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ABSTRACT

This Report discusses the systematic differences, in position
and proper motion, between the Smithsonian Astrophysical Observatory
Star Catalog (the SAOC) and the third Catalog der Astronomischen
Gesellschaft (the AGK3). Stars in common to both catalogs, with
matching BD numbers, and a positional (proper motion) difference
of at most 295 (2VS/cent) provide the raw data. There are 128,631
(89,709) such stars north of declination -2¢5. The systematic
differences have been examined for dependence on apparent magnitude
and color index effects in addition to those depending upon position.
A variety of tables and graphs illustrate the nature of the system-~
atic differences. The mean and standard deviations in the total
positional (proper motion) difference between the two catalogs
are 0Y47 and 0v30 (1'42/cent and 0Y6l/cent). The development of
the systematic differences in a complete set of orthonormal basis
functions will be published separately. Approximately 1% of the
stars in common to the SAOC and AGK3, identified by BD number,
have a positional difference in excess of 10". Finally, there is
a definite excess of positive values of AS§; for the 127,637
matches with {Aacosé! <1725 the mean value of Aacosé is 07007 and
for the 128,084 matches with 1A6l§l?25 the mean of value of Aé§ is

0°041.
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I. INTRODUCTION
A classical problem in astrometry has been the evaluation
of the systematic differences of the positions and proper motions
in different star catalogs. Such investigations are important
because they can reveal both small systematic differences in
data reduction, observing technique, etc., and mistakes such as
digit transposition, star mis-identifications, etc. Until very
recently such investigations have been severely limited in scope
because of the tremendous computational load involved. Such
considerations are rapidly diminishing in importance as computing
power increases and the availability of machine readable catalogs
improves. This Report compares two very large star catalogs; the
smaller contains 183,145 stars and the larger has 258,997 entries.
The standard method of comparing two catalogs has been to
evaluate the average value of (say) a coordinate difference in
relatively large, mutually exclusive, areas of the celestial

sphere. After tabulating these means a smooth interpolating

curve would then be used for further work. We too have constructed

m h

such values by using bin sizes of 15™ x 295, 30™ x 5° and 1" x 10°.
Such small grids should allow us to more clearly see meaningful

patterns in the differences* rather than rediscovering the fact

*We speak of differences rather than errors because the term
error implies that one knows which of the positions or proper
motions is correct. This is definite.v not the case (indeed
neither are likely to be perfect! and differences is a much
better term than is errors.
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that one of our catalogs is a compilation of zone catalogs
(i.e., the saocC).

A newer and more objective method of analysis was introduced
by Broschel’z. He suggested expanding the differences into a
complete set of orthonormal basis functions and examining the
properties of the expansion coefficients by statistical criteria
to determine significance. The very large number of stars we
have to deal with has caused us to modify the details of Brosche's
approach and these results will be presented separately.

The larger star catalog is the Smithsonian Astrophysical
Observatory Star Cacalog3 (the SAOC hereinafter). The smaller,
but denser one, is the third of the Catalog der Astronomischen
Gesellschaft4 (the AGK3 hereinafter). The SAOC is the reference
catalog for the Ground-based Electro-Optical Deep Space Surveillance
(GEODSS) program: GEODSS will supplant the Baker-Nunn photographic
camera system for artificial satellite tracking. The SAOC was
created to be the reference catalog of the Baker-~Nunn network.
Hence, our primary aim is to evaluate the SAOC. To do this one
needs a comparable but independent catalog. None exists, the
AGK3 coming closest in this regard but only north of § = -2%95.
In addition to finding the gross errors in the SAOC the astronomical
importance of the SAQOC dictates that we make an effort to discover
as much as possible about its errors. Hence we have pushed the

analysis somewhat beyond that required to locate stars whose

position is suspect,
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As many of our readers may not be well versed in the
intricacies of astrometry a few words of elucidation on the
exact meaning of "systematic difference" may be appropriate.
For each star in the SAOC one will find a position (right ascension
and declination) and a pair of proper motions (the time rates of
change of right ascension and declination due to the intrinsic
motion of the star). Both the position (a,8) and the proper
motions (ua,us)are relative to a particular coordinate system
and at a particular instant of time. As astronomers use non-
inertial reference frames for cataloging stellar positions the
specification of an epoch of orientation for the coordinate
system is crucial. Clearly, since the stars are in motion
relative to an inertial reference system, the specification of
an epoch of place for the star is necessary too. For every star
in the SAOC these epochs are both 1950.0 (exactly when 1950.0
was is unimportant for now - the decimal notation defines a precise
instant of time near January 1, 1950 which one can calculate).

For each star in the AGK3 one will also find a position
and proper motions. The problem is that this data isn't the
same. As an example consider the first star in the AGK3 that is

also in the SAOC. It is BD +88 0001 whose 1950.0 SAOC values

are

a=0h

15™115281 U +020979/yr

~0.037/yr

(23
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and whose 1950.0 AGK3 values are

oM15™10%180 u

o +0%1676/hr

a

o
|

1] "
= +89°23'18.13 ug = -0.036/yr

Obviously none of these quantities agree; the positional
difference is 0'Y26 and the difference in proper motion is

1"12/cent. Hence the six quantities we shall investigate are

Aacossd = ( )cos$

%ack3~%saoc SAOC

AS = $a6x3 ~Ssaoc

172

Ap [(Aacosé)2 + (A6)2]

and Au cos§, Bug, du = [(au cos8)? + (aug)211/? similarly defined.
These quantities we expect to depend on position. They will
probably also vary with the brightness of a star and its temperature.

Thus we consider apparent magnitude and color index dependencies

too (see Section V).




II. THE CATALOGS

As mentioned above the principal information in the SAOC
for each star is a, §, Moo and Hs all for the equator and
equinox of 1950.0. Other pertinent information includes the
SAOC identification number, the BD number (from Argelander's
Bonner Durchmusterung whose epoch is 1855.0), the spectral type,
the apparent visual magnitude (mv), and the apparent photographic
magnitude (mpg). The apparent photographic magnitude is available
for v50% of the stars and the spectral type is present for 83%.
Both the BD number and m, are present for ~99% of the entries.
There is no homogeniety in the SAOC magnitudes.

In the AGK3 we too find «, §, ua,‘and W for epoch of
orientation 1950.0 but for an epoch of place tep which varies
from star to star. This time is "8 years later than 1950.0 and
is separately given for each star. The AGK3 also contains AGK3
identification number, the BD number, the spectral type, and
the apparent photographic magnitude. As the latter are much
more homogeneous than the SAOC values, when we come to investi-
gate magnitude effects we'll use these.

The SAOC is an all-sky catalog with at least four stars
per square degree. The AGK3 is of higher density but only
extends southward to § = -295. This is especially unfortunate
because the SAOC is poorest in the Southern hemisphere. Also,

for most Northern hemisphere locations, near-stationary artificial

satellites will be primarily seen against SAOC stars and not

against AGK3 stars.




The fact that the epoch of place of an AGK3 star varies
means that we must either backdate an AGK3 position from tep

to 1950.0 or update an SAOC position from 1950.0 to te The

p.
latter gives non-coeval systematic differences, hence the

former is preferred. The formulas to do this are5

— . 2
2(1950.0) = a(tep) + uat + uat /2
ua(1950.0 = ua(tep) + uat
wiere t = 1950.0-tep and
Hy = 2uuu6tan6.

Similar equations hold for § and Mg with

= el
Mg = ua51n6cosé.

The last point is that, independent of references 3 and 4,
the versions of the catalogs we have were obtained on magnetic
tape from the U.S. Naval Observatory. In particular we have

the Heidelberg 1975 version of the AGK3.
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III. POSITION INDEPENDENT ANALYSIS
As the purpose of this analysis is to discover positional
differences between the catalogs, it seemed inadvisable to use

positional coincidence (within some upper tolerance) as a

means of identificacion. Instead, when it is present, we have
chosen to use the Bonner Durchmusterung number. This eliminates i
less than 1% of the potential contributors to the analysis (of

the 133,023 stars in the SA0OC north of 6 = -205, 132,126 have BD
numbers). Unfortunately BD numbers aren't unique due to errors i
and double star systems. The latter can be automatically

handled (for long period binaries) if one matches BD number

according to right ascension. Lastly, even if the BD numbers
match, when the positional difference is too large we're
more apt to declare a mistake of some sort rather than a
true systematic difference. Of course no matter what level
we choose to separate "real difference” from "mistake" we
shall always have some of each in both categories. We're
conservative and we use Ap = 2'5 as the dividing line for
further work.

A. Positions

A simple thing that we can do is tabulate the number of
BD matching stars in both catalogs that have values of Aacos$
in a certain range, values of A§ in a certain range, or values

of Ap in a certain range. The cores of the component distribu-

tions are shown in Figure 1 using 0'05 for a bin size. One's
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visual impression is that the widths of the Aacoss and Aé
distributions are equal and that there is a definite excess of
positive A§ values. For the 127,637 matches with IAacosGli 1725
the mean value of Aacosd is 07007 and the standard deviation
about the mean is 09374 (the standard error of the mean is
0:001). For \Adli 1725 the corresponding values are 128,084,
0041, and 07367 (with the standard error of the mean 07001
again). Hence our eyes haven't deceived us. Table 1 lists the
actual numbers. Out of 130,065 matches north of § = ~-2%5,
1,044 have lAacosG in excess of 5" while 1,029 have |A6‘>5?
Were the Aacos$ and AS§ distributions normal with zero
means and equal variances (say 02) then the frequency function

2]l/2

for Ap = [(Aacosd)2 + (AS) would be a Rayleigh distribution,

2 202

2
P(Ap) = &p exp [_LABL_]
o

2 (= ov141

In fact, using the maximum likelihood estimator for o
for the 127,554 stars with Ap < 175), a reasonable approximation
to the Ap distribution shown in Figure 2 can be obtained. (The
tabular values of the Ap distribution are given in Table 1;
1,067 stars have Ap in excess of 10"). The fact that the Ad

distribution clearly has a non-zero mean implies that a better

approximation would be given by the equation on page 13.




TABLE 1

NUMBERS OF SYSTEMATIC POSITIONAL DIFFERENCES

Aacos$ AS Ap
-1"25:-1%20 105 73 0%00: 0%05 1495
-1.20:-1.15 135 92 0.05: 0.10 4268
-1.15:-1.10 144 114 0.10: 0.15 6696
-1.10:-1.05 197 134 0.15: 0.20 8556
-1.05:-1.00 232 192 0.20: 0.25 9631 .
-1.00:-0.95 281 223 0.25: 0.30 10382
-0.95:-0.90 389 249 0.30: 0.35 10532
-0.90:-0.85 465 355 0.35: 0.40 10327
-0.85:-0.80 572 471 0:40: 0.45 9462 '
-0.80:-0.75 717 593 0.45: 0.50 8775
-0.75:-0.70 918 734 0.50: 0.55 7688
-0.70:-0.65 1140 979 0.55: 0.60 6840
-0.65:-0.60 1467 1183 0.60: 0.65 5925
-0.60:-0.55 1717 1465 0.65: 0.70 4870
-0.55:-0.50 2194 1809 0.70: 0.75 4187
-0.50:-0.45 2573 2227 0.75: 0.80 3434
-0.45:-0.40 3075 2707 0.80: 0.85 2924
-0.40:-0.35 3678 3251 0.85: 0.90 2246
-0.35:-0.30 4421 3936 0.90: 0.95 1894
-0.30:-0.25 5078 4696 0.95: 1.00 1544
-0.25:-0.20 5655 5286 1.00: 1.05 1272
-0.20:-0.15 6365 6073 1.05: 1.10 1014
-0.15:~0.10 6859 6630 1.10: 1.15 887
-0.10:-0.05 7215 7185 1.15: 1.20 674
-0.05: 0.00 7289 7397 1.20: 1.25 535
0.00: 0.05 7488 7569 1.25: 1.30 418
0.05: 0.10 7349 7734 1.30: 1.35 351
0.10: 0.15 6946 7102 1.35: 1.40 299
0.15: 0.20 6366 6822 1.40: 1.45 233
0.20: 0.25 5755 6151 1.45: 1.50 195
0.25: 0.30 5117 5650 1.50: 1.55 179
0.30: 0.35 4516 4985 1.55: 1.60 141
0.35: 0.40 3857 4277 1.60: 1.65 91
0.40: 0.45 3316 3684 1.65: 1.70 90 .
0.45: 0.50 2711 3148 1.70: 1.75 94
0.50: 0.55 2202 2595 1.75: 1.80 64
0.55: 0.60 1813 2124 1.80: 1.85 57
0.60: 0.65 1517 1783 1.85: 1.90 49 9
0.65: 0.70 1258 1443 1.90: 1.95 52
0.70: 0.75 1001 1135 1.95: 2.00 41
0.75: 0.80 763 908 2.00: 2.05 52
0.80: 0.85 648 697 2.05: 2.10 24
0.85: 0.90 485 533 2.10: 2.15 20
0.90: 0.95 416 426 2.15: 2.20 20
10




0.95: 1.00
1.00: 1.05
1.05: 1.10
1.10: 1.15
1.15: 1.20
1.20: 1.25

352
255
211
175
141

38

TABLE 1 (continued)

355 2.20: 2.25 i8
284 2.25: 2.30 16
196 2.30: 2.35 22
181 2.35: 2.40 16
126 2,40: 2.45 15
122 2.45: 2.50 16
11
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which is the distribution for Ap = (x2 + yz)l/2 when x and y are

independently normally distributed with the common variance 02 but
x has a mean of zero and y has a mean of u. As Io (0) - Io is the
modified Bessel function of order zero - is unity, the above
Rayleigh distribution is clearly a special case of this one.

The presence of the Bessel function makes the computation of
maximum likelihood estimators for y and o tiresome and this

hasn't been done.

Lastly, as we increase the upper limit on Ap for inclusion
from 2°5 to 5Y0 and then 10" the number of successfully matching
stars changes from 128,631 to 128,819 and then to 128,998 while
the mean and standard deviation of the distribution goes from
07469 and 07296 to 0Y473 and 0Y316 and then to 01483 and 07419.

B. Proper Motions

Proceeding in an exactly analogous fashion, we can construct
the Auucosd, Bug, and Au = [(Auacosﬁ)2 + (Aud)z]l/2 histograms.
The immediate thing one notices is that the proper motion
distributions are much broader than are the positional distribu-

tions (see Figures 3 and 4).

13
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There are only 89,709 stars with Apu < 2V5/cent, but 126,071

B up to 5%0/cent, and 129,744 bounded above by 1l0"/cent. The

corresponding means and standard deviations are 1Y42/cent and
0'606/cent; 1Y97/cent and 1Y'06/cent; and 2908/cent and 1%"25/cent.
Figures 3a and 3b show the Auacoss and A“G distributions within
2'5/cent of zero in 0vl/cent bin sizes. Figure 4 contains the

Ay distribution out to 3!5/cent in 0%05/cent bins. Visually,

unlike the case for the positions, there is no obvious difference

between the distribution of the systematic differences in proper
motion in right ascension along a great circle and the distribu-
tion of the systematic differences in proper motion in declination.
The systematic differences for 113,986 stars are contained in
the Auacosﬁ plot, 112,993 in the Au6 plot, and 113,611 in the
Ay plot. 1In this case, a Rayleigh distribution is a reasonable
approximation to the innermost 2Y0/cent of the Ay distribution.
Finally, 1696 stars had a IAuacosal > 5"/cent, 1237 had a
}Aud! > 5"/cent, but only 321 had a Ap > 10"/cent.

This brief survey has shown us two unexpected facts.
First is the excess number of positive values for A6§. We shall
see another representation of this below. One naively expects
the Aacosd and AS (and the Auacosa and A“S) distributions will be
nearly identical - in fact, nearly normal with zero means. The
second unexpected result is that ~1% of the stars, presumably

positively identified, have excessively large positional

le
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differences. It is our hope that the source of these
discrepancies can ultimately be tracked down. Until then,
Table 2 lists the SAOC identification number and value of Ap
(to the nearest tenth of a minute of arc) for all of the stars
in both the AGK3 and SAOC, as identified by BD number, for
which Ap > 6". Obviously we cannot tell at this stage which

catalog is in error (here undoubtedly the appropriate term).

18




TABLE 2
SAOC ID NUMBERS FOR STARS WITH Ap > 0!1

': SAOC # Ap SAOC # Ap SAOC # Ap SAOC # Ap
; 11 nle 596 04 930 ] 1065% 1:5
) 1175 2.1 1263 6,2 1384 2.4 1702 0.7
, 1424 0.1 2320 0.7 2341 1.4 2404 0.1
- A 2.6 2626 1.3 o818 0.4 2824 1.9
Sute 2. 3842 1.1 4092 0.6 4147 -
4082 1.2 4261 1,3 433% DLk 4394 1.4
a3l 1.4 4435 0.2 wyes Gk 450a 1,0
YRS n.3 4645 1.2 “743 1.4 4774 0,7
4rny 1.0 489y J.u 5023 0.5 5133 1.6
agQ n.2 S427 0.2 s447 c.9 5618 5.8
BTN 7.0 6l40 4,0 €187 1.9 6279 3.6
0321 4,2 6341 1.2 ah 23 1.1 6461 0.5
6oul 0.¢ 65544 1,7 ChEY 2.0 45399 0.9
70y n,1 T0&M 0.1 7065 N9 7431 1.0
Teo3 N5 7730 2.0 7835 3.3 7967 1.5
RULY 1.8 neev 1.2 axp3 Cott 84658 0.2
Bei) 2.0 R6LT 0.1 A738 1.2 A999 0.4
¢t v .o 5353 2.6 9590 0.1 9anY 0.3
ar Ty 2.6 9949 3.1 99a1 2.0 101A% 1.3
1012 1.2 10264 Ue5 10318 2.9 10324 1.9
13574 4y 3 109559 2.4 1N64Y 1.2 10641 1.5
1u711 A 10725 1.4 1n726 0.1 1072R 3,2
16617 2.3 17906 1.3 1n%15 1.2 10991 0.6
116001 11,1 11055 1.2 11109 0.4 11199 1.1
1127 n,o 11261 0,3 11448 0.u 11454 0,1
tl7eh n,48 11845 0.1 11926 4.0 1202n 0.1
12071 n.8 120up 1.4 12n75 0.4 1217« 0.8
1222 1.4 12363 0.1 12560 0.2 1263& 0.1
12600 6.8 129210 04 13020 2.2 13022 0.7
13172 0.6 13305 0,7 12563 1.3 13601 3.7
13973 1,0 14057 7.% 14169 1.1 14202 0.1
14453 n. 7 1443, 1.4 14473 0.6 1463n 0.8
14648 n.2 14823 0,9 14LRE9 1.n 1490A O.4
1hae? 57.7 15143 0.3 15396 0.1 1627V 1.3
1630¢ 1.5 16332 1.1 1A47A 0.2 1690u 0.7
17045 n,1 17161 J.7 171 7e 0.1 175849 64.6
17591 n.5 17717 0.4 17764 1.1 17882 0.8
179¢2 .3 18251 0,8 1R280 0.2 18324 1.1
18378 n.9 18578 0.7 18678 0.2 18704 1.6
18444 n.2 1912u 1.4 19131 1.0 19177 0.8
191¢7 0.8 19183 0.1 19240 Dok 19345 23
19417 1.4 1955 0.1 19731 1.4 19754 3.2
19743 n.2 1¢K49 1.0 18R99 0.9 19922 0.3
1994 6 2.2 20153 1.5 207218 0.1 20219 0.1
204A8 c.1 20614 1.6 2n762 1.8 20922 0.6
210195 1.6 21225 0.7 21517 1.2 21610 0.%
21778 1.1 21766 n.,A 21830 1.6 21864 0.h
18¢% 7.9 2186an 5,2 21890 0.2 22042 0.8
221 1.6 22374 0.3 227719 0.5 22814 6e2
230622 1.0 23071 n.e 23084 0.9 23309 0.4
19




TABLE 2 (Continued)

SAOC # Ap SAOC # Ap SAOC # Ap SAOC # Ap
H ]

25331 nt1 23389 0l 23423 0l »358a 0%
237¢u n.3 24004 0.3 24061 5.0 o43588 2.7
245103 n.s 24583 0.1 28692 0.3 24807 170,2
246125 0.3 24981 1.5 24999 0.2 25109 0.2
25133 1.3 26162 0.7 25444 1.0 28577 0.R
26240 1.3 o6411 0.5 26449 1.0 26832 1.8
PY Pl 2.0 27295 4,5 27304 n.19 27308 0,3
PLPIST rn.e 2R293 13,5 PR397 1.8 28%61 0.3
2ee ] r. B 287ly 0.4 239032 n.» 29064 0ol
L9910 not 29370 0,7 29372 n.7 294837 0.1
ANy 7 n,8 10665 0,2 3n71% 0.6 X0714 Deb
AL n,2 31124 0,? 31129 0.2 2123 2.1
312 n.3 31845 0.9 1630 1.0 2201 0.1
3203 z,2 12243 0,% 3n032A8 2.3 3238n 0.9
22441 0.5 3286u9 1.2 32967 3.9 33299 0.9
23547 n.3 33570 0,2 334626 Ne3X 33678 293,6
AATLY n.u 143 1,2 34168 1.% 437N J.4
Igae s .7 4617 n.9 38107 0.7 15481 1,0
285 6 n.Y 159348 0.4 34019 0.3 36214 0.3
b oA 1.6 AB405 0.5 6537 n.2 36754 04
A7071 n.8 370Kn7 n,2 27284 0.5 27304 0,7
AT 1.0 37601 1,5 37RTS 0.8 x794l D.2
Anlnn .4 AR332 1.8 LYY 0.3 2R6AN 0.5
ARTu i n.s 4RTRA 0.9 ZRATS N.1 X944 1 0.1
YD n_2 39847 0,1 39894 D3 “010% 1.6
Lurise N, 2 uyp2nhl 0,4 4nssy 0.5 40597 0.9
415ny 1.7 41622 1.7 42069 .S u23o0% 0.%
42446 6.5 u2754 0.1 upRR2 0.7 4290A 1.7
yAa2 4 1.4 w4097 n,? 44100 1.9 Hy54° 0,1
Lher? n,3 044927 0.2 45045 0.% uS18n 0,5
52 ¢ L PIN 1.0 45331 1.3 uSu17 0.2
LAy 3 1.2 45471 0,1 45472 (| us85y 0.7
Hanle 0.6 L8965 35,4 ue2ly 20.3 ue231 0.1
4e4yul 1.7 we9n7T 0,3 47008 1.8 uT320 0.3
476475 1.2 47724 0.7 47751 .7 4789n 2.6
unly2 n.9 LE30S 9.5 unyuy 1.4 UALLYnN 1.2
BAGS2 n.7 4BT773 3,2 4R799 1.2 48999 0.3
VN n,2 u9067 0.5 4azly 1.% u9uzl Ul
n96<1l n.1 49698 6.1 49713 0,1 4974 1.0
497 /4 ;.3 49797 0.1 49798 0.2 49899 1.8
“ou2l 0.1 50043 1,4 50140 Nal SO0UARD 0.3
5052 n,2 0731 0.4 %1119 0.6 £11A47 1.0
51402 n.7 51792 0.6 51907 0.2 51971 0.7
5218% 6.7 82347 1,0 52381 Na2 KO4NX 0.7
52514 2,8 52628 0.1 52672 254,7 %2712 249.7
52778 n,7 «2890 0.7 52914 1.3 %2931 275.8
530%1 n.2 53249 1.4 53383 0.2 %3389 0ol
w3303 n.,2 53999 0.2 £4080 1.0 xy1aY De2
“WH224 1.2 S4421 0.9 Suxl3 N3 R50XA 0.7
851@9 n.5: 592¢5 1.1 55321 0,2 55329 0.2
59404 0.7 535429 0,2 55687 0.2 =5T73N 0,2
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TABLE 2 (Continued)

SAOC # Ap SAOC # Ap SAOC # Ap SAOC # Ap

55767 n's 55862 0:1 55883 2.7 55941 01
55975 0.2 86292 0,8 56353 0.4 56495 1.3
56623 n.3 56733 .6 56734 0.8 %6902 Dot
569%3 0.4 56987 0,2 57078 0.9 5787% 0.3
RHUNE 6.2 “R086 0.3 SR280 0.2 58305 0.7
S8A00 n.4 55523 2.0 “a684 n.t %9847 0,7
99 ¢ 0.3 60353 1.0 60396 1.5 f06NX 0,3
H)615 1.9 60691 1.3 60916 1.0 60973 0.2
1060 n.2 61163 2.8 61531 n.a £206R 0,2
£2316 1.9 52400 1.1 42571 1.7 ~2892 2.3
£3171 n.2 ~3375 0,1 63446 0.% 63654 0.9
H8hE S r.1 3809 0.8 63960 0.2 64206 0.3
A4 PR 1.8 A43n0 0.2 aALUEY D.4 64756 1,1
Aea1l 1.9 A4983 0.2 65276 0.1 65322 Dot
55917 n.9 ~6535 0.3 66546 0.6 f6623 0.7
67107 2.1 AT174 1.1 67250 0.2 67286 0,2
6Tuz2 0.2 AT443 0,6 AT7543 3.4 6760% 1,0
2 Thied 1.¢ AT648 0.2 47730 1.6 €802 0.5
£ 4180 n,2 £6216 2.2 AR297 0.2 886497 0.l
3514 1.8 58672 0.7 6R796 1.1 68974 0,2
69023 1.6 £9162 0.3 A9300 0.9 A933% 17.1
AI4n2 n.< 69856 1.3 70167 0.1 7020% 2,0
70220 n.4 70220 0,4 70321 0.7 7091% 0.3
73916 .6 70919 0,2 71158 0.3 71294 0.7
716474 1.3 71536 1.0 716%5 0.5 71744 0,8
717+ 3 n.3 71921 0.5 75018 0.4 Y2084 1,9
72088 n.2 72187 0,1 72228 0.3 72247 0.2
72429 1.V 72475 0.1 72501 0.7 7256X% 0,7
72575 1.0 72808 0,4 72884 0.3 72939 0.9
73308 n.3 73578 0.3 73704 0.2 73757 1,3
74765 1.4 73823 0.3 72877 1.2 73934 0.4
734¢9 1.1 73973 1.9 74071 0.2 Y4160 1.0
74328 n,2 74463 1.% TuyT7? 0.2 74962 0,3
74911 n.4 75242 2,0 75304 0.7 7530% 0,2
79658 1743 715882 0.9 74086 1.2 76297 1.0
763358 1.V 76430 2.3 74860 0.3 7694% 2.9
76919 1.2 76991 0,2 77122 0.1 y721n 0,2
77553 n.1 77422 1.3 77478 0.2 7752% 0.2
7753y x,1 77894 0,2 TADE2 1.0 7803A 0,5
7A543 0.2 79337 1.3 79387 1.% 79401 0.6
79703 1.9 79773 0,2 79785 1.7 79848 33,7
Bu1ak n.2 50328 1.3 40505 0.9 R0S86 D2
RubkD 1.1 71299 32.4 31364 0.1 R142N 0.2
P183T n.7 g2462 0.1 82553 37.8 A2RT7 0,2
A29n1 n.8 A3300 0.1 83458 1.2 R36TR 0.3
837¢8A o4 A3685 0.1 AuD18 0.2 A4 D59 0,4
L4187 1.0 AY214 1.4 84356 1.4 RUKAD 1.7
ny8a? n.6 au908 0.2 As031 0.1 AS1YN 1.2
£5222 1.3 n5397 0.6 88471 2.0 85%69 D.1
65589 6n.3 n5793 1.6 ARAR223 0.2 RE29X 0.7
864317 0.3 86538 2.0 LYS AL 0.2 YY.F L 0.2
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TABLE 2 (Continued)

SAOC # Ap SAOC # Ap SAOC §¢ Ap SNOC ¢ Ap

86834 oL2 86972 3.2 A7008 0:a R7004 113
87126 1.8 87407 1.4 87662 0.1 KT7684 2.2
87736 n.9 81790 1.2 87802 0.2 88010 1569%,.6
88069 1.2 88084 2.9 88183 1.7 Y138 ] 0.8
88457 0.6 88498 2.9 ART93 1.1 ABB1Y 1.8
88901 0.5 88967 0,2 88995 1.9 a9134 0.8
89501 1.9 89628 1.1 89872 0.1 "9914 1.8
90063 1,0 90093 1.1 90222 0.1 90349 0.4
90366 1.8 90464 0.2 90839 0.2 9308658 0.8
90873 1.4 91022 0.9 91032 0.3 91149 .4
91264 0.8 91409 0.6 91595 1.0 9161N 0.6
91616 n.e 91819 0,2 91822 %5.0 918664 0.8
91903 1.8 91950 0.5 9200% 1.1 92157 0.9
92202 0.1 92316 1439,9 92375 0.9% 92064 1.7
92468 n.2 92477 1.6 92492 0.8 92708 0,9
92827 0.7 92893 1.0 93021 1.0 93110 0ol
93165 a.2 93244 0.3 93284 1.8 93479 0.3
93488 1.2 93842 0.1 94033 1.3 9413 Do
94376 0.9 94430 0.4 94729 0.1 LIS 1 Y3 0.2
uT62 2.0 946818 2.5 94935 0.6 95002 0.7
95004 0.7 95215 0,6 95234 0.4 95269 1.1
95273 n.2o 98438 1.1 9585310 15,1 96508 0.2
96547 0.1 96663 48,9 96728 0.2 96858 0.3
96892 n.2 26898 0.3 96965 0.2 97008 0.8
97065 1.4 97334 1,0 97411 0.2 97u3% 0,6
975484 1.0 97599 0,8 97672 3%5.8 98097 0.8
98219 1.9 98249 0.1 98893 0.8 98764 1.4
98795 0.2 98796 0.2 94816 1.7 9asud 1.8
98977 n,2 99057 0.2 99067 0.7 99162 0.8
99168 1.8 99184 0.1 99212 O 99284 0.7
99294 n.6 99310 0.3 99378 0.3 99408 0.2
99413 0.2 99453 0.1 99479 1.0 99448 1,1
99735 0.4 99743 1.7 99765 0.1 99808 0.3
999¢7 1.2 100032 0.2 100071 2.4 100199 0.1
100337 n.5 100348 1,3 100366 2.4 100834 0.2
1005%A 0.7 101040 1,0 101543 0.3 101673 0.3
101721 n.9 101772 0,3 101831 0.8 101839 1.9
1018588 n.4 101864 0.1 101992 1.0 102099 1,3
1022%5 1.4 102327 1.1 102588 1.0 102636 0,9
102694 1.2 102877 2,1 102896 0.3 103098 0.1
103140 0.6 103143 1,? 1035167 0.2 10321s 1,0
103360 0.8 103746 1,3 103872 0.5 1040046 1,2
104018 0.9 104308 0,3 104332 0.3 10633% et
to4u422 0.2 104432 0,1 104490 0.2 10081y 0.2
104557 0.1 104753 0,1 104789 0.5 104940 1.1
105004 1.0 105165 1,3 10%193 0,3 109284 3.0
105252 0.? 105309 0,6 10%423 1,4 105688 2.1
105523 1.3 1059576 0.% 105634 2.1 105637 1,8
105639 0.7 105687 0.3 108690 0.7 108704 0.3
1057314 0,1 105718 0,3 108728 0.3 1095737 1.8
105734 1,0 108785 1,6 108758 1.1 108811 1.1
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TABLE 2 (Continued)

SAOC # Ap SAOC # Ap SAOC # Ap SAOC # Ap

105826 nte 115868 1le 105894 na9 105904 0.7

195912 n.1 105929 1.1 105956 1.4 10595A 0.8

105902 1.4 106006 0,7 104078 0.3 106079 0.3

10600 n.3 106091 0.4 lo6134 0.6 106181 1,3

; 10p0le3 n. 2 106223 0.3 106427 1.0 106430 0.1
p 106456 >.8 1649y 1.0 106500 0.1 106542 1,7
i 106543 n,2 106553 1.3 106642 0.5 106719 0.2
lue732 n,6 106735 0.2 106766 1.6 106781 1.8

106816 1.2 106823 0,3 104830 1.0 106839 0.5%

106679 n.3 106890 1.2 104938 0.3 106947 1.4

] 167060 n.2 1107065 1.8 107147 1.7 10716% 2.3
F 107213 n.7 107287 0.4 107346 1.6 1073%2 1,0
4 107343 6.9 107484 1.0 107526 0.2 107539 1ol
9 167582 1.4 107685 0,7 107691 1.1 107830 0.8
1078¢2 n,2 108079 0,3 10R160 0.2 1082R¢ 1,2

106420 1.2 1n8434 0.5 loa463 0.6 1n851y 1.2

108022 n.k 108802 1,6 108816 0.7 1p885%5& 1,0

109272 n.2 109299 0,4 109334 0.3 109459 1.4

109484 1.9 109510 0.7 199521 0.1 1n957x 0.3

1093596 1.2 1n9629 0.8 109643 0.3 1n978n 0.5%

10948n2 1.9 109814 1,1 109978 1.3 110009 0.6

l10028 1.8 110202 1.0 110276 2.2 110358 2.3

110305 1.2 110421 0.4 11n46l 1.1 11051x 2.8

110623 n.5 1106548 1.1 l1ne6l 1.3 110720 0.%

110733 1.9 110799 0.8 110807 1.5 110849 3,2

119513 n.2 110951 N.3 110973 1.4 11099% 0,3

11124¢C 2.5 111254 0.1 111340 0.6 111464 0.2

111597 n.7 111558 2.0 111623 0.2 1116%9 0.2

1117¢0 n.9 1117719 0.6 111795 0.5 111804 0.6

111858 n.7 111996 0.5 112012 0.6 1120654 0.8

11233 n.S 112358 1,0 112616 1.7 112620 1,3

112650 n.9 112655 1.0 112726 1.1 1128492 1,3

112873 1.1 112971 0.4 113124 0.3 113129 0.9

e 113145 1.8 113190 0.3 113262 1.4 11340A 0.3
- . 113416 1.9 113431 1.1 113435 0.7 11343a 0.6
u 113469 n.4 113553 0.5 113573 0.2 113645 1.0
LN : 115669 1.0 113671 0.2 113786 1.4 113802 1.2
s 113970 1.0 113973 0.7 113991 0.2 11399 0.6
P 11402Q n7 114132 0.5 114139 0.2 114146 3.4
. 11428 n.s6 114222 0.1 114300 0.4 11430% 1.5
£ 114331 1.4 114333 1.5 114354 1.3 11437% 1.4
L 11440rA 1.0 114414 0.6 114501 0.2 114529 2.6
- 114603 n.i 114624 0.2 114651 n.o 114689 0.6
Q'{ 1147¢3 0.8 114764 1.4 114776 1.9 11479% Do4
o 114882 1.1 114921 0.3 114940 0.4 114972 1.6
115023 0.1 115116 0.1 11%119 2.0 115172 1,0

115188 5.9 115223 0,9 115243 0.5 115259 0.7

1152v4 4.8 115285 0.4 11%297 1.0 11532a 0.5

115341 n.4 115353 0.% 115366 1.9 115447 0.9

1195460 n.é 115596 0.9 115669 0.9 1156ARK 0.2

115811 n.s 1158950 1.4 115857 1.4 11600A 0,9
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TABLE 2 (Continued)

SAOC # Ap SAOC # Ap SAOC # Ap SAOC § Ap

116018 2:3 116086 1,0 116090 0.9 116117 ol
. 116369 n.l 116496 0.9 116535 0.2 1166%9 0.8
' 116696 n.2 116825 0.7 116876 1.8 116924 1.8
117128 n7 11737% 0,4 117%91 1.4 11759« 0.2
117604 0.9 117643 3.0 117688 1.2 11769A 2.0
117792 n.1 117902 1,1 117908 1,0 118167 1.2
. 114299 1.9 118387 0.2 118430 2.1 118507 5.9
: 118548 n,2 118689 1,1 118771 0.6 118901 1.3
119042 n, 2 119046 3,3 119118 0.2 119282 0.4

11924 0.5 119298 0.8 119360 0.3 119382 0.1 3
119399 n.9 119403 0,9 1195831 0.3 119611 1,0
1196R10 0.1 119696 0.4 120006 0.6 12003« 1.0
120154 n.6 120202 1,2 120312 0.9 120403 1.4
120476 1.0 172043% 0.8 12n728 1.6 120746 1.4
121056 0.1 121092 0,2 121215 1.2 121517 0el
121667 0.1 121831 2,4 121950 S50.4 12210a 0.3
. 122235 1.8 122257 0.1 122400 0.4 122464 1.3
g 122616 1.7 122662 0.6 122688 0.1 122770 22.%
- 122754 1.2 123019 1,2 123060 1.9 123064 2,2
1230r6 0,1 123176 2,3 123254 1.% 123338 2,7
123428 n.2 123473 0,6 123480 0.8 123624 0.1
123766 n.4 123825 0.? 124010 0.2 124177 0.2
1242¢9 0.5 124340 0.1 124350 0.7 12443a 1.4
12444( 1.8 124459 0,5 124503 1.4 124544 260
124606 n.7 124626 1.1 124648 1.0 124679 0.%
124778 1.0 1o48%) 0.3 124A54 0.2 12490% 2.1
124918 n.6 124930 0,3 124940 3,.% 124964 1.5
12499 n_o 125018 ™ 12%030 0.2 128064 1,0
, 125126 1.1 105183 0,2 1252%9 0.2 12%27n 2.3
1253a0 n.2 125504 1.8 12%%21 D.5% 125887 0.7
12561C .3 125614 1.0 12%666 0.9 12%692 0.2
' 125702 1.b 125979 3,6 126026 2.1 126112 e
‘ 126346 n.1 126419 0,2 126576 0.4 126860 1.3
x 126914 6.9 126957 0.6 126982 0.4 127020 Dol
A 127121 n.} 127176 2,9 12729 Tt 12729% T4
' 127339 n.2 127352 1,2 127538 1.8 12772a 1.6
\ 127770 n.3 127821 0.6 127956 0.4 12798 0.3
. 127982 n.3 128001 0.5% 124050 1.1 12806% 1.6
s 128078 1.9 128186 2.8 128216 0.2 12846A 0.7
- 128506 n.“ 12850AR 0.7 129308 1,0 129704 1.3
R 129894 kv .6 129964 1.5 129971 0.9 13003r 0.2
< 134205 n.2 130332 L0 130477 0.3 131214 1,0
N 132121 0.9 132247 0,5 132291 0.2 132937 0.1
iy 132959 n, 1 133197 0,2 133207 1.4 133635% 1.4
S 134005 1.3 134073 0.4 134336 1,7 135927 0.2
' 136375 2063 1 136476 0,4 138626 0.4 138663 23.5
[ 139227 0.2 139231 0,3 139317 0.4 139336 2515.8
A 140194 247n,3 141084 0,2 1410898 0.2 141304 0.2
E 141522 n,3 142063 0.1 14%029 0.2 14337 60.0
. 143469 n.¢ 144019 2.5 145359 4,7 145624 0.6
145821 1,4 145829 4,1 14609% 0.1 146604 0.3
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IV. VARIATiucS OVER THE hLiMISPHERE
The meeair values of .ucusdé, AS, Ap, Auacosd, Aué, and Lu
have been coinputed across tiie northern celestial hemisphere in
bins of sizes lhx10°, BOme', and 15™x2°5. The largest scale
results are given in: Tables 3-~8. Each of tihcse has been examined
for trends and then the intermediate resolution tables studied
in an attempt to more clea:iy delineate any systematic right
ascension or declination cdepaendencies that might be present.
The highest resolution gri.3 merely prove that our computer can
generate more numbers (345. per systematic difference) than we
can simultaneously absorb. some brief comments on each Table
follow.
Table 3: There are dc.inite 12h and 24h right ascension
trends, nc arparent declination variation, and
a noticeable minimum near Bh,50°. The standard
deviation al.ut the mean is typically 20-30 units
(0%o01).
Table 4: Again 12h 2nd 24h right ascension variations with
a noticeakl. cidge at & = 85°. Standard deviations
are 35-45 vu_.s (0Y01).
Table 5: Fairly flat e.cept for the & = 55° minimum.

Standard c¢c.iations of 20-30 units (0Y01).

25




; Table 6: The proper motion tables all show much more
' variation than do the positional tables and this
: is reflected in large standard deviations, here

65-75 units (0Y001/cent). 1In addition to what

may be 12h and 24h periodicities, several local

extremes are present (Bh, 55°9; 8h, 80°). ’

Table 7: Very noisy with a 6=85° maximum and minima at
§=25°, 55°, Standard deviations are 100-110
units (0Y01/cent).

Table 8: Fairly smcoth but large in value (unit = 0'1l/cent)
with standard deviations 60 units. There's a

minimum at 6=55°,
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V. MAGNITUDE AND COLOR EFFECTS

As the dimensionality of the parameter space increases
it becomes increasingly difficult to absorb all of the informa-
tion one can generate. Hence the analysis presented in this
Section is all position independent. The full dependence of
(say) Aocosd on a, &, m, and ¢ will be derived in Part II.
Again, as some of our readers may not see, a priori, the
importance of apparent magnitude or color index effects, a
little bit of background is appropriate. Magnitude effects
arise in visual determinations of right ascension because of
the nature of the observing technique and psychological effects
in the observer. One uses an instrument constrained to the
plane of the celestial meridian (a transit circle or meridian
instrument) and the rotation of the Earth carries the star
across the telescope's field-of-view. Thus the instant of
meridian passage is the key event and is usually fixed by
watching the star traverse the central wire of a grid in the
reticle. However, human beings typically judge bright
stars to have transited early and faint stars to have transited
late. These systematic effects are of the order of 0?01/mag.
Declinations should be (and usually are) unaffected.

Color index corrections arise from another source. The
image of a star formed by the atmosphere is not a point or

even circular but, rather, a spectrum with the blue end up.




The spread increases with zenith distance going from 0" to
2Y2 as z increases from 0° to 75° (red to blue~green separation).
Thus, an obviously red or blue star's zenith distance will
5 systematically vary due to this differential refraction. This
in turn changes both the right ascension and declination one
deduces. Note that this will occur even if care is taken to
use a wavelength dependent index of refraction.
To (crudely) search for obvious apparent magnitude or
color index effects the analysis of Section III has been repeated
except for different brightness and temperature groups. Table 9
lists the m and c distributions for those stars in common to the
catalogs with matching BD numbers. For those stars north of
the equator with Ap < 2V5 and matching BD numbers, the following
5 (4) apparent magnitude (color index)} groups have been used:
870 < m < 9%, 90 < m < 9T5, 9T5 < m < 10Mo, 1070 < m < 1075,
and 1075 < m < 11M5 (-0%5 < ¢ < 075, 075 < ¢ < 1Mo, 1Mo < c < 175,
and 1M5 < ¢ < 2%5). These contain 25,736, 23,247, 25,576, 20,800,
: and 15,429 (19,821, 24,233, 21,746, and 12,069) stars. Tables

10 and 11 list the mean value of each difference in each apparent

A magnitude and color index bin as well as their values for the

' entire sample. Moreover this has been done for Ap < 295 and ﬁ
'; Ap < 1725 separately (8§ > 0° and matching BD numbers in all ﬁ
f'; instances). One thing we can see is that A§ is positive in all

m and ¢ bins. This shows up in other areas too and shows that

e g e
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TABLE 9

APPARENT MAGNITUDE AND COLOR INDEX DISTRIBUTION

Magnitude Range Number * Color Index Number+
50 sTs 309 -3 : -2Ts 0
5.5 6.0 572 -2.5 : -2.0 1
6.0 6.5 1036 -2.0 : -1.5 1
6.5 ¢ 7.0 1412 -1.5 : -1.0 16
7.0 : 7.5 3062 -1.0 : =0.5 396
7.5 8.0 5648 -0.5 : 0.0 4032
8.0 : 3.5 10065 0.0 : 0.5 15789
8.5 : 9.0 15731 0.5 : 1.0 24233
9.0 : 9.5 23247 1.0 : 1.5 21746
9.5 : 10.0 25576 1.5 2.0 9724

10.0 : 106.5 20800 2.0 2.5 2345

10.5 : 11.0 11186 2.5 3.0 358

11.0 = i:.5 3943

11.5 ¢ 1:.0 1097

12.0 : 12.5 202

12.5 ¢ 1..%Z 18

*The total number is 124,4f5 of which 281 are brighter than 5.0.
+The tota. number is 78,6%7 of which 16 are redder than 370.




the preponderance of positive values for A§ is both real and
‘ widespread. The second point is, in Table 10, any trend that's
present is independent of the Ap limit. Furthermore the value
. of Au/Ap is as would have been predicted for Ap < 1'25 but

not quite (it's too large) for Ap < 2U5. Since the sample

values of Ap haven't changed significantly there can't be a
large fraction of stars with Ap € (1'25, 2¥5] which are mis-
identified. The latter statements hold for Table 11 but the
former may not. Remembering how inhomogeneous the SAOC m,
values are, if one ignores the bluest and reddest stars, then
there are probably no trends in Table 11. Finer resolution
studies don't change this picture. (The bin sizes for both

m and c were chosen to have roughly comparable numbers of

stars.)
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TABLE 10

\ THE MAGNITUDE EFFECT

[N

; m Range Aoacosé AS Ap Auacoss Au(5 Ay
Ap < 1925 (0"001) (0"001/cent)
gMo: 9Mo 23 37 435 11 8 796
9.0: 9.5 4 39 420 -22 12 797
9.5:10.0 -8 32 431 -17 -3 794
10.0:10.5 -18 36 443 -41 -11 803
10.5:11.5 -2 53 482 -29 -6 807
Ap < 2U5
gTo: 9o 25 38 457 22 42 1395
9.0: 9.5 4 30 430 -23 25 1407
9.5:10.0 -10 35 444 -33 -16 1422
10.0:10.5 -17 4¢ 459 -66 -19 1438
10.5:11.5 -2 57 509 -39 2 1468
All 3 406 465 3 33 1415
.('
.y
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. TABLE 11
X THE COLOR EFFECT

¢ Range Aocos$ AS Ap Auacosc AUG
; Ap < 1%25 (0"001) (0"001/cent)

-0Ts5:0Ms 8 30 428 -16 4

0.5:1.0 -2 23 427 -44 -24

1.0:1.5 -4 37 438 -24 -23

1.5:2.5 13 77 478 -15 3

-32 12

-61 -51

-39 -36

15 11

3 33
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