[ 162 ]

XIV. A Letter from the Rev. Mr. Richard
Dunthorne 20 zhe Reverend Myr. Richard
Mafon F. R. §. and Keeper of the Wood-
wardian Mufeum g# Cambridge, concerning
the Acceleration of zhe Moon.

S17 _R, Cambridge, Feb. 28, 1748-g.

Read June 1. FTER | had compared a good Num-
1749 ber of modern Obfervations made
in different Situations of the Moon and of her Orbit
in refpe& of the Sun, with the Newtonian Theory,
as in my Letter of Nov. 4, 1746;1 1 proceeded to
examine the mecan Motion of the Moon, of her Apo-
gee, and Nodes, to fee whether they were well re-
prefented by the Tables for any confiderable Num-
ber of Years, and whether I thould be able to make
out that Acceleration of the Moon’s Motion which

Dr. Halley fufpeed.  Pide Phil. Tranl. z. 218.
To this End I compared feveral Eclipies of the
Moon obferved by Tyche Brake, as they are fet down
in his Progymnafmata. p. 114, with the Tables *, and
found them agree full as well as could be expedied ;
confidering the Imperfedtion of his Clocks, and the
Difficulty there muft commonly have been in deter-
mining the Middle of the Eclipfe from the Fadls ob-
ferved, as publhifhed in his Hifferia Cwle/fis. Indeed
the fmall Diftance of Time between Tycko Brake
and

+ See thefe Tranfell. No. 482, p 412, .
®* My TTables correed as in my former Letter 3 whithi i -
ways to be underflood of the Tables mention’d ia this,
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and Flamfieea render’d Tycho’s Obfervations but of
little Ufe in this Enquiry.

The next Obfervations that occurred to me were
thofe of Bernard Walther and Regiomontanus, which
being at double the Diftance of Time from Flam/flecd
that Tycko's were, feemed to promite fome Aflift-
ance in this Matter : Upon comparing fuch of their
Eclipfes of the Moon whofe Circumftances are beft
rclated with the Tables, I found the computed Places
of the Moon were moftly 4 too forward, and in
fome confiderably more, which I could hardly per-
fuade myfelf to throw upon the Errors of Obferva-
tion; but concluded, that the Moon’s mcan Motiou
fince that time, muft have been fomething fwifter
than the Tables reprefent it; though the Difagrec-
ment of the Obfervations between themfelves is toe
great to infer any thing from them with Certaingy
in fo nice an Aftair.

Then I compared the four well-known Eclipfes
obfcrved by Albategnius with the Tables, and found
the computed Places of the Moon in three of them
confiderably too forward : This, if I could have de-
pended upon the Longitude of .4raé?z, would very
much have confirmed me in the Opinion, that the
Moen’s mcan Motion muft have becen {wifter in
fome of the lat Centuries than the Tables make it;
though the Differences between thefc Obfervations,
and the Tables, arc not uniform cnough to be taken
for a certain Proof thereof.

I could meet with no Obfervations of Eclipfes to
be at all depended upon between thofe of Regio-
montanus and Albategnius, except two of the Sun
and one of the Moon made at Cairo in Egypt,

X2 sclated
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related in the Prolegomena to Tycho Brahe's Hifforia
Celeftis, p. 345 nor any between thole of A/ba-
tegnius and Ptolemy, befides the Eclipfe of the Sun
obferved by Theon at Alexandria; norwithftanding
I carcfully fearched all the Remains of Antiquity I
could find with that View. Thefe Eclipfes of the
Sun are the more valuable, becaufe they were ob-
ferved in Piaces the Longitudes and Latitudes whereof
are determined by Monficur Chazelles of the Royal
Academy of Sciences, who was fent by the. French
King in the Year 1693, with proper Inftruments for
that Purpofe. “Du Hamel Hiff. Acad. p.309, 395.

The f{olar Eclipfe obferved by Theon was in the
112th Year of Nabonaffar the Day of Thoth, accord-
ing to the Egyptians, but the 22d Day of Pauns,
according to the Alexandrians: He carefully ob-
ferved the Beginning of 2 temporal Hours and §0°
Afternoon, and the End at 4% Hours ncarly After-
noon at Alexandria. Theonis Comment. in Ptol.
mag. Confrué?. p. 332. This Eclipfe was Fune 16,
in the Year of Chrift 364: And the temporal Hour
at Alexandria being at that time to the equino@ial
Hour as 7 to 6, makes the Beginning at 3 equinottial
Hours and 18’ Afternoon, and the End at 5 equinoctial
Hours 15/ nearly. ~

The Eclipfes obferved at Grand Cairo were as
follows.

« Anno Hegirz 367, die fovss, qui erat 28, rabic

«« pofterioris (is eft ordine menfis quartus, ct incipit
« jlle annus Saracenicus dic 19 Augufti, anno Chri-
« fFiamo 977) obfervatum fuit Cabsre inc ZLgypti
« metropoli initium eclipfis folaris, cum altitudo folis
“ eflct
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 effet 14° 43’. quantitas obfcurationis 8 digit, Ea
“ finita, fol clevabater 33%gr. Ex Schickardo in
“ MS.” This Eclipfe was Decemb. 13, in the
Year of Chriflt 977, the Beginning at 8" 2¢', and the
End at 10" 44" apparent Time in the Morning.

* Anno eodem die Sibbathi, vidciicet 29 menfis
“ Sywwal (numero decimi, qui Pafchalis cft corum)
¢ eclipfis Solis occupavit digitos 7L. In principio
¢ Sol altus fere §6°. In fine Sol occiduus clevaba-
¢ tur gradibus 26. Ex Schickardo in MS.” —
This Eclipfe was Fune 8, in the Year of Chrift 978.
The Beginning at 2* 31, and the End at 4* 5o’
apparent Time Afternoon.

“ Anno Hegire 368 (qui incoepit dic 9 Augufti,
« anno Chriftiano 978) dic Fouvis, 14 Sywal, Luna
¢ fait orra cum defe@tu, qui ad §% digitos accrevit ;
“ cum extaret fupra horizontem gradibus ctiam 26
“ {ubaudio finem tunc accidifle). Schickardus.”----
This Eclipfe was May 14,, in the Year of Chrift 979 ;
but as the Middle cannot be known from what was
obferved of it, I made no ufe thereof in this Enquiry.
The Account concludes with the following Para-
graph:

“ Ha tres obfervationes habita funt ab Ién-Funis,
“ qui_jutla Regis Abu-Haly Almanzor, fapientis,
“ ¢ ZEgyyto tunc Imperantis, rebus vacabat coelef-
“ tibus. Hujus authoris tabulas habet Fac. Golius
¢ Profefior Lugdun. (qui mihi inde communicavit
¢ ifta) in quibus plures aliz, fuiet fupcrioris zvi ob-
“ fervariones extant. Locus obfervationis propinquus
« urbi Cabire. Schickardus.”

o

That
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That the before-mention’d folar Eclipfes might be
applied to the Examination of the Lunar Motions,
1 contrived the following Method ; which I'think ren-
ders Eclipfes of the Sun as ufeful at leaft as thole of
the Moon are in that Bufinefs.

BY

Let ABC in the annexed Figure reprefent haif the
Earth’s enlightened Disk, 4EC a Portion of the Eclip-
tic projedted thercon FGH the Path of the Moon’s
Shadow over the Disk, E 7, the univerial Meridian, «
the Situation of the Place at the Beginning of the
Eclipfe, 8 irs Situation at the End thereof, & the Cen-
tre of the Shade at the Beginning, and ¢ its Centre
at the End of the Ecliple. Draw EG, «{, and
5 a, perpendicular to the Path of the Shadow, B9
parallel thereto ; join «d and B¢, and through «
draw e perpendicular to 4 C.

Then (computing the true Places of the Sunand
Moon at the obferved Times of the Beginning and
End of the Eclipfe) we thall have given 4 ¢ the Mo-
tion of the Moon from the Sun in her Orbit during
the Time of the Eclipfe, and o & = fe the Semidia-
meter of the Penumbra ; which are to be reduced
into fuch Parts as the Semidiametcr of the Disk con-

tains
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tains 10000: The Angles BEI aad BEG, being
found by Methods commomy known, GEI their
Sum or Difference will be likewife given.  Alte Ex
and £Z3 will be Sines of the Sun’s Aliitude ar the
Beginning and End of the Eclipfc :ofsecively; JEx
and IEB are the Angles at the Sun berween the
Vertex of the Place and the Pole of thofe Times;
which being found, the Angle «£3, their Difference
will be known, from whence the Line «3 and the
Angle Exfs may be computed.

The Angle GEz is the Sum or Difference of the
known Anﬂ'ea GEI and 1Ez: In the Figure before
us, the Complement of this to a Sem‘cuc. eis Exy;

‘hich being fubtralted from Ez8 leaves the Augle
,a,@ frem whence and the Line 23, a9, and 73_..
¢n may be found.

Let a=e—7y, b=a0f=0¢, c=uay,and x=8y=92,

Then ¥ bb—xx=ss,and V bb—rc—2cx—xx=47,
by Eucl. 1.47.
Confequently e—/ Gh—xa=V bl—teemz o v

which being reduced, gives us the quadratic Equation
2z -,

2 54::_:34 <. This Equation {olved,
gives us the Value of x, from which 42 and »¢ will
be likewife had. 1In thc Triangle &6 we have ¢
and the Angle 2 6=GEB given, whence «f and <]
may be found : Co.ucqucnt y Ju wi lbc known;
and from the obferved Time of the Beeinning of
the Eclipfe, and heurly Motion of the Moon from
the Sun, thc Time when the Centre of the Shade
is at 5 will be had. Laftiy, in the Triangle Eia,
we have given the Side Eg, and the An'*xc Eai=

BE«

XX ==X ==
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BEe (the Sum or Difference of the Angles BET and
1E«); therefore the Sides Ev and ¢ may be found.
But E: is the Diltance of the Moon fiom the Sun
in the Ecliptic, and a« ;a8 the Moon’s Latitudc at
the Timc when the Centre of the Shade 1s at §;
which may be compared with the Computarion from
the Tables for that Time.

By this Mcans I compared the aforefaid Solat
Ecliples with the Tzbles, and found the Difference
in Longitude and Lautude, as follows.

,) Apparent ‘Time Dit. pa@ | Lac. » |3y a@; Lat. » [DiffitromObfer. il
l at Greenwich. from E 1. from 0:. {byTab.| by Tab. nLongi in Lat.

N I
364‘]1”\&3 16, 2

’ .

4 203 ,9 z{l inconfeq. 3'4 ;7 Nor 3'; 5:'5 317 26 Nor. _._4 16+z 49

977;1)u 12. 19 12 3043 39inantec. (30 23 Norl36 331 50 Nor./' 47 30141 27 -

G- Bifune 8. I

i6 ng 3inconfcq.| 8 24 Sou.i;7 48! 3 21S0u. '+8 45!—3

The Agreement there is between the two laflt of
thefe Differences in Longitude, fhews that the Ta-
bles reprefent the mean Motion of the Moon’s Apo-
gee very well for above 700 Years, the Moon being
very near her Perigee at the Time of once of tholce
Eclipfes, and ncar her Apogee at the Time ot the
other,

By the fame Mcthod I alfo compared the Sun's
Lclipfe, Fuly 29, 1478. (which appcars, fiom what
ts related of ir, to have been carcfully obfcrved by
Bernard Walthcr at Nuremberg ), with the Tables,
and tound the Difference in Longitudc to be -} 10’
29’/, and in Latitude -}- 9/ 127/, This wide Dit-
terence in Latitude, from the l’lblCS that agree fo
well with the foxmcr ancicnt Obfervations, con-
firmed mc in the Opinion, that the Nyremberg

Oblcr-
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Obfervations are too inaccurate to determine any
thing from them in this Affair.

The Eclipfes recorded by Prolemy in his Alma-
geft, are moft of them fo 1oofu1y defcribed, that, if
they fhew us the Moon’s mean Motion has been
accelerated in the long Interval of Time fince they
happened, they are wholly incapablc of thewing us,
how much that Acceleration has beecn,  There are
indeed two or three of them attended with fuch
lucky Circumftances as not only plainly prove, that
there has been fuch an Acceleration, but aifo heip
us to guefs at ies Quantity. One of thefe is the Ec-
lipfe, faid by Hipparchus to have been obferved at
Babylon,inthe 366th Year of Nalonaffar, the Night
between the 26th and 27th Days of T/eth, when a
finall Part of the Moon’s Disk was eclipfed :rom the
North Eaft, haif an Hour before the End of h. Nigur,
and thec Moon feteclipfed. This was in the Year betore
Chrift 313, Decemb. 22.  The Middle of this Ec-
liple at Babylon (tuppofing with Pro/imy the Me-
ridian of tiat Place to be 5o’ in Time Eatt of the
Meridian of Alexandria), by my Tables was Dec.
22. 4" 4 apparent Time; the Duration wasi* 37/,
Prolemy makes it 1* 30" neady ;3 whence the Be-
ginning fhould have bcen abour 8" 14/ after "Mid-
night: According to Tt;l;”e;;;gy, the Night at Baby-
lon was at taat Time 14" 24/ long, and therefore
Sun rife at 7* 12/ after Midnighss and as the Moon
had then South Latitude, and was not quite come
to the Sun's Oppoittion, her apparent Scrting miuft
have been fomething fooner, 7. e. more thun an
Hour bufore tha Bu'm uny of tac Edliple, accord-
ing to the Tables; whercas the Moou was feca

Y eclipfed
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eclipfed fome Time before her Sctting; which, 1
think, demonftrates, that the Moon’s Place muft
have been forwarder, and confequently her Motion
fince that Time lefs than the Tables make it b
about 40’ or §o’. But the computed Place of the
Moon in each of the before-mentioned Solar Ec-
liples obferved at Grand Cairo, being about 8 be-
fore her Place, from Obfervation thews us, that the
mean Motion of this Luminary has been fomething
greater in the latt 700 Years than the Tabies fuppofe
it, and therefore muft have been accelerated.

This Acceleration is further confirmed by the
Eclipfe, which Hipparchus fays was obferved at
Alexandria, in the s4th Year of the fecond Calip-
pic Period, the 16th Day of Me/fors, when (he fays)
the Moon began to be cclipfed half an Hour before
her Rifing, and was wholly clear again in the Mid-
dic of the third Hour of the Night. This was in
the Year befotc Chrift 201, Sepr. 22, The Middle
of this Eclipfe at Alexandria by the Tables was
Sept. 22. 7" 44/ apparent Time ; and the Duration
3* 4/, which makes the Beginning at 6* 12/ appa-
rent Time, that is, about 10’ after the rifing of the
Moon at Alexandria, or 40 later than the Begin-
ning from Obfervation. This Difference in Time
makes a Difference ofnear 20’ in the Moon’s Place.

The moft antient Eclipfe of which we have any
Account remeining, namely that related by Prole-
my, to have been obferved at Babylon the firft Year
of Mardokempad, in the Night between the 29th
and 3oth Days of Thoth, in which the Moon began
to be cclipfed when one Hour after her Rifing was
fully paft; if, by reafon of the Latitude of the Ex-

prefiion,
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preflion, it be not a diret Proof of the Acccle-
ration, it may ncverthelefs help to limic its Quantity.
This Eclipfe was in the Year before Chriit 721,
Murch 19. The Middle whereof at Babylon, by the
Tabics, was March 19. 16" 26’ apparent Time;
and the Beginning at 8* 32/, the apparent Rifing
of the Moon at that Place was about §* 46" After-
noon ; o that the obferved Beginning of the Eclipfe
was at leaft 6* 46" Aftetnoon, 7. e, not above 13"
before the Beginning, by the Tables: Wherefore the
Moon’s true Place could precede her Place by Com-
putation but little more than 40 at that Time.

If we take this Acceleration to be uniform, as the
Obfervations whercupon it is grounded are not fuf-
ficient to prove the Contrary, the Aggregate ot it
will be as the Square of the Time: And it we fup-
pofe it to be 10”’ in 100 Ycars, and that the Tabies
truly reprefent the Moon’s Place about 4. D. 7oc.
it will beft agree with the before-mentioned Ob-
fervations; and the Difference between the Moon’s
Place by the Tables and her Place in the Heavens,
will be as follows.

1"

te

Ycars
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Years | »1ror of {tYears . Error of Years | Error of
before | Tab. of Tab.  of Tab.
Chrift. Chrift. | #Chrift.
/ n ! ”‘,‘ ! 4
7 0—$6 O} 200p—12 301100{+ 4 O
i
60049 §Ol 300— 9 2041200 + 4 10
5CO—44 O|| 40— G 30:1300 +4 o
4co—38 30| §o0— 4 Of1400!/4 3 30
360—33 20} 600}— 1 $§0:1500 -} 2 40
2c0—28 32| 700 o o.1600(+4 1 30
100|—24 ol 8oo[} 1 30i1700 o o
A.D.O!——IQ §off 900~ 2 40,
100 —16 _©||1000|-4{ 3 30,
Iam,
SIR,

Zour humble Servant,

Richard Dunthorne,

XV. Alberti Halleri, Archiairi Reg. Med;-
cin. Prof. Gotting, & R. S. Lond, S,
Fabrice morbofe in cadaveribus reperta
hiftorie alique.

OB S L
Read, Jun: 8.F N femina quadragenaria reperi Venam
79 cavam inter renalis finiftra originem,

et inter iliacas venas, enormiter anguftatam, ut vix
quid;



