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For an oblate spheroid, the length
of one degree, increases from
equator to pole

For a prolate spheroid, the length
of one degree, decreases from
equator to pole
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Newton’s
Principia
1687 p4d22

Newton predicts bulge of
1/290; modern value is
around 1/300
corresponding to a
difference of the major
and minor semi-axes of
approximately 21 km

(13 miles).

pauld altior effee fub zquat-c;re' quim ad polos, Maria ad polos

fubfiderent, & juxta zquatorem afcendendo, ibi omnia inundarent.
Prop. XIX. Prob.IL
Tnvenre proportionem axis Planeta ad diametros eidem perpendiculares.

Ad hujus Problematis folutionem requiricur computatio multi-
plex, qua facilius exemplis quam praceptis addifcitur. Inito igitur
calculo invenio,per Prop.1V. Lib. 1. quod vis centrifuga partium
Terre fub zquatore, ex motu diurno oriunda, fit ad vim gravita-
tisut 1 ad 290t. Undefi 4PB Q figuram Terrz defignet revo-
lutione Ellipfeos circa axem minorem P Q genitam; fitque ACQgca
canalis aqu plena, a polo £ g ad centrum Ce, & inde ad zqua-
torem Aa pergens : debebit pondus aqu in canalis crure 4Cca
effe ad pondus aqua in crure altero Q Ccq ut 291 ad 290, €0 quod
vis centrifuga ex circulari motu orta par-
i tem unam ¢ ponderis partibus 291 fufti-
nebit & detrahet, & pondus 290 in alte-
ro crure {uftinebit partes reliquas. Porro
(ex Propofitionis XCI. Coroilario fecun-
¥ C Q2 do, Lib.I.) computationem ineundo, in-

\ venio quod fi Terra conftaret ex unifor-

mi materia, motuque omni privaretur,

B & effet ejus axis P @ ad diametrum 4B

ut 100 ad 1o01: graviws inloco (in

Terram , foret ad gravitatem in eodem loco 0_in {pharam centro
Cradio P C vel ,Q(g defcripram, ur 1267 ad 125%.  Et codem ar-
gumento gravitas in loco 4 in Spheroidem, convolutione Ellipfeos
APBQ circa axem 4B defcriptameft ad gravitatem in eodem loco
A in Spharam centro C radio AC delcriptam, ut 1257 ad 1262,
Eft aucem gravitas in loco Ain Terram, media proportionalis ineer
gravitates in dictam Spharoidem & Spheram, propterea Sqt;]od
phx-

N

‘i'r:'ﬁgur'zm Terrz ; & haxc hgura diminuendo 1n cacctd
ametrum tertiam, qua diametris duabus 4P, P Q perpe
eft, vertitur in diftam Sphx;ondcm, & graviras In A,in ¢
quc,diminuimr in eadem ratione quam proxune. Eftigi
tasin A in Spharam centro Cradio 4C dgl’cnPtam, ad'g
in AinTerramut 126ad 1255, & gravitas 1 loco 2 in
centro C radio 2.C defcriptam, eft ad gravitatem in loco 4
ram centro C radio 4 C defcriptam, in ratione di .
( per Prop. LXXIL Lib. L) id eft ur 100 ?.d 1o1: Conj
jam hz tres ratones, 1265 ad 1255, 1257 ad 12681
& fier gravitas in loco €_in Terram ad gravitate
AinTerramyut 126x 126 X100 ad 125x125; X101,
ad §joo0. . .
Jam cum per Corol. 3. Prop. XCI. Lib. L. gravitas
crure utrovis ACca vel QCcq ficut diftantia locor:
Terrze; i crura illa fuperficicbus tr;m(verﬁs & zquidifta
{tinguantur in partes totis proportionales, erunt ponder
fingularum in crure ACca ad_pondcra partium toudgm i
tero, ut magaitudines & §rav1mtcs acceleratrices conjun
ut 101 ad 100 & §00 ad 501, hoc eft ut 505 ad so1.
inde fi vis centrifuga partis cujulque in crure 4 Ccaex
no oriunda, fuiffet ad pondus partis cjuldem ut 4 ad 505
pondere partis cujufque, in partes 505 divilo, partes qua
herer ; manerent pondera in utroque crure .zquahal, &
fluidum confifteret in xqpﬂibrio. Verum vis ccnmfug_
jufque eft ad pondus ejuidem ut ad 290. Hoc eflt, vi
qua deberet elfe ponderis pars ;% eft tantum pars 5,
dico, fecundum Regulam aL_lrcam,quod fivis c?ntx'nfuga
altirudo aquz in crure 4 Cca fuperec altitdinem aqu
QCcq parte centefima totius altcudinis : vis anmfuga
excellus altitudinis in crure 4Cca fic alu_mdmxs-m crure a
pars tantum &. Eftigitr diameter Terre fecundum




The French Academy of Sciences

Picard Jean 1620 - 1682
Cassini | Jean Dominique 1625- 1712
Cassini Il Jacques 1677 - 1756
Cassini Il Cesar-Francois 1714 - 1784
Cassini IV Jean Dominique 1748 - 1845

Age of Enlightenment

To measure the size of the Earth one compares the difference
of latitude between two points lying North-South, with their
physical distance.
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Mesure de la Terre by
Jean Picard

Fig.3




Picard’s Survey of Paris
Meridian

To measure the size of the Earth one compares the difference
of latitude between two points lying North-South, with their
physical distance.

At this time distances were measured in toise, about a fathom or
1.949 metres and surveyors used a one toise rod to measure short
differences.

For longer distances, surveyors used a method devised by Willebord
Snell (1580 -1626) where one carefully measured the distance
between two prominent points and measured the bearing of a third
point from both. This gave a triangle with all three sides known.
Further prominent points could be added without further measures
of physical distance.

Picard found that Malvoisin and Amiens differed in latitude by 1
degree, 22 minutes and 55 seconds and were separated by 78,850
toise, so 1 degree = 57,060 toise
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Jean Domenique Cassini
(1625 —-1712)

Paris Observatory,
Meridian Room
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Pierre Louis de Maupertuis (1698 — 1759)

Expedition to Lapland
Maupertius, Celsius, Clauraut, Le Monnier and others

1736 April Left Paris

1736 June Sailed from Stockholm
1736 June Observations Commence
1737 April Observations complete
1737 June Shipwreck

1737 July Arrive Stockholm

1737 August Arrive Paris




1 degree = 55023 toise
So

Earth is flattened at Pole
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The Peru Expedition 1735-1745

Godin French Academy of Sciences
Bouguer Age of Enlightenment
La Condamine All Polymaths

1735 April Left Paris

1735 June Arrive St. Domingo

1735 October Sail from St. Domingo

1735 November Arrive Carthagena

1735 December Arrive Panama

1736 March Arrive Guayaquil

1736 June Arrive Quito

1736 October Survey Starts

1740 August Survey Complete

1745 February Arrive Paris
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Map of the
area of
triangulation
scheme in
Peru
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Diagram of the scheme of
Bouguer & La Condamine

1 degree = 56760 toise so Earth bulges at equator
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Diagram of the scheme of Boupuer and La




Base line measurement by wooden bars placed
end to end




Details of the quadrant
Illustrating how it can be
used in various attitudes
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Diagram of
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Note the intricate design
And overall size of the
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27. Diagram of the pyramids. Note the intricate design and overall size of the monument.



