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A B S T R A C T . Transformation procedures from the FK4 reference system of B1950.0 to 
the FK5 reference system of J2000.0 have been developed by Standish (1982) and by Aoki 
et al. (1983). We review here these procedures and discuss the differences between them. 
Especially we note that among researchers of this field a misunderstanding still exists in the 
problem at which stage the equinox correction should be applied. We show that the equinox 
correction should be applied in the precessing frame as Aoki et al. did. We also show that 
the epoch of the transfer from the FK4 to the FK5 in the transformation procedure is 
related to the systematic and individual corrections to the FK4. 

1 Introduction 

The matrix formulation of the transformation of the mean places and proper motions from 
the system of the FK4 at B1950.0 to that of the FK5 at J2000.0 has been developed by 
Standish (1982) and by Aoki et al. (1983). The main differences between these transfor-
mations are (1) in the application of the equinox correction and (2) in the epoch of the 
transfer from the FK4 system to the FK5 system. 

Murray (1989a, b) claims that the transformation by Standish is correct in both points 
mentioned above. 

In this paper in Sect. 2 we discuss the matter of the equinox correction and show that 
the transformation by Aoki et al. is correct as for the application of the equinox correction. 
In Sect. 3 we deal with the matter of the epoch of the transfer and show that it is related 
to the systematic and individual corrections to the FK4. 

Details about these matters will be published in a volume of Astronomy and Astrophysics. 

2 Application of the equinox correction 

In the Standish's or Murray's transformation the equinox correction is applied in the fixed 
frame whereas in the Aoki et aUs transformation it is applied in the frame rotating by the 
precession. These transformation procedures are expressed as follows at the epoch of the 
transfer from the FK4 to the FK5: 
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Standish or Murray (the epoch is B1950.0): 

aN = a° + E, (la) 

δΝ = δ°, (lb) 

Μα + rnN + nN sm(a° + E) tan 6° = μ£ + m ° + n° sin(a° + Έ) tan 6° + £, (le) 

/if + cos(a° + Ε) = μ? + n° cos(a° + £), (Id) 

Aoki et al. (the epoch is 1984 January 1.0): 

aN = OL° + £, (2a) 

6* = 6°, (2b) 

Μα + ™N + n ^ s i n ( « ° + t a n 6 ° = t£ + ™ ° + "° s i n <*° t a n *° + È, (2c) 

/xf + cos(a° + ̂ ) = ̂  + n° cosa°, (2d) 

where m and η are the rates of the general precession in right ascension and declination 
based on the Newcomb's precession (superscript O) and the IAU 1976 precession (super-
script T V ) . Here the time unit is supposed to be the same in both sides of the equations for 
proper motions. The difference between Eqs. (1) and (2) is in the terms including n° in 
the equations for proper motions. 

Murray (1989a, b) considers the special case in which there is no change in the precession 
constant (mN = m°,nN =n°), and the equinox correction is independent of time (È = 0). 
He supposes that in this case both coordinate systems are inertial, in other words proper 
motions are the same in the two systems. The Eqs. (lc) and (Id) support his supposition 
while the Eqs. (2c) and (2d) don't, and he concludes that Standish's procedure is correct. 
Smith et al. (1989, in Note added in proof) and Yallop (1989) support this Murray's 
inference. But his inference is erroneous, because the precession is dependent on the location 
of the equinox (mean pole moves always toward the equinox at each instant) and therefore 
the equinox correction Ε affects the obtained proper motions even if the equinox motion Ε 
is zero. Detailed considerations are given in the followings. 

Proper motions of stars (μα,μ#) are not directly determined from observations but are 
determined from the observed variations (da/dt,d6/dt) of the mean places (a, 6) from the 
following expressions: 

m + η sin a tan έ + /ί α ) 

neos α -f μ&. 

The right ascension a appearing in the right sides of the above equations is, of cource, 
the observed right ascension in the catalog (FK4 or FK5) system and not in the dynamical 
system. Therefore if the catalog includes an error Ε in the right ascension, it also affects the 
obtained proper motions. From this consideration the equations (2c) and (2d) are derived. 

The correctness of the equations (2c) and (2d) can also be confirmed using the formulae 
of spherical triangles. 

Thus we can conclude that as for the application of the equinox correction the procedure 
by Aoki et al. is correct. 

da 
~dt 
d8_ 

dt 
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Murray insists that the equinox corrections determined from analyses of observations 
of the Sun, Moon and planets are corrections to the right ascension system of FK4 in 
the Β1950.0 frame, but this statemant is not correct. In fact, the equinox corrections so 
determined are corrections to the right ascension system of FK4 at the epoch of observation 
in the frame of date. For example, in the Eq. (5) given by Fricke (1985) and applied to 
observations, for example, by Hughes and Scott (1982): 

Act = — Ε + cose sec2 6AL — cosatanoAe 

-I- 2 sin a sec δ Ah — 2 cos a sec 6 cos eAk, 

the quantity Ε is the equinox correction at the epoch of observation in the frame of date. 
In the above equation Act is the Ο — C in the apparent right ascension of the Sun, e is the 
obliquity of the ecliptic and AL is the correction to the mean longitude of the Sun. 

It is obvious that Fricke (1982) assumed that the equinox correction E(t) at any epoch 
in the frame of date can be expressed as 

E(i) = ϋα95ο 4- Et, 

and obtained the values of £ 1 9 5 0 and Ε from analyses of observations of the Sun, Moon 
and planets. Because Ε in the above equation is theoretically equal to the value obtained 
from an analysis of FK4 proper motions in the frame of 1950.0, Fricke (1982) compared 
these values and obtained the final value of E. 

3 Epoch of the transfer from the F K 4 system to the F K 5 
system 

In the transformation by Aoki et al. the transfer from the FK4 system to the FK5 system 
is performed at the epoch of 1984 January 1 when the FK5 came into effect. Motivation 
of their transformation is that observed values such as stars' positions, UT1, etc. are not 
changed when the system of the catalog is changed, except stars' right ascensions and proper 
motions in right ascension, which are intentionally changed by the values obtained by Fricke 
(1982). Especially we note that their transformation is consistent with the new expression 
for the relationship between UT1 and GMST (Aoki et α/., 1982). On the other hand 
Murray insists that the transfer should be performed at the epoch of B1950.0 as Standish 
did. The two 6x6 transformation matrices are given in Tables 1 and 2. In calculating these 
matrices the application of the equinox correction is changed from Murray for the reasons 
mentioned in Sect. 2 and for the values of the equinox correction to the FK4 we adopt the 
values Ε = 0f035 at J1950.0 and Ε = 0f085 / Julian century as Aoki et al did in order to 
be consistent with the new expression for the relationship between UT1 and GMST. For 
the precession formulae based on the Newcomb's precession constant we use those given by 
Kinoshita (1975). The formulae for obtaining the position and velocity vectors from the 
mean place, proper motion, radial velocity and parallax, and vice versa, are given by Aoki 
et al. 

The role of fundamental catalogs such as FK4 or FK5 is to define the equator and 
the equinox among stars on the celestial sphere at any epoch (see e.g. Woolard and 

https://doi.org/10.1017/S0074180900086496 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900086496


134 

/ 
+

0.
99

99
25

67
82

 
-0

.0
11

18
20

61
0 

-0
.0

04
85

79
47

7 
+

0.
00

00
02

42
39

50
2 

-0
.0

00
00

00
27

10
66

 
-0

.0
00

00
00

11
77

66
 

\ 
+

0.
01

11
82

06
09

 
+

0.
99

99
37

47
84

 
-0

.0
00

02
71

76
5 

+
0.

00
00

00
02

71
06

6 
+

0.
00

00
02

42
39

78
8 

-0
.0

00
00

00
00

06
59

 
+

0.
00

48
57

94
79

 
-0

.0
00

02
71

47
4 

+
0.

99
99

88
19

97
 

+
0.

00
00

00
01

17
76

6 
-0

.0
00

00
00

00
06

58
 

+
0.

00
00

02
42

41
01

7 
-0

.0
00

55
 

-0
.2

3
8

5
4 

+
0.

43
57

4 
+

0.
99

99
47

04
 

-0
.0

11
18

25
1 

-0
.0

04
85

76
7 

+
0.

23
84

9 
-0

.0
0

2
6

7 
-0

.0
08

54
 

+
0.

01
11

82
51

 
+

0.
99

99
58

83
 

-0
.0

00
02

71
8 

\ 
-0

.4
35

62
 

+
0.

01
22

5 
+

0.
00

21
2 

+
0.

00
48

57
67

 
-0

.0
00

02
71

4 
+

1.
00

00
09

56
 

/ 

T
ab

le
 1

. 
T

ra
ns

fo
rm

at
io

n 
M

at
ri

x 
(T

ra
ns

fe
r 

at
 1

98
4 

Ja
n

u
ar

y 
1)

 

T
ab

le
 2

. 
T

ra
ns

fo
rm

at
io

n 
M

at
ri

x 
(T

ra
ns

fe
r 

at
 B

19
50

.0
) 

/ 
+

0.
99

99
25

67
82

 
-0

.0
11

18
20

60
2 

-0
.0

04
85

79
48

1 
+

0.
00

00
02

42
39

50
2 

-0
.0

00
00

00
27

10
54

 
-0

.0
00

00
00

11
77

89
 

\ 
+

0.
01

11
82

06
02

 
+

0.
99

99
37

47
84

 
-0

.0
00

02
71

63
2 

+
0.

00
00

00
02

71
05

4 
+

0.
00

00
02

42
39

78
8 

-0
.0

00
00

00
00

06
58

 
+

0.
00

48
57

94
81

 
-0

.0
00

02
71

60
7 

+
0.

99
99

88
19

97
 

+
0.

00
00

00
01

17
78

9 
-0

.0
00

00
00

00
06

59
 

+
0.

00
00

02
42

41
01

7 
-0

.0
00

55
 

-0
.2

3
8

0
3 

+
0.

43
55

1 
+

0.
99

99
47

04
 

-0
.0

11
18

17
2 

-0
.0

04
85

91
1 

+
0.

23
80

2 
-0

.0
02

66
 

-0
.0

0
0

2
3 

+
0.

01
11

81
72

 
+

0.
99

99
58

84
 

-0
.0

00
02

71
6 

\ 
-0

.4
35

49
 

+
0.

00
39

5 
+

0.
00

21
2 

+
0.

00
48

59
11

 
-0

.0
00

02
71

7 
+

1.
00

00
09

55
 

/ 

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

00
74

18
09

00
08

64
96

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/S0074180900086496


135 

Clémence, 1966, pp. 376-377; or Fricke and Kopff, 1963, p.l). Whether the equator or the 
equinox defined by a fundamental catalog is coincident with the real equator or equinox is 
another question (the differences are called the systematic error of the catalog); absolute 
or fundamental observations will answer that question. In fact because we now know that 
the adopted precession constant in the FK4 has an error, if the equator defined by the FK4 
is coincident with the real equator at some epoch, the equator defined by the FK4 at any 
other epoch is not coincident with the real equator. This fact suggests that the systematic 
error of the fundamental catalog depends on time. (The error of the first power of time 
can be eliminated by adjustment of proper motions, but the error of the second and higher 
power of time cannot be eliminated.) Besides systematic error there is an individual error 
for each star. This depends also on time. Murray implicitly assumes that the systematic and 
individual errors in the FK4 are zero at the epoch of B1950.0, but this cannot be justified, 
because positions and proper motions in the FK4 were not determined from observations 
only at the epoch of B1950.0. 

If one uses the transformation matrix given in Table 1, one must apply the systematic 
correction to the FK4 system at the epoch of 1984 January 1, and if one uses the transfor-
mation matrix given in Table 2, one must apply the systematic correction to the FK4 system 
at the epoch of B1950.0. We can show that the matrix given in Table 2 can be derived 
from the matrix given in Table 1 by applying the systematic and individual corrections to 
the FK4 system. 

If one ignores the systematic and individual corrections to the FK4 in the transformation 
to the FK5 system, the matrix given in Table 1 (Aoki et al.'s procedure) is recommended, 
because it is consistent with the definition of UT1. Also in the transformation of precise 
positions obtained by VLBI, the matrix given in Table 1 is recommended, because most of 
those observations are performed in the 1980's. 
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Discussion 

SEIDELMANN: The 1984 date is only an arbitrary date introducing the change. It is involved in the 
UT1 equation to maintain continuity across the change. It is not a part of the transformation 
of the star catalog mean position. It was not part of the determination of the equinox 
correction in the definition of the J2000 system of the FK5. 

S O M A : The catalog positions have a close relation to the sidereal time and UT1. Therefore, it is 
important that the catalog positions should be determined in a consistent way with the 
equation for UT1 and sidereal time. But, as we have shown in this paper, the positions in 
the FK5 system do not depend on the epoch of transfer, if one applies the systematic 
correction to the FK4 properly. 

M U R R A Y : In the first part of your paper you gave a fair description of the difference between us, but 
I still maintain that Fricke's motion of the equinox must be interpreted as being in the fixed 
frame Β1950. 
My motivation in entering into this subject was to determine the transformation to galactic 
coordinates for J2000. Using the transformations by Aoki et al.y the galactic coordinates of 
an object calculated from its equatorial coordinates in the J2000 frame differ from those 
calculated from the Β1950 frame, which is absurd! 

S O M A : A S shown in our paper, the equinox corrections must be applied in the moving frame. Aoki 
et al.'s transformation gives no inconsistency even in the galactic coordinates. 
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