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DETERMINATION OF THE NUCLEAR RADIUS AND SOME PARAMETERS
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R.E. GUSEYNOV, K.I. ALISHOVA
Baku State University
Z. Khalilov, st 23, Baku, 370145

The method of determination of the central star radius of planetary nebulae has been proposed, when its optical thickness beyond the

Layman series considerably exceeds unity.

At known parameters and data, for many investigated nebulae appropriate determined radius of a central star it is possible to estimate
other parameters of these objects, which in many cases cannot be determined because of the uncertainty.

It is known, that if the optical thickness of nebulae behind
a limit of Layman series is considerably more than unity, then
thé number of L.-quantums, radiated by a central star, will be
equal to the number of Balmer quantums radiated by the neb-

- ula. In this case we have [1]:
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T. - the temperature of the central star, v; - the frequency of
i-th Balmer line, v, - the frequency of boundary of Layman
series), A; - dimensionless quantity is expressed by the rela-
tion

A = =i , @

where E; - the total energy, radiated by the nebula in i-th
Balmer line, E; - the ‘energy radiated by a star in a unit in-

terval of frequencies near i-th Balmer line, which is ex-
pressed by a relation

E; = 4nRlnI, _ (3)
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In (3) R. - the radius of a star, I : - the mean intensity of

star radiation corresponding to the frequency v; near i-th
Balmer line. In (2) E; - is determined as:

E, = E;, = n;A,,;hv;,V , C))
where n; - the concentration of hydrogen atoms in an i-th
state, A;, - Einstein coefficient of spontaneous transitions
i1-»2, V- volume of the nebula, flashing in Balmer line. The
nebula is accepted to be a sphere of radius R and filled ho-
mogeneously by ionized substance. As it was mentioned in
[2], though it is only simplified model, it apparently, well.
represents a true state, especially it is difficult to construct
more common model, which could easily be applied to all
nebulae. '

At first we shall estimate an mtegral in the left part (1),
taking into account that

Then we shall have
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Restricting by the three addends in the previous expres-
sion and substituting it in (1) we have:
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The summation in the right part of (5) is extended to all
Balmer series lines and on Balmer continuum. At known
temperature of a central star T, , it is possible to estimate the
left part of expression (5); in this case the quantum
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given nebula. Taking into consideration (3) and (4) it is pos-
sible to present the formuia (2) as
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In (9) R - is radius of nebula.
Let us accept R=dsin, where d - distance up to nebula,

@ - its angular radius. Thus, at known appropriate parameters
it is possible to estimate the quantity ' .
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In other words parameter A; is expressed by a relation

Then instead of (5), we shall have
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With the formula (11) we estimate the radius of the central
star.

As an example we shall consider well -known investi-
gated nebula NGC 7027. Most probable distance up to this
nebula 1 xps, angular radius 4",0, i.e. linear radius is very
small (6 - 10" sm); besides a central star is rather weak (ap-
parent visual star value 19™,4). It is known, that when nebula
is very small or the central star is very weak, the continuous
radiation in visible region is badly measured color and
Zanztra temperature are determined uncertainly. In this case
temperature of a central star is determined by a Stoa method;
the temperature of a nucleus of nebula NGC 7027 is also de-
termined by this method T.=295-10° K. Knowing that elec-
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tronic temperature T, in this nebula is 1,4-10* K and the
electron concentration is equal to 8-10* sm™, for Balmer
lines H, , Hg, H,, Hs, H,, Hg, Hy, Hw(and also for Balmer
* - 3
. . Y i : X
continuum) we estimated E, oIy » =5 B,
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ated in one Hy line approximately is equal to those of all
Balmer continuum [1).
The results of calculations are given in the table:

J; taking into account, that in quantums radi-

E

Table

Balmer 35 . . 3 3
lines and E{;rgx/sl]o 1, x 10° %’ Byx 10 —Tﬁ—-——-— x10* | B, — X1 x 1071
continuum [erg/sm*s-Hzs,] * et! -1 et -1 ,

H, 11.80 1.83 0.722 2.8700 0.539 - 1.5500

Hg 3.960 2.34 0.923 0.6960 0.952 0.6630

H, 1.980 4.03 1.590 0.1810 1.200 0.2160

Hs 1.150 4.50 1.780 0.0886 1.320 0.1170 .

H, 0.741 5.04 1.972 0.0443 1.420 0.0629

Hg 0.451 5.64 2.070 0.0221 1.490 0.0329

Hg 0.3090 6.21 2.230 0.0085 1.530 0.0130

Hjp 0.0704 6.63 2.350 0.0051 1.560 0.0080

Ba, 0.6630

Xs. . . L-s 4 . .

Z B, ——’rl——i = 3,33 - 107 According to [2] for this nebula T <10*, which is ob-
Ba e - ) o

If the left part of the equation (11) is equal to 2,26 R, then
we shall have the follows

R, =3,84-10° sm

From the literature the radius of the nebula NGC 7027 is
not known for us, but its luminous is known. According to
our estimation we have R for a luminous:
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tained from a relation between a luminosity L and total flux
F, ie. from L=47d’F=47d’10°F (Hg) [erg/s). This relation
takes place only for nebulae, which optical thickness is more
than unity in Balmer continuum, and the luminosity in this
case is determined by total flux of energy radiated by the
nebula in lines and in a continuum wave lengths region
A>912 A, the total flux is approximately estimated as
100F (Hp), where F(Hg) - the radiation flow in a line is Hp.
In [2] it is supposed, that this value can differ from true no
more, than two times, except for cold stars, for which this
estimation is too much lowered.

At d=1 kps=3,086-10%' sm, F-(Hﬂ)=10'8'8'[erg/smz-s] (ta-
king into account the interstar absorption) for a relative lumi-
nosity of a nucleus of the nebula NGC 7027 is really obtained
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~5-10°, At least, according to the above mentioned remarks
and with respect to total flux, it is possible to expect, that the
value of a relative luminosity of the central star of the consid-
ered nebula, obtained by us, should be more competent.

Thus, by determining nuclear radius of the optically thick
nebula in Layman continuum, it is possible to estimate its
luminosity with a greater accuracy as well.

" Now we shall consider questions, connected with deter-
mination of some parameters, which in many cases are un-
known or cannot be determined at all because of uncertain-
ties.

At known distances and angular sizes of the nebula, by
estimating their linear dimensions.R and knowing values of
the radiuses of the central stars, from the known formula

2
W =£ (&J it is also possible to determine the dillusion
4\ R

coefficient w.

Particularly, for the nebula NGC 7027 w =10, Certainly,
it is necessary to have in mind, that here constancy of W for
every nebula, which can take place only at geometrically
small thickness of the nebula in comparison with its radius.

According to formula (7) by estimating the concentration
of the hydrogen atoms in i-th state n; , with formula of dis- |

tribution of hydrogen atoms in excited states, i.e. on
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it is possible to estimate concentration of atoms of hydrogen
in the ground state n; . In (7) and (12) quantum b; indicating
in how many times the ratio of the concentration of hydrogen
atoms in a i-th state, n; to product of concentrations of free
electrons and protons n* in the nebulae differs from value

such relation in a state of thermodynamic equilibrium

nn
with the electron temperature T; in (12) factors P- the por-
tion of electron captures on the first level. It is also accepted
P=1/2; besides in conditions of nebulae it is possible to con-
sider, that n’=0,8n.; at last, the magnitude of the value .
Zi
b.e ‘kT’ has been calculated by Citon [1].
For the nebula NGC 7027 it is obtained n, =1,94-10%sm™.
Knowing nj, according to the formula of ionization in
nebula with the high optical thickness 7, i.e. on ’

it is possible to estimate the optical distance 7 from a star
beyond the border of basic series, in particular Layman se-
ries, corresponding to some average absorption coefficient.

1

n, .
Knowing ———=— and also R and n, [2], according to

n’ .+ n
the .
1
T, = ¥ —— n,R (14)
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it is possible to estimate an optical thickness of the nebula in
Layman continuum; in (14) y = 6,3-10"3sm? — the photoelec-
tric absorption coefficient of hydrogen at once behind Lay-
man series limit.

For the nebula NGC 7027 by known values from (14)

. n
75=91 has been obtained. Let's note,that the value - 1

Il +n1

up to now is not the measurable value, as for as the estima-
tion of this value needs the knowledge of a radiation flow of
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a central star in Layman continuum. For this reason at an
estimation of corresponding values for all nebulae

A .
——2—— =107, while for the nebula NGC 7027 we have

+
n .+'n

ny Lo o :
‘ *—=3.107, i.e. is eliminated uncertainty in numerical
. + ‘Dl
. n 7
value of the expression ——=-—.
n -+ n

Applying shown in this work method of determination of
the radius of the central star of planetary nebulae and receiv-
ing ways of an estimation of some parameters on the example
of NGC 7027 nebula to the planetary nebulae with major
optical thickness in L.-e, in particular we can construct more
exact Herthshprung-Ressel diagram for central stars in the
units of Solar, to determine the numerical values for many
selected nebulae of such parameters, as the coefficient dillu-
sion, concentration of hydrogen atoms in the ground state,
optical thickness and optical distance directly behind the

- Layman series and may be some other parameters.
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PLANETAR DUMANLIQLARIN NUVOSININ RADIUSU VO BO'Zi PARAMETRLORININ T9'YiNi

Layman seriyasinin serhaddinden e'tibaren planetar dumanligin optik qalinlig: vahidden xeyli bdyiik olan halda merkezi ulduzun

radiusunun teyini metodu teklif edilmisdir.

Tadqiq olunan dumanlglarin goxunun uygun parametrlorina istinaden markezi ulduzun tapilan radiuslarina gére bu obyektlarin
indiyedok qeyri-miisyyenlik neticesinde to'yini miimkiin olmayan diger parametrlarini de qiymetlendirmsk olur.
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P. 3. T'yceiinos, K.H. Ansiropa
OIIPEJEJIEHUE PAIINYCA SIIPA U HEKOTOPBIX IIAPAMETPOB INVIAHETAPHBIX TYMAHHOCTER

Tlpennoxen MeToA ONpeneneHus pannyca UEHTPaNbHOM 3BE3/IbI MIIAHETAPHOR TYMAHHOCTH, KOTAa e ONTHYECKas TOIIMHA 3a rpanuued
cepun JlaliMana 3HAYUTEIBHO NPEBOCXOANT €NUHHLLY. .
Tlpy U3BECTHEIX U1 MHOTHX H3YHEHHBIX TYMaHHOCTEH COOTBETCTBYIOLIMX NAPAMETPOB H JAHHEIX MO HAHAEHHOMY pammycy LEHTpalb-

HO# 3BE3/IBI MOXHO OLEHHTb M APYTHE NapamMeTpsl ITHX 06bEKTOB, KOTOPBIE BO MHOTHX CTy4asX HEBO3MOXKHO ONPEAS/NTD H3-3a Heonpeae-
JIEHHOCTEIHA.

Hama nocmynnenua: 09.06.99 Peoaxmop: 2.C. Kynues



