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P R E F A C E

IT appeats probable, that one of the principal caufes, why
more ufeful difcoveries are not made, is the fear of ridi-
ciile, which is fometimes the lot of thofe who promulgate

‘newopinions, and attempt new experiments. A defire of

avoiding the farcafms of ignorance and malevolence, may

j-fupprefs many ufeful inventions; yet we find fome gradu-
-ally prefs forward ; and- although, for want of encourage-

ment, an hundred probable fchemes may fink i in oblivion,
there will ever be fome of fuch magnitude, in the minds of

‘théir own inventors, that they will burft into day, and ‘ei-
ther go oPE in vapour, or remain permanent lights.

C Ina ﬁtuatlon of fpeculative enquiry, I confelsI had for
fometime continued; butin the begxnmng of the year 1787,

1 rifked a declarationof ‘my opinions before the public, ap-

prehendm g Thad formed a plan of much 1mportance to na-
‘vigation, and- conﬁdmg in their generofity to give it a can-
did reception, which, in a great meafure, I was fo for-
tunate as'to obtain: now, as the firft principles feem to be
-univerfally admitted, I have the more reafon to hope for
further indulgence towards the prefent publication. - If any.
1mperfeé‘nons Ihould be found in the arrangement, the rea-

der is refpe@tfully folicited to excufe the defett; andI truft,
A2 ‘under
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under a conviction that this work will do no; 1n]u1y to
mankind, it may at leaft obtain for me their forgivenefs;
if not their-thanks for my. intention of rendermg them a
fervice: And yet, I mult ackrowledge“ that, in purfumg
this fubje&, I confidered it alfo as an objeé&t of émolument ;
and with this view have accepted the invitation held out
by many governments, with promifes of a generous reward,
to engage perfons in the public ferv1ce

-~ In the following treatife I fhall proceed to delcribe, in a
more particular manner, the elements of a {yftem, which, if
the obfervatxons can always be truly made, I apprehend
attains to the a@ual and complete difcovery of the longi-
tude. ‘This indeed is a fubje&t which, when attempted, has

fometimes e).cu:ed a {mile, yet I rifk that for the public

good.

TxEe variation of the compalfs, and its heretofore uncer-
tain laws, have long engdfred the attention of philofophers.
Why it fhould change, at one time quick, at another time
flow, now become ftationary, and then retrograde, has puz-
zled the enquirer. Thefe varieties have long been’ {ubjects
of obfervation; yet I have never heard that any regular
fyftem has hitherto been publithed, that would rationally
account for, or foretel, the future movements of that won-
derful phenomenon, the magnetlc influence.

ON the _contrary, the modern writers on this fubjeét,
fome of whofe names are mentioned in the introduttion,
have fignified that all former endeavours to eftablifh a theo-
Iy have proved infufficient ; neverthelefs, it has long been

‘fuppofed
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fuppofﬁd that,;lf all the true principles of the wariation were |
‘known, nothmg fhort of a difcovery of the longitude would
be the natural confequence

TrE Eoryptians, by reafon of the overflowing of the
Nile, which either wafthed away their landmarks, or eover-
ed them with mud, brought geometry into a fcience, and
honoured its profeffors. From meafuring the earth, they
foon began’ to meafure 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 unthaken to the prefent day, demonftrate the
wifdom of the anclents in chwﬁng geometry for their
'-foundatlon. |

CircumsTaNCES in the prefent cafe are fomewhat dif-
ferent from thofe in Egypt; from the firft {ettlement of the
United States of America to the prefent time, the lands
have been laid out on geometrical prineiples, and the
courfes of the boundary lines run by the afliftance of the
magnetic needle, as if there was no variation of the 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 traéls of land laid out from
time to time throughout the country afford the means of
afcertalnlng the nature of the change of the variation.

To arrive ata Competent knowledge of the laws of the
magnet, an univerf{al {et of obfervations feemed abfolutely
neceflary. In Europe records of the variation have been

handed
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handed down at thofe few places, where learned focieties
are eftablithed. The want of a fufficient number of fuch
records have been much lamented by thofe who- have ap-
plied themfelves to this fub]e& ; and the fet could not be
complete without a feries of obfervations in America. In
that country a certain fyftem, by which the proper allow-
ance.could be made, by degrees, became a great national
objett, independent of i its extenfive ufe in Navigation, and
the confufion arifing from the want of it *has occafioned
many dlfputes and law-fults :

In purfuance of an appointment to a public office under
_governmentin that country, the duty ‘of which fometimes
required the fettlement of fuch difputes, I was led to pay
attention to this fubjett; in this refped I ﬁepped not out
of the line of my pr ofefﬁon ;

Tuz date of each original furvey being recorded, there
was nothing to do but determine the latitudé¢ and lon-
gitude of many tratts of land, and. the prefent courfes of
the lines, in order to find what the var 1ation had been at
the firft furvey - ,

BesipESs, in collefting matenals for a map which I publifh-
ed, moftly from aftual furveys, including the maritime parts
of Weft Jerfey, Penn{ylvania, Maryland, Virginia, and all
the Delaware State; as thefe furveys were made from time
to time by the magnetic needle, without allowance for va-
riation, I had to make calculations, that the map might be
confiftent with the truth. : : :
2 - Ir
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I¥ the feveral refpettable chara&tersin Europe ‘who have _
" applied themfelves to this {fubje&, have not fucceeded in
the attempt, it 1s 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. '

“Tue introduétion of a number of new terms being abfo-
lutely neceflary, as they are accompamed with deﬁmtlons,
thxs ftep will be excufable.

Many reports and letters have been received by the au-
thor from learned focieties and individuals; a few only of
thefe will be found in the Appendix. To publith the whole
might appear oftentatious. .
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INTRODUCTION.

I

HISTORY OF MAGNETIC DISCOVERIES

T feems to be a fa& well authentlcated that the-attrac-.
- tive quality of the Magnet has been known 1 in the mof}
remote ages ; a number of the earlieft writers, fuch as Ho-
mer, Pythagoras, and. others: .make mention thereof. .Ac-.
cordmg to Pliny’ and Nicander, it took its name from Mag-
nes, a Herdfman, who having his fhoes and ftaff armed with
“iron, and refting himfelf on a quantity of loadftone -on
- Mount Ida, he could not eafily remove his feet or lift up
his ftaff; he foon perceived that the attractive virtue was in
the ftone. 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
life, whereby it attraeth iron. Plato thought this attrac-
tion to'be divine, and fome -that there .is-a {ympathy .be-
tween the magnet.and iron, ‘as between male and female,
as Orpheus and Lucretius have fung. :

Artrovcn thefe early writers were: aéquainted with 'thg -
«\loadﬁorxc, they muft have been 1gnorant of its polanty \
. B L yet
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yet like many of the moderns, they might have amufed ‘
themfelves with its attra&we quahty

NEVERTHELESS 1t appears from Du Hald’s. General Hif
tory of Chma,gand from other authorltxes, that the Magnetic
Needle. was: known to that nation 1040 yéars before Chrift.
However, many European writers have each claimed for
their own particular country the honour of mventmg the
Mariner’s Compafs,.others. huahecn Jatisfied in naming
the perfons who firft introduced it 1nto Europc, and improv-
ed upon the mventwn

Tus apoftle Paul, in the account of his voyage to Rome,
by fome Englith, tranflators is made to {ay, from Syracufe
we fet a compals, and came to Rhegium, Thefe iearned di- -
vines- caulihardly mean- a Mariner’s Compafs, becaule no
fuch thmg 18 mentloncd in thc: orxgmal

Sm Roger L’'Efirange: alfo; in the tranilat‘i@n of that
C’hapter of Seneca’s Morals: whlch treats on-a Happy Life,
mfpeakmg -of ‘a careful feaman, fays « he confults his com-
- s pafs, and keeps aloof from thofe’ places that are infamous -
#¢ for wrecks and mlfcarnages. Whoever takes the trouble
to examine the original will be convmced of the unwar- -
rantable liberty taken by the tranflator;:

GUYoT de Provens, a French poet, who wrote about the
‘year 1180, makes' exprefs menhon of the loadflone and the |
compafs ; and their ufe in navigation is alfohinted at, not-

- withftanding Dr. Gilbert informs us that Paulus Venetus (or
dMlarco Paulo, a Vignetian) brought this-invention from China’
to Italy in the year 3g60. Be this as it .may, the northern

nations
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ﬁatmns*fef Europe appear :to have beer acqzﬁm%ed with: it

“foon after, for the 'year 1266 is remarkable for the death of
the Swedifh ‘count Byrgerzs, who by the Swedes is ‘called
“ Duke Pontana Byrger Jarl. Sturla celebrated his memory
in a poem confifting of twelve verfes, 4nd when he attended
the king to the boundariés of the kingdom, he produced
this poem in anaffembly of: the ftates; and,as a reward
for his genius; he was prefentéd’with & Mariner’s Compals.
See Torfaeus (Thormodus) Hiftoria Rerum Norvegxcarurn,
4 tom. folio 845. All thefe accounts are prior to the time
when this invention has generally been’ fuppofed to be firlt
introduced mtoEump’e for it has ‘beén faid that John or
Flavio de ‘Goia;-or Gioia, or GIOJa, of ‘Giova, ‘or Gira, in-
vented this inftrumentin the year 1300 or 1302.

" For {ome timeafter the Mariner’s Compafs was made ufe
ofin Navigationjdt wasthought the necdle-atall Places point-
ed due north; but the célebrated Chnﬁop’hef*()dhxm’bus;dur-
ing his firlt voyage to America, difcovéred the variation
on the 14th of September 1492, as his fon Ferdinand afferts
'm an at:cuunt of' hxs f'ﬁthers hfe wrx%ten ongmally . Spa-
mutmeus crew concludmg the necd}e ‘had ‘Toft-its- pcﬂarxty,
they were afraid of not ﬁndmg then‘ ‘way o Europe o

Pr s true fome have- attrxbuted thxs dlfcovery to Sebaf—
tian ‘Cabot,- a Venetzan, who is faxd to have made it in the '

year 1500,

‘Ilma remarkable property ‘of ‘the’ dlppmg needle was
dnfcovered in theyear 1 576, by Robert Norman, a mathe-

anatical infirument maker, in the fuburls of London. ~His
Be book
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book “ The new Atiraltive,” gives an account of this difco-
very. He tells is-that; & haying:made.many Compafles, and
“ always balaneingthe needles before:hetouched them with -
¢ the magnet; he,{ found contmually that -after he had: tQuoh..
“ ed.them thesnorth point would incline downwards, under -
“ the horizon, infomuch that the fly- (or card) of the com-

pafs, which before was equa] ‘he was: il conftrained to
<« put fome {mall plCCC of wire on the fouth part thereof). to
“ counterpoife it,”. He, then :communicated his obferva-
tions to {fome of h1s literary-friénds, who - advifed him to
frame 4n: inftrument, and make an exa& trial what would -
be the-greateft angle it would make with the horizon; and
he found the inclination (or dip) when the dlﬁ,overy was
made, to be 71° 50, or- thercabouts

- In Normans “ New: Attra&we and in a difcourfe on the -
variation of the Compafs. by his friend and patron William
Borough, Comptroller of the Navy to Queen Elizabeth,
both pubh{hed in 1581, and bound together, they fay « the
“ varjation.is 11° .15’ eaft;’ but ‘this gbfervation was made
by the Comptroller in the year 1580, at Lime-Houfe. The
altitudes of the fun were taken by him to each degree of a
quadrant, both before and aftemoon from 17° to 25°, being
the mean of nine feveral obfervatlons, and at every alti-
tude turning his compafs to the fun, obferved the degree
and parts cut thereby ;. then comparing the magnetical azi-
muths made jn the forenoon with thofe in the afternoon, an-
fwerable to the fame folar altxtudes the half of thcdlﬂ’er-
ence gave the variation. The works of Norman and Bo-
rough were corre¢ted, amended, and repnnted in the year
1585, and as thes vamatlon was decreaﬁng, it muft neceffari-
ly have been much lefs that year; but as they fHll fay the

variation
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varmtlon, was 11° 1 5'-eaft, it is clear- they- ‘had” n6 fufpxmon.
it was fubjeél to alteration, or they would have ob!’erved it
again, and have ‘publifhed the true variation as it muft have
been in the year 1585. In the next century William Bo-
rough is-cenfured, for making no allowance for refraltion,
by Profeflor Gellibrand, who made a néw calculation from
#he obfervations of Borough, and, after allowance for re-
fraction, he found the vanatlon for the year 1 580 to havc
been only 11° ea{‘c

3

. Tue. magnetxc Varxatxon was taken under conﬁderatlon by
Provmces, of the Low Countrles" and 1n order to be ac-
quamted with its laws, he caufed his mathematician, Simon
Stephen, to write a book, this was publifhedat Leyden in the
year 1599. . This excellent prince enjoined all feamen under
his~jurifdi€tion te;make, :diligent obfervations in all their
voyages, under confideration of the.great advantagc whxch_
might accrue, if the variation of the needle inall places were
truly known : he gave commandtoall thatfhould take charge
of -fhips, that before they took their departure they fhould
p10v1de themfelves proper inftruments for this purpofe, that,
intowhat place foever they might come, they fhould diligent-
ly obferve the magnetic variation; and that, after their return
into their-own country, they {hould give a true certificate of
thofe-obfervations 'to the reft of their collcagues, and com-
pames of the admiralty, that by them they might be brought
into order, and publifhed for the general good ; defiringalfo
to ftir up other nations to the fame care and diligence. In
the fame year 1599 this treatife was tranflated into Englith
by Edward Wright, Fellow of Caius College, Cambridge,

that famous mathematician who invented or 1mprovcd the
2 ‘ Pro_]eéhon
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projeétion of the fphere, commonly -called Mercator’s, In his
* dedication, to the Eail 6f Nottinghamy; feeming to forget his
own additions, hetells him that he brings béforehis prefencc
that Dutch Pilot, (meanmg the book) whom; fince its: arfival,
~ he has taught to fpeak Englifh. This pubhcauon centains &
table of variations, as obferved at fea and land (in contradic-
tion to Pedro de'Medina, who doubted the exiftence of the
varxatlon) and afferted that- the quantity was very different
in different places; and that an allowance was neceffary in
fteering the courfe of a Thip. But alk this time it feems nebo-
dy fufpe&ed a variation of the variation; for Edward
Wright (who was fometime tutor to Prince Henry) tells us,
“ the fame place hath always the fame Iantude and varia-
“ tion.”

Dr. William Gilbert, phyfician in ordinary to Queen Eli-
zabeth and to James L. in his book ¢ de Magnete” publithed
in 1600, gave his opinion on this: abftrufe matter: he fappof-
~‘ed that the earth itfelf, being in all parts-magnetical, and the
watér not, wherefoever the land was, thither alfo thould the
“needle turn, as to the greater quantity of magnetical mat-
ter. This opinion{eems to have been long laid afide, by:com-
moh confent; for fome time after onthe Coaft of Brazil, the
needle, inftead of being attrafted by the land, tumed ‘quite
~another way. Doétor Gilbert’s book contains a number of

curious experkments but ftill he wasa ftranger to the var 1a~

‘tion of the variation, for he afferts Variatio umz_c/'cu]m g
Lociconftans ¢ft : that is to. fay, the variation of every place is
umformly the famc.

 WiLrrsm Barlow, ‘in the year 1613, in'his book called |
“ Magnetical Advertifements” gives a number  of experi-
- ~ ’ ments
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ments,: but.makes no. attempt to form. a.d;egry, In the fame

yeas - A fhort treatife of Magnetm Bodies and_ Motions™

made its appearance, publifhed by Dotor Mark Rld,ley,
fometime phyfician to. the Emperor of Rufha. His opinions
concerning the caufe of the variation were nearly ﬁmxlar to

Do&or G;lberts

FRANCIS Bacon, bamn of Verul m, wfcount St Albans

and lord; high - ~chancellor of Great Britain, .is. confider-

ed.with propriety as the father of that valuable branch
of phllofophy, founded on fa& and obfervation: they

that record his failings, like thofe who- have obferved fpots

in the-{un, neither pretend: to diminifh his real brightnefs,
nor deny the univerfal influence which he acquired in the,
*world of fcience. He began early in life to perceive
that ufeful knowledge mufl be founded - on the rock of ex-

had becn em‘pleyed‘thmugmg cqurfe of many centunes in

~ this his own genius, aided by a- ﬁngular difcernment, muft
have been-his principal preceptor. A philofophy built on
this foundation -could not make a fudden general revolu-
tion itx the learned world, but its progrefs, like that of time,
~ quiet, flow, and fure, has at length proved irrefiftible and
univerfal. Among his countrymen, the great names of thofe
who have adopted his notions, and proceeded on his plans,
-are his higheflt encomiums ;. 40 pafs over.a long lift of illpf-
trious  names, he reckons-a Boylc a Lac;c/ and £ven a
NewtOn, atmmgft his followers : ,

e chancellor Bacon, whoggomted out thc path to thofa-
fubhme heights in experimental phxlofophy, at whu:h hzs

followers have arrived, did not himfelf dxfcover the varia-
: tlon

4
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tion of the variation, yet as it was difcovered by that mode
of experiment which he recommended, he no-doubt con-
tributed thereto; forin the year 1622, bemgabout four years
“before the chancellor s death, the variation was difcovered
to change in the fame place by Profeflor Edmund- Gunter
of Grefham college, the inventor of that admirable fcale
or ruler which ftill bears his name, who found it to be only
6° 13’ eaft this year, which is 5° 2’ lefs than what it'was
‘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,
profeflor of aftronomy and fucceffor to Gunter in Grefham °
- College ; but Profeffor Gellibrand himfelf in “ 4 Dif
courfe Mathematical, on the V ariation of the magnetic' Needle,”
publifhed in 1635, gives us the variation as obferved both
by Borough and Gunter; and as the latter found it to be
5° o' lefs than the former, it feems that Gunter firft obferv-
- ed this alteration. No doubt Profeflor Gellibrand firft
publifhed to the world this variation of the variation, for he-
fays an acquaintance of -his, applying Gunter’s own needle
to the fide of the cubical ftone 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 {ummer folftice, and
found it much lefs than 5° eaft; and at the fame place, on
“the 12th of June 1634, by the mean of nine azimuths, the re-
fration allowed for, the variation was 4° 1’.53" eaft. The fa-
mous Fontinelle, perpetual {ecretary of the Academy of Sci-
ences at Paris, in his Hiftory of this Academy, has ﬁgmﬁed
that Dr, Peter Gaflendi, royal profeffor of mathematics in
that city, was'the principal djfcoverer of this property.
Gaflendi was one of the moft celebrated literary charaéters
France
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France has’ produced he wrote agamfk the metaphyﬁcal
meditations of Rene Des Cartes, the author of the Cartefian
fyftem of the univerfe, and divided with that great man
the philofophers of his time, almoft all of whom were
~ Cartefians or Gaflendians ; however, we read in the Cyclo-
pxdia, under the article Variation, that Gaffendi himfelf
acknowledged he had before received information of Gel-
| hbrands obfervatzons

Drs Carrtes alfo attempted a theory of the magnetic
variation : he fuppofed 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 amufing to the imagination
~ than the patient and humble method of experimenting, and
purfuing Nature’ through all her labyrinths by fat and

obfervatlon

Des Cartes has the merit of firft applying algebra to
geomet'ry, but - his ‘Natural Philofophy, which was pub’—
lithed inthe year 1659, has been entirely exploded even in
his own country, fince it came to be tried by the teft of ex- -
periment. He long enjoyed fo high a reputation that La
Fontainé, who was the echo of the public voice, fays, in
ages paft, when it was fafhionable to deify men, Des Cartes
would have ranked as much above human beings as man 1s
fuperlor 10 an oyﬁer

- On'the 3 gth day of March 1674, Profeflor Robert Hook,
giving to the 'Royal Society of andon, of which he was a
“member, fome account of the magnetic variation, only men-

txoned one magnetic pole; and concludes by faying, “whe-
C “ ther
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“ ther it proceeds ina meridian, ‘orina parallel or great
“ circle, or any other: regularicurve; and, if in a curve,
« whether " its concave or convex fide be towards us, more
“ time and obfervatlon muft make clear

In procefs of time it was found that the inclination (or
~dip) of the needle was mor¢ at one place than another.
Henry Bond, after making this the fubjeét of his ftudy for
many years, publithed a {mall treatife on “ the Inclination of
“ the tnclinatory Needle.” This was ulhered into the world by
the exprefs command of King Charles II. to whom it was
dedicated ; and in this work he pubh{hed tables.of the In-
clination, called Caroline tables, in honour of Charles, his
royal patron. The zeal of this author, it feems, proved
ineffe@ual; the learned Dr. Halley, F.R. S. and Aftrono,
mer Royal, fays, that « Henry Bond pretends to calculate
« the variation, but he limits his hypothefis to the city of
“ London; affirming himfelf, as he had a great deal of rea-
“ fon, that the fame calculus is not f{ufficient for other
«« places; whereby it appears thlS rule is far fhort of the fo
« much defired general one.” Bond’s theory difagreed
widely with obfervation in another inftance; for Dr. Halley
remarks that, at the entrance of Hudfons Bay. and the
mouth of the river of Plate, bemg nearly under the {ame
meridian, at one place the variation in his time was 29 de-
grees to the weft, at the other 203 degrees to the eaft; he
- fays this plainly demonttrates the impoflibility of reconcil-
ing thefe variations by the Theory of Bond; for, had it
been a true one, under the fame meridian the variation
fhould be in all parts of it the fame way. The fame Dr.,
Halley, who made fo many real improvements in {cience,
fpent much time in trying to afcertain the laws of the mag-
netic



INTRODUCTION x1

netic. varxatlon he pubh{hed in the year 1683, his firlt
theory of the magnet, in which he made this conclufion.
« The whole globe of the earth is one great magnet, having four
* ‘magnetical poles, or pomts of attration; near 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
- *nteedle is governed thereby, the neareft pole being al-
“ ways predominant over the more remote.” * Although
Dr. Halley’s firft theory was favourably received at home
- and abroad, he was foon fenfible of feveral infurmountable
difficulties in it. It is plain that the magnetic polesare not
fixed, but moveable, as appears by the great changes of the
‘needle’s direGion. - In England, where this difcovery was
made, . the dire&ion of the needle has changed no lefs than
93 degrees in 200 years. Dr. Halley, probably confidering
the difficulty of forming any {yltem without a number of
obfervations, made application to government in the 1elgn
of William and Mary, when this matter. was confidered in
fo favourable a point of view, that the command of the Pa.:
ramour Pink, one of the thips of the royal navy, was given
to Dr. Halley, with orders to feek by obfervation the difco-
very of the rule of the variation .of the compafs. He fet
fail the firft time, on the 20th of OGober 1698, for the
fouthern hemifphere, and continued the voyage with great
Apirit until a difpofition for mutiny was difcovered by the
comiander among his men; he then bore away for Barba-
does, in order to exchange them; but this being impoflible,
at that time and place, he returned to Great Britaid, where
he arrivéd in Junéfré‘gg

Having got his heutenant trxed and ca{hlered he. fet

fail, the fecond time, in September following : he now tra~’
C2 - verfed
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ver{ed the vaft Atlantic ocean, in which he failed to the fifti-
eth degree of fouthern latitude, and upwards.. This voyage
deferves to be. remembered longer than that made, by the
antient Grecian. prmces, the Argonauts, who, under the
condu& of Jafon, went t6 Colchis, to fetch'the golden ﬂeece '
from thence. - Dr. Halley made magnetic obfervations at’
Brazil, St. Helena, Barbadoes, Bermudas, Newfoundland, and
other places on land and fea. He arrived’in England in Sep-
tember 1700, and the next year publifhed a chart on Merca-
~ tor’s projeétion ; which will preferve his name longer than
brafs or marble. This was done by drawing lines through
thofe parts where the variation was equal; but his obferva-
tions were by no means univerfal. Dr. Halley now fatil-
fied his firft theory would not bear the teft, communicated
his fecond to the Royal Society -under .the following
appellation : - ¢ An: Account of. the Caufe. of the Change
«of the Variation. of the magnetical Needle, with an
“ Hypothelis of the Struflure of the internal Partsof. the
“ Earth.”

In this paper he fays, ¢ thefe difficulties had wholly made

“ me defpond, and 1 had long fince given over an enquiry
I had f{o little hopes of, when in accidental dlfcourfe, and
“ lealt expeéting it, I ftumbled on the following hypothefis.
“ The external -parts of the globe may weli be reckomn-
« ed as the fhell, and the internal as a nucleus or inner
« 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-
“ binating motion fome {mall matter either f{wifter or
“ flower than the internal ball:. And a very minute differ-
.2 . ffence
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P encggsir’xﬂ'l‘en‘g’th of time, by many ’fepc?ti‘dén's» becoming
« fenfible, the internal parts will by degrees recede: from the
“ external, and not keeping pace with one another will ap-
“ pear gradually to move either eaftwards or weftwards by
“ the difference of their motions.” S

" Dr. Harrey fuppofes the fixed poles are the poles of this .
external fhell or cortex of the earth, and the other two the
poles: of a magnetical nucleus, included and moveable with-
- i the other; and finally Dr. Halley concludes this mo-
tion 1s weftward, "

 ‘Inftead of-the motion -of the magneétic influence moving
- weftward, as Dr. Halley {uppoled, the two magnetic points
will be found to move from weft to eaft; the northern one
quicker, and the fouthern flower, than the earth; fo that
- ‘the apparent. revolution.of the northern magnetic point is
from weft to eaft, and the apparent revolution of the {outh-
ern magnetic point is from eaft to'weft.” =

Since Dr. Halley’s chart was publifhed, the greatefl part
of a century has pafled, affording many obfervations. I
hope to prove clearly, in the following work, by calcula- |
tions from the attual obfervation from which Dr. Halley’s
chart was conftruéted, ‘and from others, that two magnetic
points alone, not diametrically oppofite to each other, are
fufficient to account. for the fingular figure of the lines
 pafling through the points of equal variation: if fo, it will

appear unphilofophical to fuppofe more magnetic points
“than are abfolutely neceflary to account for the pheno-
mena,

‘ THE
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THE quantity of the variation being in a ftate of fluctua-
tion throughout the world :vat the fame place it changes,
-at one time quick, ‘at another timé: ﬂow fomeelmes almoft
ﬂatlonary, and then retrograde at the fame time in differ-
ent places, there is the fame variety of .changes. In the
fpace of forty years the lines, laid down by Dr. Halley,
were grown entirely ufelefs ; for want of a knowledge of the
principles. of the variation, other charts could not be con-
ftruted without 2 multitude of -obfervations. - William
Mountain and James Dodfon, Fellows of the Royal Socxety,
undertook to renew the chart of Dr. Halley, and receiving -
the affiftance of the commiffioners of the navy, and of the -
diretors of the Eaft India, African and Hudfon’s Bay com-
panies, they obtained leave to perufe the journals of thofe
mariners who were under the: direttion of each’ re{'pe&xvc
body; from which the charts were republifhed for 1744
" and 1756. From the great number of obfervations in their -
‘poffeflion, they doubted not at firft of being able to draw .
lines reprefenting the variation at the four different periods,
1711, 1722, 1733, and 1744; and thence, by analogy, to
* have pérformed the fame for 1755; but they foon found
the 1mpra&1cab1hty of ‘this fcheme, as they themfelves ac-
“knowledge, experience having pointed out to them the ir-
regular mutations of the variation. Apy expe&atlon be-
fore retained of reconﬁru&mga new fet of lines, by analo-
gy, foon vanifhed ; and they wereobliged to purfue their
‘tedious method of proceeding, by colleéting the greatelt
poffible number of obfervations: thus they were enabled
to approve of fome and rejeét others accordingly, as they
were fuppofed to be {fupported or not by concurrent tefti-
mony, and from thence to draw lines reprefentmg the va-
natxon at that time, they alfo publifhed charts of the fame
kind
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 kind' for 1756 but thofe charts of Mountain and’ Dodfon,
not being conftruéted by their own obfervations, but from
" obfervations made by various captains of fhips, 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 expetled to be
true in every part, any more than Dr. Halley’s chart, which
was not founded entirely on his own obfervations. Dr.
. Halley himfelf feems not to give them as exat, as well for
want of a fufficiént number of obfervations, as principally
becaufe many of the obfervations, upon which his chart was
founded were. made long before the epocha of 1700.

It feems alfo as if Mountain and Dodfon would repre-
fent in their charts, at one particular time, both more anci-
ent and more modern obfervations ; moreover their charts
give tothe Eaft India line, of no “vaﬁatzon, fuch an extrava-
gant bend as no true theory can ever agree with’ and fuch
an one as the former errors, to which the obfervatlons were
~ fubje&t, could never admit; notwithftanding, it muft be
allowed thefe feveral charts, underall the difadvantages the
authors were then fubje& to, muft have been highly ufeful
in the art of navigation, efpecially for fteering the courfe of

a ﬂup

IN a ﬁaort effay, pubh{hed by Edward Hawk{ley; in 1174 55
he defines the ‘magnetic poles to be two points diametrical-
ly oppolite, towards which he fays, the corre{fpondent pomts
-of the needle always tend. This doftrine was advanced
by Henry Bond in the laft century, but proved by Dr. Hal-
ley to-be'erroneous; for,if Bond’s and Hawk{ley’s projecis
had beenfounded on juft principles, under the fame meridi-

| | an,
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an, the variation lhould be in all parts of “it the fame way ;
which is-certainly very far from the truth; becaufe, it has
been already mentioned, that, under the fame meridian, the
- variation at one place was 29 ° weft, and at another: place
204° eaﬂ: “ ' ‘

 TuE diurnal variation, obferved by Graham, Canton, and

. others, from actual experiments, feems reducible to certain
fixed laws; therefore, this variation will hardly ever ope- .
rate againft the fuccefs of the _prefent plan.

PROFESSOR Leonard Euler’s Mem01r on the magnetic
variation was publihed among the memoirs of the Royal
Academy of Scierices and Belles Lettres, at Berlin, for. the
year 1757. Several of the Encyclopzdifts have attributed
this to one of his fons; fome to his eldeft {on, John Albert
Euler, knight of the orderof St. Vladimir, and fecretary to
the imperial academy at Peterfburgh, his furname only
being prefixed to the memoir, - {uch a miftake might readily
happen; but the princefs of Dafchkaw; who now. fills the
father’s place, as prefident of the imperial academy of Sci-
ences at Peterfburgh, in one of the letters which fhe has
favoured me with, dated g1ft of January 1792, fays * the
“ author -of that Memoir, Recherches fur la Déclinaifon de
«“ P Aiguille aimantee, in the Memoirs de I’ Academie royale des
« Sciences de Berlin, 1s the famous Leonard Euler, father to
“ him who is now fecretary to our Academy.” Profeflor
Eulers obje& is to thew, that there are but two magnetic -
poles, and thefe’ poles not diametrically oppofite. The
places of thefe magnetic poles he does not determine by cal-
culation, but rather guefles.at the fituations they ought to
occupy, to produce the Halleyan lines. Thefe elements he

varies -



varies a’ number of times, as follows to try wh1ch will beft.
agree with the thape of the Halleyan lines: he fuppofes the
* diftance between the artic pole and the magnetic pole to be

eithe"r 15° 14° 55'5 14°, or 17°,

THE dlﬂance between the antarétic pole and the mag-
_netxc pole to be elther 25°,29° 23', go°, 35 or 40°.

. Tu: angle at the north pole, formed by the mendians
pafling through the two magnetic poles, he fuppofes to be
exther 40°, 45°; 53° 18/, or 63

In Profeflor Euler s preface he remarks that all thofe who
undertook this fubjet were foon obliged to abandon it, on
account of the unconquerable diﬂiculties which they met
with ; the principal caufe was not fo much inthe ftrange
figure ‘of Dr. Halley’s. lines, which are hardly capable of be~
ing explained by any rules in geometry, as in the perfuafion
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 lines were fo diffi-
cult to explam 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
fhorter on the globe, in proceeding from the equator to ei-
ther pole of the earth, this projettion caufes the degrees of
latitude to increafe on the chart, as the degrees of longi»
tude diminith on a globe; by thefe means the continents
are ftrangely diftorted; and although particular places

preferve nearly their proper bearings from each other,
the
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the relative magmtudes of iflands, if fituated in different
latitudes, are entirely deftroyed. In the prefent projettion
the magnetic mendlans aredrawnonanew:plan,and: very dif-
ferent from Dr. Halley’s: they are fo conftrutted-that they

form curves truly geometrical, and come within the moft
rigid rules of calculation. -

Proressor EvLer fixes neither the latitudes, the longi-
tudes, the revolutions, nor courfes of the magnetic poles;
" neither does it appear that he propofed to diftover the lon-
gitude by the magnetic variation. Moreover, what Profefl~ .
or Euler calls magnetlc poles, I have taken the liberty to call
magnetic points; giving the name of magnetlc poles to the.
poles of the magnetlc equator.

1IN P1 ofeffor Euler’s remarks, at the latter end of his Me-
moir, he mentions the uncertainty in which he ftill remained
refpecting the true pofition of the magnetic poles: ' I think
I may fafely affirm, that, if the 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. .

Tuc laft paragraph of Profeffor Euler’s Memoir is ent;-
tled, Hypothefe: his conjetture is, that the magnetic poles
moved from eaft to weft. Contrary to this opinion, I hope to
prove by calculatior}? that both magnetic points move round
‘the poles of “the earth, from weft to eaft; the northern one
quicker, and the fouthern flower than the earth; therefore,
the apparent revolution of the northern magnetic point is
. from weft to eaft, but the apparent revolution of the foyth-
ern maO'netlc point is. from eaft to wefl. However, 1t 1s uni-

verfally
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Vépfglly‘fadmitted, that - Profeflor Euler extended his. re-
fearches on this fubje& far beyond all his predeceflors;: 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 omr
the Loadftone,. that of the Propagation of Sound, the Laws
of Cohefion, and thofe of Friéion, although f{ubjeéts of learn-
ed calculations, were fupported, unfortunately, by hypo-
thefis, rather than by experiment. In addition to what Pro-
feffor Euler wrote on the fubjet, it feems abfolutely neceffary
that all the following elements fhould be well underftood.:

1. Tue nature of the curves formed by the magnetlc
meridians.

- 2. TxE periads of revolution of the two magnetic points.
3. Tue truecourfes which they run.
4 THE'IR latitudes..

| 5 Tueir longitude from fome meridian for the pre-
fent time.

6. A ser of tables of their fituation for any paft or fuﬁ
ture period.

7. A SET of rules, for applying all thofe pnncxples and,
materials to ufe.

“WrtnouT an accurate knowledge of all thefe elements,
Profeffor Euler could not be fuppofed to apply the magnet
B2 to.
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to the difcovery of the longitude; neverthelefs, this great
man feems to have had :a diftant profpe&, that this would
one day be the cafe; for the Princefs of ‘Anhalt-Deflau;
having an uncommon tafte for knowledge in natural philo-
fophy, applied to Profeflor Euler, and received leflons from
him, which -were originally written in German, and after-
wards publithed in French, at Berlin, in the year 1775, un- -
der the title of “ Lettres & une Princefle D’Allemagne, fur
« divers Sujets de Phyfique et de Philofophie.” In thefe let-
ters, he fays indeed, it is not improbable that by thefe means
we may in time, when the knowledge of them fhall 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 {mall advances towards it.

‘ArTER informing the Brincefs that the variation at Ber-
lin, in the year 1761, was then 15° weft, he fays, it now
appears as if it would decreafe, until it comes-to nothing
again. This certainly difagrees with obfervation; for, in
the report which the Commx{ﬁoners made, by appomtment
of the Royal Pruffian Academy, on my communications, I
am informed by one of them, that the variation at Berlin,
in the year 1791, inftead of being lefs than 15 wefl, as
Profeflfor Euler {uppofed, it was attually 17° g2’ weft; and
it will be found, that the variation will ftill be much greater
weftward than it is at prefent at Berlin, before it begins to
decreafe.

Proressor EuLER obligingly informs -the Princefs, his
pupil, that an accurate knowledge of the prefent variation
generally, whether eaft or weft, would be a moft valuable
acqulﬁtlon ‘but he feems to defpair-of this knowledge ever

being



INTRODUCTION , 'xxi

being: obta:ned ‘and. proceeds. to remark, that our know-
ledge. in this part of natural philofophy had not then arriv.
ed to any degree of perfection. |

. Proressor. EULER gives the Princefs his opinion, that
iron mines, within the bowels of the earth, caufe this pecu-
liar diretion of the needle; but as it will appear, by cal-
culation, that the revolutions of the two magnetic pomts are
uniform, ‘I cannot -perceive the poflibility of :iron mines.
performing regular revolutions through fea and land, as
they move round the poles of the -éart'h.

To Profeﬁ'or Euler in. partxcular, I hold myfelf under
many obligations. If hedid not arrive at perfeétion in the
dottrine of the magnet, he caft much light on the {ubje&t;
indeed there is fcarcely a fingle branch of mathematical {ci-
ence that has not been improved by his labours. - No geo-
metrician ever before embraced fo manyobje&s 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.: :

- Tue labours of Euler will appear more aftonifhing when
it is confidered, that, while he was enriching the Royal Aca-
-demy of Berlin with a prodigious number of memoirs, on
the deepett parts of mathematical {cience, which were gene-
rally prefented in new points of view, mterfperfed with
{ublime truths, and fometimes with difcoveries of great im-
portance ; he did:not difcontinue his philofophical contri-
butions to the imperial' Academy of- Peterfburgh, There is
{carce one of his pieces which does not contain fome inige-
nious view, that may lead to the fuccefsful inveftigation: of
. truths
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truths yet unknown. = The.civil and literary hifiory of all,
ages and all nations was. fainiliar. ‘to himm;: --and: foreigners,
who were acquamted with his works, ‘were aﬁom[hed to
find in the converfation of a man, whofe long life feemed
folely: occupied-in: mathematical and ‘phyfical refearches
and difcoveries; {uch an extenfive acqualntance with other
interefting branches of literature ; his memoirs difplay the
marvellous fecundity of his genius; he carried to new de-
grees of perfeéhon the integral calculus, reduced analytical
operations to a greater. degree of ﬁmphClty, and was thus
enabled to throw new lighton all the parts of mathcmatlcal
fcience: his-Elements of Algebra, by their intrinfic merit,
in point of perfpicuity and method, have equally excited
applaufe and aftonifh ment..

It is well known that ProfeHbr Euler reduced Sir Ifaac
Newton’s Theory of the Moon into elegant analytical ex-
preffions, of which Tobias Mayer availing himfelf;. he was,
by a very fingular addrefs of his.own, enabled to bring out
the greateft quantities of the equations, with.eafe and exat-
nefs ; and thence to conftrutt tables agreeing to the Moon’s
motion in every part of her orbit. The board of longitude
having rewarded Euler and Mayer for thieir fervices; the
tables were publifhed in 1770 by Dz’ Mafkelyne, Aftrono.
mer Royal, who has the merit of firft planning the Nau-
tical Almanack. (

- EvuLERr was perfonally known to moft of the Princes in.the
northern parts of Europe, who fhewed him marks of - their
efteem or rather veneration, which they could not well re-
fufe to a man, who united the fimplicity of virtue to a ge-
nius {o vaft and fublime ; but he never could be prevailed

upon
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upon: t6 receive any titleoffered-to him, except that of Pro-
~ feffor: to a man like him, the pleafure of ftudy mu{t be a
- reward much more agrecable than glory.

- Tue author of Profeffor Euler's Eloge fays, that the
‘whole of his labours confift of ‘more’ than thirty different
works, publifhed: {eparately; -and nearly feven hundred me-
moirs, two hundred’of which were- depoﬁted at the imperi-
- al Acaderny of Sciencesat Peterfburgh, after hxs dcath and
'mtended to enrich thelr futuLe colleéhons SR
Ir praife, -as: Plal;o fays, s t:he fweeteﬂ; kmd of mufic, as
Euler lived to a great age, he long enjoyed a concert of that
kind. His death was cornfidered ‘asa public lofs:" the Aca-
demy of Peterfburgh appeared formally in mourning, and
. voted a marble buft to his memory, which was placed in-
the Hall at the.expénce.of - the Princefs.de Dalchkaw, who
fills his place, as preﬁdent of the imperial- Academy,’ to
whom I hold myfelf under many obhgatlons for feveral
valuable commumcatlons * N

In the year‘:l %66 Was’pflbliﬂled, at Worcefter, * A brief
“ Theory ofthe north magnetic Pole.” The author, as he on-
ly attempted a theory of one magnetic pole, feems to fall
far fhort of perfeftion; for if the needle was influenced’
only by a northern magnetic pole, the fouth end would
have a dire€lion to dnother point diametrically oppofite : in
- that cafe the line ‘of ‘no variation would coincide with a
meridian of the earth :-but. this would ‘in'no wife agree
~with obfervation, and would. in every refpett be fubje&: to
the fame objeftions as Dr. Halley made againft Bond’s

theory, in the begining of the prefent century ; for, if this

2 _ theory
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theory had been a true one, under the fame meridian the
variation wauld be inall parts-of it the fame way ; this is
well known not to be the cafe. The- elegant. < ‘Effay on .
#¢ Ele&tricity,” by George ‘Adams, mathematical inftrument
maker. to his Majefty, is'well known, bemg pubhfhed in the
year 1787, At the latterend of this weare given to under:
ftand, that the “ powers of genius, which have been hither-
“ to employed in profecuting this fubjeét, have not been
- “able toframe an hypotheﬁs that will accouut, in an eafy
“ and fatisfalory manner, for all the various properties of
« the magnet, or point out the links of the chain which con-
% nett it with the other phenomena of the univerfe.”

*It does not appear that Samuek Dunn ever favoured the
world with a publication of the prmc:ples of his formerly
fuppofed theory of the magnetic variation ; his New Atlas
of the Mundane Syftem, or of Geography and qumogmplzy,
d«g[crzbzng the Heavens and “Earth, &c. was publifhed in,
1788+ in ‘this fplendid work he fays, in page 16, “ This
s variation of the compafs is occafioned by the attion of
* certain powers in the magnetic {yftem, whofe laws are
% not yet fully’ difcovered ; and therefore but few conclu-
* fions can be drawn concerning the doftrine of magnetic
* variations, and thofe muft be deduced from obfervatlons
“ and exp€riments.” ~

In adiffertation on “ the Elements of Navigation,” pub-
lithed 1780, by John Robertfon, late librarian to the Royal
Society; we are informed, “the laws of the vanatzon {feem
“to have hxtherto eluded all our refearchcs '

In Glbfon s PhxlofoPhy we are told what the variation
was
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Was at a. certam place, when the work was pubhfhed in
1785 5 .but, fays the author, “how long 1t will continue fo,.
6 nme and obfervatlon muft only determine.”

A Treatife on Magnetifm, in Theory and Praffice, with
original Experiments, by Tiberius Cavallo, F. R. S. is Very
well {fpoken of : it treats more on experimental magnetifm
than the magnetic variation, and contains many curious ex~
periments well worthy of perufal. In page 112 the author
remarks, that “no Theory yet offered has been fufficient to
“ foretel, with certainty, the variation of the needle for any
¢ future per1od of time, or for any place diftant from thofe
€ m which obfervatlons have been frequently made.” In paﬂe
324, in fpeaking of the different hypothefes, he fays, nei-
ther have their pred1&1ons anfwered, nor were any of them
founded upen evident principles. In this celebrated work
are inferted four cafes, drawn up by Dr. Lorimer, whole
‘extenfive knowledge is well'known ; in the laft cafe he re-
prefents it almoft 1mp0ﬁ”1ble to form a true theory, and fays,
“ however, as this is a fubject of vaft importance to man-
« kind, principally for the improvement of navigation, I am.
¢ far from meaning to difcourage its being properly examin-
« ed; but only think it neceffary to put all the apparent
« difficulties before the eye of the refolute adventurer in
¢ this field of intricate and difficult inveftigation.”

Norwrrustanpine Nicholfon’s Philofophy teaches us
that the effeéts of magnetifm are obferved with furprife and
admiration, while the moft cautious confefs that the caufe
is entirely unknown, the fame author in Vol. II. page 329
fays, he knows from experlence that the magnetic varia-

tion may be eafily obferved, in moderate weather, to the
E certainty



xxvi INTRODUCTION.

certainty- of a lefs error than ten minutes: if fo, there
will be but little dxﬁiculty in ﬁndmg the longitude:
by the magnetlc variation. The variationn of the Com-
" pafs is certainly of that great concern in Navigation, that
the want of a true theory has heretofore done little lefs
than rendered ufclefs one of the moft noble inventions man-
kind ever attained to. This 1s a {entiment that has often
been exprefled by different writers.

Tue fifth volume “ Hiftoire Naturelle des Mineraux” of
Comte de Buffon, was publifhed at Paris in 1788: This |
work contains a multitude of magnetic ob{ervations made
by many circumnavigators; but the author fays, it does .
not {eem probable that we thould, by any former obferva-
tions, however numerous and repeated, be ‘enabled to fix
on any precife {yftem for the progreflive and retrograde -
motion of the needle; neverthelefs, when the principles
are properly underftood, their fimplicity will appear. evi-
dent by the following calculations and demonﬂratlono,
founded onaétual obfervations.

Tus Hydrographer to the Duke of Clarence, in page
165 of his book, entitled, * The Prattical Navigator and
“ Seaman’s New Daily Affiftant,” publithed 1791, in treat-
ing of the Variation of the Compafs, fays, “ the true
« caufe and theory of which has not yet been difcovered.”
An idea of the value of this work may be formed by its ex-
tenfive circulation,

Severar of the Encyclopadifts, in their late {plendid
editions fay, ¢ whether the magnetic poles move alto-
« gether with one motion, or with feveral, whether equal-

3 ]y
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& Iy or unequally, whether circular or lxbratory s if circu-
«lar, about what centre; if libratory, after what man-
 ner, 18 unknown

“ArTER having feen the preceding dfficulties painted in
fuch high colours, it may appear bold in me to purfue this
{ubjedt ; yet the encouragement I havereceived has led me
on ftep by ftep, and I hold myfelf partlcularly indebted for

the . magnetical obfervations publithed in the Voyages of
Captain Cook. The learned Dr. Andrew Kippis, inhis ac-
count of the life of that renowned navigator, writes as if he
had a clear profpett of the advantages that would arife
from his obfervatlons “1in determlmng the caufe and na-
« ture of the polarity of the needle.” :

Tue “ Meteorological Obfervations and Effays, by John
¢ Dalton, Profeflor of Mathematics and Natural Philofo-
“ phy, at the new College of ‘Manchefter,” makes mention
of the relation between the Aurora borealis (northern hghts) :
and whathe calls the earth s magnetiim.

Tae advertifements, coneerning this work, juft before it
made its appearance in 1793, announced his difcovery of
this relation to be original, the author not knowing that any
other writer had publifhed themoft diftant intimationthereof;
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 aperiodical publication for May
1792, entitled, Mathematical, Geometrical, and Philofophi-

« cal Delights;” in which the faid anonymous author men-

tions fomething to the fame purpofe, :

E 2 I MusT
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IMUsT here beg leave to refer the reader to my own
three letters defcribing fully this relation. They were -
addrefled to Count de Caffini, dire&or of the xoyal ob-

| fervatory at Paris, and pubh{hed in the city of Philadel-
phia, in O€ttober 1788, ina periodical publication, entitl-
ed, the * American Mufeum” this was feveral years prior
to the paper of the faid anonymous author. In the
firt of thefe letters, the rays of the northern lights are
clearly defcribed to agree with the magnetic meridian ; for
when the northern magnetic point was laft 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 Farth from England,
they were invifible in England for a confiderable time. Some
of the laft that are upon record, as having appeared there
before thofe of the prefent century, are thofe of January
goth 1560, Oftober 7th 1564, and November 14th and 15th
1574. According. to Rowning's Philofophy, vol. 1. page
243 after a longabfence, a fmall one appeared in Ireland,
November 16th 1707 ; another appeared in England, Au-
guft gth 1708; a remarkable one appeared there alfo March
16th 1715-16; they have been, and flill 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 thefle appearances are.

D=r. John Reinold Fofter, F. R. S. in an account of
his voyage round the world, remarks that, although he and
others, in company with Captain Cook, had fpent {everal
different feafons near the Antar&ic Circle, yet they never
faw the fouthern lights (Aurora Auftralis;) but in the year

> 1778
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177é,being, then between the latitude of 58° and 60° fouth,
their appearance, on feven different nights, was much
the fame as thofe of the northernlights. -

THEY' faw the Southern lights on February 18th, 19th,
2oth, 21ft, and 26th ; alfo on March 15th and 16th.

It is remarkable, although Dr. Fofter 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. |

Bx«:cz;ﬁ se Dr. Fofter obferved thefe fouthern lights at
_the aforefaid places, feveral writers have concluded that
they were vifible in every part of the fouthern hemifphere,

I confider that conclufion to be contrary to obfervation ;
as the fouthern lights.are not mentioned by Dr. Fofter
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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MAGNETIC ATLAS, &

-=C"H A P. ; ,I'

DEFINITIONS AND COROLLARIES.

DEFINITION 1.
HE two points D and‘E;- which‘give an univerfal direttion to the
magnetic needle, and reprefented in- the fphere drawn round
the centre C, fig. 1. may be termed magnetic points.

Der. II. That magnetic point D, which is fituate in the northern
hemifphere, at a certain diftance from the north pole of the earth, may
be called the northern magnetic point. - ~

Der. II[. That magnetic point E, which is fituate in the fouthern
hemifphere, at a certain diftance from the fouth pole of the earth,
may be called the fouthern magnetic point.

. Der. IV, The half of agreat‘ circle, drawn from one ‘pole of the
earth to the other, through any -given place, is the terreftrial mendlan
of that place.: : : R

Der. V. All the curves which meet in the magnetic point, on either
of the charts, are the magnetic meridians. .

Der. VI. The angle contained between the magnetic meridian, and
the meridian of the earth, in any place, is the variation of. the com-

pafs for that place, .
' Der, VII.
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" Der. VII, The time in which either magnetic point revolves round
the pole of the earth, from a conjunétion with any fixed ftar, until its
return to the fame again, may be" termed its fidereal, or real revo-
lution. : :

Der. VIII. The time w}uch either magnetic point requires; from
its leaving any one meridian of the earth, until its return to the fame
. 2gain, may be termed its periodical, or apparent, revolution.

Der. IX. Aline drawn through the different parts of the globe,
where the magnem needle points due north, is the line of no va-
riation. k

Cororrary. I. The line of no variation changes its place as the
two magnetic points change their places,

Cor. II. The line of no variation alters its curvature in propor-
tion to the different pofitions of the two magnetic points.

Cor. III. 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.

Der. X. A point G, diametrically oppofite to the fouthern magnellc
point E, may be termed the northern magnetic nadir.

Der. X1. A point H, diametrically oppofite the northern magnenc
point D, may be termed the fouthern magnetic nadir.

Cor. 1. I the two magnetic points were at equal diftances from the
two poles of theearth, and on oppofite meridians, they would be dia-
metrically oppofite to each other.

Cor. 1I. If the two magnetlc points were dlamemcally oppoﬁte to

each other, the magnetic meridians would all be arches of great
eircles.

Conr. II1. Asthe twyo magnetic points are neither at equal diftances
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 firft and the laft, are arches of great
circles.

Cor. IV. The diftance between the magnetic points and the mag-
netic equator is different on different fides of the globe.

Der. XII,
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Der. XII.: A great circle ICK drawn every ‘way equally diftant
from and between the two magnetic points and the two magneuc na-
dirs, will be the magnetic equator. '
Der. XIII. Thofe two oppofite points LM, fituate ninety degrees ‘
-from the magnetic equator ICK, are the poles of the magnetic .

equator. : -
Cor. I. The magnetic equator, as well as the firft and laft magnetlc

meridian, continually changes its place..
Cor. II. The magnetic equator divides the globe into two equal

parts.
Cox. 111 Every circle, dividing the globe into two equal parts, isa,
great circle,

Cor. IV. Every great circle has two poles.

. Cor. V. The two poles of every great circle are dxametrlcally op-
pofite to each other.

Cox. VI. Hence the two magnetic poles, bemg diftin& from the two
magnetic points which influence thie dire€tion of the needle, are nothing
more than the poles of the magnetic equator. ‘

Dsr. XIV. A rightline DNE,  drawn from one magnetlc point to the
other, may be called'the magnetic pointer axis. .

Der. XV. A right line LCM, drawn from one magnetlc pole to the
other, may be termed the magnetic polar axis.

Dsr. XVI. A right line GOH, drawn from one magnetic nadlr to
the other, may be called the magnetic nadir axis.

Cox. 1. The magnetic polar axis, and no other, pafles through the
centre C of the earth.

Cor. II. The magnetic polar axis is equally diftant from and be-
tween the magnetic pointer axis and magnetic nadir axis, all of wh1ch

are parallel to each other; but, ;
Cor. III. As the two magnetic pomts are not dzametnca]ly oppoﬁtc

to each other, the &xﬂance between the magnetic pomts and the mag-
netic equator is different on different fides of the globe.”

Cor. IV. As the two magnetic points move with unequal velomues,
the dxﬁance between the magnetic pole and the magnetlc pomt under-

goes a continual alteration.
F Der. xvn.
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- Der. XVIL As the magnetic equatdr divides the globe into two
equal parts, for diftinétion, one half may be called the northern,_ and the
" other the fouthern magnetic hemifphére.

Cor. L. :In each magnetic hemifphere the magnetic pole is, at any
glven txme, equally diftant from the’ magnetic point and the magneuc
nadir.

Der. XVIII. A magnetic needle, fufpended on a pin pafling ‘
through its centre in a horizontal direétion, is a dipping needle.

Cor. I.. Magnetic powers of equal force having equal influence at
equal diftance, as the magnetic equator is equally diftan¢ from each
magnetic point, if the dipping needle ftood horizontal on the magne-
tic equator, this would prove the influence of each magnetic point to
be equal. '

" Cor. II. If the influence of each magnetic point were equal, the
magnetic meridians would all be circular curves.

Cor. III. 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
thefe fides. ’

Cor. IV. Although none of the magnetic mer1d1ans, except the firft
and laft, are circular curves, the horizontal needle makes- always a tan-
gent to the magnetic meridian.

Cor. V. In the northern magnetic hemifphere the dipping needle
gives north dip, and fouthern fouth dip, proportlonally to the diftance
from the place where it ftands horizontal,

Der. XIX. The diftance between the northern magneuc point
and the north pole of the earth, may be called the north polar di-
ftance.

Dzr. XX. The diftance between the fouthern magnetic point and
the fouth pole of the earth may be called the fouthern polar diftance.

Der. XXI. An archof a great circle DKE, paffing from one magne«
tic point to the other, through each magnetic nadir, and from which all
the other magnetic meridians are numbered, may be called the firft
magnetxc meridian, e

Der, XXII,
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' Der. XXII The oppoﬁte arch, DIE, of " the fame great cucle 180°
from the firft, may be called the laft magnetic meridian,

Dzer. XXIII. Lines drawn through thofe parts of the eaxth where
the magnetic variation is equal, after the manner of Dr. Halley, are
called Halleyan lines.

Der. XXIV. The mean time taken by the fun, from its leaving 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 weft to eaft is determined and known to be 23h. 56" 47, thls laft
- mentioned time is called a fidereal day. ,

C H AP I
.SOLUTION OF PROBLEMS.
- EROBLEM L. .

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

Example. Ix the beginning of the year 1794, the firt magnetic
meridian paffing near the Royal Obfervatory at Greenwich, which is
in latitude 51° 28’ 40" north, the variation of the ‘compafs was there
23° 56’ weft, the longitude of the northern magnetic point. being
135° well.

As radius gb*‘ ' - - - . e ;16.—0000000
Is to fine of the latiliud.e 51° 28/ 40" - - ‘ 9.8934120
So is tangent of variation 23° 56/ - - 9.6472217

19.5406337

To co-tangent of a 4th number 70° 51/ 3" 9.5406337

Fa o As
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As co- ﬁne 135°—70° 51’ 3"'==64° 8 57” S . 9.6395161

i

Is,to co-fine 70° 51/3" . - - et e 9:5159118

So is co-tangent lautude 51 28’ 40" P e 9-9909509

o : 19.4168627

To tangent north polar diftance 30° 55" - 9.7778466 -
e —

PROBLEM II.

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

Example. Tue Royal Obfervatory, at Greenwich, being in latitude
51° 28’ 40", in the {pherical triangle, ACD, plate I. the north po-
lar diftance, AC, by propofition the 1ft, being 30° 55', the compli-

ment of the latitude, AD, being 38° 31’ 20, and the longitude of .
the northern magnetic point being 135° weft.

North polar diftance 30° 55’ =30° 55’
Compliment latitude 38° 31’ 20" ==<38° 31/ 20"

Sum 6§° 26/ 20" dif. 7° g6 20" angle CAD 135°

L Sum 34° 43’ 10" Ldif. 3° 48 10 Langle CAD 67° 3of

As fine I fum of the two fides 34° 43" 10" -

- 9-75551

Is to fine £ their difference 3° 48’ 10" - - 8.82134
So is co-tangent L angle CAD 67° 30 - - g.61722

. i 18.43856
To tangent  fine other two angles 2° 46/ - - 8.68305

As



As co;ﬁne"‘fum‘bfzﬁdes 34°43'10" . - L 9.91486

Is to co-fine L difference 3° 48’ 10" - < 9:99904 °

So is co-tangent sangle CAD 67° go" - - 9.51722
19.61626

To tangent § fum other 2 angles 26° 42’ -

9.70140
- 2° 46' :

~23° 56’ variation,-

PROBLEM IIL

Havine the latitude of the place, the longitude of the northern
magnetic point, and the variation of the compafs given, to determine
the diftance to thenorthem.;magncﬁc.époint from the place of ob-
{ervation. RO

‘Rule 1ft, App the north polar dlﬁance, the comphment of' the
fine of half 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.

2d. Apo the compliment of the co-fine of half the fum of the
given angles, the co-fine of half their difference, and the tangent of
half the given fide together; the fum; abating radius, is the tangent
qf half-the fum of the fides required.

~gd..Apn the half difference of the fide required to- their half fum,
this will give the greatelt fide, and fubtra& the half dxﬂ'erence from

the half fum, this.will give the lefler fide required.

Example. . Tue Royal Obfervatory at Greenwich being in latitude
51° 28 40", the longitude of, the northern magnetlc pomt bemg
about 135° weft, in the beginning of the year 1794, and the variation
of the compafs being 23° 56 weft.

Angle
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Angle CAD T 135° o= 135° o -
Magnetic variation 23° 56'—- o 28° 56’

.

Sum 158° 56" dif. 111°4 comp lat 380 31I 20"
L Sum 79° 28’ % dif. 5"5 32’ Lco.lat. 19° 15’ 40"

Com. of S. L fum 79° 28’  o0.00738 Com. of co-S. I fum o.73861
Sine % dxﬁ'erence 55° 32/ 9.91617 Co-fine L diff, 9.75276
Tan. § com. lat. 19° 15" 40" g.54309 Tang. % com. lat. 9.54309

‘Tangent 16° 19/ 9.46664° Tangent 47° 14"  10.03386

47° 14'416° 19'==063° 33’ the diftance to northern magnetic point.
47°14'—16° 19'==30° 55’ the north polar diftance as before.

- ——————

PROBLEM 1V.

Having the latitude of the place of obfervation, the north polar -
diftance, and the diftance to the northern magnetic point given, to de-
termine the longitude of the northem magnetlc point, in the begin-
, nmg of the year 1794. :

Example,
North polar diftance ~© 80°55" o Sine : 9.71079
Compliment of latitude’Gree"m_;vich '38° 31’ 20" Sine  9.79431

Diftance to northernmag. point ~ 63° 33’ o' Reflangle 19.50510
Sum-  182° 59’ 20"

Z Sum 66° 29’ 40"~ Sine ' 9.96240
Diftance to northem mag pomt 63° 33" o'
R ——————

Difference 2° 56’ 20" Sine 8.70905

Retlangle 18.67145
) As
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As ré&aﬁglc'f ne, ‘CA+-AD,platel. .~ = = - 19.50510
1s to {quare of radius - - : 20:00000
So is reQangle fine £ fum g fides and dlffcrence ﬁde CD « 18.67145

3867145

19.16635

To fquare of co-fine % contained angle 67° o’ " 9. 58317
. . 2 .-

Longitude of northern magnetic point 135° 00’

PROBLEM V.

Havinc the fituation  of the- pla.cc"'of obi‘ervatlon, the longitude of
the fouthern magnetic point, and the variation of the compafs for a
certain time given, to determine the fouth polar diftance, and alfo the’
diftance to the fouthern magnetic point from the place of obfervation.

Example. The firt magnetic meridian paffing near to 40° fouth
latitude, and go° eaft longitude from Greenwich, the fouthern magnetic
point belng 128° 50’ eaft from the place of obfervation in the latter
end of the year 1793, and the variation of the compafs being 21° weft.

Longitude of fouthern magnenc point 128° 50’ = 128° 50’

—

Magneuc varxatlon , c o 81° 0t == 21° O

Sum 149° 50' dif, 107° 50’

z Sum g4° 55 Ldifl 530 5
Comphment of latitude  50°

% Compliment of latitude 25°
Comp,
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" Comp. of co-S. 74° 55 0.58465

Com, of S. of £ fum 74° 55' 0.01523
Sine of £ diff. 53° 55'. 990750
Tang. § comp. lat. 25> 9:66867

~ Tangent 21° 19’ 9-59140

46° 33'5—2i9 19'=25° 14’ {outh pol

Co-fine 53° 55
Tangent 25°

Tangent 46° 33’

ar diftance

9-77009

 9.66867

_10.02341

- 46° 83'+21° 19'="67° po! diftance to fouthern magnetic point

PROBLEM VL

Havine the latitude of the place, the fouth polar diftance, and the
diftance to thefouthern magnetic pomt given, to find the longitude of

the fouthern magnetic point,

Example. ,
Complement of the latitude 5o° Sine
South polar diftance ‘25°. 14! - . Sine
' ‘ C e - Sum
- Diftance to fouth mag. point. 67° 52 - g
Sum . 143° 6; .
: L Sum 71° 33 Sine
Diftance toibmiﬁ. mag pomt 67° 52' ,
o Diﬁ'erence 3° 41’ Sine
~ Sum

9-88425
9.62972

39.51897

9.97708

8.80782

As
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As re@angle fine 5o°+25 14/ o »,,7 R e ‘19".51397

~

Is to {quare of radius - - ZQ,QQQQO
So is reétangle fine of J fum of 3 ﬁdea and dxf fide CD  18.78319

o 38.78490
To {quare of co-fine of £ contained angle 64° 25’ 19.27093
. . ] ) 2 .

E. longituéé of fouthern magnetic point 128° 50" from 'placé obfervation.
Place obfervation E. Greenwich . go° o

‘Southern mag. point E. Greenwich 158° 50’

PROBLEM VII.

Havine the latitude of 4th€'i5/17§::c¥%6f obferyation,, the fouth polar
diftance, and the longitude of the fouthern magnetic point given, to
determine by calculation the variation of the compals in the fouth-
ern hemifphere for the prefent time.

Example. Tug firft magnetic meridian paffing near 40° fouth-Jat-
tltude, and 30° eaft longltude from Grecnwxch the fouth polar diftance
bemg 25° 14/, “and the longltude of the fouthern magnetic point
being 128° 50’ ealt from the place of obfervation, in the latter end
of the year 1793.. ' ' V
,«1,’25 14,;)

oo

SOUEh‘Polar dlﬁance 25 14 E
Comphmem of Iamude 50° O

. Sum 750 14 (ilf 24° 46 : ]OQT; mag.‘pon']t 128‘70,,501&

Sum  37° 87 3dif 120 23’ flon. mag. point 64° 25'
G As
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" As fine of L Sum of the 2 fides 37° 37’ - . 9-735\’5’0
Is to fine of L difference- 12°23" -~ - . - 0.33133
So is co- tangent of Langle © »643“‘&5’ esta s om g.68012

19.01145
Tovtangent 9° 33/ - - 9.22585
Asco-fine Jfumofthe ¢ fides g7° 37 - - 9'59879
Is to co-fine of £ their diff. 12°23% = - = . 9.98978
So is co-tangent £ angle 64° 25 - - . 9.68012
19.65990
" To tangent ~ 80° 33' - - 9.77111
983"
Variation = - 21° O

PROBLEM VIIL

Havine the fituation of the place of obfervation, the vafiation of
the compals, and the fouth polar diftance given, to determine the longi-
tude of the fouthern magneuc point for a time that is paft.

Example. In latitude 30° fouth, longitude g° eaft, the variation of
the compafs in the year 1700, according to Dr. Halley’s Chart, was
4° weft, the fouth polar diftance, by Problem V. being 25° 14'. In
the fame year the ﬁrﬁ magnetic merldxan extended near to that place.

Sine of lamude 30° - - - - 9: 69897
Tangen; of variation 2° - - - 8.84464
Co-tangent fum (abating radius) 88° - - -8.54361

Co-fine



THE-MAGNETIC ATLAS. \ 43

CO ﬁne 880 ST - - - - N : - 8.542 82
Co-tangent latitude 30‘ - - - - x0.24856
\ Sum 18.78138
Tangent fouth polar diftance 25° 14’ - - . 9.67327
Co—ﬁne 82° 37 o - - - - 9.10811

88°+82° 37'+3°——-173 37 the longltude of fouthern magnetic point..

PROBLEM IX.'

Havine 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 magnetlc pomt round the north pole of the

-earth.

Exam[ﬂe ‘Tue northern magnetic’ pomt bemg18o weft, in the
year 1657, and by Problem IV. 135° weft in the beginning of the year
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:-

Y

PROBLEM X.

Havinec the longitude of the fouthern magnetic point given for
two different times, to determine its perlodxcal revolution. . .

Exampk Txe fouthern magnetic’ point, by Problem VIII. bemg
“173° 37" eaft, inthe' year 1700; and by Problem VI. 158° sof
caft in the beginning of the year 1794; we have 1794—1700==94
" years, and 173° 37 -—-1;8" 5O'==14° 47 “As 14° 47! 1s to 94 years,
fo \is 360° 1o 228977 years, the periodical revolution required.

G2 o PRCBLEM
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PROBLEM XI.

; HAvaG the per10d1ca1 revolutionof the fouthern magnetic point
glven to determine its fidereal revolution.

Examplg Tue periodical revolution of the fouthern magnéncpomt,
omlmng the fraftion, being 2289 years; fay, as 2289 years is to 360°,
o is 1 day to 1” 33", Again, feeing 15° longitude is“equal to 6o
minutes of time; as 15°isto 60, fois 17 33" to 6™ of time, The
length of afidereal day beihg 23h 56/ 4”. If the fouthern magnetic
pointmoved fafter than the earth, this time fhould be fubtrafted from
the fidereal day ; but, as it moves flower, it is added thus, 23h 56/ 4
6/'—23h 56’ 4" 6'", the fidereal revoluuon of the fouthern magneuc

point.

PROBLEM XII.
HAVING the periodical revolution of the northern magnetic point
given, to determine its fidereal revolution.'

xamplc. Tue periodical revolution - of the northern magneuc

Pomt bemg 1096 years; as 1096 years isto 360°, fois'1 day to 3" 14" ;
then, to reduce 3" "14' into time; as 15° is to €0/, fo is 3" 14" to 2!
of time ; now, as the northern magnetic point moves fafter than the
earth, 23h. 56" 4'—12""—=23h, 56’ 3" 48" for the fidereal revolution

required.

" PROBLEM XIIL

Havmc the penodmal revolution of the magnetic pomts given, to
determine their annual rate of revolution, - g

Example 1. Tux periodical revolution-of the northern magnetic
point being' 1096 years; as 10g6 years is to 360°% fo is 1 year

to 1g’ 42" 29", the annual rate of the northern magnetic point.
V Ezample
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Example: 11 Tue periodical revolution of -the fouthern magnenc
point-being 2289 years as 2289 years is to 360°, fo is 1 day tog! 25”
: the annual rate of the fouthem magneuc pomt

PROBLEM X1V,

To find the fituation of the firft and laft magnetic mer1d1an for any
glven time.

Rule. Firft find the place of the two magnetic points, by their rate
of revolution, for the time required. Secondly, find either of the two.
magnetic nadirs, which- are .oppofite to the two magnetic points.
Thirdly, draw acircle through thefe three points; this will always be a
great circle, and it will naturally be divided into two arc«hcs_by‘ the mag-
netid pointer axis, which is a right line paffing from one magnetic point
to the other. The greateft arch will always be the firft magnetic ‘meri-
dian from which all the others are numbered the leaft arch will be the
laft magnetic meridian. -

Example. Ler DE, fig. 1. reprefent the two magnetic points, then a
point G being found on the furface of a globe dlamemcally oppofite
to E, this will be the northern magnetic nadir. A circle being drawn
through thefe three points, asits 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'ilIAreprefent'the firft magnetic meridian, ,ftom
which all the others are numbered, and DIE will feprefent« the laft
. magnetic meridian, '

- PROBLEM XV.

“Havinc the fituation of one magnetic. point,-and one magnetic na-
-dir given; to determine the fituation of the magnetic equator for any

given nme.
’ Examp/e.
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Example. Ir we find a fituation on the Chart in the northern he.
“mifphere, equally diftant from the magnetic pole and inagnetic nadir,
a great.circle being drawn every'way-ninety. dpgrees from the magnetic
pole, will be the magnetic equator, on which the magnetic meridians.
- are all numbered. |

PROBLEM XVI.

Havinc the latitude and longitude of a place given, to determine
by the chart the variation of the compafs, :

- Example. Let it be required to know the variation of the compals
in the latitude of 40 degrees north, and longitude 170 eaft from Green-
. wich, after finding where this meridian and parallel meet on the Chart A
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 of the compafs.

PROBLEM XVIIL.

Havixe thc variation of the compafs, and latitude of the place
given, by the chart to determine the longitude. .

Examplc A Surr in the Atlantic Ocean, failinig in the latitude of
50° north on a voyage from Philadelpbia to London, it is reqmred to
know when fhe is within twenty degrees of the meridian of Green-
wich. The angle is meafured on 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 variation, by obfervation, equal to the angle meafured on the chart,
he knows himfelf to be 20° from the meridian of Greenwich.

- PROBLEM
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PROBLEM XVIIL

"Having the latitude of the place, the north polar diftance, and the -
longitude of the northern magnetic point given, from the following
~ table, to determine the variation by calculation for the year 1§22.

~

- Lxample.

‘Co. lat. Greenwich 38° 31’ 20" — 38°31'20"

North polar dift.

Sum

I
e Sum

As fine -
Is to fine '
So is co-tangent

To tangent

As co-fine -
"Is to co-fine
Sois co-tangent

To tangent

300 55/ OII‘= 300 55! oll

69° 26’ 20” dif. 7° 36/ 20" E.lon.n. mag. p. 168"30'

' g4° 43" 10" Ldif. 3° 48 10" %ldn. mag. point 84° 1 5!

- - 34" 43 10 - 9-75551

e ;,30 48' ‘vof - . 8-82134
- 84° 15 o -~ 7 9.00301
17.82435
o 46 o 8.06884
- 34° 43' 10" - _ 9-91486
- 30 48/ 10" ~ . o
~  84° 15 o 9c9>c9>9 .
- 9. 30!
' : '19.0020
6 58 o' N o 8 ;
. 9.08719

6° 580m—y6'==6° 12' caft variation

REMARK,
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REMARK. "

As the foregomg is the method by which all the fubfequent cal-
culations are made, one *exampieﬂwﬂl%e»fuﬂicxent the reader will find
in the following table the variations, both by calculation and ob-
‘{ervation, which differ but a few minutes from each other.. --Asthe
calcu\atlons are made for Greenwxch, and ‘the obfervations: generally
made in London, they could not be expetted to agree much nearer,
feeing the firft magnetic meridian did not always pafs the fame diftance
from that Royal Obfervatory.

A TABLE
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A TABLE of .the Place of the northern maffﬁetxc Point, as it is
found to perform a Revoluuon round the north Pole of the Earth,
at the rate of 19/ 42/ 29/ of ‘Longitude each year, exhibiting the

49~

133 1)

. | > Longitude of " “Variation |  Variation |
‘gg;o' Mggnetlc by , by - Difference.
U “Point. ' - [Calculation.| “Obfervation: - o
1622 A 168° 301 :‘60 12: . 6° o o"E o° 6 '0\”
. 1‘3630. R L2 relne ’ TR . ‘
1633 172 r E' 4 20 4 5.0 |..o 15 O
1'640 174. ) . -
1650. 177 42J - , )
1657 180 o o | o o o 0 o ‘o
1665 | 177 22 1727 ] .1 .22 goW| o 4 3o
1670 | 175. 43| SRR REEREETRIR u
1672 | 175 . 4 2 42 2 30 o | o 12 O-
1680 | 172 206 R o a R
1683 171 27 4 41 4 30 O o 11 - O
16go | 169 g :
1692.{ .168 3o ~f 6 18 | 6 o o o 18 o
1700 |° 165 52} . 1..7.44 )..7.4 © | o 1.0
1710 162 85 ) ' HEN lff"-’“-m e pL ey :,, ’
1717 | 160 17 10 ‘45 | 10742707 [0 g ie”
1720 159 - 18 IR ' ~ R
1724 | 157 59 12 o 11 45 O | o0 15 O
i725 1 157 39 .| 13 30, 11 56 o | o 26 O
1730 | 156 1 S W 13 2 | 13 o o o 2° 0
1735 154 22" | 13 355 14 16 © ‘0 21 O
‘1740 152 441" | 14 34 15 40 © 1 6.0
1745 | 15t &{ - | 15:839-| 16.53 0 | 114 O,
1750 | 149 27 16 g2 17 22 O o 50 ©O
1760 | 146 10 18 15 [ 19 12 -0 | o 5 o
1765 | 144 31 19 6 ] 20 o O | o'5 °
i770°|" 142 52| | ‘19 g7 | 20 35 o ] o6 o O
1780 ‘189 ::: 8%+ + FEN SRV G RS AL BATERC IS N SR A 0 I
1790 136' 18 L f PR
1794 | 135  © 23 56 | 2356 0. f o o o
1795 1 134 4° - BT
1796 | 134 20
17971 134 ©
1498 133 41
1799 | 133 2t
1800

CHAP
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CH AP IL.

“THE OBJECTION OF FALSE VARIATION, REMOVE'D“

EVERAL objedlions have been ftated agam{t makmg accurate ob-
S fervations of the magnetic variation at fea,

Objettion 18 Tue fame compafs has been faid to glve a dlﬁ'ercnt
variation, from no other caufe than putting the fhip’s head a contrary
way. ’ '

Anfwer, Turs might readily happen, if there was more iron near
the COmpafs on one fide of the thip than on the other; the following
remedy is propofed for this difficulty, Let there be fixed a true meri-
dian on fhore, but near the fhip, out of the reach of the attraltion of
iron; here let the variation be taken'en this meridian; then, before the
fails, let the variation be taken onboard the thip, with her head turn-
ed, if occaﬁon fhould require, on every pomt of the compafs; by -not-
ing the difference between the true variation on the true meridian, and
the falfe variation onboard, a tible of difference may be conftruéted,
which may thew the allowance neceﬁ"ary to be made for falfe variation
throughout any voyage, while the iron remains in the - fame fituation.
Or, if the azimuth compals is firmly fixed to athree-legged ftaff, about
five feet above the deck, it Wﬂl then be nearly out of the reach and
influentce of the iron. ‘ '

Objeﬂwn ed. TuE fame compals removed a few miles, but at a
different time of the day, has been faxd to gzve variations dxﬂ'ermg
from one another. Nt ‘

Anfwer.  As it is impoffible to move, either on the famc meridian
or parallel of latitude, without having a different variation, it is not
firange if there fhould be a fenfible difference in a few miles: befides,
if the obfervations are made at different times of the day, the fmall
diurnal variation, which feems reducible to certain ﬁxed laws, will re.
quire to be allowed for. =
. Qbjelion 3d. Tuz fame compafs, on , the fame day, and in the hands of
" the fame obfefver, has been faid to give variations dxﬂ'ermg from one
another,
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another, on board thc fame thip, when under fail, and whenat anchor in
a road-ftead. ; ;

Anfwer. A Suir being under way muft certaxn]y change her ﬁtua_
tion ; if the variation was not different in different places, it would be
hard to know the fituation of the place by the variation ; therefore, one
an{wer may apply to both the fecond and third obje&tions. :

Objettion 4th. Compasses made by the fame artift, at the fame time
and place, buton board dlﬂ'ercnt ﬂnps, have been faid to differ in the
variation. .- . ST

Anfwer. THIs mlght arnfe from a greater quantxty of irop in one
fhip than another, placed in fuch a fituation as to give a falle vanatxon
to the needle.

Objestion 5th.. Tae fame .compafs on board the fame thip, and with-
in a few miles of the fame fituation, but at different'times of bemg in
fuch fituation, is faid to have given different variations. . -

Anfuer. Tue two magnetic points being known to perform revo-
lunons, the variation mu{t of confequence continually alter more or

lefs in every part of this globe; therefore the different variation may

readily be accounted f%%ewell»fromaxhedlﬂlerence of time as the" dlf-
ferent fituations of places,

Objection 6th. DirrErENT compafles, at the fame time, on board
the fame fhip, and in every refpeét under the fame circumftances, are

-faid to have given variations differing from one another. -

‘ Aqfwe_r.~ DirrerenT compafles, if true, are found to agree with

* one another on fhore. Iknew an infirument-maker in particular,

who had a meridian on fhore, 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 mﬁruments would agree one with

another. . - .
Caprain Cook when he obferved the tranﬁt of Venus at the Iﬂand

of King George III. or Otaheite, although he found in fome in-
ftances, that different inftruments gave different variations, yet in the
account of his voyage he writes, « the fame needle agrees with itfelf
“in feveral trials one after another.” This feems to prove what de-

pendance may be placed upon 2 true needle. The caufe of different in-
' H 2 ftruments
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ﬁxuments difagreeing muﬁ then "be occafioned by a fault in tﬁc
workmanthip. . '

- Hitger o ithas’ genmnyfbeeﬁthong&m ufélels to iry to obtain the
variation with a great degree of accuracy,’ merely for the: purpo{'e ‘of
ﬂeermo ‘the, courfe.of a fhip;’ ‘but-in ‘order: to ‘make the varxaugn
{cheme ufeful in‘finding the fituation of & fhipat fea, it will be ne-
ceflary, in order to countera&® the motion of the waves, to make a num.
ber of oblervations with great care, and take a mean for the true va-
riation. In thisrefpeét a little pratice wxll pomt out the path towards
perfeﬁlon. v A

It is well known that on land there is no dxﬂiculty in determmmcr
the longitude by Jupiter’s fatellites, if the true fituationof : any coaft, -
‘and the fituation. of the two magnetic points are known, the trué varia-
tion may be found by calculation; fo that if bodies of iron ore,,upoﬁ
the fea-coaft, fhould even influence the needle, the differénce between
the variation, by calculation and obfervation, will confequem]ybe the
allowance for -falfe variation, By this’ méthod the vanatxon may be
corre&ted with a little care:-

IT is probable the magnetic obfervations, in Captain Cook’s laft
voyage, are ftill as accurate and extenfive as-any other yet publithed
but as the variation of the compafs is fubjeét to change, the length of
time. betwcen Captain Gook’s laft obfervations, and the time for which

the charts are conftruted; will caufe fome dlfference, unlefs the proper
allowance is made, -

CHAP
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CCHIAP IV

"HINTS CONCERNING TﬁE CAUSE OF THE 'MAC';’NEﬁc VAmATde

OTICE has been: already taken, in €he Introdu&xon, of the. Hy-
:pothefis of Dr. Halley; with which: ‘heattempted to account for the
magnetic variation;: by ifourmagnetic:. poles: - From a multitude of
magnetic obfervations, made as well in Dr. Halley’s day-as fince, it 19
found that the firft and laft, magnetic. meridians are always arches of -
great circles. -If there were, according to Dr. Halley four magnetic
poles, two fixed, and two moveable, they could never admit any one
inagnetic. merldlan to be’aharch of a‘great cirole,: unlefs all the fald
vfour poles were fituated in the fame plane; and as the.two magneuc
poles or points move round thepoles of the earth at differentperiods,
the two fixed poles of our earth, which Dr. Halley fuppofed were
magnetical, .could never - continue in the fame plane with thofe two
moveable magnetic:polessFHence. «it--muft ‘follow, that there are but
two magnetic poles or points, and that the:poles: of this earth have
no more influence on the magnetic needle than any other part of the
earth.—Now there muft neceffarily be a caufe for the needle’s having
an univerfal direftion towards thefe two magnetic points; and this
caufe muft,either be “above or below the furface of the earth. Dr.
Halley fuppofed the caufe to be a nucleus or inner glbbe, ‘included
within our globe, with a fluid medium between. The motion of the \
inner globe he thought to be communicated by the outer one. While
the motion of the magnetic influence was fuppofed to be weftward,
there was fome degree of reafon for Dr. Halley to account for the va-
riation as he did; but; ‘asit is now determined without the leaft doubt
that the northern magnetic peint moves fafter than the earth, from weft
- to eaft, the cafe feems enurely altered.
“Ir'is an eftablifhed axiom, that * no caufe can give what it has nos
« jifelf 2 how then can the carth give a fwifter motion than it has it-

felf to a nucleus therein contained. The northern magnetic point re-
volving
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volving quicker, and the fouthern flower, than the earth, the apparent
revolution of the northern one muft be from weft to eaft, while the
apparent revolution’ ofthé: fouthe”%n one: xithe ebntrary way. ‘Whereas,
if the variation of the variation was occafioned by a nucleus, Dr.
Halley’s two moveable magnenc poIes {hould move the fame way, and
with equal velocities. .

To determine the periods of .the magnetic points, it-was neceflary to
~know their true fituations for different times. If the exa& latitude of
- the magnetic points were well known, it would be eafy to fix their lon.

gitudes. To fix their places properly, it was neceffary to have more ob-
{ervations made near the firft and laft magnetic meridians, But I con-
ceive the beft mode of proving :the places of the magnetic points
would be to make aftronomical obfervations on the fpot. Seeing na-
vigators have often been in much higher latitudes, it would be very-
eafy to approach the magnetic points; for example, the northern one.
wight be found by following the horizontal needle till it became in.
different to any particular dire&ioh; or it tmght be found by the in-
clination of the dipping needle. :With a view of vifiting the northern
magnetic point in particular, as this expence would fall heavy onan
individual, I have feveral times endeavoured to defcribe the import-
ance of . fuch a voyage; firft to the American Congrefs; and again to
the Board "of Longitude in Great Britain ;- apprehending fuch an ex,
pedition would caft light on: this myﬁenous 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 enough
to fucceed in undertaking - this expedition myfelf, I would beg leave,
earneftly to recommend this matter to the particular attention of the
gentlemen who, under the Britith Government, have the dire€ion of
the furvey of the north-weft coaft 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.
LT the caufe of the magnetic variation be what it may, itis very re-
‘markable that the fidereal revolutions of the two magnetic points are
regularly performed in the fame way, and are alfovery nearly equal in
time to the nearcﬁ fatellites of feveral of the planets; for inftance,
2 the
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the neareft-of: Saturn’s; -agcoiding to Dr.- Herﬁ.hell, pe,fo,ms one
fidereal revolution in 22h. 40" 46", .

CHAR V.

b

CONCERNING ‘THE CONSTRUéTION OF THE CHARTS.

HE Charts are conﬁm&ed in fuch a manner, -that, if the blank
“gores ) were cut out, the remainder would fit_and cover a globe

forty-elght Engllfh inches in circumference. Thxs method of pro-
jetling the fphere with the magnetic meridians will be found to pre-
ferve the true proportions of each country, and will probably fhew the ,
nature of the curves formed 1 by the magnetic meridians better than
Mercator’s ‘projétiion, on “Wwhich" the” Hallcyan lings arg.. gelmgﬁted ,
and the prefent projettion may ferve not only for Charts, but for co-
vering globes.

Tuz earth’s meridians meeting in the poles of the earth, the mag-
netic meridians meet in the two magnetic points, experience proves
that the influence of one magnetic point is greater than the other;
“on this account, the magnetic meridians are not curves truly circular,
except the firlt and laft, which are arches of great circles. The na-
ture of the curves being known, the proportion of influence is alfo
known, and the curves will always be included within the moft rigid
rules of ca.lculat:on. o

-To fix the places’ “and penods of the magnet:c pomts, thoufands of
- calculations have been made, that do not appear in the prefent work ;
as bthey were made merely for trial, it is unneceflary to make them
public
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-IN a2 formcr publlcatmn 1 propofed. wmagnetlc Almanack which
3 wlll contain an univerfal {et of tables, fhewing the variation cor-
refponding with any: part:of-each-meridian, without the trouble of
meafuring angles;; fuch tables, when the places and periods of the
magnetlc points . are proved to be true, and the theory- fettled,
will afford a ready means of “applying the principles to praétice; but
if by future experience the places and periods of the two magnetic
points fhould not be found very exafl, at prefent this will no
doubt be deemed pardonable, fcc:mg the cxa& length of a year has
not been long determined, notWithftanding the many volumes of
aftronomical obfervations made during many centuries,

Brcause thetvariations,in” Europe and Amefica,have been: formerly
obferved to be near]y equal in the fame latltude, fome have fuppofed
the variation to be the fame all acrofs the Adantlc Attual obferva.
tions, carcfully made at thc prefent time, will prove this not 'to be the
cafe; for, in falling weﬁward from' Great Bntam, the variation in=
creafes amazmgly, till it’comes to the’ greétcﬁ ’ and decreafcs agam,

- rapidly beforc wé touch upon the coaft of the new ‘world : the change
being fo very great in faxlmg a ﬁngle degrec, "it'is ‘hoped the obferva-
tion, when well made, wﬂl be véry ufcful.

C H AP VL
* HYPOTHESIS CONCERNING MAGSIE’&E: TIDES:

“BESIDES the memorable deluges of Noah, Ogyges, and Deucalxon,
* there are innumerable other accounts of the waters of the occan
making remarkable encroachments on the land, and returnmg ‘to their
former bounds again. To publith a full hiftory of thefe mundatlons
would reque many volumes, o o

AFTER
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Ag&;g’gﬁcbﬁmlﬁng‘ a fnu]titude"of thefe ac"cdﬁnts, thby feem to take :
place-according to the revolutions of the two magnetic points ; for,’
‘while the magnetic points approach the meridian of any place, the fea ,
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 {o, there is reafon to fuppofe this alfo to have
been the cafe in former times, although fome of the ancient accounts
of this fort feem to be deﬁment, innot ﬁxmg the epocha in which thefe .
changes have happened.:’ g »
_Tre-Chinefe Emperor Xunus was full of trouble oh account of the
hlgh waters, which threatened to overflow the lower parts’ of his Em-
pire ; after many experiments, he gave command to ope Quenius, to
caft up a bank againft the fame; but he not being able to performit,
and leaving the fame imperfe&, the charge of the work was commit-
ted to his fon Yvus, who, in the fpace of thirteen years, effe@ed it,
to the great accommodation of the inhabitants. He followed his de-
fign all that time with {uch earneftnefs that he would hardly. eat or

fleep. .Some part of this great and ﬁupenduous work it is faid may
be feen at-the prefentday. = cni s

Dioporus SicuLUs, in hxs ﬁfth book gives an-ancient flory; cur~
rent among the Samothracians, of a great deluge that overflowed a
good part of the coaft of Afia, and the lower grounds of its Iflands,
when the Euxine Sea firlt broke open the Thracian Bofphorus, and.
Hellefpont, and overflowed all the adjacent country.

Many of themoderns believe, that the accounts of the Great Ifland
of Atlantis, mentioned in the Timaeus of Plato, from the obfcure tra-
dition of Egyptian priefts, is not altogether fabulous ; and that America
agrees with the ancient defcription thereof. At that time the account
fays, : the Atlantic’ Sea ‘was navigable, and had an Ifland: before
the Pillars - of Herciles; that this Ifland was greater than both
- Lybia . and . all Afia together, and afforded an eafy paflage to
other neighbouring iflands. In procefs of time, it is faid, this
greatIfland of Atlantis, bemg abforbed in the Sea, entlrely difap-
peared,

I I syary
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I sHALL not attempt to decide on the probability of the continent,
now called America, being known to the ancients; but it {feems re--
markable, that the name Chushymasiapes fhould.ftill be preferved in
the Spanifh tefritory in America, with a termination fo nearly fimilar
to the ancient name: of that. iftand; “In a large: map. of the Weft In-
dies (dcdlcated to the King of Great- Br:taln) by Captain Jofeph Smith
Speer, and in feveral 'other maps, it is placed in about the latitude
of 16° north, and longitude g3° 3o’ weft from Greenwich. - If this
name is derived from the ancient inhabitants of the ifland of

~ Atlantis, it would feem that the whole of that great ifland was not
deftroyed by the ocean, but that fome of the inhabitants retired to the
high grounda»txll by degrees, the waters of the ocean retired.

Tue Abbé Raynal, and others are firmly of opinion, that Amenca
has emerged from the ocean fince the old world, for the followmg ‘
realons. s :

Tue broad and long rivers, the fpacmus lakes and vaft moraffes,
to the north; the immenie forefts to the fouth ; thé almoft eternal {nows
between the 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’; and, lafily, a difference of ten and-twelve
degrees in the temperature of the old and new hemifpheres; thefe
fays he, are fo many tokens of: a world that is in a ftate of infancy. -

In Evans's firft map of the American Colonies we find a note, de-
claring, that ‘there are glaring marks of ‘a deluge in America, of a more
recent date than thofe of the old world.

Tuese conjefiures are ﬁrengthened by Don Ulloa, from the prodh .

- gious quantities of {ea-fhells, mentioned in his voyage to. South Ameri-
ca, and found far above the prefent reach of the fea.

I~ the 18th Chapter of the Syftem of Geography by Varenius, ima
proved and illuftrated by Sir Ifaac Newton and Dr. Jurin, many me-
morable inftances are recorded, where the fea has encroached at.one
time, and the contrary at others.

Tue ‘inhabitants of Ceylon fay, their 1ﬂand was formeﬂy feparated
from India; and this is very llkely In modern times, according to
Buffon, the fea has encroached 30 or 40 leagues on the northern
coaft of Ceylon.

3 ‘ - Tue -
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:]'Hz Iﬁz{nd of Sumathe ds faid” once - to’ have Jomed Malya, At is
bc!lﬁ\’.ed it was the golden Cherfonefus, and was accounted a peninfuta;

Tae Indians, on the Malabar coaft, tell'us that the Maldivia Iflands
were formerly joined to India; but now they are faidto be divided
into eleven thoufand iflands. The Tfea, encroaching, has covered
the low grounds, and turned the high grounds into iflands. Strange

ftories have been' told of the. Maldivia nut_growing at the bottom of
the fea.  Garcias. théught, the: treES, that bare thofe ‘nuts, were of old

time, sogethet with-the-land on ' which they grew, o\"erwhelmed by in-
undations, and afterwards caft up by the working of the waves: .
VAReN1US is of opinion, that all the Oriental Iflands, between Afia
and the Streights of Magellan; have been occafioned by the feas break-
ing in violently on the:land, and: feparatifig-one part from another.
Lancuack, fays'Dr. Johnfon, is the pedigree of -nations; all the
1nhab1tants of the Iflands, fcattered over the great Pacific Ocean, {peak-
ing a diale@ of the ancient Malay language, proves that thefe people are’
of the fame nation. . As they know fo little of each other, and are

unacquamted with_pavigation, it feems unlikely. they fhould be fcat-
tered fo many thoufand miles afunder, if thefe Iflands:had not been

part of the fame continent. May they not be the fcattered remains of
one great country ? -and might not the fea, by its encroachments, have
covered the low grounds, and turned the tops of mountains into
iflands ? :

Tue accounts of anc1ent geographers, concermng Afia, prove that
continent formerly to have extended much further eaftward than at
prefént.  Greek. writers defcribe the provmces, eaftward of the Rjver
Ganges, as reglons of immenfe extent. Cteﬁas aﬁirmed that India
was as large asall the reft of Afia. Oneﬁcrltus, whom ley the na-
turalift follows, contended that it was equal. to a- thxrd part of' the habit-
. able carth. Nearchus afferted, that it would require four. months to
, march from one extremlty of it to the other, in a firaight. lme . ‘
AC(;ORDING to the Abbé Raynal, the late obfervations of Englith
tors “have Put it almoft beyond doubt that all the lﬂands in the

8
:South-Sea Tormer]y compofed only one contment

12 Burron
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Burron concludes, that, from Kamtfchatka to New Britain, the
ocean has encroached on, the{Ws to the extent of 400 leagues;
of courfe, the bounds of  the old. contmént’&wnot {trctch {o far eaft-

ward as at a former period. - : )
AncienT writers fay; that chxly once Jomed Italy, and that the
" 1{land of Eubaea, or Negropont, joined Greece : that great revolutions
of this kind are daily going on, is evident by undeniable monuments,
which the attentive obferver of nature every where difcovers ; fea-
ﬁlells of all kinds, and corals, entire or broken, being found laid up
in order in every quarter of the globe, in places the moft diftant from
the ocean, in the bowels of :the earth and on the tops of mountains. "

Straso faysthat, in his time, the eaftern part of Britain was vifi-
ble at the River Rhine, which. was then called the Helius: if fo, the
diftance could not be more than fix or feven leagues. This alfo ap-
pears evident from the old map of Cellarius. -, '

THE map of Great Brltam, by Ptolemy, defcribes the: northern part
thereof to run out in the form of .a promontory full four degrees far.
ther eaftward than the land at prefent is found to extend.

Waar Ovid fays on the {ubje&t of changes is well anWn,'

¢« T've feen the folid earth transform’d to fea,

« And water alfo turn’d to folid land,, 7
« While fithes fhells far from the ocean ]xe, :
¢ And rufty anchors on the mountains, top !” .

Ary thefe circumftances demonftrate, that the limits of the ocean
have’never been infurmountable ; and that by conunuaHy changmg
the face of the globe, it has alternately taken away the land, and reﬁor_

ed it to its inhabitants. ,

Tux Hiftory of the Parifian Academy mentions a mafs of fea-ﬂucﬂs
difcovered below ground 130,680,000 cubic fathoms, either wholé;o’r' in
fragments, without the leaft mixture of ftone, earth, fand or ‘other fo..
reign matter. This prodigious mafs lies in Turenne, more than thirty-
fix leagues from the fea, and muft prove that country to have been co-
'vered by the ocean for ages, to accumulate fuch: a quantity,

Amone
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Auouc the Memo:rs of the Royal Dam{h Academy, ‘vob.irz, is.one
to prove that the Baltic Sea, when the principal inhabitants of: Norway

and Sweden emlgrated from Afia, did not cover the ground it doesat "

prefent.  There the waters of the ocean continue to encroach on the
fhores at -the prefent time, having defiroyed and overwhelmed,
among many others, the famous port of Vmeta, and covered, by flow
degrees, a large portion of Pomerania.

‘Tne Princefs de: Dafchkaw, .in-one of the letters {he has favom'ed
me with, remarks that * Vineta, on the coaft of Pomerania, was fome
¢ centuries'ago one of the moft flourithing mercantile towns in Ger-
« many, at prefent its ruins, which are often to be feen under water;
- ¢ are the ruin of manya fhip. It is univerfally believed, that the
* fame revolution, by which Vineta was overwhelmed, fevered alfo
“ the Iflé of Rugen from the German continent, of which it was: nll
"« that time the moft northern point.” SR

In the fame manner the fea, by wathing the. coaﬂ: of Norway, is
well known to have detached feveral little iflands from the main land,
» an(f;ls‘ﬁ"l makmg daily depredations on the continent. The German

ocean; encroaching By degrees upon the fhores of Holland, near Catt :

overwhelmed the ruins of an ancient citadel of the' Romans; which had
formerly been built on that coaft, and which is now attually uhder
water. - : s
. At Rome, according to M. de la Condamme the tide often over-
Aﬂows the pavement of the Pantheon, and it cannot ‘be fuppofed the
Romans would have built that Temple on a fpot that was then {ubje&t
to mundauons. . o

. Vinice is now diftant only five miles from the continent, but was
formerly, according to Guiotti, ten miles from it; yet asthe fea there-~
about is now. riﬁn'g, it may .again be further«from' the continent than
ever.
‘ CIna Hxﬁory of /the Earth and animated Nature, Dr. Goldfmith re-
marks, that the country ‘round the Ifle of Ely, in’ “the time of the Ve-
" nerable Bede, about 2 1000 years ago, was one of the moft delightful
fpotsin the whole kingdom. It was not only richly cultivated, and

produced all the neceffaries of life, but grapes alfo, that afforded the
moft



62 ‘ THE MAGNETIC ATLAS.

moft excellent wines. Thé ‘aceounts of that time are copious in the
defcription of its prodace’and fertility.- But about the time ‘the north-
ern magnetic - point was laft on “the ‘fame rfide of.the:earth as Great
Britain, the fea broke in upon the land, and overwhelmed the whole
country, and: totally deftroyed one of the. moﬂ: beautiful vallies in: the
world, ) ' ‘ e
~ AsouT the fame time happened amlghty inundation, which extend—
ed to Flanders, whereby a great part of that country was laid under
water ; and many of the diftrefled people bereft of their habitations;
came over to England. King Henry the firft taking compaffion on
their diftreffed condition, and alfo confidering that they might be be-
neficial to his fubjetts, by inftrufting them in manufaétures, firft
{ettled them about Carlifle, and afterwards removed them into South
Wales., - : s
TuEN it was that a large eftate, the patrimony of  Earl Good-
win, was overflowed at the place which is now called Geodwm
Sands. - : RS
“Ina furvey of Cornwall, Carew aﬁirms, that the fea has fwallowed
up the whole county of Lionefs ; and that there was fucha county, he
fufficiently proves by many cogent reafons. Camden, out of Gyral-
dus, reports that anciently a great part of Pembrokefhire ran out, in
the form of a promontory, - towards Ireland, as appears by the fpeech
’ of King William Rufus, that he could eaﬁly with his fhips, make a
‘bridge over the water, now called Saint George $ Channel fo that he -
“might pafs on foot from thence to-Ireland. _
Tue Country round the Ifle of Ely contmued to be covered by-
water, as before mentioned, for many years; till the time the: northern -
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. ,
Tz ocean feems to have retired round England and the nelghbdur-
ing countries, till the northern magnetic point, .according to:its rate of:
revolution, was on the oppofite fide of the earth from England; for it:
appears by-amagcount of the inftitution of the Royal SDClety, that, in
the year 1653 -4, the ways and means of raifing a revenue being confi--
dered,
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dered, amember ‘of that learned- body, of “the family of Howard, pro- -
pofed fohcmng the King for a grant of fuch lands as the ocean had‘
deferted.

~ HuserT Tromas, fometime chief Secretary to Frederick Count
Palatine of the Rhine, and Prince Eleor, 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 Vérf’cigan and others were of the {ame opinion with
‘Hubert Thomas, and thought the reafons for his affertion were good ;
one, among others was, that the great iron rings were then remaining,
unto which the thips were formerly faftened. ‘
~ Ancrors having been found, in digging on the heath in Brabant,
feems to prove that place to have been covered with the ocean, and
that not manv hundred years ago; for had it beeniat a very early period,
the anchors before now muft have been confumed with ruft.
~ TuEe two. magnetic points approaching the meridian ofGreenwmh at
the prefent time, it appears both from obfervation and information,
that the ocean continues to make rapid encroachments on the land;
-at leaft, on every part. of -the fea coaft of -Europe; and, I think, too
rapidly to keep pace with the preceflion: of the-equinoxes;, -which
fome have conjeftured to be the caufe of the revolution of the
ocean. ‘

Waat the fea gains on one fide of the globe, it lofes on another ;
but it is .imprebable the fea could rife and fall at the {fame inftant at
‘two. different places, very near to egch other. At firft view this may
appear to be the cafe,‘when the water grows fhallower ; but the water -
often grows thallower, or the land gains, on the fame coaft where the
fea rifes, owing to the earth, fand, and other fediment, fettling at the
“bottom.

In the Pacxﬁc Oceanis:a fpace where both magnetic points-have now
‘a retrograde motion; in this fpace the waters of the ocean continue t¢
fall. Dr. ]ohn Relnhold Forfter, in his Obfervations during a Voyage
round.the World, page 146, 147, gives an inftance, in the South Sed;
-where he could fairly perceive that the ground had beenraifed ;- or, in -
‘other words, that the waters had fallen. And Captain Cook, in defcrib-

ing
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ing Palmerftone’s Iflands, in the firft volume of the account of his .
laft Voyage, page 22t fays, o

« . We found upon -them:far. be,yond the prefent reach of the fea,
¢ even in the moft violent ftorms, elevated ¢oral rocks which, on exa-
¢ mination, appeared to have been perforated in the fame : manner the
« pocks are that now compofe the outer edge of the reef. ' This evi-
« deﬁtl)} fhews, that the fea had forfnerly reached fo far;. and fome of
«. thofe perforated rocks were almoft in the centre of the land.” '

I~ the48s5thpageof the 2d. volume, Captain Cook gives anaccount of
the Peninfula at Cape Denbigh, and remarks, * Itappeared to me, that
© ¢ this Peninfula muft have been anifland in remote times; for there
¢¢ were marks of the fea having flowed over the Ifthmus. And even
“ now, it appeared to be kept out by a bank of fand, ftones, and Wwood,
« thrown up by the waves. By this bank it was evident, that the land
« was here encroaching upon the fea, and it was eafy to trace its gra-
«¢ dual formation.”’

It is bighly probable thefe revolutions of theocean ‘are governed
by laws as uniform as 'the common tides ; ; if thefe laws were once fully
known, we might calculate a deluge as well as the return of a comet ;
and it would be of the utmoft importance in geography ; for, leta map
of the world be ever {o corre&, in procefs of time, as the ocean con-
* tinuing to gain in fome places;, while it lofes in others, the map™ be-

comes erroneous. And after knowing the pr,op'-orti'on between land

and fea throughout the globe, as we know already the number of
acres contained in the whole; the quantity of land emerging .every
yearmlght alfo be eafily eftimated : thls in round numbers I take to be
about two millions. ;

Ir, when the northern magnetic point approaches the mehdxan of
“any place, the ocean thould uniformly 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 conjunétion, the ocean fhould rife, fo asto
cover the higher grounds, this may be termed a magnetic fpring tide.

Hewgver, as this laft chapter is only a dxgreﬁion by ‘way of Hy-
potheﬁS, fhould it prove contrary to future experience, this will not

affe& the foregoing theory, with which it is unconnc&ed and whxch ad-
" mits of mathematical demonftration.

i

APPENDIX. .
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APPENUDI X

A FEW OF THE

REPORTS, OPINIONS, &c.
RECEIVED BY THE AUTHOR,

ON THE PRINCIPLES OF THE PRECEDING WORK.

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

Siz, Paris, Auguft 8, 1787.
HAVE duly recelved your favour of June 6th, and immediately

. communicated its contents to a member of the Academy. He
told ‘me they 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 to enable them to decide
finally on their merit: but they had made an entry on their journals
to preferve to you the claim to the original idea. As far as we can
conjelture it here, we imagine you make a Table of Varxatxons of the
nccdle for all the different meridians whatever, To apply this table
‘ K . to
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to ufe in the voyage between Americaand Europe; fuppofe the varias
tion to increafe a degree in every 160 miles, two difficulties occur ;
1ft.- A ready and accurate method of finding the variation of the
place. 2d. An inftrument fo perfect as that (though the degree on it

fhall reprefent 160 miles) it fhall give the- parts of the degree fo mi-
nutely as to anfwer the purpofes of the navigator. - The variation of
the needle at-Paris aftually is 21°® W. Imake no doubt but you have
provided againft the doubt entertained here, and I fhall be happy that
our country may have the honour of furnithing the old world with
what it has fo long fought in vain. I am, with much refpect,

Siz,
Your moft obedient humble fervant,

Mr. Fohn 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'aiman, a . eté lue a2 ’Academié des Sciences de Paris, le 16 Juin,
1787

J= certifié cet extrait conforme aux regxﬁres de I’Academié i Paris,
le 15 Septembre, 1789, - o

LE MARQUIS DE CONDORCET.

From Sir Jofeph Banks, Bart. Prefident of the Roya} Society of
London, &e. ‘

Sir, Soho-Square, September 1t 1787,

1 ‘HAVE received your mgemous letter relatlvc io the varia-
tion of the needle, and take the liberty of advxﬁﬂg you to purfue,
with dlllgence, a {'ub_]e& on which it appears to me you have made a

progrefs, .
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_*p,-ogrefg, fufﬁc’ ént to authohze a reafonabie hope, that fc1ence w1ll
‘derlve real increafe from your labours.

"Tux Royal Society havmg lately removed it a new’ hou{’e, the
firft feries of obfervations relative to the variation is only now in its -
courfe. 1 cannot therefore tell you with the utmoft précifion what the
variation is there, our inftrument at prefent gives 23° 8’ weft, which
probably is {fufficiently exa for your purpofe : prefently, when the in-
ftrument is moved, we fhall find if the magnetifm of the building has
‘any material éffe€ upon it; of which, if ithas, I fhall with pleafure
inform you. Iam, -« ~
- SiR, o
Your obedient and moft humble fervant,.

Mr. Fohn Churchman. JOSEPH BANKS,

- ——
From the Legxﬂature in Maryland dated at Annapolis, in . Decem.-
- ber 1787.
'Sm, P e
I AM commanded by the Honourable Houfe of  Delegates,
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.

‘ I am, &c, &c.
To ]olm Churchman, - THOMAS C. DEYE,
Efquire. Speaker of the Houfe of Delegates.

 From Sir H. Parker, Bart, -

S1g, ' Admiralty, 20th December, 1787,

* 1 HAD the honour, at the meeting of the Commiffioners of
the Longitude, the 8th of this month, to lay before them the memorial
you fome time ago tranfmitted to me, ftating, that you have difcovered
certain fixed principles in magnetlfm which will afcertain, to a great

V K2 : precifion,
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precifion, the longltude of places in all parts of the globe, &c. and ,
1 am dire@ed to acquaint you, the Board have the fubje€ matter of
your {aid memorial under confideration, and will take an early oppor-

Rt

tunity of giving you their fentiments upon what you have fubmitted

to them. 1 am, ,

\ Sig,

) Your moﬁ humble fervant,
! c H. PARKER

Sccretary to the Commiflioners of the Longitude.

REMARK,

THE next Letter I was favoured with, from the Britifh Board of
Longitude, was dated 6th of March, 1788. This contains information
concerning the magnetical Memoir of Profeflor Leonard Euler, pub-
lithed at Berlin in the year 1757, and mentioned already in the intro-
du&tion. Each plan propofed for the folution of this problem confifts
of two parts.  1ft. The means, ed. The method. The lunar method
being by means of the fun or ftars, and the moon; and the magnetic
method, by means of the two magnetic points, If Profeffor Euler only
by difcovering there were but two magnetic poles, or points, difco- -
vered the magnetic method, without fixing the latitudes, longitudes,
revolutions, or courfes of the two magnetic points; might it not
by the fame rule be faid, that he who firft difcovered the fun and
moon, difcovered ‘alfo -the lunar method. But the lunar method
was imperfe@ly known before Sir Ifaac’ Newton laid down the
true theory of the moon; after which Profeflor Euler reduced the
theory to elegant algebraical expreflions; of which Tobias Mayer
availing himfelf, he was by a very fingular addre{s enabled to bring
out the maximuin to a confiderable degree of exaflnefs. Yetthe lunar

method was of but little ufe before the Nautical Almanac was planned
by Do&or Mafkelyne, the Aftronomer Royal, and pubhfhed under the
direftion of the Board of Longitude ; neverthelefs. the anfwer of the
Board was Very proper for that ﬂagc of the buﬁnefs‘ Seeing the

Board
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Board wére not’ ‘then‘in pofleffion’ of my calculatxons. The- obje&t of
my" firft memorial was merely to introduce the fubjet to their notice,

with an mtentxon of bringing forward my demonftrations at a future
- day. -

g —

Report of a Committee of the American Congrefs, publithed in the
Journal.—In the. houfe . of reprcientamves of xhe United States,

Monday 20th of April 1789,

. Mr. TUCK.ER reported from the Committee, to whom was
refcrred the petitions of John Churchman and David Ramfey * ; that
the Committee had, according to order, the faid petitions under con-
fideration, and agreed to report thereupon : which he delivered-in at
the .Clerk’s table, where the fame was twice read, and debated by
claufes: the firft claufe, in the words following—To wit, « The Com-
« mittee have conferred with Mr. Churchman, and find he has inade
“ many calculations,which tend to eftablith his pofition, that there are two
« magnetic-points which give direétion to the needle.  That, upon this
« doftrine, he has ende_avoured»co afcertain; from a given latitude and
“a given variation, what muft be the longitude of the place; and,.
« having applied his principles to many inftances in Couk’s Voyages,
« has found -the refult-to correfpond with confiderable accuracy with
*“ the real fals, as far as they could be determined by the reckoning of
« the ﬂllp That the obje, to which Mr. Churchman’s labours are
« direfled, is confefledly of very high importance, and his ideas on
“ the fubjeét appear to be ingenious. That with a view of applying
« them to praflice, he has contrived a map and a globe, whereby to-
“* fhew the angles which are made by the interfe€tion of the real and
“-the magnetic meridians, in different parts.of the earth. That heis
« alfo engaged in conftru@ing tables, for determing the longitude at
“ fea upon magnetic principles. That the Committee are of opinion,
“ that fuch efforts deferve encouragement; and that a Jaw fhould pafs
* to fecure to Mr. Churchman, for a term of years, the exclufive pecu~

4

# The petition of Dy, David Ré.mfey related to his cclebrated Hifoxy of the Revolution.

niary
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« piary emolument to be derived from the publication of thefe feveral
“ inventions,” was read: and, on the que{’uon bemg put thereupon,
agreed to by the houfe. ... i s ‘

Tue {econd claufe in the words followmg, to Wits o Wlth re[‘pe&
. “ to the voyage, propofed by Mr. Churchman, to Baffin’s Ray, the
¢ Committee are cautious of recommendmg, in the prefent deranged
“« ftate of our finances, a precipitate adoption of a meafure; which would
« be attended with confiderable expence: but they are of opinion,
« that, at a future day, if Mr. Churchman’s principles fhould be found
“to fucceed in praélice, it would be proper to give further encou-
“ ragement to his ingenuity,” was again read: and, on a motionmade,
ordered to lie on the table. _ ' E

Ox motion, ordered, * That a bill or bills be brought in, ‘making
« a general provifion for fecuring, to authors and inventors, the ex-
<« clufive right to their refpefltive writings and difcoverigs; and that
« Mr, Huntington, Mr. Cadwallader, and Mr. Contee, do prepare and
“ bring in the fame.”’ L '

‘ Extraét from the Journal.
JOHN BECKLEY, Clerk.

e —

Extra& of the Opinion of. Profeffor Van Swinden.

« TO determine the longitude, by obfervations on decllnanon, isa
great undertaking, and worthy of all our encomiums. Navigators are
moﬁ interefted in its good fuccefls. This fuccels depends, I think,
upon the complete folution of thefe two very mtereﬁmg problems :
Firft, to determine by theory what muft be, ata given time, the de-
clination of the magnetic needle, for every point of the globe ; or
for every place, whofe. longitude and latitude are given. Secondly,
ina place whofe latitude is given, the declination at a certain time
being known, to conclude its longitude, by comparing the faid obfer.‘
vations with the theory.

« Tue firfk problem confifts of two parts; the one purely mathema-

tical, the other phyfico-mathematical ; becaufe it is a queftion to draw
from
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from f:heeﬁfervatlons the chief data, upon which the- real calculatxons
are to  be founded. , : : -

¢ T am fure thofe, who apply themfelves on the d.ifcove,ry 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 isnot impoflible a: all, to come by multiplied
enquiries to a knowledge of thofe laws.”

Report made to the Marine Society in Philadelphia.

GENTLEMEN,

YOUR Commlttee appointed the firt Monday in April laft,
for the purpofe of waiting upon Mr. John Churchman, agreeable to a
requeﬁ contamed 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.the longitude, from the variation of the
needle,” by two magnetic points revolving in orbits; and we, having
confidered 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
effefts depends upon experience. Upon the whole, we think it wor-
thy of patronage, and therefore take the liberty of recommendmg it to

- the Society.
: CHARLES BIDDLE. -

Fuly sth 1790 WILLIAM ALLIBONE.

{ g —

. Letter by order of General Wathington,
Sln, ’ New York, Auguft: 281/3 1790
- THE Prefident of the United States has received a copy of
the Magnenc Atlas, or Variation Chart, togethér with the Book of ex-
planatlon, which you have been {o polite as to fend him ; and requeﬁs
your acceptance of his thanks for the {fame.
S “ I Am,
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I am, moreover ordered by the Prefident to inform you, that, being.
defirous of encouraging fuch publications as tend to promote ufeful
knowledge, he rcqueﬁs you wﬂl‘*conﬁdcr hxm asa fubfcnber to your

Work
‘T am; Sig,

. Your moft obedxent fervant
TOBIAS LEAR
Secretary to the Prefident of the United States.

)
| —— e

Extralt of an Opinion publithed January 1791; with the Reports of
 the George Auguftus Univerfity at Gottmgen, under the Infpeltion
.of the Royal- Society of Sciences there.

« THE explanations and propofitions “prove, that the author has
« treated his fubje& very methodically."

e —

Extraé of a Letter from the Aftronomer Royal, at Berlin, to a No-
bleman at Hamburgh, dated February sth, 1791.

« THESE refle@ions are produced by your {fending me the Letter,
the Memoir, and Chart of Mr, Churchman. The Royal Academy had
lately received duplicates of the fame by another channel, and were .
engaged in” examining them, with a view of giving fome fatisfaion

to the author, with refpeé to his defiderata. I have now the honour
of fending you, for Mr. Churchman, the report of the commlﬁioners
appointed to examine his work. : N

“ M. Formey, in quality of perpetual fecretary, had it in charge to
accompany thefe papers with a congratulatory letter to Mr. Churchmnan;
but as he is now 80 years of age, his a€livity is much diminifhed. To
prevent delay, I have propofed to him to difpenfe with this letter, taking
it upon myfclf to excufc him, in which I. hope you . will join your

. influence.”

" Signed, BERNOULLY.
. Extraft.
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Extra& ?ﬂ'o‘m\ one of the Commiffioners’ Reports made to th'e'RQYal _
, Pmﬁ'ian Academy of Sciences and- Belles Léttres, at Berlin.

- “THE Academy without doubt will require, that agreeable to. cuf-
tom, I declare my own fentiments concerning the work, of which I
am giving an account. I fhall make no refleétions on the great im-
‘portance of the -objeft onwhichit freatss “1 could only. fay, on that
head, things generally admitted. Mr Churchman is entitled to an
eulogium; for havmg confecrated a number of years to making re-
fearches on the variation of the compafs. As a new proof of his zeal,

“he propofes, as foon as circumftances will permit, to make a voyage to
the place where he imagines the northern magnetic point may at pre-
fent be found.:' He hopes, thére to make: important obfervatlons. "The
bare intention of the author is fufficient to do him much honour;
as to its being effefled, it is, for many reafons, worthy of attenti’ongl.
It was known that the two magnetic points had a motion, but Mr.
Churchman~is the-firft-who,-to-my knowledge, has dared to determine
this movement, anid to aflign their periodical times. This ﬁep is bold,
without doubt ; but itis good that it is made; it will ferve to awaken
the attention of Geometricians and Aftronomers. They may examine
and difcufs the theory of Mr. Churchman; compare it with the new
obfervations ;. and attempt to modify his hypétheﬁs, till they may ap-
proach to exaé¥hefs, as near as can be hoped in fciences phyﬁco-ma-
thematical.

« ArtHoucH no influence of the magnet upon the waters has till
now been remarked, we may tolerate this explication, as that has been
toterated which was founded upon the influence of comets; and as
we have ‘tolerated ‘the idea of an original conflagration of the earth,

and its fucceedmg temperature,
« BURJA.”

L © Letter
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_ Letter from her Highnefs the Princefs of Dafchkaw, Privy €ounfellor
to the Emprefs of all the Ruias; “Prefidens .of the Imperial Aca-
demy of Sciences at Peterfburgh nght of the (F emale) order of
St Catharmc, &c.

SIR) \. . -
. . THE Contents of your letter, which we received with the

enclofed Magnetic Atlas, and its explanation, in due time, were the
more interefting and agreeable to the Imperial Academy of Sciences,

" as the fame matter is the fubjeét of a Premium- even now propofed by
our Academy, as you will fee by the printed advertifement I fend you
herewith. i :

- Tuxr progrels you have already made glves me a pleafant hope, thxs
important matter will derive no fmall increafe from your ingenious
works ; and I make no doubt but your labours will greatly contribute
to the final {olution of this queftion. By the communication of jyour
further enquiries and difcoveries, efpecially relating to the fouthern
. hemifphere; the calculation of an univerfal fet of tables, and the afcer-
taining of the exalt revolutions of -the two magnetic points round the
poles of the earth, by a greater number of obfervatnons, you will
very much obhge your humble fervant,

PRINCESS or DASCHKAW~

St. Peterfburg, Feb. 27th 1791.

To Mr. Fobn Churchman.

Extra& of a Letter from the Royal Society of Copenhagen, dated
March 15th, 1791

« THE Society is obliged to Mr. Churchman for the commu.
njcation of his elaborate treatife, and cannot but adrmfe his genius,
and praife the fagacity with which he has built up 2 fyftem, wanting
neither beauty nor fymmetry The attempt of Mr. Churchman to

clear
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_ clear up this dark matter is very laudable, and cannot but ‘meet with
the approbatlon of the Natural Philofopher.
f By order of the Society,
Sos CHRISTIAN FREDERICK JACOBI
‘ Perpetual Secretary.”

ot ———

- Extraét from the Repoxt made to the Honourable Patriotic Encourag-
- ing Socxety of Arts and’ Commerce, at Hamburgh, by its commif- -
ﬁoned Members, dated March 16th, 1791,

... “THE mve{hoatlons af an Euler, aToblas Meyer &c &e.
to folve this Problem, with all the additional improvements made
fince by other men of renown, with the help of Afironomy, muft ap-
pear in a very. indifferent light, compared with Mr. Churchman’s eafy
mechanical method ; for, whatever thofe ingenious men have been
~ able to colle&, by their profound calculations and laborious obferva-
‘txons, is now to be performed by a fimple fcale.

, Smned “ BRODHAGEN
-~ « REINKE.”
Extra of a Letter from the Royal Academy of Lifbon, dated
May 1gth, -1791.

“« THIS Royal Academy has received, by two dlﬁ'erent ways, -
nearly at the fame time, your explanation of the Magnetic Atlas;
commiffion was inftantly given to Gentlemen of the Profeffion and
Mathematicians, Members of the-Society, to examine it accurately,
and to bringin their advice in fome of the ordinary academlcal meet-
ings ; this: they have performed, and I am direfted to fend you, in

_this letter, the refult of their examination and advice. They ac-
knowledge the originality and ufefulnefs of your ideas and {cheme, and
that both highly deferve to be encouraged. They believe indeed,
that when the propofitions you enunciate are demonfirated, a great
ftep will'be made towards the perfe@tion of magnetic knowledge.
Thefe demonftrations they expe from you, and in the mean while they
rcadily accept “the invitation of giving you what magnetlcal obfervations

. - La ' it
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it will be in their power to afford you. As, for my part, I am, with
fentlments of e{’ceem and refpe& SIR, e

K Humble fcrvant
¢ JOSEPH CORREA e SERRA,
To Mr. j’olm Churchman. §ECRETAR&’; »
_—‘4“ o
' Extra& of a Letter dated Cambrldge, 5th March, 1792
“« Sir,

“YOUR late commumcanons were prefented to the Amerlcan
Academy of Artsand Sciences, the 2gth ultimo, and I am dire&ed to
return you the thanks of the, Academy for the fame.

_ «Inave the pleafure to affure you, that the Society is pleafed with
our apphcatlon to the {ubjeét, and highly approves your very laud-
able defign of i 1mprovmg magnenc obfervations. =~ Convinced of the
importance of afcertaining, with accuracy, the magnetic variations in
 different parts of the globe, the Academy wifhes-you fuccefs in your
«'propofed voyage ; “and that it may contribute towards perfe€ting a dif~ -

covery highly ufeful to mankind. With fentiments of due refpe&

: “ I am Sir, .

“Your obedient humble {ervant, .
B '« ELIPHALET PEARSON,
To Fobn Churchman, Efy. ’ " ,“ Corréfponding SEC’RETARY »o

L L

Letter from GencraI Waﬂnngton, Prefident of the Umted Sta;es, ‘on )
< ﬁulmg to Europe, dated Mount Vernon, Septembér toth, 1792,

Srr,

* YOUR Letter of the 5th did not reach my hands until the 8th,
and this is the firft opportunity that I have had to give the receipt of it
an ac]\nowledgement . l
I have enclofed you two fhort letters of introduétion to our Mini.
fters at the courts of Paris and London, I wifh your voyage ‘may an<
fwer youi" own expeations, and that the dnfcovery may be beneﬁclal to
mankmd bcmg, Slr, Your very humble fer\(ant,

G WAQHINGTO\I‘
Mr] C/mrc/zman. : 3

C e
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THE Imperial ‘Academy at Peterfburgh.

The Royal Academy at Berlin.

The Royal Acddemy at Lifbon.

The Royal Society at Copenhagen.,

Right Hon. Earl of Athburnham. '

George Adams, Mathematical Infirament-
Maker to his Majefty, and Optician to
his Royal Highnefs the Prince of Wales.

Alexander Aubert, Efq. F. R, S. and A, S.

William Anderfon, Efg. ‘

A. Arrowfmnh Geographer.

Dudley Adams.

Thomas Afton.

B.

. Sir Josern Banks, Bart, Prefident of the
~ Royal Society, &c. '
Dr. Edward Bancroft, F.R.S.
Alexander Brodie, E{q. M. P,
William Baker, £fgq. M P.
Captain John Blanketf, Royal Navy.
Dr. Thomas Bradley, F. M. S. Phyﬁcian
to the Afylum.
William Hibbs Bevan, Efq Lxrcolns Inn.
‘David Barclay. .
" Robert Barclay.
" Robert Barclay, Banker,
Jofeph Gurney Bevan,

Wilfon Birkbecks -
* Jofeph Brown.

William Bolland, B. A, Cambndge

John Bevans, ¥

John Bruckfhaw. "

Thomas Blunt, Mathematical Inﬁmment~
Maker to his Majefty.

Birkbeck, Blakes, and Co.

John Beaumont.

S. Brady.

Jofeph Barns, 3 Copies.

E, P. Bridel.

C.

His Rovar Hicuness PRINI‘LWILLIAKA .
"Henry, Duke of Clarence, Rear Ad-

miral of the Blue, &c. &c. T

Tiberius Cavallo, F.R.S.

Sir Thomas Coxhead, M. P,

John S. Copley, Efq. R. A, Member of the
American Academy of Arts; -

Rev. Thomas Clarkfon. ‘

AlexanderChampion, Efq.

J. Clark, Efq. Banker.-

William Conftable, Efq.

John Clark, M. D. .

Daniel Coxe, Efq.

+_Jofeph Cockfield

John Corbyn.
Richard Chefter,
‘ Thomas
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Thomas Compton.
Jofeph Carter.
" William Cole.
John L. Clarkfon,
J. Cleggit.
Miller Chrifty.
Richard Thomas Clatk.
- M. and W. Church. .
- John Coventry.

J. Cook.

H. Canfton, -

R. Caufton.

D.

Arexanper DaLRYMPLE, EsQ_F R.S.
Rev. Jacob Duché.
Samuel Denton, Efq. Navy Agent.

John Talbot Dillon, Efq. Affitant Secre-

tary to the Board of Agriculture,
A, and W, Diiver. '
Charles Dilly, Bookfeller.
Day, Grant, Banton, and Ward.
Joha Daniel.
Quintin Dick.

E.

E. Epwarbs, Esq,

T. and J. Egerton, Bookf{ellers.
John Eliot,

James Earl.

Wirtriam Fapen, Geographer to his
Majefty.

Jofeph®Fox, M. D.

Forfter, Lubbock, Bofanquets, and Clark,
A. Pothergill.

Thomas Fothergill,

James Fergufon.

William Storrs Fry.

G. M. Flowers.

Edmund Fry,

John Field.

Thomas Fofter.

‘W. and S. Jones, Opticians.

Jofeph Fofter.
T. Freeman.

+ Jon. Ferris.

. G.
GivssrT, Wright, and Hook, Opticians,
George Grot&, Efg. .

. Col, Gordon.

John Gray, Efg.

H.
Dr. Wirriam Herscugrn, F.R. 8. pri-
" vate Aftronomer to his Majetty.

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. 8.

George Harrifon. ’

Samuel Hoare. '

Jon. Hoare.

Jeremiah Harman.

Robert Howard,

William Howard.

Hardcaftle and Crofby.

John Hatchett.

Johu Hood, Efq.

Thomas Harding, M. R. I. A,

Ms. Hathaway, Chrift’s Hofpital,

Jofeph Hancock.

James Hefkett, Map and Print-feller, 6
copies.

J. Hamilton.

John Heylyn.

I

Josnvua Jonwnson, Esq, American Con- .
ful General.

Hon, Charles Jones, Captain of the Sybil,

Rev. T. Jones, Fellow Trinity-College.
Cambridge.

Chr,
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“Chr, Idle,
Thomas Jeffryes.
_ S, Jennings.

— K.
Profeflor James Kidd.
James Kerfhaw.
Samuel Kendall,

Peter Keir,
John Kincey.

Iu

Rigur Hon. Marquis or LaNbs-
DOWNE, ‘

Captain Eff. Lawrence.
‘Dr. John C. Lettfom, F. R. S, &¢,
© Dr. J. Lorimer, F. R, §. Edin.
Samfon Lloyd.

John Lloyd.
~Ehenezer Leadbeater,

Nicholas Lutyens,

John Lifter.

“William Leatham

Charles Lincoln,

Jofeph Leaper.

John Lindfey.

M.

Dr, NaviL MaskeLywe, F. R, S. Aftro-

nomer Royal, &c.
Edward Mead, Efq. Boxmoor Herts,
Captain Mendoza, Spanith Navy.
Charles Minor, M. D.
Henry Moyes, M. D.
Robert Morris, Efq.
James Mainftone, Efq.
"« Captain Reuben Macey,
George Margetts.
William Murdock,
Jofiah Mefler.
K. M. Cuollogh,
John Mindeville,
John Monier.
William Morgan.

Joln P. Metry,’
Alexander Macauley.

N,

 Naruavizr Newsuawm, Esq, Alder-

- man; and Colonel of Militia; London,
John Northeote, R, A.
John Newton, Efg.
Patrick Rooney Nugent, Efg.
Edward Naxme, Mathematical Inﬁrument-
Maker to his Majefty.

' P, ‘
HonouraBLE Lapy Jurrawa Penvw,
Thomas Pinckney, Efg. American Mlmﬁer,

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

R.
Ricur Honourable Lord Vifcount Rane-
lagh, Treland.
John Relph, M. D.
William Roberts, Efq. Barrifter at Law

- Dr. Robertfon.

Legh Richmond, B. A. Cambridge Uni-
verfity. » ‘

William Rotch.

Fofter Reynolds,

‘Samuel Rofe.

S,

James StracuaN, Esq. one of the Elder
Brethren of the Trinity-Houfe.

Thomas Skinner, Efq. Alderman, London.

Frederick Schoenborn, Efg. Secretary of
Legation to his Danifh Majefty.

- Captain
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Captain Charles Stirligg, Royal Navy, ‘

Granville Sharp, Efg.
Jofeph Sands, Efq.
Jofeph Sherburne, Efq.
John Sewsli, Bookfcllcr. :
George Stacey, . e
Jofeph Smith. . -
Frederick Smith,
James Sheppard.
Robert Sayer. .
John' Sutton.
Smith, Weinholt, and Co, .
Benjamin Savage
J. Savage. .
~W. D. Smith,-
Jofeph Seger.

T. .
CaprarnN Thomas, Traxtan..
John Tuffen Efq. .
‘Thelufon, Brotheis, and Co.
~ P. W, Thomas,
John Townfend, Jun.

"Tnomas Taylor, Lloyd's Coffes-Houfe,

W. Tucker.

-

Y'

"WILLIAM Vavosiw,, Eso~
- Dr. George Vaux.,

w,

GexeraL WASHINGTON, Prcﬁdent of'
the United States,

Bcpjamm Wet, Efq. . Hxﬁonca‘ Pamtc‘r to
his Majefty, and Prcﬁdent of thc‘ Royal :
Academy. -~ ¥ ¢

Adam Walker, Memberof the Dub!m So-
ciety, Leturer on Philofophy to the Duke
of Gloucefter ; Eton, Wefliminfter, and
Winchefter Colleges,

William Woodville, M. D,
- Robert Willan, M, D,

Ralph Watker, Bfg.

Rev. Blhanan Winchefter, .

Jofeph Woods,”

William Walker, -

Thomas Were;-

William Were,

John Warder, and Co,

C. P, Walker,

John Walker, >

Owen Weflon,

Thomas Workman,

John Wilcocks, :
B. Workman, A, M. and M, A, P, 5.

Y.

Arrsve Youxo, Esq, Seeretary to the
“Board of Agricultufe,

N B, Xihe names of any Subferibeys are omitted, itds becaufe they did not come tohand

before the above Jift was printédy
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