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ABSTRACT A number of a p p l i c a t i o n s e x i s t i n as t ronomica l r e sea r ch for 
p l a n e t a r y and l u n a r e p h e m e r i d e s c o v e r i n g an extended l eng th of t ime. 
This paper d i scusses such a s e t of ephemerides, DE102/LE51, produced a t 
JPL, c o v e r i n g t h e t i m e 1411 B.C. t o 3001 A.D. The e p h e m e r i d e s a r e 
d y n a m i c a l l y s e l f - c o n s i s t e n t , i n t h a t t h e e q u a t i o n s of mo t ion were 
i n t e g r a t e d s i m u l t a n e o u s l y . They a l s o r e p r e s e n t t h e most a c c u r a t e l y 
known p o s i t i o n s covering such a t ime span. They have a l ready been used 
by a number of d i f f e r e n t use rs i n a v a r i e t y of d i f f e r e n t a p p l i c a t i o n s . 

I. INTRODUCTION 

In 1977, i t was d e c i d e d t o c r e a t e a s e t of p l a n e t a r y and l u n a r 
e p h e m e r i d e s c o v e r i n g an e x t e n d e d l e n g t h of t i m e by i n t e g r a t i n g t h e 
e q u a t i o n s of mo t ion u s i n g t h e b e s t s e t of i n i t i a l c o n d i t i o n s t h e n 
a v a i l a b l e . The r e s u l t of t h i s long i n t e g r a t i o n i s descr ibed b r i e f l y i n 
t h i s paper . A f u l l d o c u m e n t a t i o n of a l l a s p e c t s of t h e e p h e m e r i s 
(DE102/LE51) i s now i n p r e s s ( s ee Newhal l e t a l . , 1982). In t h e 
present paper, a few f e a t u r e s of DE102/LE51 a re d iscussed and mention 
i s made of poss ib le a p p l i c a t i o n s wi th a l ready e x i s t i n g examples being 
given. 

I I . THE CREATION OF DE102 

The ac tua l i n t e g r a t i o n of DE102/LE51 was performed during many weekends 
(low computer r a t e s ) i n t h e y e a r s 1977 and 1978. At t h e end, t h e 
i n d i v i d u a l f i l e s were merged and t r a n s f o r m e d i n t o t h e f i n a l o u t p u t 
format, producing a readab le ephemeris covering the t ime span 1411 B.C. 
t o 3001 A.D. Th i s r e p r e s e n t s a b o u t 1.6 x 10 days and r e q u i r e d 
a p p r o x i m a t e l y 5.6 x 10 i n t e g r a t i o n s t e p s . The program used a 
v a r i a b l e - o r d e r , v a r i a b l e - s t e p - s i z e i n t e g r a t o r ; the average s t e p - s i z e 
was about 0.29 days. Nearly 350 hours of Univae 1108 computer t ime was 
requ i red . 
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A. I n i t i a l Condit ions 

The s t a r t i n g e p o c h of t h e i n t e g r a t i o n was J u n e 2 8 , 1969 (JD 
22(40400.5), the ephemeris be ing i n t e g r a t e d bo th f o r w a r d and backward 
from t h i s date . The i n i t i a l cond i t ions were the bes t a v a i l a b l e a t t h a t 
t i m e and r e p r e s e n t e d a l e a s t s q u a r e s a d j u s t m e n t t o a v a r i e t y of 
obse rva t iona l da ta types. These inc luded: 1) Lunar - l a se r ranging; 2) 
Mariner 9 and Viking Orb i t e r spacec ra f t ranging; 3) r ada r - r ang ing to 
Mercury, Venus, and Mars; and 4) Meridian c i r c l e o p t i c a l data . These 
are descr ibed i n d e t a i l i n the paper c i t ed above. 

B. Equat ions of Motion 

The e q u a t i o n s of mo t ion used i n t h e i n t e g r a t i o n i n c l u d e d : 1) t h e n-
body fo rces of the sun, moon, and the nine major p l a n e t s ; 2) the lunar 
l i b r a t i o n s ; 3) i s o t r o p i c , P P N - r e l a t i v i s t i c fo rmula t ion ; and 4) the 
p e r t u r b a t i o n s from f i v e a s t e r o i d s . Though a number of t h e i n h e r e n t 
c o n s t a n t s have s u b s e q u e n t l y been m o d i f i e d , i t i s of i m p o r t a n c e t o 
mention t h a t the form of the equa t ions of motion i n DE102/LE51 has not 
been changed i n any of t h e more r e c e n t e p h e m e r i d e s produced a t JPL. 

I I I . VARIOUS USES OF A LONG EPHEMERIS 

There a r e a number of a p p l i c a t i o n s f o r which a l o n g i n t e g r a t e d 
ephemeris i s a useful t oo l . Some of these a r e mentioned here. 

A. Va l ida t ion and F i t of an Ana ly t i ca l Theory 

One may compare an a n a l y t i c a l t h e o r y t o an i n t e g r a t e d e p h e m e r i s i n 
o r d e r t o l o c a t e i n c o r r e c t o r m i s s i n g t e r m s i n t h e t h e o r y . 
S u b s e q u e n t l y , one may f i t t he t h e o r y t o t h e e p h e m e r i s i n s t e a d of 
f i t t i n g t o a c t u a l d a t a . These methods have t h e a d v a n t a g e s t h a t : 1) 
e q u a l mesh p o i n t s a r e a v a i l a b l e , u s e f u l f o r s p e c t r a l and F o u r i e r 
ana lyses ; 2) t h e r e i s no obse rva t iona l e r r o r , i n t h a t the equa t ions of 
motion a re known e x a c t l y ; and 3) the t ed ious process of da ta reduc t ion 
i s avo ided . Such e x a m p l e s a r e t h e works of Stumpff (1981) and of 
Bretagnon (1980, 1981, and 1982). Also, Stephenson and Houlden (1981) 
have compared Tuckerman ' s T a b l e s w i t h DE102/LE51 i n o r d e r t o a s s e s s 
t h e i r a ccu racy . 

B. Reduction of "Ancient" Observat ions 

A c o m p u t e r i z e d r e d u c t i o n of an o b s e r v a t i o n i s a r e l a t i v e l y s i m p l e 
p r o c e s s w i t h an i n t e g r a t e d e p h e m e r i s . An a n c i e n t o b s e r v a t i o n o f t e n 
c o n t a i n s v a l u a b l e a s t r o n o m i c a l i n f o r m a t i o n when r e d u c e d w i t h an 
a c c u r a t e e p h e m e r i s . Such e x a m p l e s a r e t h e e c l i p s e o b s e r v a t i o n s 
d i s c u s s e d by M u l l e r (1975) and by F i a l a ( r e f e r r e d t o by R o t h s c h i l d , 
1982), and the obse rva t ion of Neptune by Ga l i l eo as discovered by Kowal 
and Drake (1980) . 
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C. Quan t i t a t i ve Parameter Determinat ions 

One sometimes wishes the value of an a s soc i a t ed ephemeris parameter , 
ave raged over a l o n g p e r i o d of t i m e . S t a n d i s h (1982) h a s used 
DE102/LE51 i n d e t e r m i n a t i o n s of t h e mean o b l i q u i t y and d y n a m i c a l 
equinox. 

D. I n t e g r a t i o n of One-Body Orb i t s 

The i n t e g r a t i o n of the o r b i t of an a s t e r o i d or comet, for example, may 
be quickly accomplished using the pre-computed p o s i t i o n s of the major 
p l a n e t s a s i n p u t d a t a . S c h o l l (1982) h a s r e p o r t e d a r e d u c t i o n of 
n e a r l y an o r d e r of m a g n i t u d e i n compute r t i m e f o r such a program a s 
opposed to i n t e g r a t i n g the f u l l n-body system. 

IV. IMPROVEMENT OF DE102/LE51 

S ince t h e c r e a t i o n of DE102, t h e r e have been some s i g n i f i c a n t 
improvements made to the i n i t i a l cond i t ions of subsequent ephemerides 
of JPL. As mentioned before, however, the equa t ions of motion remain 
unchanged. As a r e s u l t , i t i s p o s s i b l e t o modify t h e c o o r d i n a t e s of 
DE102 i t s e l f in order to r e f l e c t these improvements. Using the. SET I I I 
formula t ion of Brouwer and Clemence (1961), one may improve DE102 to 
more accura te ly agreee wi th JPL's l a t e s t ephemeris , DE118. The SET I I I 
c o r r e c t i o n s have been determined by f i t t i n g the two ephemerides over 
t h e two c e n t u r i e s cove red by DE118, 1850-2050. E x t r a p o l a t i o n of t h e 
co r rec t ion process seems to be va l id . A more complete d e s c r i p t i o n i s 
given in the c i t e d re fe rence (Newhall e t a l . , 1982). 

V. EXPORT TAPES 

Various JPL ephemerides have been sen t to over 100 u se r s throughout the 
wor ld . We now have t h e c a p a b i l i t y of p r o d u c i n g computer t a p e s i n 
d i r e c t l y machine-readable format for a v a r i e t y of d i f f e r e n t computers 
i n c l u d i n g UNIVAC, IBM, CYBER, VAX, PDP, VAX, M0DC0MP, and Honeywel l . 
The complete package con ta ins a u s e r ' s guide and sof tware for reading 
and i n t e r p o l a t i n g t h e e p h e m e r i d e s , a s w e l l a s t h e e p h e m e r i d e s 
themselves. 

Anyone wishing a copy should contac t the author. 
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