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THE ORBIT OF ENCELADUS.

BY HERBERT R. MORGAN.

’Having been engaged'in observing the Satellites of Saturn for a

number of years, I became interested in reducing the observations made

at this observatory, and this paper contains some of the results. Orbits

of Mimas, Rhea, and Titan have been computed, but there are more ob-

servations of these satellites to be reduced.

Enceladus, the second satellite of Saturn, was discovered in 1789 by

Sir William Herschel. Its revolution around Saturn is made in thirty-

three hours, at a mean distance of one hundred and fifty-seven thousand

miles. Although small and quite faint, and, moreover, close to the rings,

Enceladus can be followed to conjunction on fair nights with the 26-in.

refractor without much difficulty.

'The interest in this satellite, as pointed out by H. Struve, centers in

the fact that its mean motion is nearly twice the mean motion of: Dione,

the fourth satellite. The perturbations arising from this relation give a

libration in mean longitude, and motions of the node and perisaturnium

of Enceladus. -

The formula» used in the reductions are those given by H. Struve in

his work on the satellites, pp. 55—62,"‘“ and the symbols have the follow-

ing meaning:

E, mean longitude, reckoned from the Vernal equinox on the ecliptic.

1’, longitude of perisaturnium, reckoned from the Vernal equinox on

the ecliptic.

1, 1V, inclination and node on Earth’s equator, reckoned from the

Vernal equinox on the equator.

7', 0, inclination and node on Saturn’s equator, reckoned from node

of Saturn’s equator on Earth’s equator.

7r, longitude of perisaturnium, reckoned as I).

e, eccentricity.

71., mean daily motion.

* Publications de Pulkovo, Se‘ries II, Vol. XI.  



 

4 THE ORBIT OF ENCELADUS.

A, mean distance from Saturn at Saturn’s mean distance from earth,

log (,0) = 0.97950.

(12,, m, coordinates of satellite referred-to Saturn’s center.

The assumed elements were also derived from the same work, with

the exception of the longitudes for 1898 and 1900. In these years a

preliminary solution of the equations of condition gave the longitudes

both of Enceladus and of the comparison satellites. In these years the

elements of the comparison satellite were taken as known, and the obser—

vations combined into one solution for Enceladus.

1,., was taken

3500

as a constant, and terms introduced in the equations for the correction to

the micrometer screw 1l[= 9".900 of the form (3:, -~ 0:3) (M1 for the equa-

ill

. . (Ml . . . ,
tlons 1n (n, —— mg, and (3/1 —— 3/2) W for the equations in 7/, — 3/2. These

terms have a different sign for 1894 than for the later years, and the cor—

rection for this year was therefore made subtractive.

The orbits for 1894: are referred to the Earth’s equator, and those of

1898 and 1900 to Saturn’s equator as the fundamental planes.

The observations in 1894 were made by Professors Stone and Lovett,

and are published in the Astronomical Journal, Vol. XV, p. 110, and

Astronomische Nachrichten, Vol. 143, p. 291, respectively. Those in

1898 and 1900 were made by myself, and are published in the Astro—

nomical Journal, Vol. XIX, p. 117, and Astronomische Nachrichten, Vol.

154, p. 91. In 1894 and 1898 four, and some times only two, measures

of angle and distance were made on a night. In 1900 eight measures of

each were made. The ratio of the probable errors of an equation should,

therefore, be greater than 1/ 2 : 1. The results show this.

I wish to express my sincere thanks to Prof. Stone for his kind en-

couragementand valuable suggestions in all my work at the observatory,

At Prof. Stone’s suggestion the mass of Saturn, 7)). =

and especially in this. Also, I wish to acknowledge my indebtedness to

Mr. E. R. Jones for his assistance in the least square solution of the last

two orbits. Mr. Jones’ work was afterwards checked by me.
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' 24 THE onnrr or ENCELADUS.

‘. C‘ 1 rx

1»
, i A check solution was made for 1894 by substituting, in the normal

’ equations, corrections to the elements of the comparison satellites, and

transferring these terms to the absolute terms, and then combining the

three sets of normal equations into one set, in which the unknown quan-

tities referred to Enceladus only. A solution of this set gave the same as

the mean of the three solutions given above. The latter were weighted

according to the number of observations. The following are the ele-

ments of Enceladus:

1894.35 1898.52 1900.52

May 8.0, G. M. '1‘. July 8.0. G. M. ’1‘. July 8.0, G. M. '1‘.

E 331.281 250.346 105.102

1' 125 9:0 , 1124

0 131°.3 309°.3 112%

1; 0.00581 0.00307 0.00042

1’ 202°.1 28°.9 257°.2

The mean longitude for 1880.25 —E— 6, (April 0.0), as given by H.

Struve is

E: 199°.330 —E— 11! —E— 111?. (t = number of days from April 0.0)

where:

11.15: -E— ll’.24 sin (143° —~ 92%”) vE-- 20’.0 sin (75°‘—E» 20°05)

(t = number of years from 1880.25.)

Hence we have, assuming this value of (IE, and 71. = 262°."3L:

E E' (reduced to 1000.52.) .11} (Struve) . Diff.

1894.353 331.281 164.161 164.670 — 0.518

1808.52 250.346 164.068 “ —|— 0.280

1900.52 165.102 164.682 “ —E-- 0.003

The agreement for 1000 is very close, but the difference for 1804

may indicate that there are other terms to be considered in (Hi.

The eccentricity, e = 0.0058, is a little larger than that found before.

The longitudes of perisaturnium, 1’, agree with the theoretical

motion given by 'Struve: JP: (211., ‘— 71.) = + 123°.4, per year; where

n, is the mean motion of Dione.

The inclination, r, being a small quantity, the longitudes of the node,

0, are uncertain, but agree approximately with the theoretical motion,

J!) =-——fl11 = -—-152°.7, per year; E? being a function of the constants

6,, 11,, and 41,, and of the masses, 111,-.

These results, then, are only another proof of the excellence, in

theory and observation, of Struve‘s work.

UNIVERSITY OF VIRGINIA,

December 31, 1900.  


