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ON THE DETERMINATION OF FUNCTIONS N(m) AND A(m)
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I. A great number of statistical investigations requires the knowledge
of the integral distribution function N(m) and the corresponding differential
distribution function A(m). The functions N(m) and A(m) represent the
number of stars, brighter than stellar magnitude m and the number of stars
of magnitude m respectively, which numbers are reduced to unit solid angle
or to a square degree. These functions are connected by the well-known
expression

N(m)= f A(m)dm.

Sinc2 in practice N(m) and A(m) are being determined for discrete value
of m only, then the relationship between them is given by the equations

(1) N(mg) =2 A(my),

i=1
(1) A(m)-——N(m—I—%)——N(m—é—).

Conventional methods for the determination of N(m) and A(m) inevitably
include operations concerning each separate star. On account of this the
detailed statistical investigations of the huge number of faint stars, which
are available for modern telescopes, are very restricted. A method for the
determination of N(m) and A(m), built on a new principle, was proposed by
Butler [1]. This method is based on the change of the light beam passed through
two parallel positive photographic plates of one and the same star field by
displacement of the one plate towards the other in its own plane. The first
variant of Butler’s method leads to the solution of an integral equation and
the second one is direct, but requiring very much labour.

I. In the present paper we consider in principle the possibility of deter-
mining functions N(m), respectively A(m), by using the television scanning
technique and the results, which have already been attained in construction
of special television apparatus for similar aims.




It is known in industry, biology, medicine and other branches of science,
that the problem of speedy counting of microscopic particles has to a great
degree been solved by using different methods of scanning [2-12]. The count-
ing of equal particles is cartied out comparatively easily, because they pro-
duce an equal number of pulses when scanned. Then the number of part-
icles may be calculated directly from the total number of registered pulses.
Methods ot counting different in size particles have been developed also [3, 11].
The method proposed by Roberts and Young [2, 3] is of special interest. By
this method the scanning is carried out simultaneously by two spots, formed
by splitting the scanning spot of the cathode-ray tube with a birefringeant
crystal. According to [2] the accuracy of this method is of the order of
ISper cent:

The star counting is usually carried out from a photographic plate. Since
the diameters of the stellar images on the plates are a function of the mag-
nitude, then the determination of N(m) and A(m) is reduced to differential
counting of stellar images into different diameter ranges. Our idea consists
in this: to use the television counting system for differential counting of
stellar images, as the stars, fainter than a fixed magnitude, are consecutively
eliminated.

To determine functions NM(m) and A(m) it is possible io proceed by two
methods.

1. A television counting system of the kind of [3,11], which directly
registers the number of the stellar images on the whole plate or a part of it
may be used. In this case one obtains the number of stars up to the limiting
magnitude m,. This number, reduced to 1 square degree, gives MN(my). In
order to determine N(my_,), N(my—y),. .., N(m,) respectively, it is necessary
to eliminate the smaller stellar images on the plates consecutively by some
method. This elimination may be attained as one works with two touching one
another positive plates (transparent stellar images on the black background) of
one and the same star field. In the position of correspondence, in which the
images of each separate star on the two plates coincide, N(m,) is obtained.
By consecutive displacements of the one towards the other plate in its own
plane the black background covers the images of the brighter and brighter
stars [1]. If the displacements are to distances d, ds_y, ..., ds Wwhich are
equal to the diameters of stellar images, corresponding to magnitudes nmz,
Mp_1y -« » 5 Mg, then N(my_,), N(m;—,) etc. by scanning are obtained. The func-
tion N(m) is determined by this method and on the basis of (1') A(m) is re-
spectively determined.

2. To determine N(m) and A(m) one may also use a television counting
system with progressive scanning, which registers all pulses, obtained by the
multiple intercepts of the stellar images by the scanning spot. In this case
one must also work with two plates by displacement of the first towards
the second.

If o is the distance between the scan lines, then in the position of

correspondence each star of magnitude m; will produce% pulses. In order
to avoid the introduction of new signs, let us assume, that the scan covers
1 square degree. Then all stars of magnitude m;, will produce a total of d;tA(’ﬁi)
pulses. By displacement of the first plate towards the second at a distance x
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in direction perpendicular to the scan lines, each star will produce x/o puls-
es less than in the position of correspondence. Obviously, the stellar images
with diameter d<x will be completely covered by the black background and
will produce no pulses (we assume, that there are no overlaps of different
images). If in the position of correspondence and by the consecutive displace-
ments at distances dg, dg_,,. .., ds towards this position, the total number
of pulses is respecively ps, Pe—r, - - -, 1, then we may put down the following
system of equations:

4 Amy+ 2 Amy) 4 ..+ A+ Am=p,

4,15_‘_’1;.. Almyica e gy 55:;;% Alr= et sa0d B n

o

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

%—‘A(mﬂ*l‘ 0 + oo+ 0 + 0 =p;.

This system may easily be solved because the coefficients have a specific
character. By subtraction of each equation from the preceding one and with
the help of (1) we obtain

o

N(ny) = 7 (Pr—Pr—1);

N(mp—y) = _%“ (Pe—1—Dr—2)
@ e

N(my)= a‘z—j@ (Pa—P1)s

r (o)
N(m,) = e U
So the values of N(m) are found directly from the number of the re-
gistered pulses, as the displacements of the first plate towards the second

are known. From the values of N(m) after (1) may be obtained the values
of A(m) also.

1L It is clear from the above, that by means of the two variants of our
proposed method N(m) and A(m) may be obtained without solving any in-
tegral equation or even a usual system, as distinguished from Butler’s me-
thod. Moreover N(m) and A(m) are determined incomparably more speedily
than by conventional methods.

The following more important factors influence the accuracy of our
method :

1. The overlap of images of different stars by the displacement of the
first plate towards the second introduces some error. This error is negligible
for the high galactic latitudes or in the obscured regions of the Milky Way,
because the distances between the separate images are larger than the dia-
meters of images even of the brightest stars. That is why the overlap is an
exceptionally rare case. The presence of very bright stars in the field requires
a large displacement of the one plate towards the other and the probability
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of overlap increases. But in as ‘much as the bright stars are few in number,
they may be blackened by ink on the plates and counted separately by conven-
tional methods. But near the galactic equator the stellar images on the plates
are disposed so closely, that the overlap makes the method inapplicable (es-
pecially if the plates are obtained by a short-focus camera or in the red
spectral region).

2. The mechanical displacement of the one plate to a certain distance
may introduce a considerable error in the determination of N(m) and A(m).
This error may be minimised if one works with appropriately enlarged plates.
But the great enlargement, favorable to avoid this error and in general to
raise the accuracy, on the other hand leads to the decreasing of the scanning
raster. That is why it is necessary to accept a reasonable compromise be-
tween the two requirements. '

3. The most important factor for the accuracy of the method is the large
resolving power of the television system.

Only an experimental verification will throw light upon the accuracy of
the method proposed in the present paper. But this will be the object of
another paper.
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SOOI N LW -

BBPXY OIPENEJSHETO HA ®YHKLIUHUTE N(m) U A(m)

B. /lo6puves u I, Paiirxosa

(Pesiome)

B paGorara ce pasriiexZa NPHHUHIHO BbH3MOXHOCTTAa 3a ONpene/sHe Ha
yskuaure N(m) u A(m) no Qoromnaxy,” KaTo ce H3I0JI3BA TEJEBH3HOHHO
OpOSIYHO yCTPOHCTBO. 3a MOCAENOBATENHO €AMMHHHDAHE HAa M300paXKeHHATA Ha
3Be31uTe, Mo-c1abH OT JajeHa 3Be3JHA BEeJHYMHA, Ce H3MOJ3BaT JBE MO3H-
THBHH IJIaKH, KAaTO €/HaTa ce MPeMecTBA CNPAMO ApyraTra Ha OmpeNeleHO pas-
CrosiHHe B coOcTBeHaTa M paBHHHA. [lo eIWHUS BapHaHT Ha npejJaraHus
MeToA N(m) ce onmpemens JUPEKTHO, a [0 APYrHs — 4pe3 eJeMEHTApHU Mpe-
cMATaHHs 10 ¢opmyaa (2). A(m) ce noayuasa mo (1')
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