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1. Introduction.

These measurements were undertaken on the Tartu (Dor-
pat) observatory with the chief purpose to detect any variation
in the brightness of the planet, if such a variation exist at all;
in the case of a positive result a clue for the determination of
the period of rotation of Neptune would be put into our hands.
The idea is not new: after the announcement of Maxwell Hall?)
- .the question of the variability of Neptune was discussed many

times, but no decisive results were obtained?). As the main
result of the numerous observations of E. C. Pickering, G. Miiller
and J. M. Baldwin appeared the conclusion, that if any variabi-
lity exist, its amplitude must be small — say, of the order of 0 ™. 1
“or even less; if so, the method of visual photometry is unable
to solve the problem, and more refined methods are required.
Since Neptune, according to P. Guthnick, seems to be beyond
the reach of the photoelectric cell, the best method fit for our
purpose is the method of extrafocal photographs.

Variations in the light of a planet depending on rotation
can be expected a priori; in the case of Mars variations of the
order of 0m81—0"815 were observed since 1914 by P. Guthnick?)
and, independently, by the writer?); for Jupiter and Saturn were
found by Guthnick irregular variations, which generally could
not be made to agree with the period of rotation and had pro-
bably their source in ecertain disturbances occurring in the
atmospheres of these planets; in 1920, however, Jupiter mani-
fested a variability of ome14 of a period equal to the period. of
rotation®). From these observations variations in the brightness

1) Monthly Notices 44, p. 257; see also M. N. 75, p. 626,

2) For reference see Photometric Measurements of Neptune, January
to April 1908, by J. M. Baldwin. Monthly Notices 68, p. 614, °

3) P. Guthnick und R. Prager. Photoelekirische Untersuchungen an
spektroskopischen Doppelsternen und an'Planeten. Verdffentlichungen d. Kgl.
Sternw. Berlin-Babelsberg. B. I, H. 1 (1914) and B. 1, H. 3 (1918),

4) Zum Lichtwechsel des Planeten Mars. Astronomische Nachrichten 5162.

5) P. Guthnick. Verdnderlichkeit der Helligkeit des Jupiter in der Oppo-
sition 1920. Astronomische Nachrichten 5067, p. 39.
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of the planets seem to be a general rule; the success of the
measurements of Mars made by the writer indicates that the
approaching of the problem with the method of extrafocal photo-
graphic photometry is not a hopeless task, though in the case
of Neptune, owing to the faintness of this planet, the difficulties
are greater than for Mars. _

The present paper deals chiefly with the method of investi-
gation; as a preliminary result a variability in the photographic
brightness within a range not surpassing 0¢15 has been found;
the material is, however, too scant to allow of any reliable deri-
vation of the period of variation; the relatively small number
of plates obtained is due to the unusually bad weather conditions
during the period of observation — spring 1922.

On the contrary, the average photographic brightness of
Neptune during the period of observation can be determined
with high precision; a definitive result, however, cannot be given
here, for the magnitudes of the comparison stars on an absolute
scale are known wilh a smaller degree of precision than the.
result of our measurements; our preliminary scale of magnitu-
des is based on 2 stars of the Gottingen Actinometry!); for
the definitive result a special determination of the magnitudes
of all comparison stars on an absolute scale is needed.

The observations of the photographic brightness of Neptune
will be systematically continued here; since definitive results
cannot be expected in a very short interval of time, it has been
thought that the publication of our preliminary results must not
be delayed; the aim was, besides, that more attention may be
drawn to the determination of the photographic brightness of
Neptune?), and that other investigators may use the experience
gained from our observations and avoid certain sources of error

discussed below.

2. Arrangement of observations and sources of error.
The result of extrafocal photometry is liable to be influen-
ced by the following sources of error:
a) variations in the transparency of the terrestrial atmo-

1) They are found, too, in Harvard Anmals 71, 2, Standard Region Cj.
2) The only determination of the photographic brightness of Neptune
known to the writer is the defermination made by.K. Schiitte in 1920 (Astr.

Nachrichten 5130 pp. 357—360).

<
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sphere; b) systematic differences in the sensitiveness of different
parts of the photographic plate; c) accidental errors of the
measures (or estimations) of density of the photographic image;
d) accidental variations in the sensitiveness of the plate near a
given point; e) inequality of the distance from the focus for
different images; f) influence of the background of the sky
and overlapping images of the brighter stars; g) influence of
the background (veil) of the plate; h) non-homogeneousness
of the extrafocal image; i) errors in the plate constants needed
to transform density into stellar magnitude.

The relative importance of these sources of error depends
upon the instrument and the brightness of the object under
investigation; e. g. for bright objects source f) is negligeable,
sources ¢) and h) can be practically eliminated by making the
distance from the focus great enmough, and source b) can be
reduced to a minimum by placing the images to be compared
as near as possible on the plate; the short exposure allows of
obtaining a great number of images during a narrow. space of
time, so that the influence of the sources c¢) and d) is reduced
considerably. The satisfactory results obtained for Mars by the
writer!) are due chiefly to these favourable circumstances; as
the most serious factor affecting the extrafocal photometry of
bright objects remains only source a), for the comparison stars
are from necessity chosen at an appremable distance from the
object under investigation.

In the case of a faint object like Neptune the latter source
of error can be reduced practically to zero, for the comparison
stars can be chosen at a small distance from the planet and
can be photographed at the same time with the latter. But for
a short-focused camera like the camera used in the present
investigation sources e) and f) cannot be neglected; source e) —
because it is necessary to reduce the distance from the focus
to a minimum, Jest the time of exposure be increased unrea-
sonably (which means at the same time an increased effect of
the background «of the sky); and source f) puts a limit to the
number of neighbouring images that may be obtained on the
same plate. Besides, the effect of the general background of
the sky for Neptune proved to be small for the exposures

1) Loc. cit.
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(about 10™) and aperture (F:D =10) used, so that 6 or more
conseculive images could be obtained upon the same plate without
impairing the negative; but the effect of overlapping images of
stars proved to be a most troublesome source of error, stars of
the 10® and 11™ magnitude affecting the measured brightness
of Neptune in a sensible degree.

Bearing in mind the possible sources of error, the arrange-
ment of the observations was made as follows.

The photographs were obtained with the aid of the 160 mm
Petzval camera (focal distance 79,2 cm 1),
scale of focal images 1 mm = 260".5),
at a distance 5—38 mm behind the focus;
the latter distance proved to be more
convenient, giving fairly uniform extra-
focal images measurable on a micro-
photometer, and with an exposure of
10 minutes producing images of Nep-
tune dense enough for precise deter-
mination of its brightness. To control
the distance from-the focus, an arrange-
ment was adopted analogous to the
method of Hartmann for testing objectives. A diaphragm was
placed before the objective, having a central aperture of 80 mm
and four side-holes, denoted on fig: 1 by aj, as, b,, by; the direc-
tions a,, a, and b,, b, were perpendicular, the distances of the
centers a; a, = 129,9 mm and b, b, = 130,0 mm; a, ay, Was appro-
ximatively parallel vo the declination circle; the diameters of the
side-holes were equal to 20 mm. Thus each extrafocal image
of a star reproduced the figure of the diaphragm, having a
central disk C and four ,satellites“ a,, a,, b, by, as represented
on fig. 1. The distance between the ,satellites*, measured on
a Repsold machine, determines the distance from the focus and,
consequently, the intensity of illumination which acted upon
the central image C. Since the reduced aperture does not affect
the intensity of an extrafocal image, the latter.depending solely

upon the ratio ATf,

the foccus, F — the focal length of the objective, the effect of

where Af is the distance of the plate from

1) Not 78 cm, as given in Tome XXIV, M1 of these Publications.
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the diaphragm was only an improvement of the photographs,
for it reduced the intensity of the background of the sky and
the probability of overlapping stellar images about four times.
The diameter of the central image C was about 0, 30—0 35 mm
on the majority of the plates.

The photographs were obtained with the aid of the rotating
plate-holder, which was constructed by Mr Messer specially for
the eclipse expedition of 1914; a description of this plate-holder
will be given elsewhere. Here it will be sufficient to say that
this arrangement allowed to obtain on a 9 X 12 cm plate two
independent photographs of a circular area of 52 mm diameter:
" a circular window of this diameter, with its centre on the optical
axis, was placed before the plate; the latter could be rotated
about an axis 107 mm distant from the optical axis and placed
in two positions, so that the images of the window fell upon
two different places on the plate. The opportunity of obtaining
a double number of independent exposures on the same plate
.was of no little importance, for it allowed of a more precise
determination of the plate constants and reduced in this manner
the errors originating from the source i). The two positions
were denoted as position I and II respectively.

The 200 mm Zeiss refractor was used as guiding telescope 1) ;
the star (Neptune in all cases except negative Ni 3 and 4) was
placed on the intersection of a horizontal and a vertical thread
of the micrometer; 8 vertical and 2 horizontal threads gave six
intersection points; their denotations and relative coordinates
in minutes of arc are given below:

Intersection Coordinates
Point Aa A
1 —0.2 + 3.1

2 0.0 .0

3 44.7 4 0 2

4 +4.5 43.3

5 +9.2 13.6

6 +9.4 +40.5

1) The description of the new Zeiss refractor with the photographic camera
is given in Tome XXIV M1 of the Dorpat Publications, 1914. During the
war the refractor was dismounted and taken away to Russia, and the obser-
vatory succeeded to get it back only in 1921.
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As a rule, 3—6 exposures were obtained for the .same
position using different points of the micrometer network, and
the single exposures were denoted by the number of the plate,
the position and the number of the intersection-point; e. g. 61I,
denotes the exposure on plate Ne 6, position II, intersection-point
of the guiding telescope Ne 4.

Several exposures were obtained with a background illu-
minated by the moon; in these cases only one exposure in
each position was made.

The plates used were Agfa Extra-Rapides, Emulsion 7813,
ordinary glass,-and in two cases (plates 8 and 4) Agfa-Isolar, Em.
7137; plate 4 was not measured at all; as to plate 3, any syste-
matical difference in the colour sensitiveness between this plate
and the bulk of all remaining is not probable, and, moreover,
since the plate Ni 3 enters in our reductions with a small weight,
we resolved not to reject altogether this plate.

The plates were developed in a solution of Methol-Hydro-
chinon during 5 minutes, at a temperature of about 15° C. Before
the development they were soaked in distilled water for 10
minutes. ’

1t was impossible to obtain fresh plates here during the
observations; a noticeable veil appears on all photographs; if
satisfactory results are, nevertheless, obtained, it may be explai-
ned partly by the method of reduction: instead of the absolute
density the difference between the density of the stellar image
and the background was used; with fresh plates even much
better results may be expected. On the contrary, the use of
plate-glass plates will probably give no sensible improvement,
since the method described above eliminates the effect of ine-
qual distance from the focus, produced by the irregular surface
of an ordinary plate.

Table 1 contains the data for all exposures of Neptune
obtained during. spring 1922.

These 18 plates, containing 23 independent photographs
with 65 exposures, may be classified as follows: 1) plates or-
photographs entirely rejected (not measured); such are 8 Iy,
4 111, 15 1, II; the reason for rejecting was the extreme weakness
of the images, which rendered any accuracy of the measurements
impossible; Neg. 14 must be listed to the same cathegory; it
was measured with the chief purpose to obtain data for the



Table 1.
B R *
Plgzi’lii;s" "é'?;eé ?;gzl:lzl Exposure | Guiding lilate Af | General
Point of Exposure) Seconds Star Sort mm | Remarks
1922
311 March 18, 9h.2 7225  BD 1601901 | Agfa- }5.1 }Very
2 ” 9.5 280.0 1792018 | Isolar weak
311 6 |March20, 91| 7225 1601901
. 5 93| 7250 1702007
4 97| 7310 1702018
3 10.0] 7205 1601901 4.9 weak
2 104 7205 ) | negative
1 107 7300 , J
(7) 110] 2100 ”
411 1 | March 20, 125! 7215 | BD 1601901 | Agfa- \\ 49 }Very
2 128] 7205 ) Isol. . weak
|
51 1 | March 21, 84! 6305 Neptune | Agfa-
\ 2 87| 4805 , Extra- \
' 3 90| 7230 ) Rapid. | , o
4 9.3 5950 . i
5 9.71 6020 ” \
s 6 10.3| 6105 , | weak
510 1 107  600.0 , , f negative
. 2 1.0 5995 . |
3 11.2| 6010 , 49
4 115! 5905 . (
5 11.8| 6020 ”
6 1211 609.0 ”
611 |March 22, 85| 6060 . ,
2 90| 6005 ,
3 92| 603.0 . 3.4
4 95| 6020 ,
5 98] 12000 ,
6 102 599.5 .
611 1 1061 599.0 , go0d
2 108| 3880 .
3 1.1 5940 . g9
4 115 5995 .
: 5 1.7 6005 ,
} 6 120 6005 »
~
. 71 1 March 23, 86 600.0 " 134
2 88 650.0 , I
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Table 1. Continued.

Plate
~ Pos., | Date, Sidereal |Exposure|Guiding| Plate| /\f
Guiding Time Seconds | Star | Sort | mm General Remarks
Point
1922 [
715 | March23,110.0, 6005 |Neptunel Agfa
6 113 60L0 Extira- l 34
3 11.6| 630.0 Rap. J )
4 11.8] 599.5 7813 good
7111 12.1| 601.5
2 124 600.5 3.0
3 127] 6005 J
81 2 | March 24, 8.8 600.5 » ”
4 9.1 600.5.
6 93] 6000 l good; after the end
ST 1 96| 600.0 3.5 of the exposures
4 99| 600.0 i clouds.
5 10.1 | 600.0
After the end of the expo-
101 3 April 8, 11.5| 4550 » Y 3.4 |sure clouds. Weak nega-
tive ; moonlit background
111 8 | April 12, 10.8] 600.0 . 3.5
T 11.01 6015 3.1 moonlit background
1211 3 ” i1.4| 600.0 3.3 (1day after full moon);
I3 » 11.61 6005 35 weak negatives
131 3 " 11.9] 6005 3.4
I3 Y 124 5995 3.1
141 1 | April 17, 11.6| 5995 | .
4 . 11.8] 6005 35 _
II4 » 12.1| 600.0 \ strong atmospherical
3 ” 12.3| 599.5 absorption ; very
151 3 » 12.7| 600.5 35 weak negatives.
I3 ” 1291 600.0
161 1 | April, 23, 12.5| 7595 » » o 3.6
4 1281 7595 | |

derivation of the relation between density and magnitude at the
lowest values of the density; 2) weak negatives: 81II; 5L II;
10, 11, 12, 13, 16; the density of the images upon these pho-
tographs being great enough to allow of a determination of the
mean brightness of the comparison stars, but too low for the
derivation of the individual values of the brightness of
Neptune (probable error of one exposure + 0.08 st. mg.); the
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faintness of the images upon these negatives has two causes:

“for plates 8 and 5 — the relatively short exposure for the some-

what great distance from the focus; for plates 10, 11, 12, 13 —
the intense moonlit background (near full moon); for pl. 16,
as well as for 14 and 15, — an abnormally large atmospherical
absorption, which reduced the photographic brightness by about
1 magnitude; 3) good negatives, of normal density; these are:
pl. 6 LII; 71, II; 8L II; their probable error of one determi-
nation of the brightness of Neptune did not surpass + 0™£03, as
will be shown later on; for the purpose of testing the variabi-

" lity of Neptune only these plates could be used; they contain

26 measured exposures of the planet (exposure 716 was rejected
because of the superposition of the images of Neptune and the
comparison-star B. D. 17°2018). A favourable circumstance is
that all these exposures refer to 3 consecutive nights.

Table 2 contains the list of the comparison stars used toge-
ther with their rectilinear coordinates x and y on the photographs
in mm, the y-axis being taken towards the north pole, and the
position of Neptune March 24 at transit at Greenwich (it nearly

“coincides with the middle of the observations at Dorpat) being

taken as the origin.

Table 2.
- —_—
Comparison . X y
Star B. D. mg. ——Bﬂu-l—d

a 16°1901 | 7.5 | — 6.0 | — 10.3
b 17 2007 | 95 | — 6.0‘\ -+ 7.0
b’ 17 2004 | 80 | — 7.7, 4+ 10.8
¢ 17 2018 | 8.0 —-}—1.7‘ +1.4
k 151981 | 8.1 | —4.1|—19.2
g 17 2032 | 7.7 —]—-15.3‘, — 0.9

The denotations of the comparison stars given in the first
column of this table will be used further.

The stars ¢ and & are contained in Harvard Annals vol.
71, 2, p. 35 (Standard Region () and in the Gottingen Acti-
nometrie, Teil B, p. 59, as well as in the Potsdam Durchmuste-
rung, whence the following data are taken:
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J Photogr. Ma@mtude | Visual Magn.

Star Spectrum Gottingen
“Harv ard‘ Harvard Actinom. | Harvard | Potsdam
a . Fy 7.78 7.22 7.27 7.59
b K 8.74 8.33 7.57 7.58
The difference in the photographic magnitude of these
stars is: according to Harvard - b—a=0.96 st. mg.
» Gottingen Actinometrie b—a =1.11 »

A rough determination with the aid of the Petzval camera,
based on an approximate value of Schwarzschild’s exponent p,
gave b—a=1,2+0,1 st. mg.; taking into account that the Har-
vard values are not direct determinations, but were derived
from the visual magnitudes by applying mean colour-indices,
and that the value of the Gottingen Actinometrie is much more
near to our own estimate, we shall adopt further as the basis
of our magmtude scale according to Schwarzschild :

b—a=-F 1,11 st. mg.

The magnitude of the comparison stars on an absolute
scale is of no importance in our present investigation; we shall
assume g ==0.00 and b=-1.11; the magnitudes of the remai-
ning 4 comparison stars will be derived from the photographs
by interpolation between b and a, and the magnitude of Neptune
will be determined relatively to the mean magnitude of the
bulk of the comparison stars, their greater number reducing
the accidental error of one individual determination of the bright-
ness and serving at the same time as a guarantee against occa-
sional variability.

3. Measurement of the plates.

The density of the photographs was measured on a micro-
photometer of Hartmann, constructed by Mr. Messer at Dorpat
(the prism of Lummer-Brodhun being from C. Zeiss); the area
measured was a circle of a diameter corresponding to 0.113 mm
on the plate. The circle was always placed on the centre of
the extrafocal image, and the negative as well as the wedge
were observed a little out of focus to make the grains of silver
disappear; the degree of diffuseness thus produced was about
0.08 mm, so that no trouble could arise in measuring surfaces
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of 0.3 mm diameter and more. A number of measures of the
background near the stellar image was taken, chiefly in the
two opposite sectors &, a; or a, by (Fig. 1), the number of these
measures being equal to the number of the measures of the
central image; but whereas the latter measures referred always
" to the same point — the centre of the image ¢ —, every mea-
sure of the background was made on a new point, the points being-
equally distributed between the two sectors, but within the
limits of the latter chosen by chance. The distance of the points
of the background from the edge of the central image C was.
about 0,15—0,20 mm.

The number of readings on the microphotomer was as a
rule: for Neptune 4, for the comparison-stars 2; 'if the mea-
sures differed by more than 0,10—0,13 units of the scale (for
normal exposures the unit was about 1 st. mg.), a double num-
ber of readings was taken; in computing the mean value the
discordant measures were not rejected. For éach pair of mea-
sures the two readings were obtained in moving the scale in
two opposite directions.

The distance between the side-images b, b, and a, a, (fig. 1)
was measured with the x-micrometer of the Repsold machine;
-to save time the micrometer-screw was used instead of the
scale; errors from the inclination of the plate, affecting the
scale of the image within the field of the microscope, proved
to be negligeable for the distances measured (0.5—0.8 mm); the
unit is one revolution of the micrometer-screw, practically equal
- to 1 mm. To obtain both distances (b, b, and a, a,) with the
_same micrometer, the plate was placed consecutively into two
positions, differing by 90° Only one measure of each diameter
of a given image was taken, the accuracy of these measures
surpassing the accuracy required for photometric purposes.

Table 8 gives a sample of the measures; the comparison
stars are denoted by the letters given in the first column of
table 2; Neptune is denoted by =; the guiding point is indi-
cated by the number accompanying the letter of the star.

4. Effect of the vary:ing distance from the focus.

As a measure of the distance from the focus we will take
the mean of the measured distances a, a, and 3, b,, and call it
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Table 3.

Negative 8, L

Star and

Microphotometer Readings Distances mm
Image Star Mean| Background ‘lMean by by | 4y ay
7y 4.59 458 4,58 4.58| 4.58 |3.72 3.74 3.68 3.72 | 3.72 |0.574%)|0.585%)
Ny 4.63 4.52 4.59 4.60 | 4.39 |3.73 3.66 8.70 3.77 | 3.72 .568%) .579%)
N 4.68 4.62 4.70 4.63 | 4.66 ]3.76 3.65 3.73 8.74 | 3.72 .568%) | .574%)
Mean 3.72 0.577
Co 423 418 4.21 3.70 3.66 | 3.68 565 ‘ .593
cy 4.34 4.34 +.34 3.73 3.65 | 3.69 D75 978
Cy 4.38 4.36 4.37 3.70 3.72 | 3.71 D72 | 586
Mean ' 3.69 0578
by 4.36 4.25 4.22 4.29 | +.28 3.78 3.74 3.76 584 ‘\ —-*;")
by 4.29 4.27 4.28 3.67 3.67 367 | 572 | .564
b 4.30 4.25 4.28 8.69 8.71 3.70 588 565
Mean 3.7 0.57{)—d
by 4.69 4.67 4.68 3.67 3.66 3.67 |- .577 584
bry 4.83 4.80 4.82 3.73 3.70 3.72 .580 581
b 4.83 4.82 4.83 3.74 3.70 3.72 571 567
Mean 370 1 70575
| .
aqy 5.54 5.51 5.93 3.54 3.66 3.60 569 558
ay 5.54 5.56 5.55 3.59 3.57 3.58.( .558 559
ag 5.65 5.65 5.65 3.73 3.65 3.69 .553 553
Mean 3.62 | T 0559
. ] |
gs 5.14 5.14 5.14 3.74 3.77 . 3.76 — 1 .H82
‘A 517 5.23 5.20 3.74 3.77 j 3.76 — ‘ 584
96 5.28 5.26 5.27 3.75 3.78 377 | — | 587
Moan 3.76 0.584
! i
ky 4.84 4.66 1.65 3.60 366 | 3.63 | .561 ‘ —
ky 4.70 4.76 I 4.73 3,62 3.64 { 363 | b62 ©  —
I 476 476 476 | 369367 368 |s60 | —
Mean ' 3.65 [0.561

*) Mean of two measures.
*#) Images defective.
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' simply the diameter (d) of the image?); for an ol\)j\ective with-

out spherical aberration the intensity of illumination of an

dlg in the actual case many sources
of error affecting the diameter or the intensity arise, but for

extrafocal image varies as

. small differences the following differential formula may be safely

applied : ’

) . 2Ad 2N
A%————d = (1) or
pm—=tBOL_ L BIAL @),

where A\ ¢ and A\ m are the deviations of the brightness
and stellar magnitude respectively, produced by a variation of
the diameter or the focal distance equal to Ad or /\f respecti-
vely (f is the distance from the focus).

The Petzval objective was investigated according.to the
method of Hartmann by Mr. V. Berg, formerly assistant of the
observatory ; his unpublished results
for the spherical aberration are con- Table 4.
tained in table 4; r denotes here
the radius of the zone, A\f — the m:n nAmf o | Ifnf
deviation of the focus from the focus "
of the zone r=65 mm (correspon- 7 —o0.17| 47 | —0.04
ding to our side-images &; by, a; @); 12 |4-0.06] 52 | — 0.06

A positive deviation corresponds 17 |4 0.03| 57 | — 0.05
to a greater distance from the ob- 22 |4 0.05] 60 | —o0.01

“jective. As may be inferred from 97 |4 0.03| 62 |— 0.08

the table, the spherical aberration is g9 +0.03| 67 |4+ 0.03
small enough to allow of the appli- 37 4-0.01] 72 |4 0.01
cation of the differential formulae 49 |_ g.01! 75 4-0.03
(1) or (2), f being of the order of 45 |— ¢.01
3—5 mm.

The astigmatism of the objective is small too; ‘according
to the investigation of V. Berg, its dependence on the position-
angle may be represented by a sinusoide with an amplitude

* of 0.02 mm.

1) Multiplying the diameter by 6,1 we obtain the true distance from
the focus.
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A supposed interaction (attraction or repulsion) of the phe-
tographic images must be too small to affect formulae (1) or
(2); a photographic test made specially for this purpose indica-
ted a repulsion of about 0.005 mm for a diameter 0.66 mm ;
for a diameter of 0,50 mm the effect must thus be smaller
than 0,01 mm.

A more serious danger arose from the position of the dia-
phragm: this was placed 35 cm in front of the objective on the
protecting-tube, the arrangement for attaching the diaphragm
directly on the objective being not ready at the time of obser-
vation. The consequence was that the light from different com-
parison stars passing the side-holes did not meet exactly the
same points on the objective; but 1) since the optical quality
of the objective is uniform enough and 2) since the comparison
stars preserved during the period of observation approximately
the same position with respect to the centre of the field, i. e.
Neptune, — the inconvenient position of the diaphragm caused
but little trouble!); the only consequence was that for the more
distant comparison stars g and % one diameter could not be
measured, one of the corresponding side-holes falling partly
without the objective; the diameter not measured was: for g —
b, by, and for & — a, a, (compare table 3).

Systematical differences between the diameters &, b, and
a; as occurred; these differences as determined from plates 6,
7, 8, 10, 11, 12, 18, are given in table 5. The 8% line of this

Table 5.

Star n ¢ [ a b b’ Mean
|

Syst. Difference
b, by—ay up mm | 0.007 | —0.007 { +0.003 | 4+0.003 | 4 0.008 0.000

P F.of 1 Distance {4-0.0045 | 0.0051 | 0.0030 | 00075 | 0.0046

table contains the probable error of 1 measure of a distance
a; a; or b, by; the accuracy of the diameter depends upon the
brightness: for the fainter stars less accurate measures were
obtained. This probable error of one measure of the diameter

1) It may be easily conceived that for differential measures only
the constancy, not the equality of the focus of the side-holes is required.

AT B e e
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corresponds to the following probable error in the photometric
magnitude, computed for d=0.5 mm and 0.8 mm respectively:

Table 6. |

. n ¢ a b J b’ g, k Average
P. E. of 1 Diame-

ter. St. mg. 5
(d=0.500mm) | 4-0.018 | 0.020 | 0.012 | 0.030 | 0.019 | (0.020) | -+ 0.020

(¢=0800 mm) [ 4-0.012 | 0.013 | 0.008 | 0.019 | 0.012 | (0.013)

For a group of neighbouring images of the same star the
average diameter was computed; since one image gives
usually 2 measures (a, a, and b, b,), the accuracy of the average
diameter of a group containing 8—6 images is great in compa-
rison with the photometric estimations. In cases when only
one distance of a certain image was measured!), a correction
equal to one half of the systematical difference given in table 5

~ was applied; for the stars ¢ and % the measures of the single
distance were adopted without any systematical correction. In
this way the mean diameters of tables 3 and 7 were computed.

5. Influence of the background.

The microphotometer readings can be used for interpola-
tion of the brightness in the following three ways: 1) using
the density of the stellar image directly, without taking into
consideration the background; 2) taking the difference of density
between the stellar image and the background immediately
surrounding, or the so-called individual background; 3) taking
the difference of density between the stellar image and the ave-
rage background surrounding the entire group of neigh-
bouring images.

The choice between these alternatives could be made only
on the basis of the observational data.

For the 38 best negatives (N: 6, 7 and 8) the magnitudes
of the stars &', ¢, ¢ and % were provisionally determined by a
linear interpolation of the microphotometer readings, the stars

-a and b being taken as the basis.

1) The other distance being rejected because of the defectiveness of
the images.
2
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The correction for diameter according to formula (2) was
applied ; the single measures were combined in groups according
to the two positions on the plate, and the 6 groups (6 L.1I; 7L II;
81.1I) for each of the 4 stars gave together 24 magnitude-deter-
minations, whence the following values of the probable error of
one group (containing on the average 4 images?!)) were found:
Using the directly measured density.... p. e. =+ 0,045st. mg.
difference of density between
imageand average background.. p.e. =+ 0,031 st. mg.

The advantage of taking into account the background is
obvious. The relative magnitudes of the comparison stars found
thus as a first approximation were: :

Star a b b ¢ g k
Magnitude 0.00 1.11 0.70 1.16 0.38 0.75.
These magnitudes may be compared with the definitive magni-
tudes given later on.

The followihg question must be answered next: in taking
the difference of photographic density, which background is
to be preferred — the individual or the average one? To answer
this question, the differences A\ and A, were formed for 60
groups of the 7 stars (including Neptune) with the number of
images => 3 on the negatives 31II, 5 .II, 6 LI, 7 L. II, 8 I.II, /\ deno-
ting the difference between the stellar image and the individual
background, A\, — the difference with respect to the average
background.

The differences between the extreme values within each
group were tabulated; the following result was obtained:

Mean square of the difference of the extreme values

of A ...+0,115

of Ag. . - +0.097

These data are decidedly in favour of the average back-
ground. Thus further we shall use only the differences /\, as
argument of interpolation.

” ”»

}Units of the microphotometer scale.

6. Result of the measurement of the plates.

Table 7 contains the result of all measures of the plates.
The first column contains the denotation of the star and of the

1) Only exposures near 600¢ were used.
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Table 7.
Star, d Star, d Star, i
Image Do s Image Do Lm Image Do Am
Negative 31 :
ny 10.28 0. ¢, [0.16 —0.002] b, [0.23 4-0.051
ny 10.25 ” ¢y 1013 , by [0.21 »
ng [0.31] ” 05 - ‘ by 10.15 .050
ng 10.19 [(OROL) o [021] — |—o0001| b, 016 — 051
ng 0250] N o5 1017 » | b (013 .
ng 0.19 » o — bg 10.20 ,,
n, 018 — 0. e, [0.16 —0.002| b | —| —
by [0.43 +0.048| ay (087 ) 0.000| g, (058 ] —0.015
by’ 1038 , a |0.98 g, [0.61 | —0.013
by 036 ” ay [0.95 [ —0.001] g, |0.64 —0.013
by 035 0‘8731 o | @ |100! 0-:37 —0002| g, 070 0'73?7 —0.012
by 32l D, | a; 099 @ —o000s| g, loss|| @ | —oont
b’ [0.28 . ag 10.83 ” gs  |0.55 —0.010
b 10.25 40.049| a, (0710546 0000] g, (039 — |—0.016
ky 039 10.782|—0.035| Ky (037 }0.782 —0038| & | — [\o7s2
k, 0.26|f (4) |—0036] k, 0.37 Y ks [0.31 —0.039
Negative 51 o=
n [0.26 0. ¢ 10.09 +0.028| B, |0.15 +0.034
ny, (0,22 . ¢ 0.07 ” by, 10.13 ”
ny 034 logaq| = ¢ (0.1 , by 10.18 »
e 028|000 e 016 (0T g o5 |(0885) ]
ng 1018 . e 0asll W b ol ] 7
ng |0.17 0. ¢ }0.10 +0.027| b, |0.14 -4-0.035
b’ [0.27 +0012| a 075 +0.001| g, l046 —0.027
by |0.27 012 ay 0.65 " gs 10.39 028
by’ (036 1y gaq| 018) ap 001 g0r 1, g (059|lg ol 029
by (032)(T o) | 01| 0747 o ., g6 [052|[ 030
by 1027 014 a; (083 . g5 1053 ® 031
b’ [0.27 40.015] ‘0.80 40.002] g5 10.52 —0.032
By 10.29,0.830 |H0.015) % | — 40.015| %
: , }0.830 5 0.31[\ -+0.015
e L ky (0.33 o | ok lozr %0 T
Negative 51
ny, (031 0. o |09 —0.002| b |0.16 —+0.002
ny  [0.30 l ” ¢ 0.7 l —0.002] by |0.26 | ,
g 026\l gogl w | e 014]l) gog |—0.008| By 028 [0.811 40,003
o (026700, a | = ” by 1025 (7 ,
n; 1031 , ¢ [0.15] —o0004[ b5 Joaz|| ¥ +0.002
ng  [0.34 | ” ¢ 10.14] |—0.005) b5 |0.13 ”

2%
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Table 7. Continued.
Star, i Star, d ' Star,
Image| 20 A inage| Do | AM Nimage Do| @ /m
Negative 51
b 10.37 40.003] a; (100 —0.02¢) g, [0.59 —0.041
B 034 } 140004 a [0.96 ' . | g 056 ]I —0.042
by |042 . | a 001 —0028| g5 (062l —0.08¢
b 032 (OB o joss |[%T90 | 0022 g (057 (76 —0045
by (031] ®) l40008| a fog0|f U —00n| g5 063 | |-o0s
by [0.35 +0002| a5 [001 0019| g5 (058 —0.047
k|03 }0.795 —0016| & [0350\ . |-0016| k5 041} —0013
ko 0371 © | ., | & 039%™ _oo| % 032 1% o010
Negative 61
n [0.74 0. | ¢ 1[040 +0003| b, los6 40.006
ny, 10.73 » ¢y |0.45 » by l0.61 .
ng |0.74 , ey 1049 » by 057 .
ng 081[(O%) 1 q [04s| 0551, b, 055 0-?37 ;
ng 11.36 (12) » c; [0.89 (12) » by |1.03]] ¢ ) Y
ne (079 . | e 046 10.002] B | —
b/ [0.90 —0.022| a [170 —0.027| @ l1.20 —0.000
by [0.90 —0021| a [176 . | % |37 —0.011
By [0.94 —0021| a |72 . | o |ies —0.012
by fLon| (0200020 a 175|020 | e L 0.5;2)1 —0.012
by [151] 1) | 0020] a [204] | | | % |7 —0.013
b 1101 —0019| a5 [170 —0.026! % .30 —0.014
k08310554 |40.015| & [0.93 0.015| ks [147 0.015
) 0.554 0.554
ks | — 1) (® » ky 1091 . ks |o.91 Y
Negative 61
n, [1.06 0. [ ¢ 063 —o0019| b loer 1-0.024
ny [0.78 . | & loas , | v 045 10023
ng 100l sosl . | e (083[l g0l . | B los6 )
ng LoL[or | e ost|[or 000 by 067 0'?5;0 40.024
ny |0.93 . | e |09 —0021| », |066]] | 10023
ne  [0.92 I P Y . | b (o6e 10022
b 112 40.017| a; [1.96 —0058| g, [1.55 —0.088
By [0.75 +0.018| a 165 .| g 19 —0.069
b [1L10G509 . | @ [L96lgs0| s | 98 1575, 0070
b 7|l | . | o 199y |00ss | g [156((7 Y |—0072
b |1.10 40.017| a5 187 —o0054| g5 Pas|] @ _oor3
by (L1 +0.016] o 194 —0.053| g5 (149 —0.073
b, [112[10507 —0.059| & 121 —0058| 7 (119 .. |—0.054
%, 1080 lf ) I—00s8l & 1227|0056 |  |rin®007 | o052
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Table 7. Continued.
Star, d Star, P Star, i
Image| 50 O™ Nimage| Do O™ image| &0 Lm
Negative 7,1
n  [0.68 0. e | — by |0.47] —0.021
ny [0.80 , ¢y 0.48 —0.001] b, 1054 .
g g-?? 0559 » ¢ |040]0559| 700031 b5 056 g p5n ) s
g (077 oy | o | — (lay by [0491[ 7o) | —0.022
ny  [0.71 " ey 044 —0.002| b [0.50 ,
ng | — ¢ 042 —0.003] b [0.49 —0.021
by [0.90 —0.040| a, [1.49 40.008| ¢, |1.10 —0.017
by’ [0.91 . a; [1.69 , g2 [L19 —0.018
by [0.91 1 —0.088 | a; |1.59 +0.013 1.24 —0.027
’ 0.551 3 0.559 s 0.55¢4 | -
b4’ 084 [ 15y 1=0.089] a, |L55|[ ()1 +0015( g, |L16 ) | 0027
by {091 ~0.038] a5 |1.59 +oo011| g, [1.20 —0.025
by 10.93 . ag |1.59 40.013f g, 11.23 —0.026
k, 0.8 }o 576 |4-0.080 .k3 |0.83 10_576 +0.087] %, {080 0576 -+0.085
s 10.93|f (5) |40.080] ‘&, [0.82]) +0.0891 kK 10.75 4-0.087
) Negative T7,1I ‘
ny (102 0. ¢, |0.67 +0.004] b, 0.66 -+0.030
0.491 0.493 t 0.499| T~
1y 0.95 } , ¢ (059 } ” by [0.67 } 7 4-0.029
n 0920 O e s © pocos| b, losel) @]
gl: 1.08|10:492 | 003 . iZ? |oass +8'ggi Ao loars | 008,
bz’ 1.05 ' ) -—0.005 a, . I (6) |+0- gs |1.54 ] 3) —0.083
s |1 —0. ay |1.79 +0.008| g, [1.53 —0.085
r, |101 0-%3)7 +0.053| %, [1.06| 0.497 |4-0.056| %k [0.99| 0.497 | 4-0.060
Negative 81
| DN
"y 8,26 \os 0. ¢y 10.5z o578 +0.003| by 057}, o, | —0.013
Ny .87 I (6) » € ‘0,65 J (6) » b4 0.57 (5) »
ng 10.94 . ¢s 1068 ” by 057 .
by 10.98 —0.016 1.91 —0. 5 L.
by 119|107 Zi Loz 10:559 0.060 gz }ii }0.584 +0.028
» . 4 ” 4 . »
b sl O D s @0 T g haf @]
| s
k100 O-i’g)l —0.047| &, [1.08] 0561 |—0.047 | %, |1.11| 0.561 | —0.047
Negative 811
ny  [1.04 0. ¢ [0.66 |4+0.014] b, [0.67 0.009
ng |1.07 }0.5()2)9 . | e l060 }O‘Z’gf' +0.015 bi 0.72 ],0-5573 + )
ng 101 . ¢ |0.62 40014 b, oes|) © +0.010
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Table 7. Continued.
Star, d Star, Star,
Image| =0 anm Image Bo| d om Image Do d om
Negative 81I
by L7 )10_577 0022 @y (2150 oo [—0044) gy LBy, oo —0.024
by 118 [ ® ” ag 20217 | —00M [ gy 1150 )
by |L14 40.023| a5 (2,00 —0.048} g5 150 —0.025
0.554 I
B LT[}y (—00d2] R |L12 3055t 0042 E 116 \}0.554 0042
Negative 10 Negative 111 Negative I, 1T

n 0.46‘0.567(2) 0. n |0.45/0.578¢z)| O. n [0.66)0.513(2| O.
c 0.32’0.554(2)‘—0.052 ¢ 0.28:0.565(2)|—0.052] ¢  0.49)0.509 )| —0.019
b (0340564 —0016| b [0.340.584@)+0.018[ b  [0.49)0.524 (2| 40.041
b 10.66:0.5572)|—0.045| b’ 0.47,0.573(2)|—0.027} b 0.77/0.506(2)| —0.037
a [1.00,0.5482)—0.059| o |1.08/0.572(2|—0.012| a |1.28/0.505(g) —0.024
g 10.77/0.5771)+0.030] g 10.72(0.582(1)|4-0.011} ¢ |1.04/0.516(1)| 4-0.008
k  10.56/0.5611)—0.002] & ]0.55/0.578(1)|+-0.018 | k  |0.70/0.5241)| 4-0.066
‘Negative 12,1 Negative 12,11 Negative 13,1
n 10.520.565¢2)| O n  [0.58/0.551(| 0. n  [0.58]0.557 )] O.
c 0.34[0,572(2) +0.023] ¢ |0.835/0.535(2))—0.067 | ¢ [0.35/0.5662) 10.032
b |0.37/0.567(2)|+0.001] b [0.38|0.544(2)|—0.033| & |0.34{0.567(2)| 40.033
b [0.57/0.566(2)|—-0.006| b’ 10.57{0.544(2)|—0.035] b’ ]0.520.5562) —0.012
e 1.04:\0.562 @|4-0.0031 a [1.12/0.527(2)|—0.083| @« |1.170.553¢2)| 0.000
g [0.780.576(1)4-0.035| g i0.8910.534(1)|—0.074| ¢ |0.84/0.554(1)] —0.020
k1050058440097 k& 0.54/0.5341))—0.047| & ]0.66/0.589(| +-0.148
Negative 13,11 Negative 14,1
n 0.600.520)| O ny  [0.15 | 0 b, 10.22] — |—0.017
¢ [0.37.0.507(2)|—0.060| n, (018 ' a;  [0.53,0.568 | —0.012
b 0.41/0.517(2)—0.020] ¢ |0.07)\ oo | 0.46/f (3) | —0.010
by 105405192 —0013| ¢ [0.06]f — (OO} 4 l0.40(\0.562 | —0.038
a  [1180508|—0031[ by 013\ {000t s 040/ (1) | —0.040
g [0.88/0.5000)|—0.094| b, [0.17|f ke 0N {40036
ko |0.68)0.518w)|40.021] b J0.22] — |(-0.017)] & [0.20{f )
Negative 14,11 Negative 16
ny (0240510 | O | m [021)0605 | 0. NB. The values of
ng  (0.22\f (4) 0. ny |0.29]4 (2) = 0. |the correction Am given
3 — ¢, (0130 [(-0.010)]in parantheses are found
s — ¢y [0.13 J (-0.013)l on the assumption of a
by 0.121 (0.000) by (021 __ [(-0.014)| zero correction for the
by (014 T ) b, (0174 (-0.015)] distance from the focus,
by’ 10.2610.552 10.033 by’ 10.3410.591 | —0.071{ the diameter in these
by 1023 (2) ) b, 1032} (4) | —0.073|cases being not measu-
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Table 7. Continued.

Star, ' Star, | | 4

Image| 80| ¢ LM Nmage| &0 - Hm
Negative 14, 1T . Negative 16. red; the probable error
a; [0.63 }0.524 003l @ 10.74 }0.590 —0.017 [ of such a value of Am
ay 069 (4 T @y [0.82)f (4) | —0.011}ig about + 0.03 st. mg.
g5 (04810536 | .| g 05LN0578|—0122
g, 045 @ TV ge 0571 @) | —0327
ks (0331 lrooum] R 031 } 1 40.059
k(030 kg 10.29 +0.068

exposure; the second column gives the difference A\, of the
microphotometer readings between the image of the star and
the average background of the corresponding group of images;
the third column contains the mean value of the diameter, the
number of measured distances being given in parentheses; the
fourth column (Am) contains the deviation of the brightness
from a normal value, expressed in stellar magnitudes; this quan-
. tity will be explained later on. For several images the density
or the diameter was not measured either because of some defects
of the images (superposition etc.) or their extreme faintness (as
for Neg. 14, where many diameters were not measured because
the side- -images were not seen).

The value of Am was obtained in the following way. Let
us call the normal intensity of the image of a certain star its
intensity when at the same zenithal distance and distance from
the focus as Neptun.e; then Am represents the deviation
from this normal value, the effect of the distance from the focus
being given by (2), and the differential absorption being given by

Am’ =y (SecZs—SecZy) . . . (8),
Zs and Z, denoting the zenith distances of the star and Neptune,
and y being the photographic coefficient of absorption expressed
in stellar magnitudes. For the days of normal transparency
(all days except April 17 and 23) y was assumed equal to 0™&48,
which is the value found by the writer for Moscow in 19141);
for the abnormal days of April 17 and 23 (Plates 14 and 16) a
double value of y was assumed, which does not seem to be
exaggerated, since the actinic effect was on these days reduced

1) Astr. Nachr. 5162 p, 19; y = — 2,5 log a — - 0,48,
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by about 1 st. magnitude. Besides, the accurate value of the
coefficient of absorption is of no importance, the reductions
being small (only for two stars they were greater than 0wme01),
and the stars being placed symretrically enough around Neptune.

The Am of table 7 represent deviations; +the cor-
rection of a magnitude measured on the plate will be then
equal to — Am.

7. The formula of interpolation and the plate constants.

The differential brightness of Neptune is to be found with
the aid of interpolation between stars with a given magmtude
interval. We may write generally

cmy—my=[ (A, Ng) . . . (4),
where m; and m, are the stellar magnitudes, A, and A, — the
measured densities of the two stars.

The function (4) will be generally represented by a curve,
the density-function of the photometric wedge and of the measu-
red plate being not identical. The form of the curve must be
found empirically. As a good first approximation for normal
exposures a linear interpolation can be used; and if all our
negatives were of uniform density, the form of the interpolation
curve would be of no importance for differential observations,
the curvature affecting equally all measures. But in our case
plates of a different quality were obtained; and it was esti-
mated that a simple linear interpolation would lead to a syste-
matical error of about 0.1 stellar magnitudes for the faintest
images of Neptune; thus the curvature of the density-function
of the plates could not be neglected. The form of the function
(N, \g) was found in the following way. The exposures were
grouped according to the density of the images and mean values
of A\, for each star were found; the result is given in table 8;
N denotes the number of exposures.

The mean /\, were plotted as ordinates with the provi-
sional magnitudes as abscissae (no corrections for varying dia-
meter and absorption were applied); thus seven curves repre-
senting the preliminary form of the function f(/\,) for different
values of /\, were found; for a given /\, these curves are
shifted along the x-axis by a certain amount which can be
expressed in stellar magnitudes; the shifts were read from the
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Table 8.

Group| Exposures | Mean 2

Pl used e lo | x|l v | g | a
f : :

A |14110; 151, |5 | 007 | 014 | 025 | 0.24 | 043 | 0.85
B |161;51.4-6]6 | 012 | 016 | 030 | 030 | 0.52 | 0.78
c 51; 51, ;7 [0.15 [ 0.19 {036 [ 035 | 0.59 | 0.94
D |10;11;12;13{ 7 | 036 | 038 | 0.60 | 058 | 0.5 | 1.13
E Tha—s |4 [043 | 049 | 080 | 0.90 | 1.17 | 1.56
F | 8Tia7lli—s | 7 |.054 | 0.61 ' 096 | 1.01 | 1.42 | 1.75
G |6Iiag8LI {11} 061 |065 | 119 | 112 | 151 | 1.98
Provisional Magnitudes | 1.16 | 1.11 | 0.75 | 0.70 | 0.38 | 0.00

curves for the points corresponding to the star a (these points
being more trustworthy as having the greatest /\,), and were
found as follows:

Groups A—B B—C C—-D D—FE E—-F F—-@

Shift

(Stellzir +0.16 -40.15 +0.25 -4-0.42 +.0.19 —4-0.18.
Magn.)

Interpreting the shifts as variations in the intensity of
illumination (which is a pure formal interpretation), we can
express the brightness, or rather the photographic effect of each
star on each plate in a uniform system of magnitudes — say,
in the system of group 4; the result is given in table 9 for
the stars « and b; the remaining stars cannot be used, for their
provisional magnitudes were found on the assumption of a cer-
tain form of the curve of interpolation for a part of the plates
(represented by groups E, F and G).

Table 9.
S t ar a S t ar b
Photogr. Effect Photogr. Effect
Group St. magn. Do St. magn. Mo
(m) (m)
4 0.00 0.65 +1.11 0.14
B —0.16 0.78 4095 0.16
c —0.31 0.94 ~-4-0.80 0.19
D —0.56 1.13 -+0.55 0.38
K —0.98 1.56 +0.13 0.49
F —1.17 1.75 —0.06 0.61
G —1.35 1.98 —0.24 0.65
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The form of the relation between m and A\, representing
satisfactorily the values of table 9 is to be found. A parabolic
function m=a-b/\,+ ¢ /\,? and the formula m = a5 log (i) )
(¢ denotes the brightness, m = 2,5 log ), proved to be unsatis-
factory. The best result gave a hyperbola

m=a-+blot 5 ().

with the constants a =-0.422; b=—0,923; ¢=-+0,094. This
formula was assumed in the reductions with a slight alteration
to account for the different magnitude-density gradient of the
different plates. Thus the final form of the interpolation for-
mula used was:
my —m2=K[0,923(A2—A1)+0,094 (zlxl —Aiz)]=
=K[F(N\)—F(Ns)] - . . (6).

/\; and A\, are the values of A, for two stars, whose magni-
tude difference m;—m, is to be determined. To facilitate the

computation, a table of the function £(,\,)=— 0,923 [}O—F&AO—%
0
was constructed, an abbrevia-
Table 10. ted sample of which is given
T —=— in table 10.
Lo (F(oo | Lo | F(n) - As to the factor K, this
010 | +0888 | 1.0 | —og2  was determined separately for
0.12 672 | 11 0.930 each plate from the average
0.14 549 1.2 1030 values of /\, for the stars a
g'ig ‘;‘ég ii i;gg ~ and 3, assuming the magnitude
0.20 oss | 13 1509  difference of these EEaEs Eeg}i:}l
0.25 145 | 1.6 1418  to mp—ma=1.114/\mp—/\ms,
030 | +0.036 | L7 1514 0 and Ame denoting the
040 | —0.18¢ | 1.8 1.609 — .
0.50 P 1705  average deviations due to ine-
0.60 297 | 20 1799 quality of diameter and absorp-
0.70 512 21 1.893  tion: these quantities, as well
0.80 620 | 22 | —1.988  as the values of A\, were taken
0.90 | —0.727 from table 7. Table 11 contains
the result.

1) This formula is based on the assumption of an additive effect of the
brightness of the background 7, and the brightness of the star u.
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Table 11.
Negative, _ Average D, (Zero
Exposures | mp—ma b Na K K+p.e Point)
used

31L—¢ 1.162 0.180 0.937 1.034 | 1.034+0.040 | 0.936

5 Ti—g 1.143 0.150 0.780 1.053 0.781
5116 1136 | 0152 | o988 | 1oso 10500081 | o
6 11—4.6 1T, 1.152 0548 1.716 0.962 N\ gn7-r0022 | 1683
616113—¢ | 1.182 0.722 1.977 0.952 |/ - 1.914
7lh—s 1,077 0.508 1.583 0961 N\ggaoyggop | 1383
71—3 1.134 0.640 1.763 1.003 |J 1.780
81 1.097 0.570 1.957 0.785 N\ rogtoorg | 1999
81l 1.095 0.693 2.057 o812 |/ — 2.081
10 1.153 0.340 1.000 1.447 | 1.447140.080 | 0960
1L 1.158 0.415 1.180 1.260 ]

121,11 1.134 0.375 1.080 1.385 [(1.295+0.088 | 1.126
13L1 1.132 0.375 1.175 1.239 I

16 1.110 0.190 0.780 1.207 | 1.207+0.069 | 0.769

The last column gives the zero point for the negatives (or
groups of negatives), i. e. the value of the density N,= D, for
which the magnitude would be equal to the normal?) magni-
tude of the star a, assumed as zero. The probable error of the
value of K was computed & priori from the probable error of
the measured difference of magnitudes m;—m,; the method of
determining the probable error will be discussed later on.

’

8. Magnitudes of the comparison stars.

For the same grouping of the exposures the definitive
magnitudes of the comparison stars were determined. If the
average value of A\, for a certain star is N\, and if /\m, repre-
sents the average deviation from the normal value, then the
normal magnitude of the star will be given by equation (6) as

my =K [F(N\s)— F (D)l — Ams . . . (7),

K and D, being taken from the 6% and 7% columns of table 11
respectively. In this way table 12 was obtained. The weight
was chosen somewhat arbitrarily, taking into account chiefly
“the number of independent photographs groups) and in a

1) Corrected for the effect of diameter and absorption.
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Table 12
Magnitudes of Comparison Stars.
Negative, Star Vv S tar ¢
Exposures — — — S
used No —/A\m m | Weight| 2, —Am m Weight
31i—s 0.353 | —0.048 1 0.686 1 0.168 | 40.002 |1.211 1
5T1—s 0.293 | —0.013 | 0.669 1 0.110 | --0.028 |1.399 1
511—s 0.352 | —0.003 | 0.723 1 0.158 | +0.003 | 1.257 1
6 11— 11, 0.900 | 40.013 | 0.751 2 0.452 | 404001 !1.236 4
61l13—6.I; |1.185 | —0.013 | 0.665 2 0.643 | 40.016 | 1.237 4
7l " 10.800 -+0.039 [0.703 2 0.450 | +4-0.002 | 1.178 4
71l1—3 1.065 | +0.004 | 0.686 2 0.603 0.000 | 1.168 4
811—3 L1077 | 40.016 | 0.694 2 0.617 | —0.003 | 1.066 4
81I1—s 1.163 | —0.022 10.682 2 0.627 | —0.014 | 1.140 4
10 _|0.660 | ++0.045 {0.511 1 0.320 | +0.052 | 1.195 1
11. 12. 13 0.567 | .4-0.022 | 0.803 2 0.365 | 40.024 | 1.165 2
16 0.330 | +0.072 | (.762 1 0.130 | -0.012 : 1.457 1
Weighted Mean (All) 0.696 1.192
P. Error 10.012 1 0.011
Mean of Plates 6, 7, 8. 0.697 1.171
P. B. .+ 0.008 +0.017
Negative, Star g S tar &k
Exposures | — . — R ; .
used No —Am m | Weight | A, —Am m Weight
31— 0.618 | +0.012 | 0.370 2 0.340 | +0.037 ;0.794 1
5116 0.502 | +0.030 |0.368 2 0.300 | —0.015 | 0.652 1
5114 0.592 | +0.044 | 0415 2 0.362 | —0.014 | 0.722 1
611411, 1.256 | +0.022 | 0.417 2 0.865 | +0.003 {0.776 2
6136 Iy |1.967 | 4-0.061 | 0.384 2 1.203 | +0.044 | 0.704 2
716 1187 | +4-0.023 | 0.401 2 0.823 | -—0.085 | 0.660 2
7 Il1—s 1.540 | —++0.083 :0.307 2 1.020 | —0.056 | 0.672 2
8h—s 1.443 | —0.028 10.362 2 1.063 | --0.047 | 0.736 2
8113 1.517 | 4-0.024 |0.453 2 1.150 | -+0.042 | 0.756 2
10 0.770 | —0.030 | 0.259 1 0.560 | +0.002 | 0.639 1
11. 12. 13 0.858 | +0.022 | 0.377 2 0.605 | —0.044 | 0.672 2
16 0.540 | +0.125 | 0.444 1 0.300 | —0.064 10.688 1
Weighted Mean (All) 0.382 0.704
P. Error 1 0.009 1.0.009
Mean of Plates 6, 7, 8. 0.387 0.717
P. E. +0.014 +0.011

smaller degree — the number of exposures and accuracy of mea-
surement within each group; the latter depends in a high degree



AV. Photographlc Observa.tmns of the Bughtness of Neptune ete, 29

upon the value of A\, as may be inferred from formula (6) or
~table 10; thus the measures for ¢, the faintest comparison star,
are of a very low degree of accuracy for the negatives 8, 5 and
16; for the brighter stars, e. g. for g, the accuracy is greater
and more uniform.

The weighted mean magnitudes, computed from all plates
and given at the foot of table 12, were adopted finally; they
differ little from the provisional magnitudes of the comparison
stars, adopted in section 5. For comparison the average for the
six best negatives (6LII; 7LII; 8LII) is given in the same
table; no systematic difference between both systems of magni-
tudes can be perceived; this indicates that the formula of inter-
polation adopted well fits its purpose for a rather wide range
of the photographic density difference /\,.

9. Probable Errors.

It seemed advisable to estimate the size of the probable
error to be expected from various sources; since the method of
reduction does not depend upon the accuracy of this estimate,
we shall only briefly state the result. Table 13 gives a sum-
mary of the various probable errors.

Table 13. Probable Errors.

1) Microphotometer Readings. In Units of the Wedge.
P. E. of one measure of density of a stellar image +0.0811%)
” ” ” of the background +0.033
s of the Value of A\, for a single exposure of
Neptune (4 measures of one image), if the number

of exposures of a group is equal to 1 . . . -+0.020

2 . . . 40016

3 . . . Fo0.015

6 . . . +0.018

» 0f /\o for a single exposure of the comp. stars

(2 measures), if the number of exposuresis1 . . . +0.027
2 . . . +0.022

3 . . . +0.020

6 . . . +0.018

1) Somewhat overestimated, since the systematic difference between
the two readings was not taken into account.
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Table 18. Continued.
2) Probable error of the sensitiveness of the plate.

Stellar magnitudes?) . . +0.024
3) Probable error of the dev1atlon [_m, dependmg
upon 1 distance +0.020

(Average for all stars; for indi- 3 (414

2 distances vidual values see table 6) T
4, (d = 0.5 mm) S

12, +0.006
4) Probable error of the magnitude of Neptune, ari-
sing from the error in the constant X (scale-error);
stellar magnitudes ?):

Plate 3; 10 . . . . . . . . . . . . +0.018
B . . - e e e e e o . ... 0009
6;7;8 . . « . . . . . . . . . F0.004
11;12;18. . . . . . . . . . . -+0.006
6. . . . . . . . ., . ... 40018

All these errors are expressed in stellar magnitudes except
those of the photometric measures; to convert the units of the
wedge into stellar magnitudes, we shall differentiate formula (6);

we obtain
m =K N\, [ 0094] L9

table 14 contains the values —9&, with the aid of which and
Kon,
of the given values of K it is easy to find the equivalent of

the photometric errors expressed in stellar magnitudes.

Table 14.
Do =0.10 0.15 0.20 0.30 0.40 0.60 0.80 1.00 2.00
i)
™ —108 50 82 20 1,6 1,2 1,1 1,0 0,95.
Ko,

The rapid increase of the uncertainty of the measures
with decreasing /\, is clearly shown by the table.

1) A systematic influence upon the whole group of neighbouring images
is included.

2) Were the average magnitude of the comparison stars equal to the
magnitude of Neptune, this error would be zero. For different plates the
actually adopted values differ, because the fainter comparison stars received
on the different plates not equal weight.
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With the aid of the tables 13 and 14 the probable error
of a magnitude determination can be computed a priori; as
will be shown later on, for Neptune the result is not far from
the directly determined probable error.

10. Derivation of the photographic brightness of
Neptune and discussion of the results.

Let N, and A\, denote the values of the differential den-
sity /\, for Neptune and for a comparison star (s=a; b; '; ¢; g; %),
m, the normal magnitudel), ~m, the deviation of the magnitude
of the star and p, the weight of one magnitude determination
of the star; N., /. and Am, must refer to the same expo-
sure; then the magnitude of Neptune will be determined by
the following expression:

my = K [F (o) — F (N +mo+ Svms . .2 (9),

where
_ 2msps
s = 2103 M
2/\ s Ps .
Ay =" Sp and (s=a, b, b, .. . k.
ZE(N).ps
F /\S B =
(L ) zp‘s

The weight p, must depend upon the probable error of the

Table 15.
A Priori Probable Errors of the Measure of One Image.
n ‘ ¢ 1 b l b ’ a ’ g‘ 1 k
Star Stellar Magnitudes

Negative ‘
31 +0.048 | £0.10 | 10.073 | £0.041 | 40.031 | £0.032 | +0.043
51 0.041 | 0.094 | 0086 | 0043 | 0.031 | 0.035 | 0.046
511 0.041 | 0090 | 0.061 | 0.040 | 0.080 | 0.032| 0.038

6 LIL; 7 LII; 8 LI 0.029 ¢ 0035 0.036 i 0.035 0.031 0.032 0.032
10; 11; 125 13 0.040 0.035 0.057 | 0.043 0.037 0.043 0.050
16 0.050 0.14 0.07 0.050 0.030 0.035 0.050

1) Given in table 12 as the weighted mean, and adopted for b and a:
my = 1,110 and mq = 0.000 respectively. -
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magnitude of the star. In table 15 the p. e. found a priori from
tables 18 and 14!) are given. '

On the basis of this table the following weights for the
comparison stars were adopted (for all stars with a smaller pro-
bable error than for Neptune equal weights were assumed):

These quantities toge-
ther with tables 13 and 14
enabled to compute the total

Table 16.
Weights of Comparison Stars.

Negative |c b |0 |a g & probable error, including the
‘ f scale-error; for the latter
3 0203|1 |1 !1 | 1 error a preliminary value of
51 021031 |1 11| 1 Neptune’s magnitude was
511 0310511 1 11| 1 mneeded; it was assumed
6, 7,8 1b1j1 11t
> 4 equal to 0,84 (a=0.00).
10,11,12,13105(05, 1 |1 |1 05 T%e result—*_i F (a= th)
16 02(0511 |11} 1 S given 1n the

following table.

Table 17. The final result for the
Aprioricomputed Probable Error magnitude of Neptune is
of the Magnitude of Neptune, contained in table 18; the
determined from one exposure table is subdivided into two

according to formula (9). parts, the first containing

the results of the best pla-

Negative P.E. St.Mg. | Weight (o5 N3 6, 7 and 8, and the
] second — the result of the

2?11 $8:ng ; remaining plates. The column
6 LII 30.030 5 my gives the magnitude of
7L 40031 5 Neptune reduced to a dis-
8 LI +0.025 8 tance from the earth corres-
10 +0.067 ! ponding to March 22, when
ié_l?’ 'Jirgigzg 1 log ¢ was equal to 1.4683;

the reduction for varying
distance was sensible only for the observations of April 8—23.
The probable error of the first set of negatives is considerably
smaller than of the second set; assuming for the first set a
weight 7, for the second the weight 1, we obtain the following

) 1) Since relative propable errors were desired, the scale-error was
not taken into account, and for the data of table 14 K was assumed equal

to unity.
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average value of the magnitude of Neptune as
determined from all plates:
" M= 0.82440.006

(System of magnitudes indicated at the head of table 18).

Table 18. .
Differential Magnitudes of Neptune.
a—-B D.16°1901 assumed equal to  0m£000} According to the Got-
b=B. D.1792007 » »F1. 110f tingen Actinometrie.
First Series.

Correction
Negative, Date, [yMs Comparison | for Super- Mn Deviation.
Sidereal Time St. Mg. Stars 1) posed Ima- | St. Mg. |St.Mg. <1000
ges. St. Mg.
1922 +
61 1 March 22,815| —0.006 )¢, b,b",a,9, k| -+0.002 0.848 +24
2 9.0 » ¢, b,b,a,¢9 -+0.002 936 +112
3 9.2 ” ¢, b,b,a,9,k| 40.002 902 +78
4 9.5 ,, s ~+0.013 .852 +-28
5 9.8 ” » —0.009 .758 — 66
6 10.2 ,, ¢, b,a,9k| —0009 .846 +-22
6111 10.6| —0.027 |¢, b, b',a,9,k| -0.002 752 —72
2 10.8 » » —+0.008 758 —66
3 11.1 » ” +0.002 .822 — 2
4 11.5 R ” —4-0.002 811 —13
5 11.7 » . —0.009 841 <417
6 12.0 » » -—0.009 .833 + 9
71 1 March 23, 8.6 40.002 b,bya, 9,k 0. .852 4-28
2 8.8 ” ¢,b,b,a,9Fk » .825 +1
3 11.6 » » » 758 —66
4 11.8 Y b,b,a,9,k , 773 —>51
5 11.0 » c,hb,a,9,k ” 867 -+43
711 12.1} 40.002 ¢, b, a,g,k » 780 —44
2 124 - c,b b 0,9k ” .827 + 3
3 12.7 » ” ,, .831 + 7
81 2 March 24, 8.8] —0.017 ” » .813 —I11
4 9.1 » » ” .864 140
6 9.3 » , ” 837 +13
811 9.6] —0.011 ” ” .809 —15
4 9.9 » » ", 754 —70
5 10.1 » » ,, +-0.799 —25

— Average ; +0.821 -+ 0.006 (p.e.
1) Of equal weight. ‘ @)

3
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Table 18. Continued.
Second Series.
Comparison ‘
Negative, Date om Stars and their Deviati
€ » Date, \Ms Weights, indi- i) eviation.
‘ Sidereal Time St. Mg. cated by St. Mg. <1000
Coefficients
1922 +
3111 March 20,1007 —-+0.003 0,2¢; 0,3b; b7, a, g, k 0.887 + 63
2 10.4 -+0.003 » 0.904 -+ 80
3 100 | +0.003 0,3b;b',a, g,k 0.809 . — 15
4 9.7 -+0.003 0,2¢;0,3b; 0", 0,0, k 1.154 4330
5 93| 40015 |0,2¢0,3b;0, 0,9 0.927 4103
6 91| —+40.003 0,3b; 0%, a, g,k 1.021 4107
7 11.0 +0.015 0,2¢; b,a, g9 0.928 +104
51 1 March 21, 8.4 -+-0.004 0,2¢;0,3b; b, a, 9, k 0.724 —100
2 8.7 0.000 0,30;b", a, g 0.750 — 74
3 9.0 » 0,2¢; 0,30, 0", a, g 0.716 —108
4 93 ~4-0.004 0,2¢;0,3b; 6", 0,9, k 0.759 — 65
5 9.7 Y Y 1.038 +212
6 10.3 ] » » 1.027 -+203
5111 107 | —0.015 |0,3¢05bb 4,9,k 0.776 — 48
2 11.0 , Y 0.818 — 6
3 11.2 , , 0.918 + 94
4 11.5 ” 0,5b; 8%, a,9, k 0.909 -+ 85
5 118 " 0,3¢; 0,56, 0", 0,9, k 0.752 — 72
6 12.1 " " 0.670 —154
10. April 8, 115 | —0024 |05¢,0,56;0,0,9;0,5k  0.882 + 58
111 April 12, 108 —0.008 ” 0.807 — 17
1111 11.0 —0.002 » 0.834 -+ 10
121 1.6 | +0.021 ) 0.767 — 57
1211 11.3 —0.059 » ©0.662 —162
131 119 +0.017 " 0.731 — 93
1311 123 —0.037 ” 0.691 —133
16, 1 April 23, 125 | —0.033 | 0,2¢;0,5b;b%, 0,9, % 0.945 4121
4 12.8 y , 0.709 —115
Average | 0840  +0.016(p.e)

The deviations of the single observations from this ave-
rage value are given in the last column of table 18 and are
expressed in thousandths of a stellar magnitude.

1) Reduced to log ¢ = 1.4683, o being the distance from the earth.

e e v ——————b—
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The ,correction for superposed images“ deserves some
explanation. The crowding of several exposures upon the same
plate increases the probability of the fainter stars being super-
posed on the extrafocal images of Neptune!). The number of
the different points of the background of the sky superposed
upon a certain image %k is equal to the number of exposures,
and the coordinates of these points are found by subtracting
from the coordinates of Neptune the differences ai—ax and 6;—dx
(or the differential right ascension and declindtion of all expo-
sures, the exposuTe ¥ being taken as origin). The image ¢ whose
effect upon % must be determined we shall call the ,active
image“. It may be remarked, that the effect of ¢ upon % is not
equal to the effect of % upon i.

All stars in the neighbourhood of Neptune, found on the
Carte du Ciel, Bordeaux, 16N 69, were examined for super-
position in the case of the negatives 6, 7 and 8; the diameter
of the central image upon these negatives was on the "average
0,33 mm and the diameter of the circle measured on the micro-
photometer 0,11 mm; in the scale of the Carte du Ciel these
values must be increased 8.7-fold. It was found that a super-
position took place only for the negative 6, when a star of the
estimated magnitude 10.5, coordinates x=— 25.95, y =-59.45,
covered upon several images !/, of the field of the micropho-
tometer. From the stars « and % the systematic diffe-
rence of the magnitudes of the Carte du Ciel and our adopted
system was found equal to 6.5 and 6.8 respectively, and a mean
of 6.6 was adopted; this gives the difference of magnitudes
between the said star and Neptune equal to 3.1, which corres-
ponds to 0.058 of the brightness of Neptune; !/,® of this quan-
tity was taken and was multiplied by a provisional value of
Schwarzschild’s exponent p=0.752); finally the effect of super-
position was adopted equal to 0.0117, = being the ratio of the
exposures of the active and the given image. The following
table was obtained: ' '

1) For the comparison stars the same danger exists, but it has not
been taken into account because its effect is generally small and the effect
will be lost in forming the average magnitude of all six stars.

2) Determined for the same plate.
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Since the background

Deviation of | C tion’
on ob ) POmECMOn - was affected by the same

Brightness | for Super-

Image due toSuper-| position. star, the correction was
position St. Mg. applied so that its ave-
rage value would be equal
611,23 to zero.
61119 4 }-{—0.011 ~+-0.002 Th
'8 e sign and nume-
614 +0.022 4-0.013 .
611 » 10017 10,008 rical  value of the cor-
6 LITs, 6 0.000 —0.009 rection expressed in
Average| 10009 | 0.000 stellar magnitudes is equal

to the deviation in units
of the brightness of Neptune. The entire process of finding
the correction for superposed images is of a somewhat inconve-
nient character, and precise results for this correction cannot
be expected; but owing to the smallness of the correction in
the actual case the indeterminateness of the problem has no con-
sequences. The chief result of the examination of the effect
of overlapping images is that this effect was practically negli-
geable for the negatives 6, 7 and 8. Owing to the low accuracy
of the measures of the remaining negatives, they were consi-
dered not to be worth of the labour of applying such a minute
correction.

The probable errors computed from the devmtmns in the
last column of table 18, were:

for the plates 6:7;8 . . . . . . . p.e ==*0.032st mg.

w » . 835;10—13;16 . . . p.e.=+0081st mg.

These probable errors may be called the ,observed p. e.;
the probable errors to be expected in both cases were, accordmg
to table 17, equal to #=0.029 and ==0.053 st. mg. respectively.
For the first set of measures the agreement between the obser-
ved and the a priori computed probable errors is good; but
for the second set the observed probable error is considerably
greater than the expected one; a better agreement would be
obtained if it were assumed that the error due to the variation
of the sensitiveness of the plate 1ncreased with decreasing density
of the images.

The question of the variability of Neptune can be discussed
only on the basis of the first set of measures comprising nega-
tives 6, 7 and 8. The close agreement of the observed and

~
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expected p. e. seems to be a test against any variability ; how-
ever, the a priori expected p. e. may be somewhat exaggerated,
as indicates the first footnote of table 13; and a small ampli-
tude of variation can exist without affecting in a sensible man-
ner the probable deviation from the mean.

The deviations from the mean magnitude of the individual
observations of March 22, 23 and 24 are plotted on fig. 2. The
first glance at this figure reveals a systematical variation in
the magnitude of Neptune during these three consecutive nights ;
the broken line indicates the hypothetical form of the curve of

+00 , : —_— T
go 9% o 0 we sk Sid Jume

Fig. 2.
ﬂa/hologwqw/}m /V(/txgm&w[@ 0? fﬁyp]&um

variation ; all three curves can be made to agree with a certain
adopted short period; but the material is too scant to obtain
any reliable result as to the form and period of the variation.
The probable deviation of one observation from the hypothetical
curves is only - 0.016 st. mg.; this may be explained by the
small number of points, which caused the somewhat arbitrarily
drawn curves pass nearer to the individual points: curves of
the same amplitude and representing the observations equally
well may be drawn, so that the probable deviation would be
increased up to 4 0.020 or even more. In any case a varia-
tion of the photographic brightness of Neptune
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of an amplitude of 0.08—0.15 st. mg. and of a short
period is indicated by the present observations
with a considerable degree of probability.

As to the arrangement of future observations, from the
probable errors due to the different sources (see table 18) the
conclusion may be drawn that a number of exposures on
the same negative greater than 2 increases the accuracy of
the observations but little; if the danger of overlapping stel-
lar images and the inconvenience of eliminating it is taken
. into account, it must be inferred that a number of 2—3 expo-
sures upon the same negative of a star of the brightness of
Neptune gives the optimal result; a greater or a smaller number
will affect the accuracy of the observations.

October 1922,



