+.385 RG I 10.510 10 ..527
2" 650.350 r-iD I 10.476D

28 650.4-80 HD II 10.L~-83XII 3 655.325 RG I 10.568 10.S06
r: 656.325 LIl I 10.520 10 0 LKS2"+

20 672.275 HG I 10.1.j-E)1i-10.5;:':620 672.445 HG II 10.511+ 10...653
21 673.275 LD I 10.522 1C.LL9323 675.24-0 ~lG I 10.L;.>51
28 580.2;)5 n'~ I 10.562 10.:;)14-1."\.'J

29 681.270 1Jj1) I lC~511
1973

I 13 696.240 HG i: 10.il·311'+ 697.3'75 ND II lG r.l 4-60 10.44;·20 703.330 HG II lC}.49~2<:; 708.370 LD II lO.5iJ.-5-'25 709.345 rID II 10.;:)4- 1 .-, -.t: 'Z,J..t .....• ./ ''/
II 6 720.L;·75 flG III 10..469 lO.43'~

8 722.450 LD III 10.1(:'r~~12 7~~G.3951 I.D II 1 f\ :, !)i") lO.56C......v. '+<.A·)
j.c 72E·.,I.~G') Pi'"!. I!I IC. ?:(~~~ lG.53e'0 ?33.25C IJD II lC"l~21.-'-J
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...~ 19 733.445 RG III 10.467 10.292
III 17 759.375 RG III 10.340 10.340

17 759.54-0 HG IV 10.270 10.382
22 761+.355 LD III 10.394 10.2(--6
;':::2 7&'+.525 LD I "V' lO~350 10.346
23 765.355 j·iD III 10.392 10.186
---;2; 755.525 !'ill IV 10 ..229 10.254-c../
31 773 ..335 RG III 10.231 10.29531 773.505 RG IV 10.336 10.336

IV 2 775 •.325 LD III 10.400 1.0.266
2 775.4-90 LD IV 10 •.309 10.318
7 780.315 RG III 10.312 10 •.365
7 780.%0 RG IV 10.185

17 790.4-30 HD IV 10.250
18 791.285 HG III 10.298 10.25L~
22 795.445 HG IV 10.180 1.0.194-
2i/ 800.435 i'lD IV 10.202 10. 31L!·

V 13 816.410 RG IV 10.19213 816.530 RG V 10.1.95
14 817.385 r-m IV 10.103 1.0.1.38
15 81.8.400 RG IV 1.0.257
17 820.3'75 RG IV 1.0.112 1.0.225
"" ... 824.365 MD IV 10.084- 1.0.1.62.:::.J...

22 825.360 RG IV 10.208 1.0.1.35
24 827.330 R" IV 10.130\::

29 832.345 RG IV 10.098 1.0.286
29 832.505. RG V 10.239 1.0.166
30 833.360 MD IV .•..., ~ 10.165

VI 1 835.335 MD IV 9.996 1.0.0261. 835'.500 MD V 10.238 ao.zzi12 846.470 RG V 10.1.32 10.28913 847.320 MD IV 1.0.193l~ 847.%5 MD IT 1.0.092 10 .•1.'76--~16 850.440 RG V 10.1'5522 856.445 HD V 1.0.234- 10.074VII 5 869.405 RG V 10.092 10.1766 870.405 lill V 10.020 10.1.5610 874.400 HG IT 10.183 10.20412 876.385 RG V 10.210 10.1.0516 880.375 RG V 10.200 10.18419 883.31j.Q RG V 10.23821 885.365 :dG V 10.106 1.0.185
31 895.335 RG V 10.271 1.0.335VIII 1 896.4-80 RG VI 10.25721 91.6.445 HD VI 10.292 10.168

IX 2 928.415 RG VI 10.334 1.0.254-4 930.405 HG VI 10.367 10.371
? 933.370 filD 'IT 10.1729 935.395 HD VI 10.264 1.0.25211 937.380 RG VI 10.4-63 1.0.4-3712 938.350 NJJ VI 10.32515 941.340 RG VI 10.38016 942.365 MJJ VI 10~21.1 1.0.29720 946.365 RG lF1 10.34-7 1.0.36720 9%.550 RG I 10.33125 951.370 RG VI 10.2l229 955.335 RG VI 10.306 1.0.27829 955.505 RG I 10.385 1.0.207

X 5 961.325 MD VI 10.266 10.285
5 961.480 hD I 10.317 10.28210 966.330 l'~D VI 10.377

tt gg~'~2ri 1)(' VI 10.249 10.2LL9.l'.:I

, . 'Ri~ T J ('\. ")~.l rc. 41+994



VALUES OF BELGRADE LATITUDE OBTAINED IN THE PERIOD 1969.0-1975.0
-----.-.-.-----~----...--~.-----~-,.,---...- _._---------_ .. ---- ------~-------.------.-------.-.------.----------~-------- --_.

19 975.470 i:D I lC.~E6 /~'--.
, -23 9?9.25(; l"{G 'II 10.353 "'

26 982.265 ND VI 10.4-38 10.44-;-
27 983.260 HG VI 10.314 10.371
27 983.425 RG I 10.421 10.538XI 1 988.4-15 RG I 10.400 10.52210 997.385 RG I 10.443 10.32418 005.365 RG I 10.476 10.j8819 006.365 ND I 10.317 10.43019 006.550 ND II 10.26720 007.355 RG I 10.383 10~34223 010.330 I'lD I 10.501XII 6 023.290 RG I 10.27610 027.305 un I 10.470 10.42010 027.470 RG II 10.401 10.33216 033.260 RG I 10.538
20 037.250 RG I 10.43820 037.445 MD II 10.423 10.•522
23 04D.435 RG II 10.397 10.344

1974-
T 9 057.385 ND II 10.315 10.379...•.

9 057.555 RG III 10.303 10.35613 061.375 RG II 10.351 10.36313 061.545 ND III 10.455 10.•22215 063.400 RG II 10.35122 Q70.380 RG II 10.469
22 070.500 MD III 10.492
24- 072.515 RG III 10.385 10.19926 074.345 RG II 10.;-283 10.4-0126 074.510 ND III 10.325 10.37529 077.335 RG II 10.392 10.32729 077.505 ND III 10.284 10.138II 5 084.315 I'ill II 10.430 10.4125 084.485 RG III 10.4-17 10.33910 089.300 RG II 10.366 10.42610 089.465 ED III 10.362 10.24212 091.320 r1D II 10.29212 091.44-0 RG III 10.42516 095.285 RG II 10.410 10.42116 095.455 MD III 10.4-08 10.22027 106.255 l'ill II 10.397 10.35527 106.425 RG III 10.345 10.30928 107.255 RG II 10.408 10.39628 107.400 I'lD III 10.425III 3 110.24-5 RG II 10.429 10.368

3 110.4-15 un III 10.346 10.2l912 119.385 l'lD III 10.284 10.14-712 119.555 RG Dr 10.268 10.38414- 121.385 RG III 10.326 10.264-14- 121.530 l'1D Dr 10.39719 125.370 RG III 10.360 10.31219 125.535 I'iD IV 10.324 10.4-1921 127.365 RG III 10.402 10.25221 127.525 lID IV 10.206 10.29726 133.345 ED III 10.373 10.322
26 133.515 RG IV 10.24-8 10.361
28 135.37G I<D III 10TIG5
28 135.515 so IV 10.289 le.Lnc

IV 3 14-1.32) i:iD III lL.27C 10.176
~ 14.1.4.0(; pc:;. IV 10.267 10.362

144.2SC "',-. LJ.. ..•.• 10.375,..
0
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