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1. A Difconrfe-concerning a Method of ‘Difcover-
ing the true Moment of the Sun's Ingrefs into
the Tropical Signs. By E. Halley.

T may perhaps pafs for a Paradox, if not feem ex-
], travagant, if I fhould affert that it is an eafier mat-
ter to be affured of the moments of the Tropicks, cr
cf the times of the S##’s entrance into Cancer and Ca-
pricorn, than it is to obferve the true times ofthe Equi-
no&ials or Ingrefs into Aries and Libra. 1 know the
Opinion’ both of Ancient. and Modern Aftronomers to
the contrary ; Ptolemy fays exprefly, Tas wdv reomay
Tuphowis Suoane ivss ey 3 And Ricciolus begins his Chap-
ter of the Solftitial Obfervations with thefe words, Ae-
rito Snellius,in notis ad obfervationes Hafliacas, promuncia-
wit, Herculei effe labors vitare in Soltitiis obfervandis
errorem quadrantis diei, and this becaufe of the exceed-
ing flownefs of the change of the Sun’s Declination on
the day of the Tropick, being not a quarter of a Minute
in 24 Hours. This indeed would make it very diffi-
cult, nor would any Inftruments foffice to do it, were
the moment of the Tropick to be determined from one
fingle Obfervation. But by three fublequent Obferva-
tions made near the Tropick,at proper intervals of time,
I hereby defign to thew a Method to find the moment
of the Tropicks capable of all the exaltnefs the moft
Accurate can defire; and that without any confideration
of the Parallax of the Sun, of the Refraétions of the
Air, of the greateft Obliquity of the Ecliptick, or La-
titude of the Place: All which are required to afcertain
the times of the Equinoétials from Obfervation, and
which being faultily affumed, have occafioned an Error
of near three Hours in the times of the Equinoials de-

duced .from the Tables of the Noble Zycho Brabe and
Kepler,
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Kepler, the Vernal being {0 much later,and the Autum-
nial fo much earlier than by the Calewlus of thofe Fa-
mous Authors,

Now before we proceed, it will be neceffary to pre-
mife the following Lemmata, {erving to demonfirate
this Method, wiz.

1. That the motion of theSun in the Ecliptick,about
the time of the Tropicks, is fo nearly equable, that the
difference from equality is not fenfible,from five days be-
fore the Tropick, to five days after: and the difference
arifing from the little inequality that there is, ncver
amounts to above ; of a fingle Second in the Declina-
tion, and this by reafon of the nearnéfs of the Apogaon
of the Sun to the Tropick of Cancer. '

2. That for five Degrees before and after the Tro-
picks, the differences whereby the Sun falls thort of the
Tropicks, are as the Veried Sines of the Sun’s diftance
in Longitude from the Tropicke, which Verfed Sines in
Arches under five Degrees, are beyond the utmoft ni-
cety of fenfe, as the Squares of thofe Arches. From
thefe two follow a Third :

3. That for five days before and after the Tropicks,
the Declination of the Sun falls fhort of the utmof Tro-
pical Declination, by Spaces which are in duplicate pro-
portion, or as the Squares of the Times by which the
Sun is wanting of or paft the moment of the Tropick.

Hence it is evident that if the Shadows of the Sun,
either in the Meridian or any other Azimuth,be carefully
obferved about the time of the Tropicks, the Spaces
whereby the Tropical fhade falls fhort of, or exceeds
thofe at other times, are always proportionable to the
Squares of the Intervals of Time between thofe Obfer-
vations and:the true time of the Tropick, and confe-
quently if the Line, on which the Limits of the fhade
is taken, be made the Axis, and the correfpondent times
from the Tropick expounded by Lines, be ereGed on
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their refpeCtive Points in the Axis as ordinates, the ex-
tremities of thofe Lines fhall touch the Curve of 3 P3-
rabola ; as may be feen in the Figure: Where a, b, c, ¢,
being fuppofed Points obferved, the LinesaB, bC, cA,
eF, are refpeCtively proportional to the times of each
Obfervation before or after the Tropical Moment in
Cancer.

This premifed, we fhall be able to bring the Problem
of finding the truc time of the Tropick by three Ob-
fervations, to this Geometrical one: having three Points
in a Parabola A,B,C, or A,F,C given, together with
the direcion of the Axis, to find the Diftance of thofe
Points from the Axis. Of this there are two cafes, the
one when the time of the fecond Obfervation B is pre-
cifely in the middle time between A and C: In this cafe
putting t for the whole time between A and C, we hall
have Ac the interval of the remoteft Obfervation A
from the Tropick by the following Analogy.

As2zac—bctozac—:bc:: Sois:ztor AE:to Ac
the time of the remoteft Obfervation A from the Tro-

ick.
P But the other cafe when the middle Obfervation is
not exatly in the middle between the other two times,
as at F, is fomething more operofe, and the whole time
irom A to C being put =t,and from A to F=s,ce=c,

and bc =b,the Theorem will ftand thus ~t—fc;——lls-s=Ac
2tc—a2bs

the time fought,

To illuftrate this Method of Calculation it may per-
baps be requifite to givean Example or two for the fake
ot tRofe Aftronomers that are lefs inftructed in the Geo-
metrical part of their Art.

Anno 1500 Bernard Waither in the Month of Fure at
Nuremburg obferved the Chord of the diftance of the
Sun from the Zenith by a large Parallatick Inftrument
of Pzolemy, as follows :
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Fome 2. 45467. Fune 8. 44975.
June 9. 44934. and  Fune 12. 44883.
Jume 16. 44990. Fune 16. 44990,

In both which cafes the middle time is exactly in the
middle between the extreams, and therefore in the for-
mer three, ac=¢33, bc=477 and ¢, the time be-
tween being 14 days, by the firft Rule, the time of the
Tropick will be found by this Proportion, as 5§89 to
827 %:: Soz tor 7 days to g days 20" 2’. whence the
Tropick Auno 1500 is concluded to have fallen Fane 1
20%2'. In the latter three, acis=107,and be=13y,
and the whole interval of Time is 8 days =to t; whence
as 199: to 2065 : : fo is 4 days to 4% 3™ 37'. which ta-
ken from the 162h. day at Noon, leaves xx%20"23". for
the time of the Tropick, agreeing with the former to
the third part of an hour. .

Again, Ammo 1636, Gaffendus at Marfeilles obferved
the Summer Solftice by a Gromor of 55 Foot high, in
order to determine the Proportion of the Guomon to the
Solftitial fhade, and he hath left us thefe Obfervations,
which may ferve as an Example for the fecond Rule.

Fune 19. St. N.fthadow 31766 parts, whereof the Gromon

Fune 2.0. 31753 (was 89428.
Fune 21. 31751
Fune 22. 31759

Thefe being divided into two fetts of three Obferva-
tions each, wiz. the 19 20M™and 22™ and the xg®
21 and 22t we fhall have in the firft three, c=13
and b=7,t = 3 days,s=1, and in the fecond c=15
and b=7, t=3jand s=2. Whence according to the
Rule, the 19#h. day at Noon the Sun wanted of the Tro-
pick a time proportionate to one day, as ttc—ssb to
2tc—2bs, that is, as 110 to 64 in the firft fett, or
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107 to 62 in the fecond fet; that is, 1% 17™ 15, in the
firft, or 14 17 25", in the fecond fett : So that we may
conclude the Moment of the Tropick to have been
Fune 10% 17™ 20/, in the Meridian of Marfeilles.

Now that thefe two Tropical times thus obtained,
will be found to confirm each others exactnefs from their
near agreement, appears by the interval of time be-
tween them ; viz. 14 2% 30’ lefs than 136 Fulian years:
whereof 1% 1 8, arifes from the defet of the length
of the Tropical Year from the Fulian, and the reft from
the Progrefiion of the Sun’s Apogon in that time; fo
that no twoe Obfervations made by the fame Obferver
in the {ame place, can better anfwer each other, and that
without any the leaft Artifice or Force in the manage-
ment of them.

What were the Methods ufed by the Ancivnts to con-
clude the hour of the Tropicks, Ptolemy has no where
delivered ; but it were to have been withed that they
had been aware of this, that fo we might have been
more certain of the moments of the Tropicks we have
received from them, which would have been of fingular
ufe to determine the Queftion, Whether the Sun’s 4po-
geon be fixt in the Starry Heaven; or if it move, what
1s the true motion thereof? It is certain, that if we take
the Account of Prolemy, the Tropick faid to be obfer-
ved by Eullemon and Meton, Junii 27. mané, Amo 432
ante Chriftam, can no ways be reconciled without tup-
pofing the Obfervation made the next day, or Fuwe 2814,
in the Morning. And Ptolemy’s own Tropick obfer-
ved in the Third Year of Awtoninus, Anno Chriffi 140,
was certainly on the 2325, and not the 24¢h. day of
Fune ; as will appear to thofe that fhall duly confider
and compare them with the length of rhe Year dedu-
ced from the diligent and concordant Obfervations of
thofe two great Aftronomical Genii, Hipparchus and Al.
éatini ; eftablithed and confirmed by the concurrence
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of all the Modern Accuracy. For thefe Obfervations
give the length of - the Tropical Year fuch as to antici-

ate the Fulian Account only one day in 300 Years;
gut weare now fecure that the faid Period of the Sun’s
Revolution does anticipate very nearly three.days. in
400 Years; fo that the Tables of Ptolemy founded on
that Suppofition, do err about a whole day in the Sun’s
Place, for every 240 Years. Which principal Error in
fo Fundamental.a Point, does vitiate he whole Supex-
ftru@ure of the Almageft, and ferves to convict its Au-
thor of want of Diligerice, or Fidelity, or both.

But to return-to our Method, the great Advantage
we have hereby, is, that any very high Building ferves
for an Inftrument, or the top of an(y, high Tower o
Steeple, or even any high Wall whatfoever, that may
be fufficient to intercept the Sun, and caft a true {hade:
Nor is the Pofition of the Plane on which you take the
fhade, or that of the Line therein, on which you mea-
fure the Recefs of the Sun from the Tropick, very ma-
terial; but in what way foever you difcover it, the faid
Recefs will be: always in the fame Proportion, by rea-
fon of the {mallnefs of the Angle, which is not: fix Mi~
‘putes in the firflt five days: Nor nced you enquire the
height or diftance of your Building, provided it be ve-
ry great, fo as to make the Spaces you meafure large
and fair. But it is convenient that the Plane on which
you take the fhade be not far from Perpendicular to the
Sun, at leaft not very Oblique, and that the Wall which
cafts the thade, be {traight and fmooth at top, and its
Direction nearly Eaft and Weft, for Reafons that will
be well underftood by a Reader skilful in the Doétrine
of the Sphere. Aad it will be requifite to-take the Ex-
tream greateft or leaft deviation of the fhadow of the
Wall, becaufe the fhade continues for a good time at a
ftand, without alteration, which will give the Obfer-
ver leifure to be affured of what he does, and not be
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furprized by the quick tranfient motion of the fhade of
a fingle Point at fuch adiftance. The Principal Obje.
&ion is, that the Penumbra or Partile thade of the Sup
is in its extreams very difficult to diftinguith from the
true fhade, which will render this Obfervation hard to
determine nicely. Byt if the Sun be tranfmisted through
a Zelefeope, after the manner ufed to take his Species in
a Solar Eclipfe, and the upper half of the Objeét-glafs
be cut off by a Paper pafted thereon. and the exac up-
per Limb of the Sun be feen jult Emerging out of, or
rather continging ‘the Species of the Wall, ( the Pofi-
tion of the Zelefcope being regulated by 3 fine Hair ex-
tended in the Focus of the Eye-glafs,) 1 am affured that
the limit of the fhade may be obtained to the utmoft
exallnefs: And of this I defign to give a Specimex by
an Obfervation to be made in Fuxe next, by the help of
the High Wall of St. Paul’s Church, London, of which
fome following Tranfaétieh may give an Account. In
the mean time what I have premifed may fuffice to fet
others at work, where fuch or higher Buildings are to
be met with. I fhall only Advercife, that the Winter-
Tropick by this Method may be more certainly obtained
than the Su#mmer’s, by reafon that the fame Gnomon does
afford a much larger Radius for this manner of Obfer-
vation.
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