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Read before the ROYAL SOCIETY, Feb. 25, 1790

INTRODUCTION.

HE trigonometrical operation which becomes the fubject

of the prefent Paper, had its commencement, as will
be remembered, in the meafurement of a bafe on Hounflow-
Heath in 1784, an account of which was given to the Royal
Society in the following year. _

On the completion of that firfk part of the bufinefs, it was
little expected, that nearly three full years would have elapfed
before, even in this country, an inftrument could be obtained
for taking the angles !

In the {pring of 1787, there were indeed appearances, that
Mr. RamspEN would have enabled us to embrace the early
part of the feafon, by proceeding with the execution of the
main deﬁgn; and therefore Sir Josepa Bawks had opened
(through the official intercourfe of his Majefty’s Secretary of
State, the Marquis of CaArMARTHEN, with the Ambaflador
at the Court of France) a correfpondence with the Academy of
Sciences, regarding the co-operation expeéted on thewr part,
for connelting the triangles which we were now preparing to

extend



4 Gen, Roy's Account of

extend along the Englith coaft, with thofe formerly executed
on the coaft of France, oppofite to Dover. And Dr. Brac-
veN (who for this purpofe confented to lay afide his intention
of making a tour through Germany that fummer) had engaged
to aflift in the bufinefs, on the appointment of the Royal So-
ciety, whenever we (hould be enabled to aflign any probable
time, for the different parties to repair to their refpetive coafls,
for the aforefaid co-operation.

About the {fame time likewife, a Paper was laid before the
Royal Socicty, intended as a fketch of the mode propofed to
be followed in carrying the fcheme into execution ; for which
purpofe it was accompanied with a general map, fhewing
nearly the difpofition of the triangles, and containing alfo va-
rious invefligations concerning the figure of the earth, whereon,
it is hoped, the refult of the prefent operation will threw fome
additional light.

For feveral months of the fpring and fummer of 1787, Mr.
RamspEN had been ferloufly at work in endeavouring to finith
the inftrument. Not having employed a fufficient number of
workmen upon it at the outfet, it was now evident, that he
had even deceived himfelf, by leaving too much to be done at
the latter end. At length, however, the inftrument was pro-
duced, and placed on the 31t of July at the ftation near
Hampton Poor-houfe, on the very fpot where, about thirty-
five months before, the meafurement of the bafe had been
compleated,

By commencing an operation of this nature, at fo advanced
a feafon of the year, it was fufficiently obvious, that only very
faint hopes could be entertained of bringing it to a conclufion
before the bad weather would fet in.  But it being ‘of much
importance to get the triangles, which extend acrofs the

I Channel,
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the Trigonometrical Operation. 5

Channel, at all events executed, it was therefore propofed to
Comte pr CassiNi, who by this time had been appointed by the
Academy of Sciences to fuperintend their part of the bufinefs,
that he thould fix the time that might {fuit him beift for our
meeting on the coaft ; that we would then difcontinue the ope-
ration to the weftward, and, having in concert executed the
coalt triangles, we would refume the inland parts of our own
{erics at fome more convenient opportunity.

This propofition being readily acceded to by Comte DE
Cassini, the zoth of September was appointed for our re-
pairing to the coafts of Dover and Calais refpectively.

In the mean time our operation was continued, with all ima-
ginable care and affiduity, through the firft ten ftations of

the feries of triangles from Hampton Poor-houfe to that at

Wrotham Hill inclufively.

The inftrument, and the various parts of the apparatus,
were then removed to Dover, at which place Mefl, pe Cassini,
MgcHAIN, and LE GENDRE, three diftinguithed Members of
the Academy of Sciences, arrived on the 23d of September.

In the courfe of two days that thefe Gentlemen honoured us
with their company at Dover (and we regretted exceedingly
that the latenefs of the feafon did not admit of our enjoying
that pleafure for a much lenger period) every thing was fettled
in the moft amicable manner poffible, with regard to the times
of reciprocal obfervation,

A great number of white lights, fitted for long diftances,
and feveral reverberatory lamps had been previoufly provided.
Having been fupplied with {fuch a proportion of the lights as
feemed neceflary for their fide of the channel, and one of the
lamps, the French Gentlemen departed for Calais on the 25th,
accompanied by Dr. BLacpen, who attended them during the

B time
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time of the co-operation, until it was finally clofed on the 15th
of Oé&ober,

For the greater part of thetime, the weather was extremely
bad ; neverthelefs, on the particular nights when the moft im-
portant obfervations on our fide were made, namely, thofe at
Dover and Fairlight Down, the nights happened very fortu-
nately to be favourable, fo as to enable us to interfect, with
great accuracy, the two diftant points on the French coaft of
Blancnes and Montlambert *, and thereby to eftablifh for ever,
the triangular conneétion between the two countries, |

The Duke of Ricavmonp, Mafter General of his Majefty’s
Ordnance, had, in the moft liberal manner poffible, given
every affiftance to the operation (from that great department
over which he prefides with {fo much honour te himfelf and
advantage to the publick) by furnithing an officer and a de-
tachment of artillery-men for the work ; ordering the laboratory
at Woolwich + to fupply whatever fire-works might be wanted
for fignals; and temporary fcaffolds to be ere@ed at Greenwich
Obfervatory, Shooter’s Hill, and Dover Caftle, for the reception
of the inftrument. But what was {till of more importance than
any of thefe, his Grace had permitted Lieut. Fippes (one of the
engineers on the furvey then under my diretion) to be em-
ployed, in the fummers of 1786 and 1487, in making a very
accurate plan of that part of Romney Marth where the bafe
of verification was to be meafured. In a country fo much in-
terfeted by ditches, and where there were fo many ponds of
water to be avoided, without fuch a plan raifed before-hand,

* The name of this hill is vulgarly pronounced Bealemberg, and it is even
written in the fame manner in the book, La Mirvidienne i.l‘f;-{'ﬂ;’;.

+ Major Congreve, of the Royal Artillery, had the management of the lights
at Shooter’s Hill ; and his afiftance was found to be moft effentially ufeful,

an



the Trigonometrical Operation. 7

an operation of fo delicate and difficult a nature could not have
been effected.

The apparatus for the meafurement of the bafe with the flecl
chain, notwithftanding the urgency of the cafe, was not fent
to its deftination until the end of the firlt week of Oftober. To
Lieut. Fiopes the engineer, was then joined Lieut. BRyYcE of
the Royal Artillery; and it was not before the beginning of
December, that thefe two gentlemen; with the moft unremit-
ting labour and perfeverance, were able to accomplifh the mea-
{furement, as will be feen in the detailed account of that ope-
ration given in the firft fection of this Paper.

In finithing the co-operation with the French Commiflioners,
at Lydd on the 17th of O&ober, our inftrument had now
paffed through fixteen ftations out of twenty-three. There of
courfe remained yet feven ftations where it was to be placed,
and obfervations to be made. Eagerly withing to bring the bufi-
nefs to a conclufion, we ftruggled on through five of the feven.
But the weather at length became fo tempeftuous, that it was
utterly impofflible to continue it, with any hopes of being able
to make fatisfactory obfervations. Perched on the tops of high
fteeples, fuch as Lydd and Tenterden, or on heights, fuch as
Hollingborn Hill, we fufficiently experienced, that operations
of this fort, where the moft important obfervations could only
be made at night, by means of the white lights, fhould never
be undertaken in the latter {ealon.

On the fecond of November, the inftrument was accord-
ingly removed from the top of Hollingborn Hill, and fent to
town, leaving the ftations on Goudhurft and Frant Churches,
both likewife fituated on eminences, unoccupied until the en-
fuing feafon.

B 2z The
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The winter months were employed in calculating the ob-
{ervations that had been made; and from thefe we were
very well enabled to judge to what a degree of accuracy we had
arrived in determining the fides and angles: for Frant and
Goudhurft, having been interfected from Botley Hill, Wro-
tham Hill, and Hollingborn Hill ; Goudhurft having been ob-
ferved from Tenterden, and Frant having (contrary to our
expeltation) been feen and obferved from Fairlight Down, we
had thereby the certain means of determining very nearly
what difference there would be between the meafured and
computed length of either bafe as given by the other, although
obiervations had not been made at the two intermediate {tations
of Goudhurft and Frant. This difference, it was feen, would
fcarcely amount to one foot, or about -, % .th part of the
whole diftance. In as far, therefore, as the refults of the
plane triangles were concerned, we might have proceeded with
the computations, and drawn the confequent conclufions,
without hefitation, or any rifk of fenfible error.

But, befides that it might ftill have been faid that the in-
{trument had not been placed at thefe two ftations, there were
reafons of a different kind, which rendered it in fome degree
neceffary to place the inftrument not only at Goudhurft and
Frant, but alfo at Botley Hill and Folk{tone Turnpike, where
it had formerly ftood.

In 1787, when at the ftation of St. Ann’s Hill, in a very
high wind, the box containing the axislevel was blown from
the feaffold, and unluckily broken, Mr. RAMsDEN replaced it
with one not fo good as the firft; and it was with this fecond
level that the obfervations of the pole ftar had been made at
Dover Caftle. This caftle, although lofty, and fituated on a

kigh chalk cliff, that raifes its northern turret about 466 feet
5 above



the Trigonometrical Operation, 9

above low water at {pring tides, is neverthelefs furrounded on
the land fide with eminences, at the diftance of fix or feven
miles, ftill higher than itfelf. From this circumflance we
found it impofiible to conneét it with the great triangles to the
weftward, otherwife than by a fhort fide. It was therefore
{ufficiently obvious, that it would be eligible to make obferva-
tions of the pole ftar for determining the difference of lon-~
gitude, and the convergence of the meridians, at fome other
intermediate ftations between Greenwich and Dover, from
whence our longeft fides could be diftinétly feen. For this
purpofe none feemed fo proper as Botley Hill, Goudhurft, and
Folkftone Turnpike. The firft of thefe three is only 171§ feet
eaftward from the meridian of Greenwich, Goudhurft is about
23 miles {outh-eaftward from the former, and Folk{tone Turn-
pike, the {tation neareft to Dover, is fo fituated, that from it
can be feen the end of the bafe of verification at High Nock,
Fairlight Down, and other diftant ftations.

With this object in view, whercon fo much depended, we
had again the mortification to be thrown into the latter feafon
of 1738,

Befides a better level for the axis of the telefcope, the mi-
crofcope B wanted to be better fupported. Another fort of
clamp, alfo an eye-piece, with a diagonal prifm for obferva~
tions near the zenith, or for thofe of the pole ftar in high
latitudes, were neceflary improvements, which might have
been executed in a fhort fpace of time. With thefe altera-
tions the inftrument was at laft returned, butfo late, that it
could not be placed on Goudhurft Steeple till the gth of Au-
guft, 1788.

The obfervations at Goudhurft, Frant, Botley Hill, and
Folkftone Turnpike, having been finifhed early in September,

the
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the inftrument was brought back to town, in the neighbour-
hood of which it was employed for three days for the follow--
ing purpofe.

In 1787, when at the ftations of Hundred Acres, Norwood,
Greenwich, and Shooter’s Hill, we had only been able to de-
termine, in a fatisfa&tory manner, two points within the limits
of the Capital, namely, St.Paul’s Church and Argyll Street,
the laft by means of the white lights. Bearings of {fome
others, it is true, were obtained; bur, in order that thefe
might be interfected in the beft manner, it became neceflary
to place the inftrument at one or more {lations to the north-
ward of the town.

With the view, therefore, of laying the foundation hereafter
for a much more accurate plan of Loundon than could pofiibly
be obtained in any other way, the inftrument was placed, firft,
at Hornfey Hill, to the eaftward of Highgate; and, fecondly,
on Primrofe Hill, between London and Hampftead.

Although the weather was rather unfavourable at the time
of making the obfervations from thefe two new ftations; and
that the fmoke conftantly hanging over the town in the latter
feafon impeded us greatly; neverthelefs, the former bearings
were interfe@ed, and the fituations of a confiderable number
of remarkable fteeples within London and its environs, were
accurately determined, as will more fully appear in treating of
the {econdary triangles.

Having thus briefly fhewn the order with regard to time in
which the recent operation, through its various fteps, was
progreflively carried on and compleated, it is proper that I
ithould mention, that Mr., DarLsy, who had been recom-
mended as an affliftant, has acquitted himfelf throughout the
whole perfectly to my fatisfation, as a diligent and accurate

obferver,
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obferver, as well as an able and indefatigable calculator. ‘This
teftimony, which is juftly due to his merit, joined to the fpe-
cimen which he gives of his mathematical abilities in the fifth
feétion of this Paper, can fcarcely fail of making him better
known hereafter; and it is hoped, that he will bave opportu-
nities of exerting his talents, by aflifting in the continuation of
the future operations that are projeéted and recommended to
be carried on in the conclufion of this Memoir; the various
parts of which are arranged as follows

Section Firff.

Defcription of the apparatus made ufe of in the meafure-
ment of the bafe of verification in Romney Marfh, with the
hundred-feet fteel chain, in the autumn of 1787, with the refult
of that operation. Reference to be had to Plate I. and II., and
alfo to the table containing the general detail of the mea-
{urement.

Seétion Second,

General defeription of the great inftrument with which the
angles in the recent trigonometrical operation were obferved ;
thewing alfo its various adjuftments for pratice. Reference to
be had to Plate IIl. a general view of the entire machine;
Plate 1V, a plan and two fections of it; Plate V. various parts
reprefented on large fcales; and Plate VI, the microfcopes and
eye-pieces.

Setion Third.,

Defcription of various articles of machinery made ufe of in
the courfe of the trigonometrical operation, referred to in Plate
VII. Alfo the diftin&ion of the ftations into two f{ets; thofe

of the fecond fet being referred to in Plate VIIL
Section
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Section Fourth.

Calculation of the feries of triangles extending from Wind-
for to Dunkirk, whereby the geodetical diftance between the
meridians of the Royal Obfervatories of Greenwich and Paris
is determined, Reference to be had to Plate IX.

Seétion Fifth.

On the difference between horizontal angles on a {phere and
fpheroid. Plate X.

Seclion Sixth.

Manner of determining the latitudes of the ftations. Ap-
plication of the pole ftar obfervations to computations on dif-
ferent fpheres, and alfo on M. Boucuer’s {pheroid, for the
determination of the difference of longitude. Ultimate refult
of the trigonometrical operation, whereby the difference of the
meridians of the Royal Obfervatories of Greenwich and Paris
is determined. Plate X.

Secfion Seventh.

An account of the obfervations made during the courfe of

the trigonometrical operation for the determination of terreftrial
refraltion. Plate X,

Seltion Eighth.

Secondary triangles, fubdivided into two fets, for the im-
provement of the maps of the country, and the plan of the
City of London and its environs. Plate XI.

Conclufion,

Containing Propofitions for extending trigonometrical opera=
tions over Great Britain.

SEC-
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S ECTILON FILRST.

Dofeription of the apparatus made ufe of in the meafurement of
the bafe of werification in Romney Marfh, with the bundred-
Ject fleel chainy in the autumn of 1987, with the refult of that
operation. Reference to be bad to Plates I. and 115 and alfs

" do the table containing the general detail of the meafurement.

ArticLE 1. Preamble.

IN the account of the meafurement of the bafe on Houns
flow Heath in 1784, which appeared in the Philofophical
Tranfa&tions of the fubfequent year, we had occaficn to thew,
how very accurately diftances might be determined by the fteel
chain, when applied in the ordinary way on the natural fur-
face of the ground, if that furface happened to be tolerably
{fmooth, which was the cafe in the inftance alluded to. By the
comparifon of the meafurement of a length of one thoufand
feet with the glafs rods, and with the chain when ufed with
an apparatus adapted to the purpofe, it further appeared, that
the difference between the refults was fo very fmall as {carcely
to be difcernible, fince it would not have exceeded half an inch
on the whole length of that bafe of 27404.7 feet.

Having always confidered the experiment on Hounflow
Heath, juft now mentioned, as pofitive proof of the excel-
lency of the chain, it had been refolved on to apply it to the
menfuration of the bafe of verification in Romney Marfh, even
if no other reafons had exifted to make that choice eligible.

C But
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But befides the danger of having the glafs rods broken, in
tranfporting to {o great a diftance from London, and, on fuch
an event happening, the impoffibility of gétting them replaced
with others at the advanced feafon of the year in which we
were unfortunately thrown with the operation, it was obvious,
that in a plain of the breadth of {ix mles, fo ‘much nter-
fected with ditches full of water as Romney Marfh in reality
is, the laying of bridges for the tripod ftands, which muft have
been ufed with the glafs rods, would alonc have been a '.rery
troublefome and tedious operation.

Art. II. Beech Pofis.

In the firft place, about thirty pofts made of beech wood,
three inches 'in diameter, and ‘of differenit lengths, from two
feet three inches'to three feet fix, and a-few of them ftill longer,
were provided. They were thod with iron, and each of them
carried on its top a caft-iron ferrule, with'two dovetails projet-
ing from it ; -care being taken in driving them into the;ground,
that the dovetails fhould ftand in or nearly in the direGtion
of 'the bafe, as reprefented by 'the plan and fe€tion of a fingle
poft, in the middle part of Plate 1. The arrangement of
twenty-four-of thefe pofts'may be feen at the top of ‘the faid
plate, ‘for the meafurement of -a portion of the bafe ‘equal to
one hundred yards, orthe length of three chains, -Sixteen of
the pofts reckoning from that which ftands in the center of
the firft group, to-that which ftands in the center of the fe-
cond, and fo-on from right to'left, were placed at the diftance
of ‘twenty feet from each other. The firlt is fuppofed to co-in-
cide with the mouth-of :the:pipe funk into the -earth, at the
eaftern rextremity -of the bafe, ‘at a place called High Nook
nedr-Dymechurch; and every fifth poft from that -towards the

left
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left marks the end of a chain. 'The other eight pofts in the
arrangement, that is to fay, the right and left pofts of each of
the four groups, are fuppofed to ftand twelve or fifteen inches
from thofe in the center. By referring to the elevation near
the top, and the plans and feftion in the middle part of Plate
1. it will be perceived, that thefe pofts, together with certain
other iron parts of the apparatus fixed to them, hereafter to be
defcribed, fupport the ends of the coffering for each chain,
free and independently of the central pofts, to which laft the
brafs fcales alone are attached.

Art. L. Deal Coffers.

Fifteen deal coffers, numbered from one to fifteen, were
neceffary for the length of three chains, being five to each.
Six of them, that is to fay, the firlt and fifth, the fixth and
tenth, the eleventh and fifteenth, being the firft and laft of
each chain, were only nineteen feet four or five inches in length.
The other nine, being the three in the middle of each chain,
were of the complete length of twenty feet. Thefe coffers
perfeétly refembled in fhape, and nearly in dimenfions, the
cafes of the glafs rods, being ten inches broad in the middle,
and uniformly of that depth throughout their whole length.
But from the middle they became gradually narrower, in a
curvilinear maunner, towards each end, where they were only
two inches wide, The two cheeks or fides were about half an
inch thick, and the bottom, which entered into a fhallow
groove in the middle of the cheeks, was an inch in thicknefs.
Thus the cheeks being thin, bent and applied eafily to the
bottora, to which they were firmly nailed, and the whole was
fortified by {mall blocks of wood faftened at intervals in the

infide, fometimes above and fometimes below the bottom.
C2 From
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From the elevation it will be perceived, that nine or ten inches:
of the under extremities of the cheeks were cut off, fo as to
permit the bottom itfelf to reft on the irons. This con&ruc-
tion of the coffers was found to anfwer very well, thatis tor
{ay, they were, confidering their length, not fo heavy as to
be unmanageable, at the fame time that by their general figure,
and particularly the depth of the cheeks, they were entirely
prevented from warping. :

In addition to the fifteen coffers, juflt now deferibed, a fix-
teenth, not reprefented in the plate, was afterwards prepared
at Hythe by Lieut. FippEs, to be ufed occafionally, when the
end of one chain, and commencement of another, co-incided
. with a deep ditch or one of the fewers full of water, and
where of courfe it would have been extremely difficult, if not
impofiible, to have fixed {teadily the group of three pofls in
the ufual manner. In this coffer there was a double or falfe
bottom, with grooves adapted for the purpofe; andthe brafs
fcale, pulley, &c. were removed from the irons, and placed on
this bottom.

Art. IV. Apparatus of cafl iron, &c. for the ends of the Chain.

By referring to the plate, where the {everal parts of the ap=
paratus for the extremities of the chain are reprefented in plan
and fection, by a fcale equal to one-fourth of their real dimen-
fions, it will appear, that the caft-iron pieces were of two dif-
ferent forms, one long, and the other thort; but both applied
in the fame manner, on the ferrules binding the tops of the
pofts, as has been already mentioned. Of the long kind there
were in all fifteen or fixteen, that is to fay, one for each poft
in a length of three chains. Each iron had two clamps on its

under




the Trigonometrical Operation. 1y

amder fide, which Leing flackened, it was placed on its ferrule
at right angles to the line of meafurement;. and being turned
round go°, the dovetails of the ferrule, ftanding originally in
the diretion of the bafe, came within the clamps, which were
then tightened by four fcrews, turned with fquare keys adapted
to the purpofe.

It is fufficiently obvious, that fo many irons, with fuch a
number of fcrews to each, could not fail of rendering this-
operation tedious! The bufinefs would have been greatly expe-
dited if there had been only two fuch fcrews, one on each end, .
in a middle fituation ; and, inftead of the four fcrews, there
thould have been four fteady pins, entering eafily into holes
prepared for them in-the under fide.. A fhort groove, of two
or three inches in length, in:each.extremity. of the bottom,
would; on this fuppofition, have been neceflary: to fuffer the
fquare heads of the fcrews: to pafs; and it will be readily con
ceived, that the thicknefs of the bottom would have effeGtually
fecured the chain from touching them, prevented the mutilas
tion of its handles, and faved much lofs of time. Indeed the
fame purpofe might have been effedled, but not fo advantage.
oufly, by laymg the original four fcrews lower in the iron,
which its thicknefs eafily. admitted of.. Finally, in order to
avoid fuch like inconveniencies in future, there is ftill one imn-
perfeGtion mere, which it is incumbent on me to remark,
namely, that caft-iron ferrules will not anfwer; for the force
that was found to be neceflary to drive the pofts into the
ground, burlt almoft the whole of them, fo. that before the
operation was- compleated, they were obliged . to be replaced :
with others made of hammered iron, forged for the purpofe.

Of the fhort irons only. three were neceflary, one for each
end of the chain, and a fpare one in cafe of accident.. They

were
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were placed, turned, and clamped on the ferrules, in all re-
{pects fimilarly with thofe of the long kind. By infpection of
the plate it will be feen, that each of them carried on its fur-
face a brafs {cale of fix inches in length, divided into inches and
quarters, and moveable in a flide, either backwards or fors
wards, by a finger-ferew adapted to the right-hand end.

The right-hand poft of each group is called the drawing-
#off, becaufe the iron fixed on its top carries a {mall apparatus
of brafs, which being connefted with the flat iron rod and
liooks formerly ufed at Hounflow Heath, for a like purpofe,
lays hold ef the rear handle of the chan, and draws it back
until zero co-incides with the point of commencement. The
left-hand poft in each group is called the wwerght-poff, becaufe
it carried a brafs pulley, over which a weight of 28 lbs. was
hung by a fmall rope attached to the hooks that laid hold of
the front handle of the chain. This weight alting againft
the force of the fcrew at the other end, the chain was thereby
kept perfeétly ftraight in the coffers, and conftantly in the fame
degree of tenfion, until fome certain divifion (the neareft for
inftance) of the fcale could be brought, by means of the fcrew,
accurately to coincide with roo feet at the front end. That
divifion, whatever it might be, was of courfe regiftered in the
field book of the operation, together with the true temperature
of the chain, as fhewn by five thermometers, one being laid
for that purpofe in each coffer, and fecured with white cloth
from the fun’s rays, as occafion might require.

Fifteen coffers were always arranged on the ground at the
fame time, comprehending a fpace of the bafe equal to the
length of three chains or ¥oo yards, The extremities of the
firft chain having been accurately transferred, in the manner
above mentioned, to the brafs fcales on the tops of the central

pofts,
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pofts, and thefe remaining firm and motionlefs, as being
wholly unconnefted with any other parts of the apparatus,
the chain was then moved forward into the fecond fet of cof-
fers, where the thermometers were alfo placed. In the mean
time, the firlt {fet of coffers now vacated, with their pofts, &c.
were carried on and arranged in the front, for the meafure-
ment of the fecond 100 feet; and fo on continually with the
others 1 {ucceffion. :

Art. V. Of the furvey of Romney Marfh previeufly to the
meafurement of the Bafe.

In theintrodution to this Paper it has been mentioned, that
the Duke of Ricumoxp had permitted Licut. Fippes, of
the Royal Engineers, to be employed in 1786 and 1787 in:
raifing a plan of that part of the Marfh where, on examina-
tion, it thould be found, that the bafe of verification might
be the beft executed. In juftice to that officer, I confider it as
incumbent on me to fay, that it was impoffible for any perfon.
to fulfil the duties entrufted to him better than he did, either
in the courfe of the furvey, or fubfequent meafurement of the
bafe, whereof he alfo had the direftion. The general inftruc-
tions given to him were, that after having by a bafe of his
own determined certain triangles in the neighbourhood of
Dymchurch, Ruckinge, and Romney, by way of foundation
for his work, he thould preferve Ruckinge as the point whereon
the allignement of the great bafe was to be dire€ted, and vary
the pofition of that end next the fea-wall in {uch a manner as
to meet with:the feweft local ebftructions to the meafurement
between the two extremities. By infpe@ion of the plan Plate
II. which comprehends a tra& of country of two ‘miles in
breadth, one on each fide of the bafe line, it will be perceived,

that.
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that befides the numberlefs ditches with which this fingular
plain is interfeCted, and which it was impoffible to avoid crof-
fing, there is almoft in every field a watering pond for the
cattle, many of them of confiderable depth. Neverthelefs, fo
wvery attentive had Mr. Fippes been to ‘the accuracy -of his
furvey, that he was enabled, after feveral trials of other di-
retions, to run a line from High Nook on Dymchurch Sea-
wall, upon the fmall {pire of Ruckinge Church, of the length
of nearly fix miles, without interfering with any one of the
watering ponds, or meeting with any other local obftru&ion of
confequence. So very minute was he in his remarks, and fo
accurate in the fituation of particular trees, that in tracing his
line with the telefcope, he managed fo as to avoid them all, a
few infignificant bufhes excepted; which I believe to be an
inftance of exatnefs {carcely to be equalled.

ARrT. VL. Pipes funk in the ground.

Permiffion ‘having previoufly been obtained from the pro-
prietors of the {oil, pipes were funk into the ground at the
two extremities of the bafe, and alfo one on Allington Knoll,
which laft point with Lydd Church * form that fide of one
of the great triangles depending on the bafe on Hounflow

# Jt will be perceived, that feveral of the names of places differ in their
erthography, from that whereby they were expreffed in the plan of the intended
triangles given in the Paper of 1787. This has been done, on procuring better
information in that refpett than had formerly been obtained. Mr. Coss, of
Lydd, an ingenious gentleman, well acquainted with Romney Marth, was fo
obliging as to-prefent me with a manufcript map.of that fingular plain, com-
piled by himfelf from aual furveys, where the names and boundaries of the
guaterings, and many other curious particulars, are very diftinétly expreffed,—
Qur plan of the bafe has therefore derived advantage by adhering to fuch

zefpettable authority. Heath
- allly
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Heath, to be firft verified by the meafurement of this new
bafe. Every field is furrounded with a ditch, in cleaning of
which the earth and mud are continually thrown out on each
fide, whereby flat dykes are gradually formed on either fide.
That the meafurement might be carried on as nearly as poffible
in the fame plane, that is to fay, about fiftecn or eighteen
inches above the common furface, therefore, narrow grooves
were cut in thefe flat dykes, which the different farmers rea-
dily confented to without murmuring. Here it is to be ob-
ferved, that there was no occafion for levelling the line, Rom-
ney Marfh having been formerly covered by the fea, and a
confiderable part of it, particularly towards the bottom of the
range of hills that feparate it from the Wealds of Kent, being
ftill lower than the fea at high water, would again be over-
flowed by it, if much care and expence were not annually be-
ftowed in fecuring and repairing the dykes, whereby it is pro-
te@ted. Thus the line of the bafe may be confidered as an
inclined plane, defcending gradually about five feet from the
mouth of High Nook pipe to within 246 yards of the Ruckinge
end, where the ground in that direion feems to be the loweft.
Thence it rifes comparatively fuddenly, about fifteen feet, to
the mouth of the pipe fituated in a fmall field immediately
adjoining to Ruckinge Church-yard.

Arr. VII. Refult of the meafurement.

Licut. Fippes, in the courfe of his trigonometrical fur-
vey, and of the different meafurements he had actually
made of the line with a common iron chain, which from
time to time was compared with ftandard rods of deal, had
determined the total length of the bafe within a few feet
of the truth, before the ultimate operation began., He
had likewife driven into the ground, at the end of every

D thoufand
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thoufand feet, a ftrong picket, which were numbered 1, 2, 3,
&c. from the pipe at High Nook to the 28th near Ruckinge.
1n all this preparatory part of the bufinefs he had no other
affiftants than the artillery-men of his furveying party. But
for the ultimate determination, it being abfolutely neceflary
that he thould have the aid of fome perfon in whom he could
confide for the management of the operation in general, and

particularly for the adjuftment of the fcale at one end of the
chain, while he hmfelt was adjufting that at the other ; there-

fore Lieut. BRycg, of the Royal Artillery (now of the Corps
of Royal Engineers), an attentive officer and excellent ma-
thematician, was left with him for thofe eflential purpofes.
Thefe two gentlemen began the operation on the 15th of
O&ober, and, after experiencing many difficulties arifing from
the badnefs of the weather in that late feafon of the year, and
the defeftivenefs of the apparatus, it was only by dint of great
labour, and the utmoft perfeverance, that they were enabled to
accomplith the meafurement on the 4th of December fol-
lowing.

The annexed general table of the bafe, which contains five
columns, fhews the progre{s that was made in the work from
day to day., The firft column contains the date; the fecond,
the fpaces meafured each day, reckoned by hundreds of yards,
and denoted in the general plan by ftrong dots; the third
thews the temperature of the chain deduced from the mean of
fifteen thermometers, five for each chain; the fourth exprefles
the difference of temperature above or below 62° of FAHREN-
HerT; and the fifth thews the corre&ion anfwering to that
difference, additive to the apparent length with the fign +,
and fubtrative from it with the fign —.

From
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g Feet,
From infpe&ion of the table it will appear,
that the total apparent length of the bafe, as

t45 &

given dire&ly by the fteel chain, was g512.%%%2,

yards; which are equal to : 28536 .

But when the new points, at the diftance of
twenty-five feet from each other, were laid off
on the chain in Mr. RamspeN’s fhop from the
original points on the great plank of New-Eng=
land deal, the temperature was 55° that is, 7°
below 62°; wherefore the contration of the
chain by 1° of F AHRENHEIT being =0.00763 in.
this x 7° x 285.37 chains =15.242 in. is the
reduction for the total contraction below 62°,
to be taken from the apparent length ; which are
equal to - -

The apparent length is likewife to be leflened
by the excefs of the corretions with-the fign —
above thofe with the fign +in the annexed table ;
becaufe the temperature of the chain, when ac-
tually applied to the meafurement, being {o much
below 62° the apparent length became thereby

23
In. Pre.

8.835

" - I. 3242

too great by 30.65 inches, which are equal to 2., 6,65

To bededuéted alfo from the apparent length,
the reduction on two hypothenufal diftances,
meafured at the Ruckinge extremity of the bafe,
which is fuddenly elevated above the loweft part

fifteen feet, amounting to - - 0. 3023

The fum of thefe thrée reduions, to be taken

from the apparent length, amounts to - 4. 0915

D -

And
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And confequently there remains for the

Feet,. In. Pts.

length - - - - 28332, 7.92

But when the chain was adjufted n Mr.
R aMspEN’s thop, as above-mentioned, the tem-
perature was 55° Being then carried into St.
James's Church-yard, its length was laid off on
brafs pins inferted into the ftone coping of the
church-yard wall, for the purpofe of compari-
fon on any future occafion, at which time the
temperature had changed to 55°5. After the
meafurement in Romney Marfh had been finithed,
the chain in the temperature of 39°, being
{tretched out on the wall, its length was found
to fall fhort of the original points on the brafs
pins %% of an inch. Now, §5°5 — 39° =165,
and 16°%5 x 0.00763=0.126 in.; hence o0.126
— 275 =0.023 in. is the fpace which the chain
had only lengthened during an operation which
continued above fix weeks ; and one-half of this
fpace, viz. o.0115 multiplied by 285.37 chains
is = 3.282 in., the corretion to be added to the
apparent length for the wear of the chain during

the operation - - - +0. 3.282
Whence the length becomes - 28532.11.202
Laftly, the bafe is to be fhortened for its

height of 15} fect above the mean level of the

fea, fuppofed to be 6 feet § inches above low-

water {pring tides at High Nook, which gives

for the redudtion - - - -0. 0.166

And
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- - Fcl:t-' Iﬂ- PH-
And hence there remains for the ultimate or

true length of the bafe of verification, 1 the

temperature of 62° of FAURENHEIT'S thermo-

meter, being the heat to which that on Houn-

flow Heath was reduced, - - 28532. 11.036.
Which make 28532.92 feet.

ARrT. VIII. Remarks on the comparative accuracy of the twa
bafes.

With regard to the accuracy of the meafurement of this
bafe, compared with that executed on Hounflow Heath in 1784,
from the infinite pains and care beftowed in both operations,
it is very difficult to fay, to which the preference thould be
given, The expanfion of glafs being fo much lefs than that of
fteel, if manageable glafs rods of equal length with the chain
could have been obtained; then, as far as that fingle circums
ftance might have affected the refult, a meafurement made with
fuch glafs rods would undoubtedly have deferved the pre-
ference to one with the fteel chain. But when it is confidered,
that the expanfion of fteel was determined by the pyrometer
with the fame care as that of glafs; that the wear of the chain
1s fo very {mall, as we have fhewn it to be, in fix weeks ufe;
that coffers were laid for it, and its length transferred by means
of the brafs {cales to the tops of immovable pofts; that, in the
prefent cafe, there was but one-fifth part of the error arifing
from faulty co-incidences as with the twenty-feet glafs rods;
on this view of the matter, the preference feems to be due to
the meafurement by the fteel chain, fuppofing always the
error in excefs, caufed by the deviation from the allignement
horizontally or vertically, to have affected both equally.

As
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As a proof that the expanfion of the chain was accurately
determined, I thall clofe this feftion with a remark repeatedly
made by the two gentlemen entrufted with the execution of
this laft meafurement. At the clofe of each day’s work, the
two fcales marking the extremities of the laft chain (after re-
giftering the divifions of co-incidence) were left upon their
refpective pofts until the next morning. They were fecured
during the night, from being difturbed by cattle, with a cer-
tain number of the fpare pofts driven into the ground around
them. A tent was alfo pitched between the two, where fome
men of the party conftantly lay, by way of a guard for the
whole apparatus. On the recommencement of the operation
the fubfequent morning, the chain being applied anew to the
brafs feales ; if the temperature continued the fame, the co-in-
cidences were found to be equally accurate as on the preceding
night; but if it had changed one or two degrees, the chain
never failed unequivocally to fhew it, by falling fhort of the
divifions on the fcales, if the cold had increafed, or by over-
reaching them if it had dimini(hed.

Finally, with refpe@ to the {ubject of thefe bafes, it is here
to be remarked, that the bafe of verification in Romney Marth
makes with the meridian of the pipe at High Nook an angle
of 54° 28’ 56”1 north-weltward; and zbat on Hounflow
Heath makes with the meridian of the pipe at Hampton Poor-
houfe an angle of 44° 41 49/, alfo north-weftward.

(GENERAL
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e e T I ON. SECOND.

General Defeription of the great infirument with which the angles,
in the recent trigonometrical operation, were obferved ; fhewing
alfs its various adjufiments for praétice.  Reference to be bad 1o
Plate IIl. a general view of the entire machine 5 Plate IV. a
plan and two Jfeétions; Plate V. various parts reprefented to
large fealess and Plate V1. the microfeopes and eye-bieces.

ArTIcLE 1. Preambie.

IN endeavouring to defcribe the curious inftrument made ufe
of for obferving the angles in the recent trigonometrical ope-
ration, it has been judged beft to confine ourfelves to the prin-
cipal parts, without entering into any detail of the minutiee :
for even to have mentioned thefe, with the almoft infinite
number of little {crews that {erve to unite them into one entire
machine, which could only have been done by references to a
multitude of great and {mall Roman and Greek chara&ers,
would have been a difgufting labour. By the help of the four
plates which this defcription refers to, and which have been
executed with great care, that fewer words might fuffice, it is
hoped, that the inftrument may be underflood by two claffes
of people for whom it is chiefly intended ; firft, by thofe who
being pofiefled of fuch a machine would wifh to make them-
felves mafters of its ufe; and, fecondly, by fuch ingenious
artifts as would attempt to conftruct fuch another; for thefe
laft, in particular, the parts that are of brafs, of bell-metal,

or
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or of fteel, are diftinguifhed from each other. And here it is
necceffary to obferve, that the plates muft not only be fre-
quently confulted, but alfo attentively confidered, and repeat-

edly compared with each other, in the courfe of this de-
{cription.

ArT. II. General view of the inflrument.

Tt is a brafs circle, three feet in diameter, and may be called
a great theodolet, rendered extremely perfect; having this ad-
vantage in particular, which common theodelets have not, that
its tranfit telefcope can be nicely adjufted by inverfion on its
fupports ; that is to fay, it can be turned upfide down, in the
{ame manner that tranfit-inftruments are, in fixed obfervatories.

The circle is attached by ten conical tubes, as fo many radrs,
to a large vertical, conical hollow axis of twenty-four inches
in height, which may be called the exterior axis. Within the
bafe of this hollow axis, a collar of caft fteel is ftrongly
driven; and on its top there is inferted a thick bell-metal
plate, with floping checks, which, by means of five fcrews,
can be raifed or deprefled a little.

"The inftrument refts on three feet, which are firmly united
to each other at the place where they branch off, by a ftrong
circular plate of bell-metal, upon which rifes another vertical
hollow cone, of lefs fize than the former, being included
within it, and is therefore called the interior axis. On its top
is inferted a caft-fteel pivot, with f{loping cheeks, paffing
through the bell-metal plate on the top of the exterior axis,
the cheeks of the one being nicely ground to fit the cheeks of
the other. The bell-metal bafe of this interior axis is in like
manner ground to fit the call-fteel collar in the bafe of that
which is without it. Thus the circle being lifted up by two

men
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men laying hold of its radii, and the exterior being placed
upon the interior axis, the cheeks at the top being at the fame
time adjufted to their proper bearing, it turns round very
{moothly, and is perfectly, or at lealt as to fenfe, free from
any central thake. This mode of centering is one of the chief
excellencies of the inftrument. From the ufe that has been
made of it both years, it feems not to have fuffered in the
leaft ; and it is perhaps the only conftrution that could have
anfwered for a machine of fuch magnitude, undergoing fo
many quick tranfitions from place to place, and {o often raifed
to high fituations without any rifk of being thereby hurt.

ArT. IIl. Mubogany Planes under the infirument.

By infpection of the plates, but more particularly the IIId,
and the fecion towards the right hand in the Vth, it will be
feen, that there are three planes of mahogany under the metal
parts of the inftrument; namely, that which forms the top of
the ftand, which, although a fquare of about three feet four
inches at bottom, becomes, by the feparation of the legs, an
oftagon at top. In the center there is a circular opening of
nine inches diameter, the ufe of which will appear hereafter,
Over the top of the ftand lies another plane of mahogany, like-

wife an oftagon, of fomewhat greater dimenfions than the

former, with a circular curb running around it, about half an
inch within the planes of its fides. This oftagon hath in its
center an open conical focket of brafs, three inches in diame-
ter ; and on four of its oppofite fides there are fixed four ftrong
brafs fcrews, one on each fide, which aéting againft pieces of
brafs inlaid into the oppofite fides of the top of the ftand, the
oftagon plane, with every thing that refts on it, may thereby
be moved in four oppofite diretions, until the plummet fuf-

E pended
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pended from the center of the inftrument above, is accurately
brought to co-incide with the point marking the ftation under-
neath. The third or uppermoft plane of mahogany is in fa& a
part of the inftrument itfelf, being at all times by fcrews or
otherwife united to it, and carrying the handles whereby it is
lifted out for ufe, or in agamn into its cafe, to be tranfported
from place to place. In the middle of this plane or bottom to
the inftrument, there is another comical brafs focket, of three
inches and a quarter in diameter, fitted to flip over and turn
eafily on that in the center of the oftagon underneath. In the
brafs cover of this focket, there isa very fmall hole concentric
with the inftrument, to fuffer the thread or wire to pafs, which
fufpends the plummet; and in the view, Plate IIl. may be
feen another {mall box that contains the thread, with a winch-
handle for raifing or lowering the plummet, according as the
height of the inftrument above the ftation on the ground, or
edifice where it ftands, may require.

Art. IV. Feer Screws for levelling the infirument.

By attending to the group reprefenting the front elevation of
the feet fcrews, with its fide nuts, in the right hand upward
angle of Plate V. it will appear, that they are flackened, which
is always the cale before the inftrument is levelled, to give
room for that operation by the aftion of the fcrews. This
being done, the fide nuts are brought to prefs gently on the
horizontal plate that embraces the whole group, and thereby
keeps the inftrument as it were united to the mahogany until
fome frefh adjuftment becomes neceffary. When the inftru-
ment is to be put into its cafe, then the feet are let down, and
by the fide nuts the horizontal plate is brought to prefs ftrongly

on
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on the whole group, whereby it is kept perfellly falt and fe-
cure from motion in carrying from one fituation to another.

ArT, V. Blocks of box awood and conical rollers under ihe
feet ferenws.

By referring alfo to Plate V. it will appear, that directly
below each foot there 1s fixed to the lower furface of the ma-
hogany a {fmall block of box wood, curvilinear in the direion
of its motion. On thefe three blocks refls the whole weight
of the inftrument, which neverthelefs can be moved circularly
on them alone. But to render the motion perfeétly eafly, three
conical brafs rollers, placed fomewhat nearer to the center, are,
by means of their refpetive fprings and regulating fcrews,
brought to a& and receive fuch a proportion of the weight as
it may be neceflary to lay upon them. The head of one of
thefe {crews, which give more or lefs a&tion to the rollers, may
be feen at D in the principal view of the inftrument Plate IIL
as well as in the plan and {e@ion Plate V.

ArT. VL. Screws giving motion fo the whole infirument.

- By examinming attentively the general view of the inftru-
ment may be feen, in two pofitions, the great fcrew with the
flat ivory head, whereby the entire machine received a circular
motion. In one, it is attached to the curbs, as when in uft in
1787 ; in the other, it is laid upon the mahogany bottom, as
was the cale the fame year every time it was carrried to a new
fitnation. But this ivory-headed fcrew having been found to
aét by jerks in moving fo great a weight, and confequently to
be troublefome 1n adjufting the inftrument to the fixed point,
or that of commencement in meafuring angles ; it was there-
fore laid afide in 1788, and another apparatus or clamp was

E 2 adapted
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adapted for the {fame purpofe. = This laft may be feen attached
to the cu\rbs, as reprefented towards the right hand of Plate V.
It confifts of a brafs cock, fixed to, and projecting outwards
from, the curb of the inltrument; which cock is acted upon
by two fcrews working on the oppofite fides againft it, and
which are clamped to the curb of the oftagon.

Art. VII. Mabogany Baluflrade and Cover.

The curb, whereon the three feet of the inftrument reft,
carries a baluftrade of mahogany fitted to receive, on the top
thereof, a mahogany cover, no where reprefented except in the
two feftions in Plate IV. In this cover there are only four
{mall openings (befides that which allows the great vertical
axis to pafs), v/z. one for each vertical microfcope, one for the
clamp of the circle, and one for the focket of the Hook’s-joint.
‘The two laft are lefs than the former. At the fame time that
this cover effectually fecures the circle with its cones from dirt
and from accidents, it {erves conveniently for laying the Hook’s-
joint upon, or any thing that may be conftantly wanted near
at hand ; but more particularly for placing the lanterns ufed at
night for reading off the divifions on the limb of the inftru-
ment that come immediately under the vertical microfcopes.

Art. VIII. Acbromatic Telefeapes.

Two achromatic telefcopes, each of thirty-fix inches focal
length, with double objet-glafles of two inches and a half
aperture, belong to the inftrument. They are excellent of
their kind, and are furnifhed with eye-pieces of different mag-
nifying powers, for eret as well as inverted vifion. The lower
telefcope lies exaltly under the center of the inftrument, and is
directed through one of the openings of the baluftrade. Being

only
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only ufed for terreftrial objedls, it requires but a {mall elevation
ot depreffion, and therefore is only fupplied with a fhort axis
of feventeen inches in length, fupported by braces attached ro
the feet. Theeye end of this telefcope is purpofely made hea-
vier than the objett end; and refting on an horizontal arm,
that is raifed or deprefled by rack-work, it is thereby readily
brought to bear, and remain very fteadily, upon its object.
The rack-work may be feen in the view of the inftrument,
and allo on the left fide of the right hand fecion in Plate 1V..
But there is a fmall horizontal motion that can be given to the
right hand end of the axis of this telefcope, which is effected
by means of a handle inferted through the vacancy of the ba-
luftrades, and placed on a dovetail at E, which could not be
fhewn in the plate. Thus the inftrument being nicely levelled,
the upper telefcope at zero, and likewife on its obje&, the
lower telefcope, by the help of this adjuftment, is brought
accurately to the fame obje&, {uppofed to be the point of com-
mencement, or that from which angles are meafured.

By referring to Plates 111, and IV. and likewife to the {fe&tion
on the left fide of Plate V. it will be feen, that a horizontal
bar extends acrofs the top of the vertical axis, fupported by
two fide braces that {pring from the cone, about one-third of
its height above the plane of the inftrument. The horizontal
bar carries the Y’'s or fupports, in which the pivots of the
upper telefcope move, They are of fuch height as to permita
femicircle of fix inches radius, attached to the axis of the
tranfit, to pafs freely, and confequently the telefcope to be
direfted to the fun or ftars in high elevations, but not to be
brought to the zenith, The arc of excefs of the femicircle

likewife admits of feveral degrees of depreflion bging mea-
fured thereon.

ArT,
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ﬁRT- IX. Sﬁfrff LE"L"E!'I-

The inftrument has two very good fpirit levels, that are
fitted with the feveral means of adjuftment, as is ufual in fuch
cafes, the detail of which it is unueceffary here to enter into,
The firft or axis level, becaufe it is only applied on the axis of
the telefcope, is that whereby it is fet horizontal, as in the
ordinary tranfit inftrument ; and it is likewife ufed for placing
the conical axis truly vertical, fo that the inftrument may turn
round without fenfible alteration of the level, previoufly to
obfervations of the pole ftar, or of other heavenly bodies.

The fecond, or elevation level, is that whereby the telefcope
is brought to be truly horizontal, when angles of elevation or
depreflion are to be taken. At fuch times it is fufpended on a
rod attached to the outfide of the telefcope, to whofe axis of
vifion the rod, by adjuftment, can be made parallel, as will
readily be conceived, by obferving the reprefentation of thefe
parts in the right hand fection of Plate IV.

When the angles of elevation or depreflion to be deter-
mined are very {mall, they are meafured by the motion of an
horizontal wire in the focus of the eye-glafs of the telefcope;
but when great, their quantity is meafured by the arc of mo-
tion of the femicircle, as fhewn by its proper horizontal
microfcope. :

The elevation level is likewife made ufe of for levelling the
inftrument when horizontal angles only are to be taken, for
which purpofe it 15 fufpended on two pins, which are feen
projecting from the horizontal bar in the plan, and one of
them in each of the (eftions in Plate IV, This was the ordi-
nary pofition of the elevation level when the angles of the

triangles
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triangles were obferved, and thereby it was eafily feen in the
courfe of the operation, whether the inftrument had {uffered
any change to render a re-adjuftment neceffary.

Ant. X. Lanterns for the Iiumination -_3{' the Wires.

The axis of the tranfit telefcope is hollow, and in the middle
there is placed, at an angle of 45° with the axis of vifion, a per-
forated elliptical illuminator for throwing light on the wires in
night obfervations. The light is communicated from a fmall
lantern attached to the horizontal bar at its junction  with the
brace, direétly oppofite to the end of the axis, which has a bit of
thin glafs placed before it to prevent duft from entering. There
1s another fuch lantern for the lower telefcope, not however
reprefented in the plate. As the light given by thefe lan-
terns was found to be rather too weak, efpecially that for the
upper telefcope, therefore it was cuftomary in praétice to illu-
minate the wires, by holding up frontwife one of thofe feen in
the fection in Plate IV. again{t the end of the axis of the upper-
telefcope, when direéted to the pole ftar. The fame method was -
ufed by prefenting it obliquely to the obje@-glafs of the lower
telefcope, when it became neceffary to examine whether the
interfe®tion of the wires continued without fenfible variation
on.a reverberatory lamp, commonly placed twelve or fifteen
miles off, and fometimes even at the great diftance of twen ty
or twenty-four miles.

ArT. XI. Lanterns jfor throwing light on the Divifions of the
inflrument.

Befides the two {mall lanterns for illuminating: the wires of :
the telefcopes in night oblervations, two larger ones may be feen,
as already mentioned, ftanding on the mahogany cover in the

2 fection .
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{cction in Plate 1V, ufed for reading off the divifions of the
inftrument, under the vertical microfcopes. The front of one
of thefe is thewn, and the back, or that to which the handle
is fixed, of the other. Their narrow fides are prefented
towards the microfcopes, there being in each a filvered re-
flector of copper at FF ; and oppofite to it, at GG, a fcreen of
talc or tranfparent oiled paper. The light from a wax candle
being thrown on the refle€tors, and thence back again through
the fcreens, on the divifions of the inftrument under the mi-
crofcopes, thefe could be very diftintly read off and regiftered :
for the light communicated in this way was very ftrong, at
the fame time that the glare of it, which otherwife would

have been difagreeable to the fight, was removed by pafling
through the fcreen.

ARrT. X1L. Arms projeiting from the bell-metal plate under the
plane of the infirument.

By referring to Plates 111, and 1V. but more particularly the
latter, it will be perceived, that there are three flat arms,
ftrongly fixed by fcrews to the edge of the circular bell-metal
plate, forming, as has been already mentioned, the bafis of the
interior vertical axis. Thefe arms, which are alfo firmly braced
to the feet of the inftrument, rife gradually as they projet
outwards towards the circumference of the circle, whofe radius
they exceed about an inch and a quarter, and their extremities
are about au inch lower than its upper furface. One arm,
lying diretly over one of the feet, is that to which are
attached the wheels and {ferew moved by the Hook’s-joint, and
alfo the clamp of the circle, as reprefented in Plate V. The
other two arms, whereof one lies alfo over a foot, and the
other direétly eppofite to it, become thereby a diameter to the

circle,
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circle, having their extremities terminated in a kind of blunted
triangular figure, forming the bafes of pedeltals whereon ftand
the vertical microfcopes hereafter to be deferibed.  The arms,
together with the horizontal bar and braces carrying the tranfit
telefcope, are every where pierced, in order to, leflen the weight
without diminifhing the ftrength of the parts,

Art. 13. Vertical Microfeopes.

Two vertical microfcopes, diftinguithed A and B, are ufed
for reading off the divifions on the oppofite fides of the circle
immediately under them. They are exaétly of the fame con-
firuction, and the chicf parts of that marked A are reprefented
in their real dimenfions towards the left hand of Plate VI.;
where, befide the general, may be feen particular plans of the
{lides, and alfo that of the pedeftal, containing within it the
gold tongue, with its axis and fcrews for adjuftment. Nextto
thefe plans ftand the elevation and optical lines, fhewing the
pofition of the glafies with the magnified fcale at the bottom.

Each microfcope contains two flides, one lying immediately
over the cther, their contiguous furfaces being in the focus of
the eye-glaffes. The uppermoft, or that ncareft the eye, is a very
thin plate of brafs, to the lower furface of which is attached
the fixed wire, having no other motion than what is neceffary
for adjuftment, by the left hand fcrew to its proper dot, as
hereafter to be explained.

The fleel flide immediately under the former is made of one
entire piece, of fufficient thicknefs to permit the micrometer
fcrew, of about 72 threads in an iuch, to be formed of it. To
its upper {urface is fixed the moveable wire, which changes its
place by the motion of the micrometer head, feen in the plan
and elevation towards the right hand, The head is divided

F to
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into 6o é&qual parts, each of which reprefents one fecond of
angular motion of the telefcope. By examining the particular
plan of this fteel flide, it will be feen, that it is attached by a
chain to the fpring of a watch, coiled up in the ufual manner,
within a {mall barrel adjacent to it in the frame. By this pro-
vifion no time whatever 1s loft; the fmalleft motion of the
head being inftantly fhewn, by a proportionable motion
of the wire, to one hand or the other, in the field of the
microfcope.

It i1s neceflary to remark, that the whole microfeope be-
tween its pillars can be raifed or deprefled a little more or lefs,
with regard to the plane of the circle, by the help of two fteel
levers, feen one on each fide of the elevation, which for that
purpofe are applied in the holes reprefented above and below
the proje&ting plate that unites the tops of the pillars. By
means of this motion, diftin€tnefs 15 obtained at the wires:
and by the motion of the proper ferew of the objeét lens,
which neceffarily follows that given to the whole microfcope,
the fcale is fo adjufted as that fifteen revolutions of the head
fhall move the wire over fifteen minutes, or one grand divifion,
on the limb, equal to nine hundred feconds, each degree on
the circle being only divided into four parts. This operation
being delicate, requires great patience and many repetitions,
before the purpofe can be exaétly, or even nearly, effected:
for at the fame time that the fixed wire muft bife& the dot on
the gold tongue, the moveable wire muft alfo bife& the dot at
180° on the limb, as well as the firft notch in the magnified
fcale at the bottom of the plate, where the minutes in the field
of the microfcope are reprefented in the proportion of between
fifteen and fixteen to one as painted on the eye of the obferver.
In this adjuftment there is yet another circumftance to be

I attended
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attended to, which is, that fixty on the micrometer head
fhould {tand nearly vertical, fo as to be conveniently feen. A
few feconds of inclination to onc fide or the other are of no
moment, becaufe the dart or index being brought to that pofi-
tion, whatever it may be, muft at all times remain there with-
out alteration, unlefs fome derangement that may have hap-
pened to the inftrument, in tran{porting from one place to anc-
ther, fhould have rendered a frefh adjuftment neceflary. But if,
when the wires co-incide with their refpeftive dots and the firft
notch, fixty on the micrometer head fhould happen to be under-
neath, or fo far over from the vertex on either fide as to be feen
with difficulty, then the gold tongue muft be moved a little by
means of the capfian-headed ferews, which a& againtt each other
on the oppofite extremities of its axis. Thus, by repeated trials,
the wifhed-for object will atlength be cffe@ted, that is to fay,
fixty, to which the dart is to be fer, will ftand in a place eafily
feen. But it is not to be expe@ed, that each microfcope will
give jult nine hundred feconds for the run of fifteen minutes.
Without great lofs of time this cannot be done; befides that
two obfervers, of diflerent fights, will adjuft the microfcopes
differently.  Accordingly, in 1787, after many trials of the
runs in meafuring fifteen minutes on the different parts of the
limb, microfcope A was found to give only 896”7, while B
gave at a medium got”. But in 1788, microfcope A gave
goo”’/, while B gave no more than 894”/. Thefe differences
were of courfe regiftered and allowed for in the cflimation of
the angles for computation, whereby any difference between
them almoft wholly difappeared.

The gold tongue, which is extremely thin, applies very
clofely to the furface of the circle. In the plan it is fuppofed
to be {een thrc}u'gh a thin plate of brals covering the whole
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pedeftal, and alfo through a fmall fquare plate lying over the
former, and faftened to it by three fcrews. In the under fide
of this laft, there is a cavity for the projelting part of the
tongue. ‘This contrivance of the tongue with its dot was to
guard againft any error that might arife from accidental mo-
tion given to the inftrument between one obfervation and ano-
ther, which from this precaution could never happen, without
being immediately difcovered: for the wires being adjufted to
their dots under the microfcopes refpetively, if the inftrument
be then turned round 185°, the wires will reciprocally bifect
the dots that were originally oppofite to them, and thereby
thew, that they are accurately in the diameter of the circle ;
and fo on with regard to any other dots whatever, Hence
this becomes the molt fevere mode of trying the juftnefs of the
divifions of the inftrument.

Art. XIV. Manner of reading off” angles with the microfcopes.

By attending to the magnified fcale at the bottom of the plate,
it will appear, that the dot on the gold tongue, which is here in-
verted, 15 about one minute to the left of zero, and alfo of the
firlt notch, with which the moveable wire alone co-incides.
Now it will eafily be conceived, from what has been faid in this
defcription, how readily, as well as accurately, any obferva-
tion of an angle can be read off with fuch an inftrument; for
the degrees and quarters, that is to fay, the 159, 30, or 45/,
being feen with the naked eye, and regiftered, the value of the
fracional fpace between zero and the laft paft grand divifion,
feen in the field of the microfcope, is obtained by turning the
micrometer head until the moveable wire bifects the dot at
that grand divifion. The number of notches towards the
right hand paffed over on the fcale, equal to fo many revolu-
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tions of the head, are the number of minutes, always lefs than
15, to be added. If there be no odd feconds, the dart will then
ftand at 60° on the head; but, if any number of feconds are to
be added, the dart will fhew, by its pofition with regard to 60°,
what that number is. Thus, by adding the parts together, the
meafure of the total angle is obtained.

The conftrution, adjuftment, and application of thefe ver-
tical microfcopes have been given more fully, becaufe they form
a moft eflential part of the inftrument : for the fixed wire con-
ftantly remaining on its dot, the fractional {pace may be repeat-
edly meafured many times over, if neceflary, anda mean refult
may then be taken. Butit rarely happens that two obfervers,
reading off with the oppofite microfcopes, differ more than half a
fecond from each other at the very firft reading., If time
therefore permits, and the circomitances of the weather fhould
alfo be favourable for repeating the obfervation with the tele-
fcope, it is fufficiently obvious to what a wonderful degree of
accuracy the meafure of angles may in this way be obtained.

Art. XV. Horizontal Microfeopes.

Befides the two vertical microfcopes, applied in the manner
that has been deferibed to the mealurement of the fradtional
fpace in horizontal angles, there 1s yet another to be men-
tioned, which is placed horizontally on the bar that carries the
tranfit telefcope, and is direGted to the divifions on the femi-
circle attached to its axis, for the mecafurement of angles of
elevation or depreffion, as has already been taken notice of.
This microfcope, which is of the fame conftru@ion with the
others, butlarger, being upwards of nine inches in length, is
reprefented in its full dimenfion in Plate V1. It has, like the
others, a flide made of fteel, of fuch thicknefs as to permit the

micrometer
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micrometer {crew to be formed of it; and it carries a vertical
wire placed in the focus of the eye-glaffes, in which pofition
it is moved parallel to itlelf from left to right, by turning the
micrometer head. This {lide is alfo attached to a watch fpring
which adls in a contrary direCtion to the head, as in other mi-
crofcopes of this fort.

Each degree of the femicircle being divided into two parts
or 30°, and one revolution of the micrometer head moving
the wire in the field of the micru!‘{:npe 3" ; therefore in 10 re-
volutions it changes its place half a degree or 30/, which are
fhewn by a {cale of 1o notches in the upper part of the field
of the microfcope, and alio reprefented towards the top of the
plate. Each notch correfponds to 3 minutes or 180 feconds,
and the head being divided into 3 minutes, and each minute
into 12z equal parts, therefore each part is of the value of five
{econds.

ArT. XVL. Concerning the Semicircle.

With regard to the femicircle, which has been repeatedly
mentioned in the courfe of this defcription, it is yet neceflary
to make fome remarks; and particularly to fhew how, by its
means, the axis of vifion of the telefcope, when adjufted, is
brought and kept truly horizontal, which is eficéted in the
following manner. -

On the oppofite fides of the horizoutal bar that carries the tele-
: fcope there are fixed four {mall, but finely polifhed bell-metal
planes, two on each fide, on the right and left of the top of the
vertical axis, in fuch a manner as that the {urfaces of the two
on cither fide are direted to or in the fame plane with the
center of the axis of the telefcope. Thefe planes will be beft

conceived
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conceived by obferving attentively the top of the vertical axis
in the fection towards the right band of Plate IV. On the edge
of the {emircircle may likewife be feen a moveable clamp, eafily
made to flip, with the hand only, around its circumference,
and it carries with it a very fine fteel fcrew.  When the {emi-
circle is towards the left hand of the telefcope, which is its
ordinary pofition, the point of the fteel fcrew refls, or may be
made to reft, perpendicularly on the furface of the plane
that is on the left of the wvertical axis. But when the tele-
feope is inverted in its Y's, or turned upfide down, as is the
cafe in adjufting the line of collimation, the femicircle being
then on the right of the telefcope, and the clamp neceffarily
brought down, the point of the fteel fcrew accordingly refts
perpendicularly on the furface of the plane to the right of the
vertical axis. Thus it will be readily conceived, that in ad-
julting the telefcope by the level for elevations, which is then
conftantly fufpended on its proper rod, parallel to the axis of
vifion, the aftion of the ftecl fcrew on the bell-metal plane
{ferves not only for the adjuftment of the telefcope in a truly
horizontal pofition, for angles of elevation or deprefiion, by
the motion of a wire in the focus of its eye-glafs, in the man-
ner hereafter to be deferibed, but alfo to keep it in that pofi-
tion, by the fuperior weight of the eye end, rendered fo on
purpofe. By the fame means the telefcope remains fteadily on
any object that it may be directed to for interfetion, whether
above or below the plane of the horizon.

One thing mere with regard to the femicircle muft be men-
tioned, namely, that it gives angles of elevation 12"/ too great,,
and thofe of depreffion 12" too little. It is very eafy to con-
ceive, that this arofe from the impoffibility of dividing it on
the'axis of the telefcope to which it is fixed, and through the
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centers of whole pivots an imaginary line paffes that fhould at
the fame time have paflfed through the center of the femicircle.
Mr. RamspeN took the beft method that could be devifed to
render the excentricity as little as poffible. Having framed the
femicircle, and fcrewed it in its place on the axis, he made a
{teel point firmly fixed to the horizontal bar defcribe the con-
centric arcs whereon the divifions were afterwards to come, and
then marked the point for zero, when the telefcope by adjuft-
ment had been brought as nearly horizontal as poffible. Thefe
previous fteps being taken, the femicircle was removed, divided
on the engine, and replaced in its orginal fituation. Never-
thelefs, when the inftrument was carried into the field, and
ferupuloufly adjufted, the error was found, as has above been
faid, 12", which of courfe became the conftant quantity to be
applied with its proper fign, when angles of elevation or de-
prefiion were taken.

Art. XVIL. Eye-glajfes of the telefcopes, and mechanifm of the

wires in their foci.

It has been already mentioned, that the telefcopes of the in-
{ftrument are furnifhed with eye-glafles of different magnifying
powers for ereft and inverted vifion, fix for each telefcope, as
follows, vis.

Ereét vifion. Inverted vifion,

N° l’ﬁ'Er. Yy N° Powen,

o L U Ne r. 43

For the lower telei‘mpe,{ 2. 88. ¥ 50.
3. 117, 3 &

IN“ I. 54+ N° 1. 40,

For the upper telefcope, 2. 81. 7 55
L 31 | ':"3. 3 3 ] EC¢

With
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With regard to thefe eye-glafles, it isonly neceffary here to
mention, that thofe of the lealt maguifying powers were found
both in day and night obfcrvations to an{wer the befk

In the focus of the eve.glafs of the lower telefcope there
are only two wires crofliny each other in acute angles, which
are vertical, inftead of being placed at right angles, hLorizon-
tally and vertically, as was the ancient method. Since the
lower telefcope never moves through more than a few degrees
of a vertical arc, the wires require little or no adjuftment,
Neverthelefs this was provided for, by allowing rcom for a
fmall circular motion of the end-piece, which, when adjufted,
is then faftened by its proper fcrews, and never afterwards
needs any alteration.

By referring to the middle part of Plate VI. two reprefen-
tations of the eye end of the upper telefcope will be feen, with
the eye-piece removed. Five wires are thewn in this end,
namely, two that interfect each other in acute angles, fimilarly
to thofe in the lower telefcope; and three that lie horizon-
tally or parallel to each other. Four of thefe, viz. the two
that form the acute angles, and the two extreme horizontal
wires, are fixed in the focus of the eye-glaffes to the farther fur-
face of a thin brafs flide, fuppofed to be feen throush the out-
ward brafs, and therefore thaded more dark than the reft. This
flide, as will be conceived, lies neareft the eye, and is move-
able from right to left, and, wice verfi, horizontally, for the
adjuftment of the line of collimation, by the infertion of a
{fmall mill-head key, on a fquare pin fitted to receive it, and
fecured by a focket on the right hand fide. ‘The fifth or mid-
dlemoft horizontal wire is attached to the neareft furface of a
fteel flide, that lies contiguoufly to, but beyond the former.
It is made of one entire thick piece, like thofe of the micro-
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fcopes, to permit the micrometer fcrew . to be formed of it
and it is reprefented in the uppermoft figure attached to a
watch fpring coiled up in the ufual manner.

By the motion of the micrometer head, the flide, and with
it the wire, moves upwards or downwards in the field of the
telefcope, a fpace equal to half the diftance of the extreme
wires from each other. This motion above or below the cen-
tral point, which was made to correfpond with the acute inter-
{eftion of the wires placed in the axis of vifion of the tele-
{cope, is performed in ten revolutions of the head, as denoted
by the motion of the dart, ten divifions upwards or down-
wards, in the narrow groove feen at the top of the figure.

Now, by the means of this piece of mechanifm in the eye-
end of the telefcope, it will appear fufficiently obvious, that
{mall angles of elevation or depreflion may be determined with
great accuracy, when the value of a certain number of revo-
lutions and parts (the circumnference of the head being divided
into 1co) have been once afcertained by repeated obfervations
of the altitude of any well-defined objet taken by the femi-
circle. Thus it was found, by experiment, that 7 77 revolutions
of the micrometer head were equal to an angle of elevation or
depreflion of 107 59", or 639", on the femicircles - Whence
it follows, that one revolution raifes or deprefles the wire above
or below the central point 1” 24”.8134, or a little more than
84" 81. And hence a motion of one divifion on the head raifes
or deprefles the wire nearly %2 ths of a fecond.

In this manner were determined the reciprocal elevations or
depreflions of the feveral ftations of the feries of l:nang[es with
regard to each other. : -

By obferving attentively the four; ferews rci:relcnte& in the
outward end of the telefcope, a dotted groove will be, feen

under
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wuiider the head of eachs And in the uppermoft fisure there
appears a flat brafs ring, foldered to the'infide of the tube
about half an inch from the outward end, which carries on its
{urface four ftuds to receive the lower extremities of the four
fcrews. Thus the grooves allow room for a {mall circular mo-
tion to be given to the end-piece for the vertical adjuftment of
the fork of the wires, thofe that are horizontal being by con-
ftruétion at right angles with it. This being done, the ferews
are made very faft in the (tuds below, and thercby the whole
machinery of the end-picce is rendered perfeftiy firm and
{fecure,

There remains yet one piece more to be barely mentioned. It
is the prifin eye-tube, reprefented by dotted lines towards the
right-hand fide of Plate VI. as attached to the eye end of the
tranfit telefecpe, inftead of the common eye-piece with two
convex glaffes. In leaning over our inftrument to obferve the
pole ftar, highly elevated in thefe latitudes, the body is necef-
farily thrown into an inconvenient fatiguing pofture, whereby
fome rifk is run of deranging the inftrument, and confequently
of making the obfervations lefs accurately than when the ob-
ferver can look directly forward, without bending the body fo
much.  For this purpofe, Mr. RamspEx promifed to fupply
the prifm tube in 1787 ; but it was only, and with great dif-
ficulty, obtained in 1788, by which time Mr. DarLsy had
accuftomed himfelf to obferve very well without it, fo that it
was never ufed.

o By employing this piece, light is no doubt loft; becaufe the
image pafles through more glafles before it reaches the eye, than
when the common eye-piece is ufed. But for obiervations of {tars
nearer the zenith than the pole ftar is in our latitudes, it would
be ipdifpenfably neceflary. It would likewife be advantageoufly

G 2 ufed



48 Gen. Rox's Aceount of

ufed inlooking at the meridian {un in fummer, for which pur---
pofe it is furnithed with dark giafles, placed in a flide moved
by rack-work, as may be feen from infpetion of the plate.
"They confift of three prifms, laid clofe to each other, fo as to
form, when thus aflembled, a parallelopipid. Here the green
prifin ftands neareft to the eye, a dark one fartheft from it, and -
between the two, one of white flint glafs, for corretion of
the refraction which would otherwife take place. It will eafily
be conceived, from the difpofition of the prifms, that the
darkef¥ medium 15 here towards the left; and that it becomes
gradually lighter towards the right hand, where a void part in the
frame 15 brought into the field when the ftars are obferved ; or
when, fiom the circumitances of the weather, it may be unne-

ceflary to fereen the eye from the fun’s rays.

Ant. XVIIL General management of the infirument for
obfervation.

When the inftrument is ufed on the ground, it is covered
from the weather, under a circular tent, eight feet in diame-
ter. Four fhort piles, hooped and fhod with iron, are driven
into the earth, and their heads levelled, by laying acrofs from
one to the other a mahogany firaight ruler, having a fpirit
level attached to one fide of it. The feet of the ftand being
then placed on piles, are firmly faftened to them by means of
long {quare-headed fcrews, only one of which may be feen in
the view of the inftrument, belonging to that foot which fands
uncareft the eye. By working with the four fcrews fixed in che
oftagonal mahogany plane, the plummer fufpended from the
center of the inftrument is brought accurately over the point
on the ground that marks the ftation. The fcrews of the feet,
with the fide nuts appertaining to them, are then flackened,

to
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to give fufficient room for the adjuftment of the inftrument,
which by them is brought to be level.

Art. XIX. Adjufiment of the axis Level,

"The axis of the upper or tranfit telefcope being brought over
any one of the feet, and the circle being clamped, hang the
axis level on the pivots or anfee of the telefcope, and bring the
bubble to the two indexes; then reverfe the level, thatis, turn
it end for end, and note the difference. Bifect this difference,
one half by the level’s proper adjufting fcrew, and the other
half by that foot-fcrew only which is in a line with the axis.
This operation being repeated until the difference wholly va-
nithes, the level will be truly adjufted, that is to fay, the bub-
ble will reft between the fame points in both pofitions.

Art. XX. Adiufiment of the elevation Level,

This level being fufpended on the rod attached to the out-
fide of the tranfit telefcope, fcrew the ere eye-tube on, to
make that end preponderate. Adjuft the bubble to the indexes
by the fteel finger-fcrew at the tail of the femicircle’s clamp.
Reverfe the level, and note the difference. Then bife& that
difference, and correét one half by the finger ferew, and the
other half by the proper adjufting fcrew under the level, and
fo on repeatedly until the diffcrence wholly vanithes. The
level may then be hung on the two pins that projeét from the
horizontal bar which carries the telefcope, where, being pa-
rallel to the axis level, it will fhew when that is removed (as
is commonly the cafe when terreflrial objeéts only are obferved)
whether the plane of the inftrument fuffers any alteration.
I this fhould have happened, the level on the horizontal bar
15 at all times fufficient to correét it.

AR,
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ArT. XXI1. T ﬁ: the wr{:’m{ .,_ﬁ’i:{'a‘ perpendicular.

This may be done by either level, but beft with the axis
level, which being fufpended on its pivots, muft be brought
parallel with two of the feet of the inftrument; and by the
“fcrews of thefe two feet, the bubble is to be brought between
its indexes. The circle being then turned round 180°, if the
bubble changes its place, half the difference is to be corrected
by one of the feet fcrews, and the other half by two capftan-
headed fcrews, that act againft each other, under and belong-
ing to one of the Y’s, or fupports, in which the pivots reft.
When the bubble is found to be juft in thefe two pofitions, turn
the circle go®, which will neceflarily bring the axis over the
third foot of the inftrument. Then correét any error there
may be by that foot fcrew. In this manner the circle will be
made to revolve again and again, without any alteration what-
ever of the bubble, which thews that the vertical axis is then
truly perpendicular to the horizon.

ARrT, XXI11. To make the lne of Collimation in the telefcope at’
right angles with the tranfverfe Axis.

The pivots refting in their Y’s, dire the telefcope to fome
diftant well-defined objet, and let the circle be clamped.
Then reverfe the axis, that is, turn the telefcope upfide down.
If the mterfection of the wires does not co-incide with the
obje&t in both pofitions, half the difference muft be corretted
by the motion of the circle with the Hook’s-joint, and the
other half by the motion of the brafs flide in the eye end of
the telefcope, by applying the milled- head key in the fmall focket
feen on the right hand fide in Plate VI. and’ fo repeatedly until

the difference wholly difappears,
ART.
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Art. XXIII. To fer the Rod on which the elevation level hangs
parallel to the line of Collimation,

~ The vertical axis being fuppofed to be nearly vertical, hang
the level on its rod, and reétify the bubble by the finger ferew
of the clamp. Set the horizontal wire on the fteel flide, to
interfe€t the center of the ohlique wires, and place the dart or
index at zero on the micrometer head. Then obferve fome
diftant ditin& obje& covered by the horizontal wire. Invert
the femicircle, that is, turn the azimuth circle 180° and the
telefcope upfide down, fo as to bring the wire upon or nearly
upon the fame object. Now, if the level be not right, retify
it by the finger fcrew at the tail of the clamp. If the telefcope
does not now accurately cover the fame object as in the former
pofition, bifect the difference by the finger {crew of the clamp,
and then reify the bubble by the capftan-nuts under one end
of the rod. Repeat this operation until' the level is right,
when the telefcope fees the fame objects in both pofitions, and
thereby the rod will be brought parallelin altitude to the line
of collimation or axis of vifion.

The adjuftments of the microfcopes having been already fuf--
ficiently explained, in giving the defcription of the eflential.
parts of the inftrument, it is unneceflary here to repeat them,

Art. XXIV. Of the weight of the infrument, and mode of
tranfporting it from place to place.

The inftrument, whofe defeription and ufes we have here
attempted to give in a general way, without reference to its
minute parts, by a multitude of diffcrent charafers, weighed in-
the whole about 2001bs. It is contained in two deal boxes ;.

2 one
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ove of a circular form for the body of the inftrument; and
the other of an oblong {quare figure, for the tranfit telefcope.
Within this laft box there is one of mahogany, that holds all
the fmaller parts of the apparatus. 'The ftand, fteps, ftools,
pullies, ropes, tent, and canopy for the feaffold, &c. &c.
weighed at leaft as much more. The whole attirail was tran-
fported from place to place, in a four-wheeled {pring carriage,
drawn by two, and fometimes by four horfes. The carriage
part, originally that of a crane-necked phaeton, was prefented,
with his ufual liberality, by Sir Joserr Banks; and upon it
was built a kind of caravan, covered with painted oil-cloth,
whereby every thing within was kept dry and fecure.

SECTION THIR D.

Defeription of various articles of machinery made ufe of in the
trigonomeirical operation referred to in Plate V1L  Alfo the
difpinétion of the flations into two fets, thofe of the fecond fet
being referred to in Plate VIIIL

ArticLe I. Portable Scaffold.

IN the account of the meafurement of the bafe on Houn-
flow Heath we have thewn, that the furface of that remarkable
plain is not elevated more than fifty or fixty feet above the mcan
level of the fea. From this fmall elevation, and the circum-
ftance of its being furrounded, almoft on every fide, with lofty.
trees, it was from the beginning f{ufficiently obvious, that, in
order to be enabled to make the obfervations of the collateral’

ftations
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flations from the extremities of the bafe, it would be abfo-
lutely neceflary to raife the inftrument, by fome means or
other, to a confiderable height above the ground. For this
purpofe the portable fcaffold, whofe plan and elevation are
reprefented on the left hand fide of Plate VII, was conftruted.
It confifted, as may be feen, of an inward fcaffold for fup-
porting the inftrument, and an outward one for the obfervers,
wholly free and independent of each other, the platforms of
both being framed about thirty-two feet above the lower ends
of the fcantlings, which reft on the ground. Thefe being
made of fquared deal, and the feveral parts being bolted and
fcrewed together with many iron ferews fecured by nuts, the
whole could be readily taken to pieces, carried in a waggon (for
which it made a complete load), and replaced again in any new
fituation. This fcaffold anfwered very well the purpofe for
which it was intended ; for the ftep-ladders, or ftairs leading
to the platform, being attached to the outward frame, the in-
ward one that carried the inftrument remained undifturbed by
the motion of thofe who went up and down, or walked around
the top. The filk thread, that {ufpended the plummet, was
fecured from the effefts of the wind by a fort of funnel or
trunk, cormpofed of three deals (one fide being left open), and
{o contrived as to be eafily turned round to any quarter of the
heavens, whereby the open fide was always prefented to lee-
ward. The inftrument was covered from the weather by a
sanvas canopy, about feven feet fquare, to which fide walls
icould be hooked for fcreening it from the wind, as occalion
might require. By referring to the elevation it will be feen,
that the {caffolds, both outward and inward, might be divided
horizontally into two parts, fo as to permit the uppermoft half
alone to be ufed when it became unneceflary to raile the inftru-

: H ment
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ment to a greater height than fifteen or fixteen feet above the
ground. The whoele together was' never made ufe of, except
at the two extremitics of the Hounflow Heath bafe, ‘The
uppermoft half was applied at- three of the ftations only,
namely, St. Aun’s Hill, Botley Hill, and Padlefivorth near

Dover.

Arct. II. Triped Ladder,

Next to the fcaffold the plate reprefents, in plan and feftion,
a tripod ladder, about thirty-five feet in height. It carries on
its top a globe lamp, of about one foot in diameter, in which
was ufed a fimple ArGAND’s burner, of a large fize, made for
that purpofe. The lamp being removed, a focket for a white
light might occafionally be {ubftituted in its place; or (as was
the cafe when we obferved the ftation at King’s Arbour from
St. Ann’s Hill) a flag-ftaft might be added at the top, which
was fecured in a truly vertical pofition, by braces fixed tothe legs
of the ladder underneath. It will be readily conceived, that by
a contrivance of this fort a white light could be raifed to a con-
fiderable height above the ground, if the circumftances at any
time had rendered fuch elevation neccflary ; and that it could, by
the help of a heavy plummet, be always placed in a truoly
vertical pofition over the point on the ground marking the fta-
tion. ‘The globe lamp was found to anfwer very well for thore
diftances of fix or eight miles, when the weather was favoura-
ble; but it could not be depended upon in obfervations of
diftances that were confiderably greater.

Art. . Common Flag-flaff.

After the tripod ladder, comes in the plate the plan and
elevation of a common flag-ftaff with its braces, carrying
i likewife
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likewife two reverberatory lamps. Thefe two were attached
to the fame iron bar, at the diftance of three feet from each
other. ‘They had concave copper reflears, nine jnches in dia-
meter, extremely well polifhed and filvered. They were in-
tended at firft for experiments near London, and were very
well feen at the diftance of fifteen or fixteen miles. To {ecure
us from any uncertainty that might have arifen, by miftaking
other lights for our own, one lamp was placed over the other.
But when we came afterwards to be better acquainted with the
appearance of thefe lamps, that precaution was found to be
entirely unneceffary ; wherefore fingle reverberatories were pro-
vided, withjjﬁgmfa of ten inches diameter, and they were {up-
plied with {till larger burners, which could be feen at the dif=
tance of twenty or twenty-four miles. But here it is proper to
remark, that thefe lamps muft be carefully watched, efpecially
in expofed windy fitvations; for if the cotton be drawn out a
little too far, they are apt to fmoke, whereby the front glafs
becomes obfcure, and therefore muft be wiped frequently.
They are eafily turned on the pofts that {upport them ; and
were, by the help of a telefcope laid on one fide, parallel to
the axis of the rays (for which a contrivance was provided in the
tin work) accurately prefented towards the ftation occupied by
the inftrument at the time from whence they were to be ob-
ferved. There was conftantly ene of thefe lamps, and fome-
times two, at two different {tations, burning each night, when
we were making obfervations of the pole ftar, or white lights
of (hort duration, placed at other diftant {tations.

H 2 ARTs
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Awrt. IV, Tripod for Ihite Lights.

Next after the flag-ftaft (whereon a focket for white lights
could likewife be placed, when the flag itfelf was removed) is
reprefented a fmall tripod intended for white lights only. The
{fame focket that fitted the top of the flag-ftaff, or lamp-poft,
could be applied to the tripod, by the help of three {imall
fockets foldered for that particular purpofe to the fides of the
principal one. Deal rods, of five or ix feet in height, or ha-
zels cut from the neareft hedge, ferved as the legs of this ftaud.
The fockets themf{elves were made of copper, becaufe thofe of
iron would have been diffolved by the fulphur; and the upper
part, which was only an inch, or an inch and an half, in
height, was fquare or round, according to the figure of the
boxes containing the compofition, fometimes of one kind, and
fometimes of the other. Thefe white-light tripods, being
readily placed by the help of a plummet over the point mark-
ing the {tation, were found to be very convenient on the top
of an open hill, or on the leads of a church feeple, as the
perfon attending them could eafily light the box with the port=
fire, without the aid of a ladder.

Art. V. Portable Crane.

On the right hand fide of the plate is reprefented, in plan
and {eftion, and by a larger feale than the others, a portable
crane for weighing up the inftrument to the tops of fuch
towers, church fteeples, or other buildings, as became ftations
in the feries of triangles. It was conftruéted in the Tower of
London, and anf{wered very well the purpofe for which it was
intended, although it might {lill be improved. Before we

were
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were fupplied with this crane, we made fhift, by the help of
a long beam, and a moveable treftle by way of fulerum for it
to reft upon, to get the infbrument up to the top of its own
proper {caffold, and one that was ftill higher, erefted over the
tranfit room of the Royal Obfervatory at Greenwich,

ArT. VL Rﬂ?ﬁm Sfor .::,{:':mgfﬂg certam Staitons.

In the courfe of the trigonometrical operation, the center
of the infirument has conftantly been brought, even almoft
to mathematical exadlnefs, over the precife point marking
the ftation, whereby redu@ions to the center on account of
excentricity have been avoided; and the ftations have been
diftinguithed, as far as poflible, by permanent marks in fuch a
manner, that, while thefe remain, the center of this or any
other inftrument may be again brought into the fame vertical
line.. By thefe means our recent obfervations may be repeated
on any future occafion, and connefted with others, which it is
to be hoped will be made hereafter: for this operation, the firft of
its kind in Britain, thould only be confidered as the foundation
or commencement of a feries of others, which by degrees will
be carried to the remotelt parts of the ifland.

By comparifon of the annexed plan of the triangles with
that communicated to the Royal Socicty in 1787, as only a
fketch of the fcheme then propofed to be carried into execu-
tion, it will be perceived, that fome few {lations are omitted
entirely, and others fubftituted in lieu of fome that were then
intended to be occupied. Of this lat number Hanger-hill
Tower has been made ufe of inftead of Kew Pagoda. This
laft had been propofed on a fuppofition, that without a fcaffold
of an enormous height. it would have been impofiible to fee
o oo aing's Arbour.  Neverthelefs, after

a good
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a good deal of trouble, by cutting off the tops of certain trees,
lopping the branches of others, ‘and ratfing a flag-ftaff on the
center of the fcaffold, thefe two ftations were rendered recis
procally vifible. By thefe means we not only avoided making
ule of Kew Pagoda, which, from the nature of the building,
would have been a very incommodious ftation ; but we thereby
got rid of Clermont Tower altogether; and thus, inftead of
two {mall triangles, one was conflituted, larger and better,
being nearly equilateral.

In the introduétion there has been occafion to take notice of
the advantage that was gained by being able to {ee Frant and
Fairlight Down reciprocally. From this circumftance the feries
from Frant eaftward to the bafe of verification becomes in
reality a double one, and confequently affords better means of
afcertaining the corre&nefs of the work.,

The fingularity of the fituation of Dover Caftle has like-
wife been mentioned. Inftead of two flations near Tatterlees
Barn and Barefriftan, whereby it was hoped, that Dover Caitle
might have been conneéted with the feries ‘to the weiftward,
it was found neceflary to make ufe of three ftations; one at
Padlefworth, one at Folkftone Turnpike, and a third at
Swingfield. Thus the fide which connetts that ancient fort
with the other triangles is fhorter than was intended. But
with fuch an inftrument as ours, and where all the angles of
the triangles were obferved, no uncertainty arifes on -that

account.

Art. VII. Diftinélion of the Stations.

Having afligned the reafons that rendered 1t eligible or ne-
ceffary to change fome few of the ®tinns nropofed in the ori-

ginal {fcheme, it only now remains to enumeis.. oL

diftinguithed
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diftinguifhed into two fets, Firft, thofe which are’ perma-
nently marked by pipes {funk in: the earth; and, fecondly,
thofe where the inftrument was elevated to the top of fome
tower, church fteeple, or other building.  The plans of the
platforms of this lalt fet are given in Plate VIL along
with fuch dimenfions as are neceflary to fhew, with regard
to the fide walls, the precife fpot over which the center
of the inftrument was placed. As often as was poffible, thefe
fituations were further defined, by means of concentric circles
defcribed on the leads.

The ftations of the firlt fet, marked with pipes, are fourteen
in number, vz,

Hampton Poor-houfe, (the extremities of Hounflow Heath
King’s Arbour, bafe.
St Ann’s Hill,. . about the middle on the eaft edge.
Hundred Acres, . near the weft end of the garden.
Norwood, . . .  towardsthe Croydon end of the heights.
in a field belonging to Limpsheld
Botley Hill, © . . { [, Lo g :
Wrotham Hill . . in a field belonging to Mr. JounsToN,
Hollingborn Hill, . in a field belonging to Mr. Dureer.
347 feet fouthward from the Windmill,
Fairlight Down, . which makes with Fairlight Church,
an angle of 105° 53" 207,
Ruckinge, . . . the extremities of the bafe of verifi-
High Nook, . . { cation.
an artificial mount belonging to Sie
Joun Hoxeywoob.
eaftward from the Church, in the
Padlefworth, . . { Broom-field belonging to Mr. Brock-~

M AN.

Allington Knoll, .

Folkftone
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Folkftone Turnpike . . weftward from the Public-houfe.
The ftations of the fecond fet, where the inftrument was
clevated on buildings, are nine in number, wis,
Hanger-hill Tewer.
Tranfit-room of Greenwich Royal Obfervatory.
North-weft turret of Severndroog Catftle, on Shooter’s Hill.
Swingfield Church Steeple.
North turret of the Keep of Dover Caftle.
Lydd Steeple.
Tenterden Steeple.
Goudhurft Steeple.
Frant Steeple.

S ECTION DR R

Calculation of the feries of iriangles extending from Windfor te
Dunkirk, wbhereby the geodetical diffanee between the meridians
of the Royal Qbfervatories of Greenwich and Paris is deter-
mined. Reference to be had to Plate I1X,

ArTICLE L Excefs of the angles of fpherical above thofe of
plane Triangles.

IF the earth, or any confiderable portion of its furface,
was a perfe@ plane, an inftrument, fuch as has been formerly
deferibed, when applied on that furface, to determine by tri-
gonometrical meafurement the extent of the plane part, would
every where have its axis parallel to itfelf; and the fum of the

thres



the Trigonomeirical Operation: 61
three angles of each of the triangles, into whatever number,
great or {mall, it might be divided, would conftantly amount
to 180°. But the earth being a {phere or fpheroid, it follows,
that the fame inftrament, fucceflively adjufted at each of the
ftations, will have its' axis perpendicular, on a fphere, to an
equally curved furface ; on a fpheroid, to one unequally curved,
in either cafe forming the horizon of the ftation ; and the fum
of the three angles of fuch a fpherieal or fpheroidical triangle
muft, asis known, always‘exceed 180°, lefs or more, in pro=
portion to the lengths of the fides. When the triangles are
very {mall, the excefs being of courfe fmall cannot pofiibly
be difcernible by common inftruments. Even the fineft, fup-
pofing them frée from error of divifion, will fcarcely render ie
perceptible, without the utmoft care in making the obferva-
tions. This will be fufficiently exemplified in the following
calculations, where a column is inferted containing the {pherical
excefs ; and another for the difference or error between that and
the excefs of the fum of the obferved angles above 180°. From
thefe it will appear, that, notwithftanding the goodnefs of our’
inftrument, and the pains taken in ufing it, we have frequently
failed in bringing out an excefs; and indeed the refults have
even fometimes been in a {mall degree defeltive.

It had been at firft propofed to multiply the obfervations as
much as poffible, and particularly by fucceflively changing the
zero of the inftrument to new points (Phil. Tranf. 1787,
p- 219.), to meafure the fame angles on different parts of the
circle, fo as to {ubdivide any errors that might arife from in-
accuracy of divifion, or thake at the center. This principle,
perfeétly good in theory, and which was adhered to as far as
the circumftances would permit, was neverthelefs found, on
many occafions, to be impoffible in praétice, without facri-

| ficing
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ficing much more time than we could afford, confiftently with
the engagements entered into with the French Gentlemen,
for the co-operation on the Coaft. At particular times, efpe-
cially in hot weather, there was fuch a tremulous motion or
boiling in the air, that it was only during a very fhort {pace,
chiefly in the mornings and evenings, that the objets were
{ufficiently diftin& to be obferved with accuracy. So difficule
it is to do any thing perfeétly good in this way, that a whole
day has frequently been {pent, after watching with anxious
care, in obtaining a fingle one that was perfeltly fatisfaltory !
At fuch times as thefe it would have been abfurd to have
attempted to change the zero, which always rendered it necef-
fary to re-adjuft the inftrument by its levels.

In very favourable circumftances of the weather a good obe
fervation by day is preferable to one by the white lights at
night ; becaufe, in the firft cafe, the obferver has time at his
leifure nicely to bife&t a fine flag-ftaff, and repeatedly to read
off the angle; whereas, in the fhort duration of the burning
of the light, he is fomewhat hurried, from the fear of lofing
fome of the lights at other diftant ftations, if two of them
happened to come together, which now and then they did,
from the irregularity of the rates of the watches of the artil=
lery-men attending at the different ftations. It was, however,
by the affiftance of the white lights only, that the moft diftant
ftations could be rendered vifible : and there cannot be a doubt
that, in great trigonometrical operations of this fort, they will
be univerfally adopted hereafter.

Sonietimes an obfervation has been entirely loft, or at leaft
that which had been obtained was not thought a very good
one. In fuch cafes a blank has been left in the column of

obferved angles, and alfo in that exprefling the error. But no
bad
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bad confequence has arifen on that account, there being always
fuch other checks from the collateral ftations, as to leave
nothing doubtful.

On the whole, although, for the reafons already affigned, we
have repeated the obfervations feldomer than“was at firft pro-
pofed; yet it will obyioufly appear from the refults, and parti-
cularly from the near agreement between the meafured and
computed length of the bafe of verification, that a few very
good obfervations are greatly preferable to a mean that might
perhaps have been obtained of many made in a hurry, which
at beft would have been but indifferent.

The quantity by which the {fum of the three ebferved angles
of {pherical triangles thould have exceeded 180° was found as
follows.

Becaufe the excefs of the three angles of a f{pherical
triangle above 180° x earth’s radius = its area, therefore

Eu—"‘:"i— = excefs above 180° in feconds, if the area and radius
th*s rad.

are taken in feconds. Now, 6085g.1 fathoms being=1° on a
mean fphere, we get the log. of the feet in a fecond=
2,0061743, and twice this, or 4.0123486 is the log. of the
fquare feet in a fquare fecond. Therefore log. area in feet
~4.0123486 = log. area in feconds ; and the log. of the earth’s
radius in feconds being 5.3144251, we have area in feet
— 40123486 — 5.3144251 = log. area in feet-9.3267737=
log. excefs in feconds ; that is to fay, from the lsgarithm of the
area of the triangle taken as a plane one, in feet, f#ﬁ#ﬂ&? the con-
Sant logarithm g. 326??3?, and the remainder is the fagaruﬁm
af' the excefs abave 180° in feconds nearly.

1 2 ART,
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Arct. II. Calculaticn of the Triangles.
o Spheri- | .. Angles cor-
N°of inames of the fations,| Ooieed | Teq  Por) Troged for | Distances,
triangles. Angles:  lexcefs. | ™ | calculation.
o L) L L a L] d a Fﬂt'
Hapger-hill Tower 42 2 332 42 2 34
‘Hampton Poor-houfe | 67 55 39 67 55 39
King's Arbour 70 3 48 70 1 47
I 179 59 59 e B
‘The Base between Hampton Poor-houfe and King's|
Arbour . i’—l i P o o = ) 274049
. ; ampton Poor-houfey ., . . 8401.12
£ Hanger-hill Tower from {King’s Arbour ST e 2?32115}'
St, Anu’s Tl 44 18 1.5 44 18 515
1 Hampton Poor-houfe | 61 26 33.1 61 26 33.5
King's Arbour 74 14 35 74 14 35
1. "T 179 59 59.6 | 0.21 |—0.61
Sl Hampton Poor-houfe | . . . o2
St, Ann's Hill from King’s Arbour 4. '« gﬂ;;ﬂs

Hence, in the quadrilateral formed by Hampton Poor-houfe,
King's Arbour, Hanger-bill Tower, and St. Ann's Hill, making
ufe of the two obtufe angles, as contained within their refpec-
tive known fides, we have for the mean diftance of the points
of the acute angles at Hanger- hill Tower and St. Ann’s Hill,
exprefied by a dotted line 10 the plan of the triangles, 68897.165
feet.

fWardiobe Tower of
Windfor Caftle | B . 58 ¢ sB.5
King's Arbour b2 40 27.5 62 40 27.5
i .b*it., Ann’s Hill 50 9 14 50 g 14
0.25
; B King's Arbour e 34819.4
i | Windfor Caftle from {_\.m Ann’s Hill e 36032.37

Nu




the Trigonometrical Operation. 65
[T Spheri- | Angles cor-
':_N 'of Mames uf‘ the ftations. Dbﬁfl"i"ﬂd cal I:;f:}:r refted for Diftances.
triangles. SO CRe excefs. "1 calculation,
a_ & ur (] I I Feet.
Hundred Acres 5g 58 35-7% 53 58 36.5
Hanger-hill Tower 68 24 44 08 24 44
St. Ann's Hill 57 36 305 57 36 395
v, 179 59 59.25| 1.08 |—-1.83
Hanger-hill Tower . 71934.2
Hundred Acres from {St. Ann’s Hill ik | 79211.22
_|Severndroog Catftle,
Shooter’s Hill 53 31 10 53 31 9.5
Hanger-hill Tower 55 53 443 55 53 44
Hundred Acres . 70 35 6.715% 70 35 O.2%
LA ;
180 o r.o035| 1.18 [—o.13
Hanger-hill Tower - + + |84376.68
4 Severndroog Cafile from {Hundt‘ed s S e 8 ?-!-g?}'-ﬁfl
-1N1:mvnm[ ; 107 53 37 107 53 35-75]
Hanger-hill Tower 20 12 22.5 26 12 23
Severndroog Cafile 45 54 L.§ 45 54 1.25
YL <= =
z 180 o 1 o044 |+0.56
2 Hanger-hill Tower . - 63673.21
Nepweod:trom Severndroog Callle R e vy 3@15?.?5
r|Norwood . 88 5 58 B8 5 sB.oj
Hanger-hill Tower 29 41 20.75 2Q 41 21
Hundred Acres F =y e 62 12 40.93
VIL. 4
053
- Norwoaod from Hundred Acres | 35648.21
.| Tranfit Room, Green- [
wich Obfervatory 111 56 50 111 g6 30
Severndroog Caitle 47 48 14 47 48 13
Norwood . 20 14 58 20 14
VIII, < : —_ v
18 a =2 0.0l |4 1.9
r ; : [ ﬁ'r:x'g:rmh'mrg Caftle - ]:4{}1 o.cB
L |Greenwich Obfervatory from } Moo : : 312?‘}_13

ND
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[ we : Snlieri- | Angles cui=
t_r"‘ "'If Names of the ftations. cffcr"d cal [P 071 ycded for | Diftances.
riangles. ngies. excefs. | 7% | calculation.
o ¢ i i I a [ Feet.
Botley Hill 14 37 17-5 74 37 18
Hundred Acres 66 o gh.2 66 o 56
Severndroog Caflle 39 21 46.25 39 21 48
Ix"
Z 179 59 59.95| 0.78 |—0.88
: Hundred Acres . . 48726.
Botley ELllifmm {chcrndmug Caftle i }O?Iqq.;g
Wrotham Hill . 54 2§ 1 54 2§ 1.2§
Botley Hill 67 53 1 67 53 10.2%
|Severndroog Cafle 57 41 49 57 41 48.5
]'-:. 3 ]EQ (s ] I I.12 =0, 12
: B:;:]:;Hﬂi ¢ . 72953.12
I_ Wrotham Hill from | Severndroog Caftle SRR e 79962.13
...|Frant = 50 19 19 J 50 19 18
Batley Hill . Y 15 11,25 §57 1§ 11
L Wrotham Hill . 7% 25 31.2 72 25 31
AL l 18 o 1.45| 1.3 |+0.5
Botley Hill . « + 190364.16
Frant from {‘L‘.’rutham Hill s o« v s |1 79723.57
 |Hollingborn Hill . - AP 49 18 59
1 Wrotham Hill 84 12 24.5 84 12 23.5
Frant 48 28 37.5 48 28 37.5
X, 1.52
: Hollingborn Hill from {?:;?;"““‘ e ; tg;;gﬁf_
( |Fairlight Down . | 48 2§ 53.5 48 25 g5
Frant . : 79 23 3 79 23 2
Hollingborn Hill . i L 52 11 3
XIIL 5 2.8
e Frant - - 113928 2
! Fairlight Down fmm{ Hollinghorn Hill 2} 141747.1

KI-




the Trigonomeirical Operation. 67
Spheri- | .. Angles cor-
N of IName: of the ftations. ﬂb&:“d cal [::Eo: ‘| reéted for | Diftances.
triangle. Y. excels. * | ecalculation. |
S T S T Frs [ R O | Feet,
r |Goudhurit - 35 20 32.5 35 26 34.5
Botley Hill . 40 4 42 4 4 42
Wrotham Hill 104 28 44 104 28 43.5
XIV. 1 179 59 §8.5 | 1.35 |—2.85
Botley Hill S 121800.
\ Goudhurit from {\Vrnrhnm Hill gt Engg?.is
riGoudhurit 5 72 23 32.5 72 23 33.87
Frant 75 33 16 75 33 13.63
Wrotham HiIl 32 3 12.8 82 3 12.§
V. « \
180 o 1.3 | 081 |[+0.49
. Goudhurft from Frant ¢ + + » 144389.68
-[Hellingborn Hill 63 46 44 b3 46 47
Wrotham Hill . 2 g 1l.g 52 0 Ik
Goudhurit : 4 4 35 04 4 =
XVL 5
179 59 59 1.22 |=—2.22
L Hollingborn Hil! from Goudhurit 71206.03
¢ [Tenterden . 67 7 55 ﬁg 7 Sf’ 4‘3
Goudhurit . 68 13 a1 13 19.5
3 Hollingborn Hill . G 44 38 44.04
XVIL £ o 5
Gwdhur& . & o+ .« [54374.66
L Tenterden from {H:Hm[_.,bornﬂlll « .« |71855.0
*|Faiclight Down . (. . . . . 35 20 58.42f
Goudhurft 49 39 34 49 39 35-77
Tenterden g4 59 20 94 §9 25.01
XVIIIL. } .91
(—mu:":;_rﬂ e "El-is,gz
4 Fairlight Down from { e }:'f_: 3473

-.NQ
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af - Spheri- |- Angles cor-
,b‘ of Names of the ﬂ;uti:ms.] Obrﬁfud cal Dif. or rected for Diftances
eriangles. apglesy excefs, | "0 | calculation.
' o i i i it i [+] r I'E Fut"
{Allingron Knoll 48 24 338 48 24 39
{Hollingborn Hill T e 40 © 58.96
iTenterden . oI 34 23 gl 34 22.04
XIX. 10§
Hollingborn Hill p 96036.45

Allington

Kunoll from {

Tenterden

63 14 .82 |

"r”IIE‘ﬁ

I_.}'dd - . - Ll L]
Allington Enoll . 8 0O 27.% 73 ORy
Tenterden 43 45 22 43 45 2348
XX. o.b7
: Allington, Knoll . [47849.27
z Eydd rmm{TEnmrdETl i ﬁﬁlﬁ%ﬁt;
“|Faiilight Down, - 54 59 18.5 54 50/ 17.31
[J}r‘ld " - - w {]2 ﬂ.? s-ﬂ..ls
{Tenterden 62 32 53 6z 32 52.51
XXI. -
] .00
Fairlight Down from Lydd R L
Allington Knoll 31 59 22.5 32 50 23 I
Lydd . 12§ 42 ©.25 125 42 ©
Fatrlight Down o T 21 18 39
XXIL
_ 2 233
Allington Knoll from Fairlight Down s o+ e | 20BGY. €
[ [Lydd 43 20 48.25 43 20 4b.5
Ruckinge . 45 58 49.7% 48 58 44.5
High Nook near Dyms-
church y 87 40 21.75 37 40 22
XXIL 170 50 50:75) Q.21 |=0.26
The Base of VERIFicATION between High Nook
and Ruckinge . E 3 dts 13531_ a
Bpo Ruckinge G 41533,
L Lydd from § piotolE . b st 3

Nu




the Trigonouietrical Operation, 6g
[ N2 of daki Qbferved iphTE' Diff. or A“g“; ';.“"‘ Did
: N { tl ations. i ca ; refied for ilances,
triangles. g i angles. excefs. | 5™ | ealculation.
o i £ s L ] i L -1:'-1'“-'
Allington Knell g1 27 20 QI 27 19.§
Ruckinge 54 19 17 54 19 18.5
High Nook . 34 13 21 34 13 22
7
s 179 59 58 | o.09 |—2.09
T = ]'Ii-gh Nﬂ!}k 13]84‘}3
? Allington Knoll from {liue;kinge 15052 44

Hence, in the quadrilateral formed by High Nuok, Ruckinge,
Lydd, and Allington Knoll, making ufe of the two obtufe an-
gles, as contained within their now refpeétive known fides,
we have for the mean diftance of the points of the acute an-
gles, at Lydd and Allington Knoll, reprefented by a dotted
line in the plan of the triangles, 47849.27 feet. This dif~
tance agrees accurately with the length of the fame fide in the
XXth triangle, as given by the bafe meafured on Hounflow
Heath. Here however it is to be remarked, that, in order to
produce this agreement, the angle at Hoilingbﬂm Hill, be-
tween Allington Knoll and Fairlight Down, has been made
48° 56’ 28" inftead of 48° 56" 317§, being a difference of
3’44, which, according to obfervation, it thould have been.
Had not this reduétion been made, the diftance between Al-
lington Knoll and Fairlight Down, being one of the fides of
the XXIId triangle, would have been 106924 feet, that is to
fay, 11 foot longer. Now, fince this fide, compared with
the bafe of verification, bears nearly the proportion of four to
one, it follows, that the real difference between the meafured
length of that bafe, and its computed length deduced from
that on Hounflow Heath, feventy miles to the weftward, or of

K either
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either bafe with refpe& to its oppofite one, amounts only te
about 4% inches,

Spheri- Diff. 0[‘1 Angles cor- |

5 Oblerved . s
N of Names of the cal refted tfor Diftances,
triangles. ftations, angles. excefs, | 77 | caleulation.
: a L ar o i L] ¢ r EEEt'
Folkftone Turnpike | 24 17 6.25 24 17 G.25
Allington Knoll 96 1854 76 1 53.2¢
High Nook . 79 41 O.7% 790 41 ©O.§
i
ido o 1 0.29 |4+0.71
[ Alli Knoll R L :
z Folkitone l:!!‘t!FJlLL from 4 L Hi g‘[:ﬂ;;’;;k :m:: P gi;,gég
Folkflone Turnpike] . . . | 32 6 56.8g
Allingten Knoll 109 50 4D 109 50 30.2¢
Lydd : « 138 2 22 33 2 23.96
XXEVL -
z .59
Folkftone Turnpike from Lydd + « » » ||Bgb5g.88
Padlefworth . | 108 g 34 5 108 345
High Nook " ; 14 48 25.¢
Folkftone Turnpike 5‘; 2 o | §7 2 ‘o
XXVIL [ A
High Nook s il e |l48303.7
l Padlefwortb from { Folkitone Tumplke: T 14?1%,3:
Padlefworth . 105 1Q 40.5 105 20 40
Lydd : 9 38 29 9 38 20.36
Folkftone Turnpike| . . . . 64 51 50.64
XXVIIL ‘ 627
yidd - R 34
2 Padlefivorth from { P taika | A Skt S USRS
Padlefvorth . 12 16 3 iz 16 2.63
Lydd . 154 5 54.75 T84 §'54nd
Fairlight Down DB g a 13 38 2.95
XXIX,
Z | 0.59
Padlefworth from Fairlight Down + « + o |186113.0

N°



the Trigonomels ical Operation, )
i | obferved [P0 Inig, or| Anlescors |
N° of Names of the angles. cal el ‘;L'*'l:-'*ij‘*" | Diliances.
triangles. ftations. | }L'-"Wﬂﬁ- caleulation, ]
I ‘ ; I Fecr,
i i ! o / i
_ Swingfield 48 28 135 48 38 13
Padlelworth 70 54 5.5 70 §4 5.5
Folkflone Turnpike | 60 27 35.5 9 27°3G.%
1 180 o o© I 0.06 |-—0.06

Folkftone Turnpike S i 135:5.15
Dover Caitle, Nerth {

Turret .« 34 39 26.5 34 39 26.3
Swingfield . 75 30 40 75 30 40
Folkfone . 69 43 535 69 43 53-5

XXXL

1B o o 0.13 |—0.13

5 Swingfield - « s =205 E0LT2
bover Cafile from {F-:-Ikl'tun: Turnpike e 3!554.23

XXX. 5!
I Su'ingﬁeld from {F:{!lc{wnrth 2 .+ « .+ |17056.00

Hence, in the quadrilateral formed by Folkflone Turnpike,
Swing field, Padlefworth, and the North Turret of the Keep of
Dover Cafile, making ufe of the two obtufe angles, as con-
tained within their refpeétive known fides, we have for the
mean diftance of the points of the acute angles at Padlefworth
and Dover Caftle 42561,18 feet; and hence, in the triangle,
Dover, Folkflone Turnpike, Padlefworth, we have the acute
angle at Dover 15° 18 44”%, and that at Padlefworth 34° 29’
42”4, as were repeatedly obferved.

Daover Caiftle R M Lil 37 5542
Padlefworth . 152 15 25.5 12 1526 14
Fairlight Down s e 6 0 39.43
XXXIL
] 0.bg
Daver Caftle from Fairlight Down e » o« 41 ]186113.0

K 2 N*
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N° of Obferved; PPIeM" [pug o | Angles cors
3 "i' Wames of the | cal ! rected for Diftances.
triangles, ftations, FRE L excefs, | SFOT- calculation,
-] FAR T it i - FT Feet,
Dover Caftle e ¢ 3? 30 ﬁg-sﬂ
Fairlight Down i : 43 1g 58.52
Montlambert . il s . 49 9 319
K XX mig
: Dover Caitle : 168821,07
l Montlambert from {F.‘Lirlight P S SeArE 145”?15:
" |Faitlight Down 25 33 5502
Dover Caitle 110 55 2?33
Blancnez 43 3° 35.15
* i
; Fairlight Down . 252460.9
Blancnez from {ﬂﬂﬂ’.‘l' Cafile AR ; 116555_?3
Dover Cefile 23 25 0.15 23 4§ O.2%
Montlambert = Rl 36 53 18.11
Blancnez . 11g 41 41.04
XXXy, -
1.84
}l Blancnez from Montlambert - - 7?235.-0

In this laft triangle, the angle at Blancnez, as determined
with great care from a mean of many obfervations, by the
French Academicians, was found to be 119" 41 28,9, that
is to fay, 12”.7 lefs than what refults from our obfervations
This difference, which is the maximum

acrofs the Channel.

of the error between us in the joint operation, being {mall,
and of no real importance one way or other, with regard to
the main point in difcoffion, fince it only varies the diftance
between Blancnez and Montlambert two or three feet, and
the longeft fides of the triangles, which connect the two
Coafts, by eight or nines it has therefore been judged beft not

to




the Trigonometrical Operation. e

to make any alteration whatever on account of that difference

(except ‘as will be mentioned underneath), but to proceed’

with our own fcale of diftances for fixing the relative fituation
of Dunkirk ; making ufe, neverthelefs, in the firft feven fol-
lowing triangles, from the XXXVIth to the XLLIId inclufive,

of the angles as ultimately fettled by the late French opera-

tions, which Comte pe Cassin1 has been fo obliging as to fup-
ply us with for that purpofe. The angles of the XLIIId and
XLIVth triangles are taken from M. CassiNt pE THURY’s
Book (La Méridienne verifide); and thofe of the XLVth tri-

angle refult from the combined operation.

In conformity with the exception above alluded to, we have, .

in the XXX VIth triangle, added 3 to our angle obferved at Do-
ver between Blancnez and the fléche of the {pire of Notre Dame

at Calais ; that is to fay, inftead of 12° 46° 39 it has been made

12° 46" 42", on a fuppofition, that the {pire may overhang fo
much from the perpendicular towards Blancnez : becaule the

{pace between the pofition of the white light on the gallery, |

and the axis of the fpire, being carefully meafured by Dr.
B aGDEN, correfponds to an angle of ¢9”, whereas the obfer-
vation gave only a difference of 6”.

triangles.

. i | Angles cor- =
N” of Wames of the flations, rected for Diftances,
calculation,
a & i F“-":'
[ IN.D, at Calais . . . 47 2736
Blanenez fignal . . . 119 46 12
Daover Cattle : . 12" 46" 397 | 12 46 42
; Dover Caftle . 1374490.9
T f L
W.D, at Calais from {Hl:mt'm:z fignal 55_323.3
L Excefs above 180" =0".84..
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74
Angles eor-
N° of Names of the fiations. rected for . | Diftances,
triangles. caleulation,
it il i Feet,
Fiennes fignal, . < . 94 26 27.5
Blanciesz Ei[{n;tli - = . 31 13 27.3
XXXVIL < (Montlambert fighal " . 34 15, 5.2
. ) Blancnez fignal . R e i 1
Fiennes fignal from {Muntlamher: fignal PR LU bodba.d
N.D. at Calais ! . . 04 21 43.1
: Fiennes - . : . 46 24 25.2
KX LVIIL Blancnez . . . 6g 13 51.7
N.D. at Calais from Fiennes . | . . . . | 45219.6
¢ |Watten . . . 27 37 14.8
N.D. at Calais - : . 66 30 g6.2
XXXIX, ¢/|Fiennes £ . : 85 52 ¢
Fiennes . SR e 894¢3.5
| Watten from { N.D. at Calais i, it A E 97 133 o
r [Dunkirk . . . 51 39 12
Watten - . - 85 57 4b.5
XL. { [N.D, at Calaia . . - 4223 1ig
; { N.D. at Calais « v ee | 523734.8
g DUiikirk from | Watten - e B3616.2
Mont- Caffel . . . 63 24 50
J'Dnnki:rk . . - 42,9 k2
%xLI, Watten . . . 74 27 58
Watten (gl Gayi1.1
; Mont-Caflel from {Dunkirk Fdh o gooBy §
Hondlcote - . . 93 31 34.1
J Dunkirk . ; LT S R
XLIT. Mont-Caffel ‘ . . 35 21 25.4
Hradfedie Btk h{anfft‘:aﬂ':l asbaiimi s 70260.7
3 | Dunkirk R §2228.4
Dimnes, fignal at the eaft end of the bafe : 81 57 30
Dunkirk . . . 48 43 23
XLII. < |Hond{edte . . . 409 19 7
4iT). Hondfedte s W s l39b41.0
: Signal on the Dunes from { Fo i ] 25 .o, ¢
([Dunes fignal . 3 : 5 19 47 :
Fort Revers, welt end of the bale . Ec: 17 29
Dunkirk ; : . 4 22 44
| -t Signal on the Dunes S A T 40000.5
XLIV, 2 2 LI A { Fort Revers . ol wislld fioikyrab
t Fort Revers from the Dunes, the mealured bafe T R 39808.7
But this bale by meafurement was . T e 39801.7
i The difference is et 7.0

In




the Trigonametrical Operation. 25

In order to complete the triangular conneion between
Greenwich and Paris, there remains yet one triangle more (the
XLVth) to be given, whereby we thall be enabled to conneét
the point M near Dunkirk with Dover. For this purpofe it is
neceflary to make fome remarks on the Dunkirk bafe; and
alfo to fhew, from the French operations, how the point M is
fituated with refpeét to Paris, Dunkirk, and Calais.

M. Cassint pE THURY, in his book already quoted (p. 23. and
54.) has informed us of the manner in which this bafe on the
Strand near Dunkirk was meafured ; and that its mean length
amounted to 6224.36 toifes, which are equal to 39801.7 Eng-
lith feet. ‘Thus it appears, that there is a difference as above
ftated of feven feet in defet, between the meafured and com-
puted length of the laft fide of a combined feries of 44 Britith
and French triangles, depending on a bafe meafured on Houn-
flow Heath, and verified by another meafured in Romney
Marth. Bot a feries of 24 French triangles, founded on a
bafe meafured near Paris, and correfted by another executed
near Amiens, gives for the length of the fame bafe near Dun-
kitk 39800.94 Englifh feet, and confequently only an excefs of
15 inches with regard to our refult. This very near agree-
ment in the determination of the fame length by two different
feriefes of triangles, whofe extremities are fituated at {o great a
diftance from each othery fufficiently proves the excellency of
trigonometrical meafurement, and thews to what a wonderful
degree of accuracy operations of this fort may be brought
when fine inftruments are made ufe of, and great care beltowed
in the application of them, Doubtlefs fmall errors may have
arifen in the progrefs of the work, unfeen on both fides; but
.thefe falling fometimes one way and fometimes the other, they
feem {o far to have compenfated for, or deltroyed each other,

that:
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that their effets have almoft wholly difappeared. With repard

to the deficiency of feven feet found between the aftual mea-
{urement with the deal rods, on the Strand near Dunkirk, and
the trigonometrical refult, it is neceflary to call to remem-
brance what would have happened, if the bafe on Hounflow
Heath had been meafured with our deal rods, when in their
preateft ftate of expanfion from the moifture they had imbibed.
In the volume of Philofophical Tranfations for 1785, p.
4 38. it has been thewn, that our bafe would thereby have been
vendered more than feven feet and a half too thort. Now,
although the French rods were covered with feveral coats of
oil-paint to prevent their imbibing the falt water, which we
are told refted on the Strand at particular places fix inches
deep; yet it'is prefumable, that it would be impofiible to pre-
vent it from entering by the extremities at-the junction of the
ferrules, and extending along the fibres, underneath the paint.
‘Hence, in all likelihood, the intended remedy would prove
worfe than the difeafe: for the paint might prevent the rods
from drying fo foon as they otherwife would have done, and
thereby the meafurement would be given ftill fhorter than if
vo paint had been applied. Whether this fuppofition may be
thought to be well founded or not, 1s left to the determination
of thofe who are converfant in matters of this fort. But the cu-
rious fadt, one way or other, might be afcertained by means of
fuch a fteel chain as ours, in the fpace of one or two days
at moft. ‘For, fuppofing the extremities of the bafe between
Fort Revers and the Dunes to be accurately known, and the
allignement ‘traced out on the Strand only with camp colours,
placed at reafonable diftances from each other, and a moveable
cord, by the fimple application of the chain on the common
{urface, without any extraordinary apparatus whatever, for-

wards



the Trigonometrical Operation. 5
wards and again  backwards, the diftance might certanly be
determined within a foot of the truth. - And hence the impor-
tance is obvious of having at all times {o accurate and eafy a
mode of meafurement. -

On due confideration of all thefe circumftances, 1t will not
be thought furprifing, that in fixing the fituation of Dunkirk
and the point M near it, where the meridian of the Royal
Obfervatory at Paris interfects a line drawn from thence to
N.D. at Calais, the Dunkirk bafe, with the corre@ions de-
pending upon it, are here rejected ; and that the feale of dif-
tances furnithed by the Britith tniangles 1s adhered to, as not
differing fenfibly from the mean refult given by the other two
French meafurements.

From M. pE Cassini’s Book, La Miridienne Férifice, p. 51,
53. and §6. it appears, that Dunkirk (rejeting the corretions
formerly alluded to) is north from the Royal Obfervatory at
Paris 125522.2 toifes, which are equal to 133775.3 fathoms.
And from p. 51. and §7. it further appears that, by the mean
of two fuites of triangles, Dunkirk is eaft from the meridian
of Paris 1420.41 toifes, which are equal to 1513.8 fathoms,
Again, at p. 276. of the fame Book, Dunkirk is faid to be north
125517 toifes, and ealt 1430 toifes, which are refpetively
equal to 133769 7 and i1524.2 fathoms, And, laftly, at p.
36, of the Défeription Géametrigue de la France, of the fame
Author, publifhed in 1783, and which being the lateft fhould
of courfe be the moft corre&t work, Dunkirk 15 made north
from the Royal Obfervatory 125495 toifes, and eaft from its
meridian only 1416 toifes, which are refpetively equal to
133746.3 and 1509.1 fathoms. Now, without pretending
here to enter into the inveftigation of the various corrections
+ and — which have been applied to the angles of the tri-

L angles,
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angles, to bring out thefe different refults, we fhall abide by
the firft, that being immediately produced by the mean of the
obfervations without any arbiitrary correftion whatever ; and
being, with regard to eaflting, nearly a mean between the two
extremes 3 and fince we have it in our power to fettle with
great precifion the longitude of Dunkirk, and likewife the
point M, with regard to Greenwich, we fhall then be enabled
to determine the difference of longitude between the two Royal
Obf{ervatories within a mere trifle of the truth.

By Comte pe Cassint’s triangles, executedin the autumn of
1787, and communicated in Januvary 1789, it appears, that
Hondfcote is fouth-eaftward from the meridian of Dunkirk
67° 53’ 20”; which angle being fubtrafted from the total
angle between Hondfcte and Calais 144° 53" 28”.5, being
the fum of the three angles at Dunkirk in the XLth, XLI{t,
and XLIId triangles, there remains 77° o’ 8”.5 for the angle
that Calais is fouth-weftward from the meridian of Dunkirk.
And this laft angle being again fubtrafted from 180°, we have
102° 597 51,5 for the angle between the fame meridian pro-
duced northward, and a line drawn from Dunkirk through M
to Calais. :

Now the two diftances 133775.3 and 1513.8 fathoms being
feverally reduced in the proportion of 39809.94 to 39808.7
the two lengths affignable to the bafe on the Strand near Dun-
kirk, as formerly eftablithed, we have 13377:1.1 fathoms for
the diftance in Britith meafures of the parallel of Dunkirk
from that of the Royal Obfervatory at Paris; and 1513.75
fathoms for the diftance of Dunkirk eaftward from its meri-
dian. Again, making ufe of the angle 77°0o’ 8.5, and its
complement to go°=12° 5¢” 51”.5, we have 155356 fathoms
for the diret diftance between Dunkirk and the point M

3 allo
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allo 358.6 fathoms for the fpace that M is fouthward from
Dunkirk. But the diftance of Dunkirk from the Royal Ob-
fervatory at Paris, given in the 2%76th page of M. Cassini pe
Tuury's Book, when reduced in the proportion of the two
bafes becomes 133765.7 fathoms, and 'taking a mean between
this number and that formerly ‘found 133771.1 fathoms, we
have for the mean diftance of Dunkirk from the Obfervatory
133768.4 fathoms, from which ' fubtrafting 358.6 fathoms,
the mean fouthing of M from Dunkirk, there will ultimately
remain 133409.8 fathoms for the diftance between M and the
Royal Dblervatnry at Paris, meafured on the meridian.

Now, fince in the XLth triangle we have the diftance of
N.D. at Calais from Dunkirk 123734.8 feet, if from this num-
ber we fubtra® 1553.56 fathoms=9321.36 feet, there will
remain 114471 3.4 for the diftance of the point M from Calais,
Thus, with the {upplemental angle to 360° at Calais, wviz.
139° 17" 33".2, contained within its now known fides,
we are finally enabled to complete the XLVth triangle, and
thereby to determine the fituation of M with regard to Dover,

* N D. at Calais . . . 139 17 33.2) The fpherical ex-
Dover Caflle . : 18 24 3’;.3}13::"5 above 180" =
M near Dunkirk . : 22 17 49.5J4 2''.42.

XLV, i Feet,
= : Dover Caiile : . 137449,

: { N.D;jatCalais from {I‘ul near Dunkirk . o 1?44 13.3
Dover Caftle from M i . . 230273.7
Alfo, Dover is from Dunkirk - . 243291.3

Art. VL Refiddt of the trigonometrical eperation, in as far as relates
1o the geodetical fltuation: of the different flations, wwith regard
to the Reyal Obfervaiory at Greenwich.
Having, by the preceding calculations of the lengths of

the fides and meafures of the angles of a’continued {eries of
L2 forty-
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fﬂft}-’-ﬁfﬁ .t[iatlglcs, determingd t|1f:_ .relﬁtive ﬁlqatiﬂn of every
{tation with regard to thofeneareft adjacent to it, we arc next
to thew, from thefe dasa, and the angles which Norwood and
Severndroog  Caftle make with the meridian of Greenwich
Obfervatory, the fituation of each ftation with refpe&t to that
meridian, to its pr:r];;mdicu]nr, and alfo the diret or diagonal
diftance with the bearing from the Obfervatory itfelf.  Thefe
various determinations are contained in the fix At columns
towards the left hand of, the annexed table of  refults, wherein
the ftations are likewife diftinguithed into two fets, as fituated
to the weltward. or eaftward of Greenwich.

By means of a fcaffold, perfeétly fimilar in principle to that
formerly defcribed, but'mere flight as being made for the tem-
porary purpofe only, the ftand of the inftrument was raifed to
the height of thirty-cight feet above the floor of the tranfit-
room of the Obfervatory. At this elevation all the furround=-
ing objets which we wifhed to obferve (St. Paul’s excepted,
which is hidden by the camera-turret of 'the great room) could
be diftinétly feen, and the angles between them and the fouth
meridian mark accurately meafured. As that mark 1s but at a
fhort diftance, namely, about 1500 feet from the tranfit, and
confequently % th of an inch correlponding to about a fecond
of an angle on the mark, it was therefore very neceflary that
the center of the inftrument fhould be brought with great pre-
cifion over the center of the axis of the tranfit-telefcope un-
derneath. In this operation, and indeed in every other while
at Greenwich, the Aftronomer Royal gave us his beft affiftance.
In the firlt place, the central point of the axis was determined
by the interfeion of diagonal lines drawn acrofs the fquare
part in the middle. On this {quare part, when the telefeope
was in its horizontal pofition, a bafon of quicklilver was

placed,
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placed, having a fmall crofs made of two thin bits of woad
fitted to the infide of the bafon, and lying very near the fur-
face of the quickfilver, in fuch a manner as to make the center
of the crofs co-incide with the interfeftion on the brafs under-
neath. A [(mall perfpe&tive glafs being then fixed in a move-
.able board under the center of the in{trument, this was made
to flide at right angles to itfelf in the direction of the meridian
and that of the axis of the tranfit, until the center of the crofs co-
incided with the axis of vifion in looking downwards. "The
board being there faftened, andthe perfpetive removed, the in-
terfection of filk threads ftretched acrofs the board, marked very
accurately the point correfponding with the center of the tran-
fit, over which the center of our inftrument was brought by
the help of the plummet. The fecond method was ftill more
diret. Dr. MaskerLyNE had an objeét glafs prepared for his
tranfit telefcope of a focus fuited to the vertical height of the
ftand of our inftrument above it. This glafs being applied to
the tranfit, and the aperture contrafted by a piece of pafte-
board with a circular hole in the middle, a very fmall pin-hole
being likewife made in the board at top, the fame was gra-
dually moved by direttions from the obferver below, looking
through the telefcope in its vertical pofition, until the pin-hole
nicely co-incided with the axis of vifion. The inftrument
was then brought as before, by the help of the plummet,
exaltly over the pin-hole. In this manner, which was that
adhered to, no doubt remained of more than about ! th part
of an inch, with refpeét to the center of the inftrument being
in the interfetion of two vertical planes paffing through the
axis of vilion and that of mwotion of the tranfit underncath.
After having remained a week, the co-incidence of the pin-

hole
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hole with the axis of vifion of the telefcope was tried, and
found to have {uffered no alteration.

In the VIIIth triangle, the angle at Greenwich, between
Severndroog Caftle on Shooter’s Hill and the ftation on Norwood
heights, hath been fhewn to be 111° 56" 50”. By feveral obfer-
vations on different parts of the circle, Norwood ftation was
found to be weftward from the meridian 38° 4" 16", which of
courfe leaves for the angle that Severndroog Caftle is eaftward
from it 73° 49" 34”5 and either of thefe two angles is fup-
pofed to be 'within a very fmall fraftion of a fecond of the
truth. : '

Now, with the fides and angles of the feries of triangles
already known, and the angle 38° 5/ 16" now given, ‘which
Norwood makes with the meridian of Greenwich towards the
weft, it will be fufficiently obvious to thofe who are in the leaft
acquainted with plane trigonometry, that the diftances of that or
of any other ftation of the feries, from the meridian of Green-
wich and from-its perpendicular, are eafily obtained. Never-
thele(s, that thofe who are but little converfant with matters
of this fort may themfelves be able to examine the computa-
tions whereby the columns towards the left-hand of the an-
nexed table have been fupplied, we fhall give one example,
which will ferve for the whole.

Supl‘.iaﬁ?.{Plaltc b ﬁg+ I ) GM to rtpfﬂﬁllt the meridian of the

tranfit-room at Geéenwich ; GW the perpendicular to that -

meridian produced indefinitely towards the weft ; N the ftation
at Norwood, and H that at Hundred Acres, whofe diltances
are required, that is to fay, weftward from the meridian, and
fouthward from the perpendicular: then through the ftations
N and H, let dotted lines be drawn parallel to the méridian
and perpendicular refpectively, whereby four parallelograms

will
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will be formed. In the firft, or that which is neareft to Green-
wich, having GN in the VIllth triangle given =31274.48
feet, and the angle NGm=138° 9" 16", with its complenent
NGp=351" £ 44", 1t follows, that Nm reprefenting the dif-
tance of Norwood weftward from the meridian 1s=19306.54
feet; and Np reprefenting its diftance fouthward from the per-
pendicular is=24603.86 feet. Again, by attending to, and fum-
. ming up the angles round the point N, we thall find the angle
GNH = 175" 44" 36".82,which wanting 4° 15" 23".18 of 1807,
- fhews that the direftion of the fide NH inclines fo much more
to the weftward than the angle NGm.  Wherefore NGm=—38°
7' 16" + & 15" 237,18 = 42° 227 39”.18 = HNy, is the angle
which the line NH makes with Ny, a parallel to the meridian of
Greenwich drawn through the point N, Now, in the fupple=
mental parallelogram, having the diagonal NH:5564E.21
given in the VIIth triangle, and the angle HNs = 42° 227 39”18,
alfo its complement= 475" 37 20”.82, making ufe of NH as
radius, and thefe two laft angles reipeétively, we have sH=
24027%.36 feet for the fpace that H is more weftward than N;
and wi = 26334.04 feet, that H 1s more fouthward than N.
Hence mN +35H=43333.9 feet is the fpace that H is to the
wefltward of Greenwich ; and pN +wH = 50937.9 feet is the
ipace that H is fouthward from the perpendicular to the meri-
dian of Greenwich. Laftly, with thefe two given fides, and the
contained angle go°, we find the angle MGH=40c° 23" 18,54,
that Hundred Acres 1s {outh-weltward from the mendian of
Grcf;nwichl; whence the dire& or di:ignnnl diftance GH =
668,6.73 fect. Now, by referring to the table of refults, for
the two firft ftations weftward from Greenwich, the numbers
brought out in this example will be found in the left-hand co-
lumns under their refpective heads, and fo it would be with
the
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the reft. In another place we fhall have occafion to point out,

how the columns towards the right-hand of the {aid table have
been filled up.

S E2T:10.N FEIETE I,

On the difference between horizontal angles on a Spbere and
Jfpleraid, Plate X,

IN the Paper of 1787, various computations were given
concerning the figure and dimenfions of the earth, founded
chiefly on the aftual meafurement of different arcs of thg
meridian in different latitudes, fome of them very remote from
each other. From the alternate comparifon of thefe refults it
appeared, that the figure affigned to the earth by M. Bovcuer
in his fecond {pheroid agreed better with thefe meafured por-
tions of the curve, as fo many date, than any of the other
bypothefes. Hence it naturally occurred, that the trigonome-
trical operation which we were then about to commence
might probably throw fome further light on this intricate fub-
jet, which, for a great length of time, has engaged a confi-
derable fhare of the attention of the fcienggfic world. In the
confideration of this matter, a new and curious point, not for-
merly attended to, and immediately connected with our ope-
ration, prefented itfelf for inveftigation, viz. fuppaofing the carth
to be a fpheroid, fuch as M. BovGuER's, confiderably flattened at
the poles, what might be the difference between borizontal angles
obferved with a fine infirument on that [pheroid, and on a fphere?

The
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T'he following folution * of that important problem, being the
only unexceptionable one that I have received, is here given in
the author’s (Mr. Darsy’s) own words.

Let CE and CP (Plate X. fig. 3.) reprefent the equatorial
and polar femi-diameters of the earth, confidered as a {pheroid
flattened at the poles; PE and PN two meridians ; pe and pn
two correfponding ones (that is, in the fame planes) on a
fphere, having the fame center C. Let the points 4, 4, A, B,
on the fphere and {pheroid have the fame latitudes refpectively.
Draw the radii aC, 4#C, and the verticals AG, BW.

Then, becaufe the angles AON, BDE, in the {pheroid, are
always equal to the latitudes of the points A, B, thefe angles
are therefore refpe@ively equal to the angles aCn, 6Ce, in the
{phere, and confequently the verticals AG, BW, are parallel to
v ic
the radii aC, 4C. _

Let the latitude of B or & be greater than that of A or a3
and let it be required to make the horizontal angle PAr on the
{pheroid equal to the angle pab, or what the horizontal angle
would be on the fphere. .

Becaufe the angle pab is meafured by the inclination of the
planes, aCé, aCp, and AG is the common interfection of all
the planes of the vertical circles at A, and is parallel to 2C,
and in the fame plane; therefore, when the horizontal angle
PAr is equal to the angle pab, the planes GAr, CAS, muft be
parallel to each other; and confequently Gr, the line where
the plane GAr interfects the plane of the meridian EP, is pa-

* From my correfpondence by letter, and otherwife, with Dr. Masxesvyne, I
“had reafon to hope, that he would have favoured me with fome communication
on this fubjeét. No doubt, he has been prevented by other bufinefs ; but he will
probably give his method of folving {phercidical triangles to the Royal Socicty on
fome future occafion,

M rallel
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rallel to Cé in the {phere, or WB in the fpheroid, Hence, if
from G, the point where the vertical AG meets the axis, we
draw Gr parallel to the vertical BW, it will give the point r in
the meridian EP, making the horizontal angle PAr equal to
the angle pab, or what the horizontal angle would be on the
{phere. ' '

In like manner, if the angle PBv is to be made equal to the
angle pha, Wo muft be drawn parallel to GA, and the plane
vWB will be parallel to the plane AGr; and therefore the
angles of the fpheroidical triangles PAr, PuB, as meafured by
the inclination of the planes, are equal to each other refpec-
tively, and equal to the {pherical angles of the triangle pabd.

From hence it follows, that if A be the place of an inftru-
ment which meafures horizontal angles in the meridian NP on
a fpheroid, and BT a flag-ftaff fet perpendicular to the furface
of the earth on another meridian EP, the obferved horizontal
angle PAB, between the meridian PA and the flag-ftaff’ BT,
will be greater than it would be on a f{phere (the latitudes and
longitudes being the fame in both) as long as the latitude of
the flag-ftaff is greater than that of the inftrument, the excefs
being the angle BAr; but if the latitude of the inftrument is
the greateft, as fuppofe it was at B, and the flag-ftaff at A,
then the obferved angle PBA will be lefs than it would be on
the {phere, the defeét being the angle ABv, which, becaufe
the planes WoB, GAr, are parallel, will be the fame as the
excefs on the other fide, |

If the latitudes of the points A and B are the fame, the
planes WoB, GAr, will co-incide, or the verticals will meet in
the fame point in the axis, and therefore the obferved angles
will be equal to each other, and the fame as they would be if

obferved on a fphere.
Becaufe
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Becaufe AG, vW, BW, rG, are parallel to aC, 5C, the
angles vWB, AGr, will be equal to the angle aCé, or arc 4,
therefore the arcs v, Ar, will each be equal to the arc ab;
that is, they are arcs of great circles of the fame value, in-
tercepted between the meridians PN, PE, at B and A.

Draw GR perpendicular to the vertical BW ; then, becaufe
BW and rG are parallel, it will alfo be perpendicular to +G;
and becaufe the axis PW is the common interfetion of the
planes of all the meridians, and BW, W, are in the plane
of the meridian PB, therefore GR is in that plane; and be-
caufe the angle WBr, made by the vertical and meridian, and
the angle GRB, are right ones, therefore GR is equal to the
arc Br neatly, and confequently is nearly equal to what {ub-
tends the difference of the horizontal angles on the fphere and
{pheroid.

And if GS be perpendicular to the vertical GA, it will be
equal to the arc Av nearly, and therefore GR, GS, or the arcs
Br, Av, will be as the cofines of the latitudes of B and A.

Draw AK the tangent to the meridian at A, to meet the axis
CP produced; alfo draw AH perpendicular to the vertical AG,
to meet Gr produced ; through H draw KHT, and join AT.
Then, becaufe the points K, H, are in the plane of the hori-
zon of A, the line KHT will be in that plane; and becaufe
rH and BT are in the plane of the meridian BP, therefore HT
is alfo in the fame plane, and is what fubtends the angle TAH,
the true difference of the horizontal angles, which, when the
{pheroid is given, may be determined as follows.

From the nature of the fpheroid, find the length of the ver-
tical AG; alfo the points G and W, where the verticals meet
the axis: then, becaufe the angle AKG is equal to the latitude
of A, and AGH is its complement, GK and AK will be given.

M:2 Let
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Let a and & on the {phere have the fame latitudes and difference
of longitude as A and B on the {pheroid, and find the angles
pab, pba, and the arc ab, or angle aCé; then becaufe AG is
given, and the angle AGH equal to the angle aCé, AH will
be given; with AH and AK, and the included angle HAK
(equal to the fpherical angle éap) find the angle AHK, and
alfo KH ; then, becaufe the triangles KHG, KT'W, are in the
fame plane (that of the meridian BP) and GH is parallel to
WT, thefe triangles will be fimilar. Hence GK : HK ::
WG : TH; now HA, HT, and the included angle AHT (the
complement of AHK) being given, the angle TAH, the differ-
ence of the horizontal angles, will be given.

Example. Let the {pheroid be that of M. Bouguer ; and let
the latitude of A be 49° 40°, of B 50° and their difference of
longitude o° 30°.

From the nature of the fpheroid, the radii of curvature of
the mendian at the equator and the pole, will be 3465507 and
3524069 fathoms nearly; their difference is §8562 fathoms,
the length of the evolute of the meridian; and the vertical
AG= 3465507+ %5 % 58562+ ; x 58562 x fine 49" 4071 + %
x 58562 x fine 49 40 =3509769.5 fathoms; alfo OG=_"
x 58562+, x 58562 x fine 49° 401" = 40307.66 fathoms;
and DW = * x 58562+ % x 58562 X Wz=4039?.z3
fathoms. Now, the angles GOC, WDC, being=the lati-
tudes of A and B, we get CG = 30726.16, and CW = 30946.08
fathoms, their difference being 219.92 fathoms =GW,

The fides pa, pb, being equal to 40° 20 and 40° refpeétively,
and the included angle=30’, will give the angle pab=43°
5174872, the angle pba=135° 45 16”.2, and ab, or the
angle aCé, =27’ 49”.7.

: Now,
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Now, by proceeding as direCted above, we get GK =
4604232.9,AK = 2980006.3,and AH = 28412.2fathoms. Hence
the angle AHK=135" 45" 20".08, and KH=2979745.4
fathoms ; whence HT =141.37 fathoms. This, with AH,
and the included angle AHT = 44" 14" 39”.92 (the comple-
ment of AHK) give the angle TAH=11" 58”.9, the difference
between the horizontal angles on the {phere and {pheroid.

Hence the obferved angles at A and B would be 43° 517 48,2
‘11 587.9=44" 3 4771, and 135 45 16”23 =117 58”.9
=135° 33’ 177.3.

If the figure is an ellipfoid having the fame axes, the angle
TAH will be found=87 4”.4.

It may be remarked, that the angle TAH, or the horizon-
tal angle TAK, diminifhes or augments as the point obferved
in TB is elevated or deprefled ; this varation is however too
{mall to be worth attending to in pratice, as may be thewn in
the following manner.

Let the {pheroid be M. Bovcuks’s (becaufe the difference
will be greater than on an ellipfoid) ; and let the points A, B,
fig. 3. have the fame latitudes and difference of longitude 2s
above; alfo, let BT be the flag-ftaff, and through B draw
GBn.

Now, if we fuppofe B to be in the horizontal line nearly,
the horizontal angle at A, taken between the north part of the
meridian AP and the fiag-{taft at B, will be the angle BAP,
the telefcope in this cafe being pointed to B, and the vertical
plane which it would then move in is the plane #BGA ; but if
the telefcope is directed to fome point T in the flag-{taff above B,
the angle TAP in this cafe will evidently be lefs than it was
in the former by the angle #\'T nearly; and confequently it
diminithes as the obferved point T is elevated; and it is alfo

evident,
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evident, that it will be augmented as the point obferved is
below B.

The latitudes of A and B being 49° 40" and 50°, and their
difference of longitude 30", BG will be nearly equal to AG, or
3509769 fathoms, and GR being equal to 141.36 fathoms,
and the angle GRB a right one, we have BG (3509769) : rad.
:: GR (141.36) : fin. 87, the angle GBW, or TBs. Now,
fuppofing the point T to be a mile above the furface, this with
the angle »BT =8, will give Tz equal to about three inches ;
but Tz is in the plane of the mernidian PBE, and confequently
would be feen obliquely, if viewed from A, becaufe the angle
ABT is about 135°, and therefore T# muft fubtend a very
{mall angle at the diftance of 33% mules, which is nearly the
diftance between A and B.

From the determination of the horizontal angles that would
be obferved at A and B (fig. 2.) on the {pheroid, if AP, BP,
the co-latitudes of A and B are known, and the angles ABP,
BAP, are given by obfervation, it follows, that the greater of
thefe obferved angles muft be augmented, and the lefler dimi-
nithed, by the fame quantity of a degree, till the fum and dif=
ference give the oppofite fides AP, BP, accurately by fpherical
computation, and then the third angle, or difference of longi-
tude, will be given : for the obferved angles at B and A being
refpeftively 135" 33" 17°.3 and 44 3’ 4%".1, we have fine
135" 33" 1773411 §8”.9: fine AP i fine 44° 3’ 4771 =
11" 58”.9 : fine BP accurately; but taking the angles that
would be obferved, fine r35° 33" 197.3 : fine AP :: fine 44° 3/
47”.1 : fine of an arc greater than BP; and fine 44° 374771
: fine BP :: fine 135° 337 19".3 : fine of an arc lefs than AP; and
this will fhew if the obferved angles are confiftent, as angles that

ought
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ought to be found by obfervation on ‘a {pheroid flattened at
the poles.

Becaufe the fum of the obferved angles at A and B on the
fpheroid are equal to the fum that would be obferved on a
iphere, the latitudes and difference of longitude being the fame
on both, and the differences equal, therefore the fum for com-
putation is the fame for both, and the quantity of each for
computation on the {pheroid may be found from the following

Thearem.

In any f{pherical triangle BPA (fig. 4.) if two of the fides
PB, PA, and the fum of the oppofite angles, PBA 4+ PAB,
are given, it will be,

As the tangent of half the fum of the fides,

I5 to the tangent of half their difference;

So is the tangent of balf the fum of the angles,

Do the tangent of balf their difference.

In the fpherical triangle abp (fig. 2.), as fine dap : fine 4p ::
fine abp : fine ap; that is, on the {pheroid, fine BovP : fine
BP :: fine vBP : fine AP. Now, the arc Bv being =the arc
ba, confidered as an arc of a great circle, it follows, thatin
the fpheroidical triangle vBP, if vB, BP, and the included
angle vPB are given, the other angles at P and v may be found
by {pherical computation, but not the third fide vP. Suppofe
BP, Bv, are given, and the included angle vBP a right one;
then rad. : fine BP :: cotang. Buv : cotang. angle BPv; there-
fore, if the latitude of the point B, and the angle BWw, or
the quantity of the arc Bv, as an arc of a great circle perpen-
dicular to the meridian at that point, are given on a {pheroid,
the difference of longitude may be found by fpherical compu-

tation, but not the latitude of the point 2.
2 But
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But if the fpheroid is known, the latitude of a givén point
(v) in a great circle perpendicular to the meridian, may be
found nearly from what has been delivered above. Thus, as
rad. : cofine BP :: cofine Bv : cofine of an arc (PA) lefs than
Pv, the co-latitude of v. Now, with the latitude ({uppofe of
the point A) thus found, and the given latitude of B, find GS
(fig. 2.) which will be very nearly equal to the arc Av, and
the value of this, as an arc of the meridian, being added to
PA, will give Pv, the co-latitude of w.

SECTION S1LET H

Manner of determining the latitudes of the fations. Application
of the pole-flar obfervations to computations on different fpheres,
and alfo on M, BouGUEeR’s [pberoid, for the determination of
the differences of longitude. Ultimate refult of the trigonome-
irical operation, whereby the difference of the meridians of the

Royal Obfervatories of Greenwich and Paris is determined,
Plate X.

ArTICLE 1. Preamble, fbewing the general principies adopied
Jor fettling the latitudes of the flations.

In the Paper of 1787, {o often quoted, and which was in-
tended only as a fketch of the mode then propofed to be fol-
lowed in condudting the recent trigonometrical operation, we
had occafion to thew, that the meafured arc of the meridian
between the point M near Dunkirk, and Perpignan fituated at

the
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the bottom of the Pyrencan mountains, correfponding to an
arc in the heavens of nearly 8°; of latitude, differed but little

from what fhould be its true length, fuppofing the earth to
have the figure and dimenfions afligned to it by M. BoucuEr
in his fecond fpheroid. Here, however, it is become neceflary
to take notice of fome miltakes * that, through inadvertency,
were fallen into in the computed lengths of the arcs, which,
although they affet in a certain degree the accuracy of the
numbers brought into comparifon, do not invalidate the general
seafoning there advanced, and the only thing meant to be efta-
blithed, namely, that M. Boucuer’s hypothefis agreed better
with attual meafurement on different parts of the furface of

# The miltakes adverted to in the text were of three kinds. Fult, an erro-
neous mode of fumming up the lengths of the arcs from the lengths of the
degrees, although thefe taken feparately were very accurately computed: for
inflance, the 43d was taken as that extending from 42 to 43, whereas it fhould
have been taken for the middle point, that is, from 424 to 434, and{o on in
regard to others. Hence the arcs are all made fomewhat too long. The fecond
was the omiffion of the value of g3 toifes in eftimating the length of the
celeftial arc between Greeiwich and Perpignan, the feftor with which the ftars
were obferved having ftood fo much to the northward of the church of St. Jaumes,
the point to which the triangular meafurement correfponded. The third was
fallen into from not knowing that the French obfervations of the ftars had
been correfted for the nutation of the earth's axis, in a Paper of M. pe LA
Carrre's, inferted in the Memoirs of the Academy of Sciences for the year
1758, whereby all the lengths of the celeftial arcs were thereby in fome degree
changed from what had been afligned to them refpeltively in the Book, La
Meridienne vérifiée, publifhed in 1744. From thefame Paper it further appears,
that they rejefted altogether their obfervations at Perpignan, as being probably
affefted by the attraétion of the Pyrenées. With regard to that part of the Table of
Comparifon in the Paper of 1587, which is affeted by thefe errors, the only
thing that now can be done is to annex to this paper a correfted flip, which may
be referred to occalionally, or cut off and pafted over the former.

N '~ the
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the earth, than any of the others with which it was com-
pared.

In proof of this, we need only for the prefent remark,
what will be made fully to appear hereafter, that the diftance
between the parallels of Greenwich and Dunkirk, or Green-
wich and M, being now added (by our trigonometrical opera-
tion) to the meafured length of the meridian of France, the
meafured and computed fe&tions of the united meridian will be
found to agree almoft exaltly at Paris; that the excefs of the
meafurement is but of the value of 3 or 4 at Bourges; only
of 6’7 at Rodés; aud even as low down as Perpignan, comi-
prehending in the whole an arc of the heavens of more thai
871, the excefs is not greater than what would anfiver to be-
tween 16" and 17", the chief part of which is probably ow-
ing to the attra&tion of the plummet of the fe&tor by the Py-
renees. In the Paper of 1787, the effect had been affumed at
a quantity equal to about 10", But every thing on this head
muft be confidered as merely matter of fuppofition, which
cannot be determined one way or other until triangular mea-
furéments fthall have been extended beyond the Pyrenean maun-
tains into Spain, and correfponding obfervations of the ftars
made on both fides with the fame inftrument, which thould be
one of the beft that could poffibly. be invented for the purpofe:
[n the mean time, fince the French have rejected their own
obfervations at Perpignan, we fhall avoid drawing any conclu-
fions with regard to latitudes from the obfervations to the
fouthward, and confine ourfelves to thofe immediately con-
nefted with our operation, made at the northern ftations of the
meridian, -

In carrying on the trigonometrical operation; it neverwas
propofed that we fhould attempt to determine the: latitudes of

7 the
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the ftations, by aftual abfervations of the zenith diftances of
ftars, which, with the very beft inftruments hitherto ufed for
that purpofe, could not have been done nearer than about 17
of an angle in the heavens, anfwering in thefe parts to 101 feet
on the furface of the earth. Even if wecould have been fupplied
with a fe@or fo far furpafiing the old ones ({fuch perhaps as Mr.
RamspEn may hereafter invent) that would have given zenith
diftances to one-tenth part of a fecond, or about ten feet on the
furface of the earth, the application of it in our operation
would have been mere lofs of time: for the Aftronomer Royal
having fettled the latitude of Greenwich g1° 28" 407, to
within lefs than half a fecond of the truth; and the geodetical
fituation of each ftation of our feries being deterrmned fo accu-
rately with regard to that point, as to leave no where an uncer-
tainty of more than one or two feet; we have thereby been
able to determine the relative latitudes to a {fmall fraltion of a
fecond. Here, however, it is to be underftood, that we have
adhered to M. BouGuer’s fcale, as anfwering almoft exactly in
the narrow fpace of 26" 51", or thereabout, of latitude be-
tween Greenwich and M, to which our operations have been
confined.

That this mode of fettling the latitudes of our ftations is
extremely accurate, will more fully appear from the following
confiderations. In the general computation of fpherical tri-
angles, a {phere whofe diameter is a mean between the longeft
and thorte(t of M. Boveuer's {pheroid has been adopted, be-
caufe it was obvious, that in our latitudes the degree of fuch a
{phere could not differ fenfibly from the mean degree of the
fpheroid. Thus the degree of the fphere 60859.1 fathoms
an{wers (as may be perceived by confulting the table  the
Paper of 1787) to the degree of the meridian on the {pheroid in

N 2 : the
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the latitude of ¢1® 5%, Again, if the total length of one-
fourth part of the fpheroidical meridian of the earth, between
the equator and the pole, 547%094.4 fathoms be divided by go°
(Fig. de la Terre de BouGuEer, p. 310. and 311.), we fhall
have 60867.72 fathoms for the mean degree of the meridian,
which in the fame table will be feen not to differ fenfibly from
that anfwering to the latitude of Greenwich ; in or near which
parallel the curves of fuch a {phere and M. BouGuEer’s
{pheroid interfe&t each other, as will be readily conceived by
referring to and confidering the reprefentation of them, in
Plate X. fig. 3.

ArT. 11, Of the pole-flar obfervations in general,

It became neceflary, in the preceding article, to point out
m what manner the latitudes of our ftations have been de-
duced from their relative fituation with regard to Greenwich ;
becaufe the method adhered to of fettling the differences of
longitude by the obfervations of the pole-ftar, which could
rarely be made except on one fide, that is to fay, at night,
when the ftar was eaftward from the pole, implied as a matter
of courfe, that the latitude of the ftation fhould be accurately
known, for the computation of the ftar’s azimuth. = With the -
declination of the ftar, fettled to fo great a nicety as it has
been by the Aftronomer Royal, and the latitude of the place
given, a fingle azimuth was fufficient for obtaining imme-
diately the true direction of the meridian. Much time would
have been ufclefily loft in attempting to get obfervations of
the ftar in day-light when on the weft fide of the pole, whereby
the double azimuth would have been obtained; and in that
cafe the bifection of the angle would have givt:n the true me-
ridian of the place, without the knowledge of its latitude.

For
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. For the purpofe of the pole-ftar obfervations: a fmall table
had been previoufly computed, of the exalt times of the ftar’s
being in the ealt and - weft ; whence the moments of its greateft
elongation were readily known. On thefe occafions the Board
of Longitude's pramium watch, by the late Mr. Harrisow,
was made ufe of, Its rate of going all the time that it was in
the field in 1787, was very uniformly 9% feconds a day fafter
than mean time. But in the winter months the watch gra-
dually. changed its rate from plus to minus, and when it was
carried into the field in 1488, and, during the five weeks that
it continued-there, it regularly loft on mean time from 33 to
4 feconds each day; having in that fhort interimn been twice
compared in Argyll-fireer, with an excellent clock made by
CummMING, with an improved ErLicoT’s pendulum.

With regard to thefe pole-ftar obfervations, whereby the
differences of longitude, or the angles of convergence of the
meridians towards each other, have been determined, it is
neceflary to remark, that although fome few were made to the
weftward of Greenwich, yet thefe were not at {ufficient dif-
tance from it, and alfo taken of too fhort fides, to afferd
refults that were perfectly fatisfatory and conclufive. It is on
- the obfervations to the eaftward only, and chiefly on thofe
made at Goudhurft and Botley Hill, which are upwards of
twenty-three miles from each other, and reciprocally vifible,
that we have relied for the fcale of degrees of a great circle
perpendicular to the mendian in thefe latitudes ; whence thofe
of longitude have been obtained. The obfervations made at
Folkiftone Turnpike, which is upwards of fifty-eight miles in
direét diftance from Greenwich, and where, fortunately, the
double azimuth of the pole-ftar was obtained, are perfeitly
con(ftent with thofe taken at Goudhur(t and Botley Hill. But

when
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when at Fairlight Down we had no obfervations of the ftar,
being at that time fo much engaged with the other eflential bufi-
nefs of the triangles, and particularly with the interfetion of the
lights on the Coaft of France, as to render it ‘impoffible to
attend to any thing elfe, even if the weather had proved lefs
unfavourable than it was at the period alluded ta, for celeftial
obfervations.

Art. JW. Pole-flar obfervations at Goudburfi and Botley Hill
applied to computations on the mean [phere,

Let B (Plate X. fig. 5.) be Botley Hill; PBR its meridians
‘G Goudhurft ; W Wrotham Hill; T Tenterden; RG an arc
of a great circle paffing through G, and falling perpendicu-
larly on the meridian BR:; alfo let % % reprefent the circle of
the pole-ftar’s apparent declination; and Bx, G, be twe
-azimuth circles touching that circle.

Auguft 14, 1788, at Goudhurft, the angle
«GT, or that between the pole-ftar, when at its
greateft apparent diftance from the pole on the eaft
fide of the meridian, and ‘the reverberatory lamp | -
at Tenterden was oblerved +, " . 104 32 19}

The angle BGT, between the lamp at Botley
Hill and Tenterden, was repeatedly obferved, 167 43 56

"Their difference = angle %GB is, . 63 11 36%
+ The obfervarions of the pole-ftar at Goudhurft and Botley Hill were repeated for
ieveral mights at each place ; but thefe here given are the moft exadt. At Goudhurit
the angle which the far made with thelamp being noted, the telefcope removed, and,
the plane of the inffrument being turned 180°, or half round, the telefcope re-
placed and directed again to the ftar, the difference on the circle was found to be

only 1”]. The fame method was univerfally adhered to in all placés where
obfervations of the far were obtained, At Botley Hill, in particular, ‘the dif-
ference between the readings was no.moye than 17§, i IR

' Auguft
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Auguft 23, 1788, at, Botley Hill, the angle
#BW, or that between the pole-ftar at its greateft
apparent_clongation and the lamp at Wrotham
Hill, was obferved, . e 76 21 37

The angle WBG, by repfated beervatmns wWias, 40 4 42

Their fum=angle *BG is, ; . 116 26 19

In order to obtain the ftar’s azimuth at each place, we may
take, without producing any fenfible error, the latitudes of G
and B, as they would be found on M. Bovcuer’s fipure,
which we have already announced, and will hereafter prove to
be confiftent with obfervation. Thus B, or Botley Hill, is
fouth from Greenwich 728821 feet, and nearly on the fame
meridian ; wherefore its latitude will be 51° 16" 417,54, and
its co-latitude BP of courfe is=38° 43" 18”.46. Now, Px
the apparent diftance of the ftar from the pole at that time
being = 1° 49" 227.84, in the right-angled fpherical triangle
PxB, we have fine BP : rad. :: Px : fine 2° 547 54”.2 equal
to the angle #BP, the ftar’s azimuth from the north. And
this being added to the angle # BG obferved 116° 267 19", we
have the angle ¥ BP =119° 217 13".2 for that comprehended
between the meridian and Goudhurit.

The diftance of Goudhurft from the perpendicular to the
merndian of Greenwich is 132592 feet, and its diftance from
the meridian of Botley Hill, on a perpendicular to that meri-
diany is. 106171 feet nearly =GR. Hence the latitude of the
pomt-Ris 106" 527, 39 ;- therefore’ RP=38° 53" ».rr, and
RG=1ob61;1 feet=17" 19” i nmrl_',r Hence, as rad. : cofine
RP mfue RG : fine 5i 6" 49”'.7, the latitude of G nearly ;
therefore, GP = 38° 53’ 107.33 and P& the flar’s apparent
diftance at the time being 17 49725".34; we have the angle

AU E PG
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PG %, the ftar’s azimuth=2° g4’ 20”.8, which being fub-
tracted from the angle BG* obferved at Goudhurft between
the lamp on Botley Hill and the ftar, there remains the angle
BGP=60" 17’ 135",y comprehended at Goudhurft, between
Botley Hill and the meridian.

Now with thefe dusa let us fuppofe, in the firft place, the
earth to be a fphere, whofe diamcter is a mean between the
longeft and thortelt of M. BouGUuER’s fpheroids, the latitude of
B, and of courfe its co-latitude BP, given; alfo the angles
PBG and PGB refpectively 119° 21" 13,2 and 62° 15" 15”.7,
we fhall then have PG the co-latitude of G, and the angle
BPG or difference of longitude of B and G. And becaufe the
degree of fuch a {phere contains 608 59.1 fathoms, the latitude
of Botley Hill will then be §1° 16" 417.45, and BP its co-
latitude=38° 43" 18”.55. This laft fide, with the former
angles PBG and PGB refpeitively 119° 217 13”.2 and 60° 1~/
15”7, give PG =38 53" 6”".72 the co-latitude of G; and alfo
the angle BPG, the difference of longitude of the points B
and G equal to 27" 36”.q. Again, in the right-angled
fpherical triangle PRG, rad. : tang. GP :: cofine of the angle
RPG : tang. 38° 53" 3".47=RP. But the peint R is 22094
fathoms fouth from Greenwich, and nearly on its meridian,
therefore its latitude will be 51° 67 52”.8 ; and hence PR the
co-latitude will be 38° 53" 7”.2, which exceeds PR formerly
found by fpherical computation to be 38° 53" 3”.47 by 3".73,
an arc equal to 63 fathoms. Alfo RG, the diftance of Goud-
hurft from the meridian of Botley Hill, on a perpendicular to
that meridian, is equal nearly to 157695 fathems, which, allow-
ing 60859.1 fathoms for a degree, correfponds to an arc of
17 26”.7. But fpherical computation formerly gave RG=
17 20", the difference confequently is 6.7 =113} fathoms;

therefore the carth cannot be this mean fphere, which was
aflumed
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affumed for the purpofe of exemplification, becaufe its degrees,
in the direftion of the meridian, differ {o little in thefe latitudes

from thofe of M. BouGuer’s fpheroid.

Ant. IV. The fame poleffar obfervations applied to computations
on a fphere of greater dimenfions,

Let us {fuppofe, in the fecond place, the earth to bea fphere
of fuch magnitude as té have degrees of a great circle con-
taining 612531 or 61254 fathoms, we fhall then get the lati-
tude of B or Botley Hill= g1° 16" 46", the latitude of R=

“g1° 9" 172, and PR =38° 527 587.8; alfo RG =17’ T0/Sp.

]

Now, BP=38° 43" 13”.9, and the obferved angles will give

the angle BPG, or the difference of longitude= 127" 36".7, the
fame as before, and the arc PG or co-latitude of G = 38° 53
2”05 *. This laft ide, with the angle RPG=2%" 36”.7 of
the right-angled fpherical triangle PRG, will give PR = 38°
52’ 587.8, and RG=17" 19”.9; that is to fay, the obferved
angles PBG and PGB, at Botley Hill and Goudhurit refpec-
tively, are nearly the fame as they would be found on a {phere of
fuch magnitude as to have degrees containing 612531 or 61254
fathoms. But fince the value of RG as an arc of a great cir-
cle was before found by the triangles BPG and RPG to be
17" 20", when the latitude of. B was taken as belonging to a
fphere whofe degrees contained 60859.r fathoms; and the
fame arc as now determined, vis, 177 19”.9, agrees very nearly

% It is evident, that as the latitude of B increafes, the ftar’s azimuth, or the
mtg]c * BP, and cﬁufctiucnﬂr the angle PBG, incredafe likewife, . But at G the

"f.ng_lé PG s diminilied h}? the inereale of the angle % GP; or the azimuth ; and

therefore ifthe difference of the latitudes of B and G remain: the fame, or
nearly the fame, the fum of the angles PEG, PGB, will alfo be nearly the fame ;
wherefore no fenfible difference in the angle BPG, or difference of longitude, will
be found on this account.

O with
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with the former, although the latitude of B be now taken on a
fphere whofe degrees contain 612353% fathoms, it obvioufly
follows, from thefe recent obfervations, that whatever the pre-
cife figure of the earth may be, or the ratio between its diameters,
the degree of a great civele upon it perpendicular to the meridian,
cannot in thefe latitudes differ much in length from 6125 31 fatboms,

Art. V. The pole-flar obfervations at Folifione Turnpike applied
fa computations on the fame greater [phere,

Let G (Plate X, fig. 6.) be Greenwich ; PR its meridian;
F, H, and T, the ftations at Fairlight Down, High Nook, and
Folkftone Turnpike, refpettively ; alfo let PI* and PT be me-
ridians paffing through F and T'; and FR and T great circles
cutting the meridian of Greenwich PR at right angles in R and r..

At the ftation T, on the 7th of September,

1738, atnight, theangle between the pole-itar,
when at its greateft apparent elongation from the
pole on the eaft fide of the meridian, and there- =~
verberatory lamp at H, was obferved, . 122 19, 2%

On the following morning, Sept. 8th, the
angle between the ftar, when at its greateft
diftance on the weft fide, and the flag-ftaft at H,

was obferved, : - . 117 30 2%
The difference or double azimuth 1is, ; 5 48 102
And the half fum is, . . 120 24 §7.8%

This half fum 120° 24" 57".87 * is the angle PTH, or that

comprehended between the meridian PT and H. The angle
HTF,

* By taking the latitude of T as determined on M. Boucuer’s fpheroid, =
51° 5’ 45".3 nearly, the co-latitude or TP is equal to 38° 54’ 14”.7, and the
Ric's apparent diftance at the time being 1° 48’ 18".03, we have, as fiae

38°
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FITF,; or that between the lamp at H and the white  lights
repeatedly fired at F, was twice obferved 22" 48" ; therefore
120° 24" §77°87+ 2l 48 .= 326" 4y 45.87 is the angle PTF,
that the ftation on Fairlight Down makes with the meridian of
Folk{tone Turnpike.

Now, T being equal to 45827.88 fathoms, and RF=
23884.68 fathoms, if we take 612533 fathoms=1", we fhall
have Gr=22871 fathoms= 22" 247183 GR = 36436.1 fa-
thoms= 35" 417423 T =44" 53743 and RF=23" 23".75;
therefore PR, the co-latitude of R, will be 39° 7/ 1”.42; and
that of » or Pr will be 38 59 44/.18. Hence, in the right-
angled fpherical triangle PRF, we fhall have the angle RPF =
37" 4”.901, and ‘PF=39" 7" 77.294. Further, the triangle
PrT gives the angle #PT=1° 11 297.143, and PT =
38° 54’ 57.98. Now, ° 11/ 29”.143-37 47.901=34
24”242 =the angle FPT. This laft angle, with the two
containing, Gides PT and PF, give the angle PTF = 120° 47
4475, the fame as it was aGually obferved very nearly. And
hence we have another ftrong proof, that on this part of our
earth the degree of a great circle, perpendicular to the meridian,
cannot differ much in length Sfrom 612531 fathoms, whatever may
be its real figure, which cannot be determined until thefe obferva-
tions Jball bave been compared with otbers that may hereafier be
made in the fame way, and with equal care, in latitudes remote

from each otber.

387 54" 14".7 ¢ rad, :: fine 17 4¢/ 187.03 ¢ fine 2° 4’ 5,12 the ftar’s azimuth,
Twice this angle, or 57 487 10".24, agrees very nearly with the double azimuth

¢ 48/ 10"%, found by the obfervations on the 7th and Sth of September. T his
the accuracy of thefe obler=

near agreement, at the fame time that it ferves to fhew
was adopted in general,

vations in particular, and the goodnefs of the mode that
ferves alfo to prove, that Dr, MAsKeLvyE has fettled the declination of the pole-

ftar to great precifion.

Oz ART.
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Art. VL. Tbhe latitude of the point M near Dunkirk, and confe-
guently the diffance betwween the parallels of Greenwich and M,
deduced from the fame length of a degree perpendicular to the
meridian.  Alfo the comparifin of its length with that of réa
meridional degree.

Again, let us fuppofe G (Plate X. fig. 7.) to be Greenwich ;
Pr its meridian 3 M the point near Dunkirk, fuppofed to be in
the meridian of Paris; Mr a great circle pafling through that
point, and falling perpendicularly on Pr. ‘Then, if we take
612524 fathums-:“ we fhall have rM (=89674.7 fathoms)
=1°2%" 50”.37, and Gr (=25831.43 fathoms)=25" 18”17,
Heuce Pr will be 38 56" 28”.17; and therefore as rad. : cofine
Pr :: cofine rM : fine 51° 17 58", 5 the latitude of M; and 51°
28 40’7 =51 17 58”5 —36’41”.5 15 the difference of latitude
between Greenwich and M, or the diftance of their parallels.
Now, as g000” : 612533 12 267 417.5 (=16017.5) ;: 2%249-3
fathoms; and this being added to 133409.8 fathoms, the meafured
arc of the meridian between M and the Royal Obfervatory at
Paris, we have 160659.1 fathoms for the length of the ter-
reftrial arc of the meridian comprehended between the parqlle_[s
of the two Royal Obfervatories nearly. But the length of the
celeftial arc between them being 2° 38’ 26" would, at the
rate of 612534 fathoms to a degree, give= 161743.3 fathoms,
‘which exceeds the meafured arc by 1084.2 fathoms. ‘_Tx.‘wrfﬁ:rrf
it is fufficiently obvious, that the earth cannot be a [phere of thefe
_dimenfions 5 but it mufl be an oblate [pheroid, on which a degree of
a greal circle, perpendicular to the meridian, in this way of con-
Sfidering it, exceeds in fmgrf; the mean degiee of the meridian be-
tween Greenwich and Paris in the proportion of 612531 m

60842, or 411} fathoms.
3 ART.
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Arr. VII. Application of the refults of the pole-flar obfirvations
to computations on M. BouGuer’s fpleroid, for the diffance of
the parallels of Greenwich and M.

Hitherto the refults obtained by the geodetical meafurement
and pole-ftar obfervations have been applied to fpherical com-
putations on two fpheres fuited to the diffcrent lengths of de-
grees found in two oppofite direCtions, at right angles to each
other, the meridian and its perpendicular; and from thefe
computations it has been clearly proved, that the earth cannot
be either of the affumed {pheres.

Let us therefore, in the next place, fuppofe the earth to
have the figure and the dimenfions of M. Boucuer’s {pheroid,
and by way of comparifon apply the fame refults to computa-
tions on that figure. Thus the latitude of the point » will be
found 51° 3’ 12”09, and the arcrM=1° 29’ 49”.03. Hence,
as rad. : cofine rP :: cofine rM : fine 51° 1 48”.85 = the latj-
tude of M nearly. Now, let the points r and M be repre-
fented by B and v (Plate X. fig. 2.) then will A reprefent the
point whofe latitude is 51° 1° 48”.85; and by proceeding in
the manner formerly direfted for a {pheroid, we get GW =
15.12 fathoms= to the diflance in the axis between the points
where the verticals from the latitudes 51° 3” 12”.09 and 51° 1’
487".8 5 meet the faid axis. Hence,as rad. : 15.12 (GW) :: cofine
s 17 48785 (angle SWG) : 9.509 fathoms = S, or the arc Av
extremely near., Now the value of Aw, as an arc of the meridian,
15=0".56, which being added to 38° 58’ 11”.15 (AP), gives
38° 58’ 11,71 =Pu, the co-latitude of v; and hence the true
latitude of v, or M (fig. 7.), is 51° 1" 487,29, which being
fubtracted from 51° 28’ 40", the latitude of Greenwich, there
remains 26 517,71 for the arc between them, or diftance of

their
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their parallels; which on this fpheroid correfponds to 27248.2
fathoms, lefs only by 1.1 fathom than the {pace found, in the
laft article, to anfwer to an arc of 26" 41”5, being the dif-
tance of thefame parallels on the greater {phere.

Thus the meafured length of the arc between Greenwich
and M, 27248.2 fathoms, being added to the meafured dif=
tance of M from the Royal Oblervatory at Paris, we have for
the total length of the arc between Greenwich and Paris
160658 fathoms, which exceeds the computed length of the
fame arc on M. Boucuer’s hypothefis by no more than 7%
fathoms.

But it hath been already fhewn, that whatever the precife
figure of the earth may be, a degree of a great circle upon it,
perpendicular to the meridian, cannot in thefe latitudes differ
much in length from 61253} fathoms, being but 16§ fathoms
lefs than 61270 fathoms, the length of the correfponding
degree on M. Boucuer’s {pheroid.

As far therefore as we are enabled to judge from the refult
of thefe obfervations, the earth differs but little either in its
latitudinal or longitudinal dimenfions from what hath been
affigned to it by M. BouGuE.

Ant. VIIL Application of the pole.flar obfervations at Botley
Hill and Goudburjt, for determining the length of the degree of
a great circle, perpendicular to the meridian.

Since M. BouGurR’s fcale for the degrees of the meridian
hath been found to agree almoft exactly with obferved latitudes
in this"part of the earth, let us take the latitudes of B and R
(fig. 5.) as they would be found on his fpheroid nearly, and
apply the pole-ftar obfervations at B and G, in order to find
the length of the degree of a great circle, perpendicular to

the
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the meridian of Botley Hill, pafling through Gaudhurft.
We fhall then have PB, the co-latitude of Eotley FHill,
=38 43’ 18746, and PR, the co-latitude of R, = 38" 53/
9”.14. Now, if the latitudes of B and R are nearly true, it
follows, that the point G muft be Sfomewbere in the great circle
RG, whatever may be its longitude. ‘Therefore theangle BPG, ar
the difference of longitude between B and G, will be found in
the following manner.

Augment the obferved angle PBG = 119° 217 13”.2, and dimi-
niflh the obferved angle PGB = 60° 17° 15”.7 by the Jame quantity of
a degree, until PR determined from the triangle BPG becomes =
38° 537 7714 mearly; which will be 'wzfrfﬂ‘ that quantity is o
21, Thus the angles for computation will be 119° 217 13”.2
+9’ 21”7 =119" 30" 34”.2, and 60° 17" 15".7~9" 21”=
60° 5’ §4”.7 3 whence the angle RPG, or difference of lon-
gitude between B and G, will be found=27" 36".75, and the
arc RG =15’ 20".06 nearly = 17695 fathoms. And hence the
degree of a great circle, perpendicular to the meridian, of this
new fpheroid, will, in the latitude of R, contain 61248 fathoms
nearly.

This follows as a corellary from what hath been already faid
concerning [pheroidical triangles,

But fince the difference of longitude between B and G was
formerly determined to be nearly the {ame, viz. 277 36"".7, when
the obferved angles at thefe two f{tations, and alfo the latitude
of B, were fuppofed to be on a figure different from this new
fpheroid ; it therefore follows, that the difference of longitude
between any two flations B and G, diftant in the prefent cafe from
each other twenty-three miles (and they fhould never be much
lefs remote) may be found with fufficient exallnefs, by baving the

borizontal
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horizontal angles at each Ration obferved very accurately, and the
latitude of one of the fations given nearly.

The difference of longitude between Botley Hill and Goud-
hurft, found as above, 27" 36".75, being augmented by the
value of the {mall arc comprehended between the meridians of
Greenwich and Botley Hill = 2.7, we have ultimately

29’ 39”.45 for the longitude of Goudhurft, eaftward from
Greenwich.

Art. IX. Difference between obferved angles en the new fpheroid
and that of M, BouGuEgg.

Laftly, on the fubje of thefe comparifons, let us fee what
would be the difference between the obferved angles at B and G,
as determined on the new {pheroid and on that of M. Boveuves ?

The latitudes of B and G on M. Bovcuzr’s fpheroid would
refpe@ively be 51° 16" 417.54 and 51° 6" 497,66 nearly, and
the angle BPG, or difference of longitude, would be= 27’
36”.18. Now, this laft angle, with the two co-latitudes PB
and PG, as containing fides, and fuppofed to form a fpherical
triangle, will give the angles at B and G refpeclively 119° 317
26".47 and 60> 7’ 3".18. But the obferved angles at thefe
ftations would be 119° 21" 32”.97 and 60 16" 56”.68, the
common difference between them being ¢' 53”.5, which
is 32”.5 greater than 9" 21", as was before determined.
Hence we " may conclude, that in this new {pheroid,
founded immediately on the recent geodetical meafure-
ments and obfervations of the pole-ftar made at Botley
Hill and Goudhurft, the verticals from B and G meet the
earth’s axis at a lefs diftance from each other than they would
in M. Bousuer’s fpheroid. The length of the wertical is
thorter as well as the radius of the parallel, whereby Goud-

hurft,
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hurft, or the Pc.il;t R, is lefs removed from the earth’s axis
than it would be on the former figure; and confequently it is
probable, that the fpheroid is lefs oblate.

From the preceding determinations it is further evident, that
fuppofing the latitudes of B and G, with the horizontal an-
gles PBG and PGB to be given by obfervation, not only the
difference of longitude, or the angle BPG, will be cbtained,
but alfo the arc BR of the meridian, the arc RG of a great
circle perpendicular to it, and the oblique arc BG, all confi-
dered as arcs of great circles of the {pheroid.

Ant. X, Further illufiration of the manner of fettling the lati-
tudes and longitudes of the flations comprebended in the general
table of refuits.

~ Having thewn, in the preceding part of this fection, how

the length of the degree of a great circle, perpendicular to the
meridian, and alfo the differences of latitude and longitude,
have been obtained by very accurate obfervations of the pole-
ftar made at certain {tations to the eaftward of Greenwich,
whereby we have been furnifhed with a feale for fettling the
longitudes of all the other ftations where no obfervations of
the pole-flar could be had, or only fuch as were not to be de-
pended upon ; we fhall, by way of further illuftration of this
matter, give another example of the calculations for the point
M near Dunkirk, which will {uffice for all the other ftations
comprehended in the general table of refults placed at the end
of this fe&ion, where the refpe@ive columns have been filled
up by the fame or a fimilar mode of computation.

Let G (Plate X. fig. 8.) be Greenwich; GRy its meridian ;
Gg the perpendicular to that meridian, produced eaftward;
MR a parallel to that perpendicular drawn through the point

i M ;

E |
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M ; and let Mg be a portion of a fmall circle of the {pheroid,
or parallel to the meridian of Greenwich, produced from M
northward, until it interfeéts the perpendicular in the point g.
Alfo, let MP reprefent the meridian of the Royal Obfervatory
at Paris, paffing through the point M, and interfecting the pa=
rallel of Greenwich in P. Further, let C reprefent the
church of Notre Dame at Calais, and making, as appears by
the triangles, an angle RMC of 14° 51” 3".9 with the pa-
rallel to the perpendicular of the meridian of Greenwich drawn
through the point M.

From the annexed general table of the refults of the tri-
angles, it appears, that MR=gG contains 538048 feet='
89674.7 fathoms; and that GR =gM contains 154938 feet=
25823 fathoms. Now, fince great circles, perpendicular to
any meridian of the {pheroid, converge towards each other,
as they depart from that meridian, in the fame manner as the
meridians themfelves do in departing from the equator, but
by a flower rate, it 1s obvious, that the perpendicular to the
meridian of Greenwich, paffing through the point M, muft
fall below or to the fouthward of R on that meridian, {o as
that Gr : GR :: rad. : cofine MR =1" 27" 517, confidered as
a portion of a great circle of the fpheroid, perpendicular to
the meridian of Greenwich. Hence, Gr will contain 25831.43
fathomss = 25" 25".9 of latitude, and therefore the latitude of
r will be §1° 3" 12”1, and its co-latitude 38° 56" 4%".9. Allo,
Rr meafures 8.43 fathoms, and fubtends an angle RMr=
197,42, :

In the right-angled fpherical triangle, pole rM, right-
angled at r, making ufe of the half fum and half difference
of the coutaining fides, » pole and rM, with the co-tan-

pent
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gent of 45° we have the angle of longitude r

pele M, P . : . — 4;.5
The angle, pole Mr, . . . =088 11 2.4

And the complement of this laft, or the con-
vergence of the meridian of M ({uppofed to co-
incide with that of Paris) to the mendian of
Greenwich, ; : - . ; = 1 48 38.6

Alfo, as fine 88° 11’ 21”.4 : fine 38° 56’ 47".0 :: rad. : fine
g8 58’ 117.2 the co-latitude of M; whence its latitude be-
comes §1° 1 487.8, from which, deduting the fpheroidical
correction o”.5, we have the true latitude of M=451° 1" 48’“’.3.
The difference between this and the latitude of r=51° 97 12”1
will be 1°23".8, anfwering on the {pheroid to 1416.77 fathoms ;
and this laft number being added to the value of the arc Gr=
25331.43 fathoms, we have 27248.2 fathoms for MP, or the
diftance of the parallels of Greenwich and M on this new
{pheroid.

Laftly, if to this mean diftance of the parallel of M from
Greenwich, we add the mean diftance of the parallel of M
from Paris=133398.8 fathoms, we fhall then have 160647
fathoms for the mean diftance of the parallels of Greenwich
and Paris, anfwering to the celeftial arc of 2° 337 267,
Hence the mean degree of the meridian between Greenwich
and Paris correfponding to the latitude of 50° ¢’f, contains
60648.3 fathoms, or about 1§ fathom lefs than M. BovcuEer’s
degree for the fame latitude. '

P2 ART,
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Art. XI. Comparifon of the angle berwween the meridian of
the point M and a line drawn from thence ta Calais, as
approsimately deduced from the Britifh and French obfer-
vations.

In the {pheroidical quadrilateral GgrM (fig. 8.), formed by
three arcs of three great circles, and one of a {mall circle of the
{pheroid, we have two right angles at G and », and twoothers
at g and M, each greater than a right angle by 9”.7; there-
fore the angle RMC, refulting from the triangles=14" 51 3".9
~RMr (19".42)=14" 50" 44”.54 90" o’ ¢”.7 I_'_CMg} =
104° 50’ 54,2, is the angle gMC, or that which Calais makes
with a parallel to the meridian of Greenwich drawn’ through
the point M. From this laft angle {ubtra&ing the angle PMg
=1° 48" 38”.6, or the quantity by which the meridian of M
(fuppofed to co-incide with that of Paris) converges towards
that of Greenwich, there remains the angle PMC=103" 2f
156 for the angle that the meridian of M fhould make with
a line drawn from D, or Dunkirk, through that point to Ca-
lais, according to the Britifh obfervations.

By the late French operations, the meridian of Dunkirk
makes, with a line drawn through M to Cakis, an angle of
102° 59’ 51”.5. The convergence of the meridian of M to
that of Dunkirk, on a difference of longitude of 2¢ 21”.54,
is 1’ 49".94, which being added to 102° 59" 5175, we have
103" 1" 417.44 for the angle that the meridian of M, or of
Paris, makes with a lme drawn from Dunkirk through that
point to Calais. The difference between the two refults 347,16

. 1% 1yt
1v equal to the mean of two extremes ( = 29"/
1s nearly equa = i A

the apparent uncertainty, in the determination of that angle
by
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by two fets of angles given in the Méridienne vérifice, as adverted
to in the Paperof 1987, Phil. Tranf. Vol. LXXVIL p. 195, 196.

ARrT, XIL. The longitudes of Dunkirk and Paris, eaffward from
Greenwich, determined by ihe fum of four diferences of me-
ridians.

In fig. g. let PA be the meridian of Greenwich; G Goud-
hurft, PR its meridian ; T the ftation at Folkftone Turnpike,,
PS its meridian; C Calais, PC its meridian; D Dun-
kirk, and PB its meridian. Alfo, let AG, RT, SC, and BC, Le
arcs of great circles, making the angles PAG, PRT, PSC,
and PBC, right ones.

The angle at Goudhurft, between its meridian and Tenter-
den, is 107" 26 40”.3 3 hence, by drawing parallels to this
meridian through Tenterden and the ftation at Allington Knoll
(fee the plan of the triangles) we fhall get 946.6 fathoms for
what the ftation at the Turnpike is fouthward, and 280¢8.8 fa-
thoms for what it 1s eaftward from the meridian of Goudhurit.
Now, 608 59.4 fathoms being nearly = 1° of the meridian in the
latitude of Goudhurft, we have g46.6 fathoms = 56" nearly =
the arc GR; and the latitude of Goudhurft being 51° 6’ 49,6,
that of the point R is 51° 5" 537.6 ; hence the co-latitude RP
= 38" 54" 6”.4: and fince the degree of a great circle, per-
pendicular to the meridian, in this latitude has been thewn to
contain 61248 fathoms nearly; therefore RT =28098.8 fa-
thoms will be 27" 3.7.6. This arc and RP give the angie
RPS =0° 43" 497.86 for the difference between the meridians of
Goudhurit and Folkitone Turnpike.

The angle at Folkftone Turnpike between its meridian and
Dover was obferved 66° 48’ 35", and if we draw a parallel to
this meridian ‘through 'Dover, we fhall find, that Calais is

25284.2
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25284.2 fathoms eaftward from the meridian of the Turnpike.
Now, the latitude of Calais being g0’ §7° 30” nearly (which
1s accurate enough for computation) the length of the degree
of a great circle, perpendicular to the meridian in that latitude,
will be 61246 fathoms nearly. Hence, 25284.2 fathoms=
24’ 46”.8 =the arc CS ; this, with the co-latitude CP (39” 2’
30", give the angle CPS=39" 19”.48, for the difference of
longitude between the Turnpike and Calais.

By Comte peE CassiNi’s Paper, communicated in January
1789, it appears, that the angle at Dunkirk, between its me-
ridian and Broulezele, 1s 10° 187 25" ; and that between Broule-
zele and Calais 66° 417 46”%, the fum is 77° o' 117§ for the
angle at Dunkirk, between its meridian and Calais. In the
fame Paper we have 19349.34 toiles for the diftance of Dun-
kirk from Calais; this, with the angle 45" o’ 11”3}, give
18853.7 toifes or 20093.3 fathoms for the diftance of Calais
weftward from the meridian of Dunkirk, which, by taking
61246 fathoms=1" (that of a great circle perpendicular to
the meridian in the latitude of Calais), is equal to 19" 41,3
—the arc BC; and this arc, with CP the co-latitude of Ca-
lais, give the angle CPB=31’ 15”.11 for the difference be-
tween the meridians of Calais and Dunkirk.

The angle APR, or the difference of the me-
ridians of Greeenwich and Goudhurft, has al-
ready been found (fee the end of the 8tharticle, _ |
and alfo the table of genecral refules), . =0 27 39.45

RP5 - i J . =0 43 4986
The angles {SPC ; - - : =0 39 1g4d

CPB a ; ; ‘ =0 I E§i1I

Hence the total angle APB, orlong. of Dunkirk,is=2 22 3. ¢
2 k

B e A N Bl iy et B L e
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It hath been already remarked, that, from p. 276. Méri-
dienne vérifi¢e, Dunkirk is 1430 toifes eaftward from the me-
ridian of Paris; and that in p. 36. of the Deeriprion Géome-
trique de la France, we find it only 1416 toifes. Now, thefe
will give 2” 226 and 2’ 21”.2 refpeélively for the difference
of meridians of Dunkirk and Paris; the mean is 27 21”.9 for
the longitude of Dunkirk eaft from Paris; therefore 27 22/
3'.9—2' 21”7.9=2" 19’ 42", or ¢’ 18”.8 in time, will be the:
longitude of Paris eaft from Greenwich nearly.

Again, in fig. 10, let P be the pole ; G Greenwich, PW its
meridian ; RD an arc of a great circle making the angle at R
a right one, and pafling through D; and DW an arc of the
parallel of latitude of Dunkirk.

By p. 240. of the Mvm. de I’ Acad. 1758, the celeftial arc
between Paris and the ftation of the fe&or near Dunkirk is
2° 11’ 5073 to which adding 5”.3 (=843} toifes) for what
the tower is north from the ftation, we have 20 11" 55”.3 for
the arc between Paris and Dunkirk 3 therefore, if the latitude
of Paris is 48° 50’ 14, that of Dunkirk will be 51° 2" ¢”.3,
whence its co-latitude becomes 38° 57" 59”.7=DP.

From what has been faid concerning {pheroidical triangles,
it follows, by way of corollary, that to find RD by fpherical
computation, when DP and the angle at P are given, it is
neceflary to diminith DP by a certain quantity determinable
from the pature of the fpheroid; this quantity is about 0”5
when the fpheroid is M. Bovcuer’s; therefore DP may. be
taken= 38" 57" 50,2, which is {ufficiently accurate for com-
putation. ;

‘ ‘Hence, as rad.: fine. DP :: fine 2° 22° 3.9 =WPD : {ine
1° 29" 19”.17=the arc DR. Now, 61247 fathoms being
equal to 1° of a great circle perpendicular to the meridian in

' the
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the latitude of Dunkirk nearly, we have, as 1°: 61247 2
1° 29” 19”.17 : 91175.8 fathoms=the arc DR.

But the length of this arc DR has been found nearly the
fame, that 1s, g1146.5 fathoms (fee the table of general re-
{fults) by continually drawing parallels to the meridian of
Greenwich through the different ftations between it and Dun-
kirk ; therefore, although that method in general is not ftri&tly
accurate, having a tendency to give the refults in excefs; yet
it is evident, that the length of the arc of a great circle fo
determined will differ very little from the truth, when the
erics of triangles employed for that purpofe are contiguous te
it, and follow its diretion nearly.

Art. XIII. For the diflance between the parallels of latitude of
Greenwich and Paris.

T'he diftance between the parallels of Greenwich and Paris
has already been determined in Art. X. of this feftion, by
taking M (r420.41 toifes weftward from Dunkirk) as the in-
termediate point. Let us next fee what will be'the refult when
Dunkirk is made ufe of inftead of M?

In fig. 10, as cof. RD : rad. :: col. DP : cof. PR= 38" 56’

24”.07; but DP by obfervation is=38" 57° so“.v=PW; -

hence PW —PR =38 57" 50".7 = 38" 56" 24”07 =1’ 26".63
=RW =1464.5 fathoms nearly, by taking 60838 fathoms for
a degree of the meridian, that being nearly its value in the
latitude of Dunkirk.

By our operation Dunkirk is 25425 fathoms fouthward from
Greenwich ; but the great circle DR meets the meridian of
Greenwich about 81 fathoms further fouth, thatis to fay, GR
1525425 +8.5=25433.5 fathoms, which being added to 1464.5

gives
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gives 26898 for the diftance between the parallels of latitude
of Greenwich and Dunkirk.

Becaufe Dunkirk 1s fituated near the meridian of Paris, the
diftance between the parallels of latitude of thefe places will be
nearly equal to what Dunkirk is north from Paris, namely,
1255174, or 125495 toifes (fee the pages formerly quoted).
Thefe numbers give refpetively 133750426898 = 160668,
and 133746.3 426598 =160644.3 fathoms for the diftances
between the parallels of Greenwich and Paris, a mean between
which will nearly be 1606456 fathoms.

If therefore the celeftial arc of the meridian between Green-
wich and Paris is 2° 38’ 26", we get 60846} or 60837} fa-
thoms for a degree of the meridian in latitude s50° ¢’1, the
middle point between Greenwich and Paris; and a mean of
thefe two refults 60841} only exceeds M. BovcuErr’s degree
for the fame latitude about 1} fathom, a quantity not differing
fenfibly from the defect that was brought out by the compu-
tation in Art. X. Finally, therefore, by taking a mean be-
tween this and the former length 608384, we thall have 60840
fathoms for the degree of the meridian in latitude 50° ¢* 277,
agreeing almoft exactly with that of M, Boucuks.

ArT. XIV. Comparifon of the length of a degree of a great circle,
perpendicular to the meridian in Kent, awith that in ihe South
of France,

M. CAassiNI DE Tuury, in his Book La Méridienne vérifice,
has given us the detail of an operation carried on in the South
of France in latitude 43° 327, for the determination of the
length of a degree of longitude, by marking, at the extremi-
ties of a long and well afcértained diftance, the inftantancous
explofion of gunpowder in the open air. For this purpofe a

Q_ {eries
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{erigs of triangles was extended along the fhore of the Medi=
terrancan Sea, between Cette and St. Viftoire, the extreme
{tations from whence the light was repeatedly obferved, as
fired at the church of St. Maries, nearly in a central fituation,
at the mouth of the lefler branch of the river Rhone.

From the refult of this operation, the beft of the kind that
lias ever begn executed in any country, it appears, that.a degree
of longitude in that latitude meafures 443557 fathoms;
whence it follows, that the degree of a great circle, perpendicular
to the meridian there, muft contain 61182% fathoms, being
651 fathoms lefs than the degree in the middle of Kent, lati-
tude 51° 6’ 507

Now, if we compare this difference with that found betweer
the correflponding degrees of great circles for the fame latitudes
on M. Boucuer's hypothefis, we fhall find them perfectly
confiftent with each other in their rate of diminution : for, by
confulting the table, it will be feen, that this degree in lati-
tude §51° 6’ 50’ exceeds that in latitude 43" 32° by 64.5 fa-
thoms, agreeing within lefs than a fathom with the former
difference.

On due confideration of fo many corroborating circums-
{tances as have been adduced in the courfe of this fe@ion,
there feems, therefore, to be {ufficient room to conclude, that
the earth differs but little either in its figure or dimenfions from
what hath been afligned to it by M. Bouguer. Itis true, in-
deed, that a new {pheroid has been here prefented, {fomewhat
lefs flat than the former, founded immediately on the Britith
obfervations; and thefe being again compared with the refult
of the above-mentioned operation, whereby the degree of lon-
gitude in the South of France was determined, it is from the
combination of both refults that the annexed table of the

I lengths
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lengths of degrees of great circles and of longitude has been
conftruéted for middle latitudes only, extending from 42° to
§2°.  Without the help of fuch a table, the new longitudes of
fome intermediate places, which we fthall have occafion here-
after to compare with the old, could not have been fo accu-
rately computed as was wifhed.  Now, although it is be-
Lieved, that this rable will be found to aniwer nearly in that
zone of the earth for which it is intended; yet it is only
offered for temporary ufe, until future obfervations of the pole-
ftar in the fame parallel, but on longer diftances than our recent
feries of triangles afforded, or the extenfion of operations of
the fame nature with ours into remoter latitudes, thall have
furnithed data for one more correét.

Tai:-le. of the degrees of great circlesand of longitude for
middle latitudes.
| Deg. of grear cir-|Degrees of longitude
Places, Latitudes. [cles, perp. to the in fathoms,
| meridian in fath,

o (BN Diff, ; Diff,

42.. 0, © 1170, 45458,
e lerg f 75 it IR
Sounth.of France . 43 32 o [biifa.s } 4.5 1443557 } 3874
44 © o |b61180.5 } 4. 144013.9 } 341.8
45 © o |61igs. } 8.5 1432714 1 742.5
46 o ‘o’ |'6tz03.  } B, 425153 )} 956.2
47 © o [bizui.5 } 8.5 [41740.1 } 700.1
48 o o |bizzo. } 8.5'140g64.2 )} 7819
Paris Royal Obfervatory |48 50 14 [01227.5 } 7.5 |40303.2 } 662.0
49 0 O |b1229. } 1.5 |40109.8 } 132.4
50 o o |61237.5 } 8.5 |39362.8 } 8o7.0
151 o o |61246.5 } 9. }38542.9 3 Bzoa
M near Dunkirk 51 1 48.3(61246.7 } 0.2 [38518.8 } 23.9
Derikirk <o 1esh = 51 2 q.3[61246.75 } c.05 385141} 47
Middle of Kent : 50 6 49.6|01248.  } :.-15' 3845c.0 LA T
Greenwich Royal Obferv. |51 28 40 [512511 } 31 [36148.7 } 301.3
52 0 o |br2gs. } 3.9037712.3 } 436.4

Q2 ART.
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Art. XV. Comparifon of the old longitudes of fome places on the
Skirts of the kingdom of France with what they will be when
computed by the new data.

If the preceding determinations of the longitudes of the
{cveral ftations between Greenwich and Dunkirk are accurate,
or nearly fo, as founded immediately on the Britith obferva-
tions, and ultimately combined with the refult of the opera-
tion in latitude 43° 32/, it follows, that all the longitudes of
the great map of France, the labour of more than half a
century, will be confiderably affected thereby, in proportion
to the diftances of the places, eaftward or weftward, from the
meridian of the Royal Obfervatory at Paris refpetively.

To thew the effect produced by the new data, we fhall col-
lect, in the following table, the latitudes and old longitudes of
a few noted places on the fkirts of that great Kingdom, and
annex to them the new longitudes refulting from computations
made with new lengths of degrees of great circles, perpendi-
cular to the meridian, correfponding to their latitudes refpec-
tively. It will readily be conceived, that the objeé here in
view is folely this ; namely, that aftronomers who live near thofe.
places, and who have their time, that is to fay, the directions
of their meridians very accurately afcertained, may, by their
future correfponding obfervations (which fhould enly be occul-
tations of the fixed flars behind the moon’s dark limb) com-
pare the old with the new longitude, and thus be enabled to
fatisfy the curious world, which of the two comes nearefl

to the truth.

Com-
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Comparative table of the old and new longitudes of fome noted places
on the fkirts of the kingdom of France.
Longitudes, ] Difl: of old and new long.
Places. Latitudes. S
Old New. [indeg' &c.| in time.
a 'I.l o i R i rr ' ' Sec. Thipds.
2 [Pilier de Cette . . 43 24 Of1 21 glr 20 37| © 23 I 32
& | Tourde Planier, near Marfiilles |43 11 gXjz 54 8l2 53 6/ 1 2 4 8
= | Signal of St. Viftoire 5 43 31 52/3 15 8|3 13 58 1 10 4 40
2 9 Strafbourg (Conn. de T. 1788) 48 34 355 26 1B]5 24 6] 2 12 3 48
= | Ditto (Déferip, Gfomét, 1783,
& L oope 1yt - 4% 34 5015 25 ©f5 23 33| I 27 | 5 48
E [ Tour de Cordonan at the mouth nl-'|+ E
= the Garonne, Conn. de T, 178845 35 15|3 30 38|3 29 18] 1 20 5 20
2 J 5t. Malo e = |43 39 O 22 2204 20 37| I 45 90
.2 | Fort du Pilier, at the mouth of the|
= Loire : p . i.}? 2 20{4 42 20|¢ 40 30{ 1 50 7 20
= L Uthant Light-houfe - . 48 28 3017 24 3317 21 41| 2 52 | 11 28
The greateft diffcrence between Strafbourg and Ufhant | 5 4 | 20 16
The lealt difference i ; ; . - 4 19 17 36
The mean difference - . . 4 414 | 18 46

With regard to the longitudes in the preceding table, it is
only neceflary to obferve, that the two books of 1744 and
1783, fo often quoted, are not always coufiltent with each
other, and both do fometimes difagree with what has been
placed on the margin of the map of France. It would feem,
that in the Défeription Glamétrigue a {cale for degrees of lon-
gitude has been ufed confiderably greater than that correfpond-
ing with the fpherical hypotbefis adhered to in the conftruc-
tion of the map, yet ftill too {mall for what we have found
to be their meafure in Kent, or that refulting from their own
operations in the South of France. But if a fimilar mode to

that which they pra&ifed with {fo much fuccefs in the South
had
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had been employed in the North of France, the fame fort of
refult as we have obtained in Kent would probably have been
the confequence; in which cafe it cannot be doubted, that the
fpherical hypothefis would have been entirely rejected, and their
lengths of degrees of longitude would have been fuited to an
oblate fpheroid, whofe degrees of the meridian and of great
circles perpendicular to it had nearly the proportion to each
other of 6o840 to 61239 for the middle latitude between
Greenwich and Paris, being an excefs of 399 fathoms on each
degree in the longitudinal dire&ion.

On the whole, therefore, as matters ftand at prefent, it is
fufficiently obvious, that, in the total extent of the kingdom of
France from Strafbourg on the eaft to Ufhant on the weft, the
difference between the old and new longitude amounts to be-
tween 1% and 20 feconds of time; that is to fay, the real dif-
ference between the meridians of thofe places, it is prefumed,
will not be found by future obfervations made on the occultations
of the fixed ftars, to be fo great as it was formerly fuppefed to
be by that quantity, or fomething approaching it very nearly.

ArT. XVI. The obfervations of eclipfes cannot ‘be depended upon
for determining with fiifficient accuracy the difference of longi-
tude in vicinal fituations.

Finally, with regard to differences of longitude, it may not
be improper in this place to remark, that, in vicinal fituations,
fuch as Greenwich and Paris, the eclipfes of the fun and
moon and Jupiter’s fatellites do not, general *, give refults

* The refult deduced by the Profeflor Prazzi, of the Univerfity of Palermo,
from the obfervations of thie eclipfe of the fun on the gd of June, 1788, made
at Greenwich, in company with Dr. Maskervne and M. o’Asquier, as given
in the Fhil, Tranf, for 1789, p. 58, is an exception well worthy of notice.

fuffi-
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fufficiently near the truth to deferve even the name of an ap-
- proximation. ‘This will inconteftably appear by comparing
the aftronomical refult produced in that way with ours ob-
tained by aftual meafurement on the furface of the earth, and
angular ‘obfervations of the pole-ftar. Thus, by taking a
mean of a multitude of the beft of thefe obfervations of
eclipfes, &c. colleCted and correfted with great care for the
purpefe, the difference in time between Greenwich and Paris
amounts to 9’ 30”1 ¥, inftead of being only 9" 19” nearly,
which our operation makes it. Now, if the difference in time
between thefe two Royal Obfervatories was really fomuch, the
degree of a great circle perpendicular to the meridian in thefe
latitudes (51° 6" 50” that of Goudhurft, or 51° 17 487/ that of
the point M, it matters little which of the two is taken)
would be between 1200 and 1300 fathoms fhorter than the
degree of the meridian in the fame latitudes. Hence the
earth, inftead of being an oblate {pheroid confiderably flat-
tened at the poles, would be one extremely prolate, in propor-
tion with regard to the former figure of more than three to
one, or between 1200 and 1300 —to about 400 4.

In remote fituations, {uch as Eurcpe and America, Europe
and the eaftern parts of Afia, feparated from each other by
wide oceans, the differences of longitude can only be obtained
by means of aftronomical obfervations. And as thefe will
always be liable to fome error, which may be as great on a
difference of one or two, or a few degrees, as on the whole
18¢°, it is fufficiently obvious that, to render the effect of fuch

#* From Dr. Maskeryxe's Paper of 1787, Phil. Tranf. p. 183. it appears,
that the eclipfes of the 1t fatellite of Jupiter give immediately for the difference
of meridians of the two Obfervatories g’ 30}, without being combined with
obfervations made in other parts of Paris,

crror
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error as fmall as poffible, occultations of fixed ftars fhould only
be made ufe of, for obtaining conclufive determinations.

In vicinal fituations, the next beft mode to angular mea-
furement is no doubt that of marking, by means of well-
regulated clocks, as was done in the South of France, the
repeated inftantaneous explofion of light, obferved at ftations as
far diftant to the eaftward and weftward of the place of explo-
fion as the circumftances will permit in praftice, thefe diftances
having been for the purpofe accurately fettled by trigonome-
trical operation. The preferable ftations for experiments of
this fort will be pointed out in the conclufion to the prefent
Memoir.

TABLE
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the Trigonometrical Operation. £2§

SECTION SEVENTH,

An Account of the obfervations made during the courfe of the
trigonomelrical operation for the determination of terrefirial re
frailion. FPlate X.

ArticLE 1. Preamble.

ASTRONOMICAL refradtion, or that which the rays of
light fuffer in pafling from the heavenly bodies to our earth,
hath, by the inveftigations of different philofophers, been nearly
afcertained, From the theory of dioptrics, as well as expe-
rience, it hath been proved, that the rays, in coming from a
very rare into a very denfe medium, are gradually bent down-
wards, out of their relilinear diretion, into lines more or
lefs curved in proportion to the angular diftance of the objeéts
from the zenith, where obliquity ceafing, refration ceafes
likewife; fince from that point light takes the fhorteft route
through the refralting medium to the eye of the obferver.
Hence it follows, that the apparent altitudes of celeftial ob-
jeéts are greater than they otherwife would be by the quantity
of this refraftion, which is greateft at the horizon, amounting
there to 33’.

The late Dr. BrapLey from his experience has fhewn, that
in the mean ftate of the barometer taken at 29.6 inches, and
of FanreEnuEIT's thermometer at §o°, the refraltion at 45°
of altitude is 57" (according to Dr. MAskeLYNE ounly 5671).

R : In
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In other flates of the atmofphere, it varics with the height of
the barometer, and inverfely with that of the thermometer
augmented by the number 350 to the number g4o00.

It is therefore obvious, that terreftrial obje@ts as well as
celeftial, muft fuffer a refrattion greater or lefs, according as
they are lefs or more removed from the horizon ; and that fup-
pofing celeftial refraction to be perfeltly afcertained, the mea-
fure of the lower part of any of its curves, co-inciding with
a particular objeét on the furface of the earth, fhould give the
quantity by which the apparent altitude of that obje& would
exceed its real altitude, or what would be its angle of eleva-
tion, if no fuch effeft as refra&ion did exift in nature.

The inftrument made ufe of in the triangular operation was
extremely well calculated, as will be remembered from its
defeription, for meafuring with much exaétnefs fmall angles of ;
elevation or depreffion, and confequently was in that refpeét
very. fit for the purpefe, 1f the multiplicity of other bufinefs
we had en our hands at the time had permitted refraction to
become a primary, inftead of being only a fecondary abjeét.
This will readily be conceived by thofe who have any 1dea of
the trouble of conduting, efpecially at a late feafon of the
year, an operation of the nature of that in which we were
engaged. Along with the lights on the French fide of the
Channel, we had by day as well as by night our own inland
obfervations to attend to; the very circulation of orders to the
men pofted at the different ftations from twelve to fifteen or
twenty miles off, in different diretions around the horizon,
when any part of the arrangements failed, fo as to render a

repetition of lights neceflary, was not a matter of f{mall
detail.

But
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But befides the important bufinefs of the triangles, which
engrofled almoft our whole attention, it is fufficiently obvious,
that, in order to have been enabled to make conclufive obferva-
tions, the relative heights of the ftations fhould in ftrictnefs
all have béen afcertained by levelling : for purpofes of this fort
geometrical determinations, however good in other refpeéts
they may be, thould not here be admitted, becaufe they in-
volve the very point in queftion, that is, the height, which
fhould be obrained independently of angular meafurement.
Befides barometers and thermometers at both {tations, two ob-
{fervers and two inftruments of the fame kind would have been
neceifary, for taking at the fame inftant the reciprocal angle of
elevation and deprefiion #.

Although, therefore, in our fituation the circumftances did
not admit of conclulive obfervations on terreftrial refraction,
confidsred either by the mean or its extremes; neverthelefs,
fincein a variety of cafes angles both of elevation and depref-
fion were reciprocally obtained at the {ame ftations, but at dif-
ferent times, it is hoped, fuch new light wiil be thrown on the

% Dr. Maskeryne, in a letter that [ lately received from him, remarks, that it
would be of ufe to have a perfon to note the thermometer at the objectas well as at
the flation of the obferver, whereby (if niceties of this fort were of confequence)
the refraction might be more accurately computed by the application of a new cn(;

- 2 a 5 ;
rection. Thus, calling r— — = *th of the avc of diftance; bh=the height of
10

the uniform atmcfphere; ¢ = the difference of the thermometers at the two
fiations ; x=the difference of altitude of the two flations above a common level ;

: yih A
the correftion would then be—=—— ; and the true or whele refration would
4004%

Byt ih
400x

ftation,

, according as the thermometer flood lower or higher at the upper

R 2 matter
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matter as may poflibly hereafter lead to further inveftigations
of this curious, but at prefent vague and indetermined fubject :
for from thefe obfervations it will appear, that terreftrial re-
fraction, inftead of being th of the comprehended are, accord-
ing to M. Boucugr, . th according to Dr. MASKELYNE,
~.th according to M. LamserT, varies from § to .';th part
of that arc; and perhaps, if it had been pofiible for us to have
tricd it on heights confiderably more elevated, we fhould have
found it almoft wholly to vanith,

ArT. lI. Relative beights.

Before we proceed to give any account of the obferved angles
of elevation or depreflion, at the ftations reciprocally, for try-
ing the quantity of terreftrial refradtion, it will be proper to
call to remembrance, that, in the meafurement of the bafe on
Hounflow Heath, the mouth of the pipe at Hampton Poor-
houfe was thewn to be elevated about 60 feet above low-water
{pring tides at the fea, as far as could then be determined by
referring it to the furface of high water at Ifleworth 3 and that
the extremity of the bafe near King’s Arbour was found by
levelling to be higher than the former end by 31 feet 3 inches,

The mouth of the pipe at the fouth-eaft end of the bafe of
verification at High Nook near Dymchurch, in Romney Marth,
Lieut. Fippes found by levelling to be above low-water mark
at {pring tides 22.1 feet.

The top of the parapet of the north turret of the Keep of
Dover Caftle was found by Lieut. Hay, of the Royal Engi-
neers (by levelling from the top of the cliff at Queen Eliza-
beth’s gun downwards, and adding to that the height of the

I ground
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ground and Caftle above the faid gun) to be 465.8 * feet above
low water at {pring tides. Having alfo meafured a bafe for the
Furpofe,, he determined the height of the chff geometrically,
which agreed within lefs than a foot of the refult by levelling,
In juftice to this very meritorious Officer it is incumbent on me
to fay, that not only on this occafion, but on every other during
the progrefs of our operations near Dover, his affiftance was
moft effentially ufeful.

The height of the ball of St. Paul's above the Thames at
Paul's Wharf, and the height of Shooter’s Hill Inn above the
Gun Wharf in Woolwich Warren, were feverally determined
in 1773, at which tune the experiments were carrying on for
the purpuﬁa of ﬁm’]it:g a theory for the meafurement of alti-
tudes by the barometer.

The height of Severndroog Caftle, lately built on Shooter’s
Hill, has fince been deduced from that of the Inn,

Laftly, the altitudes of all the intermediate flations, as
exprefled in the three colums towards the right hand of the
genefal table of refults, placed at the end of the preceding
fetion, have been eftablithed by the reciprocal angles of ecleva~
tion or depreffion, gradually carried on from ftation to ftation,
throughout the whole feries of triangles, whereby the two
extremities are connected together; and no greater uncertainty
has been found at Hampton Poor-houfe than a few feet, occa-
fioned no doubt by the uncertainty of terreftrial refraftion : for it
15 to be remarked, that, to the weltward of Greenwich, no double
but only fingle obfervations were obtained; wherefore, the

¥ Sir Tuomas Hype Pace, when engineer at Dover, at my requelt, had been
fo obliging as to order his workmen (he himfelf being ill at the time) to derer-
mine the height of the turret of the Keep, which, by a miftake of about nine

fcet in the height of the cliff, they made 4735 feet above low-water mark.
rela-~
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relative heights of thefe ftations have been determined by taking

U.th of the arc of diftance for the effeét of terreftrial
refraction.

Art. 1. General Theorem.

Let C (Plate X, fig. 11.) be the center of the earth confi-
dered as a fphere; S5 the furface; Hb two places at the fame
height above the furface ; HO the horizontal line, or apparent
iavel at the place H; and 5o the horizontal line, or apparent
level at the place b3 alfo, let Cm bifeét the angle at C.

Then, becaufe the angles mHC and mnH are right
ones, the angle mHns, or mbn, is equal to the angle mCH
or mCh; that is to fay, if two places H, 5, are of equal
heights, the one as feen from the other is deprefled below the
horizoutal line of the place of obfervation, by an angle equal
to half of -the arc of the great circle contained between them,
or half the angle at C. Hence it follows, that any diftant
objett 1s higher or lower than the place of obfervation, accord-
ing as the depreffion 1s lefs or greater than half the contained
are, {fuppoling no fuch effect as refraltion to exift in nature.

ART.AV. Determination of the refraftion betwveen: Dover Cafile
and Folkflone Turnpike. :

Let D (fig. 12.) be the place of the axis of the telefcope on
the north'turret of the Keep in Dover Caftle; T the ground at
the flation near Folkftone Turnpike ; DO the horizontal line;
and SL=CD.

The'diftance of the ftations is 315354.6 feet, which, taking
the obliquity of the diretion into confideration, gives 61188
fathoms=17; and confequently 5" 9'.4 for the length of t

| contameu

- ——
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contained arc of diftance nearly, one-haif of which, or 27 34”7,
is equal to thie angle ODL.

At the {lution D, the ground at T was, by obfervation,
elcvated &' 37" equal to the angle T'DO, to which adding
ODL=2" 34”7, we have for the angle TDL 117 117,57,

Now, if the diftance of the ftations be taken as radius, the
lines 1O, T'L, &c. will be nearly as the tangents of their op-
pofite angles; therefore the angle TDL, with the diftance
31554.0 give TL=102.7 feet, or what the ground at the fia-
tion T would have been higher than the axis of the t{:icﬁ:ﬂpe
at D, if there had been no refraction.

But the axis of the telefcope, when at the ftation T, was
5.5 feet above the ground ; therefore 102.7 4+ 5.5 = 108.2 feet
would be the height of the axis at T above the axis at D,

Now, let T (fig. 12.) be the place of the axis of the tele-
fcope, when the inftrument ftood at Folkftone Turnpike; D
the top of the parapet of the north turret in the Keep of Do-
ver Caltle; TO the horizontal line; and CL=5T.,

At the ftation T, the parapet of the turret was by obferva.
tion deprefled 14" 17”.5=0TD, from which fubtra&ting half
the arc of diftance 3” 34”.7, there remains for the angle LTD
11" 42”.8. This laft angle, with the former known diftance,
give LD = 107 5 feet, or what the parapet was lower than the
axis at T, if there had been no refraétion.

But the axis of the telefcope when at D was 3.2 feet above
the parapet; hence 107.5—3.2=104.3 is what the axis at D
would be lower than the axis at T,

In this cafe 1t is evident, that half the fum of 108.2 and
104.3, or 106.25 feet, is the difference of the rclative heights
of the axis at the two ftations by a mean refraltion; and that
this mean refrattion is fubtended by half the difference, or

108,2
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108.2 —104.3

2= 1.95 feet. Hence, as the diftance=45r554.6 :

rad :: 1.95 : tang. 12”.8 the mean refraction.

For fuppofe # (fig. 12.) to be the true place of the ground,
then the elevation TDO - the refration="TD¢, or 8 37" —
12°.8=8" 24”.2=the angle DO ; therefore DO+ ODL =
10’ 58”7.9=¢DL; whence ?l.=100.8 feet, to which adding
5.5 feet, the height of the axis above the ground, we have 106.3
feet, the height of the axis at T above the axis at D as before.

Alfo, if 4 (fig. 13.) be the true place of the parapet, we fhall
have the depreflion 4 the refraction,or OTD 4 DTd = OTd = 14’
30".3, and OTd—OTL, or 14’ 30”.3 -2’ 34".7=11" 55”,6
=the angle LTd. Hence, Ld= 109.5 feet is what the para-
pet of the turret would be lower than the axis at T, from
which taking 3.2 feet, the height of the axis above the para-
pet, there remains, as before, 1006.3 feet, for the difference of
the heights of the two ftations.

The axis of the telefcope in Dover Caftle being Feet,
above low-water fpring tides . . 469.
To this add the height of the axis at the
turnpike above that at Dover : . 106.3

—_—

We then have, for the height of the axis at the :
turnpike above low water, nearly 3 : 575.3

And 3° 9”.4 the contiined arc of a great circle or arc of
diftance being divided by 12”.8, the mean refraction at the two
ftations, we have in this inftance abour ' th part jfor the quan-
2ity of terreflrial refraction.

ART.
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ArT. V. Refradlion on the diffance between Dover Cafile and
: Calais.

Let D {fig. 14.) be the place of the axis of the telefcope,
on the north turset of the Keep in Dover Caltle, as before;
G the top of the great baluftrade of the fteeple of Notre Dame
Church at Calais; DO the horizontal line ; and CL =SD.

The diftance of Dover from Calais by the triangles is
137450 feet, which, allowing 61169 fathoms for a degree,
gives 22’ 287.2 for the length of the contained arc nearly ,
half of which 11° 14”.1 is equal to the angle ODL.

The height of D above low water at fpring tides,

as before, 1s Lo . . . 469 feet,
The height of G is L : ! [40.5
Therefore the difference is : : ;:;5_-_-. i
Then, as 137450 : rad :: 328.5 : tang. § JE:LDG.

To which adding the angle ODL, . =11 14.1

—_——

‘We have . « 19 27.1 for the
angle ODG, or what G wauld be depreﬁed below the place of

obfervation, if there was no fuch effe& as refra&tion. But the
depreflion by obfervation was found to be 17” 59’ ; wherefore
the difference is 1’ 28".1, by which, dividing the length of
the arc of diftance 22", 28".2, we bave in this inflance 15.3, or

between b and pth part, for the quantity of terrefirial
refraciion.

Art. VI. Refradtion on the diffance between Allingion Knoll and
T enterden,

Let K (fig. 15.) be the place of the axis of the telefcope at
ﬂllmgmu Knoll; T the top of the flag-ftaff on Tenterden
S Steeple ;
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Stecple; SC the earth’s furface; KO the horizontal line at
right angles to’KC; and SL =CK.

The diftance between Allington Knoll and Tenterden has by
the triangles been found to be 617735.3 feet, which, allowing
61234 fathoms=1° gives 10’ 5”.3 for the length of the con-
tained arc CS nearly. Half of this arc=§" 2".6 is the angle
OKI., from which fubtratting the obferved angle of deprefiion
of T as feen from K =OKT = 3 5§17, there remains the angle
TKL=1" 11”.6, and confequently this angle will be fub-
tended by 21.4 feet=LT, or what the top of the flag-ftaff at
Tenterden would have been higher than the axis of the tele-
fcope at the Knoll, if there had been no refra&tion,

But the top of the flag-ftaff on Tenterden fteeple was 3.1
feet higher than the axis of the telefcope when the inftrument
ftood at that ftation ; therefore, 21.4 — 3.1 =18.3 is what the
axis at Tenterden would have been higher than the axis at the
Knoll, if there had been no refraftion.

Again, let T (fig. 16.) be the place of the axis of the tele-
fcope on ‘Tenterden Steeple; K the ground at the ftation on
Allington Knoll; TO the horizontal line; and CL=ST.

At the ftation T, the depreflion of the ground at K, or the
angle OTK, was obferved 3” 55", which being fubtrafted from
5 27.6=0TL=half the arc of diftance, there remains
1/ 25”.6 =theangle KTL. Thislaft angle, with the diftance
between the flations, 61775.3 feet, give KL =26.3 feet, for
what the ground at K would have been higher than the asis at
'Tenterden, if there had been no refraction.

But the axis of the telefcope, when at - the ftation K
was 5.5 feet above the ground; therefore, 26.34 5.5=31.8 15
what the axis at the Knoll would be higher than the axis at
Tenterden, :

7 Hence
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.- Hence it follows, that fuppofing the refraftion to have been
the fame at each of the ftations when the obfervations were

made, half the difftrence of thefe heights, or iI—‘E-a;—“-'—-sa'ﬁ: 6.7
feet, would be the difference between the relative heights of
the axis at the two ftations; and that the quantity of refrac-
- a -3" ﬂi

tion would be fubtended by half the fum, or ﬂ_'.%_.:f: 25.04

feet ; therefore, to find the mean refraction, as the diftance of
the flations : rad. :: 25.05 feet : tang. 1" 23§ the mean
refrattion. .

For fuppofing # (fig. 15.) to be the true place of the top of
the flag-ftaff, we fhall then have the angle OKT the deprefiion
+the angle TK¢ the refration, or 3’ 517 +1"23"§=35" 14"}
=the angle OK+. Hence the angle OKT —the angle OKL =
5" 143 =5 2".6=0’ 11”.g=theangle LKz. Wow, this laft
angle, with the diftance of the ftations 61575.3, give Leé=1.6
fect, or what the top of the flag-ftaff at Tenterden would be lower
than the axis at the Knoll; and this being added to 3.1 feet
(what the axis at Tenterden was lower than the top of the
flag-ftaff), we get, as before, 6.7 feet for the height of the
axis at the Knoll above the axis at Tenterden.

In like manner, fuppofing £ (fig. 16.) to be the place of the
ground at the Knoll, we have the fum of the depreffion and
refrattion, or OTK4KTé=3" 35”41’ 237i=4" 587i=
OT#4; and OTL = OTé=5" 2.6 —4" §87i=0" 4" i1 =the
angle £TL. Hence, #¢=1.2 feet is the height of the ground
at the Knoll above the axis at Tenterden, which being added
to 5.5 feet the height of the axis at the Knoll above the
ground, we have as before 6.7 feet for the difference of the
heights,

| S 2 The
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v atad T Fegla !
The height of the axis of the telefcope at Allington
Kuoll above low-water mark at {pring tides, as deter-
mined by the obfervations there, and at the {tation of
High Nook, is . J ¥ ; 329
T'he axis on Tenterden Steeple has been thewn to be
lower than the Knoll . s : . 6.7
Therefore, the axis on Teuterden Steeple is higher
than low water v : . . 92279

The arc of diftance of the two ftations= 10" 5.3 being
divided by 17 23”1 the mean refrattion, we bave in this cafe
2'%, or between jth and yth part for terrefirial refraction,

The example in Art, 1V, and this laft are given at large,
becaufe, if the points where the axis of the telefcope was at the
refpetive ftations had been obferved, in the firft, one would
have been a deprefiion, and the other an elevation ; but in this
both would have been deprefled by obfervation.

Arrt. V.% General Remarks.
'The three preceding *xamples being fufficient to fhew the

mode that has been inva.%ably adhered to in computing the

effedt of terreftrial refraCtion, we nave, in the following table,
collefted the whole of the refults together, beginnmg with
thofe diftances where it has been found the greateft, and ending
with thefe where it has been found the leaft.

The titles at the tops of the columns refpeively fully ex-
plain the nature of the table, which contains more double ob-
fervations, made on a greater variety of very accurate diftances,

and with a- better in{trument for determining {mall angles of .

elevation and depreflion, than perhaps were ever obtained be-
5 i T o St
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fore: " Thefe refults are not however offered as being free from
error ; on the contrary, if the circumftances had permitted this
¢ to become a principal objeét’ in our operation, the fucceffive
repetition of the obfervations for many times would, no doubt,
have turnifhed.{till more fatisfatory conclufions. It is hoped,
neverthelels, that thele, fuch as they are, may. have their ufe,
were it only by thewing the variablenefs of terreftrial refrac-
tion, to induce to the making of others, which, as has been
already obferved, would ultimately lead to a much more mi-
nute inveftigation of this curious and interefting fubje.

‘The heightsof the barometer and thermometer areé inferted
on the days on which the obfervations were made, merely to
fthew what was nearly the ftate of the atmofphere at the refpec-
tive times. But.we have not attempted to apply any correétion
on that account,. becaufe it could not be done in a {atisfadl ory
manner, aud confequently could not be ufeful, unlefs the cir-
cumfitances had permitted reciprocal obfervations to have been
made at correfponding times with double fets of inftruments,
which in our fituation was impoffible.

By attending to the refults in the table, it will in general be-
'fee'n, that terreftrial as well as celeftial refraction certainly di--
rainithes as the heights of the ftations above the fea increafe;
and that, at particular times at leaft, it 1s much greater than
has hitherto been fuppofed, even to between § and § part of .
the arc of diftance, inftead of being only :th or ' .th part.
Befides the inftance of this extraordinary effe@t inferted in the
table, between Allington Knoll and Ruckinge, where the dif-
tance of the ftations is but {mall, and one of them little
higher than the fea, we could have given another on a diftance
as well as on heights ftill more confiderable, namely, Shooter's
Hif_l and the ball of St, Paul’s ‘Church: for, fuppofing the

firlt
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firft to be 482, and the lat 403 feet, above low water at the
fea, the refration on the morning of the 1t of September,
'1?3;?, as obferved at Shooter's Hill, was 1" 47", which is be-
tween #d and jth part of the contained arc.

If the circumftances had permitted the .refrattion on the

diftance between Pover and Calais to have been repeatedly
tried, at the bettom of the cliff, at the top of the cliff, and
again at the top of the caftle, we fhould probably have found
the refraction at the three ftations confiderably different, with
the fame length of are, or one only varying infenfibly.
" But, n order to be enabled to make conclufive obfervations
of this fort, the operation fhould become a ditinét one, or at
moft only comprehend fuch ethers as are conneéted with the
meodifications of the atmofphere. For purpofes of this kind
very fine levels would be requifite; and fome of the higheft
mountains of Scotland, fituated necar the f{ea, fuch as Ben
Nevis and Cruachan Ben, where the relative heights of the
ftations might be accurately afcertained by levelling, would
feem to be eligible fituations.

TABLE
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S C T T O BT GH T H

Secondary iriangles, fubdivided into iwwo fets, for the improve
ment of the maps of the country, and the plan of the City of
London and its Envirens, Plate XI,

IN the feries of great triangles, whereby the diftance be-
tween the meridians of the Royal Obfervatories of Greenwich
and Paris has been determined, the fame excellent inftrument
having been placed at every ftation on our fide of the Channel,
and all the angles obferved with the utmoft care, it hath con-
fequently followed, that the bafe on Hounflow Heath, and
that in Romney Marfh, reciprocally meafure each other within-
a few inches of the truth, which 1s an inftance of fuch exaét-
nefs as probably never occurred in any former operation of this
fort. The extreme {mallnefs of the error on the fum of the
three angles of each triangle fufficiently proves that the ge-
neral refult would not have differed greatly, if only two of the
angles had aftually been obferved. Bur in an operation of fo
much importance, this could not have been depended upon ;
nothing was to be left doubtful ; and therefore, in the execu-
tion of the various parts, the moft minute attention was paid
to every circumf{tance whereby the accuracy might be affected,
and particularly to the placing of the lights and inftrument
reciprocally over the fame point marking the ftation, that ne
poffible error might arife from parallax or excentricity.

From
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From this mode of condufting the operation, it will
readily be feen, that, if time had permitted, the fituation of a
multitude of other points in the country might have been very
accurately determined, - befides thofe altually marking the
points of the triangles, whereby the ordinary maps would have
been-greatly improved by ‘fuch as chofe at any time hereafter to
make ufe of thefe as fo many given diftances. But the ciroum-
ftances not having permitted us to multiply thofe points to the
extent that might have been withed, and that would have been
eafily practicable, if the operation had commenced at an earlier
{edfon of the year; we have therefore been obliged to Jimit the
number to a few of the moft confpicuous and beft defined objeéts.

Thf;ﬁ: fecondary triangles are fubdivided into two fets, The
firft fet confifts of thirty-five, whereby the relative diftances.of o
many points have been determined from certain ftations of the
prmmpal feries, beginning with thofe objects that have been in-
terfected from the moft wefterly ftations, and{o on, proceeding
gradually with the others towards the eaft. Two angles only
of each of thofe triangles being obferved, the third is that at
the interfedted object, or the fupplement to 180°. Although
the diftances thus obtained cannot be quite fo accurate as the
fides of the principal feries; yet there is no reafon to appre-
hend, that they will be found te differ widely from the truth,
when they come to be proved in the courfe of any fubfequent
operation, by which alone they can be put to the teft.

Come-
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Computation of the ficft fet of fecondary triaug:les.

Diftances- of the ftations from the

. i Triangles. Angles, nterfded objec in fest,
1] S af
King's Arbour 8 52 57 ] ‘ 10927
o ot an’e Hill i e | from Stanwell 5 { 23720
Stanwell Church 167 2 19
King's Arbour \ 28 35 34 from Harrow on tht{ 42044
2. 4 |Hanger-hill Tower - . 89 23 §52 Hill 10553.3
Harrow on the Hill 62 o34
IH.in 2 p
g's Arbour . 70 I 4 o 80994
50 4 Eangecabill Tower ' $2 19 2;] h from Banftead Church { 76807.5
Banflead Church 27 38 47.9
[ [Hampton Poor-houfe 88 58 23 : A 22849
4. {'K‘mg‘s Arbour . 40 14 2% }ﬁ S BRGMAES o { 353645
Kew Pagoda 50 47 12
_ (|Harrow on the Hill 69 43 & J_ from 5prin'g Grove { 35851
§. ) [8t. Paul’s Church 35 58 - g Houle 572539
+ ) (Spring Grove Houfe, §ir Jo.
| Baxxs # . s 74 18 43
((Hanger hill Tower i 19 33 43 {fmm Richmond ,Ruynl{ 20104.4 |
6. 4 [Spring Grove Houfe ¥ Bz 46 15.9 Obfervatory 6802.1
* Hanger Hill from Spring
A |Richmond Royal Obfervatory 77 40 30.8 Grove d 19857.8

4+ The Royal Obfervatory in Richmond lower Park could not be feen from any
of the ftations of the great feries of triangles, except Hanger-hill Tower, from

whence the bearing of it was taken,

In order to interfect this bearing, the afif-

tance of certain operations made with the aftronomical quadrant in 1783 at
Spring Grove Houfe has been called in, by the help of which the fituations of the
Obfervatory and of Spring Grove Houfe have been determined. In like manner,
the bearings of Batterfea and Stretham, taken from Hundred Acres, have been

interfected with the quadrant from St, Paul’s and Fulhem.
quadrant was ufed are diftinguithed with afteritks,

3

The ftations where

the

N-
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Diftances of the ffations from the

N Friduglel, Angles, interfeéted object in feet,
L] o I
Hundred Acres ¥ : U131 87 }fmm Batterfea Church { 500645
T4 {St. Paul's % g 34 3 49.2 22226
Batterfea Church 131 42 43.8
Hundred Acres ; 27 51 55.0 | ; 35957+3
8. 4 Fulham Church % : 46 12 §4-4 Il’rnm Stretham Church { 23279.3
Stretham Church 105 §5 10
2. Hundred Acres 36 ._5{] 158 |1 43351.7
Severndroog Caitle 33 25 .20.5 |J from Claphiatn Commion { .1.';:;6.4.
9- Clapham Common, Mr. Ca-
YENDISH . 109 32 3.7
{Norwoed . . 76 19 14.% } from Argyll Street Uh+{ 40083.2
10, 1 [Severndroog Caftle - 52 gt ey fervatory 399(13 [
Argyll Street OB, Maj. Gen . Rox| 50 59 8.5
Norwood s - 6z 30 23.§ 37840.
11. 1 [Severndroog Caftle ¥ 78 8. } from 5t. Paul’s Church { 39963 9
St. Paul’s Church o 21 28
N. B. By combining the refults of thefe two laft triangles a third is formed, _
which gives for the diftance of Iﬁrg}‘li Street from St Paul’s 963
Norwoad . . 3636 32 226g5.4
12. 4 {Severndroog Caftle 32 52 48 . | }fm"" Bromicy College {-;q.ggg.b :
Bromicy College 110 30 40 e
Norwaood ; 31 53 3 } . '3_5-;;”19
13. 4 [Severndroog Cafile 67 48 12.5 from Chiflehurft Church 2008 1.1
Chiflcburfi Church . 8o 18 44.5
Greenwich Royal Obfervatory | g2 38 13.5 34413.6
14. { Peverndroog Caitle ‘ 64 46 23.5 } from Wanflead Houfe { 37999:7
[¥efd Pediment of Wanfiead Ho | 22 35 13
Greenwich Royal Obfervatory [131 45 43 J ; o 6352.6
15. { [Severndioog Caftle 4 7o | e kommpie il 19428.4
.L.;:rﬁmlp:'f Ml . ‘ 34 717
(Greenwich Royal Obfervatory | 85 49 9 e s P
16, everndroog Caitle - 63 29 4B }fml!\Bcﬂkt:nE:.nm(.-hurci: { igj
ﬁ:.“r’q."l:'r nbam Chuch 30 41 3
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Diftances of the flations from the

N’ | ‘Eriangles. Mg interfefted olijet in feet,
|G ich Royal Obfe 2 41 33
reenwich Roya rvatory | 2 3 15531
1y, {chrndruug Caiftle 87 18 31.5 ]frum Bitiam L { 5958.3
Eltham Church . 69 59 55.5
Severndroog Caitle 21 §6 44 ! —lsﬁggg
(8. {‘Bﬂllc}r Hill 3 " 54 28 27 }framKnu:xhﬂltheches { 26951
Knockbolt Beeches i 103 14 49
Severndroog Calftle 3T 40 20.4 : 14..;-5:'
19. 4 [Botley Hill 3 - Y2y eg i Jll'mm Leeth Hill Tower [ 91353
: Leeth Hill Tower 4 23 26 16.6 -
Botley Hill - : 39 13 6.5 - e 44780.4
20. { [Frant Church 26 58 39 } from Firedean Towee { ﬁzsnz
‘,Errdmu Torwer 113 44 4.5
Botley Hill - - 19 51 10.5 } from Crowborough Bea- [(B8g77
21. {Frant Church ; 7732 33 con {3-::949.;.-
Crowborsugh Beacon g2 36 7.¢
Batley Hill . 24 22 % ] from Sevenoaks Wind- [l44032.4
22. 4 Wrotham Hill . 28 &7 42 mill { 37519.8
Sevensaks Windmill 126 40 11 - '
‘Frant Church . 46 5 i . [|zoby4
23. 7 Goudhurft Church 26 21 4.2.5 ]fmm Wadhack Chaed { 33538.7
W adbur (¢ Church 107 33 4.5
Goudhurft Church 42 6 23 }ﬂ-am Brightling Wirid- 53_61;6._:]
24. 4 [Fairlight Down 38 g 33 mill - {'ﬁg?ﬂ]‘.q.
\Brightling I indmill 9 48 2 -
-'F = 37598
airhight Down . 22 40 I7 1 39734
25. {‘L}-dd Church : 21 23 2§ } SotaJige Clryrol {
;R_;-: Church . . 135 56 18
] IFniriight Down 19 34 1° ] from Dengenefs .ir..igl:t*-{ Emlﬂla.?
a6, {L‘Iuw:r Caftle, north turret 13 54 24.0 -|) houfe 153030
U |Dengenefs Light-honfe - . 146 3T 5.4
' Fairlight Down . 4 12 ga } 7605.3
L {Goudhurl’t Church . 6o.29 28 - ookt bttt { go123.2
| Ore Church . 115 17 §0
i N°
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: -Diﬂannes of the ftations .ﬁ:om the L
N Triangles, Angles. interfected objeft in feet.
J o &
Fairlight Down . "3 3223 S (| 5384
28. 4 |Lydd Charch : 1 50 43 jfmm }mrhgl_zt Church 1l66787.7
Fairlight Church . 154 36 54
[Tenterden Church = 30,42 37 bogh
20. Allingron Knoll . 40 45 g } from Aftiford Chiudl { 2131?-1
Afbford Church . 102 32 1
'L}rdd Church 43 34 50.5 ; 41082.2
30 { High Nook near I}}rmchurth b7 40 22 ]' from Ruckinge Church { :8758.4
M{nge Church 48 44 47 5
" ‘High Nook . 83 44 33:5 _1: J o 16g65.4
31. {1Ru:kmg¢ g 32 17 35.3 } from New Romney Ch, { 31556.3
New Ronney Cbarr.& . 63 57 51
(|High Nook . 42 44 44.5 L 23741.6|
32, { Allington Knoll : 70 21 438 }fmm e Ca il { 1710g.6
A Lymne Caftle . > 66 53 27.5
flLydd Church . . 2 10 29.2 78946.9
33 4 [Folkltone Turnpike : 27 26 22 J-frqm Falkftone Chinch { b501.3
< | Folkfione Church . 150 23 8.8
v |Folkftone Turnpike 24 35 59 i from Beachhorough { 23325.2 |
34. 4 [Padlefworth : 123 46 35.2 Summer Houfe 11681.6
Bm:bl!rcrmgfs Summer Hﬁ-uﬁ 31 37 25.8 i
i (lPadlefworth . . ‘ 32 36 © {frum Walderihare Mn-} 3;352'5 i
15- Dover Caitle < . 62 24 § numet 23081.4 [
Waf&r{ﬁm‘e Aemumment 34 59 55 | :

cangles.

- wvement,

Second fet of fecondary triangles.
JIn the -Paper of 5487, fufficient reafons have been gwm

»fon avoiding St. Paul’s as a ftation in the feries of great tri-
Indeed, if no other objection had exifted, the fimoke
of the capital alone would have been found extremely incon-
This was experienced at Shooter’s Hill, where we

were
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were detained a whole week, before the white lights, nntwuh-
ﬁandmg their extraordinary brilliancy, could be feen at Harg-
ger-hill Tower, or even at Argyll Street, -the north-eaft wind,
~which then prevailed, having brought the impenetrable mafs
of fmoke between the ftation-of the inftrument and the points
to be obferved ; and at laft we were obliged to watch all night,
“till | towards the morning the fires of London being extin-
gﬂifhed, the white lights could then be interfeted.

It is not therefore furprifing, that from the ftations of Nor-
wood, Greenwich, and Shooter’s Hill, we fhould only beable
to fix, in a fatisfaCtory manner, two points in London, namely,
St. Paul's and Argyll Street. Bearings, it is true, of others
were taken ; but that thefe might be interfelted by angles not
too acute, it became neceflary to make ufe of obfervations that
had been formerly obtained at Argyll Street with my own
inflrument in its vertical pofition, and at St. Paul's with the
aftronomical quadrant. Moreover, by way of finithing the
operation, and furnithing fuch part of the inhabitants of the
metropolis as may be curious in matters of this fort with a fee
of diftances that cannot fail to be ufeful to them, two new
ftations were chofen for the great inftrument to the northward
of Eondon, one on Harnfey Hill, and the other on Primrofe
Hill. Thus, from the combined operations at thefe feveral
places, we have been able to determine the fituation of thirty-
feven confpicuous points, confifting chiefly of the moft re-
markable fteeples in and near the capital.

By referring to Plate XI. which is in fact the fkeleton, but on
"4 very {mall {cale, for an improved plan of London and its
environs, the relative fituation of thefe points with regard to
“'St, Paul’s, and the four neareft ftations of the great feries,
"wlﬂ be feen. Some of the principal of thefe {ccondary tri-

7 angles
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angles have been reprefented by dotted lines in the plan. To
have exprefled more of them in that way wotld only have
occafioned. confufion. Here it is to-be remarked, that the

- diftance of Argyll Street from St. Paul's, 9632 feet, refulting

from the 10oth and 11th fecondary triangles of the firit fet, be-
comes: a bafe in the quadrilateral formed by St Pauls, “rgyll
Street, Hornfey Hill, and Primrofe Hill. Hence, by the obferved
angles at thefe two laft ‘ftations, aud the affumed length of
one of the unknown fides, all the angles of the quadrilateral
are computed, by which means, and the true length of one
fide given, the true lengths of all the others are readily ob-

tained.

Situations determined by the great inftrument from

Computation of the fecond fet of fecondary triangles.

Hn!‘nfq{ Hin and Primrofe Hill.

— i o

= - Diftances of the ftations from
N Frianglei, ogiE, the interfeted objedt-in feet;
=l I ¥
Hornfey Hill - 46 42 41 | ] from St. Paul's fjag2g7:1]!
Primrofe Hill - 83 21 27.5({] Church 15072.8
T+ |8t Paul’s . . 49 s§5 51.5|Hornfey Hill from
Primrofe Hill 17940.05
Hornfey Hill 23 8 34 }'Argyli Street Elb*{,agﬂug_,-q.
24 {Hrimmﬂ: Hill. . 112:49 §7 - fervatory 10150.7
Argyll Street Obfervatery 44 I 29
.J - { [Hornfey Hill 23 33 59 |] from Hnmpﬂend{ 17972 | !
| Be {1"rimmi’= Hiil . a8 2343 |J Church 13355
Hampfizad Church 78 2 18
Hornfey Hill . mg 11 3.8 }ﬂ'mn Mr. DH\'H;_{ [;!51.2
J Primrofe Hill . 16 44 50 -2uz's Cupola 7198.2 |
: & Mr. Duvervz's . Cupela,
Hornfey Lane, Highgate 1i3.1. 4 big
Hornfey Hill 147 30 42 fiom 1flington -hq.aj':-j :
. 5. 4 |Brimepfe Hill |, i51.42 39 ]' Church| | { 13409 .
. Iflingten Church - 8o 46 39 Tt | -

N
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Diftances of the ftations fromy

N° o e PORIEST the inrarfeied obrecin fest.
( iHnrnﬁ:}' Hill . 5; 28 3; from Highbury 8867.7
| 6. 4 |Primrofe Hill . 29 28 g2 Houfe 14845.4
Highlury Houfe, Mr . Avsgrt| 5 2 36
. |Hnrr|1'e}f Hill . gﬂ- 52 13 from St. Lulu:’s{ 19323
= 7. = |Primrofe Hill 8 59 37 Church 160575
e St. Luke's Church, U.EJ..‘]"reg.r 6o 7 50
=
E {Hornfey Hill : 62 g 30 from St. Leonard’s | 1816
- 8. < [Primrofe Hill 63 36 33.5 Church l 19560.5
i St. Leenard's Ch, Slﬁarm’zk& 54 13 56.5 :
é Hornfey Hill - 61 19 7.5 from Chriit 22723
= g. 4 (Primrofe Hill . 70 33 39 Church, Spit.  ||21149.3
£ (Chrift Church, Spitalfilds | 48 7 13.5
= :
=
o] Hornfey Hill . 49 20 3.5 . 23404.4
e [0, Primrofe Hill 81 21 4.5 } from Bow Ci, { 17959.6
:,: Bsw Church, E'-Ermpj:d'r 49 18 17
E Hornfey Hill . 42 33 43 }Fl'um St. ]!.ridt’s{ 23158
5 Primrofe Hill 86 44 24 Church 15608g.1
= St. Bride’s Ch. Flect Street 50 41 53
&
8 lHarnfcy Hill . 31 16 11 }from-ﬁt.{?tc-rgt's 21977
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EE E - Diftances of the fations from]
2.2 "E N (Triangles, Angles. the interfedted objeét in feets
-g’:é .,E_. L IR
= E g Jew's Harp ftation " 4 41 4% }I‘mm St. Pancraa{ 5728.1
£ &9 37- {Hlack Lane ftation . 12 58 a8 Church 2088.8
& 8 5 St. Pancras Chnarch 162 19 50

That thefe fecondary triangles may be more generally ufeful
to the inhabitants of London and its environs, the angles,
which the g3 points comprehended in Plate XI. refpetively
form with each other at the center of the dome of St. Paul’s,
are collefted in the annexed table, together with their feveral
diftances from that central point. The objets are arranged
into two claffes, according as they are fituated to the eaftward
or weftward of the meridian of St. Paul’'s. Thofe of the
firft clafs commence at the north meridian, and proceed by the
eaft to 18c° Thefe of the fecond commence at the fouth
meridian, and proceed, in like manner, by the weft to 180°%
From this table the total angle between any two objects being
had by fimple fubtraétion, and the diftances from St. Paul's
given, the diftances of the objects from each other are réadily
obtained. Whoever, therefore, thould be defirous of know-
ing accurately his own fituation in this great metropolis may
eafily fatisfy himfelf, by taking two angles from the top of
his houfe, with a good HapLEY's fextant or theodelet, be-
tween any known objets near to him, and the beft difpofed for
the purpofe. By the help of thefe dasa, and a very fimple trigo-
nometrical computation, he will obtain what he wants; and he
may even fatisfy another curiofity which will probably oceur,
namely, that of putting to the teft our original operation, by
trying how nearly different triangles bring out the fame refult,
It will readily be conceived that, for trials of this lort, the

paints..
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points whofe fituations have been determined by the great in-
ftrument thould be chofen preferably to the others; and next
to thefe, the objets that have been fixed by one angle, taken
with the Argyll-Street inftrument, as more to be relied upon,
than thofe obferved with the aftronomical quadrant or
fextant. Thus an excellent foundation is laid for the improve-
ment of the plan of London and its environs, which may by
thefe triangles be rendered more accurate than would have been

poffible by any other mode.

Table fhewing the bearings and diftances of objetts
fituated in and near London, from the center of the

Dome of St. Paul’s.

Bearings from |Diliances

Objefts. the north me-| in
rid. eaftward, | feect.

r|Newington Church . - 'SFD 5"5_; 33‘3 17641
5t. Luke’s Church, Old Street . 12 57 53.& 4262.9
St. Leonard’s Church, Shoreditch . 44 §7 39-8] 6746.4

The weit pediment of Wanftead Houfe §5 53 4644 36308.4

St. Matthew's Church, Bethnal Green 59 31 37-3 Sl{:g.ﬁ
Faftward | [Chrift’s Church, Spitalfields . o 38 37.3| 5898.4
B REE Bow Church, Cheapfide . E'}l 48 4.1 10780

e K Limehoufe Church d g2 51 b6 15462
mcuflau y St. George’s Church, Rateliff nghuw g8 56 s56.3]| €546.4
St ;aul’: The Monument . 115 15 45.7} 3414.2

3 * | |Severndroog Caitle, Shooter’s Hill 115 28 50.4139963
Tranfit-room of Greenwich Royal Obferv, 120 43 46 [25655.5

Eleham Church . . 123 40 4.2 |41091
Loampit Hill 5 . 134 40 48.7123450.1

Station at Norwood 175 47 18.4]37841

South Meridian of SI: Pauls ' [180 o0 oy 4

U= Weft-
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e : Bearings from [Diftances]
Objeéts. the fouth me-} - in
frid, weftward. |  feet,
o & W 5
"|Stretham Church 13 57 71-8/31793.5|
Clapham Common, Mr. Cnmuuu « | 26 29 56.124503.5}
Batterfea Church 52 22 27.6|22226 |
t.Peter’sCh. Weltm Smenacitaf thaS T. 52 32 13.2| 8661.8]
Fulham Church . . 57 39 44.6 (30746 3
ew Pagoda " 7r 2 36 l47577.7°
ichmond, Royal ﬂhl’ervarury . 71 42 O |§Ig4I.1
St. Martin®s Church, in the Strand 74 28 59.2| 6748.6{
Spring Grove Houfe, Sir Jos. Banxs, Bt.| 760 9 49.3 (57253.9
t. James"s Church : . 77 49 9.8| %9y
South Audley Chapel 81 49 42.7 |12211.1
St. Mary’s, New Churchin th: Etrand 81 57 27.7| 4291.6
St. Clement’s Church . .| 85 57 37| 3592-4
t. Ann’s Church, Soho . 8 9 s8.7| 7753.0
t. George's Church, Hanover Square 86 23 12.9(10304.5
St. Bride’s Church, Fleet Street . go 12 42.8| 1771.7
Argyll Street Obfervatory, Maj. Gen.Rov | g2 14 37.7| 9632 :
e SR The Pantheon . . 93 19 17.2| gobb.
Wetnatd | [Hanger-bill Tower 94 24 59.6/45845.2
i St. Giles’s Church - . 94 36 28.3| 6gut.3 "
lT.'Gl'J.fI.EI-ﬂ 3 [Portland Chapel . 100 34 38.7 |10301.4
St I?aul’i Charlotte Street Chnpel TOI 30 23.9| 8500.4|
3 " |3t George’s Church, Bloomibury Square |103 15 20.6| 6221.1
Wind Vane of the Britith Mufeum + ['o5 45 45.7} 67015
The Tabernacle, Tottenham Court Road |i07 20 47 | 8846.2
Fitzroy Chapel . 10§ 41 10.2| ¢550.9
Harrow on the Hill Church o 11z 7 §8.3/58764.2
Jew's Harp ftation of 178 112 58 30.7 13522
Primrofe Hill ftation of 1788 123 28 40.8 (17072.8
Hampftead Church ;. 128 50 11.824148.7
St. Pancras Church : 136 43 25.8 [10600.71
"The Small-Pox Hofpital . 137 38 37.8| 8732.3
Black Lane ftation of 1783 . 147 §3 7.7 [10790.3
Highgate Chapel - 150 59 18.1 [24062.4
Mr.Duveruz’s Cupola, Hurrﬁ:yLane High. 155 27 12.8 Inﬁq.ﬁ
Hornfey Hill ftation of 1783 173 24 32-3(23297.1
Ilington Church 174 40 21 4| g028.2
Highbury Houfe, Mr. J'!.Lr.xa'r 178 43 11.0 114595.7
L Ditte, the Tranfit-room of his Obfervatory/t79 1 56.6 I14501.4
North meridian of St. Paul’s JLEE& = T o - -
Com-

L. o
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'6i1iputed latitudes and longitudes of fome of the places inf|
! the above table. '
! . Longitude from Greenwich|
_ Places. Latitudes.

l in degr. ﬂc:.{ in time,

: o dr 861 TRl h. m. fec.

St. Paul’s . . 51 30 49.43/0 5 46.8 |0 o 23.12
Highbury Houfe, Tranfit-roem . | 51 33 128 [0 5§ 50.5 0 23.17
5t. James's Church 5 . 51 30 30.7 lo & o O 32.33
lArgyll Street Obfervarory - 51 30 §3.05l0 8 13.36 0 O 33.224
Clapham Common, Tranfit-room §f 27 12.7 o 8 39.2 0 34.613
[Richmond Royai Obfervatory . 51 28 7.9 lo 18 42. E 1 14.82

CONCLUSION.

IN the courfe of this Paper, an account has been given of
the commencement, progrefs, and completion of an operation,
the firft of its kind in this country, undertaken by the com-
mand, and executed under the aufpices, of a moft gracions and
beneficent Sovereign, the Patron of the Sciences.

From a liberal {upply of much better inftruments than ever
were ufed for purpofes of this fort on any former occafion, and
every other afliftance that could contribute towards fuccefs, the
operation has undoubtedly derived fome peculiar advantages:
for, befides a more accurate mode of meafuring the bafes than
has heretofore been practifed, the angles of the triangles have
been obferved fo truly, that the relative geodetical fituations.
of the ftations, as determined by plane trigonometrical com-
putation, may be faid to be free from {enfible error,

The inftrument too, by means of its tranfit telefcope, being
admirably calculated for determining, with great precifion, the
true direCtion of the meridians, their converpence to each
other,“and confequently the diderences of longitude, have

thereby
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thereby been obtained by angu-lar meafurement alone, without
any regard to difference of time, more or lefs erroneous even
with the very beft time-keepers, and not perhaps to be de-
pended upon to nearer than half a fecond, after taking a mean of
a number of comparifons. This mode, by angular meafure-
ment, was fuggelted in the Paper of 1787; and we prefume
to think, that the refult of the operation has fully verified the
goodnefs of the method by the confiftency of the pole-ftar ob-
fervations among themfelves. It may be faid to be a new mode
of {urveying, by the help of the pole-ftar as a fixed point, for
preferving the accuracy of the operation, fucceffively carried on
{rom meridian to meridian; and the fame mode fhould be
adhered to in future.

Another circumf{tance muft likewife be noticed, as having been
propofed at the fame time, namely, the ufe of white lights
for the diftant flations: for without the help of thefe, ob-
{erved with fuch an inftrument as ours, it would have been
utterly impoffible to have determined accurately the diftances of
Montlambert and Blancnez, the firft nearly forty-feven, and
the laft nearly forty-eight miles from Fairlight Down.

Without farther recapitulation, the Writer of this. Account
cannot help confidering it as being incumbent on him to recom-
mend, that the trigonometrical operation, fo fuccefsfully be-
gun, fhould certainly be continued, and gradually extended
over the whole ifland. Compared with the greatnefs of the
obje&, the annual expence to the publick would be a mere trifle
not worthy of being mentioned. In reality, a chief part of
the expence, namely, that of fine inftruments, has already
been incurred 3 and it would be a pity indeed to fuffer them to
be laid up and remain ufelefs. The honour of the nation is con=
cerned in having at leaft as good a map of this as there is of

any
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any other country. But, by proceeding with the work in the
fame manner as it has been begun, with more perfe& inftru-
‘ments than have heretofore been ufed, and fome of thefe'ap-
plied in a new way, a map of the Britith iflands will at length
be obtained, greatly {uperior in point of accuracy to any that
1s now extant.

One additional inftrument would certainly be wanted, that
is, a zenith fector for the determination of the latitudes, when
the operation came to be extended to any confiderable diftance
from the parallel of Greenwich. But this would not be ne«
ceffary at firlt; while fuch a one is preparing by Mr. Rams-
pEN, and which he will no doubt render the compleateft thing
of the kind, the operation thould be continued in the parallel
of Greenwich,-or in the perpendicular of its meridian, quite
to the weftern fide of the ifland in the manner following,

In more than one place of this Paper we have had occalion to
exprefs our regret, that the recent feries of triangles did not afford
diftances fufficiently great between points reciprocally vifible,
for the beft application of the pole-ftar obfervations, to the de-
termination of the differences of longitude. It is believed,
that the obfervations themfelves are extremely near the truth,
but not wholly free from error; therefore, whatever this may
amount to, on double or triple the diftance it would certainly
be reduced to one-half or one-third part.

Shooter’s Hill, and Nettlebed Heights on the eaftern fkirt of
Oxfordthire, are reciprocally vifible at the diftance of about
forty-fix or forty-feven miles from each other. Nettlebed
Heights, and a thin clump of trees on the Gloucefterthire
range of hills, called Paul’s Epifile, about two miles weftward
from Frog Mill, on the left-hand fide of the road leading from

thence to Gloucefter, may likewife be feen from each other at
the
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the dillance of fifty or fifty-two miles. This laft commands a
moft extenfive profpet over the plain of the Severn and the
Welch mountains to a great diftance beyond it. Pen-y-Fosl
Hill, called alfo the Sugar-loaf of Abergavenny, in Mons
mouthfhire, would become the third flation to the weftward;
and two, or at moft three, ftations more would reach St. Da-
vid's Head, oppofite to Wexford in Ireland.

But let us fuppofe, in the firft place, the feries of triangles
to be extended only to the third ftation, in all which {pace it
would be wholly unneceffary to obferve any latitudes; by the
pqle-ﬁar obfervations, repeated a fufficient number of times on
both fides of the pole, at each of the ftations, the length of
the degree of a great circle, perpendicular to the meridian,
and confequently the differences of longitude, would thereby be
obtained to the utmoft precifion. A determination of this fort
would abfolutely be conclufive, with regard to the length of the
vertical and radius of the parallel in the latitudes of the refpec-
tive {tations, afcertainable by their diftances from the perpens
dicular to the meridian of Greenwich.

The fecond part of the operation would be that of carrying
a feries of triangles fouthward from Pen-y-Foel Hill, 1 the
direction of its meridian to the Britith Channel; and after-
wards extending thefe triangles in the ufual manner over the
whole fouth part of the ifland between Kent and the Land’s-
Eund. '

If, befides the zenith fetor, another circular inftrument was
provided, and fome additional annual expence allowed, in order
to accomplith more fpeedily fo great and ufeful a work, at the
fame time that the operations to the fouthward were carrying
on, the feries of triangles, in the diretion of the meridian of
Pen-y-Vael Hill, fhould be continued to the noerthwasd through-

2 out
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out the extent of the ifland till it fell into the Murray Frith,
A new meridian might then be taken more to the weftward,
perhaps that of Invernefs, or fome hill near it, whereby the
feries would be extended to the North Sea, bounding the coafts
of Sutherland and Caithnefs.

It is unneceffary here to enter into any minute detail of what
thould be the fucceeding parts to be carried preferably into exe-
cution, as things of this fort would naturally prefent them-
felves, in the courfe of fuch important operations, to thofe
entrufted with the direction. It is however fufficiently ob-
vious, that having, as above fuppofed, obtained the meafure of
a portion of the meridian amounting nearly to fixteen degrees
of latitude in continuity, between the Pyrencan mountains
and the northern extremity of Britain, or more than one-fixth
part of the diftance between the equator and the pole; the
things of the next confequence to be obtained would be, the
meafures of the radii of the vertical and parallel in the low=
lands of Scotland, that is, in the latitude of Edinburgh, and
again at the northern coaft. In each of thefe fituations it is
evident, that about three degrees of longitude might be mea-
{ured with great exaftnefs. At the north, for inftance, Cape
Frath being made the central ftation, from thence the Orkaey
Iflands to the eaftward and Butt of the Ifland of Lewes to the
weltward, being diftin&ly feen, would confequently become the
ftations to the right and left.

With regard to the ufe of white lights, fo indifpenfably ne-
ceflary in all operations of this fort, no opportunities have yet
offered of afcertaining with precifion the immenfe diftance to
which they may be feen in favourable circumftances of the
weather, and with fufficient elevation of the ftations above the

fea. Thofe commonly ufed in the recent operation were only
i X three
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three or four inches in diameter, and the largeft but {ix or fevens
Augmented to nine or ten inches, exhibited on the top of one
high hill, and obferved from the top of another, when there
is no moonlight, and no rain or fog, they would probably be
feen eighty or a hundred miles. In fhort, wherever the moft
faint looming of the land in a very clear day can be difcerned, the
lights, from their extraordinary brilliancy, would undoubtedly
be feen in a dark night, when the air was perfectly clear.

Hence, it will readily be conceived, how eafily and accu-
rately any trigonometrical operations that might be carrying
on in England and Ireland at the fame time might be connected
with each other, by meanseof thefe lights, alternately exhibited
and obferved, for inftance, on Brach-y-pw/ Point, Holybead
Hill, and the Iffe of Man, on one fide; and again on the
mountains of Wicklow, bill of Howth, and mountains of Mourne,
on the other.

In the Paper of 1787, and again in this, we have had occa-
fion to remark on the improbability of being able to determine
the differences of longitude, by the inftantaneous explofion of
light, fo accurately as by angular meafurement with a fine in-
ftrument, applied as it has been in the recent operation.  But
fince, undoubtedly, there will be different opinions on. this
head, it will be very proper that both modes fthould be tried,
that the refults may be compared.

To the eaftward of Greenwich, the ftation for explofion
might be taken at Montlambert, Fienne Windmill, or at Folk-
flone Turnpike, m order to render the diftance of the extreme
ftations as great as poffible, Any of thefe points would be
vilible from Crowdorough Beacon, which would become the
{ftation of the Englifh aftronomer with his clock and inftru-
ments, That of the French aftronomer would of courfe Le

; taken
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taken  i1x the moft convenient place inland on the range of
chalk hills, vifible from the place of explofion, and the eafeft
connected with the triangles of the meridian of Paris in the
neighbourhood of Helfaut and Bowvigny. Crowlorouzh is about
7o miles diftant from Montlambers, and a point in the direction
of thefe two near Helfans would be about 32 miles inland from
Montiambert, which would give for the extreme diftance about
102 miles.

If experiments of the fame kind were to be made to the
weltward of Greenwich, thofe very flations, already propofed
for the continuation of the triangular operation, would be the
fitteft that could be chofen for the purpofe.

Now, fuppofing the operations already mentioned in the
parallel of Greenwich to be executed, the meridian of Pen-y-
Voel Hill extended to the northern extremity of Scotland, and
three degreees of longitude meafured in that latitude, while
the Eaft India Company were carrying on operations of the
fame nature on the coaft of Coromandel and in Bengal, every
thing would then be done that Britain could do within her
own dominions, in regard to the determination of the figure
and ‘dimenfions of the earth. If, after this, any doubts re-
mained, thefe might ealily be removed, by Portugal's mea-
furing a degree or two of the meridian under the equator, and
alfo a portion of the earth’s equatorial circumference; while
fome other nation repeated the operations at the polar circle,
or made new ones {till nearer to the pole, if fuch fhould be
found pra&icable, all which has been fuggefted iy the Paper
of 1987. For the farther illuftration of this {ubject, it will be
proper to refer to fig. 3. in Plate X,

With regard to the execution of any future operation that
may, ‘and which it is hoped will, be hereafter undertaken in

X2 Britain,



160 Gen. Rovy's Account of

Britain, there remains but one point more to be mentioned,
that is, the meafurement of new bafes. In the execution of
the great map of France, no fewer than {eveenteen were mea=
fured. But, with fuch inftruments as have been ufed in this
country, a {maller number would fuffice; and the beft fitua-
tions for the purpofe will naturally prefent themfelves in the
courfe of the operations. -

Thofe that immediately occur to the Writer of this Me-
moir, as likely to be found the moft proper, are the following,
v,

1. On Sedgemoor in Somerfetthire.

2. On Bofton Fens in Lincolnfhire.

3. On the fands on the coaft of North Wales
between Pen man Mawr and Beaumaris, . at low water

4. On the fands between Holy Ifland and ({pring tides.
Berwick upon Tweed, : L .

s, On Kincairden and Flanders Mofs, weftward from Stire
ling.

6., On the fands on the coaft of Aberdeenthire
between the mouth of the Don and Newburgh, [at low water

7. The fands on the coaft of Murray, between fp-ring tides.
the mouths of the rivers Findhorn and Nairn,

8. On the Moan morafs, inland from the Whiten Head, on
the coaft of Sutherland,

In the meafurement of thefe bafes, which fhould not be
lefs than fix, but as often as poffible even eight or ten miles in
length, there would not be any neceflity for that wonderful
exaftnefs that was requifite for determining the length of the
firft and fecond bafes on Hounflow Heath and Romney Marth.
Suppofing them to be executed with the fteel chain alone within

a few feet of the truth, it would be perfeltly fufficient to thew
2 that
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that no error of any confequence had accumulated in carrying
on the operation to thefe diftant points refpectively, even as far
as the remote thore of the Northern Ocean.

Finally, in order to preferve the primitive fcale of diftances,
whereon the accuracy of the recent operation, and all future
ones that may hereafter be connected with it, muft always be
fuppofed to depend, it is indifpenfably neceflary to eftablifh,
without lofs of time, fome permanent marks at the extremities
of the bafe on Hounflow Heath®. Thefe fhould be low cir-
cular buildings, rifing but a few feet above the furface of the
Heath, compofed of the hardeft materials, fuch as granite, and
conftructed in the moft durable manner by dove-tailing the
ftones into each other. They would refemble thofe bafements
of ancient croflfes we often meet with, formed into regular
fteps, whereby the afcent is rendered eafy to the top of a
circular table or platform, of fufficient dimenfions for the re-
ception of the great inftrument on any future occafion,

In the interior part of thefe little buildings, metal tablets
would be inferted, containing the name of that much-beloved
Monarch in whofe reign the operation was begun, and thefe
buildings executed ; the diftance from one to the other; the
angle of the bafe with the meridian ; and alfo the magnetical
variation.

It is not to be doubted, that the refpetive lords of the ma-

nors will readily veft in the Royal Society, the property of the
two {mall fpots of the Heath fufficient for the ereétion of thefe

* Soon after the meafurement of the bafe, Mr. Mving, F. R. 5. at my
defire, was fo obliging as to give a delign for a building of this kind, which,
being conftructed nearly in the way of the Eddyftone Light-houfe, executed by

the ingenious Mr, SmeaTon, would anfwer very well,
LEF RN,
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termini, They fhould be carried into immediate execution
for, if this bufinefs thould be poftponed for any length of time,
there will be danger of its being altogether forgotten. 1In a
few years the wooden pipes funk in the earth will decay; and
thus the primitive fcale of diftances, which coft fo much
labour and expence to obtain, will be irretrievably loft.
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