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I. An Account by John Eames, F.R.S. of a
Differtation, containing Remarks upon the
Obfervations made in France, in order to
afeertain the Figure of the Earth, by M.
Celfius, intituled, De obfervationibus pro
Figura Telluris determinanda, in Gallia ha-
bitis, Difquifitio. ~ Auctore Andrea Celffo, in
Acad. Upfal. Aftronom. Prof. Regio, o'
Upfalia, 1738. 4

g HAT the Figure of the Earth is Sphero-
- idical is agreed upon by all: But whether it

be an oblong or oblate Spheroid, 7. e. whe-
ther the Axis be longer or fhorter than a Diameter at
the Equator, has been for fome time a matter of
Doubt. Three feveral Methods have been propofed
to determine this Controverfy by Experiments; as
by the different Lengths of Pendulums vibrating
Seconds, in different Latitudes; the Figure of the
Earth’s Shadow in Lunar Eclipfes; and by the actual
Meafurement of the Lengths of a Degrece on the
Meridian in different Latitudes.

It is certain, if the Lengths of the Degrees of La-
titude decreafe as we go from the Equator toward
the Poles, then the Axis is greater, and the Figure an
oblong Spheroid ; but, on the contrary, if thefe
Lengths increafe as you remove towards the Poles,
the Axis is lefs than a Diameter at the Equator, and
confequently an oblate Spheroid,
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Mr. Caffrni and others, judge the Earth to be of an
oblong Spheroidical Figure; and the Obfervations
made in France, if ),-ntxrely to be depended upou,
prove this I-I]poz/ogf s to. be a Matser of Fa@. Our
late illuftrioys’ Prefident, Sif Isaac NEwTON, Mr.
Huygens, and others; make the Earth to be an oblate
Spheroid, ‘higher at the Equator than at the Poless
and this Figure of the Earth is yndoubtedly the true
one, if the Obfczvauons lately made near the Arctic
Circle be admitted as, certain and exa@. So that
fince both' Sets of Obfcrvatlons have becn taken by
Perfops of known! Skill, Dexterity, and- Intemﬁty, it
is now become abfolutcly neceflary to inquire into
this Matter, in order to find out the Occafion of fo
great a Difference in theic Conglufions,

Mr. Ceffius, in the Trgan{e before us, propofes to
confider this Matter more, clofely, and begins with a
Defence of the Obfervations made at Tomm, near
the North Polar Circle; and then takes Notice of
fome things, proper to bc confidered, relating to the
Inﬁrumcnts, Aftronomical Obfct,vations, and Trigo-
nometrical Operations; performed in France.; which,
in his Judgment, render the Obfervations uncertain;
at lealt fo far as not to be accurate enough to be
depended upon in determining the Matter in Que-
ftion.

To begin with the Defence of the Obfervations
made at T ormea: Perhaps it may not be imptoper to
premife a fhort Account of them:  They were under-
taken at the Charge of the King of France, by Five
skilful Gentlemen; Three of them Members of the
Royal Academy ar Paris, who, were joined by Mr:
Celfius, and the Abbé Authier, The Tngonomctgcal

art



[ 373 ]

Part of the Work was performed near the River of
Tornea, whofe Diretion is the fame with the Meri-
dian of Tornea; the Coafts of the' Gulph of Bothnia
being found very inconvenient for that Purpofe. By
the favourable Situation of Five Mountains they
formed Eight Triangles, which took in Space enough
for their Defign. All the Five Gentlemen obferved,,
one after another, each Angle of thefe Triangles,
fetting them down in writing {eparately.

They afterwards determined the Diftance between,
Tornea and Mount Kirtis, under the fame. Meri-
dian, by a Bafis, meafured on the River when frozen
over, whofe Length was 7406 Toifes s Feet, by the
firft Meafurement ; and when meafured again, was
barely Four Inchesover. ThisDiftance between them
they found to be 5,234 Toifes.

- The firft Part- of their Work beirg thus finithed,
the next ‘was to find the Difference of Latitudé of”
thefe two Places : This they did by the Help of a Tele-
fcope, fixed to a Seor of Nine Foot, made at Lon-
don, by the Gare and Dire&tion of Mr. George Gra-
ham, to whom theLovers of Aftronomy are indebted
for the curious ardd well-contrived Inftruments he has
fupplied them withal, The-Star they obferved at
Tornea was « ‘Draconis: They répeated their Obfer-
vations three times, and the greareft Difference be-
tween them: was but Two Seconds:: Removing to
Mount Kirtés, they took the fame Nuniber of Ob-
fervations; of the fame:Star, without finding more
than One Sécond Diffeience. The Refult was, that
the Amplitude of the Arch, in the Heavens, between
Tornea and Mount Kittis, (allowing for the Precef-
fion of the Equinox, arnd the Time ¢lapfed between
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the Two Obfervations, according to Mr. Bradley’s
Theory) was s7"Minutes 26 Scconds. Hence the
Magnitude of a Degree, on the Earth, intetfeQing
the Polar Citcle, was found to be greater than a mean
Degree of France 377 Toifes; and to differ 9oo Toifés
from what it thould have been, according to Mr.
Caffini’s Hypothefis: And if the Correftion, accord-
ing to Mr. Bradley’s Theory, were omitted, the Dif-
ference would have amounted to above a Thoufand
Toifes: The Confequence of which, fay the curious
Obfervers, is, That the Earth is not only flatted to-
wards _the Poles, but that it is much more fo than
Sit Ifaac Newton or Monficur Huygens thought it..
This unexpe&ted Difference being fo very great, made
them refolve upon a careful as well as new kind of
Verification of the Whole, In the firft Place, they
répeated their Aftronomical, Obfervations Three fe-
veral times, at Tornea and Kirtis, with the fame
Inftrument, but on another Star, viz. & Draconis:
The Difference of Latitude betwcen the Two Places
was found to be the fame, within Three Seconds and
an half, with the Firft. They then; not only exa-
mined the Truth of their Meridian Line, the ExaG-
nefs of the Sedor, in the different Divifions upon the
Limb, chiefly in the Two Degrees imployed in ob-
ferving a & & Draconss, but fuppofed that, in their
Trigonometrical. Operations, they had erred . in
cach” Triangle,. by: Tweaty Seconds in-each of the
Two Angles, and Forty Seconds in.the Thitd; and
that all- thef¢ Errors tended, to-diminifh the Length
of the Arch; the Calculation, upon this Suppofition;
gives bur 44 55 Toifes for the: greateft Error that could
be: committed.

When
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When a particular Relation of all thefe Obferva-
tions was read before the Royal Academy of Sciences
at Paris, and inquired intos the main Exception
taken to them was, That the Obfervers, omitting to
make a Proof of the Line of Collination, by means
of double Obfervations, with the Face of their In-
firument turned contrary Ways, have thereby not
duly afcertained the Trauth of their Obfervations.
But this ObjeQion was fully an{fwered by Monficur
Maupertuis, as Mr. Celfius hopes and believes, to the
intire Satisfaion of Monficur Ca/fini, who made it.
He allows M. Caffini had very good Reafon to men-
tion this, as a thing proper to be done in Inftruments
of common Ufe, for this Purpofe, which generally
ftand in neced of fuch a Method of Verification: But
it was not at all neceffary in the Inftrument ufed at
Tornea and Mount Kittis : The very Make of it was
fuch, that no Alteration could eafily be made in it,
fo as ta create any perceptible Error in the Obferva-
tions. The whole Apparatus of the Telefcope and
Sector is all framed together; the Obje&t-glafs and
Crofs-wires, as well as the Limb, fo firmly fixed to
the Tube, as not to be diflocated without great Vie-
lence. | Notwithftanding all this, the utmoft Care
was taken. in tranfporting it from one Place to an-
other; being placedin a Cheft, that the Laplanders,
to ufe his own Words, 7 illa ciffa idolum’ quoddam
Servari facile fibi perfuaderent. He adds, the fame
Objection may be made to Monfieur Picard’s Obfet-
vations, who does not feem to have ufed this Pre-
caution, as Monficur Cz/fin; himfelf acknowledges,
who  neverthelefs approves and extols his Obferva.
tions for their Accuracy : -So that thofe at the Arctic
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Circle may be very good, notwithftanding the want
of this, fuppofed neceflary, Operation. And indeed,
that they were fo, {ufficiently appears from this Fac.
The Difference of Latitude between Zormea and
Mount Kittis, found in September; was obferved
again in March following, by the Help of the fame
Star & Draconis, and did not differ from the former
above 3% Seconds, though the Inftrument had been
twice carried from one Place to the other. This is a
Degtree of Exa&tnefs not eafy to be met with; no not
in Monfieur Czffini’s Obfervations, made on different
Stars, which differ fometimes 40 Seconds, - in deter-
mining the Amplitude of an Arc in the Heavens,
though their Inftrument was carefully examined in
the way above-mentioned. "

The Author then proceeds, in his Turn, to inquire
into the Accuracy and Certainty of the two Sets of
Obfervations made in the North and South Parts of
France, in refpe of the Royal Obfervatory at Paris.

As to the Meafures of the Degrees in the Northern
Parts of France, between Paris and Dankirk, he
owns they cannot be much out of the way; being in
fome meafure confirmed by Monfieur De /z Hire, in
the Year 1683. and Monfieur Caffini himfelf. - Yet
Mr. Celfins obferves, that the Bafis on the fandy plain
Shore, near Dunkirk, when meafured again, differed
Three Feet from the former Meafurement ; which is
a much greater Difference than that Mr. Ce/fzus and
the other Gentlemen found, in meafuring a much
longer Line twice over, which was but Four Inches.

As to the Aftronomical Obfervations taken by the
Six Foot Se&tor, whofe Limb of 12 Degrees was di-

vided only at every 20 Scconds; it is true, Monficur
Caffini
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Caffiwi examined the Inftrumert feveral ways, at
Paris, after his Return thither: but that a Cor-
re&tion, owing to the Change of Centre, might be
fafely applied -to ‘the Obfervations at' Daunmkirk, the
Examen of the Centre fhould alfo have been taken
at Dunkirk ; it being uncertain, whether this Altera-
tion or Aberration of the Centre was caufed by the
Journcey to o from Dumkirk.

The Difference of 41 Scconds between the Obfer-
vations taken to fettle the true Meafure of the Arc of
the Heavens, feems to be enormous. Perhaps the
Stars were not lucid enough to be well obferved by
the Three Foot Tube; but mlght they not, for a due
Degree of Accuracy, have been viewed through the
Nine or Ten Foot Telefcope ?

Our Author prefers the Obfetvations of 1719,
made after the Return to Parss, to thofe made bé-
fore ; becaufe made at the fame time of the Year
with thofc of Dunkirk, and fo not ftanding in need
of Mr. Bradley's Corre&ion: Though this Caution,
perhaps, may be thought not neccffary here, where
the Errors of the Obfervations are greater than the
Correétion itfelf. Mr., Celfius remarks farther, if
the Difference of Latitude between “Dumkirk and
Paris be {uppofed to be Two Degrees 12 Minutes
12 Seconds and an half, which is a Mean between
Four others he mentions, the Length of a Degree
will amount to but s6,395 Toifcs. And if the Ob-
fervations -at Malvoifine and Amiens, be counted ac-
cording to Mr. Bradley’s Theory, for the Interval of
a Month between the Obfervations, the Length of a
Degree will come” out to be 56,926 Toxfcs, which
is 135 Toifes lefs than the Length-of a-Degree, found

by



[ 378 ]

by meafuring the whole Length of Frances and 134
lefs than that of Mr. Picard, fo highly approved of
by Mr. Caffins, as confirming his own.

The Reflections Mr. Celfius makes upon the Obfer-
vations, &c. taken in the South Parts of Frances
fvall be referred to another Meeting.

The Continuation of the Remavks made by
My. Celfius on the Obfervations taken in
France, in order to afcertain the true Fi-

gure of the Eartb.

MR. Celftus having finithed his Remarks upon
the Obfervations made in the North Part of
France, cxtending from Paris to Dunkirk, proceeds
to examine thofe taken in the South, from Paris to
Collioure, near the Borders of Spaim, and the Pyre-
#mean Mountains. By the former, a mean Degree
was found to confilt of §6,960 Toifes, by the latter
$7,097; and confequently the Earth is an oblong
Spheroid. ‘

Mr. Celfius, in examining thefe Obfervations,
which were taken under the Condu& and Dire@tion
of the late M. Caffiwi in 1700, firlt confiders the
Structure and Goodnefs of the Inftruments ufed; then
the Accuracy of the Aftronomical Obfervations for
finding the Difference of Latitude; and, in the lak
place, the Trigonometrical Operations for deter-
mining the Diftances of Places; efpecially the two
Extremes under the fame Meridian, Th

c



C 379 ]

The principal Inftrument M. Cafini carried with
him, was, a Limb of 12 Degrees, whofe Radius was
indeed 10 Foot, but divided only into Degrees and
Minutes; the other Parts were added to it at Per-
pignan. Here Mr. Celfius obferves, that the finding
the true Centre of this Limb was and ftill is a very
difficult and troublefome Problem to a good Artift;
that no mention is made, whether the Pofition or
Place of this Centre, and the Divifions of the Limb,
were ever examined at Paris or Collionre, though
the Carriage of the Inftrument through fo long and
rough a Way, could not but make fome Alteration in
the Place of the Centre.

It is true, the Zenith Diftance of Capella, taken by
it at Paris, was confirmed to be right by another
Inftrument; but it cannot be concluded, that thc
Zenith Diftance of the fame Star, taken at Collioure
by this Inftrument, and not confirmed there by an-
other Inftrument, muft be true alfo. For the Point
of Divifion, anfwering to this Diftance in the Limb,
was not examined ; and a Centre wrong placed may
by Accident give the true Zenith Diftance, viz. when
the true and erroneous Centre happen to lic in the
fame Perpendicular to the Horizon.

The Exceptions taken to the Aftronomical Obfer-
vations for finding the Difference of Latitude be-
tween Parzs and Collioure, are, in the firft place,
That though Five Stars were obferved at Collioure and
Paris, yet One only was made ufe of, viz. Capella:
That the Difference of Latitude by Capella is 6° 18’
s7’’: If Lucida Lyra had been ufed, the Difference
would have been but 6° 17/ 7’5 but by the Right
Shoulder of Auriga, 6° 19’ 25'/: Hence arifes the
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Uncertainty ot Difference of 2/ 18’/ between the
greateft and leaft of their Obfervations : That the late
Mr. Caffini makes the Difference 57’/ lefs than Mr.
Ca/lini, who accounts for this Difference from the
Oblfervations being taken by an ordinary Inftrument ;
but the Inftrument is the fame which was ufed to
take the Altitude of the Pole of Amiens, which was
very near that found by Mr. Picard.

As to the Trigonometrical Operations for finding
the Diftance of Places, Mr. Ce/fius thinks they labour
under confiderable Uncertainties; not only on the
Account of the many Difliculties they met withal,
viz, mountainous Countries, want of proper Signals,
¢ e. fo that convenient Triangles could not be
formed; but add to all thefe, feveral of the Tri-
angles had but Two Angles obferved, and fome of
thefe Angles too acute; whence, as Mr. Cg/fini him-
{elf very jultly obferves, in his Examination of Swel-
Gus and Riccioli's Obfervations, great Errors may
arife. Mr. Pjcard thinks all Angles lefs than 20
Degrees ought to be avoided s as alfo that the Tri-
angles thould be contrived fo as to have Sides of a
due Length, neither too great nor too fmall: Then
follow 16 Triangles, wherein one or more of thefe
Inconveniences are to be found.

It may be faid, the Whole of thefe Obfervations
and Meafures of Monficur Cgffin: feem to be fuffici-
ently confirmed, if not afcertained; fince the prin-
cipal Bafe in Row/fillon was found, when computed,
to differ but Three Toifes from the {ame as it was
aQually meafured ; and that, after fome due Cor-
retions, it was made to agree with the greateft Ex-
adinefs. Mr. Celfius replies, Why are we not rold
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what thofe Corre&tions were, that we may f{ee whe-
ther they were really neceflary or no? Why were
they not taken notice of in the Calculations of cach
Triangle? Befides, the real Length of the Bafe, or the
fundamental Line, in Rouffillon, is not fully afcer-
tained, it not being meafured more thanonce; whereas
that at Dunkirk and that of Mr. Picard were mea-
fured twice; and there was more Reafon for doing
{o here than at Dunkirk, on account of the uneven
and almoft ever changing Shore in Rowffillon, from
the reftlefs overflowing Sea.

The great Number of the Triangles, joined with
the numerous fmall Errors of the Angles, is another
Ground of Uncertainty ; for the Errors in the Angles,
though fmall, may make the Diftance of the Parallels
of the Two extreme Places greater than it ought to
be; and yet the principal Sides, that is, thofe that are
made Bafes to the following Triangles, continue the
fame. This made it neceflary to verify the Sides, at
leaft at every fecond Degree, by meafuring the prin-
cipal Bafe twice over with due Care; which might
have been done, and thercfore fhould have been
done, in a2 Matter of fo much Nicery as an Attempt
to find the Difference between Two Degrees fo near
one another, under the fame Meridian.

To fhew what bad Confequences may arife from
fmall Errors committed in obferving the Angles of
feveral Triangles, Mr. Olavus Hiorter, a curious and
ingenious Friend of Mr. Celfius, has taken the Pains
to form the Triangles of Mr. Ca/fini between Bourges
and Collioures fo that the Diftance between their
Parallels fhall be confiderably leflcned; and yet the
Bafe in Rouffillon, found by Computation, {hall not,
after due Corxe@ion, differ fenfibly, if at all, from
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the fame altually meafurcd. In confequence of this,
Mr. Celfius concludes with obferving, that the Di-
ftance between the Royal Obfervatory and the Per-
pendicular to the Meridian of Collioure, deduced
from the Triangles of Caffini, corretted after Mr.
Hiorter's Method, ¢rc. will amount to but 358,980
Toifes. This, divided by the mean Difference of
their Latitudes, 6° 19’ 117/, will give 56,803 Toilcs,
for the Length of a Degree, one with another, be-
tween Paris and Collioure, which is lefs than the
Length of a mean Degree found by Mr. Picard, and
pretry near the Truth: So that the Degrees decreafle
as you go towards the Equator; and confequcntly
the Earth is higher at the Equator than at the Poles, as
Sir Ifaac Newton and Mr. Huygens believed.

The Diftance of the Paralicls of Paris and Col-
lioure by this Method is indeed lefs than that com-
puted by Mr. Caffini; but this cannot reafonably be
complained of, fince thefe computed Meafures of Mr.
Caffini feem very capable of being leflened s and it
is no more than what Mr. Caffini himfelf hath done
to the Mcafures publifhed by his Father, which he has
thortened by 325+ Toifes. But however that Matter
be, whether this particular Correcion of Mr. Caffini’s
Diftance, and, confequently, Length of a mean De-
gree, be admitted or no, Mr. Ce/fius is fully per-
fuaded, upon the Whole, that he hath made it plain
to every unprejudiced Reader, that thefe Two Scts of
Obfervations in France are not taken with fuch a
Degrec of Exaftnefs as to be depended upon, in deter-
mining {o nice a Matter, in Difpute for so Years, as
the true Figure of the Earth; which was the thing
propofed to be done by them,
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