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A Letter from Mr. Elamfteed concerning the Ec-
clipfes of Saturns Satellit’s for the year follwing.
1684 with a Catalogue of them, andinformations
concerning its ufe.

S IR,

He ufes of the following Catalogue of all the E-

clipfes of Jupiters Satellits inthe following year

extending much further then that of a few only vi-
fible with us, which you were pleafed to think worthy a
place in the September Tranfailtions; 1 find my felf ne-
ceflitated to give you a larger account both of it, and its
Original ; which Thope will be as kindly entertaind by
you as that was.

It has been my cuftome for fome years paft to make
my felf quarterly a fmall Epbemeris of the Eclipfes of Fu-
piters Satellits vifible with us, that fo none of them might
efcape me unobferved when the weather permitted;
having by this means obtained a good ftock of obferva-
tions of them of my own, befides what 1had colle@ed
from the Works of Galileo, Hodierna, Borelli, the pa-
pers of Mr. Rooke late profefler of Geometry at Grefbam
€olledge, (happily preferved and kindly imparted to me
~ by his once intimate freind, and one of my honoured
Patrons, the Right Reverend Sets Lord Bifhop of Sarum,)
and thecommunications of my honourd freinds and co-
refpondents Monfieur (affini, and Mr. Towneley. 1found
my felf well furnithed, as I thought, for the reftitution
of their motions, which as I have formerly told you I
atempted laft Summer, and accomplithed with fuch
fuccefs ; thathavingfeen only 2 of the pradicted Eclrpfes
of the firft Satellit, 1 find neither of them differ above 2
Minutes from my calculations. Thave alfo obferved one
of the third, not above 3 Minutes faulty, and another

of the fecond erring but two; which makes me hope the
in-
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inequalisy I fufpected in this laft, will not be found fo
large as1 feared it mightbe: after I had finithed the 72-
bles of their Mean Motions, 1{et my felf to Calculate o-
thers for finding the true times of their return to the
Heliocentrical Conjunction of % inall places of his Or-
bite, with fome other which Iforefaw would be requifite
for the eafic Calculation of their Eclipfes : having this
in readinefs, and being encouraged with the aforefaid
good fuccefs, of my endeavours, I refolved to Calculate
all the Eclipfes of the following year 1684. and to im-
part them to the publik, if you confented, in the Trads;
they being much defired both at home and abroad,thatfo
not only our freinds here, who have a refpe& for Novelties
ofthis fort, but {fuch forreigners alfo as are Studious of -
Jtronomy and Geography, or thofe of our own people who
Travail into remote Countries, and fhall be accomoda-
ted with inftruments for this purpofe, may have the
apportunity of foreknowing fuch appearances, as, if
obferved, will certainly fhew the difference of Meridians
betwixt them and us. And I muft confefs it is fome partof
my defign, to ma¥e our more knowing Seamen afEamed’
of thatrefuge of Ignorance, their Idle and Impudent
aflertion that the longitude 15 not to be found, by offering
them an expedient that will affuredly affordit, if their
Ignorance, Sloth, Covetoufnefs, or Ill-nature, forbid
them not to make ufe of whatis propofed.

Thofe of them that pretend to a greater talent of Skill
then others, will acknowledge that it might be attained
by Obfervations of the Moon ifwe had Tables that would
anfwer her Motions exaétly ; but after 2000 years expe-
rience ( for we have fome Obfervations of Eclipfes much
ancienter ) we find the beft Tables extant erring fome-
times 12 Minutes or more in her apparent place, whick
would caufe afault of ahalf an hour, or 7} degrees in
the longitude deduced by comparing her place in the
heavens with that given by the Tables : Tundervalue not
this Method, for [ have made it my bufinefs, and have
fucceededin it, toget alarge ftock of good Lunar 0b-
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Servations inorder tothe correction of her Theory, and
as a ground work for better Tables ; but the examinati-
on will be a work of a long time, and it we fhould
happily afterwards artain what we feek, yer the
Calculation will be {o perplexed and tedious, that it will
be found much more inconvenicnt and ditlicult then that
1 propofe by obferving the Eclp/es of Fupicers Satellits
which however at prelent I muft preter.

ForIam perfuaded, thatthe Ec/ipjes of the firlt will
{carccly be found above 4 Minutes ot time different from
my Calculation in the (atalogue, nor thofe of the third
above twice as much; Now an errour of 4+ Minutes can-
not caufe a fault of more then one degree in the Longitude
collected by comparing an obferved Ingre/s ot the firft
Satellit into z* (hadow or emerfion from it, with the time
givenin the (atalogue ; and 1 hope it will {carce ever be
tound toerr fo much.  Butif the fame Ec/ip/e may be ob-
ferved in two diftant places at the fame time, or com-
pared with an obfervation of the fame fatel/liz made
within a Week elfewhere, the diiderence of Meridians
will be had fomething better then by comparing two ob-
fervations of the fame phafs of a Lunar Eclipje, made
in diftant places. :

For whereas it is fomewhat difficult by reafon of the
Penumbra to determine the true time of the application of
either of the AZsens limbs to the thadow, the Satellits
Eclipfes, efpeciaily thole ot the firft, are almoflt momen-
tany.

And whereas there can rarely happen 4 Eclipfes of
the Joon vifible the fame year, thofeof the Setel/lits hap-
pen fo frequently, that there are more of them vifibie
1n one vear then we countdays in it, tho the Planet 72 lie
hid under the Szas raies cvery year a whole moneth to-
gether.

I know our Navigators will objec againft this Me-
thod, thatitisdifficult to practice at Sea, becaufe long
Telejcopes are required which the Motion of the Ship will
not permit them to manage aboard, that it is hard c{p

ie



L 407]

ftinguifh one Sazelizt from another, and that Tzbles or o-
ther contrivances for fhewing their Mutual pofitions are
bere wanting ; towhichlanfwer.

Thatif it be not practicable at-Sea they cannot deny
buc itisatland ; That the true longitude of remote (oafts
from us are the firlt thing defired for the correction of
their Chares 5 Iet them attempt thefe firft, and I doubt not
but the fuccefs will encourage them fo much, that they
will readily find means to put it in pratticeat Sea. ‘That
the French have ufed this method fuccesfully both in Den-
mark_ and their own Country; That a Telefcope of 14
foot long at moft, or for need one 8 foot, with broad
cye glafles, will be fufhicient for this purpofec; that the di-
ficulty canot be known tillit be tried, and that ule ren-
ders many things cafie which our firft thoughts concea-
ved unpracticable.

That the Sacellits may bediftinguifhed by their Magn:-
tudes, the third from % being the biggeft, the firft fome-
thing lefs, the fecond yet lefs than the firlt, and the
fourth or outermoft the {malleft. And to their laft ob-
je¢tion, that if 1 find thismethod heeded by them, I fhall
take care to publifheafic Izbles tor finding their Confyu-
rations and Eclipfes in good time. 1 delay it at prefent
on no otheraccount, then that by further 00/ervations
[ may get a better knowledge of their Motions, for tho
thele Sazellits were difcovered 74 years agone, yet have
we no Obfervations ot their Eclipfes, that we may rely on,
before Hodierna's, and the firlt of hisis {carce 42.ycars
old as yet : I hope neverthelefs my prefent Tables
will not crre fenfibly for half a dozen years further | and
that in the mecan time Imay give them a further corre-
¢tion by the help of fuch Obfervations, asit God fpare
we life and health, Iintend to make, whereby they may
be rendred ferviceable fof a much longer time, without
any confiderable faults.

As for the Latalogue itfclf T give init firlt the Moneth,
then the day, and to avoid miftakes T have prefixed the
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Planetary Charaller for the day ot the week to each;
then the Hour and Minute of the appearance; counted (af-
ter the Affronomical manner from Noone, and laftly the
Number of the Satellzt that is Eclip/ed withan 7 after it
when itsingrefs, ane when its emerfion istheappearance
obfervable at that time. And that it may be readily
known which of thefe are vifible in our Hor/zon 1have
marked them with a*betwixt theNumber and theLetter.
Thus in the fixth line of the Catalogre you find
©6|12-29 [ 4%, which fhews that on Sunday the fixth of
that Monethat 12" 29’ after Noon, the toarth or ut-
moft Satellit makesitsingre(s, andis Eclrpfed in Ts fha-
dow; and the Numbers under it | 15-39[ 4xe| that the
fame day 15" 3¢ after Noone, or thatonthe 7th day at
3%3¢’ in the Morning, it again emerges from the fhadow,
and becomes vifible betwixt it and the body, and the * ad-
ed to them both, fhews that both appearances are vifible
with us. '

If it berequired to know whether any one of thofe in-
vifible with us bevifible in any other given place. Con-
vert the difference of Meridians betwixtict and Londor
into time. And if the place lie to the Eaft of London,
add it to, if to the Weft, [ubfiratt it from the time of
the appearance at London, the Sun or difference accor-
dingly fhall be the true time of the Ee¢/ip/e under that
Meridian, at which if 7 be above the Horizon the Sun be-
seath it, the Ec/ipfeis there vifible, otherways not.

Or by the help of the Ephemerides ot the Planets
places and a terreftrial Glode, the fpace on it in which
any of thefe Ec/ipfes will be vifible may be found thus.

Firft feek the true places of theSun and Fepiter with
his Latitude in the Ephemeredes, whereby you may find
their declinations and right afcentions either by the
vulgar Tables or the Globe it felf exaétly enough for this
Method.

Bring Londsn on the Globe to the Meridian, and detain-
ing it there note what degree of the Equater is cutby
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it From this fubftrac the time of the FEelipfe after
Noon converted into degreesand minutes, the remain-
der fhews you the Longstude of that Meridian on the
earth, where it is then Noon when the Sazellit is Eclipfed;
which, I therefore call the Meridional Longitude of the
Eclipfe. Bring this Meridional Longitude under the
Meridian, and elevate the nearer Pole to the Sun as much
as ishis declination, keep the Globe in this pofition and
if 7 be in Confequence of the Sun, draw 4 line on the
Globe along the Eaftern Horizon, it pafles over all thofe
places where the Sun is fetting at that time, but it 7 be
in Antecedence ot the Sun, draw the {aid line on the
Globe by the Wefterne Edge of the FHorizon, it pafles
over all thofe places where the Sun is then arifing.

Fupiter being in Confequence of the Sun add the dif-
ferenceof his and the Suasright afcentions to the Aeré~
dional Longitnde afotementioned, bring the degree of
the A£quator anfwering their {fumme under the Meri-
dian. Raife the Pole next Fupiter equal to his declina-
tion, and detaining the Globe in this pofition, draw 2
line again by the Eaftern Horizon, the fpace intercepted
betwixt this and the line of the Suns fettings before de-
fcribed on the Globe, Comprehends all thofe places on
the earth from Sun fetting till Z is f{ect.

But if 7 were in Antecedence of the Sun, Subftract the
difference of his and the Suns right Afcentions from:
the Meridional Longitude, fet the degree of the Aqua-
tor an{wering the remainder under the Meridian, and
elevate the Pole next Jupiter equal to his declination.
Keeping the Globe in this pofition draw a line by the
Weftern Edg of the Horizon, the {pace included betwixe
this, and the line of the Suns rifings contains all thofe
places, on the Earth where this Ec/zpfe isvifible betwixt
%* rifing and Sunrife.

When any Eclzpfe of thefe is obferved, the difference
betwixt the noted time and that in the Catalogue, fhall
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be the difference of Meridians betwixt the placeof the
obfervation and Londorn which lies {fo near the Meri-
dian of the Qbfervatory that the diftance need not be
accounted for.  And this determination may be relied
on, it the firlt or third Saczellit were obferved; but I
dare not be fo confident of the {ccond and fourth
for the reafons formerly given. However Ilhall make
it my bufinefs to obfcerve all fuch Eclipfes of as many
of them asfhall be vifible with us, that by comparing
my obfervations with fuch as fhall be made abroad,
the crror, if any, may be difcovered and Corrected.

When 2 isin Quartide of the Sun : the diftance of
the firft Saztellit trom his next limb when it falls into
his thadow, and is Eclipfed, is one Semidiameter ot L.
Of the fecond, two or a whole Diameter ncarly. Of
the third, three. Of the fourth, five of his Semidiame-
ters, or fomething better when th: parallax of the
Orbeis greateft. But thefe quantities diminiih gradu-
ally as he approaches the » or & ot the Sun fome-
what nearly but not exactly in the proportion of Sines.

As the Sun removes from the o of % the /nareffes
ct the Sarellzts into his fhadow become obfervable.
When he is about thirty degreecs from it, the Emerfions
of the fourth, and at fixty degrees of the third begin
tobe feen betwixt the fhadow and body continuing fo
till the Sun be arrived within fixty degrees of the ¢ of
%, when the Emerfions of the third fall behind his body,
but the Emerfions ot the fourth continue vifible till he
be lefs thenthirty degrees diftant from thec’ at which
time they alfo are hid behind him, all the appearances
being made really to the right hand or in antecedence
of %, tho with inverting Telefcopes, they appear to the
contrary, theleft.

After the oppofition of the O and % we begin to fec
the Emerfions of all the Satellits trom the fhadow, now
on the left hand or in confequince of %, but through
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inverting glaffes on-the right, when the © J» ncer thirty
degrees trom the oppcfiton of thelngteflesof the fourth,
when fixty degrees from it of the third, begin to be
obfervable betwixt the body and fhadow, continuig fe
till the Sun arrive at the fame or rather withuifometinng
a wider diftance from the « of %, ‘Theretore all the
Lclipfes from the beginning of theyear till the o of the
Sun and Fupiter on the twenty iixth of Ielreary are
madc in antecedence of 7 but zppear through the
inverting Telefcope on the left hand of him, after-
wards till the o in Awgajt they are made in Gonfequence
but through the fame glatles appear on the right.  Bur
when he Emerges again from the Sun in September
they are made, and appear as in the beginning of -th::
ycar,

After which time the Latitude of the fourth Sazellze
becomes {fo great that it cfcapes the thadow and bod
both ot % and fuffers no more felipfes by either of them
according to my Tables this year; it will be thercfore
worth the while for thofe who are accommodated
with good glaffes tolook for the tollowing (onjunttions
of the fourth Satellit with the Axis of the fhadow, of
which thaton November the nineteenth is vifible with
us. Yor if its Latitude beany thing lefs than Tefteem-
ed, it may be Eclep/ed.

The Conjunclions of the 4th ( O&ob. @ 17--c7--53
Satellzt with the Axis of the { Nov. «( 3--01--47
thadow when it {uffers no f- > % 1g-e19% 37
clipfes 1684, arc Decem s, 6--13--2c
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Next year I intend ( God willing) to g ve you the
like Catalogue with correGtions if Ifind them requifite,
femething earlier that {o our freinds abroad may have
timely notice and be incited to mind and obferve thefe
appearances.

. F.

The Obfervatory at Greenwich,
Dec. o 18. 1633.
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