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ABSTRACT 

The underlying method of forming the adopted Fundamental Reference 
System is the compilation of observations referred to some (independent) 
well defined coordinate systems. If the observations themselves are 
used to define the independent coordinate system, they may be used to 
help establish the Fundamental System. If the observations are dif
ferential, they may be used to refer star positions to the Fundamental 
System and/or smooth systematic irregularities within the Fundamental 
System. 

We are presently studying the possible use of faint (16th mag.) 
minor planets as "test particles" to establish a dynamically based 
reference frame. Several methods of increased observational accuracy 
lend themselves to the determination of such a system. The present 
studies are directed toward determining a) the attainable accuracies 
for various observation types and b) the effects that varying the dis
tribution of observation types would have on the internal consistency 
of such a system. 

The study also includes analyzing the application of the very high 
projected accuracy of the Space Telescope to the problem of relating 
faint reference frames (e.g. the above system, the Hipparcos system, 
and the VLBI system) to each other and to the extant Fundamental System. 

Close cooperation between this project and other ongoing programs 
will optimize the usefulness of the results. 

Finally, some results to date are presented and some overall 
advantages of such a dynamically based reference frame are discussed. 

The basic goal of fundamental astrometric observations is the for
mation of a reference frame by which the kinematic properties of celes
tial bodies may be determined. The ability of dynamical theories to 
account for the observations may then be tested by comparing predictions 

277 

E. M. Gaposchkin and B. Kotaczek (eds.j, Reference Coordinate Systems for Earth Dynamics, 277-282. 
Copyright © 1981 by D. Reidel Publishing Company. 

https://doi.org/10.1017/S0252921100081392 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100081392


278 P. D. HEMENWAY AND R. L. DUNCOMBE 

with observations. The quality of the comparison depends on three 
factors: 

1. The accuracy of the observations. 

2. The sufficiency of the theory. 

3. The correctness of the reference frame to which both 
theory and observation are referred. 

Since most dynamical theories are based on Newtonian mechanics, as 
modified by Einstein, the coordinate system one attempts to use should 
be as close to inertial as possible. Therefore, the dynamics of moving 
bodies tend to be used in the definition of the coordinate system it
self. 

Because astrometric observations have been tied to the Earth as an 
observing platform, the dynamics of the Earth have played an important 
role in the formation of the adopted Fundamental Reference System. The 
most accurate astrometric observations (radio interferometer observa
tions, for example) must either solve for, or account for, the varia
tion of station coordinates as a function of time with respect to a 
celestial coordinate system. The most accurate geodetic observations 
(observations of satellite motion, for example) have divorced themselves 
from measurements with respect to a stellar reference frame altogether; 
but their need to understand the variation of station coordinates with 
respect to a dynamically determined reference frame becomes paramount. 
The small variations now observed in the motion of the Earth and in 
the relative motion of individual stations makes the determination of 
even a consistent reference frame a very difficult task. Applying 
adopted geophysical definitions to forming a celestial coordinate system 
has become the full-time occupation of many astronomers throughout 
the world. 

Aside from the vagaries of the Earth's motion, high precision 
optical observations of star images with respect to the reference frame 
are difficult. Observations of the Sun and planets define the astro
nomical coordinate system, and they are even harder to relate to the 
system because of extended amorphous images, and the Sun distorts any 
instrument used to observe it. 

Minor planets afford the possibility of improving the coordinate 
system through more accurate observations. We are studying the feasi
bility and scientific validity of using accurate ground-based and space 
observations of a selected set of small minor planets to obtain cor
rections to the fundamental celestial coordinate system and provide a 
zero circle (the ecliptic) for a system of positions and proper motions. 
Many attempts to use minor planets for fundamental purposes have been 
undertaken in the past. The most recent discussions are Branham (1979, 
1980), which illustrate accuracies of, and problems with, classical 
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techniques applied to br ight minor planets. 

Two observing techniques hold the promise of increased accuracy in 
a coordinate system incorporating f a i n t minor planet observations. The 
posit ion of an image on a photographic plate wi th respect to a set of 
f a i n t background star images can be measured with wery high re la t i ve 
accuracy, e.g. 0.4 microns, plate to plate for high-information content 
emulsions such as I l l a J , (Chiu, 1977). Long focus telescopes ( re f lec tors 
as well as refractors) have the potential to provide accurate re la t ive 
positions of minor planets with respect to background stars with unknown 
absolute posi t ions. 

The usual equations of condit ion for reducing observations of the 
minor planets for corrections to the i r o rb i ta l elements are: 

6 3a 
( ao ' a c } = £ w: AEj 

;D 
6 

J=I u"j 
<*0- f i c> = £H7^ 

where (a,5) are the coordinates of the minor planet at the time of ob
servation. The subscripts refer to the observed (0) and computed (c) 
posi t ions, and E. the j t h o rb i ta l element. 

In forming a reference frame, zone corrections to an i n i t i a l co
ordinate system as well as corrections to the Earth's o rb i ta l parameters 
are included on the r igh t hand side. The least accurately known entr ies 
in equations (1) are CXQ and &Q, the observed pos i t ion. A l l the other 
terms are numbers computed using the i n i t i a l conditions and an assumed 
model of the solar system. The d i f f e ren t i a l corrections are obtained 
re la t ive to the i n i t i a l model. The accuracy of a " t rue" posi t ion is 
l imi ted by the accuracy wi th which the transformation to the i n i t i a l 
reference frame may be made. This accuracy is presently on the order 
of ±0.2 arcseconds rms (±0.15 arcseconds rms for t rans i t c i r c l e obser
vations, ±0.2 to ±0.3 arcseconds for photographic transfers to the FK4). 

By combining observations of more than one minor planet wi th re
spect to the same set of f a i n t background s tars , the absolute posit ions 
of the background stars may be el iminated. I f two minor planets pass 
through the same star f i e l d at d i f fe ren t times t , and t~ (see f igure 1) 
the equations of condit ion become: 

3EJ 
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Figure 1. Paths of two minor planets through the same star field. 

«^2)(t2) - cJ
2)(t2) = £ 

3a ,U2) ,F (2) 

J 

12) 

The difference becomes: 

a j 2 ) ( t 2 ) - a ^ t , ) = a ^ 2 ) ( t 2 ) - a[]) (t]) + ( E 2 - E j (3) 

We may represent the right ascension of the field center of a plate of 
a long focus telescope by af£ and the offset of the minor planet image 
from that position by AOQ. Then: 

0 a.A ' (trj afc2) + A a 0 2 ) ( t 2 } (4) 

From a central overlap plate solution, 

a ( 1 ) = a ( 2 ) 

a fc fc 

so we have 

(2) (1) _ ,..(2 
aQ - aQ Aar Aa, :D 
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which depends only on the long focus plate reductions. An equation of 
condition among the o rb i ta l elements of two minor planets (or one minor 
planet at d i f fe ren t times) resu l ts : 

(2) 

AaJ2)(t2) - A ^ l t , ) = ^ 2 ) ( t 2 ) - a£1,(t1) + £ -" ( 2 | 2 AE^2) 

6 Sa0^) ( 1 ) (5) 

" j = l 3 E ^ A E j 

This equation of condit ion has two remarkable propert ies: 1) I t is i n 
dependent of the systematic errors of the assumed reference frame; and 
2) I t provides a d i rec t mathematical re la t ion between the o rb i ta l e le 
ments of two minor planets. Furthermore, i t is an equation ident ical 
in form to the classical equation of condi t ion, so that the methods of 
solut ion apply. 

In forming a reference frame, zone corrections to the assumed co
ordinate system as well as corrections to the Earth's o rb i ta l elements 
must be determined e x p l i c i t l y . Combining sui tably modified observational 
equations of the classical type and of the crossing point type can 
resul t in the determination of such correct ions. The present goal is 
to estimate the accuracies of various observing and reduction techniques, 
and to determine the accuracies of correct ion to an adopted reference 
system using such techniques. 

The plan is to compare the speed and accuracy of hand measurements, 
simple centroiding, as well as one and two dimensional Fourier decon-
volution of t r a i l e d star and minor planet images scanned automatically 
by a microdensitometer. The measuring (set t ing) error w i l l be deter
mined by f i t t i n g several measurements of one exposure to each other. 
The re la t ive posit ional accuracy w i l l be determined by f i t t i n g the 
short-arc motion of a minor planet to several exposures over a short 
time i n te r va l . Minor planet Hypatia (238) was observed at 5 hour angles 
throughout one n ight , wi th the 0.76 meter telescope ( f /13) at McDonald 
Observatory. The plates have been raster-scanned and measured by hand. 

Nemausa (51) has a long history of observation for coordinate 
system work, (M011er, 1978). We are undertaking a program with Le i f 
Kristensen to observe Nemausa at a crossing point on September 17, 1980 
and March 18, 1981. (See IAU c i rcu lar #3480). Astrometric plates w i l l 
be obtained at several observatories with long focus instruments. The 
observations w i l l be reduced to a common frame of f a i n t 13th_ to 16th 
magnitude, background stars. The consistency of the times of "crossing" 
w i l l be compared with the ephemeris of Nemausa to determine the actual 
accuracy of the technique re la t i ve to Nemausa's motion. (Nemausa has 
one of the best known motions of a l l minor planets). While Nemausa is 
larger (150 km) than the minor planets which are being contemplated for 
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th is project (30 km), i t w i l l provide a good test of the method. 

From the meager data, one can see that sub-l/100th arcsecond rms 
accuracy is a real p o s s i b i l i t y . With telescopes of 20-meter foca l -
length or longer, (e.g. the 2.1 meter f /13 re l fec to r at McDonald Obser
vatory) a few mil l i-arcseconds accuracy for the re la t i ve positions of 
two minor planet images may be possible. The estimated accuracy of a 
re la t ive posi t ion with the Space Telescope is ±0.002 arcseconds/observa-
t i on . The accuracy of a Hipparcos posi t ion re la t i ve to the " r i g i d " 
Hipparcos system also has that level of expectation. Thus, a combina
t ion of Hipparcos, Space Telescope, and ground based observation of 
minor planets could provide a s t e l l a r reference system which is i n 
herently based on the dynamics of the solar system, and is systematic
a l l y error free at a very low l eve l . 

The regular motion of minor planets across large arcs of the 
ce les t ia l sphere are analogous to the regular motion of the opt ical 
axis of a t rans i t c i r c le over large arcs due to the rotat ion of the 
Earth. For any given accuracy (say ±0.001 arcsecond) the classical 
methods (e.g. t rans i t c i rc les) would require a knowledge of the geo
centr ic posi t ion of the instrument to a corresponding l inear accuracy 
(3 cm at 6000 km). For the same posit ional accuracy, the minor planet 
methods would require a knowledge of the posi t ion of the instrument 
wi th respect to the minor planet to the corresponding l inear accuracy 
(0.75 km at 1 A.U.) . One kilometer accuracy is t r i v i a l for the knowl
edge of the stat ion coordinates on the Earth, but may be d i f f i c u l t to 
real ize from observations and dynamics of minor planets. Hence, the 
burden of observational and theoret ical precision is shi f ted from the 
realm of geodesy to the realm of ce les t ia l mechanics. We are attempt
ing to determine whether the new techniques w i l l be su f f i c i en t to carry 
the burden. I f so, we w i l l propose to undertake a program using the 
techniques out l ined here. The coupling of such a system to a geodetic 
system on the scale of centimeters is a problem for your consideration. 

We are indebted to Lei f Kristensen for the crossing point data on 
51 Nemausa. We par t i cu la r l y thank Paul Herget for his active par t ic ipa
t ion in th is study. We appreciate the support of the National Science 
Foundation under Grant AST-79-16870 and the Organizing Committee of 
th is Conference. 
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