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P R E .F ,  * A  X C  E. 

T appears probable, that one of the principal ca,ufes, why I[ more ufeful difcovesies are not made, is the fear of ridi- 
cule, which is fornetimes the lot of thofe who promulgate 

‘new opinions, and attempt new experiments. A deiire of 
avdid inq the farcafrns of ignorance and malevolence, may 

qfupprefs many ufeful inventions ; yet we find fome gradu- 
ly prefs forward ; and although, f& want of encourage- 

ment, 9 hundred probable fchemes may bnk in oblivion, 
there will-ever be fome of fuch magnitude, in the minds of 

<their oMrn inventors, that they will burit into day, and ei- 
off in vapour, or remain permanent lights. 

IN a Gtuation of fpeculative enquiry, I confers I had for 
,fometime continued, but in the beginning of the year 1787, 
’f rifked a declaration of ‘my opinions before the public, -ap- 
prehending I had formed a plan of much importance to na- 
vigation, and confiding in their generofity to give it a can- 
did reception, which, in a great meafiire, I was fo for- 
tunate as to obtain : now, as the firit principles feem to be 
univerfally admitted, I have the more reafobn to hope for 
further indulgence towards the prcfent publication. If any 
‘imperfeAions kould be found in the arrangement, the rea- 
der is refpeafully folicited to excufe .the defeA ; and L t r ~ f i ,  

A 2  under 



iv P R E F A C'E. 
under a tonviBiori that k will do no: injury to 
mqnltjnd, it may at leaft obtain for me their forgiveners; 
if not their thanks for my intention of rendering them ,a 
fervice; And yet, I muit acknowledge: that, in purfuing 
this fubjek, I confidered it alfo as  an obje& of emoluinent ; 
alld with this view have accepted the invitation. held out 
by many governments, with promires of a generous reward, 
to engage perfons in the public fervice.. 

1 -  

IN the .following treatife I hall proceed to defcribe, in a 
more particular manner, the elements of a ryfiem, which, . ,  if 
the obfeervations can always be truly made, I apprehend, 
attains to the aAual and complete d'ifcovery of the longi- 
tude. This indeed is a fubjea which, when attempted, has 
fometimes excited a fmile, yet I r i k  that for the public 
good, 

THE, variation of the compafs, and its heretofore unc&- 
tain laws,' have long engaged the attention of philofophers, 
Why it kould change, at one time quick, at another time 
flow, now hecome fiationary, and then retrograde, has puz- 
zled the enquirer. Thefe varieties have long been' fubjeas 
of obfervation ; yet I have never heard that any regular 
fy item has hitherto been publiiked, that would rationally 
account for, or foretel, the future movements of that won- 
derful phenomenon, the magnetic in?uencea 

, 

ON the contrary, the modern writers on this fubjea, 
fome of whofe names are mentioned in the introdu&ion, 
have fignified that all fofmer endeavours to eitabliih a theo- 
ry have proved infufficient ; .neverthelefs, it has long been 

. fuppofed 



be the natural confequence. 
a 

TEE Egyptians, by reafon of the overflowing of the 
Nile, which either waihed away their landmarks, or cover- 
ed them with mud, btougbt' geometry into a fcience, and 
honoured its profeffors. From meahring $he earth: they 
foan began' to rneafure the heavens. If from Egypt this 
kind of knowledge was brought to Greece, by degrees it 
fpread over Europe, and the great monuments of learning 
continuing unihaken to the prefent day, demonitrate the 
wirdorn of the ancients in c h d n g ;  gcometry fQr their 
foundation, 

CIRCUMSTANCES .in the prerent cafe are fornewhat dif- 
ferGnt from tho Egypt; from the firit fettlement of the 
United States of America to the prefent tim 
have been laid' out on geometrical principles, and the 
courfes.of the boundary lines run by the afiitance of the 
magnetic needle, gs if there was no variation of thk varia- 
tion, In procefs of; time, when the lands came to be refur- 
veyed, the fame courfes and diftances would not cover the 
fame ground, without an allowance proportioned to the 
fituation of the place, and the date of the original fur- 
vey. The great number of trass of land laid out from 
time to time throughout the country afford the means of 
afcertaining the nature of the change of she variation. 

To arrive at a competent knowledge of the laws of the 
magnet, an univerhl fet of obfervations feemed abfolutely 
neceffary. In Europe records of the variation have been 

handed 
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handed down at tho 
are efiabliihed. The 
records have been much lamented by t h f e  
plied themfelves to this fubjen ; and,the fet could not be 
complete without a feries of obfervations in America. In 
that country a certain fyfiem, by which the proper allow- 
ance could be made, by degrees, became a great national 
ob$&, independent of its extenhe u k  in Navigation, and 
the confufion arifing f&rn the want of it has occafioned 
many difputes and law-hits. 

IN purfuance of an appointment to a public office under 
government in that country, the duty of which fornetimes 
required the fettlement of fwh difputes, I \Gas led to pay 
attention to this EubjeEk; in this refpea I fiepped not out 
of the line of my profefion. , 

THE date of each original furvey being recorded,. there 
was nothing to do but determine the latitude and Ion- 
gitude of many traas Qf land, and the prefent courfes of 
the lines, in order to find what the variation had been at 
.the firit furwy. 

BE SI D E  S, in cokfiing materials for a map which I publifh- 
ed, mofily from a&ud furveys, including the maritime parts 
of Weit Jerfey, Pennfylvania, Maryland, Virginia, and 2111 
the Delaware State ; as there furveys were made from time 
to time by the magnetic needle, without allowance for va- 
riation, 1 had to make calculations, that the map might be 
confifient with the truth. 

2 IF 
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applied themfelves to this -fubjeB 
the attempt, it is fair to fuppofe that it was from the want . 

of fufficient data : with helps, which feemed out 'of their 
reach, it may not perhaps be deemed prefumptuous in me 
to renew the attempt, though others have failed. 

THE introduktion of a number of new terms being abfo- 
lutely neceffary, as they are accompanied with definitions, 
this itep will be excufable. 

MANY reports and letters have been received by the au- 
thor from learned focieties and individuaIs ; a few only of 
thefe will be found in the Appendix. To publi@t the whole 
might appear oitentatious. 
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I N T - R  0 D U C T I O ~ N .  

HISTORY OF MAGNETIC DISCOVERIES, 

T feems t0.b-e a fa& well authenticated, tkiat the-attrac- 
tive quality of the Magnet has been known in the mo@ 

theearlieit writers, fuch as Ho- 
rs :make hentioh thereof. , Ac- 

iron, and reiting himfelf on a quantity of loaditone. on 
Mount Ida, he could not eafily remove his feet or lift up 
his itaff; he foon perceived that the attraaive virtue was in 
the itone. Others call it -Lapis Heraclaeus, from Heraclea, 
a city of Magnefia, where they fuppofe it to have been 
found. Thales- and .Anaxagoras fay that the. magnet hath 

ereby it attratteth iron. Plato thought this attrac- 
ine,, and fome that there .is a fympathy .be- 

d iron, as between male and female, 

- . ALTHOUGH thefe early writers were abquainted wit 
Joadflone, they muit have been ignorant of its p 

4 .  B 
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11 

yet like man 
them {el ves w i 

might have amufed - *~ 

NEVERTHELESS appears from Du Hald's General Hif- 
in other authorhies, that the Magnetic 

40 that bitiqri '1040 yearS-5efiirii * -  a r i f t .  
However, inany European writers have each claimed for 
their own particular 
Mariner's Compafs, 
the perfons who firft 
ed upon the invention. 

THE apoftle Paul, in the account of his voyage to-Rome, 
by fome En&& tranl3atoz-s is made to Gy, from Syracufe 
w e j t  a cornpl~, and came to Rhegium, Thefe learned4 di- 
vineCcxdd-.hwdly mean a Mariner's Compafs, 
fa& tliing is :mentioned in the. original. 

5s pafs, and keeps aloof from 
.QS for wrecks and mifcarriage 
to examine the original wil 
rantable liberty taken by the tran$lator;- 

- G&OT de Provens, a French poet, who wrote about the 
F a r  1180, makes exprefs medonof the 1 
cornpa6 ; and their ufe in navigation is d, 

Gilbert informs us that P 
this ioyeixtion from China' 
s as it .may, the northerp 

nations 
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If tf with it 
fohn after, far the *year 1266 is remarkable for tEe i!kac~ of 
the Swediih count Byygeris, who by the Swedes is cdliled 

r JarL 'Sturfa celebrated his memory 
twelve verfes, and when he attended 

when this invention has generally been fuppofed to be 

vented this initrument in the year 1300 or i3bz. 

ing his firft voyage to America, difc 
on the 14th of September 1492, as his f" Ferdinand afierts 

'lifi, w r i k n o r i g i d y  in. Spa- 
t Veriice,?in Athe fear 157. 

mutinous -crew .concluding the neledk hzid loft its+@ 
they were afraid of not ding*thtir f;Tay'to Europe. - ' 

it ih the  

remarkable JJTOP&~ *-&e' dfpping n&& was 
1576, by Robest Norman, a matfie- 

is 
B 2  book 

in the 
ruikent maker, in the fuburkk af *bonito 
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‘6 the horizon,-infomu‘ch that the fly (qr card.) of the cow- 
4 i  ,pais, which before was equal, he was, fill con 
6‘ put fome fmall piece of .wire, on the fo 
61 counterpoire it,” ge. 
tions to fome of h i s h e  
frame an+ inftrument, and make ag exaEt trial what would 
be thegreatefi ar,gle it would. make with the horizon ; and 
he found the inclination (m dip) when the difiiovery was 
made, to be 7 I 50’, or thereabouts. 

ve” and in a difcourfe on the ~ 

is friend and patron William 

and parts cut thereby ;’ then comparing the inagnetical azi- 
s made in the forenoon with thofe in the afternoon, an- 

le-to the fame folar altitudes, the half of 
encc gave the variatiorl. The works of Norm 

reprinted in the xear 
ng, ‘it muit neceKari.. 

r 3 but as they fiill fay the 
variation 



1 I O  15!.eait,- it is clear t 

rough is -cenhred, for making no allowance for refraaion, 
by Profeffir Gellibrand, who made a ndw calculation from 

.&he obfervations of B allowance for re- 
fraCtion, Le fourid tlie ar 1580 to have 

b .  

on was taken under. confideration by 
iniral of the United 

Stephen, to write a book, this was publifliedat Leyden in the 
d all reamen under 

rvations in all their 

wn : he gave command toall that kould take charge 
that before they took their departure they ihould 

provide themfelves proper initruments for this purpofe, that, 
intowhat place foever they might come, they ihould diligent- 
ly obferve the magnetic variation; and that, after their return 
into their own country, they fiiould give a true certifi 
thofe-obfervations to the reit of t 

eneral good ; defiring alfo 

the f w e  year 1599 this treatife was t d into Engliih 
by -Edward Wright, Fellow of Caius College, Cambridge, 
that falnous mathematician who invented or improved tk& 

2 projettion 

to the-fame ca ailigence. 111 ' 
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has taught to Cpeak Englifh. This publication-contains a 
table of variations, as obferved at fea and land (in mntradic- 
tion to Pedro de’ Medina, who doubted the exiitence of the 
va~ihtion) and afferted that the quantity m s  very different 
in diEerent places ; and that a n  aIlowan& was neceffary in ’ 

fieering the courfe‘of a kip But all this t h e  it feems nobo- 
fpe&ed a variation of the variatik;  €orj ‘E 

ht (who was fometime tutor to Pripce Henry) tens us, 
cT the fame place hath always the Came latitude and varia- 
L c  tion.” 

liam Gilbert, phyfician in ordinary to Queen Eli- 
zabeth and to James I. in his b o k  (( de Magnete” p 

ufe matt&: :h 
parts-magneticd, and *t he 
, thither dfo ihould the 

Beedie turn, as to the greater quantity of magnetical mat- 
wr. This opmiohfeems to have been Tong laid &de; by- 
bm conrent; for iome t fter ‘mthe &afk of Brazil, the 
heedk, inff e‘ad of being ed by the Lland, turned quite 
another way. Do+&or Gilbert’s book contains a number of 
curhrPs+experiments, but fii? he was a firanger to the varia- 
tion o€ the variation, for he aKerts V a d i o  uniu&jus q; 

is to fay8 the variation of every place is 

,”h the- 1613, in’his book called 
:= Magnetical AdVertiSements” gives a number oE experi- 

ments 



Do&or Gilbert's. 

BANCIS Bacqn, my vifmunt St. Albans, & 
lord. high -ch , is, confider-. . I 

ed.with propriety as the father of that valua 
of philofophy, foqnded on fa& and obfervation: the,y 
that record his failings, li who have obferved fpots 
in tbe.fun, sei his real brightnels, 
nor deny the he acquiwd in the, 

He began early in life to perceive 
that ufcful knqwledge muit %e' founded on the rock of ex- 

e fubitantial materials than 

'world of fcknce. 

vr 
this his own genius, aided by a fin 
have been his principal preceptor. 
tl;LiS foungaitiaa could nQt make a fudden general "revolu- 
fion ita the~hamc=B wmfd;but its plrogrefs, like 
.quiet, QQW, and iinre,, bas at length P ~ Q V  

kis caunt;rymen, 
his notions, and, proceeded on his plans; 
miurn$ ; 50 pars over.& long lilt of * 

a!. 
/ 

tion 



viii I N T R O D U C T I O N .  
tion of the variation, yet as it was difcovered by that mode 

e no doubt con- 

recorded by Norman and Borough to have been forty-two 
years before. This difcovery of -the change of the va- 
riation has hitherto been attributed to Henry Gellibrand, 
profeffor of aitronomy and fucceffor to Gunter in Grefham 
College ; but Profeffor Gellibrand himfelf in Bf- 
course Mathematical, on the variation ofthe magnetic' Needle," 
publified in 1635, gives us the variation as obferved both 
by Borough and Gunter ; and as the latter found it to be 
50 2' lefs than the former, it feems that Gunter firfi obferv- 
ed this alteration. No doubt Profeffor Gellibrand firit 

to the world this variation of the variation, for he 
quaintance of -his, applying Gunter's own needle 

to the fide of the cubical itone of the king's dial, in White- 
hall Garden, he could not find it fo great as was obferved 
by Gunter : they went to- Diepford (or Deptford) in 1633, 
the day of the fun's entrance into the fummer folftice, and 
found it much lefs than 5" eait ; and at the fame place, on 
tlie 12th of June 1634, by the mean of nine azimuths, the re- 
fraAion allowed for, the variation was 4" 1'.53" eafi. The fa- 
mous Fontinelle, perpetual fecretary of the Academy of Sci- 
ences at Paris, in his Hifiory of this Academy, has fignified 

ffendi, royal profeffor of mathematics in 
e principal difcoverer of this property. 
of the moil &lebratea literary charaaers 

France 
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roduced, he wrote againfi- 

meditations of Rene Des Cartes, the author of t 
fyitem of the univerire, and divided with that great mah 
the philofophers of his time, almofi all of whom were 
Carteiians or Gaffendians ; however, we read in the Cyclo- 
pedia, wider the article Variation, ‘ that GaKendi himi‘elf 
acknowledged he had before received information of Gel- 
librand’s obfervations. 

, .  

DES CARTES alfo attempted a theory of the magnetic 
variatipn : he hppofed the iron and loadftone, hid in the 
bowels of the earth, and the bottom of the fea, might be 
the caufe of’ the variation of the needle. A plaufible hy- 
pothefis is fometimes more arnufing to the imagination 
than the patient and humble method of experimenting, and 
purfuing Nature through all her labyrinths by fa& and 
obiervation.. 1 

DES CARTES has the merit of firk applying aIgkh;a to 
geometry, but his ‘Natural Philofophy, which was pub- 
liked in’the year 1659, has been entirely exploded even in 
his own country, fince it came to be tried by the teit of ex- 
periment. He long enjoyed fo high a reputation that La 
Fontaine, who was the echo of the public voice, fays, in 
ages pait;, when it was fahionable to deify men, Des Cartes 
would.have r*anlted-as much above human beings as man is 
iiiperior to a i  oyiter. 

of r\.Earch 3674, Profeffor Robert Hook, 
giving to the Royal Society of Lodon ,  of which he was a 
member, fome account Of the magnetic variation, only men- 
tioned one magnetic pole ; and concludes by faying, “whe- 

C ‘‘ ther 



-t I N T R 0 R U C T I O  N. 
ther it proceeds 
circle, or any 0th 
.c\rIietIicr' its conc 
time and obfervation mufi makeclear." 

I N  procefs of time it was found that the inclination (or 

'or in a parallel, or great: 
iF  in a curve, 

dip) of the needle was more at one place than another. 
Henry Bond, after making this the fubjett oFhis fiudy for 
many years, publiihed a fmall- treatife on cc the ITzcZination of 
cL the inchatmy Needle." This was ulliered into the world by 
the exprefs command Qf King Charles 11. to whom it was 
dedicated ; and in.this work he publihed tables.of the In- 
clination, called Caroline tables, in honour of Charles, his 
royal patron. The zeal of this author, it ieems, proved' 
ineE&ual; the learned Dr. Haliey, F. R. S .  and Afironol 
mer Royal, fays, that " Henry Bond pretends to calculate 
cc the variation, but he limits his hypotheiis to the city of 
' 6  London ; affirming himfelf, as he had a great deal of rea- 
6: ion,. that the fame calculus is not fufficient for other 
cc places; whereby it appears this rule is far ihort of the to 
6' lnuch defired general one.:' Bond's theory difagreed 
widely with obfervation in another infiance ; for Dr. Halley 
remarks that, at the entrance of Hudfon's Bay. and the 
mouth of the river of Plate, beingnearly under the fame 
meridian, at one place the variation in his time was 295 de- 
grees to rhe weR, at the other zo$ degrees to the eaft; he 
fays this plainly demonfcrates the impofibility of reconcil- 
ing thefe variations by the Theory of Bond; for, had .it 
been a true one, under the fame meridian the variation 
ihould be in all parts of ,it  the fame way. The fame Dr. 
Halley, who made Eo many red improvements in fcience, 
fpent much time in trying to afcertain the laws of the mag- 

ne tic- 



Cory of the magnet, in which he rn 
c5 The whole globe of the earth& one great magnet, having four 
cc magnetical poles, or points of attra&ion;inear each pole of 
'' the equator two; and that, in thofe,parts of the world which 
'( lie near adjacent to any one of thefe magnetical. poles, the 
cc ntedle is governed thereby, the nearefi pole being al- 
$6 ways predciminant over the more remote." Although 
Dr. Halley's firit theory was favourably received at hoine 
and ab&ad, he was foon fenfible of feveral infurmountable 
difficulties in it, It is plain that the magnetic poles are not 
fixed, but"moveabke, as appears by the great changes of the 
needle's direkkion. In England, where this dif'cover y was 
mad;, ,the direation of the needle has changed no lefs than 
33 degrees in 200 years. Dr. Halley, probably confidering 
the difliculty of forming any fyltern without a number of 

to government in the reign 
hiskatter was confidered in 

fo favourable a point of view, that the command of the Pa- 
ramour Pink, one of the h ips  of the royal navy, was given 
to Dr. Halley, with orders to leek biobfervation the difco- 
very of the rule of the variation *of the compafs. He fet 
fail the firfi time, on the 20th of O&ober 1698, for she 
fouthern hernifphere, and continued the voyage with great 
rpirit until a difpofition for mutiny was difcovered by the 

der among his men ; be then bore away for Barba- 
rder to exchange them ; but this being irnpofM.de, 

at that time and place, he returned to Great Britai& where 
he arrived in Junk ~699. 

' H ~ V ~ N G  got his lieutenant tried and caihiered, I1e fet 
fail, the fecond time, in September following : he now tra- 

c 2  vcrfed 



xii - 3  N T ' R ' O  D U C T 1'0 N. 
veifed the vait Atlantic ocean, in which he failed to the fifti- 
eth degree of fouthern latitud 
defer-es to lie remembered 
antient Grecian. princes, the 
condi& of Jafon, went t6 col 
from, thence. Dr. Halley made magnetic obfervations at 
Brazil, St. Helena, Bai.badoes, Bermudas, Newfoundland, and 
other places on land and fea. He arrived-in England in Sep- 
tember I 700, and the next year publifhed a chart on Merca- 
tor's projeaion ; which will preferve his name longer than 
brnfs or marble. This was done by draiving lines through 
thofe parts where the variation was equal ; but his obferva, 
tions were by no means univerfal. Dr. Halley now fatif- 
fied his firfi theory would not bear the teit, communicated 
his fecond. to the Royal Society' under the following 
appellation : cc An- Account of the . C a f e  of. the Change 
'<of the Variation of the magnetical Needle, with an 
c c  Hypothefis of the Stru8u-e of the internal Parts of the 
cc Earth." 

IN this paper he fays, cc there difficulties had wholly made 
me defpond,' and I had long fince given over an enquiry 

'< I had fo little hopes of, when in accidental difcourfe, and 
:' leait expeaing it, I. Rumbled on the following hypotheirs. 
cc The external parts of the globe may weli be reckon- 
'' ed as the hell, and the internal as a nucleus or inner 
6c globe included within ours, with a fluid medium between, 
" which'having the fame common centre and axis of diur- 
'' nal rotation, may turn 'about with our .  earth each 
" twenty-four hours ; only this outer fphere. having its tur- 
6 c  binating motion fame fmall matter either fwifter or 
6g flower than the internal ball : And a very minute differ- 

2. '' ence 
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cc enGe i 
66  knfible, the internal parts will by degrees recede from the 
c C  external, and not keeping pace with one another will ap- 
'' pear gradually to move either eaftwards or wefiwards by 
'' the difference of their motions." 

of time, By many 

DR. HALLEY fiippofies the fixed poles are the poles of this-. 
external fie11 or cortex of' the earth, and the other two the 
poles of a magnetical nucleus, included and moveable with- 
in the other; and finally Dr. Nalley concludes this mo- 
tion is wenward. 

bition of the magnetic influence inoving 
Uey fuppofed, the two magnetic points 

will be fuund to move from weft to eafi ; the northern one 
quicker, and the fouthern flower, than the earth ; fo that 

the northern magnetic point is 
paren ion o$' the fouth- 

,ern magnetic point is from eait to' 

. SINCE Dr. Hallefs chart was publilhed, the greaten part 
of a century has paired, affording many obfeervations. 1 
hope to prove clearly, in the following work, by calcula- 
tions from the aaual obfervation from which Dr. Halley's 
chart was conitru&ed, 'and from others, that two magnetic 
.points alone, not diametrically oppdfite to each other, are 
fuffieient to account. for the fingular figure of the lines 
pafing through the points of equal variation : if fo, it will 
appear unphilofophical to fuppofe more magnetic points 
than are abfolutely ne'ceffary to.  account for the pheno- 
mena. 

T H E  
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THE quantity of the variation being in a itate of f l ~ h a -  

ace it changes, tion throughout th 
at one time quick, 
fiationary, and then retrograde ; at the fam 
a t  places, there is the fame varieky of c 
fpace of forty years the lines, laid down by Dr. Halky, 
were p w n  entirely ufelefs ; for want of a knowledge ofthe 
principles of the variation, other charts could not be con- 
itru&ed without a multitude of obfervations. William 
Mountain and James Dodfon, Fellows of the Royal Society, 
undertook to renew the chart of Dr. Halley, and receiving 
the,afifiance of the coxnmifioners of the navy, and OF the 
dire&ors of the Eafi India, African and Hudfon's Bay corn- 
panies, they obtained leave to perufe the jaurals of thofe 
kariners who were under the direaim of each refpe&ive 
body; frrim which the charts were republifhd for 1744 
and 1756. From the great number of obfervations in their 
'poffeffion, they doubted not at firit of being &le to draw 
lines reprefenting the variation at the hur different periods, 
1711, 1722, 1733, and 2744; and thence, by analogy, to 

. have performe'd' the fame for 1755 ; but they foon found 
the impraaicability d this fcheme, as they themfelves ac- 

' knowledge, experience having painted out to them the ir- 
regular mutations of the variation. ASy expehxtion be- 
fore retained of reconitruainff a new fet of lines, by analo- 
gy, foon vaniked ; and they were obliged to purfue their 
'tedious method of proceeding, by colleEting the graateit 

number of obfervations : thus they were enabled 
of forne and rejeEt others ; accordingly, as they 
fkd ta he fipported or not by cQpcurrent tefii- 

inony, md from thence to draw lines reprefenting the va- 
riation. at that tlme, they alfo publifhed charts of the fame 

kind 
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not being conRru&ed by 
obfervations made by various captains of hips, the dif- 
ferent methods of obferving the variation, together with 
the uncertainty of the fituations of places where the obfer- 
vations were made, thefe charts cannot be expeaed to be 
true in every part, any more than Dr. Nalley ’s chart, which 

founded entirely on his own obfervations. Dr. 
imfelf feems not to give them as erne, as well for 

want of a fufficiGnt number of obrervations, as principaiiy 
becaufe many of the oblervations, upon which his chart was 

for 1756 ; but thofe 

ng before the epocha of 1700. 

IT feeins alfo as if Mountain and Dodfon would repre- 
rent in their charts, at one particular time, both more anci- 

an one as the former errors, to which the obf‘ervations were 
fubje&, could never admit; notwithitanding, it mu& be 
allowed thefe feveral charts, under all the difadvahtages the 
authors were then fubjea to, mufi have been highly ufeful 
in the art of navigation, efpecially for Aeering the courfe of 
a kip. 

ed by Edward Hawkfley; in, 1745, 
oles’ to be two points’ diametrical- 

ich he fays, the correfpondent points 
. This d&sine was advanced 

by-Henry Bond in the lafi century, but proved by Dr. Hal- 
ley to bc’errcmeous; for, if Bond’s and Nawkfley’s projeas 
had been founded qn jufi  principles, under the fame meridi- 

an, 
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,an, the variation fhould he fame way; 
which is-certainly ver ecaufe, it has 
been already mention meridian, the 
variation at one place was 293” wefi, and at another-place 
2040 eaft. 

THE diurnal variation, obferved by Graham, Canton, and 
I others, froin aCtual experiments, feems reducible to certain 

fixed laws ; iherefore, this variation will hardly ever ope- 
rate againit the fuccefs of the prefent plan. 

PR o F E s s o R Leonard Euler’s Memoir on the magnetic 
variation was publiked among the memoirs of the Royal 
Academy of Sciences and Belles Lettres, at Berlin, for. the 
year 1757. Several of the Encycbpzdiits have attributed 
this to one ofhis Cons; Come to his eldefi fon, John Albert 
Euler, knight of the orderof St. Vladimir, and fecretary to 
the imperial academy at Peterfburgh, his furname only 

ed to the- memoir, fuch a miflake might readily 
t the princefs of Dafchkaw, who now fills the 

father’s place, as prefident of the imp.eria1 academy of Sci- 
ences at Peterfburgh, in one of the letters which h e  has 
favoured me with, dated 3 lit of January 1792, .fays “ the 
cc author of that Memoir, Recherches fur la Diclinafon de 
6~ I‘AiguilZe aimantie, in the Memoirs de I’Academie royaZe des 
‘ 6  Sciences de Berlin, is the famous Leonard Euler, father to 

him who is now fecretary to our Academy.” Profeffor 
Euler’s objeEt is to hew, that there are but 
poles, and , thefe poles not diametrically 
places of there magnetic p 
culation, but rather gue 
occupy, to produce the Halleyan lines. 

e does not determine by cal- 
he fituations they ought to 

Thefe elements he 
varies 



I . xvii 
number of times, as folhvs, to try  which ~.vill befi 

agree with the fiape of the Halliyan lines : he fuppofei the ' 

diftance between the arktic pole and the magnetic pole to be 
either 15O, 140 55/, 14O, or 17". 

THE diitance between the *antar& pole and t h  mag- 
netic pole to be either 25O, 29" 23', 3oe, 35", or 40". 

THE angle at the north pole, formed by the meridians 
pafing through the two magnetic poles, he fuppofes to be 
either 40°, 45", 53" 18', or 63O. 

IN Profeffor Euler's preface he remarks, that all. thok who 
undertook this fubjeEt were foon obliged to abandon it, ,013 
account of the unconquerable difficulties which they met 
with ; the principal caufe was not fo much in the itrange 
figure of DL Ha , which are hardly capable of be- 
ing explained by in geometry, as in the perhafion 
which they had adopted, on the authority of Dr. Halley, 
that the phenomena of the magnetic variation were caufed 
by four magnetic poles. 

ONE of the reafons why the Halleyan Iines were fo diffi- 
cult to explain by the rules of geometry, is, becaufe Hal- 
ley's chart is laid down on Mercator's (or Wright's). projec- 
tion ; now the degrees of longitude being known to-grow 
horter on the globe, in proceeding from the equator to ei- 
ther pole of the earth, this projeaion caufes the degrees of 
latitude to increafe on the chart, as the degrees of longL 
tude diminiih on a globe : by thefe means the continents 
are itrangely diitorted ; and although particular places 
preferve nearly their proper bearings from each other, 

D the 
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the relative magnitudes of iflands, if fituated in different 
latitudes, are entire19 de n the prefent projdtion 
tlhe magnetic meridians anewpkn, and very dif- 
ferent from Dr. Halley’s : t h ~ y  are‘ fo confiru&ed .ti& they 
rorm curves truly geometrical, and come within the mofi 
s-j;jgid rulesoof .cdlcuiation. 

,Pposrsso~ EULER fixes neither the latitudes, the longi- 
tudes, the revolutions, nm courfes of the’ magnetic poles ; 
neither does it appear that he propofed to difcover the ion- 
gitude by the magnetic variation. Moreover, what P r o k g  
or E d e r  calls magnetic poles, I have taken the liberty to call 
magnetic points ; giving the-nanie of magnetic poles to - t h e  

agnetic equator.. 

IN ’Profeffor-&der’s remarks, at the latter end of his Me- 
moir, he mentions the uncertainty in which he fiill remained 
refpelking the true poiition of the magnetic poles. I think 
.I may ‘fafely affirm, that, if she places of the magnetic points 
had been truly calculated, there would have been fuch an 
agreement between the obfervations and calculations, as 
appears in the fequel. 

THE lait paragraph of Profeffor EuIer’s Memoir is enti- 
tled, Hy$oth$e : his conjetture is, that the magnetic poles 
moved from eafi to weft. Contrary to this opinion, I hope to 
prove by calculation, that both magnetic points move round 
the poles of-the earth, from weft to eafi; the northern one 
quicker, and the fouthern flower than the earth ; therefore, 
the apparent revolution of the northern magnetic point is 
from wefi tu ea&, but the apparent revohtion of the fouth- 
ern magnetic point is from ealt to weit. However, i t  is uni- 

verf‘all y 
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1Ey admitted, that Profeffor 'Euler mdended his re- 
fearchs on this fubjea far beyond all his predeceffors; but, 

~ as many of the principles were left unexplored by him, he 
could not apply them to the difcovery of the longitude, 
No wonder, for his biographers lament that his Memoir om 
the Loaditone,. that of the Propagation of Sound, the Laws 
of Cohefion, and thofe of Pribiion, although fubje&s of learn- 
ed calculations, were fupported, unfortunately, by hypo- 
thefis, rather than by experiment. In  addition to what Pro- 
feiror E d e r  wrote on the fubjeti, it feems abfolutely neceffary 
that all the following elements lhould be well. underitood : 

. ^  

I .  THB -tu f the curves formed by the magnetic 
meridians. 

2. THE periods of revolution of the'two magnetic points, 

3. THE true 

4. THEIR latitudes.. 

5. THEIR longitude from h n e  meridian for the p r a  
fent time. 

6. A S E T  of tables of their fituation for any paR or fu+ 
ture period. 

7. A s E T of rules, for applying all thore principles andT, 
materials to ufk 

WITHOUT an accurate lrnowledge of all there elements, 
Profeffor 'Eulercould not be fuppofed to apply the magnet 

B 2  tQ 
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to the difcovery of the longitude; neverthelefs, this great 
man feems to h iitant profpea, that this would 
one day be the cafe; for the Princefs of Anhalt-DeKau, 
having an uncommon tafie for knowledge in natural philo- 
fophy, applied to Profeffor Euler, and received leffons from 
him, which -were originally written in German, and after- 
wards publiihed in French, at Berlin, in the year 1775, un- 
der the title of cc Lettres 2 une Princeife D’Allemagne, fur 
v divers Sujets de Phyfique et de Philoropliie.” In  thefe let- 
ters, he fays indeed, it is not improbable-that by thefe means 
we may in time, when the knowledge of them ihall be more 
cultivated, be able to determine the longitude in a manner 
beft applicable at fea: though as yet we have, fays he, 
made but fmall advances towards it. 

.AFTER informing the Princefs that the variation at Ber- 
lin, in the year 1761, was then 1 5 O  wefi, he fays, it now 
appears as if it would decreafe, until it cornes.to nothing 
again. This certainly difagrees with obfervation ; for, in 
the report which the Commifioners made, by appointment 
of the Royal Prufian Academy, on my communications, I 
am informed by one of them, that the variation at Berlin, 
in the year 1791, infiead of being lefs than 150 weit, as 
Profeffor Euler fuppofed, it was aaually 1 7 O  32’ wefi ; and 
it will be found, that the variation will itill be much greater 
weitward than it is at prefent at Berlin, before .it begins to 
decreafe. 

PROFESSOR EULER obligingly informs .the Princefs, his 
pupil, that an accurate knowledge of the prefent variation 
-generally, whether eafi or weit, would be a mofivaluable 
acquifition ; .but he kems to defpairof this knowledge ever 

being 
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beiw obtainkd ; and proceeds. to remark; that our know- 
ledge in this part of natural philofophy had not then ar 
ed EO any degree of perfeaion. 

% PROFESSOR EULER gives the Princefs his opinion, that 
iron mines, within the bowels of the earth, caufe this pecu- 
liar direEtion of the needle ; but as it will appear, by caL 
culation, that the revolutions of the two magnetic points are 
unifarrn, I cannot perceive the poffibility of iron mines 
performing regular revolutions through rea and land, a0 
they move round the pules of the earth. 

To ProfeEor Eder,. in particulaf, I hold myfelf under 
many obligations. If he did not arrive at perfeation in the 
doArine of the magnet, he cait much light on the fubjea ; 
indeed there .is fcarcely a fingle branch of mathematical fci- 
ence that has d by his labours. No geo- 
rnetrician eve fo rnanyobjens at the fame- 
time ; none has perhaps ever equalled him in the number 
of his publications, or in the multitude and variety of his 
difcoveries. 

THE labows of Euler will appkar more aitoniihing when 
it is confidered, that, while he was enriching the Royal Aca- 
demy of Berlin with a prodigious. number of memoirs, on 
the deepeit parts of mathematical fcience, which were gene- 
rally prefented in new points of view, interfperfed with 
fublime truths, and.fometimes with difcoveries of great im- 
portance ; he did not ikifcontinde his. phikfophical contr+- 
butions to the imperial Academy~oF.~~teriburgh, There is 
karcs one of his pieces which does not contain fame i q p  
nious view, that may lead to the fuccefsful invefiigation' of 

trtiths 
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truths yet unknown. The.civi1 and literary hitlory of dl 

find in the conv 
folejy occupied in : mathematical and phyfical refiarches 
and difcoveries, fuch an extenfive acquaintance with othel: 
interefiing branches of literature ; his memoirs difplay the 
marvellous fecundity of his genius ; he carried to new de- 
grees of GerfeEtion the- integral calculus, reduced analytical 
operations to a greater degree of fimplicity, and was thus. 
enabied to throw new light on all the parts of mathematical 
fcience : his.Elernents of Algebra, by their intriniic merit, 
in point of perfpicuity and method,, have equally exciked 
applm.de and aitoniihment, 

IT is well known that Profeffor EuIer reduced Sir Ifaac 
Newton's Theory of the Moon into elegant ana 
preflions, of which Tobias Mayer availing himfel 
by- a very fngular addrefs o€ his own, enabled to bring out 
the greateil quantities e equations,. with .eafe and exa& 
nefs ; and thence to c ukt tables agreeing to the Moon's 
motion in every part of her orbit. The board of longitude 
having rewarded Eulel: and Mayer for tlieir fervices, the 
tables were publifhed 1770 by Dt.,' Maikelyne, Aitronow 
mer Royal, who has the merit ,of fir8 planning tbr: Nau.. 
tical Almanack. 

EULER was perfonally knQwn to moil of the Princes in the 
northern ,parts of Europe, who hewed him marks of their 
efieern or m h e r  veneration, which they could not well re- 
fufe to a man, who united the firnplicity'of virtue to a ge- 
nius io vaft and fublime. ; but he never could be prevailed 

upon 



THE author of 'ProfeKor Euler's Eloge fays, that &e! 
whole of his labours coniifi of more than thirty different 
works, publifhed fepaiately; nearly feven hundred me- 
moirs, two hundred-of whi re &poGted at the imperi- 
al Academy of Sciences at Peterfburgh, after *his 'dea 
intended to enrich their futuxe colle 

r *  
I .  i 

ys,. is &e.. fweekfk kind of mufic, as 
age, he long enjoyed a concert of that 

kind. His death was confidered as a public lofs : the Aca- 
demy of Peterburgh appeared formdly in mourning, and 

was placed in 

whom I hold myfelf under many obligations, €or feveral 
valuable -communications. \ 

IN the year 1766 was pubIiihed, at Worcefier, cc A brief 
(' Theory of the north magnetic Pole." The author, as he on- 
ly attempted a theory of one magnetic pole, feems to fall 
far fhort of perfeaion; for if the needle was influenced 
only by a northern magnetic pole, the fouth end would 
have a direaon to &nother point diametrical1 
that cafe the lin f no variation wbuld coincide with a 
meridian of the earth : but $this( would in no wife agree 
with obfervation, and would in every refpea be fubj& to 
the fame objeaions as Dr. Halley made againfi Bond's 
theory, in the begining of the prerent century ; for, if this 

2 theorv 
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theory had been 
var i a t isn would 
well known not 

,‘c Ele&ricity,” b 
maker. to his Majeffy, is‘.well known, being publifhed in the 
year 1787. At the latter end of this we are given to under& 
itand, that the. cc powers ofgenius, which have been hither- 

to employed in profecuting this fubjeEt, have not been 
‘ I  able to frame an hypothefis that will accouut, in an eafy 

and fatisfaao er, for all the various properties of 
cc the magnet, ut the links of the chain which con- 

net% it with the other phenomena of the univerfe.” 

’.IT does not appear that Samuel Dunn ever favoured the 
world with a publication of the principles of his formerly 
luppofed theory of the magnetic variation ; his New Atlas .s the Mundane SyJenz, or Of‘GeogaPhy and Cojimography, 

vcns and ‘Earth, &c* was publiihed in 
fplendid work he fays, in page 16, cc This 

compafs is occafioned by the aAion of 
‘6 certain powers in the magnetic ijritem, whofe laws are 
gC not yet fully difcovered ; and therefore but few conclu- 
ac fions can be drawn concerning the do&rine of magnetic 
‘6 variations, and thofe mufi be deduced from obfervations 
cc and experiments.” 

IN a differtation on cc  the Elements of Navigation,” pub- 
lifhed 1780, by John Robertfon, fate librarian to the Royal 
Society; we are informed, cc the laws of the variation kern 
‘‘ to have hitherto eluded all our refearches.” 

IN Gibfon’s Philofophy we are t d d  what the variation 
was 



66 time and obfervation mufi only determi-ne.” 

A Treatqe on Magnetijm, in Thcory and PraRice, with 
oi-igianat Experiments, by Tiberius Cavallo, F. R. S. is very 
well fpoken of 1 it treats mol-e on experimental magnetifm 
than the magnetic variation, and contains many curious ex- 
periments well worthy of perufal. In page I i 2 the author 
remarks, that ‘( no Theory yet offered has been fufficient to 
‘‘ foretel, with certainty, the variation of the needle for any 
‘ 6  future periodof time y place diffant from thofe 
‘‘ in which obfervatioris frequently made.” In page 
324, in fpeaking ofthe different hypothefes, he fays, nki- 
ther have their prediaions anfwered, nor were any of them 
founded upon evident principles. In this celebrated work 

ky Dr. Lorimer, whofe 
; in the lait ca 

prefents it almofi irnpoifible to form a true theory, and fays, 
6c however, as this is a fubjee of vafk importance to man- 
&( kind, principally for the improvement of navigation, I am 
6~ far from meaning to difcourage its being properly examin- 
cc ed ;  but only think it necerary to put all the apparent 
66 difficulties before the eye of the refolute adventurer in 
66 this field of intricate and difficult invefiigation.” 

NO T W rTH s TAN D I K G  Nicholfon3 Philofophy teaches US 
that the effeEts of magnetifin are obferved with furprife and 
admiration, while the m ~ i t  cautious confefs that -the caufe 
5s entirely unknown, the fame author in Vol. 11. page 329, 
fays, he knows from experience, that the magnetic varia- 
tion may be eafily obferved, in moderate weather, to the 

E L  certainty 
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certainty of a lefk error than ten minutes : if fo, there 
will be but little difficulty in finding the longitude 
by the magnetic variation. The‘variatiori of the &m- 

‘ pars is certainly of that great concern in Navigation, that 
the want of a true theory has heretofore done little 
than rendered ufelefs one of the moil noble inventions man- 
kind ever attained to. This is a fentiment that has often 
been expreired by different writers. 

THE fifth volume ” H @ o k  Nuturelte des Miniraux” of 
Comte de Buffon, .was publilhed at Paris in 1788 : This 
work contains a multitude of magnetic obfervations made 
by many circumnavigators ; but the author fay’s, i t  does 
not feein probable that we fiould, by any former obferva- 
tions; however numerous and repeated, be .enabled to fix 
on any precife fyflem for the  progrefive and retrograde 
motion of the needle ; neverthelefs, when the principles 
ire properly underhod, their fimplicity will appear evi- 
dent by the following calculations .and demonitrations, 
founded on aatual’ obfervations. 

THE Hydrographer to the Duke of Ciarenee, in page 
i6.5 of his book, entitled, 6 c  The Prattical Navigator and 
c c  Seaman’s New Daily Afiftant,” publiihed 1791, in treat- 
ing of the Variation of the Compafs, fays, “ the true 
6‘ CaLife and theory of which has not yet been difcovered.” 
An idea of the value of this work iiiay be formed by its ex- 
tenfive circulation, 

SEVERAL of the Encyclopedifis, in their late fpkndid 
editions fay, whether the magnetic poles move alto- 
4~ gether with one motion, or with feveral, whether equal- 

“ ly 



nequally, whether circular or libratory ; if circu- 
ut what centre; if libratory, after what man- 

6‘ ner, is unknown.” 

AFT E R having feen the preceding difficulties painted in 
fuch high colours, it may appear bold in me to purfue this 
fubje& ; yet the encouragement I have received has led me 
on fiep by itep, and I hold myfelfparticular.$ indebted for 
the magnetical: obfervations ,ipubliihed in &he Voyages of 
Captain Cook. The learned Dr. Andrew Kippis, in his ac- 
count of the li.fe of that renowned navigator, writes as if he 
had a clear profpekt of the advantages that would arife 
from his obfervatizns, “ in determining the caufe and na- 
66 ture of the polarity of the needle:’ 

THE cr MeteoroIogical Obfervations and Effays, by John 
cc Dalton, Profeffor of Mathematics and Natural Philofo. 
66 phy, at the new college of Manchefier,” makes mention 
of the relation between the Aurora borealis (northern lightsj 
and whathe cdls the earth’s magnetifm. 

THE advertifemeats, concerning this work, jufi before it 
made its appearance in 1.793, annaunced his difcovery of 
this relation to be original, the author not knowing that any 
other writer had publified the molt diltant intimation thereof; 
but, before his book was printed, Profeffor Dalton acknow- 
ledges, with candour, that he had feen a paper, by an ano- 
nymous author, printed in ape-riodical publication for May 
E 792, entitled, “ Mathematical, Geometrical, and Phihjophi- 
6% tal Delights;” in which the faid anonymous author men- 
tions fom&ing to the fitme purpofe, 

E2 I M U S T  
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I M U S T  here beg' leave to refer the reader to my own 
three Ietters defcribing fully this relation. They were 
addreired to Count de Cafini, direeos of the soya1 ob- 
fervatory at Paris, and publifhed in tlie city of PhiIadel- 
phis, in O&ober 1788, in a periodical publication, entitl- 
ed, the '6 American Mufeum" this was feveral years prior 
to the paper of the faid anonymous author. In the 
firfc of thefe letters, the rays of the northern lights are 
clearly defcribed to agree witb the magnetic meridian ; for 
when the northern magnetic point was lait on the fame fide 
of the earth as England, the northern lights were very fre- 
quent in that kingdom for many years, until they gradually 
difappeared ; fince when, and while the northern magnetic 
point was in the oppofite fide of the Earth from England, 
tlieywere invifible in England for a confiderable time. Some 
of the lait that are upon record, as having appeared there 
before thofe of the prefent century, are thofe of January 
30th 1560, Oliober 7th 156q, and November 14th and 15th 
1574. According, to Rowning's Philofophy, vol. S. page 
243 ; aker a Iongabfence, a fmall one appeared in Ireland, 
November 16th 1707 ; another appeared in England, Au- 
gufi 9th 1708 ; a remarkable one appeared there alfo March 
16th ~715-16;  they have been, and itill continue to be, 
very common in Great Britain ever fince ; and the nigher 
the magnetic point comes to the meridian of any place, the 
more frequent thefe appearances are. 

1 N T R 0 D U C T I O  N. 

DR. John Reinold Fofier, F. R. S .  in an account of 
his voyage round-the world, remarks that, although he and 
others, in company with Captain Cook, hail fpent feverat 
different fefeafons near the Antar&ic Circle, yet they never 
faw the Couthern lights (Aurora AuRralis ;) but in the year 

7 739 2 



I N T R o  C T I O N .  xxix 
1773, being then between the latitude of 58" and 60° fouth, 
their appearance, on feven different nights, was mu& 
the fame as thofe of the northern lights. 

THEY faw the Southern lights on February 18th, 19th 
zoth, 21ft, and 26th ; alfo on March 15th and 16th. 

IT is remarkable, althopgh Dr. Fofier did not mention 
it, that the obfervers of thofe fouthern lights were not 
more than about 13 degrees of a great circle from the 
place of the fouthern magnetic point. 

BECAUSE Dr. Fofter obferved thefe fouthern lights at 
the aforefaid places, feveral writers have concluded that 
they were vifible in every part of the fouthern hemirphere. 
1 confider that conclufion to be contrary to obfervation ; 
as the ibuthern lights-are not mentioned by Dr. Fofier 
to be vifible, except on the fame fide of the earth which 
the fouthern magnetic point is now found to occupy. 

THE 
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T H E  

M A G N E T I C  A T L A S ,  @c. 

-% I H A- P. I. 

D E F I N I T I O N S  A N D  C O R O L L A R I E S .  

DEFINITION I. 
whiah’give an univerfal direoion to the T magnetic needle, and reprefented in the fphere drawn round 

the centre C, fig.. 1. may be termed magnetic points. 
DEF.  11. That magnetic point D, which is fituate in the northern 

hemjfpherp, at a certain difiance from the north pole of the earth, may 
be called the northern magnetic point. 

DEF.  III. That magnetic point E, which is fituate in the fouthern 
hemifphere, at a certain difiance from the fouth pole of the earth, 
may be called the fouthern magnetic point. 
DEF. IV. The half of a great circle, drawn from one pole of the 

through any given place, is the terreitriai meridian 

DEF. V. All the.curves which meet in the magnetic point, on eitllcr 
of the cllarts, are the magnetic meridians. 

DEP. VI. The angle contained between the magnetic meridian, and 
the meridian of the earth, in any place, is the variation of tlie coni- 
pars for that place. 

HE two poin 

DEF. vu. 
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DEP. VII. The time in which either magnetic point revolves round 
the pole of the earth, from a conjunAion with any fixed fiar, until its I 

return to the fame again, its fidereal, or real, revo- 
lution. I 

DEF. ~ 1 x 1 .  The time which either magnetic point requires, from 
jts leaving any one meridian of the earth, until its return to the fame 
zgain, may be termed its periodical, or apparent, revolution, 

DEF. IX. A line drawn through the different parts of the globe, 
where the magnetic needle points due north, is the line of no va- 
riation. 
COROLLARY. I. The line of no variation changes its place as the 

two magnetic points change their places. 
COR. 11. The line of no variation alters its curvature in propor- 

tion to the different pofitions of the two magnetic points. 
COR. 1x1. Whenever the two magnetic points are neither on the 

fame, nor on oppofite, meridians of the earth, then thofe parts, where 
a meridian of the earth makes a tangent to a magnetic meridian, there 
the line of no variation paffes. 
DEF. X. A point G, diametrically oppofite to the fouthern magnetic 

point E, may be termed the northern magnetic nadir: 
DEF. XI. A point H, diametrically oppofite the northern magnetic 

point D, may be termed the fouthern magnetic nadir. 
COR. 1. If the two magnetic points were at equal diftances from the , 

two poles of the earth, and on oppofite meridians, they would be dia- 
metrically oppofite to each other. 
COR. XI. If the two magnetic points were diametrically oppofite to 

each other, the magnetic meridians would all be arches of great 
circles. 
COR. 111. As the two magnetic points are neither at equal diffances 

from the two poles of the earth, nor at prefent on oppofite'meridians, 
they are not diametrically oppofite to each other. Hence none of the 
magnetic meridians, except the firit and the lait, are arches of great 
circles. 

C O R -  IV. The difiance between the magnetic points 2nd the mag- 
netic equator i s  different on different fides of the globe. 

DZP. xIr. 
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DEF. 

from an 
dirs, will be the magnetic equator. 

DEF. XIII. Thofe two oppozte points LM, fituate ninety degrees 
from the magnetic equator ICK, are the poles of the magnetic 
equator. I 

COR. I. The magnetic equator, as well as the firfi andlait magnetic 
meridian, continually changes i t s  place. 

COR, 11. The magnetic equator divi the globe into two equal 
parts. 

COR. 111. Every circle, dividing the globe into two equal parts, is a 
great circle. 

COR. IV. Every great circle has two poles. 
COR. V. The two poles of every greatcircle are diametrically op- 

pofite to each other. 
COIL VI. Hence the two magnetic poles, being dinin& from the two 

magnetic points which influence the direaion of the needle, are nothing 
more than the poles of the magnetic equator. 

DEF. XIV. A rightii om one magnetic point to the 
other, may be called the 

DEF. XV. A right line LCM, drawn fro 
other, may be termed the magnetic polar axis. 

DEF. X,VI. A right line GOH, drawn from one,magnetic nadir to 
the other, may be called the magnetic nadir axis. 
COR. I. The magnetic polar axis, and no other, paffes through the 

centre C of the earth. 
COR. 11. The magnetic polar axis is equally diRant fi-om and be- 

tween the magnetic pointer axis and magnetic nadir axis, all of which 

great Circle ICK, drawn every way equally &itant 
een the two magnetic points and the two magne 

. 
- -  

. COR. IV. As the two magnetic points move with unequal velocities, 
the.dikance between the magnetic pole and the magnetic point under- 
goes a continual alteration, 

F 
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DEF. X V I I .  As the magnetic equator divides the globe into two 
equal parts, for difiin&kion, one half may be called the northern,-and the 
other the fouthern magnetic hemifph 

COR.  I. I n  each magnetic hemifphere the magnetic pole is, at any 
given time, equally diitant from the magnetic point and the magnetic 
nad;r. 

DEF. XVIII. A magnetic needle, fufpended on a pin paifing 
through its centre in a horizontal direfition, is a dipping needle. 

COR. I. Magnetic powers of equal force having equal influence at 
equal difiance, as the magnetic equator is equally difiaM from each 
magnetic point, if the dipping needle itood horizontal on the magne- 
tic equator, this would prove the influence of each magnetic point to 
be equal. 

COR. 11. If the influence of each magnetic point were equal, the 
magnetic meridians would all be circular curves. 

COR. 111. If  the magnetic meridians were all circular curves, -they 
might be confidered as arches of regular polygons of an infinite num- 
ber of fides, and the horizontal needle would always reprefent one of 
there fides. 

COR. IV. Although none of the magnetic meridians, except the firit 
and lait, are circular curves, the horizontal needle makes always a tan- 
gent to the magnetic meridian. 
COR. V. I n  the northern magnetic hemifphere the dipping needle 

gives iiorth dip, and fouthern fouth dip, proportionaIly to the diitance 
from the place where it fiands horizontal. 

DEF. XIX.  T h e  difiance between the northern magnetic point 
and the lrorth pole of the earth, may be called the north polar di- 
fiance. 

DEF. XX. The diitance between the fouthern magnetic point and 
the fouth pole of the earth may be called the fouthern polar difiance. 

DEF. XXI. An arch of a great circle DICE, pa&g from one magne- 
ti; point to the other, through each magnetic nadir, and from which all 
the other magnetic meridians are numbered, may be called the firfi 
magnetic meridian, 

DEF. XXII, 
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DEF. XXII. T h e  oppofite arch, DIE, of the fame great circle, 1800 

from the firA, may be called the lafi magnetic meridian. 
DEF. XXIII. Lines drawn through thofe parts of the earth, where 

the magnetic variation is equal, after the manner of Dr. Halley, are 
called Halleyan lines. 

DEF, XXIV. The mean time taken by the fun, from its lealring one 
meridian of the earth, until its return to the fame again, being 24 
hours, as the mean time of the rotation of the earth on its axis 
from weit to eafi is determined and known to be 2311, 56' 4'1, this laR 
mentioned time is called a fidereal day. 

. S O L U T I O N  OF P R O B L E M S .  

PROBLEM I. 
, & i- 

- *  

AvING the latitude of the place of obfervation, the Variation of H the compafs, and the longitu'de of the northern magnetic point 
given, to determine the north polar difiance. 

IN the beginning of the year 1794, the firft. magnetic 
meridian pafing near the Royal Obfervatory at Greenwich, which is 
in latitude 51" 28' 40'' nbrth, the variation of the compafs was there 
230 56' weit, the longitude of the northern magnetic point being 
I 35" weit. 

Example. 

- - As radius go" ' - - , 1o.ooooOOO 
1 s  to fine of the latitude 51" 28' 40" - I 9.8934 120 
so is tangent of variation 230 56' 

L .I 9.6472211 

3 9.54063 3 7 
TO co-tangent of a 4th number 70° 51' 3'' - 9.5406337 

F 2  As 



PROBLEM 11. 

HAVING the latitude of the place of obfervation, the north polar 
difiance, and the longitude of the northern magnetic point given, to 
determine, by calculation, the variation of the compafs. 

Example. THE Royal Obfervatory, at Greenwich, being in latitude 
51" 28' 40", in the fpherical triangle, ACD, plate I. the north po- 
lar diitance, AC, by propofition the rn, being 30" 55', the compli- 
ment of the latitude, AD, being 38" 31' 20'1, and the longitude of 
the northern mag ic point being 1 3 2  weft. 

North polar difiance 30" 55' 
Compliment latitude 38" 31' 20" 

Sum 69" 26' 20" 

=30° 55' 
-38" 31' 20" 

dif. 7" 36' 2011 afigle CAD 135" - 
5 Sum 34" 43' 10'1 $dif. 3" 481 iott $angleCAD 67" 30' 

9.75 5 5 1 

Is to fine 2 their difference 3" 48' IO" - - 8.82 1.34 
As fine + fum of the two fides 84" 43' 10" - - 
SO is co-tangent 3 angle CAI) 67" 30' - - 9.61722 - 

18.43856 
To tangent 3 fine other two angles 2 O  46' - - 8.68305 

As 

- 
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- 9.91486 co-fine $fum of 2 fides 34" 43' iblt - 

- * .9-9,9904 * 
1s to co-fine $ difference 3" 481 io" 

9-51702 

19.6162 6 
970'40 

So is co-tangent 2 angle CAD- 6 7 O  30'1 - - 

To tangent $ Turn other e angles 2 6 O  421 

- . .  

- I 

' t  

20 46' - - 
23" 56' variation. 

PROBLEM 111. - 

HAVING the latitude of the place, the Iongitude of the northern 
magnetic point, and the variation of the compafs given, to determine 
the difiance to the northern magnetic point from the place of ob- 
fervation. 

Rule lit, ADD the north polar dinan the 
fine of lialf the fum of the angels given, the fine of half their differ- 
ence, and the tangent of half the given fide tqgether, the fum, abat- 
ing radius, is the tangent of half the difference of the fides required. 

ADD the compliment of the co-fine of half the fum of the 
given angles, the co-fine of half their differehce, and the tangent of 
half the given fide together; the fum; abating radius, is the tangent 

half +Turn, 
this will give the $realeR-Ede,- and fubtraa the half difference from 
the half fum, this will givg the leffer fide required. 

THE Royal Obfeerlvatory at Greenwich being in latitude 
5 x 0  28' 40'1, the longitude of, the northern magnetic point being 
about 1350 weit, in the beginning of the year 1794, and the variation 
af the Cornpafs being 23" 56' weit. 

. 

2d. 

the fum of the fides required. 
Ann the half difference of the fide required to 

Example. 

An&? 
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Angle CAD 135" 0'7 135" 0' 
Magnetic variation 

Sum 158" 56' dif. 111" 4' co 380 31' 20" 
79" 28' $ dif. 55" 32' 5 co. lat. 190 151 401' L Sum 2 

corn. of S .  gfum 79" 28' 0.00738 Corn. ofco-S. 4fum 0.73801 
Sine + difference 55" 32' 9.91617 Co-fine $ diff. 9.75276 

. Tan. corn. lat. 19" 15' 40" 9.54309 Tang. $ corn. lat, 9.54309 ~ 

Tangent 16" 19' 9.46664, Tangent 47" 14' 10.03386 

47" 14'+16" 19'=63" 33' the diitance to northern magnetic point. 
47" 14'-16" ig'=30" 55' the north polar diitance as before. 

- 

PROBLEM IV. 

HAVING the latitude of the place of obfervation, the north polar 
difiance, and the diitance to the northern magnetic point given, to de- 

longitude of the northern magnetic point, in the begin- 
ning of the year 1794. 

Exampk. 

North polar diitance 30" 55' 0' Sine 9*71079 
Compliment of latitude I Greenwich 38" 31' hot/ Sine 9.79431 

Difiance to northern mag. point 63" 33' 0' Re8aagle ip.50510 

Sum 132" 59' 20'' 

- 

-- 
2 Sum 66" 29' 40'' Sine 9.96240 

Difiance to northern mag. point 63" 33' 0' - 
Difference 2 O  56' 40'~ Sine ,8.70905 

Reatangle 18,67145 
As 

- 



s. 39 
- I reangle  6ne, 'GA+AD, plate 1. - - 

- - - - - 1s to fquare of radius 
So is reatangle fine 3 Cum 3 fides and difference fide CD 18.67145 

38.67145 
19.16635 

To fquare of co-fine $ contained angle 67" 30' 9.58317 
2 

, *  

Longitude of northern magnetic point 135' 00' 

PROBLEM ' V. 
HAVING the fituation of the-placc-df obfe 

the fouthern magnetic point, and the variatio 
certain time given, to determine the fouth polar diitance, and alfo the 
difiance to the fouthern magnetic point from the place of obfervation. 

The firfi magnetic meridian pafing near to 40" fouth 
nd 30" ea8 longitude from Greenwich, the fouthern magnetic 

point b&g 128' 50' eae from the place of obfervation in the latter 
end of the year 1793, and the variation of the compafs being e10 weit. 

Longitude of fouthern magnetic 

le. 

1280 501 = 1280 
Magnetic variation 91" "Of *( 210 

Sum idgo 50' dif, 1 0 7 O  50' 

Compliment of latitude 50° 
3 Compliment of latitude 25" 
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Corn. of S. of 5 fum 740 551 0.01523 ' Comp. of co-S. 740 554 0.58465 
e 53" 55' 9.7 7009 

Tang. f comp. late 8 5 O  nt 25" - I  . C  9.66867 

Tangent 2 1' rg! 9.59140 Tangent 46" 33' 10.0234 I 

Sine of + diff. 53" 55'- 

- - 
46" 3$&21" 1g'=2g0 14l fouth polar diftance 
4 6 O  33/+21" 19'=67O 52' difiance to fouthern magnetic point 

PROBLEM VI. 
.#z---.-- 

HAVING the latitude oftheplace, the fouth polar diitance, and the 
difiance to the fouthern magnetic point given, to find the longitude of 
the fouth'ern magnetic point, 

Example, 

Sine 
. Sine - 

Sum 529.51397 
Diitance to fouth mag: point 670 52' 

SUm 143" 6' 
- 
- 

3 Sum 71" 33 Sine 9.97708 
Siftance tu mag. point 670 521 

u - 
- -- - Difference 30 41' Sine 8.80782 

Sum I 8,78490 

A S  



SO is reEtangle fine of + fum of 3 fides and dif. fide CD 18.7849~ 

38.78490 

- 
To Iqu3re of co-fine of 5 contained angle 64" 25' 1 9'2 7093 

2 - 
E. longitude of fouthern magnetic point 1 2 8 O  50' fromplaceobfervation. 
P,lace.obfervation E. Greenwich 30" 0' 

Southern mag. point E. Greenxich 158" 50' 

PROBLEM VII. 

the fouth polar 
point given; to 

determine by calculation the variation of the compafs in the fouth- 
ern hemifphq-e for the prefent time. 

titude, and 30" e from Greenwich, the fouth polar diitance 
being 25" 14/, 'and the longitude, of the fouthern magnetic point, 
being 128O 50' eafi from the place of obfirvation, in the latter end 

Exam$le. T gnetic meridian p a h g  near,40 

- 
I 3 s w  37" 37' id i f -  12" 23' 5 Ion, mag. p~int-64' c 25' 

G AS 
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As fine of 4 Sum of the 2 fides 37" 37' I . 9.78 
Is to fine of 5 diEe , 9.33133 
So is co-tangent of m 9.68012 

I - 
19.01 145 

- 9 * 2  2 5 85 TO tangent 9" 33' - 
As co.$ne $hum of the 2 fides 370 37' 
I s  to co-fine of + their diR. 12O 23' 
So is co-tangent 4 angle 640 25' 

To tangent I 80" 33' 
9" 33' 

Variation - 210 0' 

9.89879 
9.98978 
9.68012 

PROBLEM VIII. 

HAVING the fituation of the place of obfervation, the vafiation of 
the compafs, and the fouth polar diftance given, to determine the longi- 
tude of the fouthern magnetic point for a time that is pall. 

I n  latitude ioo fouth, longitude 30 eaA, the variation of 
the compafs in the year 1700, according to Dr. Halley's Chart, was 
40 weft, the fouth polar diftance, by Problem V. being 2 5 O  14'. In  
the fame year the firft magnetic meridian extended near to that place- 

6 

Examfile. 

Sine of latitude 30" - - - - 9.69897 
Tangent ofvariation - A '8.84464 

Co-tangent fvlm (abating radius)88" -I 8.54361 

Co-fine 



I 43 ' 
Co-fine 88" - I 

Co-tangent latitude 30" - 4 - 

Tangent fouth polar diAance 25" i.0' - - 9.67327 
Sum 18.78138 

- 
Co-fine 82" 37' - * - .L 9.108 1 1 

88"+820 37+3"=r73" 37' the longitude of fouthern magnetic point. 
, 

PROBLEM XX.' 

HAVING the longitude of the northern magnetic point given for two 
different periods of time, to determine the apparent or periodical revo- 
lution of the northern magnetic point round the north pole of the 
earth. 

year 1657, and by Problem IV. 135" weit in the b 
1794 ; 1794-1657~137 years, and 180"-135"=45". As 45" is to 

137 years, fo is 360" to 1096 years, the periodical revolution re- 
quired. * 

Example. 

PROBLEM S. 

HAVING the longitude of the fouthern magnetic point given for 
two different times, to d 

Examjb.  TRE fouthern magnet , by Problem VIII. being 
1730 37' eaA, in ' the  year 1700; and by Problem VI. 158" 50' 
eafi jn the beginning of the year 1794; we have 1794-1700=94 
years, and 173" 37'-158" 50'=14" 47'. As 14" 47' is to 94 years, 
fo is 360" fa 2289&& yearsithe periodical revolution required. 

cal revolution. 

i 

G 2  PROBLEM 
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PROBLEM XI. 
H A V ~  N G the periodical revoluti 

Example. THE perioaical revolution of the fouthern 

of the fouthern magnetic point 
given to determtie its fidereal revolution. 

tic point, 
omitting the fraaion, being 2289 years ; ray, as 2289 years is to 3&0, 
f;, is -1 day to 1" 33'". Again, feeing 15" longitude is equal to 60 

The 
If the fouthern magnetic 

point moved fafier than the earth, this time ihould be fubtraEted from 
the fidereal day ; but, as it moves flower, it is added thus, 23h ,561 4') + 
6//(=23h 561 4/' 6/", the fidereal revolution of the fouthern magnetic 

- 

s of time ; as 15" is to 60', fo is 1" 33"' to 6"' of time. 
f afidereal day being 23h 561 41'. 

point. - 
PROBLEM XII. 

HAVING the periodical revolution of the northern magnetic point 

le. THE periodical revolution of the northern magnetic 
rs ; as 1096 years is to 3609, fo is 1 day to 3)' i41t/ ; 
4"' into time, as 150 is to (-01, fo is 3/' r41[1 to 12/11 

of time ; now, as the northew magnetic point moves fafier than the 
earth, ~ 3 h .  56' 4/'--1i1"=23h. 56' 3" 48"' for the fidereal revolution 
required. 

given, to determine its fidereal revolution. 

PROBLEM XIII. 

I N G  the perioaical revolution of the magnetic points >given, to 

THE periodical revolution of *the northern magnetic 
point being 1096 years; as 1096 years is to 360") fo is i year 
to 191 42/ '  2grrr, theannuai rate of the northern magnetic point. 

Example 

their annual rate of revolution. 
I. 
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Ex ,Tm periodical revdution of -,the huther  

p o ~ d x h g  e289 years : as e28gyears is t o  360°, fo is 1 d 
the annuaL rate of the fouthern magnetic point, 

PROBLEM XIV. 

To find the fituation of the firft and laft magnetic meridian for any 
given time. 

Rule. Firfi find the place of the two magn,etic points, by th 
of revolution, for the ndly, findeither of 
magnetic nadirs, wh the two  magnetic points. 
Thirdly, draw a c i rd  ree points, this will always be a 
great circle, and it will naturally be divided into two arches by the mag- 
netid pointer axis, which is a right line paffing from one magnetic point 
to the other. The greatefi arch will always be the firft magnetic meri- 
dian from which all the 0th ; the leafi arch will be the 
lafi magnetic meridian. 

Example. LET DE, fig. 1. r e p r e h t  the two magneti 
point G being found on the furface of a glpbe diametrically oppofite 
to E, this will be the northern magnetic nadir. A circle being drawn 
through thefe three points, as its plane, will pafs through the centre of 
the earth C, it  will be a great circle. If the magnetic pointer?axis 
DNE is drawn, DKE w'ill reprefent the firft magnetic meridian, from 
which 41 the others are numbered, and DIE will reprefent the lait 

j magnetic meridian. 

PROgLEM - . _I, XV. 

2 H A V ~  NG the fituation of one magnetic point, and one magnetic na- 
dir given, -to determine the fituation of the magnetic equator for any 
given time. 

&vampIc. 
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Exa?nple. It we find a fituation on the Chart in the northern he- 

mifphere, equally diitant from the magnetic pole and magnetic nadir, 
a greatLcircle being drawn every'way-ninq. degrees' from the magnetic 
pole, will be the magnetic equator, on which the magnetic meridians, 
are all numbered- , 

PROBLEM XVI. 

HAVIXG the latitude and longitude of aplace given, to determine 
by the chart the variation of the compafs. 

Exam@ Let it be required to know the variation of the compafs 
in  the latitude of 40 degrees north, and longitude i 70 eaR from Green- 
wich, after finding where ihis meridian and parallel meet on the Chart 
of thenorthern hemifphere, the angle between the magnetic meridian 
and the earth's.meridian being meafured at this place, this angle is equal 
to< the variation df the compafs. 

3 

PROBLEM XVII. 
HAVING the *variation of the compafs, and latitude of the pIace 

given, by the chart to determine the longitude. 
Example. A SHIP in the Atlantic Ocean, failirig in the latitude of 

50" north on a voyage from Philadelphia to London, it is required to 
know when fhe is within twenty degrees of the meridian of Green- 
wich. The angle is meafuredon the chart between the twentieth me- 
ridian from Greenwich and the magnetic meridian in the latitude of 
50" north, and when the accurate obferver in the fame latitude finds 
the Vqriation, by obfervation, equal to the angle meafured on the chart, 
he knows himfelf to be 209 from the meridian of Greenwich. 

h 

PROBLEfPVI 



PROBLEM XVIII. 

H ~ V I N G  the latitude of the place, the north polar diRance, and the 
Iongitude of the northern magnetic puint given, from the following 
table, to determine the variation by calculation for the year 1622. 

. ExuiwpZe. 

'Co. lat. Greenwich 38" 31' 2 0 ~ '  I 38" 31~20'' 
North polar difi. 300 55) 011' i 30" 55' 0" 

6g0e6' 20" dif, '7" 36' 20'' E.fon.n. mag. p. 168~30' 

$4" 43' .io'/$ dif. 3" 48' io"$Ion. mag. point 84" 15' 

Sum 

3 Sum 

9.75551 
3" 4W aor - 8.82134 

Asfine - - .  34" 43' 10' * 

So is co-tangent - 84" 15/ of I 

Is to fine - 
9*0030t - L.--. 

17.82435 

To tangent O P  46' 0'1 B.06884 

34" 43' 10'' .. r 9.91486 As co-fine - ..) 

9.99904 
So is co-tangent - 84" 151 oft -L . 9.00301 

19.00205 

IS to co-fine - 3" 48' 10'~ m 

ClCI 

To tangent 6" 58' 0'1 9.08719 

6" 58'-4.6'~60 12' eaR variation 

REMARK. ' 
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REMARK. 

As the foregoing is the method by which all the fubfequent cal- 
cient : the reader will find 
by calculation and ob- 

CuIations are made, one GxamH 
in fie following table the var 
feyatiob, which .differ'bu't a few minutes from each other. 
calculations are made for Greenwich, and 'the obfervations 
made in London, they could not be expeeed to agree much nearer, 
feeing the firfi magnetic meridian did not always pafs the fame diitancc 
from that Royal Obf'rvatory. 

A TABLE 
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A TABLE of.the Place of the northern magnetic Point, as it is 

found to perform a Revolution round the north Pole of the Earth, 
at the rate of I 9' 42" 2g"' of Longitude each year, exhibiting the 
Variation by Calculation and Obfervation. - 

AN KO. 
DOM. 

1622 
$630 
163 3 
1640 
1650 
1657 
I 660 
1665 
1670 

I 1672 
1680 
1683 
1690 
I 692 
1700 
1710 
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FALSE , VARIATION, -, 

EVERAL objeaions have been itated againft making accurate ob- S fe.vations of the magnetic variation at fea. 
ObjcEtion ifi. THE fame cornparsthas been faid to give a different 

variation, froiii no other caufe than putting the hip's head a contrary 
way. t 

THIS might readily happen, if there was more iron near 
the compafs oh one-fide of the ihip than oh the other ; the following 
remedy is propofed for this difficulty. Let there be fixed a true meri- 
dian on kore,  but near the ihip,out of the reach of the attraaion of 
iron; here let the variation be taken on this meridian I then, before &e 
fails, let the variauon be taken on board the ihip, with' her head t u p -  
ed, ifoccafion ihould require, on every point of the compafs 3 by- not- 
ing the difference between the true variation on the true meridian, and 
the falfe variation on board, a table of difference may be conftruaed, 
whichmay fhew the allowance necegary to be made for falfe variation ' 
throughout any voyage, while the iron remains in the fame fituation. 
or, if the azimuth compafs is firmly fixed to a thredegged f Ia6  about 
five feet above the deck, it will then be nearly out af the reach and 
influence of the iron. 

ObjcBion d THE fame compafs removed a few miles, but at a 
M'erent time of the day, has been faid to give variations differing 
from one another. 

As it is impoEble to move, either on tbe fame meridian 
or parallel of latitude, without having a different variation, it is not 
itrange if there & o d d  be a fenfible difference in a few miles : befides, 
if the obfervations are made at different times of the day, the f'mall 
diurnal variation, which kerns reducible to certain fixed law, will re- 

Objeaion ad. THE fame eompafs, on the fame day, and in the hands of 
a the fame obfefver, bar been faid to give variations differing from one 

another, 

Anfwer. 

I 

,fn/wcr. 

quire to be allowed f&. i -  
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board the fame fliip, when under fail, aR'd when 

A SHIP being under way muft certainly chan 
tion ; if the variation was not different in different places, it would be 
hard to know the fituation of the place bythe variation ; therefore, one 
anfwer may apply to both the fecond and third objeaions. 

COMPASSES made by the fame artifi, at the lame time 
and place, but on boarddifferent &ips, ,haye been faid to differ in the 
variation. I 

AnJwer. s might arife from a greater quantity of i r w  in one 
fhip than another, placed in fuch a fituation as to give a falfe variation 
to the needle. 

Objeffion 5th. THE fame compafs on board the lame ihip, and with. 
in les of the fame fituation, but at different'times of being in  
fu on, is faid to have given different variations. 

TIIE two magnetic points being known to perform revo- 
lutions, the variation muit of confequence continually alter more or 

1 lefs in every part of this globe ; therefore the different variation may 
readily be acw ?'well erfifference of time as the dif- 
fereiit fituation 

Objertion 6th. DIFFERENT compaffes, at the fame time, on board 
the fame fhip, and in every refpea under the fame circumfiances, are 

DIFFERENT compaffes, if true, are found to agree with 
one another on lhore. I knew an inftrument-maker in particular, 
whohad a meridian on ihore, and made many circumferenters. He 
made a rule never to turn one out of his hands, till he proved it by 
his meridian. By this method all his inftruments would agree one with 
anothkr. 
CAPTAIN Cook, when he obferved the tranfit of Venus at the Ifland 

of King George 111. or Otaheite, although he found in fome in- 
fiances, that different infiruments gave different variations, yet in the 
account of his voyage he writes, '( the fame needle agrees with itfelf 
'' in CeveraI trials one after another." This feems to prove what de- 
pendance may be placed upon a true needle. The caufe of dicerent in- 

13 2 Arpments 

Anjiwcr. 

OljeEtion 4th. 

I 

ave given va6ations differing from one another. 
et-. 
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itruments difagreeing mu8 then be occafrmed. by a fault i11 tfic 
workmanillip. 

variation with a great degr 
fieeriiig the CourPe of a k i p  ; but in_‘order. tc hake”  the variation 
fclleme ufefLll in finding the ficuation of 2 %ip-at’fea, it ivill ‘be ne; 
ceffaty, in order to cwnterae  the motion of the waves, to make a num- 
ber of obfervations with great care, and take a mean for the true va- 
riation. In  this refpea a little praaice will point out the path towards 
perfeaiqn. 

IT is well known that on land there is no difficulty in ing 
the longitude by Jupiter’s fatellites, if the true fituation aR, ‘ 

the fituation-of the two magnetic p&ts are known, tht  true varia- 
tion may be found by calculation; fo that if bodies of iron ore, upon 
the fea-coafl, ihould even influence the needle, the difference between 
the variation, by calculation and obfervation, will c‘onfequentlybc the 
alJowance for .klfe variation. By this method the’variation may be 
correAed with a little care; 

IT i s  probable the magnetic obfervations, in Captain Cook’s lafi 
voyage, are Gill as accurate and extenfive as-any other yet publifhed; 
but as the variation of the compafs is fubjea to change, the length of 
time between Captain Cook’s lafi obfervations, and the time for which 
the charts are confiru&tcd, will CaUfe fome digerence, unlefs the proper 
dowance is ma& 

C 13 A’ P. 



HIKTS CONCERNING THE CAUSE OF THE UAkNETIC VARlATION. 

OTlCE has been already taken,’in the ICtroduEtion, of the Hy- N: pothefis of Dk %alley; with wlzMheratte_mpted to account for the 
magnetic va.riatiun; by ifbur ’magnetic.. pole rom a multitude of 
magnetic obfervadons, made as well in Dr. Halley’s day as fince; it is 
found thal the firit and laR. magnetic meridians are always arches of - 
great circles. If there were, according to Dr, Halley four magnetic 
poles, :two fixed; and t w  y could never admit any one 
magnetic meridians toG&“ ai eirole;- unlefs all the faid 
four poles wire fituated in the fame plane ; and as the two magnetic 
poles or pointsmove round tkepoles of the earth at diiferentperiods, 
the two fixed poles of our earth, which Dr. Halley fuppofed were 
magneticat could never ue in the fame plane with thofe two 
moveable rnagneticpoleg nca.itmmQ ~ullow,  that there are but 
two magnetic poles or points, and that .the? polesf o 

no more) influence on the magnetic needle than any other part of the 
earth.-Now there mafi neceffarily be a caufe for the needle’s having 
an univerfal direEtion towards there two magnetic points; and this 
cauTe muB/eith*er be abave or below the filrface of the earth. Dr. 
Halley fuppofed the caufe to be a nucleus or inner globe, included 
widiin our glbbe, with’a fluid medium between. The motion of the 
inner globe lie thought to be‘ communicated by the outer oae. While 
the motion of the magnetic influence was hppofed to be wehard ,  
there was fome degree of reafon for Dr. Halley to account for Eke va- 
riation 8s he did : but as it is now determined, without the Ieaft do;bt, 
that the northern magnetic point moves faller than the earth, from w& 
to eae, the care fe‘eems entirely altered. 

IT is ;tn efiablihd axiom, that ‘c no caufe clan give what it has nor 
itfelf:’’ how then can the earth give a fwifter motion than it h-as it- 

[elf to it nudeus therein contained. The northern magnetic point re- 
volving 
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volving quicker, and the fouthern flower, than the earth, the apparent 
revolution bf'the northern one rnuit be from wefi to eaR, while the 
apparent revolution.of arr way. Whereas, 
if the variation of the variation was by a nucleus, Dr. 
&]ley's t w o  moveable. magnetic poies.. 
with equal velocities. 
T~ determine the periods of the magnetic points, it *as neceflary .to 

know their tme fituations for different times. If the exa& latitude of 
the magnetic points were well known, i t  would be eafy to fix their lon- 
gitudes. To fix their.places propirly, it was neceirary to have more ob- 
fervations made near the firit and laf't magnetic meridians. But I con- 
ceive the beR modo of proving the places Qf tbbmagnetic ,points 
would be to make afironomical ubfervations on the fpot. Seeing na- 
vigators have often been in much higher latitudes, it would be very 
eafy to approach the magnetic points i for exainple, the northern one. 
might be found by fdlowing the horizm$al needle till it became in- 
different to iny particular direEtioh; or it might be found by the in- 
dination'of the dipping needle. .With a view sf viGting the northern 
magnetic point in particular, as this expence would fall heavy on an 
individual, I have feveral times endeavoured to defcribe the import- 
ance of f ~ c h  a voyage ; firft to the American Congrefs ; and again to 
the Board of Longitude in Great Britai?; apprehending fuch an ex: 
pedition would cait light on this myfierims principle, as it might go 
near to determine the caufe of the variation, and pave the way to other 
ufeful difcoveries; but as I have not hitherto been fortunate enbug11 
to fucceed in undertaking this Lexpedition myfelf, I would beg leave, 
earnefily to recommend this matter to the particular attention af the 
gentlemen who, under the Briti& Government, have the direation of 
the furvey.of the north-wefi coafi of America. The prefent King of 
Great Britain having diftinguifhed himfelf fo eminently in the , caufe 
of Science, I hope this matter will not be unworthy their attention. 

, LET the caufe of the magnetic variation be what it may, i t  is very re- 
.markable that. the- fiderea1 revolutions of the two magnetic points are 
regularly performed in the fame way, and are alfo .very nearly equal in 
time to the near& iitellites of feveral of the planets ; for iniiance, 

2 the 
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the ntarelt -of- Saturn's, according to Dr. Herlche!l, perfoms 
iidereal revolution in e2h. 40' 46". 

C H A p. V. 

L 

CONCERNING THE CONSTRUCTION OF THE CHARTS. 

vering globes. 
THE earth's meridians meeting in the poles of the earth, the mag- 

netic meridians meet in the two magnetic points, experience proves 
that the inhence  of one magnetic point is greater than the other; 
on this account, the magnetic meridians are not curves truly circular, 
except the firlt and lafi, which are arches of great circles. The na- 
ture of the curves being known, the proportion OF influence is alfo 

n, and the turves will always be included within the ma8 rigid 

points, thoufands of 
do not appear in  the prefent work; 

trial, ., . i t .  - i s  u v e c e f f q  to make t hea  

. .  

IN 
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' IN 'a former publicition I propofed &magnetic Almanack, which 
will contain an univerral k t  of tables, fhewing the variation cor- 
rerponding, witb any p out the trouble of 
nleafuring angles-; fu and periods of the 
magnetic points %are proved to be true, and the theory- fettled, 
will afford a ready means of"pp1fln the principles to praQice ; but 
if by future experience the places and periods of the two magnetic 
points fhould 'not be found very exa&, at prefent this will no 
doubt be deemed pardonable, feting the exa$ length of a year has 
not been long determined, no&itKfianding the many volumes of 
afironomical obfervations made during many centuries. 

BECAUSE t ~ ~ Y a r ~ t i o n s , ~ i n ' E u r ~ p e  and Aar i ca ;  have been formerly 
obferved to be nearly equal in the fame latitude, fome have fuppofed 
the variation to the Atlantic. A h a 1  obferva- 

willprove this not to be the 

f the new world : the ch 
being fo very great in failing a Gngle degreq-it' is -hoped the obferva- 
tion, when well made, pill ?.if 

t 

HYPOTHESIS CONCERNING MAGNETIC . v  TIDES. 

ESIDES the memorable deluges of Noah, Ogyges, and DeucaIion, B there $re innumerable other accounts OF the waters of the ockan 
making remarkable encroachments 'on the land; and returnin 
former bounds again. To publilh a full hifiory of thefe inundations 
would require many volumes. 

AFTB P 



-,confu”ltirrg a muhitude of thefe acc 
ording to the revolutionsof the two magn 

while the magnetic points approach the meridian of 
feems to gain upon the land ; and the contrary, when ,the magnetic 
points recede from any place. This appears evidently to be the cafe 
at the prefent time ; if f ~ ,  there is reafon to fuppofe this alfo to have 
been the cafe in former times, although fome of the ancient accounts 
of this fort feep  to be deficient, in not fixing the epocha in whkh thefe 
changes have happened. 

THE Chinefe Emperor Xunus was full of trouble oh account of the 
high waters, which threatened to overflow the lower parts of his Em- 
pire ; after many experiments, he gave command to  ope Quenius, to 
cafi up a bank againfi the fame; but he not being able to perform it, 
and leaving the fame imperfea, the charge of the work was commit- 
ted to his Con YVUS, who, in the fpace of thirteen years, eKeQed it, 
to the great accommodation of the inhabitants. H e  followed his de- 
fign all that time with fuch earnehefs  that he would hardly. eat or 
fleep* .Some part of this s work, it is faid may 
be feen at the pmfent.day- 

DIODORUS SrcuLus, in 
rent among the Samothracians, of a great deluge that overflowed a 
good part of the coafi of Afia, and the lower grounds of its Iflands, 
when the Euxinq Sea firIt broke open the Thracian Bofphorus,- and 
Hellefpont, and overflowed all the adjacent country. 

MANY of the moderns believe, ;hat the accounts of the Great Ifland 
of Atlantis, mentioned in the Timaeus of Plato, from the obfcure tra- 
dition of Egyptian pr ieh ,  is not altogether fabulous ; and that America 
agrees with the ancient defcription thereof. At that time the account 

he Atlantic Sea .was navigable, and had an Ifland before 
the Pillars of Hercules; that this Ifland was greater than both 
Lybia and all Afia together, and afforded an eafy paffage to 
other neighbouring iflands. In procefs of time, it is faid, this 
great Ifland of Atlantis, being abforbed in the $ea, entirely difap- 
ptared. 

I 1 S H A L L  
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I S H A L L  not attempt to decide on the probability of the continent, 
now called America, being kvown to the ancients; but it feems re- 
markable, that the n 
the Spanifh territory 
to the ancient name 

Speer, and in feveral other maps, it is placed in about the latitude 
of 16° north, and longitude 93" 3o'weil from Greenwich. If this 
name is derived from the ancient inhabitants of the ifland of 
Atlantis, it would kern that thkwhole of that great ifland was nor 
defiroyed by the ocean, but that fome of the inhabitants retired to the 
high grounds, till, by degrees, the waters of the ocean retired, 

THE AbbC Raynal, and others are firmly of opinion, that America 
has emerged from the ocean Gnce the old world, for the following, 
reafons. 

T H E  broad and long rivers, the fpacious lakes and vafi moraffes, 
h ; the immenfe forefts to the fouth ; the almoit eternal ho,ws  
e tropics; no men entirely black; very fair people under 

the line ; a cool and mild air in the fame latitude as the fultry unin- 
habitable parts of Africa j and, laffly, a difference of ten and twelve 
,degrees in  the tqmperature of the old and new hemifpheres; there ' 
fays he, are fo many tokens of a world that is in a itate of infancy. . 

IN  Evans's firfi map of the American Colonies we find a note, de.. 
daring, that there are glaring marks of 'a deluge in America, of a more 
recent date than thofe c;f the old world. 

THESE. con jeb res  are firengthened by Don Ulloa, from the prodi- 
gious quantities of fea-hells, mentioned in his voyage to Sauth Ameri- 
ca, and found far above the prefent reach of the fea. 

I N  the 18th Chapter of the SyItcm of Geography by Varenius, im, 
proved and illuitrated by Sir Ifaac Newton and Dr. Jurin, many me- 
morable infiances are recorded, where the fea has encroached at one 
time, and the co'ntrary at others. 

from India i and this is very likely. In modern times, according to 
Buffon, the fea has encroached ao or 40 leagues on the northern 
coait of Ceylon. 

3 THE 

dies (dedicated to th 

I 

T H E  inhabitants of Ceylon fay, their ifland was forme 
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d of Sumath is iaid ' once to' have j It is 
bekved  i t  was the golden Cherfonefus, and was accounted a periinfira, 

TPE Indians, on the Malabar coaR, tell us that the Maldivia Iflands 
were formerly joined to India; but now they are faid to be divided 
into eleven thoufand iflands; The rea, encroaching, has covered 
the low grounds, an the high grounds into iflands. Strange 
h i e s  have been to1 Maldivia, nut growing at the bottom oE 
the Xea. Garcias,-th e-#ttrees; &at bare tliofe nuts, were,of old 

er with fhe land onwliich they grew, CSverWh'elmed by in- 
nd afterwards caft up by the working of the waves 

VARENIUS is of opinion,.that a11 the Oriental Iflands, betwe ' 

and tbe Streights of Magellan, have been otcafioned by the feas break- 
ing in-violently on the land, and feparatrirg on art from another. 

LANGUAGE, fays Dr. Johnfon, is the pedigr of nations ; all the 
inhabitants of the Iflands, Scatte'red over the great Pacific Ocean, Speak: 
ing a dialeB of the ancient Malay language, proves that thefe people are' 

As they know fo little of each other, and are 
fhould be fcat- 
s had not been 

one great country ? and might not the fea, by its encroachments, have 
covered the low grounds, and ned the tops of mountains into 
iflands ? 

geographers, concerning AGa, prove that 
continent formerly to have exte much further eaitward than a t  
prefent. Greek writers defcribe ovinces, eaftward of the R$er 
Ganges, as regions of .imrnenfe extent. CteSas affirmed, that India 
was' as la rge as all the re& of Afia. 

on. 

THE accounts of 

Oneicritus, whom 

I 2  B U F F O N  
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BUFFON concludes, that, from Kamtfchatka to New Britain, the 

of .courfe, ’the bou 
ward as at a former perlo 

Ifland of Eubaea, or Negropont, joined Greece : that great revolutions 
of this kind are daily going on, is evident by undeniable monuments, 
which the attentive oblerver of nature every where difcovers ; fea- 
&ells of all kinds, and corals, entire or broken, being found laid up  
in order i n  every quarter of the globe, in places, the moA difiant from 
the ocean, in the bowels of the earth and on the tops of mountains. 

STRARO fays that, in his time, the eafiern part of Britain was vifi- 
ble at the River Rhine, which was then cailed the Helius : if fo, the 
diitance could not be more than fix 01: feven leagues. This alfo ap- 
pears evident frbm the old map of Cellarius. 

TNE map of Great Britain, by Ptolemy, defcribes the northern pare 
there08 to run out in the form of *promontory fi l l  four degree$far- 
ther eaRward than the land a t  prefent is found to extend. 

WHAI‘ Ovid fays on the fubjeEt of changes is well known, 

I’ve feen the f&d earth transform’d to Tea, 
turn’d to folid land; . 
Is fir from the ocean 15, 

And ruffy anchors on the mountains top !” 

ALL thefe c i rcumfianh demonitrate, that the limits of the Ocean 
ha& never been infurmountable ; and that, by continually changing 
the face,of the globe, it has alternately taken away the land, and reitor, 
ed i t  to its inhabitants. 

THE; Hiflory of the Parifian Academy mentions a mafs of fea-&eIls 
difcovered below ground 130,680,000 cubic fathoms, either 
fragments, without the leaA mixture of Aone, earth, fan 
reign Matter. This prodigious mars lies in T 
fix leagues from the fea, and muA prove that c 
yered by the Ocean far ages, to accumulate fu 

AMON 6; 
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and Sweden emigrated from AGa, did not cover the ground it does a t  
prefent. There the waters of the ocean continue to encroach on the 
ihores at the ’prefent time, having deitroyed and overwhelmed, 
among many others, the famous port of Vineta, and covered, by flow ’ 
degrees, a large portion of Pomerania. 

TIIE Princefs d hkaw, in one of the l e t t e r s h  has favoured 
‘‘ Vineta, on the coati of Pornerania, was fome 

he rnofi floilrihing mercantile towns in Ger- 
Kc many ; at prefent its ruins, which are often to be feen under water; 

It is univerfally believe&, that the 
lution, by which Vineta was overwhelmed, fevered alfo 
f Rugen from the German continent, of which it was-tilf 

that time the mofi northern point.” 
IN the fame manner the rea, by waihing the. coait of Norway, is 

have detached feveral little iff ands from the main land, 
ing daily depzedations on the continent. The German 

ocean, encroachin ees upon the fhores of Holland, near Catt, 
overwhelmed the ruins of an ancient citadel df the Romans, which had 
formerly been built on that coaff, and which i s  now aBually uhder 
water. T 

AT Rome, *according to M. de la Condamine, the tide often over- 
flows the pavement pf the Pantheon, and it cannot be fuppofed the 
Romans would have built that Temple on a fpot thatswas then fubjea 
ta inundations. I 

VENICE is now difiant only five miles from the continent, but was 
rly, according tb Guiotti, ten miles from it ; yet as the fea there- 

it may again be further-from’ the continent than 

IN a Hifiory of ithe Earth and animated Nature, Dr. Goldfmith re- 
*ks, that the country, round the Ifle of Ely, in’ the time of the Vei 

e Be&, about a 1000 years ago, was one of the moA delightful 
fpots in the whole kingdom. It was not only richly cultivated; and 
produced all the necegaries of life, but grapes a h ,  that afforded the 

’ cr are the ruin of rmany a ihip. 

I .  

ever. 

molt 
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mofi excellent wines. T h e  accounts of that time are copious in the 

But about the time the north- 
mth as Great 

country, and totally defiroyed one of the mofibeautiful vallies in the 
world.' 

ABOUT the fame time happened a mighty inundation, which extend- 
ed to Flanders, whereby a great part of that country was laid under 
water ; and many of the dillreffed people bereft of their habitationb; 
came over to England. King Henry the firfi taking compaflion on 
their difireffed condition, and alfo confidering that they mighx be be- 
neficial to his fubjeas, by initruaing them in manufa6tu 
fettled them about Carlifle, and afterwards removed them into South 
Wales. 

THEN it was that a large efiate, the patrimony. of.Ear1 Good- 
overflowed at the place which is now called Goodwin 

. . IN 'a furvey of Cornwall, Carew affirms, that the fea has fwallowed 
u p  the whole county of Lionefs ; and that there was fuch a county, he 
fufficiently proves by many cogent reafons. Camden, out of Gyral- 
dus, reports that anciently a great part of Pembrokeihire ran out, in 
the form of a promontory, towards Ireland, as appears by the fpeech 
of King William Rufus, that h e  could eafily with his fhips, make a 
bridge over the water, now called Saint George's Channel ; fo tha$.he . 

THE Country round the Ifle of Ely continued to be covered by 
water, as before mentioned, for many yeacs, till the  time the. no$tharn 
magnetic point had paffed the meridian of the place, when the fea, from 
the fame caufe which had prompted its invafions,< began by degrees 
to abandon the earth in like manner. 

THE ocean feems to have retired round England, and t 
ing coustdes, till the northern magnetic point, accordin 
revolution, was on the oppofite fide of the earth from E: 
appears by an account ;of the infiitution of the 
the year 1663-4, the ways and means of raifiri 

. might pafs on foot from thence to Ireland. 

Society, that, in; 
enue being cofifi- 

dered, 



m%er of that learned body, of ‘the family of H 
ting the King for a grant of fuch lands as the Ocean had 

HUBERT THOMAS, fometime chief Secretary to Frederick Count 
Palatine of the Rhine, and Prince Eleaor, in his defcription of’the 
country about Liege, fays that the fea hath come up  to Tongres, now 
near an hundred miles from it. Guicciardin, it is true, could hardly 

‘believe it ; but Ver6igan and others were of the fame opinion with 
Hubert Thomas, and ghought the reafons for his affertion were good ; 
one, among others wis, that the great iron rings were then remaining, 
unto which the &ips were formerly faitened. 

A N C H O R S  having been found in digging on the heath in Brabant, 
kems to prove that place to have been covered with the ocean, and 
that not manv hun,dred years ago; for had it been-at a very early period, 
the anchors before now muft have been confumed with ruit. 

THE two magnetic points approaching the meridian of Greenwicl~, at 
the prefent time, it appears both from obfervation and information, 
that the ocean continues to make rapid encroachinents on the land; 
at leait, on every park of tlx fea coak o,f*Eurupe : and, I think, too 
rapidly to keep pace with the precefion of the cquinores, which 
fbme have c o n j e h r e d  to be the caufe of the revolution of the 
ocean. 

WHAT the fea gains on one fide of the globe, it lofes on another ; 
but it is improbable the fea could rife and fall at the fame infiant at 
two different places, very near to each other. At  firfi view this may 
appear to be the cafe, when the water grows fhallower ; but the water 
often grows fhallower, o r  the land gains, on the Fame coait where the 
fea rifes, owing to the earth, fand, and other fediment, fettling at the 
bottom. 

I IN the Pacific O.can is a fpace where both’magnetic points have now 
a retrograde motion; in this fpace the.waters of the ocean continue to 
fall. Dr. John Reinhold ForAer, in his Obfervations during a Voyage 

World, page 146, 147, giFes an inftance, in the South Sea, 
could fairly perceive that the ground had been raifed ;- or, in 

other words, that the waters had fallen. And Captain Cook, in defcrib- 
ing 
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ing Palmedone’s Iflands, in the firR volume of the account of his 
laIt Voyage, pa 

‘ ~ ‘ W L  found u 
eve11 in the mo 

(C minatjo;, appeared to have 
4c rocks are that now compofe 
4~ dently ihews, that the fea had formerly reached fo far 5 %  and tomc of 
44. thofe perforated rocks were alrnoA in the centre of the land.’D 

IN the485thpageof the 2d.volumej Captain Cook gives an account of 
the Peninfula at Cape Delrbigh, and remarks, rr  It appeared to me, that 

this PeninCula muit have been an ifland in remote times for there 
f t  were marks of the fea having flowed over the Iithrnus. And even 
gc it appeared to be kept out by a bank of fand, itones, and wood, 
*c thrown up by the waves. By this bank it was evident, that the land 

was here encroaching upon the rea, and it was eafy to trace its gra- 
cr dual formation.” 

is highly probable thefe revolutions of the ocean are governed 
by laws as uniform as the common tides i if thefe laws were once fully 
I<ilownj we might calculate a deluge as well as the return of a comet ; 
and .it would be of the utmofi importance in geography ; for, let a p a p  
of tile world be ever f~ corre&, in procefs of time,,as the ocean con- 
tinuing to  gain in fome places; while it lofes in oth,ers, the map- be- 
comes erroneous. And after knowing the proportion between land 
2 n d  fea throughout the globe, as we know already the number of 
acres contained in the ~ h o k  the quantity of land emerging every 
yearmight alfo be eafily efiimated : this in round numbers I take to be 
about two millions. , 

IF, when the northern magnetic point approaches the mekidian of 
any place, the ocean ihould uiiiformly be found to rife, fo as to Cover 
the low grounds, this may be termed a magnetic tide : and if, when 
both magnetic points are in conjunaion, the ocean fhould rife, fo as to 
cover the higher grounds, this may be termgd a magnetic fpring tide. 

HewEvER, as this lafi chapter is only adigreG 
pothefis, fhould it prove contrary to future experi 
aEeQ the fortgoing theory, with which it is unconne&d, and which ad- 
mits of mathematical demonfiration. 

\ 

b 

, 
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A P P E N D ' I  X. 

A F E W  OF THE 

R E P O R T S ,  O P I N I O N S ,  &c. 

RECEIVED BY THE AUTHOR, 

ON THE PRINC~PLES OF THE PRECEDING WORK. 

From the American Minifier and Plenipotentiary, then at the Court 
of France. 

SIR, Paris, AupJ 8, 1787. 
HAVE duly received your favour of June 6th, and immediately I communicated its contents to a member of the Academy. He 

had received- the other ' copy of your memorial ; 
which you mention to have fent through another channel ; that your 
ideas were not conveyed fo explicitly as t G  enable them to decide 

n their merit : but they had made an entry on their journals 
As far as we can 

conje&ure i t  here, we imagine you make a Table of Variations of the 
needle for all the different meridians whatever. To apply this table 

K to 

e to you the claim to the original idea. 



66 A P P E N D I X. 

to ufe in the voyage between America and Europe ; fuppofe the varia- 
tion to incrcafe a degree in every 160 miles, two difficulties occur i 
rfi.- A ready and ac of finding the variation of the 
place. 2d. An infir hat (though the degree on it 
fhall reprelent 160 miles) it fhall give the parts of the degree fo mi- 
llutely as to anfwer the purpofes of the navigator. The variation of 
the needle at-Paris aEtually is 21’ w. I make no doubt but you have 
provided againit the doubt entertained here, and I hall  be happy that 
our country may have the honour of furnifhing the old world with 
what it has fo long fought in vain. I am, with much refpea, 

SIR, 
Your moit obedient humble fervant, 

Mr, John Churchman. T. JEFFERSON. - 
Entry on the Journals of the Academy of Sciences at Paris. 

LA lettre de M. Churchman, de Philadelphie, fur la variation de 
I’ainian, a .et6 lue 5 1’AcademiC des Sciences de Paris, le 16 Juin, 
1787. .- *--.”, . 

J E  certifi; cet extrait conforme aux regifires de l’Academi6 2 Paris, 
le 15 Septembre, 1789, 

LE MARQUIS DE CONDORCET. 

-.IIcI 

From Sir Jofeph Banks, Bart. Prefident of the Royal Society of ‘ 
London, &c. 

SIR, Soho-Square, September I/l, i78j. 
I HAVE received your ingenious letter relative 10  the varia- 

tion of the needle, and take the liberty of advifj you to purfue, 
with diligence, ,a fubjeA on which it appears to me YOU have made a 

progrefs, 



to' authokize a reafonab 
reafe froin yo'ur hb6UrS. 

- THE Royal Society having 
firft feries of obfervations re1 
courfe. I cannot therefore tell you with the utmoft precifion what the 
variation is there, our initrument at prefent gives 23O 8' wen, which 
probably is fuufficiently exa& for your purpofe : prefently, when the in- 
Arument is moved, w 1 find if the magnetifm of the building has 
any material effea u ; of which, if it has, I &all with pleafure 
inform you. I am, - 

SIR, 

Mr. John Churchman. 

From the Legiflature 

Your obedient and moit humble fervant, 
JOSEPH BANKS. 

in Maryland, dated 
ber 1787. 

at Annapolis, in Decem- 

to return you their thanks, for your communication and explanation 
of your ideas relative to the principles of magnetifm, and their appli- 
cation in regulating the Surveys of Land; and I with pleafure return 
you the thanks of the Houfe accordingly. 

TO John Churchman, 
Efquirc. 

I am, &c, &c. 
THOMAS C. DEYE, 

Speaker of the Houfe of Delegates. 

Parker, Bart. - 
SIR, Admiral&, 20th December, 1787. 

I HAD the honour, at the meeting of the Commiflionersof 
Longitude, the 8th of this month, to lay before them the memorial 

you fome time ago tranfmitted to me, Rating, that you have difcovered 
certain fixed Principles in magnetifm which will afcertain, to a great 

K!2 precifion, 
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precifion, the longitude of places in al1,parts of the globe, &c. and a 

I am direAed to  acquaint you, the Board have the fubjee matter of 
your faid memorial und and will take an early oppor- 
tunity of giving you t you have hbmitted 
to them. I am, 

SIR, 
1 Your moft humble fervaqt, 

I H. PARKER, 
Secretary to the Commifioners of the Longitude. 

R E M  A R K. 

THE next Letter I was favoured with, from the Brit ik Board of 
Longitude, was dated 6th of March, 178s. This contains information 
concerning the magnetical hllemoir of Profeifor Leonard Euler, pub- 
lifhed at Berlin i n  the year 1757, and rncntioned already i n  the intro- 
duaion. Ea211 plan propofcd for the folution of this problcni confifts 
of two parts. The lunar method 
being by means of the run or  itars, and the moon ; and the magnetic 
method, by means of the two magnetic points. If Profeffor Euler only 
by difcovering there were but t w o  magnetic poles, o r  points, difco- 
vered the magnetic method, without fixing the latitudes, longitudes, 
revolutions, or  courfes of the two magnetic points; might i t  not 
by the fame rule be faid, that he who firit difcovered the fun and 
moon, difcovered alfo athe lunar method. But the lunar method, 
Was imperfealy known before Sir Ifaac Newton laid down the. 
true theory of the moon; after which Profeffor Euler reduced the 
theory to elegant algebraical exprefions ; of which Tobias Mayer 
availing himfelf, he was by a very fingular addrefs enabled to bring 
Out the maximum to a coniiderable degree of exaEtnef's. Yet the lunar 
method was-of but little ufe before the Nautical Almanac was planned 
by Doh- Mafkelyne, the Aftronomer 'Royal, and publiked under the 
d i r e a i m  of the Board of Longitude; neverthelefs. the anfwer of the 
Board was very Proper for tbat itage of the bufinefs. Seeing the 

Board 

1 it. The means, zd. Thc method. 
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n i n  poffeffion of my ca The objelZ of * 

moria1 was merely t o  introduce the fubjea to their notice, 
with an intention of bringing forward my demonitrations at a future 
day. - 
Report of a Committee of the American Congrefs, publilhcd in the  

Journal.-In the houfe of reprcfentatives of the United States, 
Monday 20th of April 1789. 

. MR. TUCKER reForted froni the Committee, to wbom was 
referred the petitions of John Churchman and David Ramfey * ; that 
the Committee had, according to order, the h i d  petitiogs under con- 
fideration, and agreed to report thereupon : which he delivered in at 
the ,Clerk's table, where thc fame was twice read, and debated by 
claufes: the firft claufe, in the words following-To wit, (( The Corn- 
'< niittee have conferred with Mr. Churchnian, and find hc has hade 
'( many calculations,which tend to ehbl i fh  his pofiti,)n, that t k r e  are t w o  
(' magnetic points which give direEtion to the tlcc.i!!c. ' I 'hat ,  t 1 p 1 1  t h i ~  
a '  doarine, he has endeavoured-to afcertain, f roni  a given lati tude a 1 ~ 1  

a given variation, wha t  muf i  be the longitude of' the i)Iace; and, 
W having applied his principles to many initanccs i n  Cook's l'oyages, 
(' has found .the reliilt- to correfjmiid wi th  conliderable accu~acy with 
<' the real fa&, as far as they could be determined by the reckoning of 
(( the fliip. That the ohjeEt, to wliich Mr. Churchman's labours are 
'( direaed, is confeffedly of very high importance, and his ideas 0 1 1  

<( the fubje& appear to be ingenious. That with a view of applying 
1 '' them to praaice, he has contrived amap and a globe, wherely tD  

- " ihew the angles which are made by the interfeAiot1 of the real and 
<' the magnetic meridians, in different parts of the earth. That he is 
" alfo &gaged in conRru&ting, tables, for detcrrning the longitude ab 
'' Tea upon magnetic principles. That the Coininittee are of opi~lion, 
" that fuch efforts deferve encouragement ; atid that a law fhould pfs 
@' to i'ecure t9 Mr. Churchman, for a term of years, the exc luhe  pwu- 

* The petition of &. David Ramfey related to his celebrated Hiilory of the Revolution. 
4 

siary 
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4~ niary emolument to be derived from the publication of thefe feveral 
(( inventions,” was read : and, on the quefiion -being put thereupon, 
agreed to by the h 

THE fecond cIau 
. 6~ to the voyage, prop0 , to Bafh’s  Bay, the 

6~ Committee are C the prefent deranged 
(4 fiate of our finances, a precipitate adoption of a meafure; which would 
a be attended with confiderable expence : but they are of opinion, 
‘6 that, at a future day, if Mr. Churchman’s principles fhould be found 
cc to fucceed in praaice, it would be proper to give further encou- 

ragement to his ingenuity,” was again read : and, on a motion made, 
ordered to lie on the table. 

ON motion, ordered, (c That a bill or bills be brought in, making 
( 6  a general proviGon for fecuring, to authors and inventors, the ex- 
~c cluiive right to their refpeaive writings and difcoveries ; and that 
t~ Mr, Huntington, Mr. Cadwallader, and Mr. Contee, do prepare and 
6s bring in the fame.” 

Extra& from the Journal. 
JOHN BECICLEY, Clerk. 

Extra& of the Opinion of ProfeRor Van Swinden. 
- 

4~ TO determine the longitude, by obfervations on declination, is a 
great undertaking, and worthy of all our encomiums. Navigators are 
mofi interelled in its good fuccefs. This  fuccefs depends, I think, 
upon the complete folution of thefe two very intereiting problems : 
Firfi, to determine by theory what mufi be, at a given time, the de- 
clination of the magnetic needle, for every point of the globe ; or 
for every place, whole longitude and latitude are given. Secondly, 
in a place whofe latitude is given, the declination at a certain time 
being known, to conclude its longitude, by comparing the Lid obfer- 
vations with the theory. 
‘( THE firit problem confiits of two parts ; the one purely mathema- 

tical, the other phyfico-mathematical ; becaufe it is  a quefiion to draw 
from 



Tervations the chief data, upon which the real calculations 

*M r A M  fure thofe, who apply themfelves on the difcovery of general 
laws of variations, do a very ufeful work ; becaufe, by thofe means, 
the general caufe, and the influence of the peculiar ones, will be bet- 
ter known. Befides, it is not impofible a: all, to come by multiplied 
enquiries to a knowledge of thofe laws." - 

Report made to the Marine Society in Philadelphia. 

GENTLEMEN, 
YOUR Committee appointed the firk Monday in April laff, 

for the purpofe of waiting upon Mr. John Churchman, agreeable to a 
requeit contained in his letter to the Society ; make report, that they 
have had a conferrence with Mr. Churchman, who communicated to 
them a plan and chart, which he was preparing, as well as tables, for 
the purpofe of afcertaining thelongitude, from the variation o f ,  the 
needle, by two m a p e t k  pdnts  revolving in orbits ; and we, having 
collfidered the fame, are of opinion, that it is a work of great merit, 
and may be of material ufe in Navigation ; but the certainty of its 
effeAs depends upon experience. Upon the whole, we think it wor- 
thy of patronage, and therefore take the liberty of recommending it to 
the Society. 

. CHARLES BIDDLE. ' 
J u ~  5th 1790. WILLIAM ALLIBONE. 

'- 

Letter by order of General Waihington. 
--. 

I 

New York, AugNJZ 28th 1790. 
E Prefident of the United States has received a copy of 

Atlas, or Variation Chart, together with the Boo1< of ex- 
planation, which you have been fo polite as to fend him ; and requeits 
your acceptance of his thanks for the fame. 

I AM, 
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1 AM, moreover ordered by the Prefident to inform you, that, being 

defirous of encouraging fuch publications as tend to promote ufeful 
knowledge, he requ&s y 
Work. 
\ 

’ TOBIAS LEAR. 
Secretary to the Prefident of the United States. 

Extra& of an Opinion publimed January 1791, with the Reports of 
the George Augufius Univerfity at Gottingen, under the Infpeqion 
,of . the Royal Society of Sciences there. 

(‘ THE explanations and propofitions >rove, that the author has 
treated his fubjeQ very methodically.” 

-rc- 

Extra& of a Letter from the Afiroiiomer Royal, at Berlin, to a No- 
bleman at Hamhurgh, dated February 5th, 1791. 

sf THESE refleaions ,are proauced by your fending me the Letter, 
the Memoir, and Chart of Mr. Churchman. T h e  Royal Academy had 
lately received duplicates of the fame by another channel, and were 
engaged in- examining them, with a view of giving fome fatisfaaion 
to che author, with refpea to his defiderata. I have now the honour 
of fending you, for Mr. Churchman, the report of the commifioners 

(‘ M. F o R h i E Y ,  i n  quality of perpetual fecretary, had i t  in  charge to 
accompany there papers with a congratulatory letter to Mr. Churchman; 
but as‘he is now 80 years of age, his aaivity is much diminifhed. To 
pretest delay, I have propofed to him to difpenfe with this letter, taking 
i t  upon myfelf to excuk him, in which 1.hope you will join your 
influence.” 

‘ 

appointed to examine his work. \ 

’ Signed, BERNOULLY. 
Extra&. 
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aQ fiom one of the Commifiioners’ Reports made to the Royal 
Prufian Academy of Sciences and Belles Lettres, at Berlin. 

‘( THE Academy without doubt will require, that agreeabie to CUT- 
tom, I declare my own fentiments concerning the work, of which I 

ons on the great im- 

fearches on the variition of the compafs. As a new proof of his zeal, 
he propofes, as foon as circumfiances will permit, to make a voyage to 
the place where he imagines the northern magnetic point may at pre- 

He hopesvthere to make important obfervations. ’ The 
f the author is fuecient to do him much honour; 

as to its being efFeaed, it is, for many reafons, worthy OF attention: 
It was known that the two magnetic points had a motion, but Mr. 
Churchman-is &e fis&--who,to-tny knowIedge, has dared to detcrmine 
this movenimt, anClttj-a’fign their periodical times. 
without doubt; but it is good that it is made; it w 
the attention of Geometricians and Aitronomers. They may examine 
and difcufs the theory of Mr, Churchman ; compare it with the new 
obfervations; and attempt to modify his hypothefis, till they may ap- 
proach to exabefs ,  as near as can be hoped‘ in fciences phyfico-ma- 
thematical. 
‘‘ ALTHOUGH no influence of the magnet upon the waters has till 

now been remarked, we may tolerate this explication, as that has been 
tokrated which was founded upon the influence of comets ; and as 
we have tolerated the idea of an original conflagration of the earth, 
and its fucceediag temperature. 

( 6  BURJA.” 

L Lettcr 
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- Letter from her Hi 
to the Emprefs 
demy of Sciences at Peterfburgh, Knight 
St. Catharine, &c. . 

S I R ,  

, THE Contents of your letter, which we received with the 
enclofed Magnetic AtIas, and its explanation, in due time, were the 
more interefting and agreeable to the Imperial Academy of Sciences, 
as the fFme matter is the fubjeR of a Premium even now proPofed by 
our Academy, as you will fee by the printed advertifement I fend YOU 

herewith. 
THE prcjgrefs you have already made gives me a pIeafant hope, this 

important matter will derive no fmall increafe from your .ingenious 
works ; and I make no doubt but your labours will greatly contribute 
to the fibal folution of this quefiion. By the communication of your 
further enquiries and difcoveries, efpecially relating to the fouthern 
hemif'pherej the calculation of an univerfal fet of tables, ahd the afcer- 
taining of the exaa  revolutions of the two magnetid points round the 
poles of the earth, by a greater number of obfervations, you will 
very much oblige your humble fervant, 

St. Peterfburg, Feb. 27th 1791. 
TO Mu. Jobw Cburchntan. 

PRINCESS OF DASCKKAW. 

Extra& of a Letter from the .Royal' Society of Copenhagen, dated 
March i s th ,  1791, 

rr  THE Society is obliged to Mr. Churchman for the commu- 
nication of his elaborate treatife, and cannot but admire his genius, 
and p r d e  the fagacity with which he has built up a fyfiem, wanting 
neither beauty nor fymmetry. The  attempt of i+Ir. Churchman to 

clear 
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is dark matter i s  very laudable, and cannot but 
tion of the Natural Philofopher. 

By order of the Society, 
qc CHRISTIkN FREDERICK JACOBI, 

“ Perpetual Secretary.” 
t 

Patriotic Encourag- 

embers, dated March %16th, 1791. 

I ,  ‘‘ THE invefiigatioFs af an Euler, a Tobias Meyer, &c. &zc. 
to folve this Problem, with all the additional improvements made 
fince by other men.of renown, with the help of Altronomy, muft ap- 

ry indifferent light, compared with Mr. Churchman’s eafy ’ 
method ; for, whatever thofe ingenious men have been 

able to collea, by their profound calculations and laborious obferva- 
tions, is now to be performed by a fimple fcale. 

Signed, “ BRODHAGEN 
. u REINKE.” - 

Extras of a Letter from the Royal Academy of Lifbon, dated 
May igth, ,1791.  

CC THIS Royal Academy has received, by two different ways, 
nearly at the fame time, your explanation of the Magnetic Atlas ; 
commifiion- was infiantly given to Gentlemen of the Profeifion and 
Mathematicians, Members of the- Society, to examine it accurately, 
and to bring in their advice in fome of the ordinary academical meet- 
ings ; this they have performed, and I am direEted to fend you, in 
this letter, the refult bf their examination and advice. They ac- 
knowledge the originality and ufefulnefs of your ideas and fcheme, and 
that both highly deferve ‘to be encouraged. They believe indeed, 
that tlie propoFtions you enunciate are demonff rated, a great 
itep e made towards the perfeaion of magnetic k 
Thefe demonfirations they expeEt from you, and in the mean 
readily accept the invitation of giving you what niagnetical obfervations 

L 2  it 
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it $1 be in their power to afford you. As, for my part, I am, with 

-1 u 

f a  Letter dated Cambridge, 5th March, 1792. 
SIR, 

nd I am dire&ied to 

affure you, that the Society is pleafed'with 

'' I am SIR, 

YOUR Letter ofthe5th did not reach my hands until, the 8th, 

tjons, and that the difcov 

Mr. J.  Churcltntan, 
*I 
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T. and J. Egerton, Bookfellers. 
John Eliot. 
James Earl. 

F. 
W I L L I A M  FADEN, Geographer to his 

Jofephli'ox, M. D. 
ForRer, Lubbock, Bofanquets, and Clark. 
A. Fothergill. 
Thomas Fothergill. 
James Fergufon. 
William Storrs Fry. 
G. M. Flowers. 
Edmund Fry. 
John Field. 
Thomas Foiter. 

MajeRy. . 

Jofiph Foiter. 
T. Freeman. 
Jon. Ferris. 

G. 
GILBERT, Wright, and Hook, Opticians. 
George Grot% Efq. 
Col. Gordon. 
John Gray, Efq. 

H. 
DR. WILLIAM HERSCHELL,F.R. S.pri- 

vate ARronomer to his Majefly. 
Jofeph Huddart; Efq. F. R. S. one of the 

Elder Brethren of the Trinity-Houfe. 
Rev. Samuel Harper; F. R. S. 
John Hollingworth, Efq. 
John Hoppner, Efq. Portrait Painter to his 

Royal Highnefs the Prince of Wales. 
Charles Hutton, L. L. D. and F. R. S. 
George Harrifon. 
Samuel Hoare. 
Jon. Hoare. 
Jeremiah Harman. 
Robert Howard. 
William Howard. 
Hardcaitle and Crofby. 
John Hatchett. 
Johu Hood, Efq. 
Thomas Harding, M. R. I. A. 
Ms. Hathaway, Chriit's Hofpitd. 
Jofeph Hancock. 
James Helkett, Map and Print-feller, 6 

copies. 
J, Hamilton. 
John Heylyn. 

I. 

JOSHUA JOHNSON, ESQ: American Con- 

Hon, Charles Jones, Captain of the Sybil. 
Rev. T. Jones, Fellow Trinity-College. 

W. and S. Jones, Opticians, 

fd General. 

Cambridge. 

Chr. 
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S U B S C R I B E R S  N A M E S .  

Chr. Idle. 
Thomas Jeffryes. 
S, Jennhgs. 

K. 
ProfXor James Kidd. 
James Kerihaw. 
Samuel Kenddl. 
Peter Keir. 
John Kincey. 

. I,. 
R I G H T  HON. M A R Q J I S  O F  LANDS- 

Captain EE Lawrence. 
Dr. John C. Lettfom, F. R. S. &c. 
Dr. J. Lorimer, F. R. S. Edin. 
Samfon Lloyd. 
John Lloyd. 
Ehenezer Leadbeater. 
Nicholas Lutycns. 
John Lifter. 
William Leatham 
Charles Lincoln. 
Jofeph Leaper. 
John Lindfey. 

DOWN E. 

M. 
DR, NEVIL MASKELYNE, F. R. S. Aitro- 

Edward Mead, Efq. Boxmoor Herts. 
Captain Mendoza, Spa& Navy. 
Charles Minor, M. D. 
Henry MOyeS, M. D. 
Robert Morris, Efq. 
Jam? MainRone, Efq. 

- Captain Reuben Macey. 
George Margetts. 
William Murdock, 
Jofah Meifer. 
K. M. Cullogh. 
John Mandeville. 
John Monier. 
William Morgan. 

nomer Royal, &c. 
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John P. Merry, 
Alexander Macauley. 

N. 
N A T H A N I E L  NEWNHAM, Esq, AIder- 

man, and Colonel of Militia, London. 
John Northcote, R. A. 
John Newton, Efq. 
Patrick Rooney Nugent, Efq. 
Edward Nairne; Mathematical Infirument- 

Maker to his Majeity. 

P. 
HONOURABLE L A D Y  J U L I A N A  P E N N .  
Thomas Pinckney, Efq. American Minifier, 

Governor Penn. 
William Penn, E@ 
Henry Poole, Efq. Woodford. 
Thomas Pole. . 
Richard Phillips, Swanfey. 
J. C. Pearfall, 
Philip Perring. 
R. P. 
Robert Podmore. 

and Plenipotentiary. 

R. 
R I G * T Honourable Lord Vifcoun t Rane- ’ 

lagh, Ireland. 
John Relph, M. D. 
William Roberts, Efq. Barriiter at Law. 
Dr. Robertfon. 
Legh Richmond, E. A. Cambridge Uni- 

William Rotch. 
FoRer Reynolds. 
Samuel Rofe. 

veriity. * 

S. 

J A M E S  S T R A C H A N ,  ESQ oneofthe Elder 

Thomas Skinner, Efq. Alderman, London. 
Frederick Schoenborn, Efq. Secretary of 

Brethren of the Trinity-Houfe. 

Legation to liis Daniih MajeRy. 
Captain 



Captain Charles Stir'islg, Royal Yavy. 
Granville Sharp, Efq. ' 
Jofeph Sands, Efq. 
fofeph Sherburne,'$fq. 

George Stacey, 
J&ph Smith. 
Frederick Smith. 
fames Sheppard. 
Robert Sayer. 
John Sutton. 
Smith, Weinholt, and CO., 
Benjamin Savage ' 
J. Savage. 
W. D. Smith. 
Jofeph Seger. 

T:, 
C A PT A 1 N Thomas,Truxtan. 
John Tu&n Efq. 
Thellufon, Brothers, and Co. 
f. W. Thomas. 
john Townfend, Jun. 
Thomas Taylor, Lloyd's Coffee-Houfe. 
W. Tucker. ' . 

v. 

W, 

G E N E R A L  W A S H I P O T O N ,  Pgef'enf of 
the United States, 

Bepjamin Wefi, Efq, HiRorica! Patntcr to 
his Majefly, snd Prefident of the Royal 

Adam Wallger. Member of the Qublin SO- 
ciety. LeAurer on Philofo'ophy to the Duke 
of Glouceiter ; Eton, Wcfiminiter, and 
Wincheiter Colleges. 

William Woodvillc, M. D, 
Robert Willjin, M. D. 
Rdph'waiker, Erq. * 

Rev. Elhanaa Wincheitrr, 
JofepS Woods. 
William Walker.. 
Thomas Were,;- 
William Were, 
John Warder, and CO, 
C. P. Walker. 
John Wa!k:r, ' 
Owen Weflon, 
Thomas Workman, 
John Wilcocks. 
B. Workma& A.M. and MI A, P. s. 

Academy. 4 

' 

Y. 
AnTHus YOUKG, Ea% Secretary to ths I Board of Agricu1tuf.c. 

WjtLlAM v h y O S h U , _ E S &  
' Dr. 'George Vaux. 

N, B, zf the names of any Subfcribers aie omitted, it 5s becaufe they did not corne tohand 
befpre the abow jifi wa p;in$l; 

T H E  END., 


