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Besides the mean difference, m,—m, its probable error is
given; the p. e. was computed from all deviations of both images
of the corresponding negative.

By adding the mean difference, m,—m, to the observed
magnitude of Neptune the concluded magnitude of Neptune, n,,
was obtained ; the zero-point of this magnitude is evidently the
same as for the scale of comparison stars in table 2.

The magnitudes of the comparison stars were derived in
the following way. The observations were joined into groups
according to the combinations of comparison stars used, and
mean values of the magnitudes m of table 5 were determined.
These groups and mean values were:

I group (December, 20 observations)
star w a z ? r
mean m 9.423 9.068 8.822 9.704 8.725

II group (February, 238 obs.)
star r w t s m p
mean m 8.492 9.222 8.650 9.295 9.189 8.987

IIa (February, star w not measured; 6 observations)
star r t S m p
mean m 8.432 8.565 9.173 9.088 8.898

IIT (22. February and March, 68 observations)
star ¢ s m P r
mean m 8.919 9.555 9.454 9.190 8.764

IIla (March 19 and occasional photographs where p was not
measured ; 17 observations)
star t S m r
mean m 9.087 9.734 9.673 8.852.

All these groups include 134 observations; the remaining
11 observations were not used in the derivation of the magni-
tudes of the comparison stars, because they occasionally con-
tained one or another star not measured and would therefore
give too many groups with a small number of observations
within each and introduce thus unnecessary complication.

Were these 11 observations also included, they would

hardly alter the definitive magnitudes by a few thousandths
of a stellar magnitude (of course, a more considerable shift of
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the zero-point of the scale would be produced, but this is of no
consequence for our purposes).

The scales of magnitude in the different groups differ by
certain constant values, which must be attributed to the varying
average transparency of the atmosphere, the distance from the
focus and unknown circumstances of development. Therefore
all these magnitudes must be reduced to a uniform zero-point —
say, to the zero of the moslt numerous group III; then the other
4 groups require each a certain constant correction; these cor-
rections together with the definitive magnitudes of the 9 com-
parison stars give together 13 unknowns which were determined
from a least-square solution of the 25 equations furnished by
the 25 mean magnitudes given above; the weights were assumed
equal to the number of observations. In this way the defini-
tive magnitudes contained in the 11* column of table 2 were
derived.

The uniformity of the systera of magnitudes adopted depends
chiefly on the number of stars common to the different groups;
the small groups Ila and IIla are of little importance since they
refer Lo the same epochs as the groups II and III respectively;
therefore only three chief groups shall attract our attention —
the I, II and III. The December group is connected with the
other two groups through the star », and with the February
group through w; all 5 stars of the March group occur also in
February. Thus the February and March systems of magnitude
are practically identical, and only the December group stands
somewhat apart, the zero-point being based on only two stars,
r and w; the uncertainty in this case however hardly exceeds
0.005 st. mg. and in any case is less than 0.01 mg.

3. Discussion of Results.

Table 6 gives the final results for Neptune. The first
column gives the sidereal time corrected for light-time and change
of apparent position; the latter correction corresponds to the per-
spective change of the central meridian of the rotating planet, and
was computed as follows. From a preliminary discussion of the ob-
servational data it was obvious that the observed light variation
might be accounted for by a rotation period of about 7.28; the posi-
tion of Neptune’s axis of rotation was assumed according to Arthur
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Newtonl): a =19 17n; § = 38°3 (north pole). With these
data the following corrections were found:

December 18. Corr. for light-time =-—1m.7; corr. for
change of position?) =} 8.m0; total . . . . . —+41m.3
February 18. Corr. for light-time= -} 1=.7; corr. for
change of position —=-+}+ 1=.0; total . . . . . . 4-2m7
March 16. Corr. for light-time = 0™.0; corr. for change
of position=o0=.0; total . . . . . . . . . . 0™.0
Actually the following corrections were applied :
for December 16—18 . . . . . . . —41m0
. FHebruary 12—13 . . . . . . . 43820
. . 22 ()
» March 5 - e e e v« . —+1mo
. ., 12—21 . . . . ... o™.0

These corrections are small and have only a conventional
character.

The second column gives the magnitude of Neptune cor-
rected for the distance from the earth; no correction for the
phase-angle was made, and the change of the distance from
the sun is too insignificant to be taken into account. The cor-
rection for distance used was:

December 16—18. . . . . . —0.015 st. mg.
February 12—22. . . . . . -0.015 ”
March 5 . . . . . . -o.010 ”

, 12—13. . . . . . -0.005 "

” 16—21. . . . . . 0.000

”»

The general mean magnitude from all 145 observations
results as

mo = 9.101 4 0.004 (p. e.),

with an average deviation of 4 0.0645 (or a probable dev.—=
+0.0434); this is a little too large and may alone give rise to
suspicions of variability. The suspicion is strengthened to
conviction when the individual values from day to day are
scrutinized.

The period of variation was determined in the following
way. The individual values for each day were plotted and the

1) Popular Astronomy XXX p. 166.
2) Allowing for the retrograde sense of rotation,
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Table 6.

mo, = magnitude of Neptune reduced to log ¢ = 1.467, o being the
distance from the earth (zero-point of magnitudes arbitrary)
t — sidereal time corrected for light-time (reduced to log 0 =1.467)
and change of apparent position.

Phase of : Magnitude from Dev. > 1000
Rotation mean Light-Curve Obs.-Comp.
t m -
Pi= | Py= super |
—7b.7269|=72857| I I rym | T I I+-1
1922. December 16.

h h h

8.01 9.137 0.29 0.15 9.167 | 9.143 | 9.209 — 30| — 6| —72
8.30 197 0.38 0.44 129 .102 130 | + 68| + 95| 467
8.60 .107 0.88 0.74 .123 102 Jd24 | — 16| + 5| —17
8.89 .019 1.17 1.03 091 .081 071 | — 72| — 62| —5H2

December 18.

6.83 147 0.75 7.69 .126 .130 155 + 21 4+ 17| — 8
7.05 .169 0.97 0.05 119 152 170 + 50| 4+ 17| — 1
7.32 9.029 1.24 0.32 073 .108 .080 — 44| — 79| -— 581
7-55 8.975 1.47 0.55 035 .102 .036 — 60| —127| — 61
7.95 | 9.025 1.87 0.95 .089 .083 071 — 64| — 58| — 46
8.20 137 2.12 1.20 .129 .089 117 -+ 8| -+ 48| + 20 .

50 | .217 2.42 1.50 105 | .139 | .143 | 4+-112| 4 78| + 74

.78 107 2.70 1.78 .101 119 119 + 6| — 12| — 12

22 | .113 3.14 2.22 083 | .047 | .029 | 4+ 30| -+ 66| 4+ 84

51 121 3.43 2.51 .110 .080 .089 + 11| 4+ 41| + 32
9.81 .118 3.73 2.81 .140 .139 .178 — 22| — 21| — 60
10.04 .143 3.96 3.04 .155 .115 .169 — 12| 4+ 28| — 26
10.99 073 491 3.99 119 142 .160 — 46| — 69| — 87
11.22 .105 5.14 4.22 .154 124 A77 — 49| — 19| — 72
11.44 137 5.36 4.44 124 .090 .113 + 13| 4+ 47| 4+ 24
11.70 .105 5.62 4.70 124 .078 01 | — 191 4 27 4+ 4

1923. February 12.

6.28 .070 7.47 7.59 .099 .100 098 | — 29| — 30| — 28
6.60 .097 0.06 0.05 .131 152 .182 — 34| — 55| — 85
6.86 | .247 0.32 0.31 166 | .108 | .173 | 4+ 81| 4139 | -+ 74
7.10 105 0.56 0.55 .130 102 131 — 25| 4+ 3| — 26
7 49 .113 0.95 0.94 .120 .084 .103 — 7+ 29| 4 10
7.70 079 1.16 1.15 .093 .085 077 — 14| — 6|+ 2
7.95 .130 1.41 1.40 045 119 .063 -+ 85| 4+ 11| 4 67
8.19 165 1.65 1.64 .046 .140 .085 —+119| 4+ 25| 4 80
8.88 075 2.34 2.33 .107 .063 069 | — 32| + 12| 4+ 6
9.26 117 2.72 2.71 .099 134 132 + 18| — 17| — 15
11.63 .152 5.09 5.08 .160 141 .200 — 8| ++ 11| — 48
11.84 .083 5.30 5.29 126 .156 .181 — 43| — 73| — 98
12.09 .140 . 9.55 5.54 124 124 .147 ~+ 16, + 16| — 7
12.31 127 5.77 5.76 124 .070 .093 + 3| 4+ 57| 4+ 34
12.57 .047 6.03 6.02 .078 054 | 9031 | — 31| — 7| 4 16
12.86 027 6.32 6.31 .033 062 | 8994 | — 6| — 35| + 33
13.12 .207 6.58 6.57 .086 093 | 9.078 | +121| 4114 | +129
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Table 6. Continued.
Phase of Magnitude from Dev. > 1000
; Rotation mean Light-Curve Obs.-Comp.
mo super- ~
Pr= Pi= pols)ed
—7h 7269|—7P 857 | ! LIS % il I I I+
February 13
h h | b
6.63 | 9.195 0.91 0.51 9.122 | 9.101 9.122 | 4+ 73| 4+ 94| + 73
6.85 067 1.13 0.73 .100 .103 Jd02} — 33 — 36| — 35
7.10 057 1.38 0.98 061 081 041 | — 4| — 24| 4+ 16
7.31 067 1.59 1.19 .035 .088 .022 32| — 21| -+ 45
7.71 141 1.99 1.59 119 144 .162 22| — 3| — 21
7.98 | 9.101 2.26 1.86 113 .093 05| — 12 4+ 8| — 4
8.24 | 8.985 2.52 2.12 104 031 034 | —119| — 46| — 49
8.45 | 9.137 2.73 2.33 097 .063 059 | 4+~ 40| 4+ 74| 4+ 78
9.35 047 3.63 3.23 125 .089 Jd13 | — 78| — 42| — 66
9.68 187 3.96 3.56 155 .130 184 | 4+ 32| 4+ 57| 4+ 3
11.52 | .249 5.80 5.40 124 | 147 | 170 | 4125 4102 | 4 79
11.72 .098 6.00 5.60 091 102 1 9092 | 4+ 7| — 4| 4+ 6
11.95 132 6.23 5.83 .034 062 8995 | + 98| + 70| 4137
12.15 017 6.43 6.03 050 054 | 9.003 | — 33| — 37| }+ 14
12.52 .062 6.80 6.40 .096 071 066 | — 34| — 9| — 4
12.75 .067 7.03 6.63 101 .098 098 |1 — 34| — 31| — 31
12.97 175 7.25 6.85 .094 104 097 | + 81| 4+ 71| -+ 78
13.18 | .119 7.46 7.06 098 | .099 | .096 | - 21| + 20| 4 23
February 22.
11.25 .129 5.17 1.13 .149 .084 A32 | — 20| + 45| — 3
11.47 091 5.39 1.35 123 111 133 | — 32| — 20| — 42
11.70 123 5.62 1.58 124 .143 66 | — 11 — 20| — 43
11.92 099 5.84 1.80 121 115 9.135 | — 22| — 16| — 36
12.18 | 9.011 6.10 2.06 .049 .031 8.969 | — 38| — 20| + 42
12.39 | 8,915 6.31 2.27 .033 055 8.987 | —118| —140| — 72
12.63 | 9.055 6.55 2.51 .083 080 | 9062 | — 28| — 25| — 7
12.86 075 6.78 2.74 095 135 29 1 — 201 — 601 — 54
March 5.
7.46 .038 2.67 2.07 .102 .030 031 | — 64| 4+ 8| 4+ 7
7.64 074 2.85 2.25 075 052 026 | — 1| 4 22| 4 48
791 .168 3.12 2.52 .080 .086 065 | 4+ 88| -L 82| 4103
8.14 .142 3.35 2.75 .103 .136 381 4+ 391 + 6] 4+ 4
March 12.
8.05 | 9.069 1.28 5.66 .069 .088 | 9.056 O — 19| 4 13
8.28 | 8.955 1.51 35.89 .031 058 | 8988 | — 76! —103| — 33
8.54 | 9.115 1.77 6.15 .067 054 | 9020 | 4+ 48| 4 61| 4+ 95
8.78 125 2.01 6.39 123 .070 092 | + 2| 4 55| 4+ 33
9.12 127 2.35 6.73 107 102 108 | 4+ 20| 4 25| 4 19
9.34 139 2.597 6.95 104 .103 106 | 4- 35| + 36| 4+ 33
9.62 039 2.85 7.23 075 .084 058 | — 36| — 45| — 19
9.85 .021 3.08 7.46 074 070 043 | — 53| — 49| — 22
11.77 197 5.00 1.52 142 .140 181 | 4 55| 4+ 57| 4 16
11.97 | .235 5.20 1.72 143 | 129 | 171 | 4+ 92| 4106 | + 64
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Table 6. Continued.
Phase of Magnitude from Dev. > 1000
Rotation mean Light-Curve Obs.-Comp.
t mgo _ _ super-
Pr= Prp= 1 posed

—71.7269| =7".857 I rgm ] 1 I r4a

March 13.

b h h v

8.23 | 8.987 2.27 6.27 9.112 | 9.059 | 9.070 | —125| — 72| —83
8.45 9.067 2.49 6.49 104 .084 .087 — 37| — 17| —20
8.72 9.091 2.76 6.76 .094 .103 .096 — 3| — 12| — 5
8.95 | 8.997 2.99 6.99 .062 .103 065 | — 65| —106| —68
9.36 9.053 3.40 7.40 .108 .069 076 — 55| — 16| —23
9.58 141 3.62 7.62 124 .109 132 | 4+ 17| 4+ 32| 4+ 9
9.84 .209 3.88 0.02 .161 152 212 | 4+ 48| 4+ 57| — 3
10.14 .043 4.18 0.32 .104 .108 11 — 61| — 65| —68
10.50 .161 4.54 0.68 112 .104 115 | - 49| + 57| +46
10.76 .095 4.80 0.94 114 .084 097 — 19| 4+ 11| — 2
11.00 219 5.04 1.18 .150 .088 .137 + 69| +131| 482
11.21 091 5.25 1.39 .135 117 JA51 | — 44| — 26| —60

March 16.
7.67 134 4.17 6.99 .106 .102 107 + 28| + 32| 427
7.88 116 4.38 7.20 .102 .087 .088 | + 14| 4 29| 428
8.12 | .137 4.62 7.44 114 | .069 | .082 | 4+ 23| + 68| +55
8.33 .098 4.83 7.65 115 118 .132 — 17| — 20| —34
8.61 .180 5.11 0.08 .160 .152 211 | 4+ 20| 4 28| —31
8.85 112 5.35 0.32 124 .108 .131 — 12| 4+ 4| —19
9.10 .042 5.60 0 57 124 102 125 — 82| — 60| —83
9.34 .096 5.84 0.81 121 .099 119 — 25| — 3| —23
9.61 024 6.11 1.08 .048 .082 .029 — 24| — 58 — 5
9.86 042 6.36 1.33 .036 .108 .043 + 6| — 66| — 1
10.07 .078 6.57 1.54 .085 141 Jd25 | — 7| — 63| —47
10.29 .092 6.79 1.76 .096 122 17 | — 4| — 30| --25
11.09 .080 7.59 2.56 .107 .088 094 | — 27| — 8| —14
11.33 176 0.11 2.80 .139 .139 A77. y + 37 4+ 37 — 1
11.65 .092 0.43 3.12 .150 .099 148 | — 58| — 7| —56
11.94 .128 0.72 3.41 A27 .108 134 + 1| +20| — 6
12.33 .185 1.11 3.80 .105 142 .146 | 4+ 80| + 43| +39
12.58 .168 1.36 4.05 054 .138 091 +114| 4 30| 477
12.85 .088 1.63 4.32 .042 .110 051 -+ 46| — 22| 437
13.08 | .086 1.86 | 455 086 | .078 | .063 ol + 8| 423

March 18.
7.76 122 5.91 0.09 114 152 165 | + 8| — 30| —43
7.96 .110 6.11 0.29 .048 111 .058 + 62 — 1| 52
8.21 .052 6.36 0.54 .036 .102 .037 -+ 16| — 50| +15
8.44 .068 6.59 0.77 .087 .101 087 | — 19| — 33| —19
8.74 .082 6.89 1.07 .099 .081 079 | — 17| 4+ 1| 4+ 3
8.96 .128 7.11 1.29 .101 .102 102 | + 27| 4 26( 426
9.20 .082 7.35 1.53 .094 141 .134 — 12| —— 59| —52
9.44 120 7.59 1.77 .107 .120 126 | 4+ 13 o| — 6
9.87 178 0.29 2.20 .167 044 110 | 4+ 11 -+134| 468
10.08 .038 0.50 2.41 .132 070 01 | — 94| — 32| —63
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Table 6. Continued.

Phase of Magnitude from Dev. XX 1000
. Rotation mean Light-Curve Obs.-Comp.
" Pi= | Pu= posed. U | I4-10
—7h 7269|— 7h.857] ! iy | ! +
March 109.
h : h h
7.85 | 9.172 | 6.82 0.61 9.097 | 9.103 | 9.099 | + 75| + 69 73
8.04 115 7.01 0.80 .101 .100 100 | + 14| + 15| 4 15
8.30 .020 7.27 1.06 094 .081 074 — 74| — 61| — 54
8.53 .133 7.50 1.29 .101 .102 102 | + 32| -+ 31| 4 31
8.84 .130 0.08 1.60 .134 144 177 — 4| — 14| — 47
9.08 110 0.32 1.84 .166 .100 .165 — 56 10| — 55
9.30 170 0.54 2.06 .130 .031 .060 | + 40| +139| 4110
9.51 .060 0.75 2.27 .126 .055 08 | — 66|+ 5| — 20
9.84 .208 1.08 2.60 .109 .095 103 | + 99| +113| 4105
10.06 125 1.30 2.82 .065 .139 .103 + 60| — 14| 4 22
10.30 .078 1.54 3.06 .032 .110 041 | + 46| — 32| 4 37
10.51 .002 1.75 3.27 .064 .090 053 | — 62| — 88| — 51
11.17 .145 2.41 3.93 .105 142 .146 + 40} + 3| — 1
11.44 .170 2.68 4.20 .102 127 .128 -+ 68| + 43| | 42
11.71 012 2.95 4.47 .062 085 .046 — 50| — 73| — 34
11.98 .062 3.22 4.74 .093 .084 076 | — 31| — 22| — 14
12.36 | .182 3.60 5.12 121 | .146 | .166 | 4+ 61| 4+ 36| + 16
12.59 120 3.83 5.35 .156 .152 .207 — 36, — 32| — 87
12.86 .028 4.10 5.62 114 .097 110 | — 86| — 69| — 82
13.10 .088 4.34 5.86 101 .060 .060 — 13| + 28| 4+ 28
March 21.

8.24 9018 1.12 1.85 .102 097 | 9.098 — 84| — 79| — 80
8.46 8.924 1.34 2.07 .058 .030 | 8.987 —134| —106| — 63
8.66 | 8.974 1.54 2.27 .032 .055 | 898 | — 58| — 81| — 12
8.87 8.950 1.75 2.48 .064 076 | 9.039 | —114| —126| — 89
9.13 9.130 2.01 2.74 .123 .135 157 + 7\ — 5| — 27
9.40 | 9.158 2.28 3.01 111 121 121 + 47| 4+ 37| 4+ 27

points joined by straight lines; in this way curves of variation
for each day separately were obtained; although these curves
were without doubt considerably deformed by observational
errors, if separated by a 1, 2 or 8 days interval they generally
presented a sufficient number of common features for the
identification of their maxima and minima.

Generally a shift of the later curve by ob".4—o0".8 backwards
per day led to very satisfactory agreement. Let us denote this
shift by xz; then, if P is the period, and # — an even number,

we have
kP =— 24b — .
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From a comparison of different curves it appeared that
k=38 is evidently the only acceptable value; this gives

P = 8h———§—, or a period near 7:.8.

To determine more precisely the relative shifts of the differ-
ent curves, copies of them made on transparent paper were
superposed upon one another and shifted along the ¢ — axis
till the difference between both curves became a minimum;
sometimes the same pair of curves gave two shifts with mini-
mum deviation; in this case both shifts were noted. The results
of such a comparison are given below.

Dates Shift Remarks x Weight

December 16—18 . . . . 2x=1"42 very good O0".71 8
February 12—13 . . . . x=0 .44 very good 0 .44 2
» ” o e e e . x==0 .70 bad 0.70 0.5
March 12—18 . . . . x=0.70 good 0 .70 1
" 16—18 . . . . 2x=1.48  good 0.74 4

” ” y + . . . 2x=—0 .80 acceptable 0 .40 2

” 16—19 . . . . 3x=1.83  good 0.44 9

” ” y + + « . 3x=2 .60 good 0 .87 9

L 18—19 . . . . x=0 .48 very good O .48 1

The weight here was assumed equal to the square of the
interval in days, multiplied by 2 or 1 when the coincidence was

noted as “very good“ or “good“ respectively, and by 0.5 in the
remaining cases. ' |

From an inspection of the values of x obtained it appears
that they may be divided into two distinct groups, the first
with x> 0270 and the other with < 0®5; the weighted mean
of the first group gives x=02.7¢, and the mean of the second
group —ax==0".44; these values correspond to two different periods:

P;= 172740 and
P = 72.853 (units of sidereal time).

With the purpose in view to decide which period is the
right, and which — the wrong one, both periods were corrected
by suceessive approximations and subjected to the test of all obser-
vations ; and the surprising result was obtained that b0tk periods
correspond to a doubtlessly real variation of brightness. The
most natural explanation of this result is that Neptune, like
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Jupiter and Saturn, rotates not as a solid body but with differ-
ent angular velocity in different zones; our bifurcation of the
period of light-variation is then readily accounted for; e. g. we
may suppose that the major part of the visible surface of Nep+*
tune belongs to two different zones — say, the quickly rotating
equatorial zone and the slower temperate zone. With the position
of Neptune’s axis adopted above the angle between the line of
sight and Neptune’'s equator during the period of observation
becomes — 29°, so that practically only one of the two temper-
ate zones could be visible; this circumstance must have added
to the uniformity of the second period.

The accurate values of the periods and the light-curves were
determined quite independently for both periods, on the assumption
that only the period under question existed. Such a method is
justified for a sufficiently long and numerous series of obser-
vations: in this case with respect to the first period the wvari-
ations caused by the second may be regarded as accidental
errors, and vice versa, so that the mean light-curve obtained
will correspond to the period adopted, as if the other variation
did not exist.

To determine each period, the phase of rotation was com-
puted with the first approximation given above and for the three

following groups of days preliminary light curves were con-
structed :

I. group: December 16 and 18, mean date ass. Dec. 18.
1I. » : February 12—22, mean date ass. Febr. 183.
II1. » . March 5—21, mean date March 16.

The relative shift of the preliminary light-curves gave the
correction of the period.

For the first period (= 72.74) the three light-curves showed
high similarity, and gave for the correction of the period:

from the February— March groups . . . — 0" 016 (interval 31 days)
” » December—March . ..—0Mho181 ( ,, 88 ,, ).

The last value, being of greater weight, was adopted; this
gives for the first period

Pr="727269 + 00007 . . , . (in units of sidereal time);
the probable error is roughly estimated.
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As to the second period, it may be noted that our first
approximation is remarkably near the value found by Maxwell
Hall in 19151): 72835 (M. T.)=72.857 (Sid. T.); this period was
therefore adopted as the first approximation, instead of our value
found above (72.853). The light-curves for February and March
determined with this period were similar and indicated a cor-

rection of —0%.008; the two days of December, however, seem
to have been chiefly under the influence of the first period, so
that the comparison with the other two groups gave indetermin-
ate results; the best correction obtained was -} 0b.002, with
an uncertainty of the same order; therefore the final value of
the second period was adopted unchanged:

Py="1"85740"002 . . . . (units of sid. time).

1) Monthly Notices 75, pp. 626—628.
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The phase of rotation for each observation corresponding
to the two periods found is given in the 3¢ and 4% columns of
table 6; the zero of phase is chosen arbitrarily (o®, December 16).

To determine the mean light-curves for each period ave-
rage values of the observed magnitude were computed for every
0h.2 interval of the phase of rotation; if only 1 observation was
found in the corresponding interval, it was joined with the near-

Table 7.

Normal Points of the Light-Curve for Pr= 7».7269.

Phase of

Rotation 1{\1{:;3 n Deviations X 100

Limits ‘Mean

h h h
0.00—0.19 0.08 9.134 | 3 —4 +4 —O0
0.20—0.39 0.30 .168 | 4 —3 48 +1 —6
0.40—0.59 0.52 120 | 5 +8 —2 —3 —8 45
0.60—0.79 0.74 112 | 3 +4 42 —5
0.80—0.99 0.93 146 | 4 —4 +2 —3 45
1.00—1.19 1.13 .096 | 6 —8 —2 —3 49 411 —8
1.20—1.39 1.32 .062 | 6 —3 —0 +1 +11 46 —14
1.40—1.59 1.51 .030 | 6 —6 +10 +4 —8 +}+5 —6
1.60—1.79 1.71 064 | 5 + 10 +5 42 —6 —11
1.80—1.99 1.91 .084 | 3 —6 +6 40
2.00—2.19 2.05 131 | 3 +1 —1 —O0
2.20—2.39 2.30 090 | 5 —2 +1 44 —10 47
2.40—2.59 2.48 Jd11 | 5 —+11 —13 43 —4 }4
2.60—2.79 2.71 110 | 6 —0 +1 43 —7 —2 46
2.80—2.99 2.91 031 | 4 +4 4+1 —3 —2
3.00 —3.19 3.11 .101 | 3 +1 47 —8
3.20—3.39 3.28 102 | 2 +4 —4
3.40—3.59 3.42 .087 | 2 +3 —3
3.60—3.79 3.64 122 | 4 —0 —8 42 46
3.80—3.99 3.91 .165 | 4 —2 42 +4 —4
4.00—4.19 4.15 .068 | 3 —2 47 —4
4.20—4.39 4.36 102 | 2 1 —1
4.40—4.79 4.58 149 | 2 +1 —1
4.80—4.99 4.85 .089 | 3 —2 41 +1
5.00—5.19 5.08 .164 | 6 —6 —1 —4 43 46 {2
5.20—5.39 5.31 125 | 6 +1 —4 —3 411 —3 —1
5.40—5.79 5.63 107 | 5 +3 —0 42 42 —6
5.80—5.99 5.85 142 | 4 +11 —4 —5 —2
6.00—6.19 6.07 058 | 5 —1 +4 —5 —3 45
6.20—6.39 6.32 034 | 5 —1 410 —12 41 42
6.40—6.59 6.54 085 | 5 +12 —7 —3 —1 —2
6.60—6.79 6.78 084 | 2 — 1 41
6.80—6.99 6.84 105 | 3 —4 —2 47
7.00—7.19 7.05 .103 | 3 —4 42 41
7.20—7.39 7.29 092 | 3 8 —1 —7
7.40—7.72 7.52 104 | 5 —3 42 —2 42 42
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est other interval; in this way normal poimts of the light-curves
were obtained. Tables 7 and 8 contain the result.

The normal points from these tables were plotted and
smooth curves drawn; these curves are represented on fig. 1
and 2. In drawing the curves the probable errors of the nor-
mal points were taken into account; the probable deviation of

Table 8.
Normal Points of the Light-Curve for P;= 78.857.
Phase of
Rotation 11\\44223. n Deviations X100
Limits Mean
h h h
0.00—0.19 0.07 9.152 6 —2 41 —6 46 +3 —3
0.20—0.39 0.31 .108 5 —8 414 —6 40 40
0.40—0.59 0.53 .094 6 +10 —12 41 +10 —5 —4
0.60—0.79 0.71 A15 0 5 | —1 —5 +5 —b5 +6
0.80—0.99 0.90 084 6 —6 +3 —3 41 41 43
1.00—1.19 1.11 .080 8 -6 —0 —1 45 +14 —6 40 —6
1.20—-1.39 1.31 104 | 6 | 43 —1 —1 —6 42 43
1.40—1.59 1.52 138 | 7 | 48 —1 4+0 —2 46 —6 —6
1.60—1.79 1.71 J42 | 6 | —4 42 +9 —5 —2 —1
1.80—1.99 1.84 082 | 4 | 42 42 +3 —6
2.00—2.19 2.08 026 | 5 | —4 —2 41 414 —10
2.20—2.39 2.27 066 | 8 | 45 41 +7 -—15 41 411 —1 —9
2.40—2.59 2.50 .069 6 +5 —1 +10 41 —3 —12
2.60—2.79 2.71. 134 | 5 | —2 —6 41 +7 —O
2.80—2.99 2.81 .140 3 —2 44 —2
3.00—3.19 3.06 118 | 4 | 42 —3 —4 44
3.20—3.39 3.25 .024 2 +2 —2
3.40—3.59 3.48 158 | 2 | 43 —3
3.80—4.19 3.94 143 | 4 | —7 34 40 42
4.20—4.39 4.25 121 | 3 | —2 —3 4-5
4.40—4.59 4.49 078 | 3 | 46 +1 — 7
4.60—4.79 4.72 084 | 2 | 42 —2
4.80—4.99 — —_ 0 —_— — —
5.00— 5.19 5.10 167 | 2 | —2 42
5.20—5.39 5.32 102 2 —2 42
5.40—5.59 5.47 194 2 —5 +6
5.60—5.79 5.66 .080 4 +5 +2 —1 —5
5.80—5.99 5.86 .058 3 +7 —10 43
6.00—6.19 6.07 060 | 3 | —1 —4 46
6.20—6.39 6.32 .046 3 —2 8 —6
6.40—6.59 6.49 112 3 10 —5 —4
6.60—6.79 6.71 .095 3 —3 4+3 —0
6.80—6.99 6.94 11 | 4 | 46 43 —11 42
7.00—7.39 7.16 091 3 +3 —5 42
7.40—7.59 7.47 070 4 0 -5 —2 47
7.60—7.85 7.65 129 | 3 | 43 +1 —3
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1 observed magnitude was computed according to the formula

/2 (Dev.)2

i0.674l/—N_—v,
where N =145 is the total number of observations, and » — the
number of normal points (» =386 for the first, and 35 for the
second curve); this gave for the probable deviation from a
normal magnitude the value +0.040 for the first, and +0.041
for the second curve; the first value was adopted for both
curves and the probable error of 1 normal point came out as

follows:

n = 2 3 4 5 6 7 8
p. e.= +0.029 + 0.023 + 0.020 =+ 0.018 + 0.016 -+ 0.015 + 0.014.

The probable error of each normal point is represented on
the figures by arrows. The curves were smoothed so that very
small oscillations within the limits of the probable error were
made to disappear and certain improbably abrupt changes of
brightness were softened.

The first conclusion which may be drawn from an inspec-
tion of the curves is that both periods correspond to a doubt-
lessly real variation, the first within a range of 0.14 st. mg.,
the second — within 0.18 st. mg. The internal agreement of the
normal points is somewhat better for the first curve than for
the second, which is probably partly due to the circumstance
that the observations are more evenly distributed over the first
period. The second curve shows a curious feature: it has six
approximately equidistant maxima, which may correspond on
the planet to six white spots separated from one another by
60° in longitude.

The 5% and 6% columns of table 6 contain the magnitude
read from the curves of fig. 1 or 2 for the corresponding phase
of rotation; the 8t and 9t columns of the same table give the
deviation of the observed magnitude from the values read from
the curves. :

If both periods are real, it is obvious that the actual vari-
ation cannot be explained by a single light-curve but must be
the result of superposition of both curves; since the range of
variation is very small, we may compute the magnitude resulting
from superposition by simply adding the deviations from the
mean magnitude caused by each curve separately. Let m,; and
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my, be the magnitudes at a given moment according to curve
I or 1I respectively, and let m be the mean magnitude of Nep-

tune; then m;—m and m,—m will represent the deviations from
the mean caused by each curve separately; the total deviation
will be (m;—m)-+} (my—m), and the magnitude resulting from
superposition is
(my — m) - (me—m) + m = m; + my —m.
Column 7 of table 6 gives the magnitude computed accord-

ing to this formula with m»=9.101, and the last column the
deviation of the observed from the computed magnitude.

Table 9.
Distribution of Deviations: Observation-Computation.
Dev. Number of Deviations from
St. Magn.
& Meom | Curve I| Curve 1| SURerBgsed

+0.00 10 11 12 16

.01 15 22 19 16

.02 22 23 25 24

.03 20 19 20 20

.04 17 13 13 11

.05 6 11 . 5 14

.06 9 14 17 9

.07 9 7 12 13

.08 13 9 5 12

.09 3 4 2 3

.10 5 2 3 4

q1 4 3 5 1

12 4 6 0 0

13 1 1 4 1

14 2 0 3 1

15 3 0 0 0

.16 0 0 0 0

17 0 0 0 0

18 2 0 0 0
Total 145 145 145 145
3 (Dev.)2 0.5989 0.4111 0.4483 0.3675
Mean Square Dev.l +0.0645 | +0.0534 | +0.0558 +0.0506

The degree of closeness by which each curve represents
the observations may be estimated from the data of table 9;
the considerable improvement introduced by the superposition
of the two curves is obvious.
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On fig. 83a and 8b the theoretical curves of variation result-
ing from the superposition of curves I and II are traced for each
evening of observation together with the individual observed
points; the theoretical curves are represented schematically, their
ordinates being exact only for the very moments of observation,
whereas the intermediate variation is sometimes substituted
simply by a straight line; for purposes of comparison of observ-
ation with theory such a simplified treatment is quite legitim-
ate. A careful examination of the figures indicates that there
is not a single day out of the 12 days of observation which
does not reveal the principal features of the theoretical curve.
The agreement of theory with observation would be even much
closer, if on certain days — e. g. on March 21 — all observed
magnitudes were changed by the same constant amount; such
a correction would correspond to a variation in the sun’s radi-
ation or to changes in the general brightness of the planet pro-
duced e. g. by changes in the polar region turned towards
the earth.

That real irregularities in the light-variation of Neptune
have contributed to the observed deviations seems highly pro-
bable from the following. From the standpoint of accuracy of
measurement the different periods of observation were not quite-
equivalent, the observations of March being less accurate than
those of February or December; this is revealed by the beha-
viour of the comparison stars which in March show a greater
average deviation; a possible explanation may be sought in the
greater age of the plates, they being considerably more “veiled“
in March than previously.

In table 5 we find for each negative separately the pro-
bable error of the mean of the system of comparison stars de-
rived from their internal agreement; we may assume that the
mean error of one measured magnitude of Neptune is propor-
tional to this probable error ; them an excess of the observed
mean deviation over the expected deviation at some epoch may
be regarded as a measure of changes on the light-curve itself.
The following table may give some information on this subject.

December February March
Mean p. e. of the System of Comp. St. +0.018 +0.021 -+ 0.027
Mean sq. dev. Obs.-Comp. for Neptune  +0.051 4 0.055 -+ 0.04Y
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December February March
n 20 43 82

Mean sq. dev.of Neptune to be expected +0.0383° +0.037 (+0.049)
Quadratic Excess of mean sq. dev. +0.089 +0.041 (+0.000)

In this table the “mean square deviation to be expected“ was
computed on the assumption that in the March group the observ-
ed mean devialion is entirely due to accidental errors of ob-
servation; this assumption gave for the ratio (mean sq. dev.

0.049
of Neptune): (mean p. e. of comp. stars) the value 5557° From

the last line of the table it appears that in December and
February a variability with a mean square deviation —+0.0% st.
mg. remained unexplamed by our mean curves.

Table 10 gives the average algebraic deviation of the observed
brightness of Neptune from the theoretical curve; the data of

this table may be of some use in the question of variability
of the sun.

Table 10.
. 1922 1923

Date Dec. 16 | Dec. 18 | Febr. 12| Febr. 13 | Febr. 22 | March 5
Average Dev. —0.018 | — 0.012 | 40.008 | 40.019 | —0.027 | -}0.041

n 4 16 17 18 8 4
p. e. —+0.019 4 0.010 | = 0.009 4 0.009 | 20013 | £0.019

1923

Date | March 121 March 13 \ March 16 | March 18 | March 19’ March 21
Average Dev. +40.020 | —0.016 | —0.003 —0.001 | +40.002 | —0.041

n 10 12 20 10 20 6
p. e. +0.012 | +0.011 4 0.009 +0.012 | =%0.009 \ + 0.015

- The deviations are on the average greater than should be
expecled from their probable errors (computed on the assumption
of a p. e. =+ 0.088 for a single observation; this includes acci-
dental variations in the brightness of Neptune mentioned above);
it must be remembered, however, that the result is liable to be
influenced by systematic errors or variations in the light-curves.

Before concluding this section a few words must be said
on a systematical source of error which could have some influ-
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ence on our results. If Neptune differed much in colour from
the mean colour of the comparison stars, an effect of differential
absorption due to the difference in the coefficients of absorp-
tion would arise; such an effect must reveal itself chiefly at
great hour-angles. To prove whether a sensible source of error
of this kind existed, the mean magnitude and deviation for the
19 observations made at an hour-angle greater than 3% were
computed. The result was:

mean magnitude = 9.096+ 0.011 or by 0.005-+0.011 less
than the general mean; mean deviation from the theoretical
curve = -} 0.010 +0.010.

These values are small and entirely within the limits of
the probable error and therefore the suspected effect may be
neglected in the present series of observations.

4. Comparison with other Observational Series.

In the first paper there are 26 observations of sufficient
accuracy, made on March 22, 23 and 24, 1922') which may serve
as a first independent test of the results arrived at in the pre-
sent investigation. The data for these observations are found
in table 11.

The assumption was made that during March 1922 the
light-curves corresponding to the two periods were the same as
found later for the period December 1922—March 1923 ; although
during a year’s interval changes in the surface features deter-
mining the light-curve of the planet may be expected & priore,
it will be shown that in the present case our assumption is
excellently supported by observational evidence. With our hypo-
thesis the only thing to be sought is a plausible correction of
the periods. It was found that a correction of - 00009 applied to
both periods led to good agreement; this correction is fairly
within the range of the probable errors assigned to the periods
in the preceding section, + 0".0007 and - 0".0020 respectively,
and corresponds to a correction of the phase of rotation equal
to 1 hour after a year’s interval. The periods finally adopted
were therefore:

Py ="70.77278 + 0:.0002 )
Pu=7h.8579+0h.0002}un1ts of sidereal time.

1) T.P. 25, p. 33.
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Table 11.
g Phase| Magn. | Resid Phase Magn. | Resid Resid. from
&= | Magn. of I |t : of agn. £ * | Magn. H:H
. | Obs. rem | Rot. |_ M rom | T

. Rot. 1| —9.101| I ot |—9.101| I Obs.-Comp.
n

March 22, 1922
h h h
85| +40.034| 4.7 |+40.013|{+40.021| 3.7 | +40.038| —0.004 | +0.051 —0.017
90|+ .122| 52 |4 .042|+ .080| 4.2 |+ .026| 4 .096 |+ .068 -4 .054
92|+ .088] 54 |4 .023|+ .065| 44 |— .005| 4+ .093]|+ .018 -+ .070
95|+ .038) 5.7 |4 .023 + .015| 4.7 |— .023| 4 .061 .000 -+ .038
98] — 056} 6.0 | — 010 — .046| 5.0 |+ .026| — .082 -+ 016 — .072
102 4 .032| 64 | — .063| 4 .095| 5.4 + .046 | — .014| — .017 -+ .049
106 | — .062] 68 | — .005|— .057| 5.8 | — .037| — .025] — .042 — .020
10.8] — 056} 7.0 000 | — .056{ 6.0 | — .047 | — .009] — .047 — .009
111+ .008} 73 |— .C08| + .016| 6.3 | — .040| 4 .048| — .048 -+ .056
115} — 003} 7.7 |+ 017 | — .020| 6.7 .000 | — .003 | 4- .017 — .020
11714 027} 02 |+ .060| — .033| 6.9 |4 .003| + .024| 4 .063 — .036
1204 .019] 05 |+ .031|— 012, 7.2 |— .014 |4 .033|4 .017| + .002

March 23, 1922,
86|+ .038] 56 |+ .023 |4 .015| 4.2 |4 .006| 4 .032]|+4 .029| .4 .009
88|+ .011} 58 |+ 023|— .012| 44 |— .005| 4 .016]| -+ .018 — .007
110} + .053] 0.3 |+ .067|— .014| 6.6 | — .005| 4 .058| + .062 — .009
11.6| — .056| 0.9 |4 .022|— .078| 7.2 | — .014|— .042 -+ .008 —- .064
11.8{ — .041 1.1 |4 .006| — .047| 7.4 |— .032| — .009}|— .026 — 015
121 — .034| 14 |— C54|+4 .020| 7.7 | 4 .031| — .065|— .023 — 011
124 |+ 013] 1.7 |— .045| 4 .058; 0.1 |4 .052|— .039| <+ .007 -+ .006
12.7| 4+ 017 20 |+ .021|— .004| 04 |4 .001|+4 .016]+ .022 — .005

March 24, 1922.
8.8|— .001] 6.6 |— .013|+ .012| 4.8 |— .009 |+ .008] — .022| - .021
9.1|+ .050| 6.9 | — .002| + .052| 5.1 |4 .043|+ .007|+ .041| + .009
9.3|+4 .023] 7.1 000| 4+ .023( 53 |+ .056| — .033] 4+ .056 — .033
96| — .005] 74 |— .006| 4+ .001| 5.6 ;4 .001|— .006 | — .005 .000
99| — .060] 00 |4 021 |— .081{ 59 |— .044|— .016] — .023 — .037
10.1 | — .015] 0.2 |+ .060|— .075| 6.1 |— .047 |+ .032) 4+ .013 — .028

The phases of rotation computed with these periods are
given in the 3¢ and 6% columns of table 11; in this computation
the zero phase of rotation was assumed to take place on March
16, 1923, at 8".50 for P;, and at 0".68 for P;; (see table 6); this
date was adopted as representing the middle of the most numer-
ous group of March observations on which our light-curves
chiefly depend.

The 9 column gives the computed brightness, representing
the deviation from the mean magnitude caused by the super-
position of both curves; the mean algebraic of these deviations
in table 11 is not zero but equal to +-0.010, which is explained by
the circumstance that not the whole light-curve is represented ;
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the observed magnitudes in column 2 of table 11 are re-
duced to the same zero as those of column 9; the magnitudes
of the 2¢ column represent therefore the deviations given in
table 18, p. 383 of T.P.25; after adding to them the constant
correction -+ 0.010 st. mg.

The last column of table 11 gives the residuals: observa-
tion — computation; as may be judged from these residuals,
the agreement is excellent, the mean square deviation being only
+ 0.035 stellar magnitudes, corresponding to a probable error

: of 1 magnitude = + 0.024 st. mg.
Figure 4 illustrates the agreement
between theory and observation
even more clearly.

The fact of agreement which
is found for the observations of
March, 1922, is of especial im#*
portance as the light-curves used
were derived from an altogether
different series of measures. On
the other hand we arrive at the
conclusion that the light-curves
of Neptune may retain their gene-
ral features unchanged during as
long an interval as 1 year.

For purposes of testing the
question of variability and period
of rotation it is advisable to use
only observations sufficiently
numerous and made during a relatively short interval of time —
say, separated by no greater an interval than 6 months; among
the different photometric ‘measures of Neptune there are appar-
ently only 3 old series of observation which answer these
conditions:

the series of G. Miiller!) in 1884—1885, containing 72
observations, of which however a great part were made at low
altitudes;

the series of measures by J. M. Baldwin 2), containing 32

1) Publ. d. Astroph. Obs. zu Potsdam. B. VIII, pp. 284—-287.
2) Monthly Notices, 68, pp. 614—620.
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observations of ‘excellent quality, made at Potsdam between
January and April 1908;

the already mentioned series by Maxwell Hall!) on Jamaica
in 1915, who found a period of rotation almost exactly coincid-
ing with our Py.

The first two series were discussed by J. M. Baldwin?), but the
period used by him, 7292 (M.T.) is evidently wrong, and so we
must not wonder that no variation was found. Here we shall
try the applicability of the periods found in the present paper
to these photometric series.

In the series of Miiller it appeared safe to use only observa-
tions made not too near the horizon; therefore 16 observations
with 2> 70° were rejected; 4 other observations where only
1 comparison star was measured were not used either, so that
there remained a total of 52 observations made at more than
20° altitude and attached to two comparison stars, the same
throughout the whole series. Table 12 contains the data for
these observations.

Table 12.
Observations of G. Miiller in 1884/85.
Observ Magn. from Residual Obs.-
Magn ‘| Phase of Rotation |Hand-Drawn Curve| -Comput. > 100
Date and M. T. | (Devi-| p;— Pri—
) I= = super-
ation) |—7n.7067| =7h.8363| | I |posed| I | II |[[4II
1884
h h h

Sept. 12, 11.42 | +0.18 3.71 3.58 4+0.03|+0.02| 40.06] +15 +16 | +12
» 14, 11.17 | — .09 5.22 432 |— .06|]— 07| — .12|— 3|— 2|4+ 3
, 15, 10.83 | — .07 5.76 4.47 — .05|— 07| — .11} — 2 O+ 4
» 17, 11.10 | — .10 0.09 5.72 + .02|— .04 — 01} —12|— 6| — 9
» 21, 10.20 | 4+ .06 2.71 6.78 004 01| 4 .02} 4 6| 5|4 4
» 24, 958 | — .14 4.73 7.64 — .04|4 .03 .00] —10; —17 | —14
» 26, 11.18 | + .02 0.38 2.38 00|+ .05/ 4 06|+ 2| — 3| — 4
» 30, 10.82 .00 3.54 3.99 + .03|— .06 — .02 — 3|+ 6| 4 2
Oct. 29, 7.65 | 4 .11| 2.77 7.22 00|+ .03| 4+ .04 411/ 8| 4 7
., 29, 9.10 | 4+ .01| 4.22 0.84 |— .02|— .03 — 04|+ 3|+ 4|+ 5
» 29, 9.88 | — .02 5.00 1.62 — .06/ — .02| — .07| 4- 4 O+ 5
, 31, 7.78 | -— .01 4.65 0.50 - .04|4+ .02 — 01| 4+ 3|— 3 0
» 31, 9.25| 4 .01 6.12 1.97 |- .02{4 .02| 4 01| 4+ 3| — 1 0
. 31, 10.07 | + .09 6.94 2.79 + .05|4 .09| + .15] + 4 oO|— 6
31, 11.18 | —.06 0.35 3.90 00|— .04 — .03 - 6,— 2| — 3

1) Monthly Notices, 75, 626—628.
2) Loc. cit.
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Table 12. Continued.

Magn. from

Residual Obs.-

%}[):glv‘ Phase of Rotation |[Hand-Drawn Curve| -Comput. > 100
Date and M. T. (Devi: Pr— Pri— |
ation) 70 1111— super-
St. M =7h.7067| =7h 8363 II |posed| 1 Il |III
- V8- 1+11
1884
: h h h
Nov. 1, 8.08 | —0.05 5.83 1.29 |—004|—0.08 —0.11} — 1|4 3|4+ 6
, 1, 963 | 4+ .13] 7.38 284 |4+ 07|14+ 09| 4 17|+ 6|+ 4| — 4
” 1, 11.02 .00 1.07 4.23 — .02|— .07 — 08|+ 2|+ 7|+ 8
" 2, 10.55 | — .08 1.48 4.25 — .02|— 07| — .08} — 6| — 1 0
., 4, 7.88 00| 057 2.56 |— .02|4 .06 & 05|+ 2| — 6| — 5
” 4, 8.80 | 4+ .01 1.49 348 |— .02|4 03| 4+ 02|+ 3| — 2| — 1
» 7, 745 | + .04 2.78 3.61 .00/ .01/ - 02|+ 4| + 3| + 2
» 13, 680 | 4+ .10 7.41 590 |4- .07|— .02| 4+ .06]+ 3| +12| 4 4
» 19, 7.62 | 4+ .02 5.80 1.83 — .04/ 01| — .02] 4 6|+ 1|4 4
» 19, 10.23 | 4+ .02 0.70 4.44 — 02|— .07 — .08|+4- 4|+ 9| +10
, 19,1247 | — 10| 2.94 6.68 |+ .01|4+ .01l + .08] —11| —11|—13
Dec. 1, 8.63 | — .08 1.95 090 |— .02|— .04/ — 05| — 6|— 4| — 3
., 2, 608 | 4 12| 0.28 6.68 |4+ .01l & .01] + 03| 11| +11 |+ 9
, 2, 757 | 4+ .02] L1.77 0.33 |— 02|+ 02/ 4+ 01+ 4 o]+ 1
» 16, 7.68 | — .01 6.50 7.32 + .01+ 03/ 4- 05| — 2| — 4| — 6
1885
Jan. 8, 5.37 | 4+ .06 1.30 0.63 |— .02 00— 01|+ 8|+ 6| + 7
” 8, 6.80 | | .09 2.73 2.06 00|+ 02|+ O3]+ 9+ 7|+ 6
» 9, 6.02 | 4 .04 2.83 1.77 .00 .00| 4- .01 + 4|+ 4|4+ 3
» 9, 7.17 | 4+ .05 3.98 2.92 + .01 + .09 .11 + 4| — 4| — 6
., 12, 8.15 .00 7.61 5.37 + .05|— 07— O1|l— H|+ 7{+ 1
, 12, 9.85 .00 1.60 7.07 |— .02|4 .03| 4 02|+ 2| — 3| — 2
» 17, 993 | — .02 6.08 1.77 — .02 00| — .01 o)—2|— 1
., 19, 655 | 4+ 05| 4.46 721 |— .04/4 .03 .00| 4+ 9| + 2|4 5
» 19, 840 | — .12 6.31 1.23 .00l — .08 — .07} —12| — 4| — 5
» 19, 10.72 | — .09 0.92 3.55 — .02} .02| 4~ 01| — 7| —11| —10
» 20, 8.35 .00 7.14 1.67 |4+ .06|— .02| 4 05| — 6|4+ 2| — S
Febr. 3, 6.65| — .05 2.34 684 |— 01|+ .02/} 02| — 4| — 7| — 7
” 3, 857 | — .12 4.26 093 |— .02|— .05 — .06 —10| — 7| — 6
” 6, 8.13 | 4+ .01 6.46 1.96 |4 .01|4 .02| 4 .04 Oj—1|— 38
» 6, 10.35 | — .11 0.97 4.18 — .02|— 07| — 08| — 9| — 4| — 3
. 7, 680 | — .02] 6.0l 1.12  |— .03|— .08 — .10| + 1|4 6| + 8
» 7, 9.60 | — .05 1.10 3.92 — .02|— .04 — 05— 3| —1 0
” 7, 10.88 | — .11 2.38 520 |— .01|]— .07| — 07| —10| — 4| — 4
» 11, 9.00 | — .07 4.02 5.28 00— .06 — 05| — 7| — 1| — 2
» 12, 6.80 | — .07 2.70 3.58 00| + .02 4 .03] — 7| — 9| --10
» 24, 7.53| 4+ .01 6.29 236 |— .01/|+ .05/ 4 05|+ 2| — 4| — 4
March10, 7.53 | — .11 3.19 140 |+ .03|— .06 — .02] —14| — 5| — 9
Mean | —0.01

The second column of this table gives the deviation obs. —
mean ; this is the deviation from the mean mggmitude given by
Miiller (loc. cit.) but taken with the opposite sign, so that these
deviations represent stellar magnitudes reckoned from a certain
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mean magnitude; the mean of the magnitudes in the second
column is not zero but equals — 0.01, which is explained by
the circumstance that here not all observations of Miiller were
used. The 3¢ and 4" columns give the phase of rotation for
the two periods, reckoned from an arbitrary zero (0" on Sept. 12,
1884); the periods adopted are those given at the beginning
of this section; in units of mean time they are respectively
P;="72.7067 and P;;— 7".8363.

The observed magnitudes were plotted on fig 5a and 5b with
the phases of rotation as abscissae and curves were drawn from
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hand. The first glance at these figures indicates a conspicuous
variation corresponding to both periods; the range is especially
great for the second period, attaining 0.18 stellar magnitudes,
whereas for the first period the range is only about 0.12 st. mg.;
the agreement of the individual points for P; is also bad, which
is evidently due to the disturbing influence of the more im-
portant second variation.

The 5 and 6% columns of table 12 contain the magnitude
read from the hand-drawn curves on fig. 5, and the 7** column —
the result of superposition of both variations, computed from

mi + mi —‘— 0.01,

m=—0.01 being the average magnitude.
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The last three columns give the residuals from the I and
II curves and from the

Table 13. superposition of these cur
Distribution of Residuals for Miiller’s perp . ,
. ves respectively. Table 13
Observations. . 2 . ,
gives the distribution of
Resid. Number of Residuals from the residuals.
0.-C. super- .
st. mg. 1\1/‘1’[:;3 I Il | pos. The data of this table
I+Il  jndicate that the observ-
ations are considerabl
+0.00 2 2 4 4 y
-8% g ? g i improved by the super-
03 4 8 6 6 position of the two vari-
.8% g ? 1(2) 2 ations. The light-curves
06 5 7 5 6 are of course different from
07 4 3 5 3 those found for 1922—23.
.08 2 1 1 2
-(l)g g g ‘(3) g The observations of
11 3 3 3 0 J. M. Baldwin were treated
};23 é (2) (1) } in the same manner as
14 1 1 0 1 those of G. Miiller. Table
ig 8 é (1) 8 14 gives a summary of
17 0 0 1 0 the observations, fig. 6a
-18 0 0 0 0 and 6b represent them
.19 1 0 0 0 hicall ‘th
= (Resid.)2 _ | 0.2756| 0.2333 0.1996| 0.1805  sraphically ~ with —curves
Mean Sq. Resid. [+0.073|+0.067|4+0.062|+0.060 drawn from hand.
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Table 14.
Observations of J. M. Baldwin.
Observ. Magn. from Residual Obs.-
Dat d Magn. | Phase of Rotation | Hand-Drawn Curve| -Comput. < 100
ate an (Dev. . _
G. M. T. from Pr= Pr= super-
Mean) =7h.706 | =7h.835 II |posed| I II | I4II
I+11
1908
h h h
Jan. 25, 6.13 | —0.06 6.13 6.13 —0.03|—0.01| —0.04] — 3| — 5| — 2
» 25, 7.10 | — .01 7.10 7.10 |— .01 .00{ — .01 0 — 1 0
. 25, 9.77 | — .04 2.06 1.93 |— .01|— 02| — 03] — 3l — 2| — 1
Febr. 3, 10.20 | — .02 2.73 6.82 |— .02|4+ .03| 4 .01 O)— 5| — 3
” 3, 11.05 | — .12 3.58 7.67 — .02}— 05| — 07} —10| — 7| — 5
” 9, 11.30 | — .03 1.41 3.06 |— .03 .00 — .03 0 — 3 0
» 10, 7.40 | — .07 6.10 7.48 — 03— 05| — O8] — 4] — 2|4+ 1
, 10, 8.08 | — .04 6.78 0.33 — .03|— 01| — .04} — 1|— 3 0]
, 10, 9.72 | — .01] 0.71 1.97 00— 02| — .02 — 1|4+ 1]+ 1
. 14, 7.37 00| 1.89 1.60 |— .03|— 01| — 04|+ 34+ 1|+ 4
» 19, 8.70 | 4 .04 7.63 5.40 + .06|4 09| 13| — 2| — 5| —11
March 2, 9.87 | 4 .10| 38.97 4.68 |+ .06/4 07| 4 .13| 4 4|4 3|— 3
" 2, 10.73 | + .14 4.83 5.54 + 07|+ 09| - 16+ 7|+ 5| — 2
” 2, 11.17 | 4 .03 5.27 598 |+ .03 .00| 4+ .03 0+ 3 0
. 16, 9.12 | + 15| o0.16 3.02 |4 .03|— 01| 4- .02 +12| 416 | +13
, 16, 932 | — .07 0.36 3.22 + .02 00|+ 02 — 9| — 7| — 9
. 22, 935 | 1 01| 5.68 6.23 00— 01| — .01) 4+ 1|4 2| 4+ 2
» 22, 992 | 4 .05 6.25 6.80 |— .03/4+ .03 00|+ 8+ 2|4+ 5
, 24, 9.78 | + .03 0.17 7.64 <+ .03}— .05 — .02 O+ 8{+ 5
, 24, 10.27 | 4+ .04 0.66 0.30 00— 01| — 01}l 4+ 4+ 5|+ 5
., 24, 10.78 | — .02 1.17 0.81 [|— .03|4 .01 — .02] +—~ 1|— 3 0
, 25, 903 | — .02 0.30 7.39 + .02/ 04 — .02] — 4| -+ 2 0
» 25, 1042 | — .02 1.69 0.94 — .04/ 01| — 03|+ 2)— 3|+ 1
» 25, 10.80 | 4+ .04 2.07 1.32 — .01 00, — 01| 4 5|+ 4|+ 5
» 26, 9.00 | — .02 1.15 0.02 — 03— 02| — .05+ 1 O+ 3
, 26, 1035 | — .05 2.50 1.37 .00 .00 00l — 5/ — 5|— 5
. 26, 10.80 | 4+ .01 2.95 1.82 — 03— 01| — 04+ 4|+ 2|+ 5
, 27, 852 | — .05 1.56 0.04 — 04— 02 — 06— 1| — 3|4+ 1
. 27, 9.32 | 4+ .04 2.36 0.84 .00(4 01| 4+ .01} 4+ 4|+ 3|4 3
Apr. 26, 8.47 | + .07 4.85 7.00 + .07|4 01 + .08 O+ 6| — 1
., 28, 7.65 | — .08 5.79 7.17 — O0l|— 01— 02| — 7| — 7| — 6
, 28, 832 | + .04 6.46 0.00 — 03|+ 01— .02+ 7|4+ 3|4 6

Mean | 0.00

The periods adopted here are those of the preceding section ;
the definitive periods derived in this section would introduce
but little difference in the phase of rotation.

As in the case of Miiller’s series, the observations of Bald-
win show clearly a variation with both periods, the range being
0.14 mg. for the first, and 0.15 mg. for the second period. Thus
these observations also confirm our results.

Table 15 gives the
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distribution of residuals for the different hypotheses. As in our
observations and those of Miiller, the best representation is here
obtained by the superposition of the light-curves correspond-

ing to the two periods.

| Table 15. The observations of
Distribution of Residuals for the Ob- paxwell Hall made in

servations of J. M. Baldwin. 1915 were also plotted

Number of Residuals from With our first period; the
Rs?;.SIgaug‘OTI Mean | Gurvel Curve Is)gg:g— p(‘)lnt.s so obtained were
Magn.| I 1L distributed at random and
no curve could be traced;
i0-8cl> ! g : g it appears, therefore, that
02 5 9 6 3 the considerable oscillation
.03 3 3 9 4 observed by Maxwell Hall,
.04 7 6 1 1 L h
05 3 5 6 7 which attained a range of
.06 1 0 1 2 over 0.4 magn., was ent-
.07 3 3 3 0 . .
08 1 1 1 0 irely due to a great disturb-
09 0 1 0 1 ance in the zone rotating
.10 1 1 0 0 :
11 0 0 0 1 with the second (slower)
12 1 1 0 0 period ; the small variation
.13 0 0 0 1 g
14 1 0 0 0 produced by the first
ig (1) 8 C1> 8 period was masqued by
S(Res)? [01150[0.0723 0.0777[ 00683 (he great variation from
Mean Sq. Resid. |10.061/40.048+0.050{+0.047 the other.

Summary.

1. It has been shown that the light of Neptune is variable,
and that its wvariability consists of two superposed oscillations
with periods (units of mean time)

P;= 72,7067 &= 0".0002 and
P = 7h.8363 = 0B.0002 respectively ;

these periods are supported by the whole observational evid-
ence available at present, i. e.: a) by 145 photographic ob-
servations made at Tartu on 12 nights between December 1922 —
March 19238, from which the character of the variation and the
periods were derived; b) by 26 photographic observations made
at Tartu on 8 nights in March 1922; these observations fitted per-
fectly into the light-curves derived from the above mentioned 145
observations, and gave a correction of the periods; c) by 52 pho
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tometric observations of G. Miiller in the opposition of 1884/85,
‘all at an altitude >>20°; d) by 32 photometric observations of
J. M. Baldwin in 1908; e) by 85 observations of Maxwell Hall
in 1915, which gave only the second period. These 290 obser-
vations contain all existing series of accurate measures with a
number of observations not less than 20 during one opposition 1.

2. The variability has the only reasonable explanation in
the rotation of the planet, and to Maxwell Hall belongs the
priority of first determining photometrically the period of rota-
tion of Neptune; his period found in 1915, 72.885 is in excellent
agreement with our second period of rotation.

8. Like Jupiter and Saturn, Neptune rotates not as a solid
body, but with different angular speed in different zones: the
two periods found correspond evidently to two principal zones
occupying the major part of the visible hemisphere, e. g. the
-equatorial zone and the southern temperate zone (inclination of
Neptune’s equator to the line of sight = —29° during the period
-of observation); if the analogy between the great outer planets
is drawn farther, the shorter period must correspond to the
-equatorial zone; the difference in the periods, 02.18 = 7.8 is of
the same order of magnitude as observed for Jupiter and Saturn.

4. The range of variation for the different series of observ-
ation was:

1922—1928 . . . 0.14 mg. for the first, and 0.18 for the second period;

1915 o« o o - > O- 4 » ”» ”» ” ’
1908 .. .0.14 for the first,and 0.15 ,, ” -
1884:_1 885 « o o 0.12 2 T ) ”» 0-18 ” ”» ” ”» ;

through interference of both oscillations the range might be in-
creased, so that in 1922—23 a range of 0.27, in 1908 — of 0.29
and in 1884—1885 — of 0.30 magnitudes could occur.

Appendix.
Variability of BD 4 17°20583.

This star used as comparison star for Neptune showed on
March 19, 1923, a marked variation; for 3!/, hours it was from

1) The most numerous series of E. C. Pickering is the series of 1897/98
when 16 observations during one opposition were made; the mean error was
+ 0.10 with the meridian photometer; this series was not considered here,
for the small number of observations and the relatively great mean deviation
would hardly give a decisive answer to the question of variability.
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0.2 to 0.4 mg. below its normal brightness and rose then almost
suddenly to the usual magnitude. On other days (Febr. 12, 18
and 22; March 5, 12, 13, 16, 18 and 21) no trace of a variation
of such a size could be found; the 100 observations on these
days covering about 25 hours of uninterrupted observation gave
a mean square deviation of only +0.059 st. mg. The variation
on March 19 is illustrated by the following table:

March 19, 1923.

Sid. Time 7.85| 8.05| 830| 853| 8.84| 9.08| 9.30| 9,51 9.84| 10.06

Deviation of
Magn. from |+0.42(+4+0.30 (40.23 |+ 0.31 |+ 0.20 |4+0.44 |+0.19 |+ 0.11 |4 0.18 | 4-0.15
the Mean

h
Sid. Time 10.30 | 10.51 | 11.17| 11.44| 11.71 | 11.98| 12.36 | 12.59| 12.86| 13.10

Deviation of
Magn. from |+40.16 [+0.15|40.28 |+ 0.41 |—0.03 |—0.05 |+40.11 |40.02 |40.05 |-+ 0.08

the Mean

Fig. 7 represents the variation graphically. The star might
be taken for an Algol variable but for the strange “jumps“ in

the variation which no eclipsing phenomenon can explain; the
“jumps“ are so great that by errors of measurement they cannot

be accounted for.
The spectrum of this star is 4, according to the Henry

Draper Catalogue.




