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l~ order io pl'epare the urea derivative, the cinnamide is dissolved 
in eight times its weight of 96 pCt. alcohol, and when cooled to the 
temperature of the room the hypochlorite solution, prepared aecording 
to GRAEBE 1), is slowly dropped in, the free alkali being neutralised 
with 2N hydrochloric acid immediately before use. For every 2 
mols. of amide, 1 mol. of potassium hypochlorite should be added. 
The liquid gets warm, and very soon a crystalline mass composed 
of Yery slender needies is deposiied. Aftel' a few bours the mass is 
collected at the pump; th is does not go very readily on account of 
the fine state of division. The yellowish maE.S is treated with hot 
alcohol and then washed with water. A fairly pure urea del'ivative 
is thus obtained (m. p. about 218). By recrystallisation once Ol' twice 
from glacial acetic acid it is obtained pme in needies (m. p. 225-226). 

0,1733 grm. yielded 0,0894 grm. H~O and 0,4682 grm. CO2 

0,1654" " 0,1863,. " "0,4467,, " 
0,1654" " 13,9 Ce.N at 19r and 765 m.M. 

Found 73,68 5,78 
pCt. C 

73,66 
pCt. H 

5,85 

5,51 pCt. H 

... 
9,70 pCt. N 

9,59 pCt. N 

The. compound is insoluble at a low temperature in water, ligroin, 
alcohol, methylalcohol, ether, carbon disulphide and benzene; at the 
boiliug temperature slightly soluble in alcohol and benzene and fl'eely 
so in glacial acetic acid, chloroform and acetone. It is jnsoluble in 
alkalis or acids. 

Chemical Laborato7'y, Technical High School, Delft. 

Astronomy. "filutual occultatwns and eclipses of the satellites of 
Jupiter in 1908. By Prof. J. A. C. OUDEMAN~. 

(Communicated in the meeting of September 29, 1906). 

N.B. In the present communication the four satellites of Jupiter, known 
since 1608, have been denoted by I, II, III and IV in accordance 
with their mean distances from the planet. The further letters n and 
[ indicate whether the satellite is near or [ar, i.e. whether it is in 
that half of the orbit which is nearest to or furthest from the Earth. 
The jovicentric longitudes as weIl as the geocentric amplitudes are 
counted in "signs" and "degrees", the latter beginning from the superior 

1) Bel'. 35, 2753. 
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geocentl'ic conjunction. Eastern elongation, denoted bye. e, has an 
amplitude of 3ç, western elongation, w. e, one of 98 • 

Not to interrupt the text unnecêssarily, all particulars have found a 
pi ace at the end of the paper. 

FIRST PART. OCCULTATIONS. 

In the numbers 3846 and 3857 of the Ast1'onomische Nach1'Ïchten 
we find two communications relative to observations of the occul­
tation of one satellite of Jupiter by another. The first (1) is by 
Mr. PH. FAUTH at Landstuhl, dated 8 December 1902, with post­
sClipts of 29 December 1902 and 14 January 1903. The other (2) 
by Mr. A. A. NIJLAND at Utrecht, dated 27 February 1903. 

FAUTH notes in addition that HOUZEAU, in his Vademecum, p. 665) 
melltions a couple of similar observations (3), and fmther that STANLEY 
WILLIAlUS, on the 27th March 1885 at 12h 20 111, saw the third satellitè 
pass the fil'st in such a way that the two satellites combined had a 
pear-shaped appearance. (4) 

The . satellites of Jupiter move in orbits but little inclined to thë 
plane of Jupiter's equator. ,LAPLACE assl1med a fixed plane for each 
satelIite; the plane of the satellite's orbit bas a constant inclination 
on tbis fixed plane, whereas the line of intersection, the line of 
the nodes, has a slow retrograde motion. Tbe inclinations of the fixed 
planes on the plane of Jupitel"s equator amount only to a few: 
minutes; their intersection with the plane of Jupiter's Ol'bit is identical 
with the line of tbe nodes of the equatOl'. The value generally 
adopted for the inclination of the Jatter plane on the Ol'bit of Jupiter 
is 3° 4', whm'eas the longitude of the ascending node, which tberefore 
is also that of tbe fixed planes, is at present about 3151°. 

In order to be able to assign the time at which, as, seen from the 
Earth, an occultation of one satellite by another is possible, it is necessary 
to know the longitude of the ascending node and the inclination of 
the mean fixed plane on the orbit of the Earth. At the time that 
the mean fixed plane, prolonged, passes through the Earth, occultations 
of one satellite by another may be observed. As Jupiter completes 
a revolution ai'ound the sun in nearly 12 years, these times will 
.succeed each other aftel' periods of six years. Jupiter will pass 
alternately through the ascending and the descending node of the plane 
which passes through the centre of the sun parallel to the mean 
fixed plane. 

It follows that, as occultations of Olle satellite by another have 
been observed in 1902, we must expect th at these phenomena wil! 
be again visible in 1908 (~). 
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To faeilitate these observations I thought it desirabIe to caleulate 
in advanee the conjunctions of any two satellites for the most favourable 
part of 1908. 

We have to eonsidel' that while formerly the ol'bits of the 
satellites were determined by repeatedly measuring the distances 
and their angles of position l'elativély to the planet, this method is 
now replaced by the measurement of the distanres and the angles 
of position of the satellites relative to each other (especially with 
the heliometer) (6). For observations during a moderate interval the 
periodic times of the satellites may be assumed to be accurately 
known. Admitting this, if. leaving out of consideration KEPPLERS 
third law, we introduce the major axis of each satellite as an unknown 
quantity, the total number of sueh unknowns will be six for each 
orbit at a determined time. If, as was done by BESSEL at Köningsberg 
in 1834-39, and by SCHUR at Göttingen in 1874-1880, the distance 
and the angle of position between the planet and the satellite are 
measured, we get two equations with six unknown quantities. If 
however we measure the distanee and the angle of position of 
two satellites relative to each other, the number of unknown 
quantities in these equations is doubled and tlms becomes 12. If 
finally all the combinations two by two, are observed, as was done 
by GILL and FINLAY at the Observatory of the CapE', we get a great 
nu mb er of equations with a total of 24 unknown quantities. These 
equations must th en be solved by the method of least squares. 
This number becomes 29 if we add the masses of the satellites, (only 
to be found by the pertllrbations caused by one satellite in the 
motion of the others,) and the cornpression of Jupiter (7), given by 
the retrogl'adation of tlle lines of the Nodes on the fixed planes. 

Now fhe observation of an occultation, even of a eonjllnctio~ with­
out an oceultation, can be made by everybody possessing a telescope 
of sufficient power. Sueh an observation also furnishes two equations 
between the unknown quantities, at least if, for a non central occul­
tation or a simple conjunetion, the difference in latitude is measured 
at the filar micrometer. This consideration engaged me to compute 
in advanee the time of these conjunctions for the most favourable 
part of 1908. If by experience we find that this prelllninary work 
leads to valuable l'esults,' it might be worth while to continue it for 
some future period, for instanee for 1914,. 

For the moment at which the mean fixed plane passes through 
the eentre of the Earth, I find, 1908 July 8, 19h,6 Mean Time at 
Greenwich, (5). 

This date, it is to be regretted, is very unfavourable.- Fol' on that 
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day Jupiter culminates at Greenwlch at 2h10 n M. T., its declination 
being 16°48"5 North, whereas 1he Sun's declination is 22°30' North. 
From these data I find for the 8th of July, for Utrecht, duly making 
allowance for refraction : 

Setting of the upper limb of' the sun at 8h20m mean time, 

" "Jupiter " 9 44'5 " ". 
So thel'e is but ~ paar chance t'or an observation of the computed 

occultation at Utrecht. For southern observatories it is somewhat 
better. At the Cape for instance, we have: 

SUDset at 5h 5m mean time, 

Setting of Jupiter " 7 25 " ". 
We thus find that on July 8, 1908, at Utrecht, the setting of the 

sun precedes that of Jupiter hy 1h24m '5; at the Cape by 2h20'1, 
. We have eomputed all thc conjunctions of the satellites of Jupiter 
which will oecur between 31 May and 20 July 1908. In what follows 
a short account is given of the way whieh led to our results. 

In the N autical A.lmanac are given the Geocentl'ic Superi01' Conjzmc­
tions; in the Almanac of 1908 they will be found on pp. 504,505. 

To begin with, a separate drawing was made of the four orbits, 
which were supposed to be eircular, for each interval of two periods 
of I (about 85h). On these or bits we plotted the positions of the 
satellites for each second hour, making use of divided pastehoard arcs. 
The numbel' of hou1's elapsed since the mom'ent chosen as a sta1'ting­
point were noted fol' each position. The equation of the centre etc. 
was 'negleeted. 

Tbe seale of th is dl'awing gaye 4" to 1 mmo The radii, of the 
ol'bits therefore were: for r 27'9 mm.; for II 44·45 mm,; tor Hl 
70'9 mmo ahd fol' IV 124'7 mmo 

The direction from the Zero of I to the eommon centre of all 
the circles showed the direction towards the Earth. Knowing this, we 

_ could easily find fol' each of the six possible combinations of two of 
the satellites, those equal hour numbers, the connecting line of which 
is parallel to this direction. 

These conneeting lines show the appl'oxima.te times at whieh, as seen 
from the Earth, one of the satellites is in eonjllnction with another. 
The want of parallelism of the real !ines joining the Earth with the 
satellites, in different parts of their orbits, may safely be disregarded. 
The plate amiexed to th is papel' l'epl'esents, l'edllCed to half the scale, 
the drawing fol' the pel'iod of 85 hours, following 12 July 1908, 
11h2m'3 M. T. Greenwich. 

The dotted lines indieate the lines connecting the equal numbers. 
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Each of them represents a conjunction of two satellites. The COrl'e­
sponding hours read oft' from the figure are: 

6U '2 IVf occulted .... by lIIn, 

2L ·8 IVf " " In, 
25 '0 IVf " " IIn, 
35 ·0 If " " HII' 
66 '25: IIf " " In, 
71 -0 : IIlf " " 

lil, 

They were added to the instant whicb must be regarded as the 
startingpoint for this figure. The instants of the conjunctions were next 
convel'ted into civil time of Paris by the addition of 12l>9m21s• 

The elongation and the latitude of both the satellites, expressed in 
radii of Jupiter, were then computed by the aid of tbe Tables écliptiques 
of DAMOISEAU, 2nd part. (8). In the case that the elongations did 
not perfectly agree, a slight computation led to a more accurate 
result for the time of conjunction (9). 

In the case tbat tbe two satellites moved apparently in opposite 
directions, (wbich happens if the one is in the further part of Us 
Ol'bit, I the other in the nearer part), the correctioll to the adopted 
time was mostly insignificant. 

Ir, on the contrary, they moved the same way (which happens if 
both are "faI''' or if both are "near" , so that the one has to overtake 
the otber) the correction amounted sGmetimes to an hour or more. 
In every case, in which the corl'ection exceeded 20 minutes, the 
computation was repeated with the corrected time. Further below 
will be found the list of the results. From May 31 to July 19, i.e. 
during a period of fifty days, there occur 72 conjunctions. It is tq 
be l'egretted tbat at a determined place of observation but very few 
of them will be visible. For onIy those conjunetions are visible WhlCh 
oecur between sunset and the setting of Jupiter. For Utrecht we have" 
in mean time: 

Setting of the Setting 
upper limb of 
of the Suu Jupiter Difference 

1908 June 1 8h10m 11h54m 3h44m 

)) 11 8 20 '5 1119 2 58 '5 

" 
21 8 24 1044 2 20 

July 1 824 10 9 145 

" 
11 818 934 116 

" 
21 8 7 '5 859 051 '5 
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For the Cape of Good Hope ~ 

1905 June 1 4h59m 
.,'J. 

9h1Sm 4u19m 

') 
11 457 ·5 846 '5 349 

" 21 458 816 318 
July 1 5 2 746 244 

, 11 5 6 '5 716 2 9 '5 

" 
21 5 13 647 134 

The circumstances are thus seen to be considerably more favourabl~ 
for a southern than for a northern observatory. ' 

Several of the occultations will not be vi si bIe because the common 
elongation faUs sl10rt of unity i. e. of (he radms of Jupiter. This IS 

the case of Nos. 8, 9, 12, 13, 15, 16, 20; 23, 39 and 64. In the first 
eight of these cases and in the last one the planet stands between 
the two satellites. In case No. 39 both the satellites I and IV are 
covered by the plan et 1). 

For other coujunctions it may happen that one of the satellites is 
invisible because of its being in the shadow of the planet. Such cases are: 

(N°. 21), June 13 9h28m M. T. Grw., IJ eclipsed, 

(N°. 31), " 20 12 51 " " IJ " 
(N°. 51), July 4 1815'7 

(N°. 65), " 13 12 3 
" 

" 
" 

" 

II 

IV 
" 
" 

If the satellite which at the conjunction is nearest to the Earth 
is echpsed by the p]anet's shadow, it mlght, as seen from our stand­
pomt, prQject itf,elf wholly or partially as a black spot on the other 
satellite. The case howevf>l' has not presented Itself in our computations. 

Possibly the last of the conjunctlOlls just mentioned may really 
be visible; fol' according to the N. Almanac, the reappearance of 
IV from the shadow of the planet takes place at 12h7m15s M. 
T. Greenwich and the predicted eclipses of this satellite are occasionally 
a few minutes in error. A few minutes later, according to the N. 
Almanac at 12h16m, IJ enters the disc of Jupiter. 

" 

1) According to the Nautical Almanac we have for this night (M. T. of Greenwich): 
IV. Occultation Disappearance lOh19m, 

1. Occultation Disappearance 11 20, 

1. Eclipse Reappearance 14 26 278 , 

IV. Occultation Reappearance 15 13, 

IV. Eclipse Disappearance 18 5 6, 
IV. Eclipse Reappearance 22 52 2. 
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NOT E S. 

(1) The article of F AUTH, abridged, runs thus: 
- - - Ausser den in HOUZEAU, Vademecum p. 666 aufgeführten 

Beobachtllngen, (vid. below Note 3), kenne ich aus neuerer Zeit nul' 
einen FalJ: STANLEY WJLLIAMS sah am 27 Marz 1885 an einem 7 cm. 
Rohre rnit 102-facher Vergrösserung urn 12h 20m den III Trabantell 
VOl' dem I, wobei beide ein birnformiges Objekt bildeten. 

- - - In fünf Wochen Jwnnte irh drei Bedeclmngen verfolgen, 
wobei auzunehmen ist, dass mil' dm'ch schIecbte Witterung etwa 10 
andere Gelegenheiten entgangen sein mogen, unter denen siehei' 
einige Bedeckungen vorkommen. Nach meiner Erfahl'nng können Kon­
jnnctionen d~r Jupiterm(;mde unter sich' weit geDauer beobachtet 
werden als Bedeckungen durch Jupiter oder VOl'Ubergánge var ihm, 
Sornit möchten die hiel' angegebenen Beispiele Anlass bieten, in den 
späteren Oppositionen Jupitel's den durchaus nicht seltenen Bedeck­
ungen oder wenigstens Bel'ührnngell und seh1' nahen Konjunktionen 
der Trabanten unter sich mehr Aufrnerksarnkeit zu < schenken, zumal 
schon kleine Instrumente ZUl' Wahrnehmung der Phasen einer event. 
Bedeckung gentigen. ,Die Beobachtungen der letzten Zeit sind: 

1. Oct. 7; II bedeckt I; die S. Ränder berilhren sich und I ragt 
im N. etwas hervol'. Konj. urn 9h 16m M. E. Z. 1) 

2. Oct. 23; Il bedeckt III so, dass die Mitte von Il nördlich am 
N. Rand van IIl vorbeigeht; Konjunktion urn 8h 7m 3s,5. 

3. Nov. 10; III bedeckt Iso, dass der S. Rand von III die Mitte 
van I streift (gnte Luft); Konjnnktion urn 7h 3Sm 20s• 

Instrument: 178 mm., Vergrössel'ung 178 fach. 
Landstuhl, '1902 Dez. 8. 

P.S. vom 29 Dezèrnber. Am Abend des 24 Dezember gelang 
nochmals die Beobachtung einer Bedeckung, bei welcher I liber IV 
hinwegzog. Aus je funf vor- und nachher notierten Zeitrnornenten 
folgen als Mittelwerte 6h 24m,25, 24m,625, 24m,50, 24m,625 und 
24m,50. Die Konjunktion fand alsq statt 6h 241"0 30\ ' 

Der Uhrstand war urn 3h mit dem Zeitsignal vel'glichen worden. 
IV Stand ein wenig sudlicher als I, vielleicht um ein Viert el seines 
Dnrchrnessers. Die weitaus interessantere Konjunction zwischen II 
und IV am 25 Deze~ber bJieb gegenstandslos, weil IV urn etwa 
zwei Durchmesser vorüberging, ;. I • 

P.S. vom 14 Januar (1903). Hente Abend) am 14 Januar, bewegte 

1) i. e. Mittlere Europäische Zeit, lh later than Greenwich.time. 
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sich der Tl'abant III über II hinweg. Die sehr schlechte Luft liess 
nul' den ersten Kontakt auf etwa 6h 2rn feststellen. U m 6h 18m mochten 
sich beide Komponenten so weit get1'ennt haben, dass dies in einern 
weniger schlechten Augenblick bemerkt wurde; urn 6h 32m , dern 
nächsten bliekweisen Auftauchen der beiden Lichtpunkte, waren diese 
urn etwa einen Durchmesser von einander entfernt. Die Bedeckung 
war fast genau central. . PH. F. "', 

(2) Mr. NrJLAND writes in,N°. 3857 ofthe Astronomische Nachrichten: 
- - - Am 15 Juli 1902 fand ei11e Konjunktion del' Trabanten 

Ir und III statt, welche ich bei gater Luft am Refraktor (Brennweit~ 
319 cm., Oeffnung 26 cm.) mit Vergr. 248 beobachten konnte. Es 
wurde III nahezu central von II bedeekt. Einige Minuten lang bli~b 
eine feine schwarze Linie zwischen den beiden Scheibchen sirhtbar, 
welche urn 14hl0m11ó M.Z. Utrecht verschwand anel urn 14h20m31s 

wieder erschien; die Konjunktion musz also urn 14h15m21 S statt­
gefunden haben. Dass diese Trennungslinie VOl' und nach der Kon­
junktion immer dieselbe Rirhtung hatte, und zwal' scheinbar senk­
recht auf der Bahnebene der Tl'abanten stand, mag als B~weis dafur 
geIten, dass der VOl'übel'gang wirklich nahezu central gewesen ist. 
Dann làsst sich abel' aus diesel' centrajen Passage die Summe der 
DUl'chmesser del' Monde II und III mit erheblicher Genauigkeit 
bestimmen. 

Nehme ich filr die mittlere Entfel'nung lj. -0 die Halbmesser 
der Bahnen gleich 177",8 und 283",6, so finde ich f'üI' die relative 
Bewegung von Il und III ZUl' Beobachtungszeit 13/1,86 pro Stunde. 
Aus der beobachteten Zeitdauer von 10m20s = Oh172 foJgt dann fül' 
die Summe der beiden Durchmessel', 2",38. Wird lsiehe die Angaben 
von DOUGLASS, Astr. Nachr. 3500) fur das Verhältniss der DUl'ch· 
messer von II und III 4/11 angenornmen, S9 finde ich, in V'orzüglicher 
Uebel'einstimmung mit den a. a. O. genannten Wel'ten, filr den DUl·eh. 
messer von Il 0",87 und von III 1",51 (in mittl. Entf.). 

Utrecht, 1903 Febr., 27. A. A. NIJLAND. 

Remark. As fr om tbe observed instants I derived aresult slightly 
different from that of Mr. NULAND, this gentleman allo wed me to consult 
his reduction of the observatioD. It appearrd that, in order to find the 
amplitudes, he had combined lhe precedil1g geocentric supel'Ïor conjunc­
tion with the following transit) from the ingre:,s and egress of which tbe 
inferior conjunction could be derived. A slight error had however been 
committed in the computation. Aftel' cOl'l'ection the relaÎlve motion of 
the two satelhtes was found to he 13' '786 and the sum of the dia­
meters 2"'374. Moreovel' their proportton was, evidently erroneously aud 
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-against the reàl intention. put at 4 to 11 instead of at 4 to 7. We 
thus get for the diameters 0"'863 and 1 "'511, which is still in good 
agneement with the result of Mr. NIJLAND. As values have been assumed 
for the radii of the orbits which hold for the mean distance of Jupiter 
fr om the sun, these values need no further reduction. 

(3) We find in HOUZEAU, Vademecum (Bruxellès, 1882), p. 666: 
On rapporte une occultation du satellife II par Ie &atellite lIl, 

obseryée à So~merfeld, près de Leipzig, par O. ARNOLDT, Ie 1 Cl' 

novembre 1693, (WHISTON, TAe longitude discove?'ed by the eclipses, 
8~, London, 1738), et une autl'e du satellite IV, également pal' Ie 
IlIme, vue par LUTHMER à Hanovre, Ie 30octobre 1822 (Nature, 4°, 
~ondon; vol. XVII, 1877, p. 148). 

1st Remark. The littIe hook of WHISTON here quoted is in the 
lihrary of the University at Utrecht, Division P, 8vo, number 602. We 
have turned over the leaves several times, but have not found any 
mention of the observation of a. ARNoLDT. It is true that the author, 
in § XVIII, recommends the observation of the mutual occultations of 
the satellites. He remarks that, if at such an occultation they have 
opposite motions, the relative velo city is "doubled". He mentions the 
complaint of DERHAM 1), th at the strong light of Jupiter renders the 
observation of these ocrultations rather difficu1t. He remarks th at, lhe 
interval being equal, their number must be one alld a half time as 
large as that of the eclipses. Agaill he mentions that LYNN is the 
first who, in th.e Philosophical Transactio1'ls N0. 393, has proposed to 
appIy these conjunctions to the determination of tIle longitude, seeing that 
they can often be observed with an accuracy of less then half a minute 2). 
But I do not flnd tbe obseJ vation of a single occultation nor its prediction. 

1t needs hardly be said that the conjunctions, visible fro~n places, 
the difference in longitude of which is 10 be determined, are too rare 
to be of much importance fol' the pUl'pose. In accuracy of obsel'vation 
they are at aU events surpassed by occultalions of stars. But they 
may weil be compal'ed wilh the eclipses of the satellites of Jupiter and 
are indeed superior to them in lhis respect that lhey yield a,l'esult in 
a few minutes which is independent of the optical power of tile telescope. 
FoI' the eclipses this is only true in the caSe of the combination of a 
di"appearance with a reappearance. 

2nd Remark. The original account of the observation of LtJTHMER 
was communicated by him to BODE .. who inserted jt in the (Berliner) 
Ästronomisches Jahrbuch für 18~6, p. 224: 

/I Am 30 Oct. Ab. 6u 55' Bedeckung des vierten lf. Trabanten vom 
dritteJ?." 

l 1) POGGENDORfF'S Biographisohes Wörterbuoh, (article W. DERHAll) gives na 
refel'ence to the passage where this complainl is to be found, nor even to any 
paper on the observation of the satellites of Jupiter. 
, 2) At least if there were no undu]l:\tion of the images. See at the end ofnote 4, 
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If we assume 9°42' = 38m48s East of Greenwich for the longitude 
of Hannover, this is = 6h 16m 12s M. T. of Greenwich, at least sup­

. posing that at that time it was already usual to give the observations 
expressed in mean time. 

In Nature, XVII (Nov. 1877 -April 1878) p. 149 (not 148) we find 
in "Ottr A8tronomicctl Gol~tmn": 

"JuPITJ::n's SATELLITCS. - Amongst the recorued phenomella connected 
with the motions of the satellites of Jupiter are several notices of 
observed occultalions of one satellite by anot11er, and of small stars 
by one or other of the satellites. 1) The following cases may be men­
tioned: - On the night of November 1, 1693, UHRISTOPH ARNOLDT, of 
Sommerfeld, near Leipzig, -obsC'l'ved an occultation of lhe seCOlld satellite 
by the third at 10h 47m apparent time. On October 30, 1822, LUTm!ER, 
of Hannover, witnessed an occuItation of the fom·th sateIIite by the 
third at 6h 55m mean time. 

n thus appears that the editor of Nature also took it for granted 
that the statement must be unc1erstood to have been made in mean time. 

~4) I did not sncceed in finding the account of this observation 
of STANLEY WILr.IAMS in any of the journals accessible to me, and 
therefore appIied to the author, who lives at Hove neal' Brighton, 
fol' pal'ticulars about the place of its publication. 

He kindly replied on the 7th instant, that the details of his obser­
vation of 27 March 1885 wel'e published both in the 41th volume 
of the "En,qlish ffIechanic" and in the volume fol' 1885 ofthe Gel'man 
J ournaf "Si1,ius". 

He had moreover the courtesy of rommunicating to me the original­
account of the observation in questlOn. From Ihis account the 
following passages muy be quoted-: 

Occultation of satellite I by satellite 111. 

1885 lVIarch 27, .... 23
/ 4 inch refractor. Power 102. 

11h55m (Greenwich mean time). They are now only just free from 
contact. m <::9 1 , like an elongated star with little more t11an a 

black line between the components. 
12hOOm to 12h04m • Aftel' steady gazing I CaIlflot see any ('ertain 

separation between the satellites, 'and therefore with th is instrument 
and power first contact must have occurred about 12h02m• Definition 
is very bttd, however, and in a largel' telescope there probably might 
still be a small separalion between Ihe limbs. 

1) It is to be l'egrelled lllat these "several 110tices of obsel'ved occultations of 
one satellite by another" are -not more fully quoted. 

21 
Pl'oceedings TIoyal Acad. Amslel·d.:tm. Vol. IX. 
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12h10m• They now appeal' as one elongated satellite. At times a 
trace of the notches is apparent. _ 

12h20m• The elongation is now very nearly at rigbt angles to the 
direction of the motion of the satellites, and is so slight as to be 
scarcely noticeable in this bad and unsteady definition. I think from 
the smallnesR ofIhe elongation that nearly half sate1lite I must be 
concealed bebind lIl. In this bad definition it is not possible to say 
which satellite is in front of the other from the appearance alone. 

In his letter Mr. STANJ,EY WII,LIAl\IS mentions the l'emarkable fact 
that he too observed on 15 July 1902 the same conjunction which 
has been described by NIJLAND. Ris instrument was a reflector of 
61/~ inch, with a power of 225. The following are the pal'ticulars 
as communicated: 

1902 ~uly 15, 13h45m·2. Satellites Il and III are in contact. The 
one will occult the other. _ See diagram III Cb ll,' 

13h52m. The satellites form one disc, which has the slightest 
possible elongation in a north and south direction. Owing to con­
fusëd seeing this disc always appeared more or less fuzzy, and it is 
impossible from the appearance alone to say, which satellite is occult­
ing the other. 

13h56m• The combined disc is considerably elongated now. 
14h02m·2. Satellites Il and III in contact as in diagram adjoimng 

rrcD ill . 

1,*h04111 • Satelliies clearly separated. The occultation must have 
been lIeady central. II is a litUe more sOllth now relativ~ to lIl, 
than it ,ms befol'e occuHaiion. Possibly ihe slight elongation noted 
at 13h52 111 was not real. 

The above times are Greenwich mean times. Satellite III was on 
the farther side of its orbit moying east, Il on the near side moving 
west. As the disc of III is largel' than that of Il, the phenomenon 
should be described as a transit of II over or across lIl, rather than 
an occuHation of one satellite by the other. 

The arithmetical mean of 13h45m '2 and 14h2m'2 is 13h53m'7, whkh 
i.3 1 m'1 earlier than NIJLAND'S observation. 

(5) Fo!' the numbers which follow we refer to KA1SBU'S "8tm'ren­
hemel", 4th Eclition, p. 707 auel following. 

In .the 4th Vol. of his JJJécanique Celeste, p. 62, TISSgRAND, following 
SOUILLART, aclopts inclinations fol' the ol'bits of III al1l1 IV, which 
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respeetively exeeed those given in the "Ste1'renhe111el" by + 4" and - 8". 
Aecol'ding to LEVERRIER we hare, for the orbit of Jupiter in 1908,0: 

Aseending Node = 99°31'56", 
Inelination = 1 't829 . 

The ûxed plane of the first satellite eoineides with the plane of 
Jllpitel"s equator: the longitude of the ascending node on the plane 
of Jupiter's Ol'bit, for the beginning of 1908 is thel'efore 315°33'35", 
the inclination 3° 4' 9". 

Furthermore we have for the four fixed planes relative to the 
plane of Jupiter's orbit: 

I 

II 

III 

IV 

Long. ase. node 
31))°33' 35" 

315 33 35 

315 33 35 

315 33 35 

lnclination 

3° 4' 3"j 

3 3 4 
Epoeh 1908.0. 

25911 

23957 

For the mean fixed plane of the three fil'st satellites we thus 
find: longitude of ascending node on the plane of Jupiter's Ol'bit 
at the beginning of 1908: 315°33' 35", inclination 3° 2' 6". 

:i\ioreover we have for the l'espective fixed planes in 1908, according 
to TrssERAND: 

Change in 

long. ase, node 1000 days lnclination 

II 122°'293 - 33~'031 0°28' 9" 
III 26 '173 6 '955 01044 
IV 238 '982 - 1'856 013 51 

The effect of these inclinaiions, howevel', is but trifling. At the 
distance of 90° from the node they pl'odnce only deviations 

for II of 1"'46, 

" lIl" 0"'89, 
" IV" 2 '01. 

The determination 'of the position of the fiJ(ed planes, as also 
that of (he planes of (he ol'bits of (he satellites relative to these, 
will be much improved by the meaSUl'ements whieh DE SITTER at 
Groningen is making on photographic plates. Eventnal observations 
of ~onjunctions of the satellites, rathel' even of oceultations, will 
eontribute their part in this detel'mination and will furnish a test 
for the aclopted values. 

21li< 
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In the meeting of our section of last March a provisional accounf 
of these measures by DE SITTER was communicated by Messrs J. O. 
KAPTEYN and E. F. VAN DE SANDE BAKRUYZl!~N l}: 

Our computations wel'e then already too far advanced to keep 
them back altogether; but we hope that by the side of these meao 
SUl'es they still may have their U8e, for this reason that conjunctions 
and mutual occultations of the satellites may weU be observed at 
sevel'al observatories whirh are not equipped for taking photographs. 

Fl'om the preceding numbers we find fol' tlle position of the fixed 
plane l'elative to tle ecliptic (for 1908,0). 

Ascending Node 336"48'23" =: .2, 

Inclination 2 717 = I, 

Now, if R'Jf,-- L'Jf and ~ represent the radius vector, the longitude 

and the latitude of Jupiter; R ö' La the radius vector and the longi­

tude of the Earth, (those given in the N. Almanac aftel' correction 
for aberration), the condition that the fixed plane must pass through 
the Earth is expressed by: 

R'1f. cos ~ sin (L'Jf - 52) - R'lf. sin ~ cat 1 =: Ro sin (La - 52) , 

which is satisfied July tl, 1906 at 19h38m·3. For at that moment 

log R'1f. = 0'728527 log Ro = 0'007179 

L'Jf = 141°23' 9"'0 L'Ö = 286°40' 3"'5 

~ -:-.- + 0 5226 '73 .!~ = 336 4852 ·0 

so that om equation becomes 

1'423706 - 2·204190 = - 0'780484 

Similady we find for the instant at which the same plane passes 
through the centre of the sun: 

25 April 1908 at 18u'5 M. T. Grw. 

On both sides of this lattel' epoch there exists the possibility of 
an eclipse of one satellite by another, at the time of the heÎiocentric 
con,junctions. "'\IVe hope to treat this subject in the second part of this 
comrnunication. 

1) This pl'ovisional account may be considered as a sequel to the thesis of 
Mr. DE SlTTER. This thesis, maintained by him at Groningen on 17 May 1 flOl, bears the 
title: DiSC2tSsion of Heliometer·observations of J~tpiter's satellites made bysÏ1' DAVID 

GILL K.e.E. amd W. H. FINLAY ]J1. A. FUl'Lhel' parliculuI'S win be given in the 
Annals of the Royal Obsel'vatury at the Gape of Good Hope. 
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(6) In 1833-39 BESSEL, at the Heliometer, measured not only 
dis~ances of all the satellites from both limbs of)he plane( but also 
angles of position of the centre of the planet)o IU nnd IV. 

Ris heliometer was the first big instrument of the sort made in 
the establishment of FRAUNHOFER; the objective had an nperture of 
70'2 Par. lines nnd a focal distanee of 1131'4 _Par.::1ines = 7 }eeL 
10 inches 3'4 lines, Paris men'3ure, (15'84 and 255·22 e.M.). The 
mean error of a single observntion of distance (which pl'operly was 
the mean of eight pointings) appeared to be 

for I ± 0"26, for the mean distance resulting fr om all the measures, ± 0"055 

" II ± 0'24, " " """ " ± 0'067 
" III ± 0'31, " 

" IV±0'43, " 

Mean. ± 0'31, " 

" 

" 

" 
±0'042 

± 0'04.5 

± 0'052 

SCHUR, at Göttingen, used the heliometers which were made by 
MERZ at München for the obsel'vation of the tl'ausits of Venus in 
1874 and 1882. The aperture of the objectives of these instruments 
was 34 Pal'. lines, something less than half that of the heliometer 
of Köningsberg; the focal disiance was 3 k feet (113'7 cM.). 

At these heliometers the reading, instead of being made on the 
drums of two micrometers, was made by a microscope at right 
angles to two scales fitted to the two halves of the objective. As 
however in th is wa,y more time was required than fo1' reading the druns 
of a micrometer of BESSEL'S instrument, SCHUR, instead of taking the 
mean of eight pointings, was content with the mean of four pointings, 
which also make a complete measurement. 

The mean e1'1'01'S of' each observation obtained by SOHUR fol' a 
complete set of four rneasures was: 

for I ± 0"'34, 

" II ± 0 '44, 

" III ± 0 '37, 

" IV ± 0 '42, 

Mean: ± 0",39, 

aresult, which, taking into nccount the shOl'ter focal distance, may 
be considered fail'ly good. B~SSEL as well as SOHUR aimed not so 
mnch at the determination of the position of the orbits of the 
satellites as at that of the mass of Jupiter. 
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SOHUR improved in different respects the reduction of the observations 
of the measures made by BESSEL. ]n consequence, the mean errors 
of the single determinations of BERSEL were considerably lessened. 
The numbers quoted just now, became: 

for I ± 0"'21, 

" 
Il ± 0'10, 

" III ± 0'26, 

" 
IV ± 0'30, 

Mean: ± 0"'24. 

As has, been mentioned all'eady, GILL and FINLAY, acting on a 
suggestion forme!'ly made by OTTO STRUVE 1), did not meaSUl'e the 
distances and the angles of position of t11e satellites relative to tbe 
centre of the planet, but relative to each other. (The instrument 
at their disposal, a heliometer of REPSOLD, apel'tul'e 7 t inch = 19·05 
cm., focal distance somewhat over 2 Meter, far surpassed in 
perfection all the instl'uments used up to that time). These obsel'vations 
can be made with much more precision. The drawback is that the 
formation of the equations of condition and their solution become 
more complex alld absorb much more time. Both the gentlemen 
named and Mr. de SITTER have not been deterred by this conside­
ration. They found ± 0"'087, a number considel'ably less than that 
of BESSEL, for the probable error of the measnrement of a single 
distance. Mr. de SITTER even finds that the probable error of the 
'mean distances (the real unknown quantities) does not exceed 
± 0"'020 Ol' ± 0",021. 

(7) It ma)' be remarked th at Mr. de SITTER found it expedient 
to alter the choice of the unlmown quantities. He retained for 
each satellite: the longitude in the Ol'bit, the inrlination and the 
ascending node relative to an adopted position of the fixed pln.ne, 
but not the eccentricity nor the position of the perijovium and 
the mass. There thus remained as unknown quantities only three 
elements of each satellite. On the other hand he introduced corrections 
of the coefficients of the perturbations or rather of the periodic 
terms, which aftel'wards must lead to the knowledge of the mass 
of the satellites, to that of the eccentricities and of the position of the 

1) Vide the first report of HElRMANN S'rRuvE, in the first supplementary vol. of 
the Pulkowa observations, lst page ut the bottom. 
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apsides. He further introduced two unknown quantities, viz. the 
constant errors which might vitiate the obsel'vations of the two 
observers GILL and FINLAY. He thus also obtained a total of 29 
unlmown quantities. It need not be said that the solution of about 
400 equations with so many unknown quantities, is an enormous 
labour. Still, owing to the help of some ot her computers, this labour 
has been brought to a happy Issue. 

We must not enter here into fmther particulars about this impor­
tant work, though we did not feel justified in omitting to mention it 

- altogether. I will only remark that it is not sufficient to determine 
the position of the planes of the orbits of the satellites for one 
epoch; for as was already remarked the position of these planes 
changes continually. It seems that these changes may be snfficiently 
repl'esented by assuming a regular retrogradation of the line of 
intersection with a fixed plane, the inclination remainmg the same. 

The main cause of this retrogradation is the polal' compression of 
Jupiter. It is desirabIe howevel' to establish the amount of this 
retrogradation by the observations, and to derive afterwards the 
compression by means of this amount. Consequently the position of 
the planes of the orbits has to be determined for different epochs. 
In this respect too Mr. DE SITTER has done good work, vide the 
communication already mentioned, presented in the meeting of last 
March by Messrs KAPTEn, and E. F. VAN DE SANDE BAKHUYZEN. 

(8) The same volume, which contains the ecliptic tables ofDAMOlSEAU, 
contains also in a second part (not mentioned on the title) tables 
"pOU1' trouve7' les cQnfigurations des satellites de Jttpite1'." 

We have contemplated whether it would not be desirabIe not to 
use these tables, unmodified, for ouI' computations. We have therefore 
taken note of the investigations of SOUlLLART, ADAMS, MAItTH, GILL, 
FINLAY, and de SITTER, but it appeared that such a course would 
aggravate our labour very considerably. We would have had to 
determine new elements for all the satellites and to compute new 
tables. This would have caused considerable retardation, unnecessary 
for our purpose, which wag no other than to prepare astronomers 
for the observation of the conjunctions visible in 1908. 

We therefore have based Oul' computations on tIle tab les of DAMOISEAU, 
but we have first examined in how far they represent the observed 

• conjunctions. The following sllmmary shows not only the difference 
between the observation and the tables in the elongations [(J and x', 
of the two satellites, expl'essed in radii of Jupiter, but also theü' 
difference in time. 
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-
I OccuI- Relative Corr. Observer 

I 
Date tatlOn by Et'ror hourly of T.lbie y'-y 

of motIOn 

-r r m r 
Fauth 1902 Oct 7 lIf In 0,025 1,278 + 1,2 + 0,04 

» » » 23 IIIf U'I 0,02 1,130 + 1,1 "+ 0,08 

» )) Nov. 10 If IJIn 0,00 0,883 0,0 + 0.13 

1) » Dec. 24 IVf In 0,10 1,089 - 5,5 + 0,00· 

II 1903 Jan. 14 lIn IUII 
0,11 0,314 -19,2 - 0,05 

NJjland 1902 July 15 IIIf 1I1i 0,08 0,751 + 6,4 - 0,01 

s tanll'y Wilham" II II )) )) » 0,07 0,751 + 5,3 - 0,01 

)) )) 1885 March 27 111 UTn 0,00 0,292 0,0 1+ 0,01 

The observation of LUTHMER in Hannover, of Octob. 30, 1822 is 
not contained in this tabIe. lts calculation yields the result: 

Jovic. Long., Amplitude aJ yeny' 

III 10526°'77 8~,22°'25 -151'21 +01'18 

IV 9 6'74 7 2'22 -14'40 -0 '74: . 
Difference -I- 0 1 '81 -\-01'92 

80 there is a difference in the amplitudes, of 01'81, = 0'81 X 
18"'37 = 14"'9, in the latitudes, ~f ° '92 = 16"'9. Probably the 
observation has been made wiih an unsatisfactory instrument, for it 
is impossible to suppose an error of this amount in the tables of 
DAMOISEAU for 1822. The difference in sign of the latitlldes y and y' 
is explained by the fact that the longitude of the ascending nóde of 
the fixed plane was 10s14°'37, which is. intermediate between the 
two jovicentl'ic longitudes. 

As the two satellites moved in the same direction, the hourly 
change of distance was smalI, viz. 01 '280. It would thus require 
nearly three hours to annul the difference of 01"81. 
, The remaining conjunctions, ho wever, show a satisfactory accuracy 
and we may thus expect that the tabie, as given below, will serve 
its purpose. 
, As a second test I have computed, by the aid of the second part 
of DAMOISEAU, the two superior conjunctions and the intermediate 
inferÎor conjunctions of lI, al}d 1 have compared these to those given 
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hi the Nautical Almanac of 1902. The epochs were found a little 
earlier, to wit: 

superior conjunction of 10 July, 10u46m'9 M.T. Grw. Om'7 eal'lier 

inferior eonjunetivn (mean 

of ingl'ess and egress) 16 July 51140m·0 
superior conjunction j 7 July 23u54m'4 

all three less tban a minute . ., 

" 
" 

" Om'3 
" Om'7 

" 
" 

Now, as the eonjunctions in the Na'lttical Almanac have been 
caleulated by the aid of DAMOISEAU'S tables écliptiques (making allow­
ance for some slight corrections indicated by ADAl\IS) the differenees 
must be sol~ly due to the fact that in DAMOISEAU'S seeond part the 
rnain terms only of the equations and perturbations have been taken 
into account. 

The same tables repl'esent as accurately the superior conjunction 
• of I on Janual'y 1, 1908, 14u4m'2 M.T. Grw. = January 2, 2u13m'55 

civil time of Paris; the error amounts to 00 .07 or 01"01 linear 
measure only, an arc traversed by the satellite in Om·5. 

(On the terms takE'n into account in the secónd part of the tables 
of 'DAMOISEAU vide 3ld appendix below). 

In his letter Mr. STANLEY 'VILUAMS mentions another rare ob ser­
vation, made as weIl by himself as by the Spanish observer J. COMAS 
of Valls, (near Taragona), on 14 August 1891, to wit of the eoin­
eidence and of the subsequent separation of the shadows of two 
satellites on the planet: He eoneludes thàt an eclipse must have 
taken plaee.- Tbese phenomena will be tl'eated in the second part of 
~his communication. 

{ 

(9) Relow follows the table which has served for this computation. 
The nnit, the radius of Jupiter, is 18"'37. SOUILLART states that he 
found mentioned in the papers of DAl\lOISEAU that this number was 
borrowed from ARAGo. According to HOUZEAU, ARAGO must have 
made the determination by means of the double image micrometer 
(an invention made nearly simultaneously by himself and PEARSON; 
of the latter the observatory at Utrecht possesses a specimen). 
Partieulars about these measures are not known. The number is 
smaller than that found by other astronomers, vide for instan('e 
HOUZEAU, p. 647-650; SEE, Ast1'on. Na chr. N°. 3670 (15 Aug. 1900). 
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Hourly change of the elongation re as a function of the amplitude 

, 

I + o~ok I 11 III IV -
OBI 

r r r 
oe 08(12) 0,708 0,560 0,420 68 0° 6s Om 

4 3 2 2 
5 11 25 0,89L 0,705 0,558 0,418 5 5 25 

10 I 8 7 4 
10 11 20 0,88L 0,697 0,551 0,414 10 5 20 

17

1 

14 10 8 I 

15 11 15 0,864 0,683 0,541 0,406 15 5 15

1 

23 18 15 11 
20 11 10 0,841 0,665 0,52ö 0,385 20 5 10 

30 23 18 14 
25 11 5 0,811 0,642 0,508 0,381 25 5 5 

36 2U 23 17 
1 ° 11 ° 0,775 0,613 0,485 0,364 '1 ° 5 ° 42 33 26 20 

5 10 25 0,733 0,580 0,459 0,344 5 4 25 
48 37 30 22 

10 10 20 0,685 0,543 0,429 0,322 10 4 20 
53 42 33 25 

15 10 15 0,632 0,501 0,396 0,297 15 4 '15 
57 46 36 27 

20 10 10 0,575 0,455 0,il60 0,270 20 4 10 
62 49 39 29 

25 10 5 0,513 0,406 0,321 0,241 25 4 5 
66 52 41 31 

2 ° 10 0 0,447 0,354 0,280 0,210 8 ° 4 ° 69 55 43 32 
5 9 25 0,378 0,299 0,237 0,178 5 3 25 

72 57 45 34 
10 9 20 0,306 0,242 0,192 0,144 10 3 20 

75 59 47 35 

1
15 9 15 0,231 0,183 0,145 0,109 15 3 15 

76 60 48 36 
20 9 10 0,155 0,123 0,097 0,073 20 3 10 

77 61 48 36 
25 9 5 0,078 0,062 0,049 0,037 25 3 5 

78 62 49 37 

0\ 3 0 9 0 0,000 0,000 0,000 0,000 9 0 3 

Finally we will give below, vide pp. 334 and 335, two instanees 
of computation; one of a case in which the apparent motion of the 
two satellites was opposed, the othel' in which it was in the same 

dil'ection. 

1st Appendix. Wlwt is tlw max~''/num dumtion of the severaloccul­
tations 0/ one satellite by another? 

We have seen above that it took 19m·2 to annul the small 
difference of the elongations of 01.11 (211 .0). This was caused by 
the minuteness of the relative motion of tl}e satellites. But in the 
case that the hourly motions, WhlCh we will denote by u and ~tl, 

.'IJ'-a: 
are absolutely equal, the denominatol' of the fl'action -, -- is zero. 

u-u 



- 21 -

( ~23 ) 

The case then corresponds to that of the "Station of Venus" and 
it is a very ancient problem to compute its epochs. 

Let be rand r ' the radii vectOl'es of two satellites; 8 and 8' the 
corresponding amplitudes, then fol' the o('cultation : 

r sin 8 = r' sin 8'. 
The condition of an equal change of longitude leads to: 

d8 , d8' 
'J' cos 8 - = r cos 8' -. 

dt dt 

Now, if Tand T' represent the sidereal periods, we have, neglecting 
the apparent movement of Jupiter: ~ 

dB d8' 1 1 1 1 
dt : di = T : '1" = rSJ2 : r'sJ,' 

consequently : 

from which: 
'I' r r 

cos' 8 = .., cos~ B' = .. - .., sin 2 0' . 
l' r 'J' 

Adding 

we get 

1 = ;, + l(~Y- ;, f sin' 8'; 

'J" -
Therefore, putting - = (l, 

r 

and 

(1.-1 

(l8 - 1 

(l' 
sin' 8 = , 

(l' + (l + 1 

1 

The equality of the hourly changes of the two elongations of 
course only lasts for an instant; very soon inequality sets in and 
the two satellites begin to separate. Meanwhile it may be long ere 
such becomes perceptible at the telescope, on]y, in a case like the 
present, the satellites do not pass each other, but aftel' the conjnnction 
they have the same position the one to the other as before. 

As an example take a conjunction of land II under the eh'cum-

---------
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stanc~s in qllestion. Let the amplitudes be between 0 and 3 signs, 
so that both the satellites, as seen from the Earth, (the head being 
turned to the North Pole), are to the 1eft of and both receding from 
the plan et. Before the conjunction I is to -the l'ight of lI, but the 
motion of I is quicker than that of 1I. I will overtake II as soon 
as its amplitude is 44°39', that of II being then 26°14'. At the 
s!1me time, however, the apparent velocities are equal. Now as I 
approaches its greatest elongation it retards its motion much more 
considerably than lI, the amplitude of which is so much smaller. 
The consequence is that, aftel' the conjunction, I is left behind, and 
gets again to the right of II as before conjunction. 

This case l'epresents a transition between two other cases. 1. If, 
under the same circumstances I is somewhat more in advance (has 
a greater amplitude), it will pass II, but aftel' a while will be over­
taken by Il, which then, as seen from the Earth, passes behind it. 
2. If, however, I is somewhat less ahead, it will continue to be 

, seen to the right of 1I, the distance I - II going through a minimum 
but not l'eaching zero. 

Now, in order to answer the question, how long will be the 
duration of the occultation counted from the first external contact, 
the apparent radii of the satellites must be known. Owing to the 
irradiation they are greater at night than in daytime 1) as severaI 
observers have actually found. The observations of the Ratellites of 
Jupiter being made nearly exclusively at llight time, we will adopt 
the apparent radii holding fo1' the night. I took the mean of the 
values found by SEE at the giant telescope at Washington on the 
one hand and that fOUlld by several observers on the othe1'. (I have 
taken the values as summarised by SEE himself). For the reduction 
to the unit used throughout for these computations, viz the radius 
of the equator of Jupiter, this radius is taken , 18"'37 in accordance 
with DAMOISEAU. 

Diameter Radius 

I 1"'07 = 01',058 01"029 

Il o '95 0'052 0·026 

III 1 '56 0,085 0'0425 

IV 1 '41 0'076 0'038 

1) Vide e. g. T. J. J. SEE, Observations of the Diameters of the Satellites of 
Jupiter, and of Titan, the principal Satellite of Saturn, made with the 26 inch 
Refractor of the U. S. Naval Observatory, Washington; 19 Oet. 1901. Astr. Nack· 
riekten N0, 3764, (21 Jan. 1902). 
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Thel'efore ; 
Sum of the diameters Sum of the radii 

I + II 01"110 01"055 
I + UI 0 '143 0 '0715 
I + IV 0 '134 0 '067 
II + III 0 '137 0 '06~5 
II + IV 0 '128 0 '064 
III + IV 0 '161 0 '0805 __ 

For the mean radii vectores we will take two ngures more than 
did DAl\IOISEAU in his tables, and we will adopt for the purpose the values 
found by SOUILLART in DAMOISEAU'S papers, (SOUILLART, second paper, 
l\'lémoires présentés par divers savants a l' Académie des Sciences, 
Tome XXX, 2me Série, 1889; p. 10) 1). 

I 6'0491, 
II 9'6245, 
III 15'3524, 
IV 27'0027. 

The result of our computation is, that the time between the nrst 
contact and the central occultation is: ' 
for land II 1 and III 1 and IV II and III II and IV 

l h'324, 1h '245, 1~1'103, 2h'263, 111'774, 
between the central occultation and the second contact: 

l h '204, jh'161, l h'059, 2h'190,' l h '767, 
therefore in all 

2h'528, 2h'406, 2h'162, 4h'453, 3h'541, 

III and IV 
3h'725 ; 

3h '725, 

711 '450, 

Still even these numbers do not represent the maximum of the 
time during which the two satellites may be seen as a single body. 
For we can imagine the case that the shortest distance becomes 
equal to - (r + r'), i. e. that between two central conjunctions there 

1) According to SOUILLART, DAMOISEAU derived these numbers in the following 
\Vay: He adopted the mean distance of IV, in accordance with POUND's determi­
nation = 496"'0, and taak 18"'37 for Jupiter's semidiameter, sa that, by division 
fIV = 27'00102834. The mean distances of the other satellites were then derived 
from the sidereal pel'iods by the application of KEPPLER'S third law. But to these 
mE'an distances he added the constant terms produced in the radü vectOl'es by 
the perturbing force. 

I beg leave to remark that 496"0: 18'/'37 is not 27'00102834 but 27'000544366: 
Happily th~ 4th, i)th, 6tl', 7th and 8th figure have na appreciabIe influence on our 
computations, nor probably on those of SOUILLART. For the rest the 2nd appendix, 
further below, may be consulted on such numbers of many decimals. 

2) On June 4, 1908, such a conjllnction must take place according to our com­
putation. Vide the table fnrther below. 
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occurs a contact on the other side. In this case the duration will, 
very nearly indeed, have to bè multiplied by V2. It thus becomes 

for land lI, 1 and lIl, I and IV, II and lIl, II and IV, III and IV 
3h'574, 3h '402, 3h'057, 6h '296, 5h '006, 10h '43, 

or: 
3h34m, 3h24m, 3h 3m, 6h18m, 511 Om, 10h26~. 

These nnmbers hold only fol' those very rare occasions in which 1st. 

the occultation is central and 2nd . the rate of change of the e~ongation 
is equal or nearly so for the two satellites. As soon as there is 
some difference of latitude the time during which the two satellites 
are seen as a single body is of course smaller. 

2nd• Appendix. Investigation of the uncel'tainty, existing in the 
detel'mination of the synodic periods of the satellites. 

In his introduction to the Tables Ecliptiques, p. XIX, DELAMBRE says : 
"Nous n'avons aucune observation d'éclipse antérieu!,e à 1660". Now let 
us assume that the difference in time between the first eclipse observed 
in 1660 and the last observed in 18:16, two years before the publica­
tion of these tables, (taking into account also the next ones in 1660 
and the preceding on es in :181.!» leaves an uncertainty, in the case 
of the four satellites, of 20, 30, 40 and 60 seconds, which will be 
too favourable rat,her than toa unfavourable. If we divide this un­
certainty by the nuinber of synodic periods in 156 years, to wit 
32193, 16032, 7951 and 3401, we get for the uncertainty of a 
single period 

for I for II 
OS'00062, OS'00188, 

for In 
OS'0050, 

for IV 
Os·0176. 

Therefore, if we ind that DELAMBRE gives these periods to 9 places 
of decimals of the second, we cannot attach much importance to 
the facto 

When DAMOISEAU, 20 years aftel' DELAl\fBRE, published new eclipse­
tables 1) for the satellites of Jupiter, he adopted the period of I un-

1) The tables of DELAMBRE and DAnwIsEAu were destined mainly to serve for the 
prediction, in the astronomical ephemerides, of the eclips es of the satelIites c!lused 
by the shadow of Jupiter. lt is for this reason that both he and DELAMRRE, united 
all those terms of the perturbations in longitude which have the same argument 
at the time of the opposilion of the satellites, even though these arguments might 
be different for all other points in the orbit. Therefore it .becomes necessary once 
more to separate these terms as soon as tables have to be computed from which 
may be derived the longitude and the radii vectores of the four satellites for any 
point of their orbits, tables such as have been given by BESSEL in his Astrono­
mische Untersuch~tngen and by MARTH in the Monthly Notices of the Royal 
Astronomical ~ociety, Vol. LI, (1891). 



- 25 -

( 327 ) 

changed, but applied the following corrections to the remaining ones : 

U + Os-005127 374, 

III + 0 -029 084 25, 

IV - 0 '092 654 834, 

the amount of which is even respectively nearly 3, nearly 6 and 
somewhat over 5 times that of the uncertainties derived .lust now. 
But even if we increase the number of intervening years from 156 to 

1 
176, our estimated uncertaülties are onIy diminished by ab out 9" of 

their amount. We thus conclude that these periods can onIy be con­
sidered to be determjned with certainty : 

that of I to 3 decimals of the second 

" " H, In and IV to 2 decimals" " " 
The Nautical Almanac, which, where it gives the superior conjunc­

tions of the satellites, gives also the synodic periods, wisely confines 
itself to three decimals. The use of 9 decimals may therefore provi­
sionally be taken for astrol1omical humbug. Some other instanees of 
the same kind might be quoted e. g. the formerly well known con­
stants, 20"'4451 for the aberration and 8"'57116 for the parallax of 
the sun! ..J 

3rel Appendix. jJ!eaning of the equations taken into account z'n 

the 2nel Pa?'t of the tables 0/ DAMOISEAU. 

On p. 321 we have refel'l'ed to the 3rd appendix for information 
as to the equations which have been taken into account for each 
satellite in the second part of the tables of DAMOISEAU. We will now 
supply this information; we will denote by U, ua' UI, 'ltn, Um and 
UIV the mean longitudes of the sun, of Jupiter and of the fom 
satellites; by ~o the longitude of the perihelium of J llpiter, by :re' that 
of the Earth, by ~III and ~IV the pel'ijovia of UI and IV ; by llthe 
longitude of the ascending node of Jupiter's equator on its Ol'bit; 
finally by Au, Am and Arv the longitudes of the ascending nodes 
of lI, III and IV each on its own fixed plane. 

In order to be able to supply tlle data following below we have 
taken the daUy motioll of the argument of each eqnation from tle 
tables in the seconcl part of DAl\IOISEAU. This amonnt was then mul­
tipliecl by the synodic period expressed in days; thc product thus 
obtained was the11 compared with the factor by which, in the first 
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part, p.p. (lil), (V), (VII) and (VIII) the letter i (the number of 
synodic periods) is multiplied. 

These daily motions are sa nearlyequal for several of the equations 
of Ir, lIL and IV that, ,in order to make them out, we must take 
from the tables the motions for a long intervaJ, e. ,q. fol' 10 yearR, 
(duly taking into account the number of periods). These must .. then 
be divided by the number ot' days (10 years = 3652 or 3653 
days). Multiplying tbis quotient by the synodic period in days, we­
get 3600 '+ a fraction. The 360° are of na account; the frac(ion 
is the factor of i; we thus recognise which is the equation we have 
to deal with. In the preface of the second part of DAMOISEAU we 
look in vain for any int'ormation on the subject. 

I. For this satellite five terms have been taken into account. 
N°, i' with an amplitude of 1 °'16, is the equation of the velocity 

of light; its argument is U-ua. 
N°. 2, (amplitude 0°'29), is the equation caused by the ellipticity 

of Jupiter's orbit; the argument is the mean anomaly of Jupiteruo- :lro• 

N°. 3 is 1800 + the mean anomaly of the Earth, U -3t
I

; by 
its aid and that of N°. 1 i. e. the difference in longitude between 
the Sun and Jupiter, we find, in the table of double entry IX, one 
term of the geocentric latitude of the satellite, 

NU. 4 with an amplitude of 0°'45, shows tbe pertlll'bation caused 
by II in tbe motion of I. The argument is Ur-Un. 

N°. 5, (amplitude 3°'07) gives tbe jovicentric latitude of I, neces­
sary to find the second term of tbe geocentric latitude. The argument 
is uI-Jr. 

H. Seven terms. N°. 1, 2 and 3 bave the same arguments as the 
analogous terms for I; the amplitudes of N°. 1 and 2 are halfthose 
of 1. The term of the latitude to be taken from IX, by the aid of 
1 and 3, is of course the same for all the satellites. 

N°. 4, (amplitude 1°'06), sbows the perturbation caused by Hl in 
the motion of Il. The argument is '/.tn-UIII . 

./ 

N°. 5, 6 and 7 serve for the latitude. 

N°' 5, (amplitude 3°'05), has the argument 

N°. 6, (" 0 '47), "" " 

N°. 7. (" 0 '03), "" " 

Un-;ntv; 

uu-Au; 
uu-Am. 

IU, Nine tel'ms, Nos. 1, 2 and 3 are tbe same as fol' land II; 
the amplitudes of N°. 1 and N°. 2 are 0°'29 and 00 '07. 
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J. A. O. OUDEMANS. "Mutual Occultations and Eclipses of the Satellites of 
Jupiter in 1908." 

Starting point: the geocentric superior conjuuctiol1 of I on July 12, 1908, 

at 1111 2m.3 M. T. Greeuwich = llh llm.65 M. T. Paris = 23h llm.65 civil time Paris. 

3086 '- Z 20 

Scale 
30 168 000 000 

lmm. = 8" hehocentric. 

1-<-'- " , 600 700 
~~~~ ________ ~ ________ L-______ ~~ ____ ~~ ______ ~~ ______ ~I 

o \00 zoo 300 4-00 500 

Unit: the radIUs of thc earth's equator' 

Proceedings Royal Acad. AlTIstel dam. Vol. lX. 
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N°. 4, (amplitude 0°'07), has the same argument as N°. 4 for 1I, 
but it now shows the, perturbEl'tion caused by Il. 

~N°. 5, (amplitude 0°'15), is the equation of the centre; argument 
UUI-nUI· 

N°. 6, (amplitude 00 '04), has the argument UIII-.1l'IV, it thus must 
account for a perturbation in III depending on the longitude of the 
perijovÏllm of IV. 

Nos. 7, 8 and 9, with the amplitudes 2°'98, 0"'18 and 0°'03, 
serve for the latitude. The arguments are respectively Um-n, Um-AuI 

and ttm-AIV. 

IV. Seven terms. 
Nos 1, 2 and 3 are similar to those of the preceding satellites. 

N° 4, (amplitude 0°'83), is the equation of the centre, argument 
UIV - .1l'IV. 

Nos 5, 6 and 7 serve for the latitude. N° 5, (amplitude 2°'64) 
depends on the mean aaomaly of Jupiter; its argument therefore 
is U o - no' 

N° 6, (amplitude 0°'24), depends on the argument of the latitude 
of the satellite itself; argument UIV- AIV. 

N° 7, (amplitude 00 '04), is a minute perturbation, caused by lIl; 
its argument is Ulv-Am • 

Now in regard to the following table ofthe computed conjunctions. 
The first column contains the ordinal numbers. 
The second shows the epoch of the conjunction, accurate to the 

nearest minute, expressed in civil time of Paris. This time is reck­
oned from midnight and has been used by DAMOISEAU in his 
tables ; it thus represents the direct result of our computations. In 
the cases that the computed time was just a certain number of 
minutes and a half, the half minute has been set down. By sub­
tracting 12u 9m or, where necessary, 12u 9m '35, the mean time 
of Greenwich was found, which is contained in the third columm. 

The 4th and the 5th columm contain the numbers of the occulted 
and the occulting satellite. The appended lE'tters f and n show 
w hether the satellite is fa1' or near (vide supra p. 304). The satellite 
is jar if its amplitude is between 9s and 3s, near if it is between 
3s and 9s• Furthermore ee denotes an eastern elongation, for which 
the amplitude is about 3s and w e a western elongation, for which 
the amplItude differs littIe ft'om 9>. 

22 
Proceedings Royal Acad. Amsterdam. Vol. IX. 
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At the conjunction the elongations, counted along the Ol'bit of 
Jupiter, are equal; they are to be found in the next column. If the. 
elongation is +, the satellite, as seen by a northern observer, using 
a terre'strial telescope, will be to the left of. the planet. Therefore 
if he uses an inverting telescope, as is the rule for the observation 
of the heavenly bodies, he will see it to the right. 

The three followÏllg columns contain the ordinates of the two 
satellites and their difference; northerly latitudes are positive. The 
tenth column shows the dmation, which the eclipse would have, if 
the conjunction were central. In a few cases (Nos. 20, 23, 30, 48, 
53 and 64), we find y' = y, consequently y' - y = 0. If the tables 
were correct these conjunctions would be central. But in testing the 
tables by the conjunctions observed by Messl's F AUTH, NIJLAND and 

, STANLEY WILLIAMS the difference of the y's did not completelyagree 
with the observations and even a smaIl difference may considerably 
change the duration of any eventual occultation. Therefore, not to 
fill a column with figmes, which, likely:enough, !pay be contra­
dicted by the observa,tions, I omitted the value found by calculation 
fol' the true duration. 

We remarked before (p. 308) that, if at all, any conjunction will 
be visible at a determined place of observatioll only for a short 
time, viz. between sunset and the setting of Jupiter. As a conse­
quence the list will be of little use, unie ss oQ§ervatories distri­
buted over the whole of the earth cooperate in the WOl'k. The last 
column was added as a help to such cooperation. It contains on 
ever}" line an observatory, at which the cOlljunction of that line 
will be visible. It is' certainly desirabie that other astronomers also, at 
observatories in the vicinity, examine whether the phenomenon will 
be visible, and, if so, prepare for its observation . . 
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, 
R E SUL T S. 

Geocentric conjunctions of two satellites in June and July 1908. 
I 

I 
I - i I i = I n=near 0 

f=far .., ~ -.., tt-.:S 
'0 0 .... 

Civil time Mean time .3 C> ~ ~ ='3 ~ 00> 
'0<0 -bO 

x=a;1 :; 
~ ~S '!f'-1j ..... 0> visible at No. 2~ .S.-ê tJ ~o 

at Paris at Greenwich tJ ~ 
co <0 -- .......... o ~ ~-::l ..... -...... 0 ::las g-S 13$ 00 00 Ab 

o1)l cool 
0 00 - = <0 

C) 

1 1 Jnne 5h55m 31 May 17b46m 1 !In +2r18 -Od6 -Or 126 +0,035 45m Mt. Hamilton 
n 

2 1 » 18 25 1 June 616 Iwe IIn -6,03 +0,31 +0,29 -0,02 11 Cape 

3 2 » 1 55 1 » 1346 Ij IV n -3,15 +0,18 -0,12 -0,30 7 Washington 

4 2 » 1316 2 II 1 7 IIIj lIJ -8,51 +0,51 +0,38 -0,13 60 Madras, H. Kc 

5 2 » -14 0 2 » 1 51 IIIj IV n -8,16 +0,51 +0,13 -0,38 11 Madras, H. Kc 

6 2 » 14 4,5 2 » 1 55 Hf IV -8,20 +0,37 +0,13 -0,24 10 Madras, H. Kc 
n 

7 2 » 21 10 2 I) 9 1 lIlf lIf 
-4,54 +0,31 +0,20 -0,11 41 Utrecht 

8 3 » 3 15 2 » 15 6 lIJ I -0,335 0,00 -0,03 -0,03 4 l At the 71 

9 3 3 50 2 » 15,41 lIlj In -0,87 +0,15 0,00 -0,15 6 sametime ó; 
» 

10 4 » 1446 4 » 2 37 1 1I $=+5,015 
-0,29 -0,255 

+0, 03' l Two ",ut .. " at 71 n x'=+5,07 the same side. II j ust, 

" 
4 » 16 ° 4 » 3 51 » » 4,34 reaches central con-

x=+3,54 -0,23 -0,195 
junction but thtln i 

" 
4 » 1715 4 » 5 6 » » 

$'=+3,48' 
+°,035 retraces its steps. I 

The satellites will be vi~ible as one body during nearly 2t honrs. 

11 5 » 7 51 4 » 1942 Iwe llJ -6,05 +0,33 +0,28 -0,05 12 Sydney 

12 6 » 1624 6 » 4 15 lIJ 1 -0,48 0,00 -0,01 -0,01 4 I At the 71 

13 I) » 18 11,5 6 » I) 2 lIJ Hl +0,82 -0,06 -0,17 -0,11 6 sametime ó: 
71 and II ecJipse 

14 9 » 5 6 8 l> 1657 IVf Ilj -9,19 +0,59 +0,43 -0,16 13 Mt. Hamilton 

15 10 ]) 426 9 » 1617 IVj I +0,29 +0,14 -0,055 -0,195 6 
} At the n 

16 10 }) 5 23 9 l> 1714 lIf 
I -0,58 +0,02 -0,01 -0,03 5 same time Ó') 
n 

17 10 1.) 6 28 9 » 1818,5 HIf In -1,54 +0,15 +0,05 -0,10 6 Mt. Hamilton 

18 11 1.) 3 ° 10 » 1451 IVf lIlj +9,01 -0,32 -0,52 -0,20 183 Washington 

19 12 » 10 34 11 » 22 25 Iwe II -6,0~ +0,32 +0,28 -0,04 11 Wellington , n 

20 13 » 1846,5 13 » 6 37 Uf 1'1 -0,82 +°:015 +0,015 0,00 4 ó?f. 
21 13 » 21 37 13 l> 9 28 lIf 

III 
'I 

+1,31 -0,07 -0,16 -0,09 6,5 II eclipsed 
(Utrecht) 

22 15 » 23 55 15 » 1146 Iwe II -5,99 +0,32 
71 

+0,29 -0,03 10 (AtI. Ocean) 

23 17 » 7 53 16 » 194'" lIJ I -0,ü2 +0,02 +O,~2 0,00 4 ó'lf , 11 

22* 
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1 

n = ·neat s::: 
.8 f=far c.-+> ;., bil 1>, o os '0 ..... 

Civil time Mean time ~ ~ . S .., ="3 
bil.., "3 - ..... := o ".J 

Visible al No. '0.., :&= :~ , "3 y' -y ..... u .., ..... = ..... u Ol Ol ~o . at Paris at Greenwich ..... ..... '- .- · U ..... 8 -- ..... - 0 ..... .. -~- "3 ä3 a! 0 a! ~ a! ",2 '" '" u ..... ~ .. U a! u a! ... 
0'" 0'" = .., 

u 

24 17 June 9h39oo 16 June 21h30oo I II I 
I 11 

- 2r44 +Or.18 +Or10 -Or 08 600 Wellington 

25 17 » 20 47 17 » 8 38 lIJ IV + 7,33 - 0,37 - 0, 52 - 0,15 9 Utrecht 11 

26 18 '» ° 33 17 » 1224 HII IV + 5,75 - 0, 28 -0,44 -0,16 10 (A tI. Ocean) 11 

27 18 » 7 30 17 » 1921 1
1 

IV + 2,86 - 0, 16 - 0, 30 -0,14 6, 5 Sydne.y 11 

28 18 » 828 17 » 20 18 UIl II + 9, 52 - 0,51 -0,45 + 0; 06 15 Sydney ee 

29 19 » 1313 19 » 1 4 1 11 -5,94 + 0,32 + 0.29 -0,03 9,5 Hong Kong we 11 

30 20 » 21 3 20 » 8 54 III I -1,07 + 0,02 +0, 04 +0, 02 4 Utrecht 11 

31 21 l) 1 3 20 » 12 54 1[1 III + 1, 79 -0,11 .,....0. 15 - 0,04 6,5 II eclipsed 11 

32 21 » 11 54 20 » 23 45 I
I 

IU - 4, 21 +0,24 +0,18 -0,06 7 Hong Kong 11 

33 23 ». 2 32 22 » 1423 I I[ - 5,90 +0, 32 + 0. 29 -0 , 03 9 Washington we 11 

34 24 » 1013 23 » 22 4 111 I - ·1, 22' +0. 03 + 0, Q'l -0, 02 4 Sydney 11 

35 24 D 12 37 24 » ° 27 IlII I -3, 21 +0.20 +0,16 -0. 04 6, 5 Hong I\ong 

36 26 » 11 17 25 » 23 8 lVI \ I: 1-5,60 +0,35 +O, 30s - 0, 04s 11 Hong Kong 

37 26 » 13 43.5 26 » 1 34 lVI Ll - 4,61 +0. 31 +0,25 - 0,06 7 Madras, H. Ka 11 

38 26 » 15 49 26 » 340 I 11 - 5,84 +0,32 +0, 30 -0,02 9 Madras we 11 

39 27 » ° 27 26 » 12 18 IVf II -0, 18 - O, Oi + 0, +0,04 20 d'lf. 
40 27 » 13 44 27 » 1 35 l VI 1 + 5,66 -0,17 - 0,3 -0,14 11 Madras, H" Ka 11 

41 27 » 18 56 27 » 6 47 lVI IU + 7,38 - 0,20 - 0,45 - 0.25 10 Cape 11 

42 27 ,) 23 24 27 » 11 14 Hf I -1,38 + 0.03 + 0,07 +0, 04 4 (Atl. Oèean) 11 

43 28 » 14 57 28 » 2 48 11 IU -3,49 +0,20 + 0,17 -0,03 7 Madras 11 

44 30 » 5 5.5 29 » 16 56 I I[ -5, 75 +0,31 +0, 31 0.00 4 Mt. HamiltoD we " 
+ 0, 041 - 0, 05 45 -I July 12 34 1 July ° 25 III I -1,53 +0,09 4 Hong Kong 11 

46 1 l) 1540 1 » 3 31 IIII I - 3,93 + 0,23 +0,21 -0,02 5 t Central Asi& 11 

47 2 » 16 21.5 2 » 4 12 1Il1 11 + 9,14 -0,48 - 0, 42 +0,06 12 » » 11 , 

48 3 » 18 21 3 » 6 12 Ir II - 5,68 +0,31 + 0,31 0, 00 7 . Cape 11 

49 3 » 20 8 3 » 7 58.5 11 1 IV + 15, 30 - 0.85 -0, 79 + 0,06 32 Berlin etc. ee 11 

50 5 » 1 44 4 » 13 35.0 III T - 1, 67 +0.03 +0, '10 + 0,07 4 Washington 11 

51 5 » 6 25 4 » 1816 III I V +1, 66 - 0, -12 -0,15 - 0, 03 7 11 eclipsed 11 

~ 
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n=near ~ 

f=far 
.S 

j 
""' .... , 'd ~ bil -~ 005 .... 

ClVll time Mean time 
Cl) Cl) s:: Cl) ~-.... .... :;; 0::1 

bO<1l ~ ~ 

No. 
'd<1l ,I;=a;' - '3 - !I' -y -.;:; g visible a 
~~ ~ .... <) - -

~ 
at Paris at Greenwich 

.~.,.-4 <) Cl) <) C1l 050 -- ..,- .., 1'<_ -- 0 
., .., 

::1- ::I <1l 05 0 0$ ::105 g$ <) .... 
tIJ tIJ ~~ 

o~ .,05 
i 0'" = Ol) -,~ 

<) 

~ 8
h 2~5 h.!fl 

7m 52 5 July 4 July 19 53.2 Uj III +2r80 -Or17 -Or29 -Or12 Sydney 
n 

.' 53 5 » 17 58 5 » 5 49 I 11l --2,75 +0,15 +0,15 0,00 6 Cape 
n n 

; 
54 5 » 17 34 5 » 5 25 Ij IV -3,04 +0,14 +0,09 -0,05 7 Cape, MOEc 

n 

55 5 » 21 54 5 » 9 45 III IV -4,85 +0,28 +0,16& -0,115 79 Washingtol 
n n 

56 7 » 7 37 6 » 19 28 Tj 11 -5,60 +0,30 +0,31 -ro,01 8 Sydney 
n 

57 8 » 14 55 8 » 2 46 IIj 1 -1,82 +0.04 +0,11 +0,07 4 Madras 
11 

58 8 » 18 44.8 8 » 6 35.5 lIIj I -4,64 +°,266 +0,25 -0,015 8 Moscow 
11 

I 

59 9 » 20 13 9 » 8 4 lIl
f 

II +8,89 -0,50 -0,40 +0,10 11,5 Berlin, etc. 
n 

, 60 10 ) 20 52 10 » 8 47 Ij II -5,53 +0,31 +0,30 -0,01 7 Utrecht 
71 

61 12 » 4 6.5 11 » 1557 lIJ 1 -1,975 +0,'.04 +0,13 +0,.09 4 Mt Hamilte 
11 

62 12 » 20 57 12 » 8 47 Ij III -1. 95 +0,11 +0,13' +°,026 6 Utrecht 
11 

63 i3 » 5 25 12 » 17 15 IVf IIlI f -6,50 +0,35 +0,40 +0,05 10,5 Pacific 
, 11 

64 13 » 20 39 13 » 8 30 IVf I -0,27 +0,05 +0,05 0,00 6 rf2t 
11 

ong l 65 14 » ° 12.5 13 » 12 3 IVf II +1,205 -0,015 +°,015 +0,03 4 IV eclipsed 
11 

66 14 » 10 8.5 13 » 21 59 Ij 1I -5,42 +0,29 +0,32 +0,03 7 Perth 
n 

> 67 15 » 17 17 15 » 5 7 lI
f 

I -2,12 +0,04 +0,14 +0,10 4 Cape 
11 

ong 68 ·15 D 22 1 15 » 9 51 lII
f 

I -5,27 +0,28 +0,30 +0,02 9 Berlin, etc. 
n 

69 17 » 23 11 17 » 11 2 Ir 1I -5,34 +0,29 +°,315 +°,025 6,5 Charkow 
11 

: 
70 19 6 ::0 18 21 lIJ 1 -2,22 +0,06 +0,14 +0,08 4 Pacific » 18 D 

11 

71 19 » 15 5 19 » 2 56 lI
f 

III +3,77 -0,22 -0,15 +0,07 'i Central Asi 
n 

~ 

72 19 23 56 19 11 47 Ij lIJ ,-1,135 +0,05 +0,12 +0,07 6 Astrachan » » 71 

, 
, 
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I 

Occultation of Hj by 1
" 

on July 15, 1908 at lih27m civil time Paris. 

I r-
Il 

M. Longite 1 2 3 4- M. iORgItc 6 
, 

7 5 4 5 
I 

9s 5074 7~27°5 Is ar8 Os 1°4 Os 18°1 lOs 20°9 8s 17066 ':3s 9cO 10s 2°8 Os18°6 11s28°5 

6 9,80 919,2 11 8,4 ° 0.8 2 5,9 7 24,6 4 3,87 10 2,9 5 18,7 5 0,2 910,6 

0 6,20 11 22, (3 3 8, 9 11 28, 6 10 4.,2 10 20, 7

1 

2 2,03 2 2,1 ° 16,5 9 8,9 1 2,3 

3 21,51 5 13,4 o 15, 0 , 5 28, 4\4 2,7 321,5 11 18,83 8 1,3 11 18,8 11 24,8 11 20,1 
I 

, , 

7 13,25 10 22,7 4 3 1 529,2 5 0,9 827,7 2 b,39 11 15,3 326,8 222,5 10 1,5 . 
11 19,23 10 28,85 ° 12,6 0 1,2 013,8 1\ 19,6 1028,8 11 24,8 11 9,2 11 9,7 11 0,3 

4 24, 14 0,6 0,7 212,3 424,1 1 11'81 1 6,2 211,8 211,8 211,8 
-

3,82 1,9 3,8 1,90 0,9 1,9 1 9 1,9 
I 

11 10,06 III D,91 4 4,3 J 6 13, 7 J 7 4,7 J 024,4. 415, 35 I 0 17,21 5 19, '1 4 10, 91" 2+, 5 

-1,06 1 lO,52 

- 0,16 2 1 0,08 5 + 0°53 

+ 0,43 4 + 0,60 6 - 0,32 

11 9,27 5 + 1°27 4
1 

5,35 7 0,00 

4 17,37 - IX + 0,05 S-G 4117,~ - IX + 0,05 
------ -

6 21,90 + 1,32 Amplitude 11 17,98 + 0,26 

Result : 

x=-2r,'2(j y=+01'14 x'=-2rOO 

- 2\26 - 0,830 b t = - 21,00 +10,691 b t 
-1,521 b t= + ° ,26 

b t = - 011,172 = -10m,3 
x=-2',12. i 

15 July at 17h16m'7 Civil time at Paris, 

- 5 16'7 Mean " " " , 
= 5 7 '35 " " 

" Greenwich. 

Due account has been taken of the fact th~t the number of bis­
sextile days between 1858 and 1908 c1\fferJ from that between 

I 

1830 and 1880. Fol' betweeu (1 Ja1Hfal'y) 1830 and (1 January) 1880 
we have --12 bissextile days, against 11 betweeA (1 JanuaL'YJ 1858 and 

I 
(1 Janual'y) 1908. The c1ifference Ims been allowed fol' by treating 
1908 as if it wel.'e ti, common yeal' in thelinebfJuly, wllichconta.ins 

I 

the motions fol' the momhs Janual'j' to June (inclusive). Fol' on the 
pages 201, 209, 217 and 225, whirh contain Ithe motion of the four 
satellites 1'01' the several months, '\Te find t\~O tables, one headed 
"Années commune:,", the other headed "Anné~s bissextiles" . 

I 

"The fifth Jine of ihis computatiOIl (Ju1'y 1908) may be used for 
all the conjunctions of this 111011th. 

y'=+Or,04 
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Mean I 
Longitc 

1908 June 98 1°15 

2d 3 11,37 

12h 1 20,69 

gm,3 0,63 

2 3,84 

1 - 0,28 

2 - 0,07 
~, 

4 - 0,91 

---
2 2,58 

S-G 4 9,25 

---
Amplitude 9 23,33 

1 

9825°6 

° 0, 9 

0,5 

( jp35 ) , 

As a second example we will! take the occultatioll of IIlf by lIl, 
for which our drawing gave June 2, 1908, 12h9m'3 civil time at 
Paris ~s a {h'st app1'oximation. 

11 III 

I 
I 

Mean I I 2 3 4 5 6 7 
Longit~ 

5 6 

4s0-(j 4820°6 8s1d°(j lOs 150(j 9s100 3 4s2000 O~17°45 Os 707 2s21.o3 

00,1 ° 1, ° 1 21,1 3 11,4 3
1

11,4 311,4 1 20,32 1 20,3 1 20,3 

0,5 025,5 1 20,711 20 7 I 20,7

1

095,16 25,2 25, g 

0,3 0,6 ,0,6 0,6 0,32 0,3 0,3 
I I 

7 
\ 

8 I 9 

2s 2(0 8s (jog (js26°4 

1 20,3 1 20,3 1 ~o, 3 

25,2 2:;,2 25,2 

03 0,3 0,3 

9 27, ° 1 4 0, 715 1,1 j 11 o,51 3 18,31 2 ,13, ° 19 22,7 3 3,25 223,51 510,1 1417,811022,1 1912,2 

' 1 - 0,13 
1 

I 
2 - 0,04 

5_ + 2°89 
4 + 0,04 

6 - 0,45 
5 + 0,15 

7 + 0,03 
6 + 0,01 

7 

-IX - 0,11 --- 8 

-- 3 3,28 9 
+ 2,36 

S-G 4 9,25 -IX 

.'l:=-8r,84 y=+Or,40 
Ampnt,de f;;-;;~ 

- 8,84 + 0,280 L. t = - 9,01 + 0,453 L. t 
+ 0,17 = + 0,173 L. t 

L. t ,= + On983 = + 59m 

First approximation: 12 9 ,3, 
I --

Second ~pproximation: 13 8 ,3. 

I 

x'=-9r,Ot 

If we repeat the computation -\vith th is vaille, we still do not get 
equality of the elongations. The amplItude of II becomes 9,27"56, 
that 1'01' IU 10526°'08. Furthermol'e we find: 

- 81,535 + 01,327 L. t = - 81,56 + 0',4645 L. t 
+ ° ,025 = + 0,1365 L. t 

L. t = + Oh,182 = + 10m,9 

I~~ 
Third approximation: 13h 19m'2 Oivil time at Paris, 

1 19'2 Mean 
j 9 '85" " Greenwich. 

+ 2°01 

+ 0,11 

+ 0,03 

- 0,11 

--
+ 2,04 

y'=+Or.055 


