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1. A Letter to the Right honourable George
Earl of Macclesheld concerning an appa.

rent Motion obferved in fome of the fixed
Stars ; &y James Bradley .D. D. Afronomer
Royal, and F. R. §.

My Lorp,

Read at a Maeting HE grcat Exa&tnefs, with
%’:bf”,f°i'a‘ 4S°°‘C‘Y ’ which Inftrumentsare now
P TTAT conftructed, hath enabled
the Altronomers of the
prefent Age to difcover {everal Changes in the Po-
fitions of the heavenly Bodies; which, by reafon of
their Smalinefs, had efcaped the Notice of their Pre-
deceflors. And altho’ the Caufes of fuch Motions have
always f{ubfitted, yct Philofophers had not fo fully
confider’d, what the Effe&s of thofe known Caufes
would be, as to demonftrate @ priori the Pheno-
mena they might produce; fo that Theory itfelf is
here, as well as in many other Cafes, indebted to
Pra&ice, for the Difcovery of fome of its moft ele-
gant Deductions. This points out to us the great
Advantage of cultivating zhis, as well as every other
Branch of Natural Knowledge, by a regular Secries
of Obfervations and Experiments.
The Progrefs of Aftronomy indeed has always

been found, to have fo great a Dependence upon
A accurate
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accyrate Oblervations, that, till fuch were made, it
advanced but flowly : For the firft confiderable Im-
provements that it reccived, in point of Theory, were
owing to the renowned Tycho Braké; who far ex-
cceding thofc that had gonc bcfore him, in the
Exaétnefs of Lis Obfcrvations, ecnabled the fagacious
Kepler to find out fomce of the principal Laws, re-
lating to the Motion of the hcavenly Bodics. The
Invention of Telefcopes and Pendulum-Clocks af-
fording proper Mcans of ftill farther improving the
Praxis of Aftronomy ;s and thefe being alfo foon fuc-
ceeded by the wonderful Difcoverics made by our
Great Newton, as to its Theory; the Science, in
both refpects, had acquired fuch cxtraordinary Ad-
vancement, that future Ages feemed to have little
room left, for making any great Improvements. But,
in fa&, we find the Cafc to be very different; for,
as we advancc in the means of making more nice
Inquirics, ncw Points generally offer themfelves,
that demand our Attention. The Subjet of my
prefent Letter to your Lordihip, is a Proof of the
Truth of this Remark: for, as foon as I had difco.
vercd the Caufe, and fettled the Laws of the Aber-
rations of thc fixed Stars, arifing from the Motion
of Light, &vc. whercof I gave an Account in N°,
406. of the Philofophical Tranfactions s my Atten-
tion was again excited by another new Phenomenon,
viz. an annual Change of Declination in fome of
the fixed Stars; which appcared to be fenfibly greaser
about that time, than a Preceflion of the Equinodial
Points of §0// in a Year would have occafioned.
The Quantity of the Difference, tho’ fmail in itfelf,

was
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was rendered perceptible, thro’ the Exadtnefs of my
Inftrument, even in the firft Year of my Obferva-
tions; but being then at a Lofs to guefs, from what
Caufc that greater Change of Declination proceeded,
I endeavoured to allow for it in my Computations,
by making ufe of the o4ferved annual Difference,
as mentioned in p. 652. of the fame Tranfaition.

From thar time to the prefent, I have continued
to make Obfervations at Wanffed, as Opportunity
offered, with a View of difcovering the Laws and
Caufe of this Phanomenon : For, by the Favour of
my very kind and worthy Friend Matthew Wy-
wmondefold Elq, my Inftrument has remained, where
it was firft ercfted s fo that I have been able, with-
out any Interruption, which the Removal of it to
another Place would have occafioned, to procced
on with my intended Series of Obfervations, for the
Space of twenty Years: a Term fomewhat exceeding
the whole Period of the Changes, that happen in this
Phenomenon.

When 1 thall mention the fme// Quantity of the
Deviation, which the Stars are fubje&t to, from the
Caufe that I have been fo long fearching after; I am
apprehenfive, that I may incur the Cenfure of fome
Perfons, for having fpent fo much Time in the Pur-
fuit of fuch a feeming Trifle: But the candid Lovers
of Science will, I hope, make due Allowance for
that natural Ardour, with which the Mind is urged
on towards the Difcovery of Truths, in themfelves
perhaps of fmall Moment, were it not that they tend
to illuftrate others of greater Ufe.

The apparent Motions of the heavenly Bodies are
fo complicated, and affeéted by fuch a Variety of

A 2 Caules;
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Caufcs; thatin many Cafes itis extremely difficult ta
afflign to each its duc Share of Influence; or diftinétly
to point out, what Part of the Motion is the Effe& of
cne Caufe, and ‘what of another: And whilft the
joint Effects of A4/ are only attended to, great Irre-
gularities and fceming Inconfiftencies frequently oc~
cur; whereas, when we are able to allor to cach
particular Caule its proper Effe@t, Harmony and Uni-
tormity ufually enfue.

Such feeming Irregularities being alfo blended
with the unavoidable Errors, which Aftronomical
~ Obfervations muft be always liable to, as well from
the Imperfection of our Senfes, as of the Inftruments
that we make ufe of, have often very much per-
plex’d thofe, who have attempted to folve the Phe-
nomena : and till Means arc difcovered, wherecby we
can feparate and diftinguith the partéicular Part of
the whole Motion, that'is owing to cach refpective
Caufe, it will be impoflible, to be well affured of
the Truth of any Solution. For thefc Reafons, we
generally find, that the morc cxat the Inftruments
are, that we make ufe of, and the more reguiar the
Serics of Obfervations is, that we take; thc fooner
we are enabled to difcover the Caule of any new
Phanomenon. For when we can be well affured
of the Limits,” wherein the Errors of the Oblerva-
tions are contain’d; and have rcduced them within
2s narrow Bounds as poflible, by the Perfe&tion of
the Inftruments which we employ; we necd not hc-
iitate to afcribe fuch apparcnt Changes, as manifeftly
cxceed thofe Limits, to fome other Caufcs. Upon
thefe Accouats it is incumbent upon the praézical

Aftronomer,
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Aftronomet, to fet out at firft with the Examination
of the Correétnefs of his Inftruments; and to be af-
fured that they are fufficiently exa& for the Ufe he
intends to make of them : or at leaft he thould know,
within what Limits their Errors are confined.

This Praftice has, in an eminent manner, been
lately recommended by your Lordfhip’s noble Exam-
ples who having, out of a fingular Regard for the
Science of Aftronomy, ereéted an Obfervatory, and
furnithed it with as complete an Apparatus of Inftru-
ments, as our belt Artifts could contrive; would not
fully rely on their Exa&nefs, till their Divifions had un-
dergone the ftricteft Re-examination: whereby they
arc probably now render'd as perfe&t in thcir kind, as
any extant, or as human Skill can at prefent produce.

The Lovers of zhis Science in general, cannot but
acknowledge their Obligations to your Lordthip on
this Account; but I find myfelf more particularly
bound to do it; fince, by means of your Lordfthip’s
moft accurate Obfervations, I have been enabled to
fettle fome principal Elements ; which 1 could not
at prefent otherwifc have done, for want of an In-
ftrument at the Royal Obfervatory, proper for that
Purpofc: For the large mural Quadrant, which is
there fixed to obferve Objeé&ts lying Southward of
the Zenith, however perfed? an Inftrument it may
be in it felf, is not alome {ufficient to determine,
with proper Exaltnefs, cither the Latitude of the
Obfervatory, or the Quantity of Refraction corre-
fponding to different Altitudes: For it being too
heavy to be convenicntly removed ;s and the Room:
wherein it is placed, being too fmall to admit of its

being
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being turned to the oppoiite Sid¢ of the Wall,
whercon it now hangs; 1 cannot, by affual Obferva-
tions of the circumpoiar Stars, fettle thofe neceflary
Points ; and therefore have endeavoured to do it, by
comparing my own with your Lordthip’s Obferva-
tions: and unti: this Defeét in the Apparatus belong-
ing to the Royal Obfervatory be removed, we muft
be indebred to your Lordthip, for the Knowledge of
its true Situation.

A Mind intent upon the Purfuit of any kind of
Knowledge, will always be agreeably entertained, with
wnat can fupply the moft proper means of attaining
1it: Such, to the practical Aftronomer, are exact and
well-contrivd Inftruments; And [ reflect with Plea-
turc on the Opportunities I have enjoyed, of cultiva-
ting an Acquaintance and Friendfhip with the Per-
fon, that, of all others, has moft contributed to their
Improvement, For I am fenfible, that if my own
Endcavours have, in any refpect, been effectual to
the Advancement of Aftronomys it has principally
been owing to the Advice and Afliftance given me
by our worthy Member Mr. George Grabham s whofe
great Skill and Judgment in Mechanicks, join’d with
a complete and practical Knowledge of the Ufes of
Aftronomical Inftruments, enable him to contrive
and cxecute them in the moft perfect manner.

The Gentlemen of the Royal Academy of Sciences,
to whom we are fo highly obliged for their exact
Admcafurement of the Quantity of a Degree under
the Arctic Circle, have already given the World
very convincing Proofs of bzs Care and Abilities in
thofe Refpectss and the particular Delineation,
which they have lately publithed, of the feveral Parts

of
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of the Sector, which he made for them, hath now ren-
dered it necdlefs, to enter upon any minute Defcription
of mine at Wanfted s both being conftruéted upon the
fame Principles, and differing in their component
Parts, chiefly on account of the different Purpofes,
for which they were intended.

As mine was originally defigned to takc only the
Differences of the Zenith Diftances of Stars, in the
various Scafons of the Ycar, without any View of
difcovering their #r#e Places; I had no Occafion to
know exaétly, what Point on the Limb correfponded
to the #rue Zenith : and therefore no Provifion was
made in my Sector, for the changing of its Situation for
that Purpofe. Neither was it neceffary that the Di-
vifions or Points on the Arc thould be fet off, with
the utmoft Accuracy, Equidiftant from each other ;
becaufe, when I obferve any particular Star, the fame
Spor or Point being firlt bife&ted by the Plumb-line,
and then the Screw of the Micrometer turn’d until
the Star appears upon the middle of the Wire, that
is fixed in the common Focus of the Glafles of the
Telefcope; 1 can thereby colle&, how far the Star is
from that given Point at the Time of Obfervation :
and afterwards, by comparing together the feveral
Obfervations that are made of it, I am able to difco-
ver what apparent Change has happen’d.  The Quan--
tity of the vifible Alteration, in the Pofition of the
Stars, being exprefled by Revelutions and Patts of
a Revolution, of the Screw of the Micrometers I
endeavoured to determine, with great Care, the true
Angle anfwering thereto: and after vacious Trials, I
thoroughly fatisfied my{c!f, both ot the Equality 105

the
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the Threads of the Screw, and of the precife Num-
ber of Seconds correfponding to them.

But altho’ thefe Points could be fettled with great
Certainty, 1 was neverthelefs obliged to make one
Suppofition 5 which perhaps to fome Perfons may
feem of too great Moment in the prefent Inquiry,
to be admitted without an evident Proof from Faéts
and Experiments. For I fuppofe, that the Line of
Collimation of my Telefcope has invariably preferved
the fame Dire&ion, with refpect to the Divifions up-
on the Atc, during the whole Courfe of my Ob-
fervations. And indeed it was on account of the
Objcétions, which might have been raifed againft
fuch a Poftulate, that I thought it neceffary, to con-
tinue my Series of Obfervations for fo many Years,
before I publithed the Conclufions, which I fhall at
prefent endeavour to draw from them.

Whoever compares the Refult of the feveral
Trials, that have becen made by the Gentlemen of
the Academy of Sciences, for determining the Ze-
nith Point of their Sector, fince their Return from
the North; will, I prefume, allow that mime is not
an untrcafonable or precarious Swuppofition: fince it
is evident, from their Obfervations, that the Line of
Collimation of that Inftrument underwent no fenfi-
ble Change in its Direction, during the Space of
more than a whole Year; altho” it was feveral times
taken down, and fet up again in different and re-
mote Places; whereas mime hath always remained
fufpended in the fame Place.

But befides fuch a firong Argument for the Pro-
bability of the Truth of my Suppofition, I have the
Satisfaltion of finding it aéfwally verified by the

Obfervations
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Oblervations themfelves; which plainly prove, that
at the End of the full Period of the Deviations which
I am going to mention, the Stars arc found to have
the fame Pofitions by the Inftrument, as they ought
to have, fuppofing the Line of Collimation to have
continued unaltered from the Time whenI fitft began
to obferve.

I have already taken notice, in what manner this
Phaenomenon difcoverd itfelf to me at the End of
my firft Year’s Obfervations, wviz. by a greater aps
parent Change of Declination in the Stars near the
Equino&tial Colure, than could arife from a Pre-
ceflion of 5o’/ in a Year; the mean Quantity now
ufually allowed by Aftronomers. But there appeat-
ing at the fame time, an Effe& of a quite contrary
Nature, in fome Stars near the Solftitial Colure,
which feem’d to alter their Declination /g5 than a
Preceflion of so’/ required; I was thereby con-
vinced, that all the Phenomena, in the different
Stars, could not be accounted for, merely by fup-
pofing, that I had affumed a wrong Quantity for the
Preceflion of the Equino&ial Points.

At firft, I had a Sufpicion, that fome of thefe fmall
apparent Alterations in the Places of the Stars, might
poflibly be occafioned by a Change, in the Materials,
or in the Pofition of the Parts of my SeGor: But,
upon confidering’ how firmly the Arc, on which
the Divifions or Points are made, is faftened to the
Plate, whercin the Wire is fixed that lies in the
Focus of the Object-Glafs; I faw no Reafon to ap-
prehend, that any Change could have happened in
the Pofition of that Wire and thofe Points. The
Sufpenfion therefore of the Plummet being the moft
likely Caufe, from whence I conceived any Uncet-

B tainty
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tainty could arife; and the Wire of which had been
broken three or four times in the firlt Year of my
Obfervations: I attempted to examine, whether Part
of the ’foremention’d apparent Motions might not
have been owing, to the different Plumb-lines that
had bcen made ufe of. In order to determine this,
I adjufted a particular Point of the Arcto the Plumb-
line, with all the Exactnefs I could ; and then taking
off the old Wire, I immediately hung on another,
with which the fame Spot was again compared. I
repeated the Experiment three or four times, and
thereby fully fatisfied myfelf, that no fenfible Etror
could arife from the Ufe of different Plumb-lines ;
fince the various Adjuftments of the fame Point
agreed with cach other, within lefs than half a
Second.

Having then, from fuch Trials, fufficient Reafon
to conclude, that thefe fecond unexpe@ed Devia-
tions of the Stars, were not owing to any Imperfetion
of my Inftrument; after I had fettled the Laws of the
Aberrations arifing from the Motion of Light, ¢,
I judged it proper to continue my Obfervations of
the fame Stars; hoping that, by a regular and longer
Serics of them, carricd on thro’ feveral fucceeding
Years, I might, at length, be enabled to difcover
the real/ Caufe of fuch apparent Inconfiftencies.

As 1 refided chiefly at Wanfled, after my Se&tor
was ercéted there in the Year 1727. till the Begin-
ning of May 1732. when I removed from thence to
Oxford : 1 had, during my Abode at Wanfled, fre-
quent Opportunities of repeating my Obfervations ;
and thereby difcovered {o many Particulars relating

to
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to thefe Phenomena, that I began to guels what was
the real Caufe of them.

It appeared from my Obfervations, that, duting
this Interval of Time, fome of the Stars near the
Solftitial Colute, had changed their Declinations 9/’
or 10" Jefs, than a Preceflion of 50’/ would have pro-
duced ;5 and, at the fame time, that, others near the
Equino&ial Colure, had altered theirs about the fame
Quantity more, than a like Preceflion would have
occafioned : the North Pole of the Equator feeming
to have approached the Stars, which come to the
Meridian with the Sun, about the Vernal Equinox
and the Winter Solftice ; and to have receded from
thofe, which come to the Meridian with the Sun,about
the Autumnal Equinox and the Summer Solftice.

When I confider’d thefe Circumftances, and the
Situation of the Afcending Node of the Moon’s
Orbit, at the time when I firft began my Obferva-
tions; I fufpeted, that the Moon’s A&tion upon the
Equatorial Parts of the Earth might produce thefe
Effe@ts : For, if the Preceflion of the Equinox be,
according to Sit Ifaac Newtow's Principles, caufed
by the A&ions of the Sun and Moon upon thofe
Parts; the Plane of the Moon’s Orbit being at oze
time, above ten Degrees more inclined to the Plane
of the Equator, than at amother ; it was reafonable
to conclude, that the Part of the whole annual Pre-
ceflion, which arifes from her A&ion, would in dif-
ferent Years be varied in its Quantity ; whereas the
Plane of the Ecliptic, wherein the Sun appears,
keeping always necarly the fame Inclination to the
Equator ; zhat Part of the Preceflion, which is ow-
ing to the Sun’s Altion, may be the fame every

B 2 Year:
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Ycar: And from hence it would follow, that, altho’
the mean annual Preceflion, proceceding from the
joint A&ions of the Sun and Moon, were 50’/; yet
the apparent annual Preceflion mnght fometimes cx-
ceed, and fometimes fall thort, of that mean Quan-
tity, according to the various Suuatxons of the Nodes
of the Moon’s Orbit.

In the Year 1727. when my Inftrument was firft
fet up, the Moon’s Afcending Node was ncar the
Beginning of Aries; and confequently, her Orbit
was as much inclined to the Equator, as it can at
any time be; and then the gpparent annual Preceflion
was found, by my firt Year’s Obfervations, to be
greater than the mean: which proved, that the
Stars ncar the Equino&ial Colure, whofe Declina-
tions are moft of all affc&ted by the Preceffion, had
changed zheirs, above a tenth Part more than a Pre-
ceflion of so’’ would have caufed. The fucceeding
‘Vears Obfcrvations proved the fame Thing; and
in threc or four Years time the Difference be-
came fo confiderable, as to leave no Room to fuf-
ped, that it was owing to any Imperfe&tion, cither
of the Inftrument or Obfervations.

But fome of the Stars, which I had obferved, that
were near the Solftitial Colure, having appeared to
move, during the fame time, in a manner contrary
to what they ought to have done, by an Increafc in
the Preceflion; and the Deviations in them being
as remarkable as in the others, I pcrccivcd that fome-
thing more, than a mere Change in the Quantity of
the Preceﬂion, would be rcqulﬁtc to folve this Part
of the Phanomenon. Upon comparing my Obfer-
vations of Stars ncar the Solftitial Colure, that were

almott
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almoft oppofit¢ to cach other in Rizht Afcenfiony
I found, that they were cquaily affc@ad by 1isis
Caufc; for whilt y Draconis appearcd to have
moved Northward, the fmall Star, which is tac
3 5th Camelopardals Hevel. in the Brzt;jb Catalogue,
fcem’d to have gone as much towards the South :
which thew’d, that this apparent Motion, in both
thofc Stars, mxoht procced from a Nutation in the
Earth’s Axis; whcrcas the Comparifon of my Obfct-
vations of the fame Stars, formerly cnabled me to
draw a diffcrent Conclufion, with refpe& to the
Caufc of the annual Aberrations arifing from the
Motion of Light. For thc apparent Alteration in
9 ‘Draconis, from that Caufc, being as great again
as in the other fmall Star, proved, that that Phe-
nomenon did not proceed from a Nutation of the
Earth’s Axis; as, on the contrary, this may. Upon
making the like Comparifon between the Obferva-
tions of other Stars, that lic ncarly oppofite in Right
Afcenfion, whatever their Situations were with re-
fpe& to the Cardinal Points of the Equator, it ap-
pcarcd that their Change of Declination was nearly
equal, but contrary s and fuch as a Nutatiomor Mo-
tion of the Earth’s Axis would cffe@.

The Moon’s Afcending Node being got back to-
wards the Beginning of Capricorn in the Year 1732.
the Stars near the Equino&ial Colure appeared, about
that time, to change their Declinations no more,
than a Prcceflion of 5o’/ required; whiltt fome of
thofe near the Solfitial Colure altered theirs above
2’ in a Year lefs, than they ofight. Soon after, I
perceived the annual Change of Declination of the
formcr to be diminifhed, fo as to become /ef5 than

5.012.
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¢o’’ of Preceflion would caufe ; and it continued to
diminifh till the Year 1736. when the Moon’s
Afcending Node was about the Beginning of Libra,
and her Otbit had the Jeqf? Inclination to the Equa-
tor. Dut by this time, fome of the Stars ncar the
Solftitial Colure had altered their Declinations 187/
lefs, fincc the Year 1727. than they ought to have
donc from a Preceflion of so’’. For o Draconss,
which in thofe ninc Years fhould have gone about
8/ more Southerly, was obferved in 1736. to appear

10’/ more Northerly, than it did in the Year 1727,
As this Appearance iny Draconis, indicated a Di-
minution of the Inclination of the Earth’s Axis to
the Planc of the Ecliptic; and as feveral Aftrono-
mers have fuppofed zbat Inclination to diminith re-
gularly ; if this Phenomenon depended upon fuch a
Caufe, and amounted to 18’/ in nine¢ Years, the Obli-
quity of the Ecliptic would, atthat rate, alter a whole
Minute in thirty Years; which is much fafter than any
Obfervations, defore made, would allow. I had Reafon
thercfore to think, that fome Part of this Motion
at the lealt, if not the /hole, was owing to the
Moon’s A&ion upon the Equatorial Parts of the
Earth; which I conceived, might caufc a libratory
Motion of the Earth’s Axis. But as I was unable to
judge, from only nine Years Obfervations, whether
the Axis would entircly recover the fame Pofition,
that it had in the Year 1727. I found it neceffary to
continue my Obfervations thro’ a whole Period of
the Moon’s Nodes; .at the End of which I had the
Satisfa&tion to fce, that the Stars returned into the
famc Pofitions again; as if there had becn no Al-
teration at all in the Inclination of the Earth’s Axis:
which

3
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which fully convinced me, that I had gueffed rightly
as to the Caufc of the Phenomena. This Circum-
ftance proves likewife, that if there be a gradual
Diminution of the Obliquity of the Ecliptic; it
does not arife only from an Alteration in the Po-
fition of the Earth’s Axis, but rather from fome
Change in the Plane of the Ecliptic itfclf: becaufe
the Stars, at the End of the Period of the Moon’s
Nodes, appeared in the fame Places, with refpect
to the Equator, as they ought to have done, if the
Earth’s Axis had retained the fame Inclination to an
invariable Plane.

During the Courfc of my Obfervations, our in-
gerious Secretary of the Royal Society, Mr. Fobn
Machin, being employed in confidering the Theory
of Gravity; and its Confequences, with regard to
the Ccleftial Motions; I acquainted him with the
Phenomena that 1 had obferved: and at the fame
time mentioned, what 1 {ufpected to be the Caufe
of them. He foon after fent me a Table, contain-
ing the Quantity of the annual Preceflion in the
various Pofitions of the Moon’s Nodes, as alfo the
correfponding Nutations of the Earth’s Axis; which
was computed upon the Suppofition, that the mean
annual Preceflion is §0’/, and that the Whole is
governed by the Pole of the Moon’s Orbit only :
and therefore he imagined, that the Numbers in the
Table would be too /Jarge; asin Fa&t they were
found to be. But it appeared, that the Changes
which I had obferved, both in the annual Precef-
fion and Nutation, kept the fame Law, as to in-
creafing and decreafing, with the Numbers of his
Table. Thofe were calculated upon the Suppofition,

that



[ 16 ]

that the Pole of the Equator, during a Period of the
Moon’s Nodes, moved round in the Periphery of a
little Circle, whofe Center was 23° 29/ diftant from
the Polc of the Ecliptic 5 having itfelf alfo an angular
Motion of 5o’/ in a Yecar, about the fame Pole:
The North Pole of the Equator was conceived
to be in zhat Part of the fmall Circle, which is
fartheft from the North Pole of the Ecliptic, at the
Time when the Moon’s Afcending Node is in the
Beginning of Aries: and in the oppolite Point of it,
when the fame Node is in Libra.

Such a Hypothefis will account for an Accele-
ration and Retardation of the annual Preceflion; as
alfo for a Nutation of the Earth’s Axis: And if the
Diameter of the little Circle be fuppofed cqual to
18; which is the whole Quantity of the Nuta-
tion, as colletted from my Oblctvations of - Dra-
comis : then all the Phenomena in the feveral Stars
which I obferved, will be very nearly folved by it.

Let Preprefent the
mgan Place of the

Pole of the Equator, -

about which Point, P

asa Center, fuppofe S

the true Pole to Al /o

move in the Citcle |/ E"Y‘
ABCD,whofeDia- DT'.__"I7

meter is 18", Let £ \ R .
be the Pole of the _

Ecliptic, and EP “ 2

be equal tothe mean 4 _

Diﬁ?ncc between ~_1

the Poles of the _
the Equator and Ecliptic; and fuppofe the true
Pole
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Pole of the Equator to be at 4, when the Moon’s
Afcending Node is in the Beginning of Aries; and
at B, when the Node gets back to Capricorn ; and
at C, when the fame Nodc is in Lsbra: at which
time the North Pole of the Equator being nearer
the North Pole of the Ecliptic, by the wholc Di-
ameter of the little Circle ACequal to 18" ; the Obli-
quity of the Ecliptic will then be fo much /efs than
it was, when the Moon’s Afcending Node was in
Aries. The Point P is fuppofed to move round
E, with an equal rctrograde Motion, anfierable
to the mean Preceflion arifing from the joint
Adions of the Sun and Moon: while the true Pole
of the Equator moves round P, in the Circumfe-
rence ABCD, with a retrograde Motion likewife,
in a Period of the Moon’s Nodes, or of cightcen Years,
and feven Months. By this means, when the Moon’s
Afcending Node is in Aries, and the true Pole of
the Equator at 4, is moving from 4 towards B: it
will approach the Stars, that come to the Meridian
with the Sunabout the Vernal Equinox ; and recede
from thofe that come with the Sun near the Autumnal
Equinox, faffer than the mean Pole P does. So
thar, whilc the Moon’s Node goes back from Aries
to Capricorn, the apparent Preceflion will feem fo
much greater than the mean; as to caufe the Stars,
that lie in the Equino&ial Colure, to have altcred
their Declination ¢, in about four Years and cight
Months, mere than the mean Preceflion would do:
and in the famec time, the North Poic of the Equa-
tor will fcem to have approached the Stars, that come
to the Meridian with the Sun at our Winter Sol-
ftice, about 9"; and to have receded as much from
tholc, that come with the Sun at the Summee-Solftice.

C Thus
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Thus the Phenomena before recited are in ge-
neral contormabie to this Hypothefis, But to be

more particular; let
§ be the Place of a
Star, PS the Circle
of Declination pafl-
ing thro’ it, repre-
fenting its Diftance
from the mean Pole,
and yPJ its mean
Right Afcenfion.
Then ifOand R be
the Points, where
the Circle of De-
ckination cuts the
hittle Circle ABCP 5 the true Pole will be neareft that
Star at O, and fartheft from itat R; the whole Dif-
ference amounting to 18", or to the Diameter of the
little Circle. As the true Pole of the Equator is
fuppofcd to be at A4, when the Moon’s Afcending
Node is in Arées; and at B, when that Nod¢ gets
back to Capricorn 5 and the angular Motion of the
truc Pole about P, is likewife fuppofed equal to thatof
thc Moon’s Node about £, or the Polc of the Eclip-
tic: fince, inthefc Cales, tic trae Poic of the Equa-
tor is 9o Dezrces before the Moon’s Afcending Node,
it muft be {fo in all others.

When the true Pole is at 4, it will be at the
fame Diftance from the Stars that lie in the Eqninoctial
Colure, as the mean Pole P is; for I negle&t at

refent the Cafc of fuch Stars as are very ncar the
Pole of the Equator; and as the true Pole recedes
back from A towards B, it will approach the Stars,
that lic in that Part of the Colure reprefented by

Pr; and recede from thofe, that lic in P =3 not
indecd
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indeed with an eqnable Motion ; but in the Ratso
- of the §ine of the Diftance of the Moon’s Node
trom the Beginning of Airzes. For if the Node be
fuppofed to have gone backwards from Aries 30°,
or to the DBeginninz of Pifces; the Point, which
reprefents the Place of the true Pole, wiil in the
mean time, have moved in the littic Ciicice, thro
an Argc, as A0, of 30° likewife: and would there-
torc in Effect have approached the Stars that lic in
the Equino@ial Colure PV, and have receded from
thof¢ that lic in P =, 4"L; which is the Sine of
30° to the Rudius AP. For it a Perpendicular
fall from- O upon P A, it may be conceived as
Part of a grear Circle, pafling thro’ the true Polc
and any Star lying in the Equinodial Colure.
Now the fame Proportion, that hoids in thefe Stars,
will obtain likewife in all others; and from hence
we may collect a general Rule, for finding how
much nearer or farther, any particular Star is, to or
trom, the mean Pole, in any given Pofition of the
Moon’s Node.

For, if from the Right-Afcenfion of the Star, we
Jubftrait the ‘Difiance of the Moon's Afcending Node
Jromdriess then the Radius willbe to the Sine of the
Remainder, as 9 , is to the Number of Seconds, that
the Star is mearer to, or farther from the True,
than the Mean Pole. When that Remainder is Jefs
than 180°, the Star is nesrer to the Truc, than to
the Mean Pole ; and the contrary, when it is greater
than 18c¢°.

This Motion of the #rxe Polc, about the mearn at
P, will alfo produce a Change in the Right Afcen.
fions of the Stars, and in the Places of the Equinoc-
tial Points; as well as in the Obliquity of the Eclip-

C: tic :
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tic: and the Quantity of the Equations, in ecither
of thefe Cafes, may be eafily computed for any given
Pofition of the Moon’s Nodes. But as it may be
needlefs, to dwell longer on the Explication of the
Hypothefis; 1 fhall now proceed to thew its Corre-
fpondency with the Phenomena, relating to the Al-
‘terations of the Polar Diftances of fome of the Stars
which I have obferved: by laying before your Lord-
fhip the Obfervations themfclves, together with the
Computations that are neceffary 5 in order to form a
right Judgment about the Caufe of thefe Appearances.
I have endcaveoured to find the exalt Quantity of
the mean Preceflion of the Equino&ial Points, by
comparing my own Obfervations made at Greer-
wich, with thofe of Tycho Brabe and othcers, which
I'judged to be moft proper for that Purpofe. But as
many of the Stars, which I compared, gave a dif-
ierent Quantity; I fhall affume the mean Refulr;
which gives a Preceflion of one Degree in feventy-
one Years and an half: this agrecing very well like-
wife with my Obfervations that were taken at #zx-
ffed.  The Numbers in the foliowing Tables, which
exprefs the Change of Declination in each Star, are
computed upon the Suppofition, that the mean Ob-
Hauity of the Ecliptic was 23° 2%’ 30", and that
it continued the fame, during the whole Courfe of
my Obfervations. And as the Moon’s Afcending
Node was in the Beginning of Aries about the 27th
Dsy of March 1727, 1 have reduced the Place of
cach Star to that Time; by allowing the proper
Change of Declination from that Day, to the Day

of cach refpective Obfervation.
it being alfo neceffary to make an Allowance for
the Averrations of Light; I have again examined
nmy
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my Obfervations, that were moft proper to deter-
mine the Tran{verfe Axis of the Ellipfis, which each
Star feems to defcribe; and have found it to be
neareft to 40’/; which Number I therefore make
ufe of in the following Computations.

The Divifions or Points upon the Limb of my
Settor are placed five Minutes of a Degree from each
other; and are numbered fo, as to thew the Polar
Diftances nearly ; the zrue Polar Diftance exceeding
that, which is fhewn by the Inftrument, about 1. 347, -
When I firft began to obferve, I generally made ufe
of that Point on the Limb, which was neareflt to
the Star’s Polar Diftance, without regarding whether
it was more Northerly, or more Southerly than the
Star: but as it fometimes happened, that the Ori-
ginal Point, with which I at firft compared the Star,
became, in Procefs of Time, pretty remote from it;
1 afterwards brought the Plummet to another Point,
that was nearer to it; and carefully examined, what
Number of Revolutions of the Screw of the Micro-
meter ¢rc. correfponded to the Diftance between
the different Points, that I had made ufe of: by
which means I was able to reduce all the Obfervations
of the fame Star to the fame Point, without fuppofing
the feveral Divifions to be accurately 4/ afunder.

I have expreflcd the Diflance of each Star from
the Point of the Arc, with which it was compared,
in Seconds of aDegree and zenth Parts of a Second,
exaltly as it was coileCted from the Obfervations ;
altho’ 1 am fenfible, that the Obfervations them-
fclves are liable to an Error of more than a whole
Sccond ; becaufe I mect with fome, that have been
made within two or three Days of each other, that
differ 2", even when they are not marked as de-

feétive in any refpedt. It
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It would be too tedious, to fet down the whole
Number of the Obfervations that I have made; and
thercfore I fhall give only enough of them, to fhew
their Correfpondency with the “forementioned Hy-
pothefis in the feveral Years, wherein any were
made of the Stars hcre recited.  When feveral Ob-
fervations have been taken of the fame Star, within
a few Days of cach orher; I have cither fet down
the mean Rcefult, or that Obfervation which beft
egreed with it. 1 have likewife commonly chofen
tholc, that were made near the fame Seafon of the
Year, in fuch Stars as gave me the Opportunity of
making that Choice ; particularly in o Dracon:s,
which was gencrally obferved about the End of
Auguft or the Beginning of September;s That being
the ufual Time, when 1 went to #anffed on pur-
pofc to obferve both z4az, and allo fome of the
Stars in the great Bear. But the Weather proving
cloudy at that Scafon in the Year 1744, prevented
my making a fingle Obfervation, either of o Dra-
conis, or any other Star, while I was there; which
1s the Caufe of one Vacancy in a Series of 20 fuc-
cecding Years, wherein that particular Star had been
obferved. Such Stars, as were either not vifible in
the Day-time, towards the Beginning of September,
or camc at {fuch Hours of the Night, as would have
incommoded the Famiiy of the Houfe whercin the
Inftrument is fixed, werc but feldom obferved, aftcr
I went to refide at Oxford: which is the Reafon,
why the Serics of Obfervations of 2hefe is fo impcrfeét,
as fomerimes to leave a Chafm for feveral Years toge-
ther.  Dur notwithftanding this, I doubt not, but
upon the whoic they will be found fufficient, to

fatisfy
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fatisfie your Lordfhip of the gencral Correfpondency
between the Hypotécﬁs and the Phenomena, in the
feveral Stars; however different their Situations are,
with refpedt te the Cardinal Points of the Equator.

As 1 made more Obfervations of o Draconis
than of any other Star; and it being likewife very
near the Zenith of Wanfieds 1 will begin with the
Reciral of fome of them. The Point upon the
Limb, with which this Star was compared, was
38° 25' from the North Pole of the Equator, ac-
cording to the Numbers of the Arc of my Sedfor.
The firft Column, in the following Table, {hews
the Year and the Day of the Month, when the Obfer-
vations were made; the next gives the Number of
Seconds, that the Star was found to be Sowth of
38° 25': the third contains the Alterations of the
Polar Diftance, which the mean Preceflion, at the
rate of one Degree in 71% Years, would caufe in
this Star, from the 27th Day of March 1727, to
the Day on which the Obfervation was taken: the
fourth fhews the Aberrations of Light: the fifth,
the Equations arifing from the ‘forementioned Hy-
pothefis: and the fixth gives the mean Diftance of
the Star from the Point with which it was compared,
found, by colle&ing the feveral Numbers, according
to their Signs, in the 3d, 4th, and sth Columns,
and applying them to the Obferved Diftances con-
tain’d in the Second.

If the Obfervations had been perfeétly exa&t, and
the feveral Equations of their dxe Quantity s then all
the Numbers in the laft Column would have been
equal; but fince they differ a little from one another ;
if the mean Of All be taken, and and the Extremes are

D compared
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pared with it, we fhall find no greater Diffcrence,
than what may be fuppoled to arifc from the Uncer-
tainty of the Obfervations themfelves ; it no where
amounting to more than 1”1, The Hypothefis there-
fore {feems, in this Star, to agree extremely well with
the Obfervations herc fet down; butas I had made
above 300 of it; I took the Trouble of comparing
each of them with the Hypothefis: and altho’ it might
have been expected, that, in fo large a Number,
fome great Errors would have occurred; yet there
are very few, wiz. only eleven, that differ from
the mean of thefe fo much as 2”; and not one that
differs fo much as 3". This furprifing Agreement,
therefore, in fo long a Series of Obfervations, taken
in all the various Scafons of the Yecar, as well as in
the different Pofitions of the Moon’s Nodes, {feems to
be a fufficient Proof of the Truth, both of #4is Hypo-
thefis, and alfo of zhat which I formerly advanced,
rclating to the Aberrations of Light; fince the Polar
Diftance in this Star may differ, in certain Circum-
ftances, almoft a Minute, wviz. 56"%, if the Cor-
rections refulting from both thefe Hypothefes are
neglected ; whereas, when thofe Equations are
rightly applied, the mean Place of the Star comes
out the fame, as nearly, as can be reafonably ex-
pected. .

v Draconis
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_ |Southof] Precef- | Aberra- | Nura- | Mean
¥ Draconis ; 7| fon. tion. tivh. | Dift.
28. 25

" /" " s "
1727 September 3| 705 |— o4 [H 192 |— 89 80.4.
1728 March 18}108.7 |~ 038 |— 590 |— 86 80.3
Scptember 6} 70.2 |— 12 |4~ 19.3 |— 8.1 30.2
1729 March 61083 |= 16 |— 193 |— 74 8o.0
Seprember 81 694 |— 2.1 |4 19.3 |— 6.9 8n.2
1730 September 8 68.0 |— 29 |4 19.3 |— 3.4 8o.5
1731 Septemiber 8‘ 660 |— 384 193 |~ 10 | S0s
1732 September 6l 64.3 |— 46 |1 19.3 |4~ 20 81.0
1733 Augult 29| 60.8 |— 5.4 |4+ 19.0 |4 4.3 79.2
1734 Auguft 1f 623 |— 62 4~ 16.9 H- 6.9 | 79.9
1735 September 10f 60.0 j— 7.1 |4~ 19.3 [~ 7.9 8o.1
1736 September 9l §9.3 |— 8o |d. 19.3 4 9.0 79.5
1737 September 6] 60.8 [— 8.8 |4 19.3 4= 35 79.8
1738 September 13} 62.0 |— 9.6 |4~ 19.3 4~ 7.0 78.7
1739 Seprember 2| 66.6 |— 10.5 |4~ 192 |- 4.7 30.0
1740 Seprember 5} 708 |— 11.3 |- 19.3 [ 1.9 80.7
1741 September 2l 75.4 | 12.1 L. 192 |— 11 81.4
1742 September 4| 76.7 [|— 12.9 |4~ 19.3 |— 4.0 79.1
1;13 September 2| 81.6 |— 13.7 H~ 19.1 |[— 6.4 806
1745 September 3| 86.3 |— 15.4 |4 19.2 |— 8.9 81.2
1746 Septernber 17| 86,5 - 16.2 [1. 192 |— 8.4 80.8
1747 September 2} 863 l— 17.0 L. 192 I~ 76 3oy

I made about 250 Obfervations of 8 Draconis s
which 1 find correfpond as well with the Hypothe-
fis, as thofe of 4 ; but fince the Pofitions of both thefe
Stars, in refpedt to the Solftitial Colure, differ but
little from cach other; it will be needlefs to fet
down the Oblervations of 8. I fhall therefore pro-
ceed to lay before your Lordfhip, fome Obfervations
of a finall Star, that is almoft oppofite to o Draco-

D2 wis

b
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conis in Right Afcenfion, being the 34th Camelp-
pardali Hevel. in the Britifh Catalogne.  Mr. Flam-
Sfleed, indecd, has not given the Right Afcenfion of
this Star; but zhat being ncceflaty to be known,
in ordcr to compute the Change ot irs Declination
arifing from the Preceflion of the Equinox; I com-
pared the Time of its Tranfit over the Meridian,
with that of fomc other Stars near the fame Pa-
rallel; whereby I found, that its Right Afcenfion
was 85°. §4./L at thc Beginning of the Year 1737.
This fmall Star was comparcd with the fame
Doint of the Limb of my Se&or, as o Draconis 5 and
the fecond Column, in the following Table, thews
how many Seconds it was found to be South of that
Point, at the time of cach refpe&tive Obfervation.
The other Columns contain, as in the foregoing
Table, the Equations that are neceffary to find, what
its mean Diftance from the fame Point would have
been on the 27th Day of March 1727, which is
cxhibited in the laft Column. The whole Number
of my Obfcrvations of this Star did not much ex-
ceed forty ; the greateft Part of which were made
before the Year 17305 in fome of the following
Years none were takens and only a fingle one in
any other, cxcept in 1739. However, their Corre-
tpondency feems fufficient to evince the Truth of
the Hypothefis: for if the Mean of thefe, contain’d
in the Table, be taken, not one, among the rclt of
¢he Obfervarions, will differ from it more than 27,

35th
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south off Precef- | Aberra- Viean

35" Camelopard. | "o ¢ 7 “fion, tion. |Nutation.| Dif.
Hedelii, 18 25 Southk

- " l " 7 " /1 !

1727 October 20| 73.6 09 |—67 |H 8 6.

1728 Jinuary 12 62.8 T 1.2 - 6.1 8.% ;6;
March 1| 57.8 1.4 - 9.4 8.7 | 773
Scptember  26] 75.2 2.3 |— 88 81 | 968
1729 February 26 56.4 2.8 4 9.4 7.6 | 76.2
1730 March 3578 4.4 9-4 54 | 770
1731 February 5 59.1 5.6 85 H-30 | 762
1733 January 31l 641 8.7 82 |—=29 | 781
1738 December 30| 67.8 17.2 43 6.5 76.8
1739 Fcbruary 4] 56.9 17.3 85 63 | 76.4
1740 January 20| §6.0 18.6 7.0 |— 4.0 | 77.6
1747 February 27 32,3 285 94 14 84 | 786

The Obfervations of the forcgoing Stars are the
moft propcer, to prove the Change of the Inclination
of the Earth’s Axis to the Planc of the Ecliptic;
thofc, which follow, will thew in what manner the
Stars, that lie ncar the Equino&ial Colure, are af-
fected, as well as others, that are diffcrently fituated,
with refpeét to the Cardinal Points of the Equator.
Somc of thefe Stars arc indeed more remote from
the Zcnith, than I would have chofen, if there had
been others, of equal Luftre, in morc proper Po-
fitions; becaufe Expericnce has long fince taught
me, that the Obfervations of fuch Stars, aslic near
the Zenith, do generally agree beft wish one ano-
ther, and arc thercfore the fittelt to prove the
Truth of any Hypothefis. I fhall begin with thofe
near the Vernal Equinox. « Caffiopes was com-
pared with the Point marked 34° 5575 and at firft

was
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was found to be morc Sontherly, but afterwards
became more Northerly than that Point, as in the
following Tabic: the laft Column of which fhews
its mecan Diflance South of that Point on the 27th
ot March 1727. The Obfervation of the 23d Day
of December, in the Year 1738, differs 377 from
the mean of the others; as docs alfo another, that
was taken five Days after this; neither of which be-
ing marked as uncertain, I judged it proper to infert.
onc of them; altho’ they give the mean Place of the
Star near 2 Seconds more Northerly than any other,
in a Scrics of above 1003 4/ of which correfpond,
with the mean of thefe here recited, within lefs than
a’'; excepting fwo, that give the Stars mean Di-
ftance almoft 3’/ more Somtherly; but thefe laft
mentioned arc marked as dubious; and indeed they
appear to have been bad, by comparing them with
feveral others, that were made near the fame time,
from which they differ almoft 27/,

South ot} Precel- [ Aberra- | Nuta- | vlean
a Caffiopec. o 7| fion. | tion. tion. | Dift.
34 55 South

17 " 123 " 77

1727 September ¢ ss.0 |+ 90 4 2.2 [+ 24686
1728 September 17 30.8 294+ 4.6 5.2 | 70.0

(729 June 8 35.7 43.8 — 16.3 6.8 | 7c.0

December 2| N. 04 53.5 |+ 16.5 77| 682
1730 lune 11 5. 13.8 64.0 |— 16.2 8.4 | 70.0

December 9 N. 308 73.8 - 163 8.8 1 68.1
1732 January 8 N.zs92 95.4 12.9 8.9 68.0
1733 january 21 648 | 11600 - 100 79| 691
1734 Juae 13 62.3 143.8 = 0.1 o | 69.

D:cember 11! 1054 1;};}‘7 + 162 4- 27 6%2
1738 December 23! 176.3 2340 | 1520 72| 65.7
1742 June 2, 1691 | 262.8 |— 165 | 8.9 | 68.3
i747 Fobruary 270 3323 | 3970 |4 o2 + 4.7 69.6

Altho’
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Altho’ I have taken no Obfervation of 7 Perfes
fince the 22d Doy of Famuary 17405 yet, as this
Star is very ncar the Zenith, and a fufficient Num-
ber were made abour the Times when the Equation,
rciuiting from the Hypothelis, was at its Maxzmum ;
I juuged it proper to infert fome of them in the
next Table; the laft Column of which thews, how
much the Star’s mean Dittance was Seuth of 38°.
20’. on the 27th Day of March 1727. Among
ncar 6o Obfervations I mect with two only, that
differ from the mean of thefe {o much as 2’/ ; and
thofc diffcr almoft as much from the mean of others,
that were taken ncar the famc time: fo that the
Hypothefis fcems to correfpond, in general, with the
Obfervations of this Star as well, as with cither of
the forcgoing.

. south or } Precel- | Aberra- { Nuta- |Mean

T Ter/éz. ° ! fion. ration. | tion. | Dift.

28. 20 South.

7 |7 77 Y/ 7 et

t727 Scptember 16 6ot 74— 32 4 67|10
Dccember 29 20.7 11.9 |4 129 7.2 |71.7
1723 December 21 22.§ 27.2 12.8 8.7 |71.2
1729 December 2f3. 9.2 42.0 11.5 9-0171.7
t731 Jenuary 3N, 32 59.0 12.3 8.3 |71.9
1732 January 8 22.0 748 12.7 6.7 172.2
1733 January 21 346 91.0 1.7 4 4.3 |72 4
1738 December 23 117.0 133.4 128 '— 9.0 |70.2
1740 January 22l 132.5 | 2002 117 8.6 {70.8

After the lalt recited Obfervations, it may per-
haps feem ncedicfs to add thofc of o Perfes, which
is farther from the Zenith; but however, as this
Star lies very ncarly at an cqual Diftance from the

Equinoétial
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Equino&ial and Solftitial Colures, and the Scries of
Oblervations of it is fomewhat more complite, than
that of 7+ Perfes ; 1 faail nfert onc at leatt, for cach
Year wherein it has been obferved 5 whereby it may
appear, that the Hypothefis folves the Phenomena
of Stars in this Situation, as cxactly as in others:
for if a smean be taken of the Numbers in the laft
Column of the following Table, which exprefles the
mean Diftance of the Star Somth of 41°. §’. on
Mareh 27th 1727, it will agree within two Seconds,
with cvery one of 8o Obfervations, thar have been
madce ot this Star.

. South of | Precel- | Aterra- [Nutation | Mean
a Perfe: 0 ‘1 fion. | ration. Dift.
AT, § South.

t 17 /" 7" /¢
1727 December 29 =94 |4 105 |4 114 4 79 liog.2
1728 {\pril 7 575 14.3 — 0.8 8.2 o9 2
July 5 16 177 |— 114 8.5 |100.4
December 13 25 7 23.8 |4~ 106 3.8 |108.9
1729 December 3 534 37.2 9.7 8.9 liog 2
1711 January 3 386 §2.3 11.4 7-8 |r10.1
1732 January 8 26 8 662 |-+ 114 4 5.9 lt10.3
1734 July 113, 213| 1010 '— IT4 '— 1.I |109.8
1738 December 24/N. 503 | 1624 |- 11.2 9.0 |io8.5
1740 January 21 7181 1774 109 — 83 |i083
1747 February 27| 1825 | 2754 664 85 080

Having already given Examples of Stars, lying ncar
both the Solftices and the Fernal Equinox s | thall
now add the Obfervations of gme, that is not far
trom the Autumnal Equinox, viz. n Urfe Majoris,
the brighteft Star in that Part of the Heavens, which
approaches the Zenith of /#anffed within a Degrec 5

and
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and which, by rcafon of its Luftre and Pofition,
gave me the Opportunity .of making my Series of
Obfervations of Iz, more complete than of many
others.  This Star was compared with the Point
marked 39°. 14’. and was Souzh of it as in the fol-
lowing Table; wherein your Lordfhip will fee, that
the Obfervations of the Years 1740 and 1741 give
the Polar Diftances 37/ greater, than the mean of the
other Years. Had there been only a fingle Obfer-
vation taken in either of thofe Yecars, Part of this
apparent Difference might have been fuppofed to
arife from their Uncertainty; but as there were §
Obfervations taken within a Week, either before
or after the 3d Day of fume 1740, which agrec
well with each other; and three were made within
20 Days in September 1741, which likewile corre-
fponded with cach other; I am inclined to think,
that the “foremention’'d Differences muft be owing
to fomcthing clfe, befides the Error of the Obfer-
vations. This Phenomenon therefore may deferve
the Confideration of thofe Gentlemen, who have
employed their Time in making Computations re-
lating to the Quantity of the Effects, which the
Power of Gravity may, on various Occafions, pro-
duce. For I fufpect, that the Pofition of the Moon’s
Apogce, as well as of her Nodcs, has fome Relation
to the apparent Motions of the Stars that I am now
[peaking of.

My Series of Obfervations of feveral Stars abound,
of lare Years, with fo many and long Interruptions ;
that [ cannot pretend to determine this Point; but
probably the Differences before taken notice of inm
the Obfervations of « Cafispes, and fome others

that
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that 1 have found likewife among the Obfervations
of other Stars, that arc not here recited, may be
owing to {uch a Caufe; which, altho’ it thould net
have any large Share of Influence, may yet, in cer-
tain Circumftances, difcover a Defect in a Hypothe-
fis, that pays no Regard at all to Ir. But whether
thefe Differences do arife from the Caufe already
hinted at; or whether they proceed from any Dec-
fcct of the Hypothefis itfclf in any other refpect ; it
will not be very material in point of Practice; fince
that Hypothefis, as it was before laid down, appears
to be fufficient to folve all the Phenomena, to as
grcat a Degree of Exactaefs, as we can in gencral
Leope or expell to make Obfervations. Forit I rake
tiic mean of all the Numbers in the laft Column of
the following Table for » Urfie Majoris, and com-
parc it with any onc of 164 Ob{crvatlons that were
taken of it, the Difference will not exceed three
Scconds.

: —_ |Southot] Precel- | Aberra- |Nutation | Mean |
» Urfe Majoris| © ' | fion. | tion. Dift.
319. 1§ SOU'h.
" ) /” 14 " 124
1727 O&ober 17 153.3 |— 102 + 1.0 [— 5.2 [1389
1728 January 24 176.4 152 [ 17.6 5.8 |i137.8
Juy 17}i50.8 239 J 178 69 |137.8
October 11} 70.6 282 |4 26 7.3 |i37.7
1729 January  16fi96.6 331 |— 17.8 | 7.8 [137.9
July 2Hy70.4 42.4 (4 17.8 8.4 [137.4
1730 July 191 89.6 60.6 |4 17.8 9.0 }137.8
Dcccmber 2% 232.4 68.7 |— 16.7 8.9 |138.x
1734 Seprember 1:f218.1 81.9 [+ 94 8.4 11372
732 January  10f250.7 87.7 |— 17.7 8o |1373
April 122387 92.3 |— 0.8 7-7 1137:9
1724 July 157 1 133.3 H- 17.6 {— 2.3 11377

a Urfe
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Soutt,;of Precel- | Aberra- | Nutation| Viean

7 Ui:/¢ Mdjorz's

fion. tion. Ditt.
39. I§ South.
V4 144 7 124 174

1735 September 10}380.8 154.6 4 114 1.2 [138.8
1736 Seprember 8l.g4.7 172.8 ILG + 4.X 1376

1737 July 3}303.0 187.8 17.2 6.1 1385
(738 June 29]319.0 205.8 16.3 79 1379
1739 April 25[24%.0 2208 2.5 8 8%

3.8

740 June 3]360.3 2411 12.8 3.9 |14a09
1741 September 231390.9 265.0 7.9 H- 7.4 |1412
1745 Seprember  §{466.7 337.1 12.4 |— 3.3 (138.7
1746 September 20l492.0 356.2 3.8 5.9 1387
1747 September  2|507.2 373.5 13.2 7.3 l19.1

You may perceive, my Lord, by infpefting the
Tables which contain -the Obfervations of & Caffio-
pex and n Urfe Majoris; that the greatcft Differencés
that occur thercin may be diminifhed, by fuppofing
the zrue Polc of the Equator to move round the
Point P, in an Elipfis, inftead of a Circle. For if
the tran(verfe Axis, lying in the Dirc@tion AC, be
18", and the Conjugate, as DB, be about 16”5 the
Equations, refulting from fuch an Hypothefis, will
make thc Numbcrs in the laft Columns agree with
cach other, ncarcr than as they now ftand. But
fince this would not entirely remove the Inequa-
lities, in all the Pofitions of the Moon’s Nodes; I
fhall refer the more accurate Determination of the
Locus of the #rue Pole to Theory; and at prefent
only give the Equations for the Preceflion of the
Equinoctial Points, and the Obiiquity of the Eclip-
tic, as aifo the rcal Quantity of thc annual Precet-
fion, to every sth Degree of the Place of the Moon’s
Afcending Node, in the following Tables; juft as

E 2 they
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they refult fxom the Hypothefis, as at firft laid down?®
it appearing, from what has already been remark’d,
that thefe will be fufficiently cxact for Practice in all

Cafcs.
The LEquation of ] ‘1 he Equationot the
the Equinoct. Points i Obliguty of the
L ' Ecliptick.
ds@ g Of L It pubtyd 5o ale CFF 1| Add
from ¥ Sie V | Vit } VI |Aad | |from Wl VI VIT |VIU|Subtt,
° 77 " 720 S " 7 T
o oo 121196 30 o 9.0 7.3 1.5 | 20
5 20 [I30 |2065 25 1 90 7.4 3.8 25 f
10 3.9 |49 |12 20 10 3y | 6.9 [3.1} 20
15 5.8 |60 1518 15 15 87 |64 23| 15
20 7.7 1'7-3 |22.2 10 20 65 158 16 10
25 9.6 |85 22.§ 1 25 82 |52 [08 5
30 112 19.6 1226 o ' 20 7.8 |45 0o o
Subtt. ISig. VI IV L TE 1y of [Aaa iSie. Vi IV |l PR
Acd |5 X TXATIX |fremy| |Saon. Sig Xi| X |IX [from T
The Annual Preceflion of the
Equinoctial Poinss.
D &
rom Y Sg’ O_ I I 11 v \%
- 7 7] 77 7 i 7 °
) 580 [ 570 {542 [503 (465 |437 30
s 1579 {566 |536 |497 |460 }43.4 | 25
10 |579 |s562 530 [490 [455 1432 | 20 f
15 577 3557 {523 | 484 450 | 430 15
120 57.5 {552 Jsv7 | 477 | 445 423 10
25 | 573 {547 fs1o | 471 |44 | 4238 5
(30 | 570 1542 }so3 | 465 437 [427 o |
Sig. Xli X IX )} Vill VIL | VI 28|
: Tomy

Sir
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Sit Ifaac Newtom, in detcrmining the Quantity
of the annual Preceflion from the Theory of Gra-
vity, upon Suppofition that the Equatorial is to the
Polar Diameter of the Earth as 230 is to 229, finds
the Sun’s Action fuflicient to producc a Precceflion
of 9"} only; and, collecting from the Tides the
Proportion between the Sun’s Forcg and the Moon's
to be as 1 to 4%, he fettles the mean Preceflion, re-
fulting from their joint Actions, at so”.  But fince
the Diffvrence between tihe Polar and Equarorial
Diameter is found, by the late Obfervations of the Gens-
tlemen of the Academy of Sciences, to be greater than
what Sir Jfzac had computed it tobe; the Preceflion,
arifing from the Sun’s Action, muft likewife be greatcr
than what he has ftated it ar, nearly in the fame Propor=
tion. From whence it will follow, that the Moon’s
Force mufl bear a lefs Proportion to the Sun’s than
4+ to 1; and perhaps the Phenomena, which 1 have
now been giving an Account of, will fupply the
buft Data for {ettling this Matter,

As 1 apprehiend, th:t the Oblervations alrcady fet
down wiil be judged (ufficient, to prove in general
the Truth of the Hypothefis betore advanced 5 I fhall
not trouble your Lordthip with the Recital of more,
that I made of Stars lying at greater Dittances from
the Zenith; thofe not being fo proper, for the Rea-
fon before-mention’d, to eftablith the Point thar I had
chiefly in View. Butas it may perhaps be of fome Ufe
to future Aftronomers, to know what werc the meaz
Diffcrences of Declination, at a given Time, between
fome Stars, that lic neariy oppofite to onc another
in Right Afcenfion, and not far from cither of the
Colures; 1 Mhall fert down the Refult of the Compa-
rifon of a few, that diffcr (o little in Declination,

that
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that T could determine the Quantity of that Diffce-
coce with great Certainty.

By the mean of 64 Obfcrvations, that were made
of « Caflisper before the End of the Year 1728, I
colleét, after allowing for the Preceflion, Aberra-
tion and Nutation as in the foregoing Tables; that
the mean Diftance of this Star was 68".7 South of
34°% ss', on the 27th Day of March 1727. By a
Jike Comparifon of 4o Obfcrvations, taken of o
Urfe Majoris during the fame laterval of Time, I
find this Star was, at the fame time, 39".6 South
of 34°. 4¢'. I carefully meafured, with the Screw
of the Micrometer, the Diftance between the Points,
with which toefe Stars were compared; and found
them ta be ¢'. 59" from cach other, or one Second
lets than they ought to have been. Hence it fol-
lows, that the mean Diffcrence of Declination be-
tween thefe two Stars, was 10, 28".1,0n the 27th
Day of March 1727.

By the mean of 65 Obfervations, that were taken
of & Caffispec, before the End of the Year 1728,
this Star was 2 4“8 North of 32° 20/, on the 27th
Day of March 1727 : and by the mean of 52 Ob-
{ervations, ¢ Urfz Majoris was 87".6 South of 32°
30’ at the fame time. The Diftance between thefe
Points was found to be ¢'.§9"33 from whence it
follows, that the mean Difference of Declination be-
tween thefe two Stars was 11'. 52”.7 on March 27th
1727,

By the mean of 100 Oblervations, taken before
the End of the Yecar 1728, the mean Diltance of
v Draconis was 79".8 South of 38°. 25' on March
27th 17275 and by the mean of 35 Obfcrvations,

the
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the 3sth Camelopard. Hevel. was South of the
fame Spot 76”.4. So that the mean Polar Diftance
of o Draconis was only 3".4 greater, than that of
the 3s5th Camelopard. Hevel. but as the Equation
for the Nutation, in both thefe Stars, was then near
the Maximum, and to be applied with contrary
Signs; the Apparent Polar Diftance of o Draconis
was 21”.4 greater, on the 27th Day of .March
1727.

The Differences of the Polar Diftances of the
Stars, as here fet down, may be prefumed, both on
account of the Radius of the Inftrument and the
Number of Obfervations, to be very exactly deter-
mined, 1o the Time when the Moon’s Afcending
Node was at the Beginning of Aries; and if a like
Comparifon be hercafter made, of Obfervations taken
of the fame Stars, near the fame Pofition of the
Moon’s Nodcs; future Aftronomers may be enabled,
to fettle the Quantity of the mcan Preceflion of the
Equinox, fo far as it afteéts the Declination of thefe
Stars, with great Certainty : and they may likewife
difcover, by means of the Stars ncar the Solftitial
Colure, from what Caufe the apparent Change in
the Obliquity of the Ecliptic really proceeds, ifthcmean
Obliquity be found to diminifth gradually.

The *forementioned Points indced can be fettled
only on the Suppolfition, that the angular Diftances
of thefe Stars do continue always the famc, or that
they have no real Motion in themfelves; but are
at Reft in Abfolute Space. A Suppofition, which
though ufually made by Aftronomers, ncverthelefs
fcems to be founded on too uncertain Principles, to
be admitted in all Cafes.  For ifa Judgment may be
formed, with Regard to this Matter, from the Re-

{uit
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fult of the Comparifon of our belt modern Obfer-
vations, with fuch as were formcrly madc with any
tolerable Degree of Exaltnefs; there appears to have

b.en a rcal Change in the Pofition of fome of the fixed
Stars, with r@f')cct to cach other; and {uch, as
{cems indcpcndcnt of any Motion in our own Syf-
tem, and can only be referred to fome Motion in
the Stars themfelves.  Ari7urus affords a ftrong Proof
of this: for if its prefent Declination be compared
with its Place, as dctermined cither by Tycho ot
Flamfleed s the Difference will be found to be much
arcater, than what can be fufpected to arife from
the Uncertainty of their Obfervations.

It is rcafonabie to exped, that other Inftances of
the Iike kind muft alfo occur among the great Num-
ber of the vifible Stars: becaufe their relatlvc Po-
fitions may be alter’d by various means. For if our
own Solar Syftem be conceived to change its Place,
with refpect to Abfoiute Space; this mwht in Pro-
cefs of Time, occafion an apparent Chamc in the
angular Diftances of the fixed Stars; and in fuch a
Cafe, the Places of the neareft Stars being more af-
fnctc.d than of thofe that are very rcmotc their re-
latiye Pof‘txons might {feem to alter; tho’ the Stars
themfelves were really immoveable. And on the
other Hand, ifourown Syftem be at Reft, and any of
the Stars really in Motion, this might likewife vary
theirapparent Pofitions; and the more fo, the nearer
they are to us, or the {wifter their Morions are, or
the more proper the Dircction of the Motion is, to
be rendered perceptible by us.  Since then the Re-
lative Places of the Stars may be changed from fuch
a Varicty of Caules, confidering that amazing Di-

ftince
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tance at which it is certain fome of them are placed,
it may require the Obfervations of many Ages, to
determine the Laws of the apparcnt Changes, even
of a fingle Star: much more difficult therefore muft
it be, to fettle the Laws relating to all the moft re-
markable Stars.

When the Caufes, which affcct the Places of all
the Stars in general are known; fuch as the Precef
fion, Abcrration, and Nutation; it may be of fingu-
lar Ufe, to examine nicely the relative Situations of
particular Stars : and efpecially of thofe of the greateft
Luftre, which, it may be prefumed lie neareft to
us, and may thercfore be fubject to more fenfible
Changes; cither from their own Motion, or from
that of our Syftem. And if at the fam= time that
the brighter Stars are compared with each other, we
likewife determine the relative Pofitions of fome of
the fmalleft that appear near them, whofe Places can
be afcertained with fufficient Exactnefs; we may
perhaps be able to judge to what Caufe the Change,
if any be obfervable, is owing. The Uncertainty
that we are at prefent under, with refpect to the
Degree of Accuracy wherewith former Aftronomers
could obferve, makes us unable to determine feveral
Things, relating to the Subject that I am now f{peak-
ing of: but the Improvements, which have of late
Years been made in the Mecthods of taking the
Places of the heavenly Bodies, arc fo great, that a
few Years may hercafter be fufficient, to fettle fome
Points; which cannot now be fettled, by comparing
even the earliclt Obfervations with thofe of the pre-

fent Age.
I3 It
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It were to be wilh’d therefore, that fuch Perfons
as are provided with proper Inftruments, would at-
tempt to determine, with great Care, the prefent
relative Pofitions of feveral of the Principal Stars, in
various Parts of the Heavens; efpecially of thofe, that
are leaft affected by Refraction: #hat Caufe having
many timcs {o uncertain an Influence on the Places
of Objects, that are very remote from the Zeniths
that wherever /7 is concerned, the Conclufions, de-
duced from OCbfervations that are much affected by
it, will always remain doubtful, and too precarious,
in many Cafes, to be relied upon.

The Advantages, arifing from different Perfons
attempting to fettle the fame Points of Aftronomy
near the fametime, are fo much the greater;asa Con-
currence in the Refult, would remove all Sufpicion
of Incorrectnefs in the Inftruments made ufe of. For
which Reafon, I efteem the curious Apparatus at
Shirburn Caftle, and the Obfervations there taken,
is a moft valuable Crizerion, whereby 1 may judge
of the Accuracy of thofe, that are made at the Royal/
Obfervatory : and as a Lover of Science I cannot but
wifh, that our Nation abounded with more frequent
Examples, of Perfons of like Rank and Ability with
your Lordfhip, cqually defirous of promoting 7hzs,
as well as every other Branch of Natural Know-
Jedge, that tends to the Honour and Benefit of our
Country,

But were the Patrons of Arts.and Sciences ever {o
numerous, the Subject of my prefent Letter is of
fuch a Nature, as muft direct me, to beg Leave to
addrefs it to the Earl of Macclesfield; not only as
a moft compctent Judge of it; but as the fole }’er-

| on,
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fon, in this Nation, that hath Inftruments proper to
cxaminc into the Truth of the Facts here related.

And it is a particular Satisfaction to me, thatafter o
long an Attendance upon thefc ?bmzomena, I am
allowed the Honout of tranfmitting the Account
of them to the Public, thro’ your Lordfhip’s Hands :
as it gives me at the fame time an Opportumty of
profefling the grateful SenfeI fhall ever retain, both of
the fignal Favours which I formerly received from
the noble Earl your Father, and of the many recent
Obligations conferr'd by yourfelf upon,

My Lorbp,
Your Lordfbip’s
moft obedient

bumble Servant,
Greenwich, Dec. 31.
1747.
Ja. Bradley.



