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Weil posed solution of Schwarzschild
integral eguation in case when the
extinction law is known

Tadeusz Marian Jedryka Walter Wegner

In paper [2] we investigated the well posed solution of Schwarzschild
integral eguation (see Theorem 1 in [2], p. 85)

/“O D(r) ip(m+ 5—5logr —2I(r)) r dr = A(m),

-00

which may be written in the convolution form
+00
/.
where it was assumed, that the extinction A(r) =constans.
Now in this paper, considering the relationship
3) m= M + 5log — + A(r)

witli help of easy transformations and substitutions
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we obtain, that
tlV = wr2dr = —(dr3)

and further, that

Putting

a, Slog ea;lOEAy(y)10°-6(!/_‘4(!/)) f\l - g 1

or
ny = Y108ay(y)2 (10067 -~ )))

we obtain the eguation

— A cNO3 / +°° Ay(y)10°-6(y- AY)) {1 - N <(m- y)dy = A(m).
7-00 J

5log e dy
Designing A/ = Ay(y) m10~°'6A" "1 we
1 /++00
u/103 / 10°'6yA/(?/) (p(m —t) dy = A(m)
5log e

and substituting still 7 = m —M we obtain, that

/mo 10-06MA/(m - M) <p(M)dM = A(m)

-00

5log e

and further, that

J r-\-oo
— wio3 / 100.6(m-M)A (M _ ip(M)dM = A(m).
5log e 7-00
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Desiﬂning 3= — and AO(m — M) = 1006(m Am —M) we
51oge
obtain the eguation in the convolution form
/ 400
AO(m - M) <p(M)dM = A(m.)

-00

or finally we obtain, that

/+OO AO(M") <p(m- M') dM' = A(m).

-CO

We can easily verify, that to the last eguation we may apply the The-
orem 1 from the paper [2]. That means, that in the case when the
extinction law is given, the solution of the Schwarzschschild integral
eguation is well posed in sonie bali, and it means, that the solution of
Schwarzschschild integral eguation in case when the extinction law is
know is stable in this bali (cf. [2]).

However we have ujr2A(r) = fIy{y)d—y , where y —5log + Air),
r

and therefore we obtain, that

(V) i. = 1+ /27rww
[ 1 dr or

That means, that we ha.ve

1 i Q dA(r)
(10) A(r) = n 5log  + A(r)),

where fi is the solution of the eguation in convolution form

/ +00
n(y)ip(m - y)dy = A(m).
-0

Thistheory hasbeen used to obtain thedensity function D{r) of
stars from star counts in some sky field.From  four fields (in Aqu.ila,
Aquila—Sagitta, Sagitta and Cassiopeia) selected at the Astronomical
Observatory of N. Copernicus University in Torun about thirty years
ago the field in Cassiopeia has got rich photometric materiat. With
the aid of this materiat we made an attempt to calculate space density
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function of stars D(r). The field of Cassiopeia is nearly 18.1 sguare
degrees and is centered at 01950 = 23/I57m, #1950 = 59.6°. Hutorow-
icz (1956) used the plates taken with the 8” Draper astrograph at the
Torun Observatory to obtain the photographic magnitudes mpg of stars;
Ampel (1958) obtained the photovisual magnitudes mpv. The catalogue
of photographic magnitudes contains 1730 stars and probably is com-
plete up to 13m.00. The catalogue of photovisual magnitudes contains
3856 stars— probably complete to 13m.20. Gertner (1979) has made the
transformations of the photographic magnitudes mpg and of the photo-
visual magnitudes mpv of these stars to the photoelectric B, V system
assuming the transformation formulae determined by Wegner (1978).

From star counts see Table 1 and Fig. 1 we have calculated the
absolute freguency function A(m) for the stars contained within a solid
angle of one sguare degree (in this work the apparent magnitude m
denotes the visual magnitude V, however the absolute magnitude M =
My). We have obtained

(12) A(m) = 120.61le-°-520(m" 1252
Table 1
m=V A(m) m=V A(m) m=YV A(m) m=V A[m)
8 1.60 10 16.52 115 49.34 13 63.31
8.5 3.20 105 2425 12 84.97 135 5.97
9 597 11 36.80 125 129.61 14 2.98
9.5 8.78

The spectral classification of all stars brighter than rnpv = 13m.20
(1164 stars) was derived from the plates taken with the aid of 24”/36”
Schmidt telescope of the Warner and Swasey Observa,tory eguipped
with objective prism 4° and the plates from the Stockholm Observatory
taken with the aid of the 16” astrograph (objective prism 4.8°). Two
additional plates were taken at the Torun Observatory with the aid of
247 /36” Schmidt-Cassegrain telescope and the 5° flint {F2) objective
prism.

The interstellar extinction curve was built on the base of the colour
excess method. The colour excess E(B —V) has been plotted versus the
apparent distance modulus y = V —My as the first step in construction
of the interstellar extinction curve—see Fig. 2.
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The next step was the adoption of the value of total to selective
extinction ratio

(13) R= E{B-V)"

Putting R = 3.96 (« 4.0)—see Wegner (1988) we obtain the extinction
Ay as a function of distance

(14) V —My = 5log — + Ay.

Then the extinction as a function of distance has been calculated as
dA(r)
dr
The luminosity function ip(My) fulfilling the condition

+00
/ (M)dmMm =1
was obtained from the sample of 1164 stars, for which we know spectral
types and luminosity functions. The derived relative freguency distri-
bution <p(My) versus My is shown in Fig. 3. The least—sguares fit to
the above distribution gives the formuta

(16) <p{Mv) = 0.'18e-0-102(Mv- 4)2.

This result is very strongly dependent on data for stars with My < —3
and My > 5. This fact influences the density function D(r). Further
publications will present the results for the A(m) and <p(M) functions
concerning stars groups for example B2 —B3, BS — A0,A2 —A5 and
S0 on.

Putting the results (12) and (16) into eguation (10) we have received
the density function D(r) in the form

17) D(r) = 1+~ 187.24e~°"120(5log

124j I'3
The run of this function is given in Fig. 4. This figure contains also the
results received by Ampel (1959) for several types and the run of the
density function D(r) calculated with the aid of the simple formuta—
see Kuroczkin (1958)

(18) A(m) -f 1.01510~4.D(f) [r™ —
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where r = riJ72.

In further publications detailed data of A(m) and D(r) functions
for Agl, Agl-Sqe, Sqe and Cass fields for several spectral types will be
discussed.

Fig. 4.

Abstract.

The four fields have been selected at the Astronomical Observa-
tory of N. Copernicus University in Torun about 30 years ago in order
to investigate the structure of Milky Way. The field in Cassiopeia has
been observed most efficiently and a lot of photometric data concerning
this field is collected. This materiat has been used to derive the func-
tion D(r) representing the surface density of stars. This work contains
preliminary results. The detailed results will be discussed in further
publications.

Streszczenie.

W tym artykule rozwaza sie poprawnos¢ rozwigzania catkowego Schwarz-
schilda w przypadku, gdy dane jest prawo ekstynkcji. W pracy pokazano
wykresy funkcji A(m), oraz log D(r) w systemie B, V otrzy-
mane na bazie fotometrii fotograficznej i klasyfikacji widmowej wyko-
nanej przez Ampela (1959) oraz Wegnera (praca przygotowywana do
druku) dla gwiazd w polu Cassiopeia (tt1950 = 23/I57m, $1950 = 59.6°;
18.1 stopni kwadratowych). W dalszych pracach przedstawione zostang
rezultaty obliczenr dla innych pél wyselekcjonowanych w Obserwatorium
Astronomicznym Uniwersytetu M. Kopernika w Toruniu.

O poprawnym rozwigzaniu réwnania catkowego Schwarzschilda w przy-
padku, gdy prawo ekstynkcji jest znane.
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Figure captions:

Fig. 1. The absolute freguency function /I(??r) per one sguare degree
versus apparent magnitude rn = V

Fig. 2. Colour excess E{B — V) versus distance modulus V — My in
Cassiopeia field

Fig. 3. The relative freguency distribution of luminosity function
P(My) as a function of absolute magnitude My

Fig. 4. Density function log jQ(r) per 103;;c3 versus distance r. Circles—
our results, crosses— Ample’s results, points—results derived from egua-
tion (18)



