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THE SUN AS A VARIABLE STAR il

Photometric Observations of Uranus, Neptune,
and F and G Type Stars

M. Jerzykiewicz* and K. Serkowski**
Lowell Observatory

ABSTRACT

The observations of Neptune in the years 1950
1962, corrected for the effects of changing distance,
indicate a decrease in blue magnitude from 8.26 to
8.23 (Figure 9). During the period 1963-1966 the
brightness was constant and equal to 8.24 mag. The
steady decrease of the instruméntal transformation
coeflicient A, in the years 1950-1960 (Figure 10)
throws some doubt on the reality of the changes in
Neptune’s brightness. If these changes are real they
may be due cither to intrinsic changes in Neptune’s
surface or to solar variability or to both.

The observations of Uranus indicate no changes
in solar brightness from 1950 to 1966 if 22 percent
darkening from the equator toward the pole of the
planet is assumed. On this assumption the total
range of the intrinsic change of the blue magnitude
of Uranus is 0.038 mag., with a period of 42 years.

The observations of Uranus reported here will
make it possible to solve the problem of solar varia-
bility only if they are repeated after about 22 years
tor the purpose of determining the amplitude of the
intrinsic changes in Uranus’ brightness. Very small
scatter of the individual observations of Uranus
(Figure 8) indicates that the short period variations
of solar brightness do not exceed 0.003 mag.

In our opinion, this long sequence of photoelec-
tric observations has taught us more about the vari-
ations of solar-type stars than about the sun itself.
The observations of 15 stars of spectral types F and
G in the years 1955-1966 (Figures 3, 4) indicate

“Now at Wroclaw University Observatory, Wroclaw,
Poland.

“*Now at Mount Stromlo Observatory, Canberra, Aus-
tralia.
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that for none of these stars does the standard devia-
tion of the yearly mean magnitude exceed 0.008,
and for the stars 40 Leo, # CVn and 5 Boo this
deviation is less than 0.004 mag. No evidence of
variability in the stars which are similar to the sun
has been detected during this program. If we as-
sume the sun acts in similar fashion to each of these
stars, its variability over a fifteen-year period prob-
ably does not exceed one-half of one percent. The
magnitudes and B—V colors of about 50 stars given
here (Table V) have mean errors not exceeding
+0.003 mag. so that the third digit beyond the
decimal is quite significant. Despite the fact that
several different photomultipliers were used in this
research, it has been possible to reduce the ob-
served magnitudes and colors to the UBV system
with a considerable amount of confidence.

Several methods of determining the extinction
and transformation coefficients have been used
from time to time during the course of this program.
Two slightly different methods are presented in
some detail. They lead to essentially the same
results.

Another by-product of this research results from
one of the most extensive series of night-time ex-
tinction observations ever carried out at a single
observatory. The seasonal mean values of the ex-
tinction coeflicients were determined with high
accuracy (Figures 1, 2). The standard deviations of
the nightly values of extinction coefficients k, and
(,, from the seasonal averages are =+0.009 and
+0.020 mag., respectively. The mean values of the
second order extinction coeflicients are k., — —0.030

and q,. = +0.013.
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1. INTRODUCTION

The method of detecting the possible variation of
the solar energy output by means of photometric
observations of the planets was first proposed in
1897 by Miiller (1). The most suitable planets for
this purpose are Uranus and Neptune because their
apparent disks are small enough to be compared
with point-like stellar images; the comparison stars,
similar to the planets as far as the brightnesses and
colors are concerned, can be easily found and, be-
cause of rather slow apparent motion of the planets,
need not be changed more than once a year.

A program of photoelectric observations of Ura-
nus and Neptune was begun in 1950 at the Lowell
Observatory.® The first results were reported by
Giclas (2) and by Hardie and Giclas (3). Obser-
vations made in the years 1953-1958 were summa-
rized by Johnson and Iriarte (4, Paper I of the pres-
ent series on the sun as a variable star). All the
results obtained from 1953 until 1961 were pub-
lished by Serkowski (5, hereafter referred to as
Paper 1I). They were further discussed by Opik
(6) who found an upper limit of day-to-day varia-
bility to be =+0.3 percent for Uranus and =#0.2
percent for Neptune. According to Opik, lack of
correlation between the simultaneous observations
of Uranus and Neptune leaves for the solar day-to-
day variability an amplitude less than 0.3 percent.
Mitchell (7, 8) found a correlation between the
brightness of Neptune, as observed at the Lowell
Observatory in the years 1953-1961, and the sun-

*This program has been supported by Air Force Con-
tracts Nos. AF 19(122)-162, 19(604)-291, 19(604)-2077,
19(604)-8031, and 19(628)-3809-1949-1966.
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spot number. The preliminary results of the Lowell
Observatory photometry of Uranus and Neptune up
to 1965 have been briefly described elsewhere (9).

Since changes in the solar brightness seem most
likely to occur in the shorter wavelengths, and, be-
cause the blue spectral region is the most suitable
of those for which precise photometric observations
are possible, the intercomparisons between the
planets and their comparison stars were made
through a blue filter. Also, in this spectral region
the influence of the planetary absorption bands is
relatively small.

Since 1954, in order to improve the accuracy of
the magnitudes and colors of the comparison stars,
the following procedure was applied:

Sixteen stars of spectral type similar to that of
the sun were chosen. These stars, henceforth re-
ferred to as the Ten-Year Standards, are situated
in the interval of right ascensions in which Uranus
and Neptune were seen during the last decade. The
V magnitudes and B—V colors of the Ten-Year
Standards were determined on the same nights as
the magnitudes and colors of the comparison stars,
using the atmospheric extinction coeflicients and
the coefficients for the transformation to the BV
system obtained from the observations of the pri-
mary standard stars of the UBV photometric sys-
tem. The mean values of magnitudes and colors of
the Ten-Year Standards, found during the years
1955-1961 (Paper I1), were subtracted from the
magnitudes and colors of the Ten-Year Standards
derived from the observations made on each night
when the Ten-Year Standards were observed. The
mean of the differences was then taken and added
to the results of the observations of the comparison
stars as the correction to the system of the Ten-
Year Standards. In this way, indirectly, the bright-
ness of Uranus and Neptune is compared with the
mean brightness of the Ten-Year Standards.

As an important by-product, the regular obser-
vations of the Ten-Year Standards give some idea
of the variability of a sample of solar-type stars.

The present paper is the final report on the search
for the solar variability conducted at the Lowell
Observatory. No more observations of this kind
are planned at this Observatory.

II. OBSERVERS AND INSTRUMENT

The observers working in the present program
since 1961 and the photomultipliers used are listed
in Table I. All the observations were made with
the Lowell Observatory 21-inch reflecting telescope.
The refrigerated 1P21 photomultiplier tube used



since December 1957 was replaced in October 1964
by an unrefrigerated EMI 6256 S tube. The new
tube has a red cutoff similar to that of the tube
with which Johnson defined the UBV system (10).
Moreover, its cathode sensitivity is appreciably
higher than that of the previously used one and it
shows no fatigue effect for a second magnitude
star.

The filters and the D. C. amplifier are the same
as those used in Paper II. Since 1963 the amplifier
coarse gain-step calibration was done with the aid
of the radioactive standard source by varying the
voltage on the photocathode, and the resulting cor-
rections were applicd. The fine gain-step resistors
were half magnitude within 0.05 percent, therefore
no corrections were necessary.

II. TWO-COLOR OBSERVATIONS OF THE
STANDARD AND COMPARISON STARS

The observing schedule for the two-color photo-
metric observations in the years 1961-1966 was the
same as described in Paper II, except that different
amplifier gain-steps were usually used with the
yellow and blue filters. The reductions of the ob-
servations made between November 1961 and June
1962 were carried out as described in Paper II. The
transformation and extinction coefficients for these

observations are listed in Table II. The subsequent
two-color observations were reduced as described
in Appendix I, using the IBM 1620 computer of
Northern Arizona University in Flagstaff. All the
results presented in Tables IV, VI, VII, and VIII of
this paper were obtained on the assumption that
the errors of photometric observations are propor-
tional to the air mass. The observations give, how-
ever, some indication that the photometric errors

are increasing with the air mass more rapidly than
this assumption.

The extinction and transformation coefficients
defined in Appendix I are listed in Table III. The
formulae relating these coefficients to those used
in Paper II are given in Appendix II. In the second
column of Table III the number of standard stars
used for determining the extinction and transforma-
tion coeflicients is given; the standard stars used
for this purpose will be called hereafter the primary
standards and are so denoted in the last column of
Table V. Usually several groups of primary stan-
dard stars were observed on each night, the first
group at the beginning of the night and the last at
the end. The extinction and transformation coefli-
cients for each of these groups are given in a
separate line of Table III.

The extinction coefficients k,, and q,, listed in
Table III are plotted as a function of date in Fig-
ures 1 and 2. The following seasonal mean values
of the extinction coeflicients can be derived from
these data:

EXTINCTION COEFFICIENTS

B—-V Yellow Blue
Color Magnitude Magnitude
k, 9y 91
Jan.-Mar.10  0m081 0=172 0m253 (n=30)
Mar.11-Apr.20 .090 206 296 (n=64)
Apr.2l-Jun.l5  .092 212 304 (n=64)

The second order extinction coefficients do not
indicate seasonal changes. Their mean values are
k, = —0.030, q,. = +0.013, and q;. = —0.017.
From the scatter in Figures 1 and 2 it can be
estimated that the standard deviations of the nightly

values of k, and q,, from the seasonal averages are
o(k,) = +0.009 and o(q,,) = #0.020 mag., re-

TABLE 1
Observers and Photomultipliers
Period Tube Type and
From To Observer Designation
1961, Oct. 20 [ 1962, Jun. 22 W. Krzeminski 1P21 12-Ref.
1962, Nov. 27 | 1963, Jun. 10 J. B. Priser 1P21 12-Ref.
1963, Dec. 20 | 1964, Jun. 15 M. Jerzykiewicz 1P21 12-Ref.
1964, Dec. 15 | 1965, Dec. 5 M. Jerzykiewicz | EMI 6256S Unref.
1966, Jan. 4 1966, May 15 K. Serkowski EMI 62565 Unref.
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TABLE II1
Transformation and Extinction Coefficients
(Defined in Paper I1I)

Transformation Extinction Corr. to System
Date Coefficients Coefficients of 10-yr. Stds.
U.T. n Al A, A6 Kl le Ay AB-V Remarks
m.€. me€o
1961
Nov. 27 b 12478 1029 -0%028  o%i00 + Toos  ofro1 ¢ TozR Clouds at end
Dec. 21 L 1,480 1.032 -0.047 0,096 ,005 0.114 008
23 L 1.h92 1,037 -0.048 0,104 ,005 0.133 .005 Poor seeing
1962
Jan., 12 6 1.518 1,031 =-0.044 0,126 ,005 0.098 .016
15 L 1.516 1,026 =0.050 0,127 .009 O.12k .00k
29 6 1,519 1,032 -0.040 0.127 .007 0.121 .00k Poor seeing
31 L 0.066 ,013 0,109 .025
i 1.451  1.038 -0.036 } +0%003  +0To07
31 k4 0.067 .011 0,108 ,022
Feb. 2 10 1.509 1.038 =~0,043 0,108 ,006 0.129 .00T +0.004 +0.001
22 4 1,493 1,626 -0.,033 0.107 .005 0.157 .005
28 4 1,461 1.037 -0.055 0.087 .01k 0.160 ,021
Mar., 1 L 1,473  1.033 -0.050 0.097 .009 0.122  .009 Clouds at end
4 11 1.513 1.037 -0,053 0.121 .006 0.151 .009 0.000 -0.003
13 8 1,484 1,037 -0.050 0.098 ,010 0,138 .009 Clouds at horizon
1k h 0.122 ,016 0.180 .016
§ 1.525 1.040  =0,045 i +0,007  +0.006
1k 6 0.130 .010 0,162 ,010
24 L 1,k90 1.026 -0.055 0.101 .030 0.187 .026
26 } 0.130  .0lL4 0,17 ,015
§ 1.535 1.03% -0.038 +0,002  +0,001
26 6 0.133 .006 0.1k  ,006
28 L 1.518 1,039 -0.0k2 0,123 .005 0.183 .006
31 10 1.522 1.038 -0.040 0.124 ,006 0,194 ,006 0.000 =0.002
Apr. 5 10 1,52k 1,029 -0.0k1 0.1k6 .005 0.219 007
11 10 1.546 1.036 -0.041 0.138 .00k 0.17h  .009 +0.004  -0.001  Poor seeing
12 4 1.545 1,030 -0,037 0,133 ,006 0,191 .018 +0.004  -0,00k4
22 6 0.123 ,006 0.173 .006
g 1.530  1.028 -0,037 § +0.001 =0.005
22 6 0.123 ,008 0.167 .008
2k 6 1,540 1,024 -0.040 0,135 .00k 0.17T9 .006
30 6 1.512 1.029 =0.030 0.108 ,025 0.157 .02k Clouds in evening
May 1 6 0,119 ,004 0.166  .004
i 1.526 1,031 =-0.0k42 2 +0.006 -0,002 Poor seeing
1 0.123 .006 0.166 .006
2 4 1,509 1.035 -0.045 0,100 .005 0.173 .005
6 i 0.132  .022 0,202 ,0l7
; 1.539 1.029 -0.,036 Clouds at horizon
6 L 0.132 ,016 0.191 .012
9 4 1,567 1,035 -0.037 0,148 ,005 0.183 .007
10 6 1,499 1.031 -0.038 0,104 ,010 0,127 .009 Clouds at horizon
19 5 1,526 1,035 =0.028 0.112 ,018 0.098 016
20 L 1,520 1.024 -0.025 0,108 ,007 0,138 .013 Windy
22 4 1,554 1.037 ~0.046 0.129 .00T 0.157 .006 Poor seeing
23 4 1.515 1,02k -0.03% 0.114 ,005 0.151  .005
25 6 1.556 1.029 ~0.0L0 0.130 .009 0.1k7 007 Clouds at horizon
26 L 1,522 1,025 -0.025 0,112 ,005 0.186 .012
Jun. S 8 1.538 1.007 -0.021 0.136 .006 0,166 ,005
6 y 1,529 1.031 -0,038 0,117 .005 0,201  .005 Windy
7 10 1,512 1.031 -0.030 0,105 .012 0,170 .01l =0.005 =0.00L
9 6 1.533 1.029 =0.032 0,128 ,005 0,156 ,017 -0.001 +0.003
10 4 1,542 1,036 -0.042 0.138 ,005 0.207 .007
12 7 1.523 1l.024 -0,013 0.122 .007 0,110 ,011 =0,003 +0.001
18 6 1,512 1,03 -0.0k1 0,109 .005 0.177 .007 Windy
19 6 1.525 1.035 -0.019 0,116 .00k 0,127 .015 +0,006 0.000
20 6 1.529 1,029 -0,02h 0,136 .00k ©0.165 .006
22 6 1.516 1.026 -0.031 0.115 .,005 0,143 .008

spectively. The deviations in the winter months are
smaller than in the spring and summer. In the 1962-
1963 season, when the extinction coeflicients were
determined on two nights only, the above seasonal
mean values of the extinction coefficients were used
on all the remaining nights.

The extinction and transformation coefficients
derived from the observations of primary standard
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stars were used for computing the colors and mag-
nitudes of program stars. Among the program stars
were comparison stars used for the differential
photometric observations of the planets Uranus and
Neptune and sixteen solar-type stars called Ten-
Year Standards.

To eliminate the influence of possible inaccura-
cies in the observations of primary standards and of



TABLE III
Transformation and Extinction Coefficients
(Defined in Appendix I)

Trans formation Corr. to System
Date Coefficients Extinction Coefficients of 10-yr. Stds
U. T, n a a, a,- k q. X, qy2 AV AB v Remarks
1962 1 2 © 1 m.e, ¥l m.e. 2 -
Nov. 27 Lo-1Muel  +0%975  +0To3l
Dec, 4 6 =1,457 +0.970 +0,025
5 6 -1.460 +0.974L +0.030
[ 6 =1l.h464 +0.978 +0.028
7 6 -1.433 +0.970 +0.030
8 4 -1.460 +0.975 +0.032
10 b -1,4k32 +0.991 +0,015
21 4 -1.k62 +0.976 +0.029
22 b ~1.,469 +0.971 +0,038
30 6 =-1.469 +0.973 +0.039 +07009  ~0T007
1963
Jan. 7 L ~1.477 +0.992 +0.016 +0.004  +0,004
9 6 -1.477 +0.982 +0,025 +0,001 -0,002
15 6 =-1.463 +0.97h +0.035 +0,005 ~-0.005
17 6 =1.463 +0.972 +0.026 0,000 +0.003
21 L 1,47k 40,979 +0.031 -0,004 -0.007
23 6 =1.480 +0.972 +0,027 +0,001 =0,002
25 6 -1.k69 +0.970 +0,022 +0,00k  -0,004
28 6 -1.456 +0,971 +0.031 o n -0.001 =0,007
Feb. 3 6 -1.472 +0.973 +0.020 09079 + 003 0.156 + Okl =0,028 +0.01k
6 6 =1l.477 +0.976 +0,026 0,085 .007 0.158 .029 =0,030 +0.008
lo 6 -1.479 +0.971 +0,02h4
21 6 -1.483 +0.973 +0.024 -
21 6 -1.478 +0.978 +0.016 ;'O'Olb -0.003
Mar. T 4 -1,503 +0,906 +0,032 0.000 -0,007
15 6 ~1.487 +0.969 +0,024
20 6 =1.493 +0,958 +0,053
20 6 -1.491 +0.968 +0.022 §+0'003 -0.002
Apr. 4 L 1,495 +0.965 +0.032
4 b -1,495 +0.975 +0.015 i*O'OOl -0.003
12 L -1.448 +0.962 +0,028
22 6 -1l.46T7 +0.977 +0.030
24 L -1,465 +0.967 +0.020 -0.00k -0.002
29 6 =1.457 +0.973 +0.025 +0,004  +0.007
May 1 6 =l.hk72 +0.,976 +0.011 -0.004 -0.003
3 6 -1.470 +0.975 +0.013 +0.005 =0.010
12 4 ~1.hk72 40,976 +0.008 -0.002 =-0.003
13 6 -1.458 +0.966 +0.009 +0,001 0,000
16 6 -1.472 +0.978 +0.017 -0.003 +0,002
29 6 -1l.b64k +0,976 -0.00k
1964
Jan. 6.53 4 =1.,418 +0.967 +0,034 0.070 .005 0,202 .005 =0.029 +0.008
Feb. 5.43 4 -1,468 +0.973 +0.029 0.091 009 0.177 L001 =0,032 +0.012
Apr. 10.19 L4 =1,457 +0.976 +0.029 0.090 .018 0.255 .006
10.26 4 -1.471 +0,978 +0.019 0.096 .002  0.206 .007 -0.031 +0.010
10,36 4 1,454 +0.985 +0.021 0.090 L017 0.254 .008 -0,028 +0,016
10,44 6 -1.,463 +0,984 +0.020 0.102 .008 0.213 .01k -0.026 +0.016
11.14% 6 -1,458 +0.988 +0.026 0.090 .022 0.197 .003
+0,030
11,28 4 -1.456 +0.972 +0.016 0.098 .008 0.218 .008 -0.03% +0.011 +0.006
-0.001
11.36 b -1.460 +0,991 0.000 0.086 .000  0.203 .003
11.43 4 1,44k 40,967 +0.023 0,094 .019 0.196 .00  =0.027 +0.008
12,26 4 -1.,k72 40,981 +0,013 0.096 ,018 0,232 ,008 -0.03k +0.010
12,35 b =<1.459 +0.977 +0.008 0.095 .005 0.251 .007
12.43 4 1,471 +1.003 =0.026 0,10k .005 0.259 .016 =0.026 +0.034
13.14 L -1,464 +0,980 +0.027 0,088 .016  0.249 .01k
13.27 4 =1,465 +0.983 +0,018 0.087 .007 0.23k .009 ~0,032 +0,009 +0.009 +0.002
13.42 4 -1,451 +0.979 -0.013 0.085 .010 0.240 .00k -0.031 +0,02k
14,14 4 1,450 +0.972 +0.051 0.080 .033 0.224 024
1h,26 4 -1,454 +0,981 +0,017 0,076 .026  0.219 ,018 =0.034 .+0,013 +0.005 +0.002
14,40 4 1,454 +0.980 0,000 0.077 .000 0,202 ,002 -0.034% +0.010
15,14 4 ~1,478 +0.977 +0.034 0,097 LO0l7 0.176 013
+0.016:
15.26 4 -1.,482 +0.963 +0.022 0.11k .005 0,222 .010 ~0,033 +0.008 -0,010
-0.010
15.42 4 1,449 +0.973 +0.010 0.091 .019 0.200 .010 =0.033 +0,011
16,26 4 -1.L6L +0.975 +0.01k 0.096 .008 0.223 .001 -0,033 +0.009
-0.001 0,000
16,40 6 -1.437 +0.97Th 0,000 0.090 L0111 0.208 .009 =0.030 +0,013
May 8.28 4 -1.491 +0.994 +0,029 0.109 .029 0.223 .007
8,37 6 ~1.468 +0.998 +0,011 0.091 L0k0 0,225 .020 =0.,032 +0,029
9,36 6 -1.,453 +0.979 +0.031 0.086 L017 0,221 .002 ~0,032 +0.006
12,19 4 -1.472 +0.969 +0.006 0.087 .001 0,189 L000 ~0,030 +0.016
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Date
U.T.

1964
May

Jun.

1965

Jan.

Feb.

Mar.

Apr.

12.36
13.26
13.35
15433
16.16

16.2k
16.33
18,17

18,23
20.23
20,31
7.18
T.27
9.17
9.26
10,18
10,26
11.25
12,24
15.2k

9.b4b
9.51
12,42
12,52
13.29
13,42
13.52
26,38
26.46
31,3k
31,46
4,33
jrapnh
12,31
18.28
18,41
18.52
19.28
19.k2
20.27
20.k2
20.51
24,26
24,40
24,51
6.2k
1k, 52
15.20
15.34
20,19
20,3k
29,36
29.L8
30.31
30,48
1.15
1.31
1h.1b
14,28
14,36
16,13
16.28
19.k42
23.2k
23,41
24,13
2,24
27.31
27,40

= oo OO

& oo
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TABLE III

(cont'd)

Transformation and Extinction Coefficients

Transformation

Coefficients

81

-17h7L
-1.470
-1.443
1.0
-1.483

-1.b61
-1.470
~1.k67

-1.L448
=1.452
-1.k462
-1.504
-1.467
-1.Lk86
-1.489
-1.508
-1,480
~1.k79
-1.489
~1l.471

-1.039
-1.038
-1.009
-1.022
-1.001
-1.017
-1,032
-1.,033
-1.037
-1,013
-1.014
-1.025
~1.01k4
-1.036
-0.962
-0.972
-0.979
-0.956
-0.9T4
~0.955
-0.962
-0.972
-0.955
-0.972
-0.971
-0,980
~1.012
~0,967
-0.975
-0.926
-0,947
1,029
-1.,025
-1.015
-1.009
-0.997
-1.003
~1.012
-1.027
~1.034
-1.005
-1.024
-1,015
-0.992
~-1.01k
=0.997
-0.998
-1.011
-1.027

8

+0798k
+0.988
+0.992
+0.979
+0.978

+0,968
+0.980
+0.978

+0.961
+0.971
+0,981
+0.996
+0,984
+0.986
+1.018
+0.997
+0,988
+0,981
+0,988
+0,985

+0.907
+0.923
+0,901
+0,919
+0,90k4
+0,922
+0.916
+0,916
+0.912
+0.909
+0.911
+0.922
+0.918
+0.913
+0.910
+0,920
+0,920
+0.,913
+0.923
+0,907
+0.907
+0.910
+0,911
+0.917
+0.912
+0.903
+0,925
+0.907
+0.916
+0.90k
+0,897
+0.908
+0,902
+0.,916
+0.908
+0. 899
+0.921
+0.901
+0,918
+0.908
+0.907
+0,923
+0, 906
+0.913
+0.906

©+0.908

+0.923
+0.902
+0.902

(Defined in Appendix I)

ovoge +
0.101
0,095
0.087
0.095

0.08L
0.083
0.087

0.082
0.100
0.113
0.096
0.076
0.096
0.098
0.109
0,094
0.093
0.096
0.092

0.085
0.076
0,078
0.080
0,068
0,071
0.086
0.07h
0.080
0.083
0.085
0.087
0.082
0.081
0,087
0,089
0.088
0.080
0.090
0.083
0.088
0.088
0.082
0.085
0.081
0.099
0.113
0.087
0.089
0.080
0.098
0.095
0.101
0,092
0,079
0.098
0.088
0.090
0,088
0.095
0.087
0,090
0.086
0.080
0.092
0. 064
0.078
0.093
0,097

Extinction Coefficients

m.e,

2002
.016
.00k
.010
.008

.007
.009
.003

.005
.005
.013
.010
003
.011
.010
.005
.010
.002
.00k
.001

.007
.02k
.009
.00k
. 006
.007
.003
.010
.012
017
012
.013
. 001
.003
.003
.001
.016
.005
.001
015
013
.009
.002
.013
.010
.026
020
.017
.007
.020
LOLk
001
.002
.002
005
.021
.010
.025
. 010
.007
.016
011
.009
. 002
.003
. 006
. 005
.012
.011

41

07185
0.205
0.199
0.18k4
0,192

0.197
0.180
0.196

0.202
0,260
0.25h4
0,191
0.177
0.279
0.187
0.192
0.203
0.195
0,188
0,206

0.175
0.187
0,170
0.166
0.180
0.181
0.181
0.201
0.209
0.159
0.159
0.195
0.169
0,194
0,173
0.171
0.143
0,153
0.158
0.143
0,152
0.150
0.201
0.178
0.183
0,199
0.193
0.178
0.182
0.166
0.164
0.210
0.190
0.220
0.206
0.245
0.230
0.205
0.211
0.206
0.195
0.200
0.180
0.192
0.199
0.216
0.203
0.218
0.205
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+

m.€.

%003
.007
.008
.006
Rolellt

.002
.008
.013

.006
.008
.012
.003
.003
.026
. 000
.018
.00k
.005
.002
.003

Mok
.018
.01k
.001
.005
.016
.007
.01
.016
.001
.005
.01h
,009
.02k
.012
.013
.011
.012
.o004
.007
.006
.016
.008
L011
.010
.001
.027
.001
L011
.001
.009
.007
.006
.002
.013
.013
. 005
.009
.006
.01k
.006
.007
L0L6
. 001
.012
.006
. 010
. 002
.01k

£

-0.030

-0.032
-0.031
=-0.032

~0.032
~-0.031

-0,0k0

-0.031
-0.031
-0,030
-0.031

-0.031
-0,031
-0.030
-0,028
-0,029
-0,030
-0.029
-0.031
-0.030
-0,030
-0.026
~0,033
-0,028
-0.032
-0,031
-0.028
-0.036
-0,031
~0,029
-0.030
-0.026
-0.032
-0.031
~0.025
~0,033
-0,028
-0,03k
-0.030
-0.030
-0.030
-0.027
-0.030
-0,030
-0.028
-0.031
-0.027
-0.031
-0.028
~0,031
-0.030
-0, 030
-0.032
-0.028
-0,028
-0.029
-0,030
-0.028
-0,030
-0.028

ye
0.000

+0.005
-0.001
+0,014

~0,003
+0.016

-0.005

+0.005
+0,005
+0,002
+0,006

+0,013
+0.014
+0,016
+0,013
+0,012
+0,016
+0.013
+0,016
+0,011
+0,011
+0.013
+0.017
+0.01k
+0,017
+0,014
+0,011

0.000
+0,012
+0,01L
+0.010
+0,014
+0,011
+0,015
+0.009
+0.015
+0.015
+0.016
+o.013§
+0,01k
+o.012§
+0,012
+0.015
+0,013
+o.oo7;
+0,013
+0.021g
+0.006
+0.016
+0,009
+0.017
+0.015
+0.011
+0.015
+0,010
+0,014
+0.013
+0,011
+0.,017
+0, 014

Corr. to System
of 10-yr Stds.

A

v

+07008

+0,010

+0.009

-0.,001

~-0.001

-0.003

0.000

~0.001

-0.007

+0.002

-0.001

8p.y

+07001

+0,00k4

-0.001

-0.00k

-0,005

~-0.001

~0.002

~-0.001

0.000

-0.001

0.000

Remarks

Clouds &t end

Clouds at end

Clouds at end



TABLE III (cont'd)
Transformation and Extinction Coefficients
(Defined in Appendix I)

Trans formation
Date Coefficients Extinction Coefficients
u.T. a) a, a; k) mee. Iyl m.e., k,
1905
apr. 28,40 o -1%015 +oT901 +oTooz 0F093 + T012 oT195 # Toik -0.027
29.29 b ~1.027 +0.911 -0.042 0.089 L006  0.174 L.016  =0.029
29,41 o -1.033 +0.902 +0.004 0,093 .002 0,181 ,010 =0,029
30.15 L -0,989 +0,905 +0.011 0,087 L001 0.226 L006  -0.029
30,23 4 ~1,009 +0.917 =0.006 0,097 .002 0,222 .016 -0,030
30,39  © =1,017 +0.903 =-0.003 0,109 L0007 0.192 L005  ~0.029
day 1,15 L -0.993 +0.918 +0,012 0.112 .005  0.235 .009 -0.032
1.22 4 -0.998 +0.925 -0.016 0.103 L010  0.24k4 .003 -0.029
1.39 6 =0.999 +0.907 ~0.002 0.091 L009 0.196 L011  ~0.030
2,21 L -1.005 +0.917 -0.004 0.092 L0001 0.193 .008  ~0.029
5.21 4 -1,000 +0.91o +0,008 0,073 L011  0.253 .015 -0.029
5.38 4 -1,038 +0.898 +0,001 0,098 LO0L7 0.271 L005  -0,027
0,20 L -1,025 +0.921 +0.003 0,089 L006  0.2b2 L006  =0,030
18,17 b =0.978 +0.922 -=0.015 0.102 L007  0.195 L0009 =0.032
18,26 4 -0.980 +0.913 -0.011 0,098 L008 0,184 L011  =0,031
19.20 4 =0.997 +0U.904 +0,002 0.090 L002  0.175 L0100 =0,031
19,34k -l,024 +0.916 =0.005 0.105 .021 0.182 002 -0,026
22,16 b «0,991 +0.918 =-0.01k 0.096 .003 0.198 L0005 =0.030
22,33 b -1.004 +0.910 -0.004 0.095 .003 0.198 .020 -0.029
23,16 & =0.990 +0.909 +0.004 0,083 .00k 0,227 .J07  -0,029
23,33 4 =1.02k +0.900 +0,01L 0.100 .008 0,219 .009 -0,029
26,17 L -1.000 +0.911 -0.004 0.092 L0099 0.231 .009  -0.031
28,31 b -1,012 +0,905 =0.009 0.098 .002 0.201 .01l -0.030
29,17 4 -1,000 +0.929 -0.022 0.086 .019 0,212 .005 -0.033
29,30 4 -0.991 +0.912 -0.005 0.073 .007  0.225 .008 =0.031
30,17 4 -0,988 +0.905 -0.003 0.100 .003 0.230 .010 -0.029
30,30 & -0.988 +0.906 ~0.006 0.093 ,003 0.243 009 -0,030
31,17 4 -0,996 +0.915 =0,010 0.093 L 005 0,268 L002  -0,029
31,28 4 -0.976 +0.904 =0,002 0,07k .00l  0.300 L01h -p,032
Jun. 18,23 4 -0.997 +0.908 -0.003 0,080 .006  0.205 .007 =0.031
20,23 b -0.,999 +0,911 +0.006 0.079 L006  0.173 .011 -0,031
21,24 6 -0.97T9 +0.909 «0.006 0.070 L0022 0.168 .016 -0.028
Dec, S.bo 0 =0.9T7 +0.915 +0,009 0.087 .001 0.1L3 .005 =0.031
19060
Jan. 4.50 L -0.981 +0.918 -0.002 0.07k .011 0,189 .012 -0.031
4,57 b -0.991 +0.908 +0.,005 0.088 .005 0.16k .005 -0.028
6,48 4 -0.960 +0,902 -0,002 0.072 .010 0.175 .018 «0.030
6.55 L4 =0.,980 +0,906 +0,015 0.076 .005 0.160 .020 =0.028
7.49 b -0,98% +0.91t -0,015 0.083 .006 0,151 .022  ~0.026
7.56 6 -0.976 +0.901 -0.,013 0,088 .009 0.1k0 .013 -0.019
12,38 6 =0.995 +0.922 +0,010 0.076 .010 0,148 .012  -0,034
12,47 b -0,986 +0,919 =0.012 0.082 .005 0,170 .011 -0.027
12,57 4 -0.980 +0.910 0.000 0,07k .006 0.166 L006  -0,024
25,31 4 -0.996 +0.914 +0.011 0.077 .005 0.183 .005 ~0.,030
20,43 6 =0.995 +0,909 +0.0l6 0.082 .007 0.159 L015 =0.028
Feb., 3.13 6 -0.971 +0.893 +0.002 0.080 .010 0.153 .005 =0,013
3.28 6 -0.988 +0.,916 +0.008 0.075 .008 0.171 .008 -0,032
3.43 4 -0.981 +0,90k =0.001 0,072 L005 0,164 .010  -0.027
3.56 6 -0.995 +0.921 +0.013 0.07h 005 0,172 L0l -0,036
22,40 4 -0.976 +0,912 -=0.010 0,07k .008 0.192 .005 -0.026
22.47 4 -0.907 +0.920 -0.011 0.062 .013 0.157 .005 =0.037
Mar., L,12 L ~1,002 +0.916 +0,00k 0.073 006 0.192 ,011 -0,03k
4,38 4 -1,008 +0.911 -0.004 0,084 .005  0.198 L007T  ~0.029
4,55 4 1,043 +0.,934 -0,011 0,090 .005 0.173 .007 -~0.033
12,33 6 -0,980 +0.924 =0.023 0.079 .002 0.200 007 =0.028
17.48 6 -0.994 +0.911 =-0.040 0.097 .00k 0.224 ,017 -0.035
21,26 4 -0.99% +0.899 -0.014 0.102 .022  0.176 .005 =-0,023
21,37 4 =0,949 +0.934 -0.028 0.079 L006  0.19k4 .01k ~0.03k
23.11 4 -0.936 +0.911 +0.004% 0.074 .005 0.176 L005 =0,032
23,27 L4 -0.,938 +0.905 -0.003 0.075 L013 0.182 ,021  -0,022
23,44 4 -0,949 +0.914 +0,012 0.069 .008 0.183 .005 =-0,035
23.51 4 -0.930 +0.912 +0.004 0,055 L0117 0.173 .005 =0,028
30,16 6 -0.9k5 +0.913 -0.024 0.09% .003 0.239 .015 =0.033
30.26 4 -0.,954 +0.905 -0.017 0.102 .005 0.240 .010 -=0.032
30,43 4 ~0,980 +0,917 -0.018 0.104 .005 0,183 008 0,030
30.51 © =0.,973 +0.906 =0.010 0.106 .006 0,184 .006 -0.028
31.15 6 =0.936 +0.916 -~0.006 0.08k .008 0,193 L006  -0,034
31,32 6 =0.936 +0.906 -0.020 0,083 .002 0,186 .020  =0.025
31.50 6 ~0.958 +0.905 +0,006 0.091 .001 0.185 .006 -0,027
Apr. h.1h 6 -0,950 +0.910 =-0,010 0.09L .010 0.211 .002 -0.028
4,32 6 -0.948 +0,899 +0,00k 0.087 .006  0.200 .00Lk  -0.026
4,48 4 -0.957 +0.913 =-0.003 0,087 .005 0,184 .006 =0,031
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+0,013
+0,003
+0,015
+0, 000
+0.009
+0,012
+0,007
+o.ooh;
+0,012
+0.012
+0.005§
+0.010
+0,005
+o.012§
+0,015
+0.01k
+0,013
+o.01o§
+0,015
+o.007;
+0,012
+o.oo7§
+0.013
+0.009
+0.016
+o.01h§
+0,018
+0.011
+0.,022
+0,01k
+0.011
+0.015
+0.006

+0.015
+0,016
+0.019
+0,019
+0.022
+0.015
+0,008
+0,018
+0,011
+0.013
+0,018
+0,023
+0,011
+0.020
+0,021
+0.011
+0.009
+0.016
+0,012
+0,009
+0.013
+0,0k2
+o.0121
+0,006
+0,010
+0,019
+0,013
+0,012
+0.028
+o.008§
+0,013
+0,013
+0.015
+0.017
+0,012
+0,016
+0.005
+0,015

Corr. to System

of 10-yr. Stds,

by Ay_y
+00005  dTooo
+0.007 +0.004
+0,001  =0.00k
+0,013 +0.007
-0,003 =-0.003
-0,007 -0.005
-0.001 -0,004
-0.009 +0.002
-0.002 =0.002
~-0.004 -0,006
+0.,00% +0,004
+0,006 =0.002
+0,005 «0.008

0,000 -0.,005
+0,00k

Remarks

Clouds at end

Bad seeing

Clouds passing

Bad seeing

Bad seeing



TABLE III (cont'd)
Transformation and Extinction Coefficients
(Defined in Appendix I)

Transformation Corr. to System
Date Coefficients Extinction Coefficients of 10-yr. Stds.
u.T. & 8y &g kl m.e. q‘_yl m.e. kg qyE AV AB-V Remarks
19¢6 - m, m., . - m m. . m m_ .- m
Apr. 5,33 6 =0.952 +0.900 -0.001 0,067 + .003 0,186 #* .018 -0.028 +u.0L7
5.47 b -0,978 +0.910 +0.002 0.093 .005 0,180 .007 -0.031 +0.013
7.13 6 =-0.910 +0.921 =-0.001 0.008 .008  0.199 .01l -0.036 +o.oo9g +0%005  +0%002
T.43 6 =0.959 +0.913 -0,007 0,093 L0004 0,191 .009 =-0,031L +0,01k
12,14 6 =0.946 +0.,913 -0.006 0.086 .002 0.238 .005 -0.031 +0.018
15.27 6 -0.965 +0.912 =0.002 0.100 .00k 0,162 .005 =0.029 +o.oos§ +0.028  <0.002
15.43 4 -0,952 +0.908 +0.004 0.09k4 .005 0.197 .005 -0,027 +0,008 * '
30,14 4 -0.932 +0.911 +0.001 0.078 L0053 0.210 .005 -0,029 +0.010 Clouds at end
May 2,14 4 -0.922 +0.916 -0.017 0,081 L006 0,215 L006 ~0,030 +0.007 Clouds at end
3,13 4 -0,92k 40,911 -0,017 0,082 ,005 0.205 .006 -0.030 +0,013
3.30 6 -0.941 +0.911 -0.012 0,086 .007 0,231 .009 =0,034 +o.019§ +0.00  —0.003
3.43 4 =0.955 +0,901 =0,019 0,111 .005 0,24k 019 =0.027 +0,028 : -
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Fic. 1. The primary extinction coefficients for the B—V color k,, plotted against date. Open circles are for the 1964 season
(1P21 refrigerated), filled circles for the 1965 season (EMI 6256 S), and crosses for the 1966 season (also EMI 6256 S).
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their variability, as well as variability of the com-
parison stars, the observations of comparison stars
and Ten-Year Standards, listed in Table IV, are
reduced to the system of Ten-Year Standards (cf.
Introduction). This is achieved by adding the
nightly corrections A, and Ay, _+ to the magnitudes
and colors of these stars. These corrections to the
system of Ten-Year Standards, listed in columns
cight and nine of Table II and in columns ten and
eleven of Table 111, are the differences between the
mean colors and magnitudes of the Ten-Year Stan-
dards observed on this night and the mean colors

and magnitudes taken from Table VI of Paper II
for the same stars. (The mean values listed in Table
V were not used for that purpose.) The corrections
were computed only for the nights when at least
cight Ten-Year Standards were observed. The
values obtained for the Ten-Year Standard star ¢
Bootis during the year 1964 were not taken into
account when forming averages because at that
time the brightness of this star was deviating by
about 0.03 mag. from its mean value (cf. Figure 4
and Argue 13). There is no indication of variability
of this star in other seasons; it was always observed
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Fic. 3. The yearly mean yellow magnitudes of the Ten-Year Standard stars.
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Fic. 4. The yearly mean blue magnitudes of the Ten-Year Standard stars.

together with its fainter red companion.

The weights listed in Table IV were computed
in the same way as described in Paper IL The
yearly weighted mean values of magnitudes and
colors of the Ten-Year Standards expressed in the
system of Ten-Year Standards are listed in Table
IV and plotted in Figures 3 and 4. These figures
indicate that for none of these stars except ¢ Bootis
does the standard deviation of yearly mean magni-
tude from the final mean value exceed #0.008 mag.
For the stars 40 Leo, 8 CVn, and 7 Boo such stan-
dard deviation does not exceed =0.004 mag. over
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an interval of twelve years. The comparison stars do
not indicate variability which cannot be accounted
for by the observational errors.

The weighted mean values of magnitudes and
colors of standard and comparison stars are given
in Table V. The observations listed in Table IV and
in Paper II were included in these mean values
with proper weights. The number of nights on
which each star was observed togethet with the
Ten-Year Standards is given in column six of Table
V. The MK classifications were taken from the
Jaschek, Conde, and de Sierra catalog (11). The



TABLE IV TABLE IV (cont'd)

Observations of Comparison Stars and Ten-Year Standards Observations of Comparison Stars and Ten-Year Standards
HD 41116 HD 58551  (cont'd) HD 61997 HD 73065
DATE v B-V  Wt. DATE v B-V  Wt. DATE v B~V  Wt. DATE v B Wi,
1966 Mar, b W17k «0TB28 5 1966 Mar, 4 67520 40775 5 1962 Jan, 31 79127 +0TM1k 3 1962 Mar. L 60390 4
23 4,185 .820 4 23 6.5L9 Wik I Feb, 2 7.136 L119 & 2% 6,387 4
31 %.182 .825 2 Apr. 4 6.541 JAT77 3 Mar. L 7.129 Lb1y L Apr. 12 5.399 3
Apr. 4 L.191 .825 2 7 6,542 A6z 3 1k T.125 L2 3 Dec, 10 6.k05* 3
7 4,192 .819 2 12 6.5k1% Lb65 3 26 7.121 Lh18 4 1963 Jan. 17 6,403 3
30 h.185%  .euk 1 Mean 6.556 ¥0.500 85 Nov. 27  T.12h* k12 3 21 ©.393 3
May 3 4,179 .831 1 Dec, k4 To124% 1T 3 23 f.b0L 3
Mean §.102 +0,0828 10 HD 56899 6 f.22% k25 3 Feb, 21 6,39k 3
1963 Jan. 17 T7.13% L4106 3 dar. 15  o.hl5% 3
iiD L2087 DATE v B-V  Wt, 23 7.137 Lulb 3 20 6,393 3
Feb, 21 7.121 Jh16 3 May 3 ©.394 3
DATE v BV We. 1962 Jan, 31 79165 407928 3 1966 Feb. 3 T.126 253 1966 Jan. 12 8 5
Feb., 2 7.165 .933 4 Mar, b 7.129 Jh1e 5 Feb. 3 408 L
1960 Mar. 4 sTho +0T217 5 Mar., 4 7.161 927 L 23 T.13h Jhos 5 Mean 6.39h 38
23 5.5 21k ok 1 7,15 936 3 Apr. b 7,143 Jbor b
0 5,749 209 3 26 T.161 921 b T T.135 Lhos 3 HD 75470
31 5. ThE 207 2 Dec, 4 T7.158% .92k 3 12 _f.130% 133
apr, ko 5.763 218 2 5 T.176% 915 3 Mean T.13L +0.L13 &7 DATE v BV Wn.
T 5770 228 2 1963 Jan. 1T T.173 921 3 n .
30 5.7T0* .223 1 23 7.172 .918 3 HD 62720 1902 tar. b 60721 +0.870 L
May 3 5. 151 223 _ 1 Feb. 21 7.169 .907 3 14 6,720 .86t 3
Mear 5.752 +0.216 190 1966 Feb, 3 7.15k 933 3 DATE v B-v  Wt. 26 6.T19 LBoT
Mar. b T.146 .926 5 Apr. 12 6.721 Boz 3
ED L3261 23 7.158 907 4 1962 Mar. 1 TR9u%  +0T368 4 Dec. b 6713 .872 3
Apr. b T.156 .929 3 b TJb12 .383 4 1963 Jan. 17 0. 728 8538 3
DATE v B-V  Wt, 7 7.163 912 3 26 T.b01 387 L 23 v.723 864 3
12 _1,161* 2915 3 May 1 7,410 L3662 Feb. 21 6.722 3
1966 dar. 5 Mean 7.161 *0.923 &5 Dec. A  T.h0L* 384 3 1966 Feb. 3 0,73k u
4 6 T hou¥ .38k 3 Mar, 23 b.125 s
3 HD 58946 1963 Jan. 17 7.h10 .38k 3 31 _v.7e7 i
Apr 3 23 7,415 . 388 3 Hean u.T24 3%
3 DATE v BV Wt. Feb, 21 7,400 .393 3
2 o 1966 Feb, 3 T.403 387 3 HD 7597k
1 1961 bee. 21 yl177* +ol30h 5 Mar., 23 T.4l6 L 366 L
May .B895 2 23 Lo1Th* W31 5 30 T.hlhy . 389 b DATE v B-V Wt
+0,892 20 1962 Jan, 15 h.17e% . 329 I Apr. & 7.406 395 3
31 b8l 315 3 1z _T.k12% 313 3 1962 dar. b ofp7e +VTLC 4
Feb, 2 4,182 TS Hean 7,007 +u.3%5 33 i 0,079 L7133
28 L, 18L* 31k 4 20 6,580 o9 4
DATE v B-V Wt Mar. 1 4.,176% (3100 b HD 63772 Apr. 12 6.061 696 3
b 4177 .320 i Dec. o DLLTH* .Too 3
1966 dar, 4 oTLes  +olsie 5 26 UT6 L3274 DATE v BaV W, iyo3 Jan, 1T 6,067 L7003
23 v, b3 W5LT 4 31 L1719 2323 4 23 o.078 LT05 3
3L vlA3T 5293 Apr. 5 bATM* L322 4 1962 Mar. 1 BlosT* 40735k S Feb. 21 6.977 L7053
Apr. b o,Lb2 .522 3 11 L, 180 .313 4 4 8.955 .35 L 1900 Jan, 12 ©.609 097 5
T 6,436 .51k 3 22 L.186 316 3 26 8,947 L3530 b dar, 23 .ol L7055
1z 6,L39*% 517 3 May 1 4,181 323 _3 May 1 8.9571 .338 2 31 6,086 093 _ b
30 B.453* Sl 1 Mean 5,100 +0,319 30 Dec., 4 ERT .3u8 3 dean ©,079  +0.702 37
May 3 _L.431 2230 _ 1 1963 Jan. 1 L.190 .318 3 3 6,951% . 3ho 3
Mean 0,436 +0,520 10 21 h.192 319 3 1963 Jan., 17 8,905 .338 3 HD Toih3
23 L,186 317 3 23 8,953 351 3
HD 50092 Feb., 21 L.167 W311 3 Apr. 12 G.925% 363 3 DATE v BV Wt
Mar. 20 4,133 . 301 2 1966 Fes. 3 8.943 . 347 b
DATE v B-V  Wt. May 3 _b.aT5 319 2 Mar, 23 8.903 L3206k 1962 Jan, 31 i
Mean 1,103 +0.315 16 30 8,902 .3b> 4 Feb., 2 L
1966 Jan. +oTh8s 3 1964 Apr. 11 4,176 312 3 Apr. 3 3 28 5
tar, .S8o 5 13 4,178 .311 3 3 dar, 1 4
25TL 4 1h 4,179 L311 L =T i I
5T3 15 4183 305 3 9 1
Apr. L9576 H 16 4,181 2324 b HD 7228 1h 3
ST 5 fean W,179 *#0.313 17 26 y
L5890 L 1905 Jan. 13 boT7 L31h 5 DATE v 3.V Wt 31 3
Hay 5T 3 Feb. 20  b4.,168 L3180 b Apr. 11 5
13 2 oh b,185 315 b 1962 #ar. b 5730 woTom w4 12 3
+0.578 28 Har, 15 4,168 317 L 1h 5.307 038 3 22 i
20 L.172 .320 L 26 5. 30h L0630 k Hay 1 _3
ED 55052 Apr. 1 i, 181 W317 3 May 1 5.311 L6206 2 “dean 33
W b.1s8 3T 4 Dec. ©  5.200% 637 3 1963 Jen. T 3
DATE v B-V We, 16 Lo17h +307 b 1963 Jan. 17 5.305 L6356 3 9 3
24 L.186 .32 3 23 5.312 530 3 15 3
1062 can. 31 STgsk  +oT376 3 Hean 4,17L  ¥0,316 35 Feb, 21 5.294 638 3 17 3
Feb., 2 5.676 .367 & 1966 Jan. 12 166 L3eh 4 1966 Feb, 3 5.30i b1 3 21 3
Mar. L 5,657 372 b Feb. 3 4,177 LRl S Mar. 23 5,300 .615 5 23 3
26 5,857 .381 L Mar, 4 4,166 .331 5 30 5.315 027 4 28 3
Hov, 27  5.853% 3ok 3 21 4,165 .3RE 3 Apr. b 5.304 639 3 21 3
Dec, b 5.861% 384 3 23 L.173 L314 5 12 5.302% 630 __3 20 1
5 5.855% 386 3 30 4.183 313005 Mean 5.307 +0.63% 37 29 3
6 5. B856% .37 3 31 L.171 310 5 1 3
1963 Jan. 1T 5.870 .36 3 apr. b 14,183 319 5 HD 68255-T 3 3
23 5.869 369 3 T ba8s 3175 w2 3
Feb. 1b 5. 882% $379 3 12 L.175% 320 b DATE v B-V Wt 13 3
21 5,857 231303 May 3 _k.167 L3k 2 lo 3
1966 Jan, 12 5.043 379 3 Mean ¥.175 +0.319 WW 1962 iar, 4 WTor3 +0T533 Vean 3,973 3
Feb. 3 5.87T .381 4 1 L.oT2 .532 3 1964 Apr. 11 3,964 L
Mar., b 5,847 L376 5 HD 6091L 20 i, 067 .531 4 13 3,965 b
23 5.860 . 368 S May 1 L,oTh .528 2 1L 3.972 5
31 5,857 Lo b DATE v BV  Wt. 1963 Jan. 17  4.078 .533 3 15 3,909 L
Apr. 30 5.874% =372 2 o n Feb., 21 i, 6oy .532 3 16 3.972 _5
Mean 5.860 +0.373 5 1962 Jan. 31 6.981  +1,049 3 1906 Feb, 3 h.o7> L9531 b ‘tean” 3,968 22
Feb, 2  6.973  1.050 b Mar. 23 4079 514 b 1955 Jan, 13 3.908 5
D 58551 Mar. L 6,977 1.043 4 Apr, 4 L, boo L 5hl 3 Feb, 20 3.90k 5
W 6.964 1,051 3 12 L o71% .5k 3 2u 3,970 5
DATE v B-V  Wt. 26 6.963 1.054 b Mean L.o73  +0.530 30 dar, 19 3.959 5
Hov. 27 6.953% 1,047 3 5
1962 Jan, 31 o1 +ohs8 3 Dec. 4 6,967¢ 1,052 3 ED 77Ty 4
reb, 2 6.557 IS8 k 3 6,969%  1.0bLL 3 5
Mar, b 0,545 .Lel L 1963 Jan. 17 6.978 1.0k2 3 DATE v BV Wt 5
b 6,958 Lkl 3 23 6.980 1,045 3 n _5
26 0.5h% ko0 4 Feb, 21 6.968 1.0k9 3 1962 Mar. & 6,585 i Tk
dov. 2T 6.533* .u55 3 1966 Feb. 3 6.958  1.052 3 ik 6,583 3 1956 S
pec. b  G.5h5* U5k 3 Mar. L4 6,964  1,0L5 5 26 6,50k L 5
5 6.551% 459 3 23 6.976 1.037 b Apr. 12 ©.590 3 5
6 6, 5kL* Jbs6 3 Apr. U 6,973 1.037 L Dec, Uu 6. 50T* 3 I
1963 Jan. 17 6,557 W55 3 7 6.971 1,037 3 T 5.597* 3 5
23 6,552 Juse 3 12 6,974% _1.034 3 193 can. 17 ©.58% 3 5
Feb. 16 6.573*  .h6y 3 Mean 6.971  ¥1.005 LT 23 6.589 3 5
21 6,540 .57 3 Feb, 2i 6. 581 3 >
1966 Feb. 3 64531 STl 3 1966 Jan. 12 6.570 4 5
Fev. 3 0,993 4 5
Apr. 4 _b.562 . 6% 3 u
Hean G.50h  +0.661  3h 3
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PEIEENE

19u3

1je3

19co ¥

DATE

1902

1963

1966

DATE

1902

1963

19606

1963

1964

CABLE IV
Jbservations of Comparison Stars and Ten-:

ni {9090
o
m n
far. & v.HUE 40, T32
il 0,507 2135
ou v.hoy 131
Apr. 12 VLHYh .737
Dec. u 0. uyy* LT3
Jan. 17 b.51L NS
23 LT L1371
Lol R 3y
iz RN T30
2 G901 132
U, Huu 125
fean C.503 40,732
HL ToH9y
v 3=V
+0 iy
b3
430
&. 50
&, 30h* Jhb3
6,304 b5
G 3un Lhbg
8,300 RAT
g.208% Th
B’ Lhb3
8 AT
8.3:7 LALp
dean 8,313  ¥0.0LE
KD blob3
v Bov
dar. b
14
20
hpr. 12
Dec. b
Jan, 17
23
Fev, 21
Apr. 12
Fev., 3
Mar, 4
2
31 e e
Mean 6.263  *0.TT
i 82140
v BaV
Mar, 57315 +0T819
14 b, 380 o34
20 8,315 625
Apr. 12 5.363 b3
Lec. & 8. 376* (53
Jan. 17 8. 380 w22
23 8,319 629
Feb. 21 6. 370 w027
Apr. 12 8.351% .64
Feb. 3 8.391 630
Har., U4 8,379 631
23 8., 36k .632
31 _B.387 .623
Mean 8,381  +0.627
b 628865
v B-V
Jan. 31 Th1S +0Tto0
Feb, 2 5.418 L 709
28 HobLT* JT67
Mar. 1 5.h1o% 759
4 5.h07 L7176
9 5.h10 772
14 5.413 .780
26 5.418 766
3 5,506 772
Apr. 11 5. ke .768
12 5.L08 .172
22 5.418 .ok
May 1 5,412 T66
Mean 5.L1b  %0.769
Dec. 30 5.410 . 769
Jan., 9 5.L13 ST
15 S.hLlk LT6k
17 5.413 770
21 5. k1T 709
23 5. h22 76T
28 5.u12 LT71
Feb, 21 5,418 W72
Mar. 20 5,400 . 766
Apr. 2 5,410 58
29 5. 400 ST5T
Hay 1 5.409 LT66
3 5.507 L7569
12 5.399 L765
13 5,412 ST
16 5.l12 157
Mean 5.LIL  +0. 168
Apr. 11 5,40y JT5T
13 5.399 <159
1h 5,402 173
15 5,408 766

Wi,

w
»—A'ttquwww@t‘wl‘:

oo
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(cont'd)

b
DATH
196l Apr.
19bYy Jan,
Feb.
Mar,
Apr.
1yob Jan,
Feb,
Hdar.
Apr.
May
DATE
1902 Jan,
Feb.
Mar.
Dec.
1963 Jan.,
Feb.
Apr.
1964 Apr.
1405 Jan.
Feb.
Aar.,
hpr.
19bo Mar,
DATE
1902 Jan,
Few,
HMar.
Dec.
1963 Jan.
Feb,
Apr.
1964 Apr.
1965 Jan,
Feb.
Mar,
Apr.
1966 Mar.
DATE
1962 Jan.
Feb.
Mar
Apr.
Dec.
1963 Jan.

ar Standards

82885 (eont'd)
v BV Wt
Lo _beboe 179 5
Mean 5,403 +0,Tol 22
13 5,391 LT70 4
20 5,437 oo 5
oh b.h22 .76l 5
15 5,410 168 5
29 5. 410 LT69 5
1 5,416 782 4
14 5,401 770 5
1o 5391 68 5
24 5,409 LJoT ]
Mean 5.510  ¥0.706 %3
12 5,408 LT69 >
3 5,426 L ToU bl
Lo 5,415 JTo6 5
21 5,403 T2 2
23 5.bk17 T2 5
30 5,418 N 5
31 5.393 LTT0 5
U 5,406 L770 5
T 5.411 S50 5
12 5,18 LTk L
3 5. 417 . 706 3
Mean 5,517 ¥0.707 TS
uB 63509
v B-V W,
31 fhozk «oTurs 3
2 T.035 W81 b
L 7.035 87 4
1k 7.066 LU0 3
20 7,029 A6 4
5 T.035% Jhbt 3
© 7.029% .L8o 3
7 7.0b1 LL63 3
23 7,031 JL8y 3
21 7.030 LU6T 3
12 7.008% T 3
i1 7.037 Lg 3
13 7.037 hoy 3
1k 7.029 Jre 4
15 7.017 ATk 3
16 7.015 R b
13 T.034 467 3
18 7.0k Jrrooo3
19 7.031% Ry b
20 7.035 470 i
2U T.030 et i
20 7.033 4Bk L
1 7.035 B2 4
1 7,037 Jh72 4
16 1,029 L4786 i
4 7.029 L4730 L
Mean 7.033 +0.475 76
HD 63083
v B-V WG,
3 3
2 4
4 4
1k 3
26 L
6 3
17 3
23 3
21 3
12 3
11 3
13 3
1 b
15 3
16 iy
13 3
18 3
19 4
20 4
2k i
20 k
1 L
1 L
16 L
i L
Mean 6,982 30.475 T8
HD 86898
v B-V Wt
m - m
3 T.806  +1.029 3
2 7.799 1,031 b
28 T.794%  1.04b L
4 7.790 1.035 4
9 7.808  1.0k2 1
14 7.810 1,037 3
15 T.790  1.0k2 3
26 7.797  1.035 kb
31 7.799 1.038 b
5 7.791%  1.027 4
11 7.808 1.035 4
12 7.807 1,028 3
22 7.797  1.031 b
6 T.792*% 1,036 3
17 7.803  1.036 3
23 7.9 1.0u2 3
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DATE

1963

19ohk

1965

1966

DATE

1902

1963

196b

196

1966

1962

1962
1963

196k

1965

Feb.
Apr.
May

Apr.

Jan.
Feb.

Mar,
Apr,

Mar.

Jan, :

Feo,

Mar,

Apr.

Har, 2

Apr,

Har,

Jan.
Feb.

Har,

Apr,
May
Jun,

Dec.
Jan.

Feb.
Mar,

Apr.

Apr.

Jan,
Feb.

Mar,

TASLL IV
Ovservations of Comparison Stars and

ibbove  (cont'd)
V B=V
21 Tlrse +1T033
iz ToTTR% 1,045
13 T.801 1.037
11 T.793 1.028
13 T.T90 1,03k
bR 7194 1.033
15 7.776 1.0bo
16 1,785 1.037
13 (195 1,029
1 7.612 1,037
19 T.8lv* 1,031
20 T.798 1.033
24 .80 L.o28
20 T.613 1.03%
1 7.807  1.020
1L T.803 1,031
1o T.799 1,020
L 7,014 1.030
Mean 7.000 +i,03%

HD 67170
v BV
31 g%ss +oTs3e
2 8,060 Lob2
25 B.0gu* 530
I 8. 086 337
1 8,090 .5306
15 8,086 540
20 6,088 530
31 8,098 2540
b 8.0TT* L543
11 8,092 .529
12 8.085 .5L0
22 8,068 538
© 8.060% 150
17 8.0u8 531
23 8,003 535
¢ L5ul
Johs
LHu2
L5ub
.58
L5
952
S5hT
b3
V552
by
.232
545
W52
LS50
539
2951
+0.5k2

HD 89449
v B~V
47786 +oTuLg
2 4,795 LlbT
24 L, Bou* JLy3
1 4. 795% Jhs2
i 4,800 455
9 4,793 453
1k I er A5T
15 L. doo .43
26 L.793 BT
R L 460
11 L.,803 439
12 4,792 Lhs8
22 4,500 kg
1 L, 798 bl
7 _L.801 RN
Mean 1,796  +0.550
30 L, 800 U5
T 8799 Ly
9 L, 794 WLl
15 4,795 L4s
17 4,793 Jhk2
21 L, 789 RS
23 4,795 JhLg
25 4,797 Lu8
28 4,799 k3
21 L.7Th Lo
7 L.796 Jhs7
20 L.779 450
2h 4,781 W52
29 b, 786 Lhs
1 4,803 4L3
3 L.798 JhbT
12 4,782 448
13 L.790 450
16 4,793 .455
Mean 4.792 +0.3ky
11 LaTTs b2
13 4, 800 WLss
14 L7196 R
15 L7173 Wby
16 4,808 JLhs
Mean T.791  +0,0L9
13 b,788 .bs0
20 4,800 .bso
2k 4,804 JLys
20 L. 805 JLs50
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Year Ctandaras

{cont'a)

DROE

1uh fipr.

b

Sar.

Bl
7
Apr. i
i 4.Tvl i )
.2 L ToT* by i
15 99 G 3
day 2 79 il 3
Hean bL.795 +0.Wb0 bk

BD o9To2
DA™ v L- wt

iyu2 llar., Jo a
31 5

Apr, 12 3
24 3

day 1 3
20 i

Jun. 7 1
dov. OT 3
Dec. L 3

5 3

o 3

7 3

10 3

21 3

22 3

30 3

1963 Jan, 1 3
Bl 3

15 3

17 3

21 3

23 3

25 3

26 3

Feb, 3 y

&) 4

1o 3

21 3

Mar, T 3
15 3

20 3

Apr. 12 T.7hS* 3
al T.702 3

29 T.Tok 3

Hay 1 T7.772 3

30 T.TTL 3

12 T. 709 3

13 T.771 3

1o T.773 3

196b Apr. 11 T.779 3
13 T.774 3

14 7775 L

15 77T 3

1v T.7T0 4

1965 Jan. 13 T.764 3
Feb. 14 7.783 3
19 T.179% i

20 T.772 L

2L T.785 i

Mar, 20 T.782 4
Apr. 1 T.769 i
1L T.753 4

1966 Mar. b4 T.T0b Lheo i
Mean T.77L +0.0h9 119

HD 90512
DATE v =V Wi,
. o m

1962 Mar. 20 6.5 40,858 4
31 6,653 859 y

Apr. 12 6,639 .859 3
24 6.6b2% 861 3

May 1 6,641 B2 3
26 6.633% 862 3

Jun. T 6.059 865 1
Nov. 27 6.633% LBsk 3
Dec, 4 6,0h6* L858 3

5 6,650% 850 3

1 B.60L% 630 3

10 6.600% 632 3

22 6.0L0% .868 3

30 6,053 852 3

1963 Jan. 7 6,659 L850 3
9 6.652 354 3

15 b.chb .853 3

17 6.03h .66k 3

21 6,6k1 897 3

23 b.6hy 857 3

25 6.649 857 3

28 6,6k2 L6856 3

Feb. 3 6.0L8% «Bok 4

6 6,bL5% L850 4

1o 6.070% 80T 3

21 6.047 861 2



TABLE IV (cont'd) TABLE IV (cont'd)

Observations of Comparison Stars and Ten-Year Standards Observations of Comparison Stars and Ten-Year Standards
HD 90512 (cont'd) HD 92323 (cont'd) HD 98947 HD 109358
DATE v BV Wt DATE v B-V  Wt. DATE v B-V  Wt. DATE v We.
1963 Mar. T  676h5  +0T857 3 1963 May 16  ToMB5  +0WMMh 3 1966 Jan, 6  67907* +0T863 1963 May 16 _be2TL 3
15 6.655% L BUT 3 1964 Apr. 11 T.509 k2 3 12 6.910 . 862 5 Mean 1,204 50
20 6.658 . 856 3 13 7.503 Jb43 3 Feb. 3  6.906 .865 L 196k Apr, 11 b, 27k L
Apr. 12 6.619% .87 3 1 7.498 Jys 22 6.895% .873 3 13 L.270 b
2k 6,543 859 3 15 T.495 W50 3 Mar, b 6.917 857 5 1k 4,26k S
May 1 6.052 862 3 16 7.491 JbT ok 21 6.91% 871 b 15 4,251 4
3 b.oSL 861 3 May 16 7,507 Sl 23 6.911 671 5 1% k.23 5
12 6,649 L858 3 18 7.501 b2 4 30 6,918 867 5 May 16 4,261 5
13 6,647 .82 3 1965 Jan, 13 T.hg2 LT3 31 6.921 860 5 186 _L.256 S
16 6.blb .854 3 Feb, 19 T.h96% Lk 4 apr. b 6,906 875 5 Mean §,258 32
1964 Apr. 11 6.661 855 3 20 7.h96 Ak b T 6,915 859 5 1965 Feb, 18  b.255 . L
13 b.osh 859 3 25 7,507 Jbi2 [ 12 6.913* 860 & 20 4.258 5875
14 6,651 857 b Mar. 20 7.502 Jisk L May 2 6,912% .850 S 24 4,260 .579 5
15 6,048 .86k 3 Apr, 1 7,496 Lh51 L 3 65,908 . 860 5 Mar. 15 4,261 .586 5
16 b.bk2 857 b 7,503 R Mean 6.912 +0.065 BB 300 k259 5855
1965 Jan, 13 6.637 86T 3 1966 Mar. 4 T 496 439 4 Apr. 1 L.256 585 5
Feb. 18 0,667 .862 3 23 7,494 JLs6 L HD 102870 14 L, 266 L589 5
19 6.678% 852 4 31 7,497 s 4 16 4,262 .585 5
20 6.650 Be2 b Apr, T T.507 ;bg 3 DATE v B~V Wt 23 L.260 585 5
2h 6,656 857 b May 3 _7.502 Ll 3 May 1 L2665 580 5
Mar, 20 6.67h 873 b stean 7.395 Epn - 1962 Jan, 31 3616 +0.555 3 5 w262 8L
Apr. 1 6,656 . 806 L Feb. 2 3.607 556 2 5
1h 6,637 .859 4 HD 9ko12 Mar, 4 3.613 .5k 3 5
1966 Mar, 4 6,648 .858 h 9 3,610 L5k 2 5
Mean 6.650 +0,859 116 DATE v B-V  Wt. 1 3,613 Shs3 5
o 15 3.611 Sho 1 5
UD 90839 196h Apr. 11 74048  +0.4B6 3 26 3,605 5k 3 5
13 T.851 g 3 31 3.606 550 3 75
DATE v B-V Wt 1k T.843 JLBL L Apr. 11 3,608 V558 3 1966 Jan. i
o o 15 7.849 U476 3 22 3.600 2557 3 Feb. 4
1962 Jan. 31 L84 40,525 3 16 7.8b4 b3l 4 May 1 3.603 .557 3 Mar, L
Feb, 2 4,830 .515 1 May 16 7.851 S4BT 4 Jun. T 3,599 .56k 2 4
Mar, 4 4,830 .52l y 18 7.857 .hgh 4 12 3.614 .55 2 5
9 L83 5160 2 1965 Jan, 13 7.838 L h85 3 19 3,588 569 2 L
1 k.26 518 3 Feb, 19 T.850% 487k Mean 3,607 +0.553 35 Apr. 5
15 4,832 511 3 20 7.8h7 89 L 1964 Apr. 11 3,606 J5uh 3 5
26 4,832 512 4 2k 7.847 .hag 4 13 3.617 LSkl 2 5
31 i, 829 V520 b Mar, 20 T.8k6 L85 4 14 3.597 .553 3 May 3 4.261 Iy
Apr. 11 4.835 51T Apr. 1 T.8u2 ;- 15 3,625 SEL 2 Mean 1,259 R
May 1 4,840 .51h b 1960 Mar. L 7,84k LuBL May 16 3.602 555 3
Jun. T 4,842 516 2 23 7.845 JLdg 4 18 3,60h 2558 3 HD 113139
9 k.82 Sl 3 30 7.838 Jho2 2 Mean 3,607 *0.550 10
12 4,858 L511 3 31 7.852 . L87 4 1965 Feb, 20 3,610 .5h9 3 DATE v B-V We,
19 L.8Lp +515 2 Apr. T 7.85% L83 3 24 3,608 .52 3
Mean 1.836  +0.516 L5 May 3 _7.851 480 3 Mar. 15  3.609 s 3 2962 Jan, 31 Yozl +oV362 3
1962 Dec, 30  4.839 ST 3 Mean 7.837 +0.585 T¢h 20 3.611 550 3 Feb. 2  4.y33 362 3
1963 Jan, 9 L,840 515 3 30 3.609 545 3 Mar. b 14,923 L3630 b
15 k4,826 .529 3 HD 94057 Apr. 1 3.601 546 3 9 4,930 350 3
17 4,838 .523 3 16 3.60h .561 3 1L 4,939 302 3
21 4,830 .518 3 DATE v BV Wt. May 1 3.611 +551 3 15 4,933 .301 3
23 L.833 .520 3 5 3.61h S5 2 26 L9t 362k
25 4,838 .532 3 1965 Jan. 31 8%519%  +0Tk0 4 18 3.60b .551 3 L 4,933 358 4
28 4,837 W51k 3 Feb, 4 8,523 480 3 22 3.606 W58 3 Apr, 11 b.ges <37k L
Feb, 21  4.818 2510 3 19 8.523% L5 4 23 3,610 545 3 22 L.g22 3o 4
Mar, 7  b.833 2521 3 24 B.541 Jheg b 28 _3.607 LSuh 3 May 1 k931 Jh b
20 4,827 .518 2 Mar. 20 8,531 JL72 L Mean 3.608 +0.549 38 Sun. 3
Apr. b L.833 W51k 3 Apr. 1 8.509 19 b 1966 Jan. 12 3,61k 549 3 3
2k 4,825 523 3 1966 Jan, 12 8,526 W73 3 Feb, 3 3,611 552 3 i
29 4.833 517 3 Feb, 3 8,524 b2 4 Mar. b 3.620 .5k 3 Lk
May 1 4,833 522 3 Mar, b 8,520 LLée N 21 3.6016 .551 3 53
3 L83 51k 3 21 8.529 AT 3 23 3.616 Sh9 3 1963 Jan. 3
12 4830 507 3 23 8.526 e 30 3.609 551 3 3
13 4,831 516 3 30 8.521 Jh69 3 31 3.619 543 3 3
1o 4,828 2515 3 31 8.527 469 4 Apr. T 3.613 L5k 3 3
Mesn 1.83% +0.518 56 Apr. 7 B8.5h2 573 12 3.612* 543 3 3
1964 Apr. 11 4,825 .513 3 May 3 8.529 L4673 15 3.600 $550 3 3
13 4.8L6 .518 3 Mean 8,527 +0.571 46 May 3 3.605 2593 _ 3 3
b 4,832 511 & Mean 3,612 +0.549 30 3
15 4,832 .515 3 HD 95132 Feb. 3
16 4,836 ST 4 HD 109358 Mar. 3
Mean 4,83%  +0.515 17 DATE v B-V Wt 3
1965 Jan, 13 L.827 518 3 n DATE v B-V W Apr. 3
Feb, 20 4.839 515 b 1965 Jan. 13 8.419  +0l89 b o n 3
2k 4.839 .518 4 31 8,u10% h9o 4 1962 Jan. 31 4.26h 40,572 4 May 3
Mar, 15 4,839 .520 b Feb, L B.k1h L89 3 Feb, 2 L. 26k +591 3 3
20 4,843 515 4 19 8.Lo6* L4590 4 Mar. L 4,255 .58k 5 3
Apr. 1 b, 8y 526 4 2h 8,422 Jhg2 Yy 9 4,251 583 3 3
1k 4,837 3 VS Mer. 20 8.410 Lok b b L,.256 588 3 1
16 4,837 .513 k4 Apr. 1 8.392 L8y 4 15 L.256 2579 3 1964 3
24 4,83 521 4 1966 Jan. 12 8,k11 .50k 3 26 4,250 .585 4 3
Mean 4,839  +0.51 35 Feb. 3 8,416 Lhgo 4 31 L.260 .585 b 4
1966 Jan, 12 4,825 521 b Mar, 21 8,420 Jh97 3 Apr. 11 4,251 259k 5 3
Feb. 3 4,838 .515 b 23 8.416 Jhox 4 22 k4,252 591 b 4
Mar, 21 i, 826 .51b 3 30 8.%01 495 3 May 1 L.256 586 5 i
23 4,818 526 4 3 8,416 486 b Jun, T 4,255 .586 3 bk
30 4,840 .516 4 Apr. T 8.kay JAT9 3 9 4,257 586 3 25
31 4,819 +509 4 May 3 8,412 492 3 12 4,265 +582 4 1965 3
Apr. b 4,827 .515 3 Mean 8,813 +0.L91 46 19 4,256 .583 4 4
7 4,828 507 4 Mean k.256 40,585 57 L
15 4,827 517 3 HD 98697 1962 Dec. 30 ko265 .585 3 iar, 15 L,931 306 i
May 3 4,828 .526 3 1963 Jan. 7 4,267 .581 3 30 4,925 .370 4
Mean $.828 +0.516 36 DATE v B-V  Wt. 9 L,268 585 3 Apr. 1 h.926 366 &
15 L, 260 .591 3 1k L.yeg L30T 4
HD 92323 1966 Jan, 6  67700% +0T518 S 17 L,254 582 3 23 u,92k 3700
12 6,701 517 5 21 L, 269 519 3 Yay 1 4,928 L3866 i
DATE v BaV We. Feb, 3 6,70k .523 4 23 4,259 .590 3 S b,93h .358 3
22 6.688% 529 3 25 k262 L5681 3 16 4,928 381 b
1962 Dec, 22 Tohg6* +0LLLT 3 Mar. 4  6.700 517 5 28 u.262 580 3 22 L.93s 306k
1963 Jan., 25  T.497 b0 3 21 6.698 5265 Feb, 21 L,261 .589 3 23 L.938 360 4
Feb, 3 T.hoo* b5 4 23 6,707 526 5 Mar. T L, 264 582 3 28 4,932 W371 4
3 T.48L% k8 b 30 6,704 2521 5 20 4,268 .588 3 29 4, ohy* 302 L
21 7,488 RCH 3 31 6.715 .511 5 Apr, 4 h,251 .583 3 30 b, 9kl .303 &
Mar, 7 T.489 J4k6 3 Apr. b 6.70M 520 5 2h h,26h 583 3 Mean 1,930 *0.300 58
15 T 48T JhL3 3 7 6,70h .519 5 29 4,267 .584 3 1966 Jan, 12 L.o2k 308 i
20 7.506 .35 3 12 6,703*% 518 4 May 1 4,258 582 3 Feb. 3 4937 .303 4
Apr, 12 T ATL* 450 3 May 2 6.695% .512 L 3 k. 262 .584 3 Mar, L 927 3oL "
29 T.k90 Jubh 3 3 _6.696 521 5 12 L,272 585 3 21 L,916 Job b
May 13 T.h8k Lug 3 Mean 6.705 +0.520 49 13 b.267 ST 3 23 1,913 T
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TABLE IV (cont'd) TABLE IV (cont'd)

Observations of Comparison Stars and Ten-Year Standards Observations of Comparison Stars and Ten~Year Standards
HD 113139 (cont'd) HD 115043 HD 115617  (cont'd) BD 118704 (cont'd)
DATE v B-V Wt DATE v B-V W, DATE v B-V W&, DATE v B2V
1966 Mar, 30 7918 +0T363 4 1962 Jan. 31 67828 +0Té01 3 1966 Apr. T biTs2 0Ll 2 1963 Apr. 29 87hgo  +0T5hb
31 L.923 .363 b Feb, 2 2.222 608 1;‘ 15 L7764 67T 0 May 1 8.501 534
Apr, b h,912 L1363 3 Mar. b .825 597 May 3 h.13£ (691 _ 1 13 8.488 W54E
7 L.922 .362 L 9 6.829 .60k 3 Mean 4.T +0.708 18 1966 Feb, 3 8.L90 55
15 4,919 ,325 11: 14 2.219 .203 3 Mar, b 8.483 538
May 3 4,92 .367 15 .822 .615 3 HD 116681 21 2,503 L5487
Mean b.922  +0.364 LU 26 6.828 604 4 23 8.503 .55
31 2.233 .292 t DATE v B-V Wt 30 8,501 .538
i b Apr, 11 .82 .60
D 1349 = 22 6.83?3 .608 4 1966 Feb. 3 8329 +0Th33 3 Apr. 3}! gzsﬁ[oxl) ‘.;:é
DATE v B-V  Wt. May 1 2.825 .592 L Mar. b 8.336 Wb 3 Mean 8.406  +0.541
Jun, 7 .822 59 3 21 8.336 J433 2
1966 Mar. & %123 +dl8ky 3 9 6.832 606 3 23 8,340 Lh36 3 iD 118705
21 7.713 Bk 2 12 6,826 .606 b 30 8.325 439 3
23 T.707 856 3 19 6.836 610 b 31 8.334 W3 b DATE v B-V
Apr. b _1.709 LBUT 2 Mean 6,827 +0.60F 5% Apr. b 8.333 RET n n
Mesn 7.713 +0.850 10 196L Apr. 11 6.809 605 ] 1 _%.Q% B33 4 1962 Mar. 15 9178 +0h60
13 6.816 607 3 Mean 8.33% 0,535 26 Apr. 22 9.175 457
HD 113772 1k 6.828 599 3 May 1 9.175 sz
15 6.810 .203 b HD 117176 Jun. T 9.158 Jht2
DATE v B-V Wt 16 6.812 612 L 9 9.170 66
o o May 16 6.816 .611 4 DATE v B-V Wt. 1963 Mar. 20 9.202 .L28
1966 Mar, 4 8,060  +0.273 3 18 6.813 .606 5 o n Apr, b 9,180 .Lu8
21 8.059 290 2 Mean G.BL4  ¥0.606 26 1962 Jan. 31 b.973  +0,721 3 2k 9,186 LUkl
23 8.055 .300 3 1965 Feb. 20 6.821 605 4 Feb. 2 4,976 .709 4 29 9.173 459
Apr. 4 _8.073 200 _ 3 2k 6,822 603 b Mar, 4  4.978 L7130 b May 1 9.179 Lhé2
Mean B.062 +0,288 11 Mar. 30 2.822 .209 1; 9 L.980 W73 3 139419 RnA
Apr. 1 .812 .602 1k 4,986 L7035 3 1966 Feb. 3 9.157 Ré
HD 114710 1k g.gza .201; 111 15 4.976 .T18 3 Mar, & 9.170 6T
23 827 .60 26 4,971 L7115 4 21 9.178 Jho1
DATE v B-V  Wt. May 1 2‘207 .208 L 31 4.980 .708 L 23 9.178 JL69
5 .825 607 3 Apr, 11 4,980 2Tl b 30 9.163 .Le7
1962 Jan. 31 Ah¥2kg  +0P5T1 b 18 6,817 608 4 22 4.975 T2 b 31 9.168 LT
Feb. 2 k.27 575 b a2 6,818 608 b May 1 %977 S5 b Apr. T _9.181 L L66
Mar. U 4,248 571 b 23 6.825 611 4 Jun. 7 boomi STLh 3 Mean 9.173 +0.061
g 4,256 .572 3 28 6.817 .605 b 9 4,973 JT12 3
1k L.2s6 . 568 3 29 2.229* .213 t 12 4,978 JT12 L HD 119638
15 h.250 ST 3 30 .82 (605 4 19 _b.975 .70 4
26 Lk.2hg 581 kb Mean 6,820 +0.606 51 Mean W.977 +0.712 5% DATE v B-V
31 L.258 571 5 1966 Feb. 3 6.824 .601 b Dec. 30 k. 980 LT13 3
Apr. 11 h.2k2 587 5 Mar. L  6.82b 613 b 1963 Jan. T 4.978 70103 1962 Mar. 15 67897  +oTsks
22 4.2L8 576 4 21 6.814 +599 L 9 4.977 705 3 Apr. 22 6.916 532
May 1 L,250 W5Tb 5 23 6,810 .603 b 15 L.972 W713 3 May 1 6,913 537
Jun, 7 4,251 .568 3 30 6,804 L611 L 17 4,980 LT07 3 1963 Mar. 20 6.921 2531
9 L.2L3 L5719 3 31 6.817 L601 b 21 h.973 116 3 Apr. b 6,898 536
12 1..21]:9 576 z Apr. 4 2.219 .296 l: 23 4,972 712 3 2L 6,916 .529
19 4,247 570 4 7 6,822 602 25 4,978 707 3 29 6.907 .57
. Mean E'259 +0.57 59 15 Z.gl'r .212 : 28 L. 980 70T 3 May 1 6.909 .550
1962 Dec. 30 .251 572 3 May 3 . 25 2610 Feb. 21 4,987 J715 3 13 6,903 554
1963 Jan. 17 2.252 563 3 Mean B.818 +0.605 W0 Mar. 7  4.970 el 3 1966 Mar. b 6,91 .535
9 .25 572 3 20 L.980 L7186 3 31 6,913 .538
15 k250 568 3 HD 115247 Apr. b b.981 L7083 Apr. T _6.917 .547
17 b2k - 2h  L,976 7 3 Mean 6,913  +0.539
23 3.259 563 3 DATE v B-v We. May 1 4,981 .T13 3
25 .253 .573 3 3 4,973 727 3 HD 119869
28 h.250 570 3 1966 Mar. b To693 07565 3 12 k.988 T2 3
Feb. 21 1b.250 583 3 23 7-2“ ‘213 3 13 L9TS W22 3 DATE v B-V
Mar. 7 4,251 576 3 Apr. 7 1.67 2608 _ 3 16 4.980 .708 3
20 h.2sd 5793 Mean T7.671 *+0.596 9 Mesn 1.978 +0.712 57 1962 Mar. 15 8i909 +0TuL6
Apr. 4 b.okT L5T4 3 1964 Apr. 11 4,985 JT2h 3 May 1 8,898 453
2L 1;.255 .s?g 3 HD 115617 13 4,986 7163 Jun. T 8,69k s
29 .255 ST 3 1h 4,989 .70 3 9 8.898 Jenn:)
May :13 tﬂigli Z?g g DATE v B-v We. 15 L.98h .730 4 1963 Mar, 20 8.916 Jh22
W . ) 16 L,975 T12 L Apr. 4 8.907 L4368
12 5.251 .578 3 1962 Jan., 31 1):’.“755; +07736 2 May 16 4,979 .T18 4 24 8,901 Jb55
13 L2668 .558 3 Feb., 2 T3 707 1 18 L.976 LTLT L 29 8.897 Lk
16 _4.260 513 _3 Mar. b b4.738 696 2 Mean L.90L +0.718 25 May 13  8.897 R
Mean L2501  ¥0.512 57 1L h.Tho S700 1 1965 Feb, 18  4.988 JT05 3 1966 Feb, 3 8,881 LL6h
1964 Apr. 1L b.255 5TT b 15 L3 699 0 20 4.977 713 Mar. 4 8.875 455
13 h.270 57T 4 26 u.T51 689 2 24 4,97h T16 L 21 8.898 456
14 t.zsu 519 S 31 tTgi .298 2 Mar. 30 L.977 LT17 4 23 8.900 65
15 251 580 5 Apr. 11 7 695 2 Apr. 1 4970 L7090 b 31 _8.89k 2459
16 4,250 .568 5 22 L.743 L7017 2 1k 4,983 L7126 b Mean 8,895  +0.L53
May 16 k.256 584 5 May 1 4,739 702 2 23 4,980 713 b
18 4,256 ST% 5 Jun, 7 4,738 705 1 May 1 4,983 LT1h 4 HD 120136
Meen 4.297 +0.577 33 9 h.750 L7021 5 L.980 71203
1965 Feb. 18 1):.253 582 4 19 L.736 J18 2 18 4,986 .T06 b DATE v B-V
20 259 518 5 Memn 4.7b3 *0,705 20 22 L.982 709 4
2h h.2st 512 s 196k Apr. 11 b.75k L7031 23 L.9T6 e 1962 Jan. 31 koo  +0vk8y
Mar, 15 L, 262 +569 5 13 4,755 708 1 28 L, 97h LT1h i Feb., 2 4,193 W75
33 tj;g 2;2 z l; t?’;g %; 1 29 L4.976% 712 b Mar. 4 b.502 481
Apr. ¥ . 1 .7 . 2 30 4,975 .16 b 9 4,493 LB
1 h.261 L5685 16 h.732 L6972 Mean 5.979 ¥0.712 5§ 1k bh.488 77
16 b.256 5735 May 16 L.T39 7022 1966 Jan, 12 b.977 JT0T 3 15 L.489 LBl
23 257 2573 5 18 k.752 01 _2 Feb, 3  L.973 .75 L 26 b 492 .h83
May 1 ko253 . 566 5 . Mean L7486  *0.705 11 Mar, b 4,983 . 709 b 31 4,495 L481
5 L.260 .569 L 1965 Feb. 18 L, TU5 .699 1 21 5.002 707 k Apr. 11 L, 496 76
18 L.262 STH S 20 h.7h3 692 2 23 L.985 716 4 22 L.490 476
22 k.259 576 5 2k h.736 S0k 2 30 4979 AU May 1 k497 LB
23 k,258 579 5 Mar. 30 k. Tho 697 2 31 1,983 JTAT L Jun. T b, Lok Lok
28 4,251 576 5 Apr., 1b Loy .700 2 Apr. b 4,983 LTl 4 9 L. L87 A9
29 h.zs_g- .60L 5 23 L, 75k 696 2 7 L.983 L7123 L 12 4,488 L4719
30 b.zzg 2579 _% May 1 4,733 706 2 15 4,973 WT18 b 19 4.488 R
Mean 14.25 +0.573 T 5 4,735 W70 1 May 3 4,978 712 ] Mean 1,192 +0.E§o
1966 Feb, 3 4.253 566 5 18 4,7h9 02 2 Mean L,982 *0,710 33 Dec. 30 448k .hg2
Mar, 4 4,258 .573 5 22 4,732 701 2 1963 Jan. T 4,484 476
21 4,255 .566 5 23 4,733 .708 2 HD 11870k 9 L, kg5 ATk
23 L.25h .572 5 28 L, Ths 699 2 15 L, kg0 482
30 t.zgé 581 S 29 }:.Tho* 02 2 DATE v B-V  Wt. 17 493 77
E'Y 260 5725 30 131 00 _2 21 L,h90 Lh81
Apr. & b.252 578 5 Mean B.7h0  +0.701 2k 1062 Mar, 15 8P  +0¥536 1 23 k489 481
T 4,255 5TT 5 1966 Jan. 12 b, Tk .708 2 Apr. 22 8.490 .525 3 25 L. k9o LU81
15 L 252 573 5 Feb., 3 L,730 721 2 May 1 8,490 L5L5 3 28 L, 491 u86
May 3 1‘:&1 _e5Th 2 Mar. b b7kl 7032 Jun. T 8.492 553 2 Feb. 21 14,506 481
Mean %.253  +0,573 50 21 b,7L3 702 1 9 8.497 536 2 Mar. T L.L91 U719
233 tﬁg '%ﬁ ; 1963 Mar, 20 8,514 52k 1 20 L.502 48k
. . Apr. b B.506 .52 2 . b, .
31 M.T50 132 o 24 8.393 .?ug 2 o 211: L ;gi tgg
Apr. L h.Tsh 0L 2 : :

308

=
P

Ho v vwmwwoms

% =
\Clmwr‘a!\)r\;wwmmmmr\;r—‘mmwwr—‘ &

- =
MR R RO o

w) =
Flowmpwwhoownoennwk o

£
o

)
wwwuuwwwwwwwwwmlttuwwwL-:rrwwwl—'rw



DATE

1963

1964

1965

1966

DATE

1962

1963

1966

DATE
1962

1963

1966

1963

May

Apr.

May

Mar.
May

Har,
Apr.

Hay

Mar.

Apr.,

Jan.
Feb,
Mar.

Apr.
May
Jun.

Dec.
Jan.

Feb,
Hdar,

TABLE IV

(cont'd)

Observations of Comparison Stars and Ten-Year Standards

HD 120136

v
1 uTuey
3 Lol
12 L.501
13 4,498
16 4,496

Mean 4.49

11 4,487
13 L.48s
1L 4,500
15 b b9
16 4,486
16 L, k97
Mean 4,492
18 h.bgs
20 bbgl
2L 4.9y
30 4,492
1k L. koe
23 L, 490
1 L. L9y
5 4,48y
18 L Lok
22 b4.hgo
23 L,koT
28 k495
29 L, 485*
0 _4.ho2
Mean b,5453
12 k496
3 Lhoy
b kbgy
21 4,511
23 4,508
30 b.500
31 L.kgg
b b,bg5
T b9T
15 b, 499
3 4,503
Mean 4.500
HD 120186

v

n
15 7.705
1 7.707
7 T.706
9  T.710
L 7.708
2L 7.721
13 7.715
3 T.698
SNt 7.689
21 7.725
23 70717
30 T.709
31 7.719
Mean 7,711
HD 121111

v
i5 0 Te686
1 7.669
20 7,702
b T.699
2k 7.706
29 T.696
1 T7.709
13 7.699
L 7.696
31 7.702

7 .5
Mean 7,699
HD 121370

v
31 2Tesk
2 2,679
b 2,678
9 2.681
14 2,690
15 2.680
26 2.688
31 2.687
11 2.687
1 2.682
T 2.698
9 2.676
12 2,672
19 2.685
Mean 2,683
30 2.67h
T 2.675
9 2.669
15 2,675
17 2,677
21 2,672
23 2,678
25 2,682
28 2.677
21 2,607
T 2.700
20 2,677

(cont'd)
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DATE

1963

1964

1965

1966

DATE

1962

1963

1966

1962

1963

DATE

1962

1963

1966

1966

Apr.

May

Feb,

Mar.
Apr.

May

Jan,
Feb.
Mar.

Apr.

Mar.
Apr.

Jun.

Mar.
Apr.,

Mar.
hpr,

Mar.
Apr.
May

Jun.
Mar.
Apr.

Mar.,
Apr,

Mar,
Apr.
May

Jun,

Mar.,

Apr.

Mar,
Apr.

Apr.
May

Jun.
Mar.
Apr.

May

Mar.

HD 121370 (cont'd)

v
v 278
2k 2,689
29 2.681
1 2.678
3 2,677
12 2,676
13 2.683
16 2.682
Mean 2.679
11 2.678
13 2.673
1b 2,687
15 2.688
16 2,616
16 _2.683
Mean 2,681
18 2,675
20 2.676
2k 2,679
0 2,683
14 2.680
23 2.68k4
18 2,67
Mean 2,679
12 2,691
3 2.678
L 2.688
23 2.689
30 2,68k
31 2,689
L 2.687
7 2,687
15 2.680
3 _2.690
Mean 2,68
HD 121496
v
15 678Ls
22 6,851
1 6.852
7 6.845
9 6,834
20 6.8LL
b 6.850
2k 6.8k48
29 6.8uL
1 6.848
13 6.8L8
31 6.855
5 6.850%
7 6.84
Meanﬁ%
HD 121608
v
15 76T
22 7.686
1 7.687
s 7.681
20 7.687
k 7.698
24 7.695
29 7.686
1 7.692
13 7.686
3 7.686
5 7.686%
7 7.686
Mean 7.688
HD 123255
v
15 sWhel
22 5.467
1 5.471
7 5,461
9 5.463
20 5.ATT
4 5,472
2k 5,469
29 5.468
1 5,472
16 5.460
31 5.L65

B-V

Fen BT

HD

22
12
20
29
16

123453
v

70635
7.639
7.648
7,641
7.630
7.62h
7.625
7.638
7.623
7,634
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TABLE IV (cont'd)
Observations of Comparison Stars and Ten-Year Standards

HD 123453 (cont'd) HD 128167 (cont'd)

DATE v B-V  Wt, DATE v B-V
1966 Apr. 5 _Teeam* #0f599 _ 2 196k Apr. 15 bik66  +0.359
Mean 7.633 +0.579 19 1 L.hs9 363
May 16 LT .353
HD 12khol 18 L, 472 2352
Mean L.B66  +0.360
DATE v B-V Wt. 1965 Feb. 18 k4,59 . 362
20 b,L63 .363
1962 Apr. 22 2 2k §.L66 .367
May 1 2 Mar. 30 L L66 £307
Jun. T 1 Apr. 23 k462 1368
9 2 May 1 L4653 .363
1963 Mar, 20 1 5 L. k63 .362
Apr, b 2 18 4, Leo «370
22 2 22 4,468 . 366
2k 2 23 LS 1366
29 2 28 b2 357
May 1 2 29 t.h63* .370
16 2 30 469 £361
1966 Mar., 31 2 Mean 4,465 +0. 304
Apr. 5 2 1966 Jan, 12 LLT1 .362
Mean 3.9%3 .oz 20 Feb. 3 A.kél .361
Mar., b L bue V373
HD 125337 23 Lo471 . 368
30 L k60 +359
DATE v B-V Wt. 31 L., ke . 369
Apr. U L. k70 .361
1962 Apr. 22 515 +ofi27 2 7 L. L66 371
May 1 L.s2s 2133 2 15 L. k78 362
Jun. T L.519 J1b6 1 May 3 LTS 2373
9 b, 506 330 2 Mean 1165 0,360
1963 Mar, 20 4,532 260 1
Apr. 4 1 HD 128k29
22 1
29 1 DATE v B-V
May 1 1
16 1 1962 May 1 67197  +0Thes
1966 Mar, 31 2 Jun. T 6.207 Lu63
Apr., 5 2 9 6,194 LTS
2 1963 Mar. 20 6.197 W59
Mean’ 16 Apr. U 6.196 L6l
22 6.193% 467
HD 126251 29 6,192 Ju68
Hay 29 6.189% 460
DATE v B-V  Wt. 1964 Apr. 11 6.196 Us8
13 6,189 Jh5T
1962 May 1 6€Tugs  +0™L1s 2 1k 6.198 463
Jun. 7 6.L95 Jar o1 15 6,196 .Lsg
9 6,48k Jh2o 2 16 6.168 Lhs2
1963 Mar. 20 6.495 .Lo6 1 1965 Feb. 18 6,200 U455
Apr. b 6,502 LLo6 2 24 6,192 JL6T
22 6.512% 0398 2 Mar. 29 6.185% bs56
May 1 6,499 JE1 2 Apr. 1L 6,185 458
16 6.478 Jh16 2 23 6,194 463
1966 Mar, 31 6.391 Sk 2 30 6.189% Lb70
Apr. 5 6, 4oo* A2 2 May 1 6,190 60
Mean 6.590 ¥0.113 ~1b 5 6,180 479
18 6,168 A58
HD 126766 22 6.206 AT
23 6.199 b6z
DATE v B-V  Wt. 28 6,198 .b83
31 _6.198% LU71
1962 May 1 69651  +0%h2k 2 Mean 6.19% +0.5%3
Jun, T 6.656 k35 1
9 6,641 Jhes 2 HD 128596
1963 Mar, 20 6,652 Wh13 1
Apr. b 6,657 W17 1 DATE v 8-V
22 6,652% b6 1
29 Sk 1 1962 Mar. b 7TT82  +0T639
May 29 LL26 1 31 7.480 LOhiy
1966 Mar, 31 a3 2 Apr. 11 T.ATT 635
Apr. 5 _6.ok6* _ k30 _ 2 May 1 7.h81 L6hT
Hean 6,650 +0.527 10 1963 Mar. 20 7.L79 636
Apr. b T.486 L6hL
1D 128167 22 7.L80% 638
29 THTT 653
DATE v B-V  Wt. May 29 T.h6g* 653
196L Apr. 11 T.LTh 662
1962 Jan. 31 Tu62  +0T362 3 13 7.470 L6141
Feb, 2 L, Léo 364 4 1h T.476 L6L48
Mar., 4 b, k6y .358 5 15 7.483 L651
9 han 357 3 16 7..69 Loud
15 4,473 359 3 1965 Feb. 18 7.L82 L6LT
26 L6k .36k L 24 7.475 664
31 4,455 .362 L Mar, 29 T.hoh* 658
Apr. 11 k.57 . 366 L Apr. 14 T.463 .658
22 4,458 L3634 23 .71 654
May L1 L.473 362 b 30 T.482% L6LL
Jun., T b.Lbs58 . 362 b May 1 T.476 LBh1
9 hkss L3610 b 5 T.473 .639
12 ttgi . 363 i 18 T7.479 651
19 . 353 22 T.495 654
Mean L.562 +0.3§l 55 23 T.430 .653
1963 Jan. 17  b.u62 353 3 28 7.L486 .65
21 L.k66 358 3 31 T.498* .628
23 k.Le3 .362 3 vean 7.47 +0.6L8
25 h,h67 338 3
28 4,463 .362 3 D 129271
Feb. 21 b k79 . 364 3
Mar., 7 L.k62 .35 3 DATE v Bov
20 b7l . 366 3
Apr. b W77 BT 3 1962 Mar. & 8%55  +0795
29 bk, 490 . 347 3 31 8,047 JB11
May 1 4,480 . 361 3 Apr, 11 8.ouk 796
12 Loueh L3710 3 May 1 8.0b7 .809
Mean W.LTL  *0.360 36 Jun, 9 8,043 .808
1964 Apr. 11 L, k62 362 b 1963 Mar. 20 8.037 621
13 [IRTCHS . 368 L Apr. 4 8.040 .811
14 4,468 J367 4 22 8.038% .81k
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TABLE IV (cont'd)

TABLE IV cont'd)
{ Observations of Comparison Stars and Ten-Year Standards

Observations of Comparison Stars and Ten-Year Standards

UD 120271 (cont'd) D 131156 (cont'd) HD 131790 (cont'd) HD 134701 (cont'd)
DATE v BV Wy DATE v BV Wt. DATE v B-V Wi, DATE v BV W,
J m - - n m,
.20 8032 g 965 M 2 JRET o%768 4 1965 May 23 8,009  +0.586 2 1965 May 18 T9Th #0085 2
1963 S{i; 5; g.gﬁg. w,gl; i 1965 Hay 23 4,540 * .766 L 28 8,010 .584 2 22 T.987 LLbo1 1
1964 Apr. 11 8,053 813 1 28 L.558 .770 4 3 _1.995% __.519 _ 2 23 7.978 LT 2
13 8,027 818 1 29 t'shz* .720 111 Mean 8,001  +0.591 27 23 ;gzg h;i 2
14 8.033 83 1 30 2532 2 - ghg* . 2
15 8.048 810 2 Mean h.548 +0 73% BT HD 133913 30 7.951 62 2
16 8.042 810 2 1966 Jan, 12 k569 .153 b ) 1 T.959* 459 2
1965 Feb, 18 8,05k .8o7 2 Feb. 3 4, 55L LT61 5 DATE v B-V Wt 1966 dar. b T.967 Lbbo 2
E 8.060 L796 2 Mar. L 4.537 76 5 . 17T T.960% sk 2
Har., 29 8,020% 819 2 23 L,548 766 5 1965 Mar. 30 T.T78  +0.433 2 21 7.985 L4sT 2
fpr. 23 8,053 199 2 30 b548 768k Apr, 23 7.776 Jbso2 23 1.978 ATe 2
30 8.0kh5* .810 1 31 4,560 . 768 k& 30 T.TT4% L30 2 30 T.572 JLks 2
May 1 8,0h1 805 2 Apr. 4 b, 5k2 .T66 5 May 1 T.771 Jh3h 2 31 ’{.9(;8 Rl 3
5 8,04k .799 2 7 4,552 79 5 5 7774 Jh23 2 Apr, 4 7.967 LL60 3
18 8.0u2 .798 2 15 4,548 .T69 5 18 7.789 438 2 5 7.960% RISE 3
22 8.059 817 2 May 3 4,549 L 768 3 22 7.797 JAkooo1 . 15 7.970 RS 2
23 8.0h1 820 2 Mean §.550 +0.766 &5 23 T.772 b2 Mey 3 _T.967 2h66 3
28 8.056 ‘812 2 28 T.791 W72 Mean 7.9 ¥0.558 T3¢
31 8.051*% 2811 _E HD 131196 233 z 7{.5{2* tZS ﬁ HD 136L07
Mean E.OEZ 30,808 T3 . i 7
: - 31 T.781* L430 2
HD 130900 DATE v i s 1966 Mar, 23 7.798 L3 2 DATE v B-V W,
1964 Apr. 11 T7imis  +0Th16 1 3 T.775 436 2 N N
DATE v BV Wt 15 7.685 lzeg 1 ﬁpr- g T gg;{* tif g 1966 ;{‘Eb. Zf Z.}g;* +o.§2g 2
1 T7.71 L2 1 sy 1. . 2 ar. o 1 . 2
1962 Apr, 11 ™69 +0V557 2 15 7.7k 409 2 Mean 7,783 *+0.535 23 17 @.lsh* .38k 2
May 1 7.203 L564 2 16 7.708 ko6 2 21 6.152 301 2
Jus. 7 7.18% 590 2 May 16  T.716 2o 2 HD 134701 23 6.15h 2393 2
9 7.193 .580 2 Jun. T '7(.222* .hog 1 DATE v By vt go ;l;g .ggi ;
12 T7.201 575 2 9 . 696% » 40 1 - . 33 W1 .
19 7.180 576 2 1965 Feb. 18 7.720 k03 2 o Apr. 4 (3.1&1 .37¢ 3
1963 Feb. 21 7.196 585 1 2k 7.699 Jh26 2 1965 Mar, 30 7‘5‘965 +0.h§3 2 5 9.138* .3@8 3
Mar, 7 7.148 578 0 Mar, 29 7.698% Jh11 2 Apr. 23 T.96k Lb68 2 15 6.120% 385 2
20 7.189 568 1 Apr. 23 T.725 Jb11 2 30 7.957% L5k 2 May 3 6.138 2319 _ 3
Apr. A 7,195 .562 1 30 7.708% 426 2 May 1 7,955 463 2 Mean 6,140 +0.382 18
2k 7.176 .588 1 May 1 7.705 .kas 2 5 7.950 .Ls8 2
29 7.181 .588 1 g 7.70%‘ .h?g 2
May 1 T.191 STT 1 1 T.70 A1 2 .
12 T.08  .sE2 1 22 T.12T 3 2 means corrections to the system of Ten-Year Stan-
13 7.180 .584 1 23 T.713 RSk 2 . <
16 7T 5731 26 .20 A5 2 dards in the years 1961-1966 equal Ay = +-0.002
29 T.T1* .82 1 31 _T.71T* __ .16 _ 2
o r 11 T T Mear T.TIS 30T 27 and Ap.v = —0.001 mag. Since they are so small the
woorae o on AD 131789 differences between the magnitudes and colors of
.18 .578 - . . .
165 Feo, 15 (o0 a5 D ' BV the Ten-Year Standards given in Table V (reduced
b 7.185 579 2 1962 May 1 Te610  +0%319 2 .
war. 39 160 a0 e T o T8 33 e to the system of Ten-Year Standards) and those in
Apr. 23 T.196 .58l 2 12 7.602 .308 2 . ..
B AT 573 2 19 T.se8 L3 2 the system of primary standards are negligible.
May 1 7.181 .567 2 1963 Feb, 21 7.589 .338 1 . . . s
BT e s war, T T.565 L3l o For computing the extinction and transformation
22 7:20u :581 2 Apr., & 7:612 :32h 1 v q i _ :
2T on 2 pre b Ta2 3L coeflicients in the years 1953-1961 the magnitudes
BT D2 A and colors of the primary standards given by John-
Mean 7,185 ¥0.5TT U5 SRS L S son and Harris (12) were used for all stars while
HD 131156 13 7.602 .330 1 .
’ % Tiem a5 1 in the years 1962-1966 the values from Table VII
DATE v B-V Wt 29 T.579% .333 1 . . .
. . 1964 apr. 11 T.58T .3 1 of Paper II were used for the stars listed in this
1962 Jan. 31 47551 +0.761 3 13 T.564 .306 0 . .
Feb. 2 hsi3 L7603 W Tisee L2 1 table. The influence of this change upon the mag-
Mar. &  L.shg JT6R2 b 15 7.583 300 2 .
2 L.ssy .62 b 6 T.%0 L3 e nitudes and colors of the Ten-Year Standards and
31 Zﬁig .T5h 11: 1965 Feb. éf ;;_9{? igi 2 h . .
Apr, 11 .5 759 . . P M :
pr. 1L s TE e, oy T2 the comparison stars listed in Tables IV and V is
Jun, T 5! I 3 Apr. 23 T.592 .323 2 b 3 :
sk w3 BT S eliminated by reducing them to the system of Ten-
12 +551 o T M 1 Y « 340 2 .
Y liseo .65 4 AR S G Year Standards. For the stars used as primary stan-
Mean 1,553 +0.762 5O 18 7.586 .319 2 . .
1963 Jan, 9  b.5k2 58 3 02 T.607 33 2 dards in the years 1961-1966 the final magmtudes
17 L.539 767 3 23 7.603 .333 2 . . .
R A @ Tl om 2 and colors were obtained by adding the weighted
. o . s 2
re. 2 sl nT 3 Mean T 597 To32b IL mean deviations of magnitudes and colors of these
A HD 131790 stars resulting from the least squares solution (c.f.
a1 103 DATE v BV Appendix I) to the values assumed when starting
b.552 76k 1963 Apr. b To98  +0i585 1 s : .
Noaah de 3 IR e e 1 this solution. The mean values of magnitudes and
16 4,548 2176 3 M 13 7.99 +595 1 . . .
. e 158 .16 H N ¥ o L 1 colors so obtained are listed in Table V where the
1964 Apr., 11 .565 LTT 3 19 Apr. 11 T.99 590 1 . .
13 M58 T 3 13 T.960 .59k o values from Table VII of Paper II are included in
1h L.STh LTTh 3 1h T.999 .600 1
15 L.572 L179 b 15 8,002 596 2 the averages_
16 t.>e6 767 4 12 7.992 2591 2 F h b d b 00 h h
May 8 593% LT70 3 May T7.99 595 2 i
6wl k3 M R Bl or the stars observed on about 100 nights the
Mean 4,571 +0,771 2l 9 T.982% 570 1 1 . 3 M
1065 ren, 1 LI PO L 1965 Ten, 13 aoeer 03 mean errors of magnitudes and colors listed in
L.558 JTTh 13 8. 576
2 E,Zgg }gg E Mar. 39 ggsg e 2 Table V are about #0.002 mag. and =0.001 mag.,
Mar, 30 560 T Apr. 23 + 00 575 2 .
. P edse o305 1 respectively; for the stars observed on about 25
23 .53 < May 1 T.993 .591 2 .
May 1 M.s6L  L767 5 T.90 .88 2 nights they are *=0.003 mag. and +0.002 mag,
5 L.537 .763 3 18 8.000 576 2 .
18 Msk 156 22 B.008 398 2 respectively.
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Date
1953

1954

1959

1950

1957 H

1959

1960

1961

URANUS
.
B
Oct. 30 69109
dov. © ©.109
Feb. 17 (6.18y)
23 (6.193)
b (6.210)
26 {6.188)
Mar, 30 6,107
Apre 1 6.098
u £.095
22 6.109
26 6.112
tean 6,106
Apr, 11 6.054
12 6. 08L
20 6,106
21 6.112
25 6,083
HMay & 6,113
ean 6,090
Oct. 27 6.076
28 6,083
30 0,073
3 6.073
flov, 4 wv.l0l
16 6.093
1y 6,092
20 6,104
27 6,087
Jan, 17 6.9
Feb., 3 6.089
10 6,064
1L 6,089
Har, 5 ©.106
1k 0.087
19 6.096
Apr. 5 6,084
18 £, 104
Yean G.090
lar. 23 6.090
24 6,111
26 6.095
31 6,106
Apr. 5 6.080
9 6,024
15 6.097
16 5.101
19 6,090
20 6,092
May 3 6.108
5 ©.083
Mean §.096
Jan., 5 6,093
12
ab
29
31
Feb. b
2
26
Mar. 1
3 £.108
Mean ©.091
Jan, 20 6.087
28 6,09k
29 6,08k
Feb. 17 6,079
18 6.08h
21 6,088
23 6,103
25 6,102
Mar. 15 6.101
17 6,093
18 6.090
19 6,098
21 6,089
Apr.
Feb.
Mar.
Apr.

TABLE VI

Two-Color Observations of Uranus and Neptune

Date

1962

196L

1965

Date

195k

1955

1956

1957

1959

Jan,
Feb.,

Mar.

+

Apr.
Apr

Apr.

Jan.

Mar.
Apr.

Jan.

Feb.
Mar.
Apr.,

May

May
Jun.

Apr.
May
Sun.

Jan.

Feb.

Mar.
Apr.

Mar. -

Har.

Mean
11

Mean

Mean

31

12

1k

16

17
Mean

21

25

20
Mean

Hean

URANUS
v

n
5.395
5,399
5.LoT*
5.396
5.392
5.403
5.ko7
5.411
5.k27
5.k25%
5.44)
5,438
5. 465
5,488
5.508%

5.451
5.436

5.451%
5.bh20%
S.h12*
5.h06%
5.396
5,404

5.433%
5. L55%
5.458

NEPTUAE

B

87272
8.274
8.267
8.27h
8.24Y
B.251
£265

8.257
8.260
8.27h
8.266
8.263

8.245
8,230
8.235
8.216
8.216
8.257
8.248
8.2hk
B.2kz

8.251
8.239
8.295
8,246
8,022
8,184
8.249
8.230
8.2k

8,245
8.253
8,253
8,224
8.232
8.223
8,233
8,239

B~V

n
+0.516
.523
507
.525
526
526

.50k
512

9T
496
k93
Jig0
Jhgh
Lhoe

v
lrttttrt: Jr: thrwrttrwwmtt:w =

Jho3

w
®

.
o=
&

L8l
L1668
+0.479

t
@©
S
|Vt&/:rrtrt:’z/r

w
o
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HEPTUNE
Date
1960 Jan. 26
Feb. 21
23
Mar. 15
1
18
1
21
30
Apr. 3
Mean
1961 Mar. 1
8
23
3L
Apr. 8
12
HMean
Date
1962 Mar. 4
31
fpr. 11
22
Hay 1
Jun. T
12
19
Hean
196k fApr. 11
1k
1o
May &
16
Jun 7
9
Hean
1965 Mar. 29
30
Apr. 23
30
May 1
5
18
22
23
28
29
30
31
Mean
1966 Feb, 22
Mar. 4
17
30
31
Apr. 5
15
May 3
ean

B

8h230
8.215
8,220
8.239
8,223
8.217
8.253
8.258
8.248
8.271
3.237

8.267
8.228
8.2k9
8.243
8,216
8,236
7,253

BV

+0T19

421
410
S431
422
J438
28
21

St

27

+0.392

=
&

i
= [N SIS NI VI S

e

.
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=
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Date
U.T.

1961
t.

Hov,

Dec.

1902
Jan.

Har.

Apr.

Hay

Jun,

dov.
Dec.

1943
Jan.

Feb.

1964
Pt

Feb.

Mar,

Apr.

May

Dec.

1965

Mar.

Apr.

TABLE VII

Differential Observations of Uranus in Blue Spectral Region

AB(UB-UR)

20,48 +0F201

2, k8 .205
5.49 208
15.50 209
18. Ly .207
27,49 208
5047 L20h
6,49 .20k
21.,4h $205
23,44 209
3.51 L2007
12.47 207
15.33 .205
29.42 .ao7
31,41 .212
2.39 .210
22.37 .e1e
28.33 211
3.3 207
9.28 $2U8
13.20
15.26
25.31
31.19
5,22

2210
4eant0.208

27,52 ~U.T10
b.l9 LT6T
5.53 .T12
T.92 703
6.93 112

10,52 JTLL

21,51 Sel

22,50 JTi2

28,50 LT17

30.48 J713
Toh8 Pptt
y.bo 110

15,4k JTAT

21,3 J15

25,4k LT709

28,11 710
3.38 701
6,35 L710

19.35 -

25,32 LT02

15,25 )

Vean=U, 710

. 20,48 40,385

23.48 360
28,49 383
0,49 . 382
8. .3tk
9.L5 . 386
13.43 . 360
25.h2 L3081
5.39 . 380
8,39 378
9.38 .367
11.39 .38

18.35 388
19.37 385

21.35 . 390
22,32 .382
24,31 . 380
11.29 .38
19.27 .3689
21.26 £390
29.24 .368
9.22 386
10.22 . 390
12.22 .38
13,22 .388
15.23 .38
16.22 .385
11,17 .390
12.17 87
Mean+0, 366
15.52  -0.097
17.52 .098
2,50 095
9.48 .099
12.48 .098
13,47 .098
26,43 .098
31,50 .101
4,39 .100
19.38 092
20,37 096
20,30 090
31.25 096

16,21  -0.091

Dist.
Corr.,

+0T0Ly
L0206
L0k
L0068
LOTh
L092
L109
L1111
J140
L1bk

2162
176
W179
LL9U
<195
. 190

.162
L167
.169

Pnase
Corr.

-0T002
-0.002
-0.003
-0,003

-0.002
0,001
-0.001
-0.001
-0.001
0.000
0,000
0,000
0,000
0,300
0.000

-0.002
-0.,002
-0.002

-0.002
=-0.002
-0.002
-0.002
-0.001
0.000
0.000
0.000
0.000
U.000
0.000
0.000
0,000
0,000
0.000
0.000
0.000
=-0.001
-0.001
-0.001
-0.002
-0,002
-0,002
-0.002
-0.003
-0.003

-0.003
-0.003

-0.002
-0.002
-0.002
-0.002
-0.001
-0.001
-0.001

0.000

0.000

0.000
-0.001
-0.001

Oblat.
Corr.

-0%032
-0.032
-0.032
-0.032
~0.032
-0.032
-J.032
-0.032
~0.032
~0.032

~0.032
=0.032
-0.032
-0,031
=J.031
-0.031
-0.031
~0.031

-0.036
-0.036
-0.036
-0.036
-0.036
-0.036
-0.036
-0.036
-0.036
-0.036
=0.035
~0.035
-0.035
-0.035
-0.035
-0.035

-0.038
-0.038

~0.037
-0.037
-0.,037
=0.037
-0.037
~0.037
~-0.037
-0.037
~0.037
-0.037
-0,037
-0.037

Blue iag.
Uranus

57094
6.086
6,085
6.085

6,091

6.091
6,088
6,091
6,089
6.097

Remarks

clouds at end

poor seeing

clouds at end

poor seeing

clouds at end

clouds at end
clouds at end
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Date
U.T.

Apr.

May

Dec,
1966

Feb.

Mar.

Apr.

May

Yar,

1951
Feb.
Mar,

Apr.

May

Jun.

1952
Apr.

Jun.

1962
Feb.

8B{UB-UA)

2318 -00097
2h,20 L095
30,19 097
1.18 097
2.18 097
5.17 .101
6,17 097
Mean—0., 097
553 t0.550
L.s3 556
6.52 5bo
T.52 55k
12,50 992
25.43 557
26,46 953
3.47 550
22.43 .558
L35 .554
12.34 $557
21.32 £955
23.30 2551
30,31 551
31.28 550
L.26 553
7.26 552
12.26 .5h9
15.23 551
2,22 955
3.19 L 549
Mean+0,553

Differential

AB(HB=UA)
19,43 -
21,46 -09208
22,43 .2lh
23,42 202
2,45 W28
25,43 198
23,37 L3197
28,37 .20k
29,35 208
11,31 .93
19,32 235
20.29 .207
6.29 -
8.23 .211

10,46
©. 37
19,35
29.38
8,32
10.33
11,33
12.37
13.30 —-
8.3 019
10.30 130
11.29 120
25.23 .109
26.23 .15
31.20 .108
2,23 . 085
3.20 -—
5.24 L119
6.22 095
T.22 088
Mean+0,105
L.30  +0.105
5,30 073
15.29 —
24,33 .08k
2.26 .100
3.27 .095
14,23 092
15.26 Nelad
22,23 132
2L,23 .083
28.23 .08k
11.23 .103
12,21 . 087
13.22 072
14,23 .100
17.22
19,22
20.21
21,22
22.21
Mean+0, 09b
19.50  =0.73L
22,48  -0.729

TABLE VII
Differential Observations of Uranus in Blue Gpectral Region

Dist.
Corr,

+00170
169
159
157
V159
.150
L1h8

083

L 1kb
L1UT
J1bg
2157
L1809
182
.192
.210
21k
W21
212
212
207
+200
.202
.200
£193
130
165
+0.163

Dist.
corr.

. 068

(cont'd)

Pnase Oblat.
Corr., Corr.
—ofooz  ~oTo37
-0.002 .
~0.002  =0.037
-0.002  -0,037
-0.002  -0.037
-0.002  -0.036
-0.002  -0.036
-0,003 -0,038
-0.002  -0.038
-0,002 ~0.038
-0.002  -0.038
-0.002  -0.,038
-0,001  -0.038
-0.001  -C.038
-0.001 -0.038
0.000 -0,038
0.000 -0.038
0.000 k
0.200
0.000
0.000
0.000
-0.001
-0.001
~0.001
-0.00L
-0.002
-2.002
TABLE VIII

Fhase
Corr,

-57001
-0.001
~0.002
~0,001
-3.001
-0. 001
0,000
0.000
2.000
3,000
0,700
0,000
0,000
0.000

~0.001
-3J,001

0.000

0.000

0.000

0.000

0.000

0.000
~0.001
=0.001
=0.001
=0.001
-0.001
-0,002
~0.002
=0.002
.002
-0.002
=0.002
~0.002
-0.002
-0,002

-0.002
-0.002

Blue Hag.
sieptune

Bliue Mag.
Uranus

57093
6,006
6,090
0,097
0,097
6.095
6.034
5,098

6,093

6,094
6,098
6,095
©.092
0,093
6,092
6,093
6,09k
.09
6.092
6,096
6.09h
6,090
0.098
©.092
6,094
6,094
6.094%
0.098

Kemarks

Rema

clouds at end

vad seeing

bad seeing

bad seeing

clouds at end

Observations of Heptune in Blue Spectral kegion



Date

U.Te AB{NB-HA)
1962
Mar. 2.48 -0073Y
9,48 139
Lo.ko J132
28,43 13
31043 .73
Apr. 12,35 733
30.37 <135
May 2.3 J132
530 130
.30 731
20.28 L7137
23.29 LT34
25,24 LT3k
Jun, 1,20 +733
6.22 .32
O 2732
S73k
g LT3k
0,20 T3k
2,20 NS
Jul. 2.21 735
Mean-0.T33
1363
Feb, 24,50  +0.139
Yay 12.27 .15k
16,26 .58
21.28 L1bg

Jun. 10,22 2139
Mean+U. 148

196k
Har.
Apr.

-0, bk
L450
S50
R
i
BT
458
sy
her
W50
LB56
Luss
Lh52
LS55
T
iyt
Loy
sk
5T
hso
5o
.57

Hean=0.455

Jun,

1965
Mar, 1h.48

Apr. 19,38

May  1.3b

Jun, 15.20

Hean+0,207

1566
Mar. 4,52

D
+

906
JB92
$903
£903
.502
.903
906
899
2905
508
15.30 1,902

Mean+1.903
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TABLE VIZII (cont'd)
Differential Observations of Neptune in Blue Spectral hegion

Dist.
Corr.

-o%oT6
068
062
L051
LOby
L0b2
037
037
LO37
037
L0ko
LOb)
.ok2
Lob6
L0b9
.052
052
L058
L 060
L062
L0177

.085
L1037
.038
L9039
L0by

Lo72
L0k6
LObY
LOlk
L0b3
W0k3
.oh2
L0b2
Lok
.036
036
.036
037
L037
037
.038
.Olie
LT
L0L8
L0k9
.04y
092

L0007
L0595
L05k
.ob1
.039
.038
.038
.037
L037
<037
.036
.037
.038
038
Jobo
L0bo
L0h0
LOML
.50

£053

083
069
065
1063
.056
.055
052
L051
Lok

037

0,036

Fhase
Corr.

~ o
-0.
-0,
-0,
-0.

CCCCOCOOOCOUODCC

=3,
=0.
=0,
=3,
-J.

-0
-0.
-C.
. 000

c

oo

-,
-0.
=J.

=0,
=0,
-0,
-0,
. 001
-0,
. 000

<}

cc oo

cCcoDoOo

coc

o2
001
ool
001
001
000
Q00
Q00
000
000
000
000
000

.001
L001
»001
001
.001
.001
LJ0L
. 002

L 002
.000
L0090
»J00
L 001

002
000
000
000
Q00
200
000
Q00
Q00
000
0030
oo0
000
Q00
000
900
a01
001
001
001
001
0301

002
001
001

000
000
jalels)
00
300
000
020
000
030
000
000
Q00
000
Q00
01
001
001

og2
002
001
001

001

000
Q00
Q00
000
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Remarks

clouds

clouds
clouds

clouds

clouds at end

clouds at end

bad seeing

IV. TWO-COLOR OBSERVATIONS OF
URANUS AND NEPTUNE

The two-color observations of Uranus and Nep-
tune made in the years 1953-1966 are listed in
Table VI. The directly observed V magnitudes and
B—V colors are given only for the observations
made in the years 1962-1966. For the previous
years they are listed in Table VIII of Paper II.
They were obtained in the same way as the mag-
nitudes and colors of comparison stars listed in
Table IV of the present paper; the directly ob-
served colors of the planets were used for deter-
mining the extinction and transformation to the
BV system.

Since it seems more justifiable to use the gradient
color indices of the plancts for that purpose, by
equations 28 and 29 given in Paper II, the correc-
tions

A.=[(B—=V) — (B—V)](A,— Q.M) (1)

were added to the directly observed blue mag-
nitudes of the planets; here (B — V)" is the
gradient color index, B—V the directly observed
color index of the planet, A, the transformation co-
efficient defined by equation 7 of Paper II, and the
average value of the term —Q,.M, describing the
color dependence of the atmospheric extinction,
equal to 0.038 for Uranus and 0.050 for Neptunc
was assumed.

The final blue magnitudes B’ of the planets given
in Table VI were obtained from the formula

B=V4+ (B—V)+A +A+A4+4, (2

where A, and A; are the distance and phase cor-
rections defined in Paper II, and A, is the oblate-
ness correction for Uranus defined in the next para-
graph of this paper. This oblateness correction is
computed on the assumption that the surface
brightness of Uranus increases by 22 percent from
the poles toward the equator of the planet.

The yearly weighted mean values of the blue
magnitudes, B’, obtained from the two-color ob-
servations are plotted in Figure 5. The observations
reduced to the system of the Ten-Year Standards
and those left in the system of the primary stan-
dards (denoted by the asterisk following the V
values in Table VI) were treated together when
computing these mean values.
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Fic. 5. The yearly mean blue magnitudes of Uranus and
Neptune derived from the two-color observations. Darkening
by 22 percent from the equator toward the pole of Uranus
was assumed. These data are much less accurate than the
results of the differential observations shown in Figure 9.

V. OBSERVATIONS OF URANUS AND
NEPTUNE IN BLUE LIGHT

The differential observations of planets in the
years 1962-1966 were made similarly as described
in Paper II except that since 1965 the observing
schedule was

SABPABPABP. .. .BS.

where symbols are the same as on p. 205 of Paper
I. The gradient color indices given by equations
28 and 29 of Paper II were used for all reductions.

The resulting blue magnitudes of the planets,
obtained using the blue magnitudes of comparison
stars derived from the data of Table V, and the
magnitude differences between the two compari-
son stars are listed in Tables VII and VIII. Table
VIHI contains also the differential observations of
Neptune made by H. L. Giclas in the years 1950-
1952 by the same methods as his observations of
Uranus published previously (2). Since on each
night he recorded only 5 deflections for Neptune,
on the average, the accuracy of these observations
is lower than in following years. In the years 1950~
1952 Neptune was observed always at the same
gain-step of the amplifier as the comparison stars.
The transformation coefficient Ay = 0.115, resulting
from the transformation equations given by Giclas
(2), was used for reducing these observations. The
observations of Uranus in the years 1950-1952 pub-
lished in the aforementioned paper (2) and re-
reduced using the gradient color index of Uranus,
give the newly derived magnitudes of comparison
stars, listed in Table V, the yearly mean magnitudes
listed in Table IX.

315

The corrections for the photometric effects of
oblateness were calculated for Uranus in Paper IT
on the assumption that the distribution of surface
brightness over the apparent disk of the planet is
uniform. This assumption, leading to the increase
of the planet’s brightness by over 0.04 mag. since
1953, does not seem justified. Both Jupiter and Sa-
turn have appreciably smaller surface brightness at
the poles than at the equator (14, 15). Richardson
(16) found that distribution of the surface bright-
ness on the disk of Uranus is similar to that on the
disk of Jupiter. Darkening toward the poles of
Uranus is also visible on the drawings reproduced
by Alexander (17).

The integrations for obtaining the brightness of
the planet at different geocentric longitudes were
performed with an IBM 1620 computer. The co-
efficient of limb darkening x = 1.2 (cf. Harris 18),
independent of geocentric longitude, was assumed.
The darkening toward the pole described by the
expression

J(¢) =J(0)(1 —y+y cosgp)

was assumed, where ¢ is uranographic latitude and

J(¢) the surface brightness.

The blue magnitude of Uranus, as observed in
the years 1950-1966, is constant if the coefficient of
darkening toward the pole y =0.22 is assumed.
The same changes of brightness with geocentric
latitude as for x =1.2 and y = 0.22 are obtained
for x = 1.3 and y = 0.23 which means that these
changes are almost independent of x. The oblate-
ness corrections for Uranus, computed for these
values of x and y and denoted by A,, are listed in
Table VII. They were used for obtaining the blue
magnitudes of Uranus given in Tables VI, VII, in
column six of Table IX, and in Figures 5, 8 and 9.
The relation between A, and the oblateness cor-
rections used in Paper II is shown in Figure 6. The
yearly mean blue magnitudes of Uranus are calcu-
lated using the oblateness corrections from Paper
II and given in column five of Table IX.

In the year 1966 the rotational axis of Uranus is
almost perpendicular to the line of sight, and the
absolute values of the oblateness corrections as-
sume their maximum values. The observations of
Uranus, listed in Paper II and reduced on the as-
sumption of the uniform surface brightness on the
disk of Uranus, indicate the decrease of brightness
during each season as the oblateness correction in-
creases. The mean deviations of planetary bright-
ness from the yearly mean value are plotted in
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Figure 7 as a function of the deviation of the
oblateness correction (as given in Table IX of
Paper 1) from its mean value for each of the ob-
serving seasons 1954-1962; the years 1963-1966 are
not included because oblateness corrections were
almost constant during this period. Each point in
this figure corresponds to from 8 to 15 successive
nights.

Figure 7 indicates that the magnitude of Uranus
during each observing season (i.e. during several
months around opposition) would be approxi-
mately constant if the oblateness corrections were
not added at alll While neglecting the oblateness
corrections completely would not be justified, Fig-
ure 7 indicates at least that the oblateness correc-
tions applied in Paper II were too large. Another
cffect which could cause the brightness of Uranus
to decrease during several observing seasons is a
systematic increase in the transformation coefficient
A, caused by increasing temperature. These changes
of Ay were neglected in Paper II where for most
seasons the yearly mean value of A; was assumed.
The oblateness corrections were always larger in
spring than in the preceding winter; therefore the:
instrumental temperature effects may be difficult
to separate from the effects of oblateness for the

1950 1955 1960 1965
1
() —

—0.04

—0.08

§ |

90° 60°

30° 0°
o-L

Fic. 6. The oblateness corrections for Uranus for different

values of limb darkening, x, and darkening toward the pole,

y; L denotes the geocentric longitude of Uranus and 4,
==166°65.

4B

+0.0041~

-0004

1 1
0 +002 4

obl = Aobl

Fic. 7. Deviations of blue magnitudes of Uranus, with
oblateness corrections defined in Paper II, from seasonal
mean values plotted as a function of the deviations of these
oblateness corrections from their seasonal mean values. The
symbols are explained in the text.

seasons when A, was not determined on every
night.

The values for seasons in which the mean color
index of two comparison stars was smaller by at
least 0.13 mag. than the gradient color index of
Uranus are denoted by crosses in Figure 7 while
the values for the remaining seasons, when this
difference was between —0.11 and 0.00 mag., are
denoted by full circles. There is not much differ-
ence between these two sets of values which indi-
cates that it is the assumed gradient color index of
Uranus which may need improvement.

All magnitudes of the planets are reduced to the
mean opposition distance to the sun which is
19.1910 A.U. for Uranus and 30.0707 A.U. for Nep-
tune according to the American Ephemeris and
Nautical Almanac for the Year 1950, p. XVIL. The
presently applied oblateness corrections reduce the
brightness of Uranus to the situation when the
planet is seen pole-on.

V1. DISCUSSION

The final blue magnitudes of Uranus and Nep-
tune are given in Table VIII which contains also
the magnitudes derived from each comparison star
separately. The values listed in columns six and
nine of Table IX are plotted in Figure 9. The co-
efficient y for the oblateness correction of Uranus
was chosen so as to make the blue magnitude of
Uranus approximately constant. The blue mag-
nitudes of Neptune plotted in Figure 9 decrease
from 8.26 to 8.23 during the years 1950-1962 while
in the years 1963-1966 they have a constant value
of 8.24.
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The increase of the magnitude of Neptune in the
years 1950-1960 is accompanied by the steady de-
crease of the transformation coefficient A, which
describes the properties of the photomultiplier and
filter used (Figure 10). Because of this change of
A, the changes of Neptune's brightness shown in
Figure 9 could be almost nullified if the directly
observed color index of Neptune was used instead
of the gradient color-index (cf. paragraph IVD of
Paper 1I). However, the observations of Neptune in
the years 1965-1966 with an EMI photomultiplier
tube and the spectrophotometry of Neptune made
recently by J. S. Hall (9) does not seem to justity
such procedure. The observed changes of Neptune's
brightness seem therefore to be real. It can not be
decided from the present data whether these are
intrinsic changes of Neptune’s brightness or if they
reflect the changes of solar brightness.

The increase of Neptune’s brightness between

1954 and 1956 is also indicated by the blue magni-
tudes derived from the two-color observations,
plotted in Figure 5; their accuracy is considerably
smaller than the accuracy of values plotted in Fig-
ure 9. In 1962 all the observations (two-color and
differential) indicate the maximum in brightness of
both Uranus and Neptune.

The yearly mean magnitude differences between
Uranus (uncorrected for oblateness) and Neptune
are listed in the last column of Table IX and plotted
in Figure 11. The best fit is obtained for the Uranus
darkening coefficients x = 1.2, y = 0.18 (solid line
in Figure 11); for these values the magnitude of
Uranus would not change if corrected for the sup-
posed changes of solar brightness derived from the
Neptune observations.

The Uranus observations will give no informa-
tion about the variations of solar brightness unless
the Uranus brightness is measured again after 22
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Fic. 8. Blue magnitudes of Uranus derived from the differential observations in 1965 and 1966.
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Fic. 9. The yearly mean blue magnitudes of Uranus and Neptune derived from the differential observations. Darkening by

22 percent from the equator toward the pole of Uranus was

assumed.
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Fic. 10. The yearly mean values of the transformation coefficient A, used for reducing the Neptune observations.
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Fic. 11. The yearly mean differences between the blue

magnitudes of Uranus  (uncorrected for oblateness and
darkening effects) and Neptune. The solid line computed
for the Uranus oblateness effect was calculated for x = 1.2,
y = 0.18.

years, when the planet will be seen pole-on, and
the true size of the oblateness effect is evaluated.
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The individual observations of Uranus plotted in
Figure 8 indicate that the short period variations
of Uranus, and hence solar brightness, do not
exceed 0.003 mag.
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APPENDIX I

Atmospheric Extinction and Transformation to the
BV System in the Years 1963-1966

by M. Jerzykiewicz

Starting with November 1962 the following
equations were used to reduce the observed colors
and magnitudes to no atmosphere (3):

Cy — Cyn - (kl +k_‘ Cyn>M:
(qr 4 q» Coo)M, (4)
(th + qh2 C)'o)My (5)

where C,, m, and m, denote the blue-yellow color-
index and yellow and blue magnitudes, respectively,
expressed in the instrumental photometric system;
the directly observed values of these quantities are
denoted by subscript . The air mass is denoted by
M and the extinction coeflicients for blue-yellow
color-index and for yellow and blue magnitudes by
k1 + kzcyo, qyl + q.vzcyt» and qp: + qbzcym

respectively.

(3)
m, = my, —

my = Mys —

The transformation of our instrumental system to
the BV system has been made by the linear
relations:

3y ==a, + (B—V)a,, (6)
m}v:V+a;+ (B_V>a(ia (7>
m, =B +a,;+ (B—V)a, (8)

where a, (k=1, 2, 5, 6, 7 and 8) are the trans-
formation coefficients.

We have assumed also that the mean error of a
photometric observation is proportional to the air
mass through which the observation was taken.

It follows from the above equations that when
the extinction and transformation coefficients for
the color and cither magnitude are known the co-
efficients for the other magnitude might be com-
puted, viz.:

a;, = a; + a, (9)
ag=—a, +a; — 1, (10)
Qo = Q1 + ki, (11)
Qoo = Qoo + ke (12)

In order to determine the extinction and trans-
formation cocflicients and their possible changes
during a night, groups consisting of four or six
standard stars were observed at the beginning, at
the end, and often in the middle of every night
when two-color observations of the program stars
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were made. The standard stars were so chosen that
in each group half of them were observed close to
the zenith and the rest through 2 to 3 air masses.
Also, among high- as well as low-altitude standard
stars, stars with widely different colors were repre-
sented. Then the solution of equations 3 and 6 for
k,, k., a, and a, as unknowns, i.e. the solution for
the color, as well as of equations 4 and 7, ie. the
solution for the V magnitude has been carried out
for every group of standard stars. In case of the
solution for the color the procedure has been as
follows.

Using the mean atmospheric extinction coeffi-
cients as a first approximation, rough instrumental
colors were computed from equation 3 for each
standard star in a group, and a set of corresponding
equations, 6, was then solved by least squares. That
gave a first approximation of the transformation
coefficients a, and a. and another set of approxi-
mate instrumental colors from equation 6, which
are almost as far from the true ones as those com-
puted previously from equation 3, mostly because
of the uncertainty of a,. If, however, pairs of
equations, 3, for standard stars of similar (B—V)
and observed through widely different air masses
(AM>1) are solved for k, only (assuming an
approximate k. ), the result will be independent of
a, and very little affected by possibly erroneous
values of a, and k., yielding k, very close to the
true one. Furthermore, a pair of equations, 3, for
standard stars of different colors but observed at
the same altitude (A(C,M)>1) gives k. almost
independent of the transformation and primary
extinction coefficients. Therefore, such pairs of
equations, 3, were solved for k, and then for k..
Since each group of standard stars yields two or
three independent values of k, as well as k., the
weighted means of k, and of k., together with their
errors were computed.

The weighted means were taken as the second
approximation of the extinction coefficients, then
the second approximation of the transformation
coefficients a, and a, was computed in the same
way as the first one. The third and further approxi-
mations can be done easily, since programs for the
IBM 1620 have been written to perform the com-
putations and the data cards once punched can be



used any number of times. It was found, however,
that a 257 error in the first approximation of both
extinction coefficients k, and k. causes only about
1 percent error in the first approximation of a.. The
extinction and transformation coefficients obtained
as the second approximation were therefore as-
sumed to be final and used to reduce the observa-
tions of the program stars.

The solution for the V magnitude (equations 4
and 7) is analogous to the just-described solution
for the color, and therefore will not be described in
detail. In that case the second approximation was
also found to be satisfactory. The coeflicients for the
B magnitude, which are needed to reduce the blue
observations of the planets were computed from
equations 9 through 12.

It should be pointed out that in order to obtain
correct results by means of the iteration procedure
described above, the already mentioned condi-
tions concerning the colors of the standard stars

and the altitudes at which they are observed must
be fulfilled. When this is the case, the extinction
coeflicients are independent of the transformation
coeflicients, ie. of the combination of the photo-
multiplier and the filters employed, as long as
equations 3 through 8 hold.

The extinction and transformation coefficients
obtained as described here were used to reduce
two-color observations of the program stars. The
procedure applied was as follows:

L. In order to account for changes of the atmo-
spheric extinction and of the response of the photo-
meter the linear interpolation of the coeflicients
between every two of their determinations was
performed.

2. With the interpolated coeflicients the observa-
tions of the program stars were corrected according
to equations 3 and 6 for the (B—V) color, and
equations 4 and 7 for the V magnitude.

APPENDIX 11

Comparison of Different Methods of Determining
the Extinction and Transformation Coefficients

In reducing the photometric observations two
procedures are possible:

1. Correcting the observed magnitudes and colors
for the atmospheric extinction and then reducing
them to the BV system; or

2. First reducing the observations to the BV sys-
tem and then correcting them for the atmospheric
extinction.

The first procedure is described in Appendix I
while the second procedure is described in Section
ITA of Paper II. The magnitudes and colors ob-
tained with these two procedures are not identi-
cal; however, the differences in the results are very
small as will be apparent from the subsequent
discussion.

The advantage of the first procedure is that the
transformation to the BV system is made for the
observations already corrected for the atmospheric
extinction; therefore it is evident that B—V should
be used as the coefficients on the right-hand side of
equations 7 and 8. On the other hand, in the second
method an ambiguity arises; it is not obvious
whether the color indices corrected or uncorrected
for the atmospheric extinction should be used as
cocfficients at A, and A, in equations 4 and 5 of
Paper 1.

The transformation cocfficients a, and a., de-
fined in the first method by equation 6 are more
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practical than the coefficients A, and A. of Paper
IT because, when they are determined by the least
squares method from the observations of standard
stars, the coeflicients at a, in equation 6 are known
values of B—V. On the other hand, in the second
method the observed, not accurately known, value
of C,, is used for the coeflicient at A. in equation 3
of Paper II; therefore this equation had to be re-
placed by equation 18 of Paper II to make possible
the correct least squares solution. Moreover, for-
mulas 10 and 12 for computing a, and . are sim-
pler than the corresponding formulas 7 and 9 of
Paper IL

The advantage of the second procedure de-
scribed in Paper II is that the extinction corrections
are applied to magnitudes and colors already trans-
formed to the BV system. Therefore the extinction
coeflicients are obtained (denoted by capital let-
ters) which refer to the magnitudes and colors ex-
pressed in the BV system and not to instrumental
magnitudes and colors as in the first procedure. In
the second procedure, first the color-indices B, — V,
and magnitudes V, expressed in the BV system,
but not corrected for the atmospheric extinction,

are computed from the equations
B() - Vn == AI + C)‘u A:b (13>

V, = my, 4+ A; 4+ (B — V)A,. (14)



Then these colors and magnitudes are corrected
for extinction by means of the equations

B—V=B,—V,— K, + (B—V)K.IM, (15)
V=V, — [Q.Vl + <B _V)QW]M (16)

Substituting the values of B, —V, and V, from
equations 13 and 14 of this Appendix into equations
15 and 16 the equations 3 and 4 of Paper II are
obtained.

The extinction coefficients denoted by the capital
letters and defined by the equations 15 and 16 are
expected to be more independent of the properties
of photomultipliers and filters than the extinction
coefficients defined in Appendix I. However, since
even in the originally defined UBV system (10) the
B — V colors were larger by 1.04 mag. than the C,
colors, the extinction coeflicients K, refer to a longer
wavelength interval between B and V than ever
realized in BV photometry and are therefore syste-
matically larger by at least 0.03 mag. than the co-
efficients k,. Probably the best solution would be to
define k, as referring to C, computed for a certain
fixed value of a,, e.g. equal to —1.0 mag.

In both procedures discussed here the problem
arises whether the color-indices corrected or un-
corrected for extinction should be used in coeffi-
cients of ks, qy2, quz, K. and Q. in equations 3 to 5,
15 and 16. Using B, — V, in these coefficients, the
equations 15 and 16 take the form

B—V =B, — V, —[K! + (B, — V,)K/IM, (17)
V=V, — [Ql, — (B, — V,)QL.IM, (18)

where, following Hardie (19), the extinction co-
efficients are denoted by primes to distinguish them
from those defined by equations 15 and 16.

The change in magnitudes and colors caused by
using the equations 17 and 18 instead of equations
15 and 16 is negligibly small. This may be shown
by substituting B, — V,, obtained from equation 17,
into the right-hand sides of equations 17 and 18.
Now substituting

1/(1—K:M) =1 4+ KM + (K2)?M?
and neglecting the terms proportional to

K, (K.)?, KIK,Qh, and (K3)2Qb,, we get

B—V=B,—V,—[Kl + (B—V)K;]M

—[Ki + (B — V)K:]K:M2, (19)
V=V, —[Q\+ (B—V)Q,.IM
—[K} 4 (B — V)K.]Ql.M?. (20)

The low altitude stars for determining the ex-
tinction were observed usually when the air mass
was about 2.5, and the high altitude stars were
M ==1.0. The maximum difference between the
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AA-8)-(A-Q)

values of V and B — V read from the parabolic
curves, described by equations 19 and 20, and from
the straight lines described by equations 15 and 16
and crossing the parabolic curves at M = 1.0 and
2.5 (Figure 12) cannot be greater than 0.002 mag.
for B — V and 0.001 mag. for V. These maximum
values arise for the air masses of about 1.75 and
are negligibly small for the purposes of the present
paper.

The numerical integrations of the transmittance
curves of the Earth’s atmosphere and of the filters
defining the UBV system, made by Blanco (20),
indicate that the extinction for B — V colors is best
represented by the equations similar to 19 but with
a coefficient of M2 about 2.5 times smaller than
indicated by this equation. This shows that prob-
ably the true colors and magnitudes are some-
where midway between the results obtained as-
suming (B — V)M as coefficients at K. and Q,. in
equations 15 and 16 and the results obtained as-
suming (B, — V,)M as these coeflicients.

While the magnitudes and colors of program stars
obtained using the two procedures here discussed
are practically identical, this cannot be said about
the values of transformation and extinction coefhi-
cients. To find the relations between the coefficients
defined in these procedures we assume that half
of the standard stars used for determining the
atmospheric extinction are ohserved at air mass
M — AM and half of them at M 4+ AM. We assume
further that the mean value of C,, is the same for
each of these two groups. We write differences and
sums of mean B — V values for high altitude and

«— Maximum

|
2

Fic. 12. See text for explanation.




low altitude stars using first the values of (B — V)
derived from equations 3 and 6 and then from equa-
tion 3 of Paper II. Comparing the coefficients at M,
C.. M, M, C,., etc. in these sums and differences
we find the relations between the extinction and
transformation coefficicnts defined in the two
procedures. In the same way the relations for the
V magnitudes are found. Neglecting the terms pro-
portional to K, K2 Ki, Ac K, K., Q.. K, K., and Q,.
K. these relations take the following form

a, = —(A — K, K, [(M)2—M2])/A,, (21)
a, = 1/(1 —Ki [(M)2 — M?])/A,, (22)
a, = —A;, (23)
a, = —A,, (24)
=K +A K) (1—2K M)J/A., (25)
k. = (1 —2 K. M)K,, (26)
Q1= Qi — (A + K, + AK.)Q,., (27)
Qe = (1 —K)A. Qe . (28)

After substituting the above values of the coeffi-
cients into the equations 3, 4, 6 and 7 for the air
masses M — AM or M + AM the equations 3 and
4 of Paper II are obtained. The largest discrepancy
between the two values of B — V obtained by the
two procedures occurs for M =M when the
difference between the two values of B — V equals

(K, +A K.+ A K, Cy,) K, (AM)2,
For AM = 0.7 and the values of the coefficients as
given in Paper II this difference does not exceed
0.0013 mag. which is negligibly small for the pur-
poses of this paper.
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