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XIV. 4n Irguiry into the Quantity and Di-
reétion of the proper Motion of Aré&urus;

with fome Remarks on the Diminution of

the Obliquity of the Ecliptic : By Tho-

mas Horniby, M. A. Savilian Profeffor of

Aftronomy in the Univerfity of Oxford,
and F. R. S.

Read Dec. 24, S an accurate knowledge of the
1772 _A_ pofition of the fixed flars is of the
greateft impartance, being the bafis and foundation
of aftronomy, it is no wonder that the aftronomers
of different nations have given great attention to this
matter, By comparing antient with the beft modern
obfervations, it appears that fome of the fixed ftars
have a proper motion, independent of any motion
hitherto known in our own fyftem; or that, in other
words, the angular diflances of the fixed flars have
not always continued the fame, and in fome of them
the alteration is fo very confiderable as to be eafily
perceived in the courfe of 4 few years, with inftru-
ments accurately made, and nicely adjufted. Of all
the ftars vifible in our hemifphere, the wariation in
the place of Aréfurus is the moff remarkable, and
fuch ascannot poflibly be attributed to the uncertain-
ty of obfervation. It has accordingly been taken no-
tice
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tice of by many aftronomers : in particular, Dr. Ha/-
Jey mentions it in N° 355 of the Philofophical Tranf-
a&ions: Mr. Caffini, in the Memoirs of the Aca-
demy of Sciences for 1738, p. 231, has thewn, that
there is a variation of five minutes in the latitude of
that ftar between his own time and that of Tycho,
in an interval of a century and a balf: and M. le
Monnier, in the Memoirs of the Academy of Sciences
for 1767, p. 417, proves, that the Jazitude of Ar&urus
varies at the rate of two feconds every year ; and that
the lngitude decreafes at the rate of 60’ in a hun-
dred years *. But as an znquiry as well into the true
quantity as into the direction of this motion has not
hitherto been made public, I propofe to give fome
account of my own obfervations made exprefsly with
this view in the years 1767 and 1768, with a tranfit
inftrument of 44 inches, and a moveable mural qua-
drant of 33 inches, both conftruéted by Mr. Bird,
and of the conclufions refulting from a comparifon
between them and fome obfervations made by Mr,
Flamfteed in 1690.

It may perhaps be objeted, that the differences of
right afcenfion, as determined by Mr. Flamfteed’s
mural inftrument, are not to be depended upon from
the very nature of his inftrument. Mr. Flamfteed
was himfelf too good an obferver not to be aware of
this ; and accordingly in the Prolegomena to the
third volume of the Hifforia Celeftis, p. 132, he in-
forms us in what manner he determined the error of

# See alfo the Memoirs of the Academy of Sciences for
1769, p- 21. Sce alfo Aftronomiz Fundamenta, by the Abbé
dz 1a Caille; who, in reducing his obfervations of Arctuarus,
fuppofes the annual motion of declination in that ftar =19",0.
p. 169, and 187.

the
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the plane at different diftances from the zenith, By
diftributing thefe errors in the beft manner I could,
I am of opinion, that the error of the plane of his in-
ftrument may be fuppofed to decreafe uniformly at
the rate of half a fecond in time for every degree of
zenith diftance from 28° to 60°, the error being 397
at the former, and 23" at the latter, by which quan-
tity ftars pafled the horary wire, in his inftrument, before
they came to the true meridian. It thould feem alfo
that the error continued nearly the fame from 6o to
75 degrees, being at the latter only 22”: but that
it decreafed - irregularly from 75° to 835°, viz. 1”in
time for each degree from 75° to 80°, and o”/,4 for
each degree from 80° to 85 degrees. The mural arc
was fixed upon a ftone pier, the fouthern part of
which was found to fettle yearly, from whence the
error of the line of collimation to the fouth neceffa-
rily became every fucceflive year greater and greater,
As Mr. Flamfteed feems not to have had any method
of adjufting his inftrument by a plumb-line, thefe er-
rors muft have been irregular at different feafons of
the fanie year, and were perhaps never truly deter-
mined. But as the obfervations here referred to were
made on the fame day, and within the compafs of
an hour, they are probably not afteGted with this lat-
ter error.  We are at prefent concerned with the dif-
ference of two zenith diflances, and riot with the ab-
folute quantity of thofe zenith diftances. The con-
clufions may indeed be affected with an error in the
divifions; and from the examination which I
have been able to make, I am of opinion that the
arc of Mr, Flamfteed’s inftrument was not of the
proper quantity ; and that, though the obfervations

generally
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generally erred in defed, they in fome parts erred
in excefs. o ’

On the 14th of February, 1690, Mr. Flamfteed
obferved, that a {mall ftar, of the feventh or eighth
magnitude, whofe place is not determined in the
Britifh catalogue, and which ftar was named by him
Iifra Aréturum, preceded Ar&urus three feconds in
time, or 3,3, when an allowance is made for the
error of the planeof the inftrument= o’ 42”/, 6, and
was 26’ 30" to the fouth of Ar&urus *, By a mean
of eight obfervations made at Oxford, on and pear
June the 10th, 1767, with the tranfit inftrument,
and with a refracting telefcope of eight feet, furnith=
ed with a micrometer; the difference of right afcen-
fion ‘was 1/, 8”,75 of a degree, the ftar following
Ar&urus ; and by a mean of three obfervations,
the extremes differing only 3, the fmall ftar was
23’ 55,0 to the fouth of Ar&urus.

The right afcenfion of Arcturus and the fmall flar
being nearly the fame, the change in declination
ought to be fo likewife. But, from the obferved
difference in declination, the right afceniion of the
two ftars muft vary unequally, though with a very
fimalt difference.  Accordingly it appears from com-
putation (in which the annual preceflion is fuppofed
== 50,35, the obliquity of the ecliptic at the mid-
dle of the interval of the time = 23° 28 307,
and the right afcenfions and declinations of the two
ftars taken at a mean between the times of obferva-
tion) that the variation of Aréturus in right afcenfion
was 32707,6, and of the fmall ftar 32777,6 in

* This is the only obfervation of that flar made by Mr.
Flamfteed.

77,28
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77,287 years. Therefore the right afcenfion of Ar¢tu-
rus alters lefs than that of the ftar; and confe-
quently Ar&urus fhould in 1767 have followed the
ftar by 427,6. But the ftir was obferved to follow
Ar&urus by 1’ 87,75, The right afcenfion there-
fore of Ar&urus has increafed lefs than that of the
ftar, or Arcturus has moved weftward 17 517,35 in
77,287 years; and has gone fouthward 2’ 35" in
the fame time, fuppofing the fmall ftar not to have
moved, which is highly probable.

On the fame day the difference of right afcenfion
in time between the ftar 4 Bootis and Aréturus was
21’ 32" of mean folar time,= 5° 24’ 02”,2, when a
proper allowance is made for the going of the clock,
and for the error of the plane of the inftrument ;
and the difference of declination was 50’ 45,6,
when an allowance is made for refraction. On the
24th, 26th, and 29th of May, and the gth of June,
of the year 1768, I determined the difference in
right afcenfion to be 21’ 27" of fidereal time by the
two former obfervations, and 21’ 263" by the two
latter, the difference in declination being 49’ 48”,7,
by a mean of the obfervations in May, the extremes
differing only four feconds. It appears from compu-
tation, that between the times of obfervation the va-
riation of 4 Bootis in right afcenfion was 33717,7,
and 1417”,3, in declination ; of Aréturus 3311”,7
in right afcenfion, and 1347”,9 in declination : The
difference of variation in right afcenfion is 1’ 0",
and of declination 1’ 9,4 ; by the former the dif-
ference in right afcenfion was diminithed, and in de-
clination increafed by the latter, agreeably to the places
of the two ftars. ‘T'he difference in right afcenfion

Vor. LXIIL @) there-
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therefore in 1768, if neither of the ftars had moved,
thould have been == 5° 23" 02”,2, and §1’ 55” in
declination; but they were obferved to be 5° 21’
43”4, and 49’ 48”,7. ArCurus therefore by this
obfervation has in 78,257 years gone 1’ 18”,8 to the
weft, and 2’ 06”, 3 to the fouth, fuppofing 4 Bootis not
to have any proper motion.

On the sth of April, 1691, the difference in right
afcenfion between 4 Bootis and Arlturus was
21’ 33” of mean folar time, = 5° 24’ 14”,0; and
the difference of declination 50" 45”,6, as in the
preceding example. The difference of variation in
right afcenfion is §9”/,1, and in declination 1 8,4,
'The difference of right afcenfion therefore at the lat-
terend of May, 1768, {hould have been §° 23’ 14”9,
and 51’ 54”7,0 in declination ; but, according to
obfervation, they were 5° 21" 43”,4, and 49’ 48”,7.
Ar&urus therefore, according to this obfervation, has
moved 1’ 31”,5 tothe weft, and 2’ 05”,3 to the
fouth in 77,120 years,

On the 4th of May, 1691, the difference of right
afcenfion between y Bootis and ArCurus was 21733"”
of mean folar time, = 5° 24’ 14,3 when allow-
ance is made for the going of the clock and the er-
ror of the plane of the inftrument, and the difference
of declination on the 3d of May = 50’ 50”,6.
According to computation, thofe differences fhould
have been 5° 23" 15”,2 and 51’ 59,0 refpe&-
ively ; but they were obferved to be 5° 217 43”,4,
and 49’ 48”,7. Ar&urus therefore in 77,071 years
has moved 1’ 31”7,8 weftward, and 2’ 10”,3
fouthward. N. B. The zenith-diftance of Arcturus,

as
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as determined by Mr. Flamfteed, on the 4th of May,
is manifeftly erroneous.

On the 27th of May, 1692, 4 Bootis preceded
As&turus in right afcenfion by 21/ 32”,5 of mean
folar time, = §° 24’ 10”1, the difference of decli-
nation being 50’ 50”,6. In 75,078 years the
differénce of right afcenfion fhould have been
5° 23" 11”,8 and 51’ §8”,5 im declination; but
thofe differences were obferved to be §° 21’ 43",4
and 49748”,7. Ar&urus therefore has moved 1728”,4
weftward, and 2" 09”’, 3 fouthward.

On the 25th of May, 1692, Ar&turus preceded
# Bootis in right afcenfion by 24’ 35”,5 of mean
folar time, = 6° ¢’ 32,2, when an allowance is
made for the going of the clock and the error of the
plane of the inftrument, the difference of declination
being 3° 2’ 28”,9. On the 24th and 26th of May,
and gth of June, 1768, the difference of right afcen-
fion between the fame ftars obferved at Oxford was
24’ 44”,58 of fidereal time, = 6° 11’ g/’,1, the
difference of declination being 2° 58" 247,2. In
1768, the difference of right afcenfion fhould have
been 2”/,7 greater, = 6° 9" 34,9 ; and the differ-
ence of declination 1’ 317,7 lefs, = 3° 0’ §7”,2.
But they were obferved to be 6° 11’ ¢”,1, and
2° §8" 24",2. ArCurus therefore in 75,978 years
has, by a comparifon with this ftar, moved 17 34,2
weftward, and 2’ 33,0 fouthward.

Again, the difference of declination between Arce.
turus and = Bootis was obferved to be 3° 2’ 33”,9
on the 14th of February, 1690, when the difference
of right afcenfion between thefe two ftars was not
obferved by Mr. Flunfteed. It appears by compu-

2 tation,
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tation, that the difference of variation in declination
between the times of obfervation was 1’ 34”55, by
which quantity the difference of declination was di-
minithed, and fhould therefore in 1768 have been
3° o 59”,4. But it was 2° 58’ 24”7,2 by actual
obfervation. Ar&urus therefore by this obfervation
has moved fouthward 2’ 35”,2 in 78,255 years.

By the foregoing comparifons Arcturus appears to
have moved as in the following table.

Weftwd. Southwd

! 1

51:35 2 3550

years.
By the fmall ftar Feb. 14, 1690,in 77,237

I

» Bootis Feb. 14, 1690, in 78,257 1188 |2 6,3

n Bootis Apr. 5, 1691, in 47,120 I 31,5 2 5.3

» Bootis May g4, 1691, m77,o71 1 31,8 2 10,3

» Bootis May 27, 1692, in 75,978 1 28,4 (2 0,3
By = Bootis May 27, 1692, in 75,978 I 342 |2 330
= Bootis Feb. 14, 10690, in 78,257 notobf. |2 35,2

As the quantity of the motion of Ar&urus fouth-
ward in declination, as deduced from a comparifon
with 4 Bootis, differs confiderably from the quanti-
ties given by the fmall ftar and # Bootis, which agree
very nearly together, I have compared 4 Bootis with
fome of the nelghbourmg ftars, as that ftar, though
of the third magnitude only, may have a {mall motion
of its own.

On the 14th of February, 1690, the difference of
declination between y and # Bootis was obferved by
Mr. Flamfteed to be = 2°, 1.7 47”,8. By compu-
tation, that difference in 1768 fhould have been
2’ 43,9 lefs, = 2°9¢’ 3”,9: but it was actually

obferved
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obferved to be 2° 8’ 34”,3 only. ‘The ftar 4 Bootis
therefore appears by this comparifon to have meved
fouthward 29,6 in 78,257 years.

On the 27th of May, 1692, 4 Bootis was obferved
by Mr. Flamfteed to be 2° 117 37”,8 to the north of
7 Bootis, which quantity fhould by computation be
2’ 39”,1 lefs in 1768, or 2° 8’ 58”,7. Butit was
found to be 2° 8’ 34”’,3. The ftar 4 therefore ap-
pears to have moved fouthward o’ 24,4 in 75,978
years.

On the 2 5th of April, 1693, » Bootis was obferved
to be 40’ 20,8 to the fouth of f Bootis, a ftar of
the 6th magnitude; and by myfelf that difference
was obferved to be 42’ 37,5, by taking the mean
of two obfervations on the 24th and 26th of May,
1768, differing only 4/,7. According to computa-
tion, the variation of 4 Bootis in declination during the
interval of the two obfervations was 1359”/,3, and
of f Bootis 1256”7,0; and therefore the difference of
variation in declination was 1’ 43,3, by which the
diftance of the ftars was increafed. The difference
in declination therefore in 1768, if neither of the
ftars moved, fhould have been 0° 42’ 04”,1; but it
was obferved to be 33",4 greater, by which quantity
therefore 4 Bootis muft have moved fouthward in
75,052 years.

By reducing all the foregoing dedu&ions to 78
years, Ar&urus appears to have moved,

Weftw.
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Weftw.  Southw.

By the {mall Star, Feb. 14, 1690; 512/,3-80 2 36,43
» Bootis Feb. 14, 1690jr 18,541 |2 5,88

y Bootis Apr. 5, 16911 32,557 |2 6,75

» Bootis May 4, 16911 32,906 |2 11,87

» Bootis May 27, 1692'1 30,752 |2 12,74

By # Bootis May 27, 16921 36,707 |2 37,07

# Bootis Feb. 14, Iégo!not obferv.|2 34,69

But the Star 4 Bootis appears alfo to have moved
Southward.

By # Bootis Feb. 14, 1690 o 2’6,503

« Bootis May 27, 1692 o0 25,049
By fBootis Apr. 5, 1693 0 34,712
By a mean o 29,755

As Ar&urus appears to have moved fouthward of
y Bootis 2’ 9”,31, by taking a mean of the four
quantities refulting from the comparifons with that
ftar; and as 4 Bootis has alfo moved fouthward of
fome of the neighbouring fiall ftars by 29”/,755 in
the fame time, Arcturus upon the whole has moved
2’ 29”706 to the fouth, by the comparifons with
% Bootis only ; and therefore, by taking a mean of
all the refults, Arcurus has altered its right afcen-
fion lefs than the neighbouring ftars by 1” 337,97 in
~8 years, in which time it has allo moved 2” 36”,81
to the {outh of the fame ftars. _

In order to fee how far the motion of right afcen-
fion is to be depended upon, which is deduced from
the above comparifons, I have feletted and com-

puted the following obfervations, made at Shirburn
caftle
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caftle with a tranfit inftrument of g% feet, placed
exa@ly in the plane of the meridian, and confe-
quently more to be relied upon than thofe made
with a mural inftrument.

By a mean of five obfervations, made on the 7th,
12th, 23d, 24th, and 31ft of May, 1741, O, S.
the difference in right afcenfion between » Bootis and
Ar&Qurus was 5° 227 38”,9, the extremes differing
only 47,4 of a degree. The difference in the vari-
ation of right afcenfion to the end of May, 1768, is
20”,5, by which the afcenfional difference is dimi-
nithed. It fhould therefore have been §5° 227 18”,4;
but it was obferved to be 5° 21" 43”,4. Therefore
in 27 years Ar&urus has moved weftward 35”,0.

On the 16th and 20th of May, 1744, the differ-
ence in right afcenfion between 4 Bootis and Artu-
rus was 5° 22’ 30”/,0 by each of the obfervations,
which difference fhould have been, fuppofing neither
of the ftars to have any proper motion, §° 22" 11",
in May, 1768. But it was found to be 28,3 lefs ;
by fo much therefore had Ar&urus moved wettward
in 24 years.

On the 24th of May, and 8th of June, 17456, the
difference in right afcenfion between the fame ftars
was §° 22’ 26”,2, by taking a mean of the two
obfervations ; that difference fhould have been
5° 22’ 09”,5 in 1768.  But it was obferved
= 521" 43",4. Ar&urustherefore in 22 years has
moved 26,1 to the weft.

Laftly ; on the 16th of April, and 24th and 28th
of May, 1747, the difference in right afcenfion be-
tween » Bootis and Arcturus, by taking a mean of
the three obfervations, was §° 22" 25”,0. By com-

putation
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putation the variation in the difference of right af-
cenfion was 16”,0, by which the afcenfional differ-
ence thould have beendiminithed,and = §°22" 09”/,0.
But by obfervation it was found = §° 21’ 43",4:
Ar&urus thtrefore by this laft obfervation appears to
have gone 25,6,” weftward.

By the obfervations therefore at Shirburn Caftle
Ar&urus appears to have gone weftward as in the
following table; in the laft column of which are
contained the quantities refulting from the obferva-
tions of each year, reduced to 78 years.

7 V4 4 144
1741 | © 350 I 41,11
1744 \ o 28,3 | 1 31.97
1746 o 26,1 I 32,59
1747 | © 256 | 1 3490
| Mean g 35,14

The mean of all the obfervations, when reduced
to an interval of 78 years, is 1/ 35”,14, which dif-
fers only 17,17 from the mean of the other com-
parifons.

As then the proper motions of Arcturus weftward
in right afcenfion =1 33,974, and 2" 36", 81in de-
clination fouthward, feem well eftablithed, the real
motion of Ar&urusis inclined in an angle of 30° 56
to the weft of the meridian or horary circle, and to be
in that dire&ion 3’ 2,81 in 78 years, or at the
rate of 27,343 in a year. As this direction of its
motion is nearly perpendicular to the plane of the
ecliptic, the latitude of Ar¢turus muft diminith yearly
almoft in the fame proportion ; and its longitude will
alter lefs than that of other ftars, though not fo con-

fiderably as its right afcenfion.
The
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The proper motion of Arcturus then, in right
afcenfion Weftward, being 17,205, and in declina~
tion 2”,003, its annual preceflion in right afcenfion
is 417,108, and in declination 19//,133; and the
true right afcenfion of Ar@utus, on Jan. 1, 1773,
is 211° 19’ 47”,4y and declination North
20° 22/ 23",3. '

As none of the other principal ftars have been
found to have a motion fo confiderable as this,
though many of the ftars of the firft magnitude, as
for inftance, Sirius, Procyon, « Aquile, & Orionis,
as alfo @ Aquile of inferior magnitude, do really
vary their pofitions (and perhaps all of the firft order
will hereafter be found to have a proper motion), we
may, I think, fairly conclude that Ar&urus is the
neareft ftar to our fyftem, vifible in this hemifphere.
If therefore the annual parallax of the fixed ftars can
ever be difcovered, thatis, if the diameter of the
annual orbit bear a fenfible proportion to the diftance
of the neareft fixed ftar, it is moft likely to be dif-
covered from the obfervations of Ar&urus. 'The
fyftem of the world, confidered in an enlarged fenfe,
and agreeable to the idea we may entertain of an all-
powerful benevolent Creator, may be taken to oce
capy the whole-abyfs of {pace, and to confift of an
affemblage of bodies, having different magnitudes,
and emitting various degrees and modifications of
light. The apparent change of fituation vifible from
the planet which we inhabit, and which revolves round
one of the great bodies conftituting a part of the ge=
neral fyftem, as a center, may be owing either to
the motion of our own fyftem in abfolute fpace, or,
if our fyftemn thould be at reft, to a real motion in

Vou. LXIII, P thé
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the ftars themfelves: from whence the angular
diftances of the ftars muft vary in proportion to the
velocity of thofe motions, or to the dire&ion of thofe
motions with refpe to ourfelves. I have ‘reafon,
at prefent, to believe that a fmall motion may be
difcovered in the ftar o Ceti, and perhaps in other
ftars that vary in degrees of brightnefs, which the
diligence of - future aftronomers will difcover, and
perhaps in lefs time than at firft fight might feem ne-
ceflary, when we confider the feveral improvements
which have of late been made in the methods of ob-
ferving the heavenly bodies.

As the motion of Arcturus in declination (the
quantity of which we have thus endeavoured to af-
certain) has been often acknowledged, it is matter
of wonder that fome aftronomers, by comparing
either the altitude or zenith diftance of the Sun’s limb
with Ar&urus, without previoufly fettling the quantity
of that ftar’s motion in declination, or at leaft doing
it indireétly, fhould endeavour to determine whe-
ther the obliquity of the ecliptic hath remained con-
ftant, or ftill continues to diminifh, as it thould feem,
to have done for many centuries paﬁ from the obferva-
tions of fucceflive aftronomers. Mr. Caflini, and
Mr. le Monnier, have both pradifed this method,
and are of opinion, that the obliquity of the ecliptic
hath not altered; or, if it hath altered, that the
quantity of its alteration is not near fo confiderable
as hath been imagined by fome celebrated aftrono-
mers. By obferving for feveral days before and after
the folftice the altitude or zenith diftance of the
Sun’s limb, and that of a ftar fituated near the fame
parallel, the differences to be remarked in procefs of

time:
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time in the diftances of the Sun from that ftar (the
motion of the ftar in declination being allowed for
during that interval of time), will be the quantity
by which the Sun will have approached to or have
receded from the ftar. If the ftar were abfolutely a
fixed point, and the obfervations fufficiently nu-
merous, that, by taking a mean, the neceffary and
unavoidable errors in obfervation might either be
confiderably diminifhed or almoft annihilated, the
method might be pracifed to great advantage. But
as the ftar (Aruarus) had a proper motion, and its
apparent place was continually varying from the effe&t
of the nutation of the earth’s axis; as the limb of
the Sun was fometimes approaching to, and fome-
times receding from, the ftar, by a kind of libratory
motion from the effet of the nutation; alfo and as
the obliquity of the ecliptic itfelf was, in all proba-
bility, continually diminithing ; from a combination
and as it were invclution of thefe motions no cer-
tain conclufion could be drawn, fince, in the fpace of
a few years, the apparent obliquity may be the fame,
and yet the mean obliquity may have diminithed,
or perhaps, in the fpace of a few years, the obliquity
may appear to have increafed, when it may really
have become lefs. Whereas, by reducing the ob-
fervations to their mean pofition, and by affigning to
each known caufe its proper and allowed effect, a
regularity and uniformity muft neceflarily take place,
as far at leaft as is confiftent with the unavoidable
errors in obferving.

M. Caffini, in the Memoirs of the Academy of
Sciences for 1767, acquaints us, that, in 1748, the
apparent diftance of Arcturus from the upper limbf

P2 0
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of the Sun, at the time of the folftice, was the fame
as in 1760.

In 1748. Diitance of Ar&urus f'rom} “ /é "t
the folftitial limb of the Sun 3 13 30 40

Altitude of Ar&urus ., . 61 41 17 o
Therefore the apparent [olﬁmal} 6 v
altitude 4 55 13 40

In 1766. Diftance of Ar@urus from} ‘
the folftitial limb of the Sun 319 32
Altitude of Ar&urus . . . . 61 3 42 ©
Therefore the apparcnt folﬁmal} 64
altitude

‘The fame aftronomer has, in the Memoirs for 175g,
p- 325, communicated the following conclufions.

Dift. of the flar]| Redu&tion. [Solftitial diftance..

. from ©’s limb.
1763. o /4 U ¢ e 1 n
June 14. 13 729 | 4 11 1|318 30
15.13 1016 | 4~ 8 13| 318 29
25. |3 15 40 | 4 2 48 |3 18 28
July 1.12 59 1|4 1922|318 23
2. |2 54 55|+ 23 33|3 18 28
3125018 |4 28 8|3 18 26
Mean 3 18 27

M. le Monnier, in the Memoirs for 1762, p. 269,
has publithed the following diftances of Aré&urus
from the limb of the Sun, reduced to the folftitial
point, with a view to obtain differences in the appa-
went obliquity of the ecliptic: and, from the obfer-

vations
1
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vations made with the gnomon of St. Sulpice, and
communicated by Mr. le Monnier, in the fame vo-
lume, it thould feem that that aftronomer is of opi-
nion, that the obliquity of the ecliptic hath no other
variation than what the nutation of the earth’s axis
will occafion; and that therefore we muft either
abandon the gbfolute diminution of the ecliptic, or
at leaft fuppofe it extremely fmall, fince, in the fpace
of cighteen years, it hath not produced a fenfible
alteration.

, ° ;4w
1738. 3 10 1§
1740. 3 1L §
1742. 3 11 48
1763. 3 18 40 with the mural quadrant of § feet.
3 18 35 with the large mural inftrument.

As the refult of the obfervations only, and not the
obfervations themielves, are communicated, I have
only to obferve, that there is a very confiderable dif-
ference between the conclufions of the two aftrono-
mers for the fame year 1763, and, at the fame time,
to declare my fufpicion, that if the apparent (for fuch
1 apprehend them to be) were reduced to the mean
diftances, they would probably afford a confirmation
of the diminution of the ecliptic. For the following
obfervations of the Sun’s zenith diftance, made at
Shirburn Caftle, near the fummer folftices of the
years 1743, 1746, 1748, and 1766, and of Ar&u-
rus in the years 1743, 1746, and 1766, when re-
duced to their mean ftate at the folftice, do not con-
firm the aflertion of Mr. Caffini, but are an evident

and
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and abfolute proof that the obliquity of the ecliptic
has fenfibly diminithed during an interval of 23, and
even of 18 years.

The obfervations of 1743 were made with a mu-
ral quadrant of five French feet, conftruted by the
late Mr. Siffon: but as the linear divifions were
found to be fomewhat lefs accurate than was
expe@ed, and as the body of the guadrant was not
framed with proper ftrength and folidity, Mr. Bird
was employed in the fummer of the year 1745, by
the Earl of Macclesfield, (the body of the inftrument
having been ftrengthened by fcrewing a large and
broad plate of brafs upon the crofs-bars), to put a fet of
points upon the limb between the go and 96 arches
of linear divifions. By thefe operations the line of
collimation was found to have varied, and to be
= 6,3, by which the zenith diftances were given
too fmall, by the pofitive divifions, from the end of
1746 to the end of June 1751, when Mr. Bird bi-
fe@ed the {paces between the points which he had
formerly added in 1745. But after the year 1751,
the error of the line of collimation was — 2,6, as
appears from obfervations of ¢ Perfei, 8 and o Dra-
conis, by which the zenith diftances are alfo given
too fmall; and in that ftate the inftrument continued
to the year 1467, when a new fet of wires was put
into the telefcope, and the line of collimation thereby
altered. The error of the line of collimation from
1743 to 1745 cannot direCtly be afcertained, for
want of zenith obfervations; but, from fome indirect
methods, it thould feem that the error was as nearly
as poflible =2"/, to be added to the obferved zenith
diftances.

1743



[ 111 ]

Obferved zenith | Baro- [Thermo-|Refrac-| Sun’s femi- | Dift. from | Obfervations re.
diftance. meter. | metere | tion. diameter. {folftice. duced to folftice,
1743 o+ U "y A A B )
June 7. {Up.L. 28 37 39 |29,54 | 62 30,2 |4+ 15 48,1 Jo 43 5.7 | 28 10 51,6
8. |Lo.L. 29 3 37 |29,36 | 6o 30,8 |— 15 48 37 22,3 | 28 10 57,5
9. |Up.L. 28 26 44,2|29,46 | 598 | 30 |+ 15479} 32 33 | 28 10 58,8
12. |Up.L. 28 13 14,5|29,72 | 615 | 29,0 {4+ 15 47,6 | 18 31,6 | 28 11 "o0,4
18. |Up.L. 27 57 9 |20.81 | 67 29,4. [+ 15 47,3 2 30 28 10 £5,7
19. |Lo. L. 28 27 28,5]29,54 | 673 | 29,8 |—15 47,2 1 16,1 | 28 10 55
21. |Up.L. 29 54 41,8]2,66 | 66 29,1 |+ 15 47,1 o 2,8 | 28 10 55,2
22. {Lo. L. 28 26 22,2|29,50 | 63 29,8 | —15 47 - O 34 | 28 11 1,6
23. |Up.L. 27 55 10,2|29,59 | 61 29,5 |+ 15 47 o 28,6 | 28 10 58,1 .
24. |Lo. L. 28 27 35,5]29,59 | 58 30,4 |—15 46,9 1 18,8 | 28 11 o,z
25. |Up.L. 27 57 15,5/29:39 | 58 | 20,5 |+ 15 46,91 2 33,7 | 28 10 58,2
27. |Lo. L. 28 32 34 [29,57 | 58 30,5 |15 46,9 6 17,9 | 28 10 59,7
Mean . . « . ¢« « . o o] 2810 58,2
Sun’s parallax . . . . . . — 41
28 10 §4,1
Nutatim . . * o & ¢ o o + 6,7
: 28 r1 0,8
Line of collimation . . e s + 2
Mean folttitial zenith diftance, 1743, | 28 11 2,8
174.6' - o 1 M ” ! " o o r
May 31. [Lo. L. 29 57 50,¢]29,48 | 78 30,5 [—15 48,8 5 31 41,9 | 28 to 50,3
June 5. |Up.L. 28 48 24,8|29,62%| 64 —| 304 |+ 15 48,3 53 50 28 10 53,5
. [Lo. L. 29 13 36,3]29,62 | 65 | 30,8 |[—15 48,2 | 47 26,3 | 28 10 52,6
7. {Up. L. 28 35 58,9|29,83. | 71 +| 29,4 |+ 15 48,1 | 41 24,3 | 28 10 §2,1
10. |[Lo. L. 28 52 1,8|29,28 | 67 20,8 |—15 47,8 | 25 49,8 | 28 10 54
16. {Up. L. 28 "0 14,4|28,69 [ 595 | 28,7 [+ 15 47,3 5 346 | 28 10 55,8
19. [Lo. L. 28 27 §,1]29,60 | 58% | 30,3 [—15 47,2 © 59,8 | 28 10 48,4
22, [Up. L. 27 54 45 |39,75 | 635 | 29:4 |+ 15 47 o 8 28 10 §3,4
23, [Lo. L. 28 20 47,4/29.85 [ 64 | 30,2 |— 15§ 43 © 40,4 | 28 10 50,2
26. [Up. L. 27 59 23.4{29,63 | 69 [ 29 1+ 15 46,91 4 459 | 28 10 53,4
27. {Lo. L. 28 33 6,6]29,63 | 747 | 29:2 [—15 46,9 6 57,1 | 28 10 51,8
28. {Up. L. 28 4 r1,8|29,50 | 65% | 29,3 |4 15 46,9 9 32,9 | 28 10 55,1
30. Lo, L. 28 42 5,9[29,22 | 033 | 30,2 |—15 46,0 | 15 58,2 | 28 10 51
July 4. |Up.Ls 28 28 16,6[29,67 | 69 | 29,6 |+ 15 46,9 | 33 40,1 | 28 10 §3
~ Mean . e e e o o o] 28 10 52,5
Sun’s parallax . . . . . ... — 41
28 10 48,4
Nutation‘ . . e« o & s o o + 9,4
. 28 10 §57;8
Error of the line of collimation . . + 6,3
Mean. folftitial zenith diftance, 1746, | 28 11 4,1

1748,
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Obferved zenith | Baro- |Thermo-[Refrac- | Sun’s femi- | Dift. from | Obfervations re-
diftance meter. | M€ | tion, | diameter. | folftice. | duced to foltice.
1748. o 1 N Il+ ' o 1__u o 1 n
June 15. |Up. L. 28 1 21,1{29,51%] 64 20,3 |+ 15 47,4 [0 6 38,6 | 28 10 59,2
16. |Lo. L. 28 30 41,3|29,55 | 60 30,3 |— 15 47,4 4 31,9 | 28 10 52,3
20. [Up. L. 27 54 45,729,863] 63% | 29,5 |+ 15472 | o 57 | 28 10 56,7
21 !Lo L. 28 26 11,3120,65%] 75 | 29:2 |—15 47,1 o 1,3 | 28 10 §2,1
22. {Up. L. 27 55 3,520,67 | 81% | 28,2 |+ 1% 47 0 21,4 | 28 10 §7,3
23+ Lo. L. 28 27 18,7)29,60%| 72 — 29,3 |—15 47 1 6,7 | 28 10 §4.3
24. Up. L. 27 56 §9,7129,55+ 65 29 |4+ 15 46,9 2 16,7 | 28 10 58,9
29. 'Lo 1. 28 40 29,3|29,90 | 64 30,5 |—13 46,9 | 14 18,7 | 28 10 §35.2
Mean . . . . . . . 28 10 55.8
Sun’s parallax .o . — 41
28 10 §1,7
Natation . .« « « . . + 6,1
28 10 ¢7,8
Error of the line of collimation . + 6.3
Mean folftitial zenith diftance, 1748, | 28 11 4,5
1760 5 o t 1 " t o 5 ¢ om o t
;xlmc 11. Lo, L. 28 47 12 129,51 | 62 —| 30,4 |—15 47,7 [0 20 42,3 | 28 11 12,4
12. Up. L. 28 11 °‘>329,~8 61 —| 20,6 |+ 15 47,0 | 16 47,1 | 28 11 8,3
17. Lo, L. 28 29 47,9/29,15%| 66 | 29,4 |—15 473 3 20,2 | 28 11 9,8
21 Up Lo 27 54 57,412,721 65 |29 |4 15471 | o029 |28 11135
22, Lo. L. 28 26 39,629,873 | 703 | 29,7 —1§ 47 0 15L,9 | 28 11 10,4
23. lLo. L. 28 27 19,2120,955 | 755 | 29,5 |— 15 47 0 48,6 | 28 11 13,1
24. WWp L. 27 56 45712950 | 785 | 28,4 |4+ 15.46,0 1 5o,t | 28 11 10,9
25 !Lo. L. 28 29 41,220,349 | 74 20,2 |~ 1§ 46,9 3162 | 23 11 7,3
27. {Up. L. 28 2 18,5/z9,40 | 67 28,9 [+ 15 40,9 7 22,6 | 28 11 11,7
29. |Lo. L, 28 29 30,6]29,28 | 66 29,7 |=15 46,9 | 13 7 28 11 6,4
Mean .« o ¢« o ¢ o o = 28 11 10,8
Sun’sparallax . . . . . . — 41
28 11 6,4
Nutation « « o « o o + 7.6
28 11 14
Error of the line of collimation . 2,6
Mean folflitial zenith diftance, 1766, | 28 11 16,0

1743.
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| Oblerved zenith Refrac | Aber- | Nuta- [Prec:- | Obfervations
{“‘l of Arflerus.d iq,, ]m'nn. tion, | fion reduced.
:;, o 1/ n " " " " o ron
MJy 1z 3t 6 37, 34 |—nold+ e id 20 31 7 33,4
17130 6.57,8 | 24 |—0,8 |+ 1,4 41,8 | 31 7 34,2
~18. 31t 6 57,8 34 —0,0 [ 1,4 41,8 ] 31 7 364
June 5. | 31 06 52,3 34 [+ 29 (+~5L2 |40 | 31 7 31,3
9. | 3t 63503 | 34 |+38|+1,2 T07| 30 730
12. | 31 6 g2 3+ |44 |+ n2|+006] 31 7 31,8
16. | 31 6 57 34 |+5s53) ~1,2|+0,3] 31 7 37,8
18. | 3t 6548 | 33 |55 [+ L2 |Tou | 31 7 356
25. | 31 6 52 34 70,7 |12 [—o0,2 | 31 7 33,7
July 1.| 31 6 52 34 |+ 78 |4 1,2 —o,5 | 31 7 348
Mean . . . .« 3t 7 336
Error of *h.. ine of col' mn'.on e e e e e e “+ 2
Mz:an zenith diftance of Ar&urus, June 21, 1743, ol 31 7 33,6
Mean zenich diftance of the Sun’s center, Junc 21, 1743, | 28 11 2.3
Mean diftance of Ar&urus from the Sun’s center, 1743, { 2 56 32,8
1746, 1w " o 1 n
June 4. 131 7 81,1} 34 31 8 229
2t {31 7 531 | 34 3t 8 27,3
22. | 31 7 50,2 34 31 8 24,0
23. | 31 7 §2,3 34 31 8 27,7
o&. 9. |31 7 5%6 34 31 8 20,4
Mean . . e e e e e e s 31 8 26,4
Exror of the line of colhmauon e e e e e e + 6,3
Mean zenith diftance of Ar&urus, June 21, 1746, . « | 31 8 32,7
Mean zenith diftance of the Sun’s center, June 21, 1746, | 28 11 4,1
Mean diftance of Ar&urus from the Sun’s center, 1746, 2 57 28,6

Vor. LXIIL

Q

1766.
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Obfeived zeaich | Baro- |Thermo [Refrac- | Aber- | Nuta- | Precef- [Obfervations

At of Artturus. | meter, | Meter- | tion, | ration.| tion. | fion. | reduced.

1~66. o + " " " " o 1 n
May 13. | 31 14 20,7 [ 2946 43 | 349 [—T19 [—7,6 |42 |31 14 48;:
21, | 31 14 23,1 | 29,81| 46 | 361 |—0,2 [—7,6 [+ 1,7 |31 14 52,1
22, 31 14 19,9 | 29,671 49 | 34,7 o |—7,6 |+ 1,6 |31 14 48,6
Juue 23. | 31 14 20,8 | 29,90] 70 | 331 |+ 6,4 |—77 |—0s1 |31 14 52,8

Mean . . .
Error of the line

« e . . . o . .

of collimation . +« « « « o &

Mean zenith diftance of Ar&urus, June 21, 1766, . .
Mean zenith diftance of the Sun’s center, June 21, 1766,

Mean diflance of Ar&urus from the Sun’s center, 1766,

31 14 50,3
4+ 2,6

31 14 52,9
28 11 56:6

———————

3 3363

From the foregoing obfervations, it appears that
the mean folititial zenith diftance in fummer was as

follows.
Variation in 100 years.
o / 44 44
1743. 28 11 2,8 6o
1746, 28 11 4,1 62,5
1748. 28 11 4,1 69,4
1766, 28 i1 16,6

And, by comparing the three former with the
latter, the variation of the obliquity of the ecliptic in
100 years is as is exprefled in the laft column of the

table.

By comparing the diftance of Ar&urus from the
center of the Sun in 1743, with the fame diftance as
obferved in 1766 (an allowance being made for the
proper motion of the ftar during the interval, as alfo
for its variation in declination arifing from the pre-
ceffion

7



[ 115 ]

ceflion of the equinoxes), it appears that its diftance
is 17"/,3 lefs than it would have been, if the diftance
of the Sun’s center from the equator had remained
unvaried. By that quantity, therefore, the obliquity
of the ecliptic has altered in 23 years ; which is at
the rate of 75”,2 in 100 years.

By comparing, in like manner, the diftance in
1746, the obliquity of the ecliptic has diminifhed
15,6 in 20 years, or 78" in 100 years.

o -7 " o ’ "
Diftancein 1743 . + , .+ * 2 56 32,8 [ In'1746. 2 57 28,6
Motion of the ftar in decl. Southward 7 20,8 + 56 23,3
Computed diftance in 1766 . . 3 3 53,6 3 3 51,9
Obferved diftance in 1766 . « + 3 3 36,3 3 3 36,3
Variation of obliquity . . . . 17,3 15,6

The foregoing dedutions prove, 1 think, be-
yond all doubt, that the obliquity has become lefs 5
but as the interval of time between the two terms of
comparifon is fo fhort, that the errors committed in
obferving may bear a fenfible proportion to the fmall
quantities juft now found, and which, perhaps, are
fomewhat too large; let us have recourfe to Mr.
Flamfteed’s obfervations, and compare them with
obfervations made by myfelf, in the courfe of the laft
and prefent years. For this purpofe, I have reduced all
the obfervations of the Sun, made in 1690, from
May 26 to June 24, O. S. and alfo all the obferva-
tions of Arfturus, made in the fame year, to their
mean pofition at the fummer folftice of that year.
The obfervations, together with my own made at
Oxford, are as follows.

Q.2 1690,
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, Obferved zen. dift. |Refrac- | Sun’s femi- | Dift. from | Obfervations
i of the Sun’s limbs. | tion. | diameter. folftice. reduced.
‘690' [+] o " ’ n o / " o r o
Muay 26. Lo. L. 29 6 20 | 31,8 15 46,4 [0 50 26,1 | 28 o 39,3
Up. L. 28 34 50 | 31,1 15 40,4 41,4
June 2. |Lo. L. 28 31 35 | 31,1 15 457 |o 15 28,3 52,1
Up.L.. 28 o 3 30,4 15 4557 52,8
3. |Lo. L. 28 28 20 | 31 15 45,06 |o 1z 8,6 56,8
Up.L. 27 56 45 | 30,3 15 456 51,1
4> |Lo. L. 28 25 15 | 30,9 15 455 [0 9 10,8 498
Up.L. 27 53 55 | 393 28 o 59,9
6. |Lo. L. 28 20 40 | 30,8 15 455 (o 4 30,1 | 28 0 55,2
Up.L. 27 49 15 | 30,2 28 1 0,6
7. |[Up.L. 27 47 10 | 30,1 15 45,4 (0 2 46,8 | 28 o 38,7
Lo.L. 28 18 40 | 30,8 28 o 38,6
10. [Lo. L. 28 16 10 | 30,7 15 45,3 [0 o 55 | 28 0 49,9
Up.L. 27 44 40 | 30,1 28 0 49,9
12. [Up.L. 27 44 50 | 30,1 15 45,3 lo o 22 28 0 434
Lo. L. 28 16 45 | 30,8 28 1 8,8
13 [Lo. L. 28 17 17,5/ 30,8 15451 jo 1 7,4 | 28 o 55,8
Up.L. 27 45 50 | 30,1 28 o 48,8
14, {Up.L. 28 13 30 | 30,8 15 451 |o 2 17,6 | 28 o 581
Lo. L. 27 46 50 | 30,1 28 o0 47,6
16, |Up.L. 27 50 40 | 30,2 15 451 lo 351,8 |28 1 3,8
Lo. L. 28 22 15 | 30,9 28 1 ¢
17. {Up. L. 27 53 5§ | 30,2 15 4§ o 8 16,4 | 28 1 3,8
Lo. L. 28 24 30 | 30,9 28 0 59,5
20, [Lo. L. 28 34 15 | 31,1 15 45 [0 17 §6,4 | 28 1 4,7
Up.L. 28 2 45 | 30,4 28 1 4
24. [Up.L 28 21 5 | 30,8 15 45,1 Jo 36 30,6 | 28 o 50,8
Mean . & ¢ ¢ o ¢ . . 4 6 4 s o 4 4w e w 4|28 0542
Error of the line of collimation . .+ . . « . . . , . 1 30
2y 24,2
Sun’s parallax &« . ¢ . o o 0 0 0L 0 .. 5?-— 451

NUutation « o« ¢ o & 2 o s o o o o o +» o o

Mean folftitial zen, dift, of the Sun’s center, June 11, 1690, O, S.

27 59 20,1
+ 9.5

27 59 29,6

1690.
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Obferved zenith |Refrac-| Aber- | Nuta- |DPrecelr| Obfervations
ditt. of Ar&turus. | o0, |ration.| tion. | fion. reduced.
1690. o / " " 14 144 14 o 4 i
Feb, 14. | 30 39 20 | 33,8 |—12,2|— 5,1 |— 2,5 50 39 34.2
Apr.13. | 30.39 20 | 33,8 |— 55 |— 53 |— 54| 30 39 37,0
25. | 30 39 10 — 33— 54 |— 0 29,1
26, | 30 39 1% — 2,9 | 5,4 [— 6,1 4,4
May 13. 10 + 0.4]— 5.5 |[— 6,9 31,8
I4s 10 + 0,6(— 5,8 |— 7 31,9
15. f 30 39 10 | 33,8 |-+ 0,8{—5,5 |— 7 32
20. 10 + L,9|— 55 |— 7,3 32,9
22, 10 + 2,3 — 55 |— 74 33,2
24| 3039 § + 2,750 |— 755 28,4
June 12, “10 | 33,8 |4+ 64— 506 |— 8 36,1
13. 10 + 6,6|—35,6 — 8,6 36,2
16. | 30 39 10 + 7,1 ]|— 5,6 |— 8,7 36,6
17. 10 + 752 |— 56 |— 8,8 30 39 33.4
July 1. 30 39 10 | 338 |+ 0,4|—5,7 |— 9:5| 30 39 30,6
Dec. 13. | 30 39 38 | 338 |— 6,6|—6,5|—18,1| 30 39 37,6
14. [ 30 39 40 | 33,8 |— 6,8 |—0,5|—18,2] 30 39 42,3
Mean, January 1, 16go, O.S. . . . . . . . 30 39 34
Preceflion to June 11, 16go0 « . . . . . . + 8,4
Mean zenith diftance of Ar@urus, June 11, 1690 . . | 30 39 42,4
Mean folftitial zenith diftance of the Sun’s center, | | | 20.6
June 11, 1690 . . . 0 . o 0 e 0w ] 2759 29
. . .. ,
Mean diftance of Ar&urus in declm:'m:m from the Sun s} 2 40 12,8

center, 1690 . . o .

1771,
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Obferved ze- | Baro- | Ther- |Refrac- | Sun’s femi- | Dift. from | Obfervations

oith diftance of | meter. |mome-| tion. | diameter. folftice. reduced.

the Sun’s upper ter.
limb.

]77[. Q ’ ” ” l4 4 o 7/ ” . (] ’ ”
June 8. | 28 36 47,6 [30,08%| 641 | 30,9 15 48 Jo 36 0,4 |28 17 6,1
14+ | 28 11 38,1 | 29,94 | 63 —| 30 1§ 47,4 | 10 46,6 8,9

18,1 28 3 44 {29,785 | 61 +| 29,7 | 1547,2| 2 83 13
21. | 28 0 55,4 |30,08% 65L | 29,7 15 47 o 0,8 11,3
22.| 28 1 1,4 | 30,07} 66 4| 29,6 1§ 47 o 7,6 | 28 17 10,4
24. | 28 2 26,1 | 30,07 | 62 30 15 40,9 I 35,8 7,2
25. | 28 3 46,9 | 30,05 | 69 20,5 15 46,9 z 56,8 6,5
20, | 28 5 38,1 |29.97%| 68 20,5 15 46,9 4 42,7 11,8
29. | 28 13 21,3 }29,84 | 61 —| 30,2 15 40,9 | 12 27,7 | 28 17 10,7
Mean . . . . . o e o« o 28 17 8,7
Sun’s parallax . . . e e - — 41
28 17 4,6

Nutation . . . T — 6,
. 28 16 57,8
Error of the line of collimation . . . « « « . . + 4,8

Mean folftitial zenith diftance of the Sun’s center, 1771, | 28 17 2,6

1772,
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Obferved zenith | Baro- | Ther- |Refrac-| Sui’s femi- | Dift. fiom | Obfervations
diftance of the Sun’s| meter. | mome-| tion, | diameter. folttice. reduced.
limbs, ter.
’772. o s N 1 ! ” 2 7 174 o /7 "
June 8. [Lo. L. 29 4 31,3/30,18 | 71 30,7 [~—15 48 o 31 59,9 | 28 17 14,1
9. |Up.L. 28 28 1 |30,05%| 675 | 30,1 |15 479 | 27 5,4 | 21 17 13,6
11, Lo, L. 28 51 §,5i30,10% | 713 | 39,3 |— 15 47,7 | 18 zg,2 18,9
12. |Lo. L. 28 4% 15,7|30,222| 60% | 31,2 |—15 47,6 | 14 48,1 10,9
14. |Up.L. 28 9 3444{30,15%| 63 30,1 [+ 15 47,4 8 38,4 13:5
Lo. L. 28 41 11,1 30,8 10,1
15. (Up. L. 28 7 5,4|29,945] 72 20,2 |+ 15 47,3 6 10,7 11,2
Lo. L. 28 38 40,8 20,8 28 17 12,6
16. [Up.L. 28 5 0,320,821 | 70} | 29,1 415473 | 4 7,6 9,1
Lo. L. 28 36 38,6 29,8 13,5
18, {Up. L. 28 2 16,4{30,023| 71% | 29,2 |4 15 47,2 1 15,6 17,2
Lo.L. 28 33 48,1 29,7 15
19. [Up.L. 28 1 26,3]29,97 | 763 | 28,8 [+ 15 47,1 o 26,8 15,4
Lo. L. 28 32 53,8 29,8 11,4
zo. |Lo. L. 28 32 30,3]20,93 | 79 29,1 =15 47,1 o 2,8 |28 17 g,
21, [Lo L. 28 32 32,8|29,79 | 72 29,6 |[— 15 47 ° 35 11,9
22, {Up.L. 28 1 24,8[30,00%| 73 29 |+ 15 47 0 29,9 | 28 17 10,9
23. |Up. L. 28 2 14,4{30,01 | 763 | 28,8 |+ 15 47 I 19,4 | 28 17 10,8
Lo. L. 28 33 5451 29,5 17,2
26, {Up. L. 28 7 20,3{29,96 | 85 —| 28,2 [+ 15 46,9 6 18,9 16,5
Lo, L. 28 38 50,4 28,8 28 17 13,4
Mean . . _— e e e . 28 17 13,4
Sun’s parallax s e e ‘e . — 4,1
28 17 9,3
Nutation . « 3 D . o« e . et 8,7
28 17 0,6
Error of the line of collimation .+ . .o + 4,8
Mean folftitial zenith diftance of the Sun’s center, 1772, | 28 17 £,4

1772.
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1 Obferved z2- | Baro- ; Ther: [Refrac-] Aber- | Wuta- | Precefs | Obferations
Inith diance of | meter, 'mome-] ton. | raion. | tion. | Hot. reduced,
Ardtirues, { ter
:7,‘., S ” " ” 74 I
EEEN . .
Jaiy rno | 3oz 55,5 :9.87 | 73 329 |4+ 94 1,9 [— 10,1] 31 22 29,7
Auzvtio | 3to21 59,6 29051 | Op —) 3,3‘?: 12,2 [+ 2,0 | 11,7 33
7 59,5 |29,03 75+ 338 |22 20 by 26,7
19. S06 120,76 {77 —! 525 |+12,3]|+ 2,2 12,1 29,5
O&. 10, § 31 21 59,1 |2y,065 ] 61 392 14 57 4 2,6 [— 15,1 27,2
Nove 2. 5122 53 [20,525) 40 —| 245 - g [ 2,7 |—16 28,9
2. 23 35 (26,55 | 49 34:3 14 3814 2,7 [—10,3 =8
12, 8,3 2982 | 38 359 i 2,1 |4 2,7 |— 16,5 35,8
220 31 22 13,3 12088 | 45 4| 351 - o4 |k 2,7 16,9 31 22 32,0.
21 10,3 125500 49 —| 354 |4 o2l 2,7 |—17 31,0
235 15,3 129,37 | 40 35:2 |= 0,21+ 2.7 |—17,2 31,8
Dec. 10 15:3 12092 | 303 | 35,7 |— 39|+ 2,9 |—18 32
1) 31 22 13,3 129,09 | 453 | 351 [— 5§ |4 2,9 [—18,3 31 22 27
Mean zenith diftance of Ardturus, January 1, 1772 « . . . . . . 31 22 29,8
Preceffion to June 21, 1772 « v & ¢ v v 4 4 4 w4 e e +9
Mean zenith ditance of Ar&urus, June 21, 17972 . . . . . . . 31 22 38,8
Errer of the line of collimation « & o . . . . .. . . . . + 4,2
Tree mean zenith dittance of ArQurus, June 21, 1772 . . . . . 31 22 43
Mean zenith diftance of the Sun’s center, June 21, 1792 . . . . .| 28 17 54
Meau ditance of Arfurus in declination from the Sun’s center,) 5 37,6
JURE 21, I772 ¢ 6 o v 0 e v v e e e e e e e e 3 &
o/ "
Mean diftance in June 1690 . . 2 40 12,8
Preceflion, &c. to Jane 1772 . . 26 16,4

Computed diftance in June 1772 . 3 6 29,2

Obferved diftance in June 1772

¢« 3 §37:6
51,6

Diminution of obliq»ity in 82~years

From
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From the foregoing obfervations it appears that,
at the fummer folftice of the year 1690, Ar&urus
was 2° 40’ 12,8 to the South of the Sun’s center
in declination: the motion of the ftar, in declination,
from that time to the fummer folftice of the year
1772, including its proper motion, is 26’ 16”,4.
Ar&urus, therefore, in 1572, thould have been
3° 6’ 29”,2 to the South of the Sun’s center, if the
angle of the ecliptic and equator had not varied :
but that diftance was found by actual obfervation to
be 517,6 lefs, By fo much therefore muft the ob-
liquity of the ecliptic have become lefs in an interval
of 82 years; and, confequently, the variation in
100 years will be 62'7,92.

If the obfervations of Ar&turus be reduced to the
folftice of 1771, and the zenith diftance of the Sun’s
center, as obferved in that year, be made ufe of in
the fame manner, the variation of the obliquity in
81 years will be found = 48,8, and in 100 years
= 60"’.

If the quantity of the arc.of Mr. Flamfteed’s in-
ftrument were accurately known, the obfervations
which he made at the winter folftice in 169o might
be compared with later obfervations, in order to de-
termine both the quantity of the obliquity in 16go0,
and alfo the variation fince his time. Accordingly,
I have endeavoured to determine the error of the arc
of the inftrument between 28° and 75° of zenith
diftance, and proceeded in the following manner.
I computed feveral obfervations of the ftars ¢ Tauri,
3 Pleiadum, 4 and p Geminorum, and ¢, ¢, and
o Sagittarii, as obferved by Mr. Flamfteed, in the
years 1690, 1691, and 1692, and reducing them

Vo, LXIIL R to
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to the years 1760 and 1766, I compared the dif-
ferences of declination between thofe ftars, refulting
from Mr. Flamfteed’s obfervations, with the dif-
ferences given by the places of the fame flars, as
fettled by Dr. Bradley in 1760, and alfo by actual
obfervations of the fame ftars made at Shirburn-
Caftle in 1766; and, by combining thefe differences
together, 1 found that the whole arc of go degrees
was too fhort by 43"/, Suppofing the error to be uni-
form, the proportional part of this quantity, thus
found for the folftitial zenith diftance of the Sun in
June = 13”,4, is nearly confirmed upon the autho-
rity of Mr. Flamfteed himfelf, who, in the prole-
gomena to the third volume of the Hiftoria Cceleftis,
where he is deducing the latitude of the Royal Ob-
fervatory ay Greenwich, and the quantity of the obli-
quity in 1690, from his own obfervations, -allows
the zenith diftances at 28°, 36°, and 40°, on his in-
ftrument, to be too fmall by 15/ and by 207,
at 75°.

%ave therefore computed the obfervations of the
Sun, made from November 30 to December 20
of 1690, which, reduced to the folftice, are as in
the following table ; to which are fubjoined the ob-
fervations made by myfelf at Oxford, at the winter
folftice of 1771.

1690,
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Obferved zenith |Refrac-{ Sun’s femi- | Dift. from | Obfervations

diftance of the Sun’| tion. | diameter. folftice. reduced.

limbs. -+ +

x69°‘ o ! ‘II " _7 " Q !/ " o ’ n”
Nov. 30. |[Lo. L. 74 45 17,53 27,9]— 16 16,6 |o 25 43,1 | 74 §8 11,9
Up.L. 74 12 40 |3 19,6{4 16 16,6 74 S7 59,3
Dec. 2.1Lo. L. 74 §4 5 |3 28,7]—16 16,6 | 17 16,1 | 74 58 33,2
2. [Up.L. 74 21 25 |3 21,7 19,4
10, Lo. L. 75 11 0 |3 32,7|—16 17,2 o 4,6 20,1
Up. L. 74 38 35 |3 25,4 22,2
13. |[Lo.L. 75 9 50 |3 32,4}— 16 17,2 1 244 | 74 §8 29,6
Up.L. 74 37 15 |3 25,3 21,9
15. [Lo. L. 75 6 45 [3 31,6/—16 17,3 | 4 394 | 74 58 38,7
Up.L. 74 34 5§ |3 2405 26,2
17. \[Lo. L. 75 1 30 |3 30,2{—16 17,3 9 46,9 29,8
20, (Up.L. 74 13 15 |3 19,8]+ 16 17,3 | 25 38,8 | 74 58 30,9
Lo.L. 74 46 5 |3 27 (—16 17,3 74 58 535
Mean . ¢« . ¢« o ¢ ¢ ¢ o o o o o o o o o o| 7458 259

Error of the line of collimation « o « o ¢ o o o o o} =1 1o
74 57 15,9
Sun’s parallax . + . . . . T — 8,5
74 87 14
Nutation o o o o o ¢ o o o o o o « o » o o — 9,6
Mean folftitial zenith diftance of the Sun’s center, Dec. 1690, | 74 56 57,8

R 2

1771.
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Obferved ze- | Baro- | Ther- |Refrac-] Sun’s femi- ] Dift. from | Obfervations

Jaith diftance of| meter. | mome-| tion. | diameter. folitice. reduced.

@®’s upp. limb,| ter. -+ +

1771. o / ” ’n / ” o / ” ] ”
Dec. 8. |74 11 1,7 |20,43 | 443 |3 21 16 18 o 42 26,3 | 75 13 12,2
12. | 74 32 25,4 [20,5631 47 +[3 25,2 16 18,5 | 21 34 17,7
16. | 74 46 32,3 28,068 | 452 |3 22,7| 16 18,7 7 2,8 21,8
19. | 74 51 57,3 |29,23 | 42 [3 29,6] 16 19 1 26,1 17,2
24. | 74 51 48,5 |20,07 | 40 [3 29,6) 16 19,1 I 31 13,4
25. | 74 50 24,2 12943 | 413 (3 31,2 16 19,2 2 56,9 16,7
27. | 74 46 13,3 [29,425[ 485 [3 26,6} 16 19,2 | 7 13,4 17,7
30. | 74 36 13,9 (30,13 | 302 (3 341] 16 19,3 | 17 93|75 13 21,8
Mean . o o o ¢ 0 v 0 v v e e v e e e e | 7813 173
Sun’sparallax . . . . . L . . 000000 — 8,5
75 13 8,8
Nptation o v & ¢ ¢ o o o o o o o o o o o o + 79
. - 75 13 16,7
Error of the line of collimation . . . . . + . « .« . . . + 4.8
Mean folflitial zenith diftance of the Sun’s center, December 1771, | 75 13 21,5

‘The mean obliquity of the ecliptic refulting from
the zenith diftances, as obferved at the two folftices
in 1690, by applying the known latitude of the
place, will be found to be widely different, if no
correCtion be applied for the error of the inftru-

ment.

o ’ n (] ’ ”
June, zenith diftance ~—27 59 29,6| Dec. zen.dift. 44 56 57,8
Latitude of Greenwich 51 28 38 . =51 28 38

23 29 8,4 23 28 19,8

But if the obfervations be corrected by the error
of the inftrument, the two refults will be found to
agree together as nearly as can be expected.

27
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s r v
27 59 29,6 74 56 57,8
+ 13,4 + 35,8
—27 59 43 74 57 330
51 28 38 —s51 28 38
Obliquity 23 28 55 23 28 55,6

Or, if the obliquity be required independent of a
knowledge of the latitude of the place, it will be
found to be = 23° 28’ 55”,3.

December . . . . . . 7°4 5/7 3”3,6
June . . . . . . —27 59 43

Difference . . . . . . 46 57 50,6
Mean obliquity 1690, % Diff. 23 28 55,3

By commparing the obfervations at the fummer
folftices of 1771 and 1772 with thofe at the winter
foltice of 1771, it appears that the mean obli-
quity was about the beginning of the year 1772
= 23° 28’ 9’/,4 and 23° 28’ 8”. I fuppofe there-
fore the mean obliquity to be 23° 28’ 8 at the
beginning of the prefent year; and confequently,
the obliquity has diminithed, by my obfervations,
47”7 in 81 years, fince Mr. Flamfteed’s time, or at
the rate of §8” in 100 years, a quantity which will
be found nearly at a mean of the computations
framed by Mr. Euler and Mr, de la Lande, upon
the principles of attrattion.

Oxford, Dec, 23, 1772.
XV. New



