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XIL. An Account of the Trigonometrical Operation, whereby the
Diflance between the Meridians of the Royal Obfervatories of
Greenwich and Paris bas been determined, = By Major-general
William Roy, F.R. S. and 4. §.

Read February 25, 17g0.

INTRODUCTION.

HE trigonometrical operation which becomes the fubjeét

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 firft 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. RaMSDEN would have enabled us to embrace the early
part of the feafon, by proceeding with the execution of the
main deﬁgn; and therefore Sir Joseru BANKs had opened
(through the official mtercourfe of his Majefty’s Secretary of
State, the Marquis of CARMAR THEN, with the Ambaffador
at the Court of France) a correfpondence with the Academy qf
Sciences, regarding the co-operation expected on their part,
for conne&ing the triangles which we were now preparing to
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112 Gen. Roy’s Aecount of

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

About the {ame time likewife, a Paper was laid before the
Royal Society, intended as a fketch of the mode propofed to
be followed in carrying the {cheme into execution; for which
purpofe it was accompanied” with a general map, thewing
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 throw fome
additional light.

For feveral months of the {pring and fummer of 1787, Mr.
RamspeEN had been ferioufly 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 3ift of July at the flation 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 {eafon 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
3 Channel,



the Trigonometrical Operation. 113

Channel, at all events executed, it was therefore propofed to
Comte pE 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 beft for our
meeting on the coaft; that we would then difcontinue the ope-
ration to the weftward, and, having in concert executed the
coaft triangles, we would refume the inland parts of our own
feries at fome more convenient opportunity.

- This propofition being readily acceded to by Comte pE
Cassini, the 2oth of September was appointed for our re~
pairing to the coafts of Dover and Calais refpetively.

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,
MEecuAIN, 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 longer 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. BLAGDEN, who attended them during the

Vor. LXXX. Q time



114 Gen. Rov’s Jecount of
time of the co-operation, until it was finally clofed on the i7th
of October.

For the greater part of the time, 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 interfe&, with-
great accuracy, the two diftant points on the French coaft of
" Blancnex and Montlambert *, and thereby to eftablith for ever,
the triangular conneétion between the two countries,

The Duke of Ricumonp, 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 to 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 {caffolds to be ere&ed at Greenwich
Obfervatory, Shooter’s Hill, and Dover Caftle, for the reception
of the inftrument. But what was flill of more importance than
any of thefe, his Grace had permitted Lieut. FippEs (one of the
engineers on the furvey then under my direGion) to be em-
ployed, in the fummers of 1786 and 1787, 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 Bowlimberg, and it is even
written in the fame manner in the book, La Méridienne vérifiée.

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

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

The apparatus for the meafurement of the bafe with the fteel
chain, notwithftanding the urgency of the cafe, was not fent
to its deftination until the end of the firft week of October. To
Lieut. Fippes the engineer, was then joined Lieut. Brycs 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 accomplith the mea-
furement, as will be feen in the detailed account of that ope-
ration given in the firft fe@ion of this Paper.

In finithing the co-operation with the French Commiflioners,
at Lydd on the 17th of Ocober, 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 wifhing 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 impoffible to continue it, with any hopes of being able
to make fatisfaGory 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 feafon.

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, unoccupicd until the en-

fuing feafon.
Q2 The
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The winter months were employed in calculating the ob-
fervations 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 interfeéted from Botley Hill, Wro-
tham Hill, and Hollingborn Hill ; Goudhurft having been ob-
ferved from ‘Tenterden, and Frant having (contrary to our
expectation) 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 ecither bafe as given by the other, although
obfervations had not been made at the two intermediate ftations
of Goudhurft and Frant. ‘This difference, it was feen, would
fcarcely amount to one foot, or about - Z..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-
ftrument had not been placed at thefe two ftations, there were
reafons of a different kind, which rendered it in fome degree
neceflary to place the inftrument not only at Goudhurft and
Frant, but alfo at Botley Hill and Folkftone Turnpike, where
it had formerly flood.

In 1787, when at the ftation of St. Ann’s Hill, in a very
high wind, the box containing the axis level was blown from
the fcaffold, 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

high chalk cliff, that raifes its northern turret about 466 feet

2 above
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above low water at {pring tides, is neverthelefs furrounded on
the land fide with eminences, at the diftance of fix or feven
miles, {till higher than itfelf. From this circumftance we
found it impoflible to conneét it with the great triangles to the
weftward, otherwife than by a thort fide. It was therefore
fufficiently 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 1714 feet
eaftward from the meridian of Greenwich, Goudhurft is about
23 miles fouth-eaftward from the former, and Folkftone Turn-
pike, the ftation neareft to Dover, is fo fituated, that from it
can be feen the end of the bafe of verification at High. Nook,
Fairlight Down, and other diftant ftations.

With this objet in view, whereon fo much depended, we
had again the mortification to be thrown inte the latter feafon.
of 1788,

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,. but fo late,. that it
could not be placed:on Goudhurft Steeple till the gth.of Au-
guft, >17.8'8.

The obfervations. at. Goudhurft, Frant, Botley Hill, and
Folkftone Turnpike,. having been finithed 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 fatisfaCory 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 {ome
others, it is true, were obtained; but, in order that thefe
might be interfe¢ted in the beft manner, it became neceffary
to place the inftrument at one or more {tations to the north-
ward of the town.

With the view, therefore, of laying the foundation hereafter
for a much more accurate plan of Loudon than could poflibly
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&ted, and the fituatiens of a confiderable number
of remarkable fteeples within London and its environs, were
accurately determined, as will more fully appear in treating of
the fecondary triangles.

Having thus briefly thewn the order with regard to time in
which the recent operation, through its various fteps, was
progreffively carried on and compleated, it is proper that I
thould mention, that Mr. DaLsy, who had been recom-
mended as an affitant, has acquitted himfelf throughout the
whole perfe@ly to my fatisfattion, as a diligent and accurate

5 | 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
fection of this Paper, can {carcely fail of making him better
known hereafter; and'it 1s hoped, that he will have opportu-
nities of exerting his talents, by affifting in the continuation of
the future operations that are projeted and recommended to
be carried on in the conclufion of this Memoir; the various
parts of which are arranged as follows:

Seéiion Fir b,

Defcription of the apparatus made ufe of in the meafure-
ment of the bafe of verification in Romney Marfh, with the
hundred-fect fteel chain, in the autumn of 1787, with the refult
of that operation. Reference to be had to Plate I. and 1L, and
alfo to the table containing the general dctail of the mea-
furement.

S:6tion Second,

General defeription of the great inftrument with which the
augles in the recent trigonometrical operation were obferved ;
fhewing alfo 1ts various adjuﬁmcnt_s’fo'r practice.  Reference to-
be had to Plate III. a general view of the entire machine;
Plate 1V. a plan and two fections of it; Plate V. various parts
reprefented on large feales s and Plate VI. the microfeopes and
eyc picces.

Seétion Third.
Defcription of various articles of machinery made ufe of in
the courfe of the trigonometrical operation, referred to in Plate
VIil. Alfo the diftinétion of the ftations into two {ets; tholc

of the fccond 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.

Section Fifth.
On the difference between horizontal angles on a {phere and
{pheroid. Plate X.

Section Sixth.

Manner of determining the latitudes of the flations. Ap-
plication of the pole ftar obfervations to computations on dif-
ferent {pheres, and alfo on M. Boucugr’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.

Section Seventh.,

An account of the obfervations made during the courfe of
the trigonometrical operation for the determination of terreftrial

refra@ion. Plate X,

Section 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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SECTION FIRST.

Defecription of the apparatus made ufe of in the meafurement of
the bafe of wverification in Romney Marfh, with the bundred-
Jeet fieel chainy in the autumn of 15787, with the refult of thas
~operation. - Reference to be had to Plates I. and 11, 5 and alfo
10 the table containing ihe general detail of the meafurement.

ArticL 1. Preamble.

IN theaccount of the meafurement of the bafe on Houn-
flow Heath in 1784, which appeared in the Philofophical
Tranfalions of the fubfequent year, we had occafien to fhew,
how very accurately diftances might be determined by the fteel
chain, when applied in the ordinary way on the natural f{ur-
face of the ground, if that furface happened to be tolerably
{mooth, 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 {mall 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 Marth, even
if no other reafons had exifted- to make that choice eligible.

Vor. LXXX. R But
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But befides the danger of having the glafs rods broken, in

tranfporting to fo great a diftance from London, and, on fuch
an event happening, the impoffibility of getting 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 fix tniles, fo much inter-
fe@ed with ditches full of water as Romney Marth in reality
is, the laying of bridges for the tripod {tands, which muft have
been ufed with the glafs rods, would alone have been a very
troublefome and tedious operation.

Art. II. Beech Pojis.

In the firft place, about thirty pofts made of beech wood,
three inches in diameter, and of different lengths, from two
feet three inches to three feet fix, and a few of them fill longer,
were provided. They were thod with iron, and each of them
carried on its top a caft-iron ferrule, with two dovetails proje&-
ing from it ; care being taken in driving them into the ground,
that the dovetails thould ftand in or nearly in the direGion
of the bafe, as reprefented by the plan and fe@ion of a fingle
poft, in the middle part of Plate I. 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, or the 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 foon from right to left, were placed at the diftance
of twenty fect from each other. The firft is fuppofed to co-in~
cide with the mouth of the pipe funk into the earth, at the
eaftern extremity of the bafe, at a place called High Nook
near Dymchurch ; and every fifth poft from that towards the

left
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Ieft 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 {uppofed to ftand twelve or fifteen inches
from thofe in the center. "By referring to the elevation near
the top, and the plans and feion in the middle part of Plate
L 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. III. Deal Cyffers.

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
perfetly refembled in thape, 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 manner, 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
bottom, 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.
R 2 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 conftruc-
tion of the coffers was found to anfwer very well, thatis to
fay, 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 cofters, juft now deflcribed, a fix-
teenth, not repfefented 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
impoffible, to have fixed fteadily the group of three pofts in
the ufual manner. In this coffer there was a double or falfe
bottom, with grooves adapted for the purpofe; and the brafs
fcale, pulley, &c. were removed from the irons, and placed on
this bottom.

ARrT. IV. dpparatus of caft iron, Sc. for the ends of the Chain.

By referring to the plate, where the feveral parts of the ap-
paratus for the extremities of the chain are reprefented in plan
and fection, by a fcale cqual to one-fourth of their real dimen-
iions, it will appear, that the caft-iron pieces were of two dif-
ferent forms, one long, and the other fhort; but both applied
i 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

5 under
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under fide, which being 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 fufﬁ‘cieritly 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 fleady pins, entering cafily into holes
prepared for them in the under fide. A fhort groove, of twe
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 mutila-
tion of its handles, and faved much lofs of time. Indeed the
fame purpofe might have been effeCted, but not fo advantage-
oufly, by laying 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 im-
perfetion more, 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, burft almoft the whole of them, {fo that before the
operation was compleated, they were obliged to be replaced
with others made of himmered 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-
{pe&s fimilarly with thofe of the long kind. By infpetion of
the plate it will be feen, that each of them carried on its fur-
face a brafs fcale of fix inches in length, divided into inchesand
quarters, and moveable in a flide, either backwards or fore
wards, by a finger-fcrew adapted to the right-hand end.

The right-hand poft of each group is called the drawing-
poft, becaufe the iron fixed on its top carries a {mall apparatus
of brafs, which being conneted with the flat iron rod and
hooks formerly ufed at Hounflow Heath, for a like purpofe,
lays hold of the rear handle of the chain, and draws it back
until zero co-incides with the point of commencement. The
left-hand poft in each group is called the weight-poft, becaufe
it carried a brafs pulley, over which a weight of 28 lbs. was
hung by a {mall rope attached to the hooks that laid hold of
the front handle of the chain. This weight a&ting againft
the force of the fcrew at the other end, the chain was thereby
kept perfetly 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 ferew,
accurately to coincide with 100 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 thewn 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 100 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

2 pofts,
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pofts, and thefe remaining firm and motionlefs, as being
wholly unconne&ed 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 firft 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 in fucceffion.

Arr. V. Of the furvey of Romney Marfl previoufly to the:
meafurement of the Bafe.

In theintrodution to this Paperit has been mentioned, that
the Duke of RicuMonp had permitted Lieut. 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 direction. The general inftruc-
tions given to him were, that after having by a bafe of his
own determined. certain triangles in the nelghbourbood of
Dymchurch,. Ruckmge, and Romney, by way of foundation
“for his work, he fhould preferve Ruckinge as the point whereon
~ the allignement of the great bafe was to: be dire&ed, and vary
the pofition of that end next the fea-wall in fuch a manner as
to meet with the feweft local obftru@ions. to the meafurement
between the two extremities. By infpetion of the plan Plate
1L 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 interfe&ted, 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, {o
very attentive had Mr. Fippes been to the accuracy of his
furvey, that he was enabled, after feveral trials of other di-
redions, 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 tfacing his
line with the telefcope, he managed {o as to avoid them all, a
few infignificant buthes excepted ; which 1 believe to be an
inftance of exalnefs fcarcely to be equalled.

Art. VL. Pipes funk in the ground.

Permiflion having previoufly been obtained from the pro-
prietors of the foil, pipes were funk into the grouud 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

* It will be perceived, that feveral of the names of places differ in their
orthography, from that whereby they were exprefled in the plan of the intended
triangles given in the Paper of 1787. This has been done, on procuring better
information in that refpe&t than had formerly been obtained. Mr, Cosg, of
Lydd, an ingenious gentleman, well acquainted with Romney Marfh, was fo
obliging as to prefent me with a manufcript map of that fingular plain, com-
piled by himfelf from actual furveys, where the names and boundaries of the
waterings, and many other curious particulars, are very diftin@ly exprefled,—
Our plan of the bafe” has therefore derived advantage by adhering to fuch

Heath,

refpectable authority.
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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 cither fide.
That the meafurement might be carried on as nearly as poffible
in the fame plane, that is to fay, about fifteen 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 1s to be ob-
ferved, that there was no occafion for levellinrg 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 {eparate 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-
teted. 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 yardsof the Ruckinge
end, where the ground in that direGion 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.

Arrt. VIL. Refult of the meafurement.

Lieut. FIpDES, in the courfe of his trigonometrical fur-
vey, and of the different meafurements he had aé‘tually
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
Vor., LXXX. S 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.
In all this preparatory part of the bufinefs he had no other
affiftants than the artillery-men of his f{urveying party. But
for the ultimate determination, it being abfolutely neceffary
that he fhould 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 {cale at one end of the
chain, while he him{elf was adjufting that at the other ; there-
fore Lieut. BRyCE, of the Royal Artillery (now of the Corps
of Royal Engineers), an attentive officer and excellent ma-
thematician, was left with him for thofe effential 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 defe@ivenefs 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 progrefs that was made in the work from:
day to day. The firft column contains the date; the fecond,
the {paces 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-
HEIT ; and the fifth thews the corre@ion anfwering to that
difference, additive to the apparent length with the ﬁgn +,

and {ubtrative from it with the fign ~.
2 From
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From infpetion of the table it will appear,
that the total apparent length of the bafe, as
given directly by the ftecl chain, was g 512055

Feet.

13 1
In, Pts,

yards; which are equal to 28536 . 8.835

" But when the new points, at the diftance of
twenty-five feet from each other, were laid off
on the chain in Mr. RamMspEN’s thop from the
original points on the great plank of New-Eng-
land deal, the temperature was 55° that is, 7°
below 62°; wherefore the contradion of the
chain by 1° of FAHRENHEIT being =0.00%763 in.
this x7°x 285.37 chains =15.242 in. is the
redu&ion for the total contraltion below 62°,
to be taken from the apparent length ; which are
equal to - -

The apparent length is lxkewnfe to be leﬂ'ened
by the excefs of the corretions with the fign —
above thofe with the fign 4 in the annexed table ;
becaufe the temperature of the chain, when ac-
tually applied to the meafurement, being fo much
below 62°, the apparent length became thereby
too great by 30.65 inches, which are equal to

To be dedu&ed alfo from the apparent length,
the reduétion on two hypothenufal diftances,
meafured at the Ruckinge extremity of the bafe,
which is fuddenly elevated above the loweft part

fifteen feet, amounting to - -

I 3242

2. 6.65

O. 3.023

The fum of thefe three reductions, to be taken

from the apparent length, amounts to -
S 2

4. 0915
And
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And confequently there remains for the

Feet. Ino Pts.

length - - - - 28532, 7.92

But when the chain was adjufted in Mr.
RamspEN’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°3. After the
meafurement in Romney Marth had been finithed,
the chain in the temperature of 3¢°, being
ftretched out on the wall, its length was found
to fall thort of the original points on the brafs
pins 222 of an inch. Now, 55°5—39° =163,
and 16°5 x 0.00763=0.126 in.; hence 0.126
— %% =0.023 in. is the {pace which the chain

TTTOo

had only lengthened during an operation which

continued above fix weeks ; and one-half of this

fpace, wix. 0.0115 multiplied by 285.37 chains
15= 3.282 in., the corretion to be added to the
apparent length for the wear of the chain during

the operation * - - - +o0. 3.282
Whence the length becomes - 28532.11.202
Laftly, the bafe is to be thortened for its

height of 153 feet above the mean level of the

fea, fuppofed to be 6 feet 8 inches above low-

water {pring tides at High Nook, Wthh gives

for the redution - - - -0, 0.166

And
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. . Feet, In. Pis.
And hence there remains for the ultimate or

true length of the bafe of verification, in 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.

Art. VIIL.. Remarks on the comparative accuracy of the two
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 circum-
ftance might have affeted 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
is fo very {mall, as we have thewn it to be, in fix weeks ufe ;-
that coffers were laid for it, and its length transferred by means
of the brafs fcales 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 fhall 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 {cales 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 {pare 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 fcales ; 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 thew it, by falling fhort of the
divifions on the fcales, if the cold had increafed, or by over-
reaching them if it had diminifhed.

Finally, with refpet to the fubjett of thefe bafes, it is here
to be remarked, that the bafe of verification in Romney Marfh
makes with the meridian of the pipe at High Nook an angle
of 54° 28" 56”% north-weftward; and zbat on Hounflow
Heath makes with the meridian of the pipe at Hampton Poor-
houfe an angle of 44° 417 49", alfo north-weftward.

(GENERATL
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TasLE of the Meafurement of the Base of VERIFICATION in ROMNEY Marsn,

to be 9512245 Yards, and the true, or correCted Length i1
Spaces Temperature. Correétion Spaces Temperature, Correétion § | Spaces Temperature. Corre¢
Days. meafured. S for the Days. MNEATUIEU. | commmmmm e s for the Days, meafured.| e e for 1
Mean by| = diff. difference. Mean by] diff. difference. Mean by| diff. differ
Yards. {15Therm, from 62° Yards. |{rs5Therm.|from 62° Yards. |; sTherm.| from 62°.

o& o o {In. Parts.}O&. o o | In. Parts.}Nov. - o o |n P
15| 100} 547 |~ 7.3 ©0.16710 2100 | 65.0 | + 3.0+0.06867 4100 | g5.2 |— 6.8] O.I
16| 200} 62.7 {4+ 0.7 +o.01602J 2200 | 64.1 | + 2.1/4+0.04807] 1o | 4290 | 5.3 |~ 6.7} o.I
300 | 61.3 | — 07| o0.01602 2300 | §6.7 | — 5.3} 0.12132 4390 | £3.6 |— 8.4f 0.1
17 | 400 | §7.0 | — 5.9 O.11445} 30 2400 | §8.7 | — 3.3 0.07554 4400 | 49.0 |—13.0f 0.2
500 | 52.2 | — 9.8] 0.22432 2500 | §9.3 | — 2.5] o0.05722{ 12 | 4509 | 50.1 |—1II.g} 0.2
Boo | 33.6 | — 8.4] ©0.19228] 31 | 2600 | §7.3 | — 47| ©.10758 4600 | 47.9 {—14.1] 0.3
20| 700 | 46.8 | —15.2 0.34793] 2700 | §54.6 | — 7.4] 0.16939] 13 | 470° | 44.7 |—17.3] ©.3
800 | 58.9 | — 3.1] 0.07096|Nov.| 2800 | 53.9 | — 8.1} 0.18541 4800 | 44.8 |—17.2| 0.3
23| 909 | §3.9 |~ 8.1] o0.18541f 1 | 2900 | 49:0 | —13.0| 0.29757 4900 | 41,3 |—20.71 0«4
1000 | 55.3|— 6.71 ©.15336 3000 | 54.0 | — 8.0 0.18312f 14 | 5000 | 41.8 |—20.2] 0.4
24 | 1100 | 557 | — 6.3] ©.14421] 3100 | §0.g | —11.1} 0.25408 5100 | 42.9 |—19.1} 0.4
1200 | §0.0 | —12.0] 0.27468f 2 | 3200 | 49.1 | =129 0.29528] 15 | 5200 | 45.3 {—16.7} 0.3
1300 | 5§52 | — 6.8] 0.15565} 3300 | 50.4 | —11.0] ©.26552 5300 | 44.1 |—17.9} 0.4
26 | 1400 | 59.1 | — 2.9] ©0.00638 3400 | 48.5 | —13.5 0.30901 5400 | 40.4 |—21.6] 0.4
1500 | 60.0 | — 2.0] 0.04578 3500 | 42.0 | —19.4] ©0.44407} 16 | 5590 | 41.5 |—20.5] 0.4
27 | 1600 | 59.1 | = 2.9 0.06638f 5 | 3600 | 52.3|— 9.7} 0-22203 5600 | 44.8 |—17.2] 0.3
1700 | 63.1 | + 1.4+ 0.02518; 3700 | §3.0 | — 9.0 0.20601 5700 | 44.6 {—17.4] O.%
1800 | 68.1 |+ 6.314+0.13953 3800 | 52.4 | — 9.6] o.219741 17 5800 | 40.6 |—21.4| o0
1900 | 57.9 |— 41 0.0938 5} 3900 | 47.3 | —14.7} 0.33648 5900 | 30.4 |—22.6| O.
| 29 | 2000 | 60.8 | — 1.2) 0.02747 9 | 4000 | §5.6 | — 6.4] 0.14650 6cco | 41.3| 20.7] 0.4
—2.16540 —3:77913 =7.!
From the above Table it appears, that the total apparent length of the Bafe, as given imn
The corre&ions in the above Table, and others fpecified in the Text, being fubtrated fr

There remains, for the true length of the bafe in the temperature of 62° of Fahrenheit,
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AarsH, executed in the Autumn of 1787, whereby the a

pparent Length is found
:ngth in the Temperature of 62°, 28532 2% Feet.

17ToQ

Correétion Spaces - Temperature. Correétion Spaces Temperature. Correction

— dfo‘ﬁrs :v?:ce Days. | meafured. - diff(%:::;lece Days.| meafured. —— dff(;: the
g . iff. . i ifference.

2. Yards, 11\54';';2;};, f,-o;i 62°. Yards, x1\5’I ?Ke?;]n. fror(ri:ﬂ;z".

.n. Parts. o . In. Parts. o ° In. Parts.
8| o.15565 6100 | yoir | 199 0u45551 8100 36.3 | —25.7| 0.58827
7| o.15336|Nov.| 6200 39.3 | —22.7 ©.51960 8200 39.2 | —22.8} 0.52189
4| ©0.192288 21| 6390 | 43,31 .18.7] 0.42804|Nov. 8300 39.5 | —22.5] o.51502
.0} 0.29757 6400 | 46.5 | —15.5]  ©.35479] 29 8400 34.8 | —2y.2] 0.62261
9| 0.27239 6500 | 45.6 | —16.4] ©0.37540] - |8500 40.5 | —21.50  0.49213
1| o0.32275) 22 | 0600 | 4o | —19.51  0.44635 8600 1 423 | —19.7] 0.45003
.31 0.39600 6700 | 42.2 | —19.8] o0.45322] 30 |8700 30.5 | —31.50 0.72103
2| 0.39371 6800 | 410 | —20.8] 0.47611 8800 443 | —17.71  o.40513
71 0447382 23 6900 | 39.8 | —22.2] 0.50816 | Dec.| 8900 46.0 | —16.0] ©.36024
2| 0.46238 7000 | 390 | —23.0 0.52647{ 1 |9000 43.0 | —19.0]  0.43491
1| 0.43720 7100 | 37.7.1 —24.3] 0.55623 9100 456 | —16.4] 0.37540
gt 0.38226} 24 | 7200 | 36.2 | —25.8] 0.59056 9200 48.7 | —13.3] 030444
.9} o.409731 7390 1 42.1 | —19.9]  0.45551) 3 {9300 411 | —20.9f ©0.47840
b} 0.49442 7400 | 40.5 | —2IL.5|  0.49213 0400 46.9 | —15.1  0.34504 |
5] ©.46924) 26 | 7500 | 35.2 | —26.8] 0.61345| 4 19512.2454] 48.4 | —13.6] 0.34942
2| 0.39371 7600 | 39.8 | —22.2{ 0.50816 - —_— -—
4| 0.39829 7790 | 33.5 | —23.5] ©0.53791 — 6.97148
4| ©0.48985) 29 | 7800 | 2.6 | —28.4] 0.65098 —¥0.14802
O] o.51731 7900 | 38.9 | —23.1}  ©0.52870} - = 7.58574
W7] 0.47382f 28 | 8000 | 32.7 | —2g.31 0.67068 : x © = 3.77913

e — 2.16540

—7.58574 —130.14802 —————
' ~ Total Correftion — 30.64977

Feet. In.

wven immediately by the Steel Chain, was g512.245%; yards, which are equal to 28536 8.835
ratted from the apparent length, = — —_ — 3 9.799
enheit, - —_— —_ — — —_ 28532 11.036

equalto — 28532 2, Feet.

SECTION
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SECTION SECOND.

General Defcription of the great infirument with which the angles,
in the recent trigonometrical operation, were obferved; fhewing
alfo its various adjufiments for practice.. Reference to be had to
Plate IIl. a general view of the entire machine ;. Plate IV, a
plan and two [eltions; Plate V. warious parts reprefented to
large feales; and Plate V1. the microfcopes and eye-pieces..

Articre Y. Preamble.

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 minutie =
for even to have mentioned thefe, with the almoft infinite
number of little {crews that ferve 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 charaers,
would have been a difgufting labour. By the help of the four
plates which this defcription refers to, and which haye been
executed with great care, that fewer words might fuffice, itis.
hoped, that the inftrument may be underftood by two clafles.
of people for whom it is chiefly intended; firft, by thofe who.
being poflefled of fuch a machine would with to make them-
felves mafters of its ufe; and, fecondly, by fuch ingenious.
artifts as would attempt to conftru& 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 diftinguithed from each other. And here it is
‘neceflary 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-
{eription.

Art. II. General view of the infirument.

It is a.brafs circle, three feet in diameter, and may be called
a great theodolet, rendered extremely perfedt; 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
fame manner that tranfit-inftruments are, in fixed obfervatories.,

The circle is attached by ten conical tubes, as {o many radii,
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 {crews,
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 floping 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 caft-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 radi/, 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 perfeély, or at leaft as to fenfe, free from
any central thake. This mode of centering is orie of the chief
excellencies of the inftrument. From the ufe that has been
made of it both years, it {eems not to have {uffered in the
leaft; and it is perhaps the only conftru&ion that could have
anfwered for a machine of fuch magnitude, undergoing fo
many quick tranfitions from place to place, and fo often raifed
to high fituations without any rifk of being thereby hurt.

Awr. II. Mahogany Planes under the inflrument.

By infpe@ion of the plates, but more particularly the IIId,
and the {feGion 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 feparatlon of the legs, an
o&agon 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‘,o&“agon, 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 {crews, one on each fide, which alting 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 direftions, until the plummet fuf-

Vor. LXXX. T pended
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p‘endéd 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 again into its cafe, to be tran{ported
from place to place. In the middle of this plane or bottom to
the inftrument, there 1s another conical brafs focket, of three
inches and a quarter in diameter, fitted to {lip over and turn
eafily on that in the center of the o&agon underneath. In the
brafs cover of this focket, there isa very {fmall hole concentric
with the inftrument, to {uffer 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, Feet 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
1s always the cafe before the inftrument is levelled, to give
room for that operation by the a&ion 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 freth 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 perfeétly falt and fe-
cure from motion in carrying from one fituation to another.

ArT. V. Blocks of box wood and conical rollers under the

Jeet ferews.

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

Art. V1. Screws giving motion fo the whole infirument.

By examining attentively the general view of the inftru-
ment may be feen, in two pofitions, the great {crew with the
flat ivory head, whereby the entire machine received a circular
motion. In one, it is attached to the curbs, 25 when in ufein
17873 in the other, it is laid upon the mahogany bottom, as
‘was the cafe the fame year every time it was carrried to a new
fituation.  But this ivory-headed fcrew having been found to
a& by jerks in moving fo great a weight, and confequently to
be troublefome in adju{’cing- the inftrument to the ﬁxed point,
or that of commencement in meafuring angles 5 it .was theres
fore laid afide in 1788, and another apparatus or clamp was

T 2 adapted
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adapted for the fame purpofe. 'This laft may be feen attached
to the curbs, as reprefented towards the right hand of Plate V.
It confifts of a brafs cock, fixed to, and projeéting outwards
from, the curb of the inftrument; which cock is a&ed upon
by two ferews working on the oppofite fides agamﬁ it, and
which are clamped to the curb of the oftagon.

Art. VII. Mabogany Balufirade 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 fe@tions in Plate IV. In this cover there are only four
fmall 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 effeCually fecures the circle with its cones from dirt
and from accidents, it ferves 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. Achromatic Telefeopes.

Two achromatic telefcopes, each of thirty-fix inches focal
length, with double obje&-glafics of two inches and a half
aperture, belong to the inftrument. They are excellent of
their kind, and are furnithed with eye-pieces of different mag-
nifying powers, for ere&t as well as inverted vifion. The lower
telefcope lies exa@tly 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 objects, it ‘requires but a fmall elevation
or depreffion, and therefore is only fupplied with a fhort axis
of feventeen inches in length, fupported by braces attached to
the feet. The eye end of this telefcope is purpofely made hea-
vier than the objet 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 alfo on the left fide of the right hand fetion in Plate 1V.
But there is a fmall horizontal motion that can be given to the
right hand end of the axis of this télefbope, which is effeGed’
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 inftrament 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&, fuppofed to be the point of com-.
mencement, or that from which angles are meafured.

By referring to Plates IIL and IV. and likewife to the fection
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: helght 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 hexght as to permit a.
femicircle of fix inches radius, attached to the axis of the
tranfit, to pafs freely, and confequently the telefcope to be
direGed 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 being mea-
fured thereon.

AB{,!‘.
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Art. IX, Spirit Levels.

The inftrument has two very good fpirit levels, that are
fitted with the feveral means of adjuftment, asis uiual in fuch
cafes, the detail of which it is unneceflary here to enter into.
The firft or axis level, becaufe it is only applied ou the axis of

the telefcope, 1s that whereby it is fet horizontal, as in the
ordinary tranfit inftrument ; and it is likewife ufed for placing
the conical axis truly vertical, {o 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, 1s 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 whote axis of
vifion the rod, by adjuftment, can be made parallel, as will
readxly be conceived, by obferving the reprefentation of thefe
parts in the right hand fe@ion of Plate 1V.

When the angles of elevation or depreflion to be deters
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 likewile made ufe of for levelling the
inftrument when horizontal angles only are to be taken, for
which purpofe it is fufpended on two pins, which are feen
projecting from the horlzonhl bar in the plan, and one of
them in each.of the (eGions in Plate IV. This was the ordi-

nary pofition of the elevation level when the angles of the
2 triangles
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triangles were obferved, and thereby it was eafily feen. in the:
courfe of the operation, whether the inftrument had fuffered.
any change to render a re-adjuftment neceffary,,

Art.X, Lanterns for the lllumination of 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 1ts junétion with the
brace, diretly oppofite to the end of the axis, which has.a bit of
thin glafs placed before it to prevent duft from entering. ‘There
is 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 i1t' was cuﬁomary in pratice to- illu-
minate the wires, by holding up frontwife one of thofe feen in
the fe@ion in Plate IV. againft the end of the axis of the upper
telefcope, when direted to the pole ftar. The fame method was.
ufed by prefenting it obliquely to the object-glafs of the lower
telefcope, when it became neceflary to examine whether the
interfe@ion 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 twenty
ot twenty-four miles.

ART. XI. Lanterns for throwing light on the Divifions of the.
infirument.

Befides the two fmall lanterns for illuminating the wires of'

the telefcopes in night obfervations, two larger ones may be feen,

as already mentioned,. flanding on the mahogany cover in the
fetion
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fe@ion in Plate IV. ufed for reading off the divifions of the
inftrument, under the vertical microfcones. The front of one
of thefe is thewn, and the back, or that to which the handle
i3 fixed, of the other. Thewr narrow fides are prefenred
towards the microfcopes, there being in each a filvered re-
fleCtor of copper at FF'; and oppofite to it, at 3G, a fcreen of
talc or tranfparent oiled paper. The light from a wax candle
being thrown on the refleGors, and thence back again through
the fcreens, on the divifions of the inftrument under the mi-
crofcopes, thefe could be very diftinétly 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.

ART. XIL drms projecting from the bell-metal plate under the
plane of the infirument.

By referring to Plates 1II. and IV. but more particularly the
latter, it will be perceived, that there are three flat arms,
ftrongly fixed by {crews to the edge of the circular bell-metal
plate, forming, as has been already mentioned, the bafis of the
interior vertical axis.  Thefe arme, which are alfo firmly braced
to the feet of the inftrument, rife gradually as they project
outwards towards the circumference of the circle, whofe radius
they exceed about an inch and a quarter, and their extremities
are about an inch lower than its upper furface. One arm,
lying dire@ly over one of the feet, is that to which are
attached the wheels and fcrew 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 directly oppolite 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 pedeftals whereon ftand
the vertical microfcopes hereafter to be defcribed. 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 Microfcopes.

Two vertical microfcopes, diftinguifhed A and B, are ufed
for reading off the divifions on the oppofite fides of the circle
immediately under them. They are exaély of the fame con-
ftra@ion, and the chief 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
flides, and alfo that of the pedeftal, containing within it the’
gold tongue, with its axis and {crews for adjuftment. Next to-
thefe plans ftand the elevation and optical lines, fhewing the
pofition of the glafles with the magnified fcale at the bottom.

" Each microfcope contains two {lides, one lymg immediately
over the cther, their contiguous furfaces being in the focus of
the eye-glafies. The uppermoft, or that neareft 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 neceflary
for adjuftment, by the left hand fcrew to its proper dot, as
hereafter to be explained.

The fieel flide immediately under the former is made of one
entire piece, of {ufficient thicknefs to permit the micrometer
{crew, of about 72 threads in an inch, to be formed of it. To
its upper furface 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

Vor, LXXX. U into
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into 60 equal 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 {pring of a watch, coiled up in the ufual manner,
within a fmall barrel adjacent to it in the frame. By this pro-
vifion no time whatever ‘is loft; the fmalleft motion of th-e
head being inftantly fhewn, by a proportionable motion
of the wire, to one hand or the other, in the field of the
microfcope.

It is neceffary to remark, that the whole microfcope 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 ftecl
levers, fcen one on each fide of the elevation, which for that
purpofe are applied in the holes reprefented above and below
the projecting plate that unites the tops of the pillars. By
means of this motion, diftinétnefs is obtained at the wires;
and by the motion of the proper ferew of the obje@ lens,
which neceffarily follows that given to the whole microfcope,
the fcale is o adjufted as that fifteen revolutions of the head
thall 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 exally, or even nearly, effeCted:
for at the fame time that the fixed wire muft bifet 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
fiftcen and fixteen to one as painted on the eye of the obferver.
In this adjuftment there is yet another circumfiance to be

5 attended
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attended to, which is, that fixty on the micrometer head
thould ftand nearly vertical, {o as to be conveniently feen. A
few feconds of inclination to one 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 tranfporting from one place to ano-
ther, thould have rendered a frefh adjuftment neceffary. But if,
when the wires co-incide with their refpetive dots and the firft
notch, fixty on the micrometer head thould happen to be under-
neath, or {o 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 capftan-headed fcrews, which a againft each other
on the oppofite extremities of its axis. Thus, by repeated trials,
the withed-for object will at length be effeCted, that is to fay,
fixty, to which the dart is to be fet, will ftand i in a place eafily
feen. But it is not to be expefted, that each microfcope will
give juft nine hundred feconds for the run of fifteen minutes.
Without great lofs of time this cannot be done ; befides that
two obfervers, of different 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", while B
gave at a medium go1”. 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 eftimation of
the angles for computation, whereby any difference between
them qlmoﬁ wholly dquppeared

The gold tongue, which is extremely thin, apphes very
clofely to the furface of the circle. In the plan it is fuppofed

to be feen through a thin plate of brafs covering the whole
U 2 pedeftal,
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’pedfﬂﬁa’, and alfo th: ough a {mall {quare plate lying over the
former. and faftened to it by three ferews, In the under fide
~o% this lait, there is a cavity for the proje&ing part of the
' tozxgue= This contrivance of the tongue with its dot was to
guord againit 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 imme.iately difcovered: for the wires being adjufted to
their dots under the microfcopes refpetively, if the inftrument
be then tarned round 180°, 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 moft fevere mode of trying the jultuefs of the
divifions of the inftrument.

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

By attending to the magnified {cale at the bottom of the plate,
it will appear, that the dot on the gold tongue, which is here in-
verted, is about one minute to the left of zero, and alfo of the
firft notch, with which the moveable wire alone co-1ncides.
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 1 5% 307, or 457,
being {een with the naked eye, and regiftered, the value of the
fraltional. {pace between zero and the laft paft grand divifion,
feen in the field of the mmrofcope, is obtained by turning the
micrometer head until the moveable wire bifects the dot at
that grand divifion. The number of notches towards the

sight hand paffed over on the fcale, equal to fo many revolu~
tions
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tions of the head, are the number of minutes, always lefsthan
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 thew, 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 effential part of the inftrument : for the fixed wire con~
ftantly remaining on its dot, the fra&ional fpace may be repeat-
edly meafured many times over; if neceflary, anda mean refult
_n\‘xay‘ then be taken. But it 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 circumftanges 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 Microfcopes..

Befides the two vertical microfcopes, applied in the manner
that has been defcribed to the meafurement.of the fra&tional
{pace in horizontal angles; there is. yet another to be men-
tioned, which is placed horizontally on:the bar that carries the
tranfit telefcope, and is direted to the divifions on the femi-
circle attached to its axis, for the meafurement of.angles- of
clevation 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 VI. It has, like the
others, a flide made of fteel, of fuch thicknefs as to permit the

7 micrometer.
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micrometer fcrew to be formed of it; and it carries a .vertical
wire placed in the focus of the eye-glafles, in which pofition
it is moved parallel to itfelf from left to right, by turning the
micrometer head. This {lide is alfo attached to a watch {pring
which ats in a contrary direftion to the head, as in other mi-
crofcopes of this fort.

Each degree of the femicircle being divided into two parts
or 30’y and one revolution of the micrometer head moving
the wire in the field of the microfcope 3”; therefore in 10 re-
volutions it changes its place half a degree or 30, which are
thewn by a {cale of 1o notches in the upper part of the field
of the microfcope, and alfo 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 12 equal parts, therefore each part is of the value of five

{econds.

ArT. XV 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 thew how, by its
means, the axis of vifion -of the telefcope, when adjufted, is
brought and kept truly horizontal, which is effeted in the
following manner.

On the oppofite fides of the horizontal bar that carries the tele-
{fcope there are fixed four {mall, but finely polifhed bell-metal
planes, two on each fide, on theright and left of the top of the
vertical axis, in fuch a manner ag that the {urfaces of the two
on either fide are direfted 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 hand of, Plate IV. On the edge
of the femircircle may likewife be feen a moveable clamp, eafily
made to ﬂlp, with the hand only, around its circumference,
and it carries with it a very fine fteel fcrew.  When the femi-
circle is towards the left hand of the telefcope, which is its,
ordinary pofition, the point of the fteel {crew refts, or'may be
made to reft, perpendicularly on the furfage of the plane
that is on the left of the wvertical axis.. But when the tele-
fcope 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-
jufting the telefcope by the level for elevations, which is then |
conftantly fufpended on its proper rod, parallel to the axis of
vifion, the adion ‘of the fteel 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 depreflion, by
the motion of a wire in the focus of- its eye-glafs, in the man-
ner hereafter to be defcribed, but alfo to keep it in that pofi-
tion, by the fuperior weight of the eye end, rendered fo onn
purpofe. By the fame means the telefcope remaius fteadily on
any obje& that it may be direGted to for interfection, whether
above or below the plane of the horizon. |
One thing more with regard to the femicircle muft be men-
tioned, namely, that it gives angles of elevation 12" too great,
and thofe of depreflion 12" too little. It is very eafy to con-
_ceive, that this arofe from the impofhibility of dividing it on
the axis of the telelcope to which it is fixed, and through the
centers
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centers of whofe pivots an imaginary line paffes that thould at
the fame time have pafled 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 dt in-its place on the axis, he made a
fteel 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 telefcape by adjufi-
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
fcrupuloufly 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-
preflion were taken.

Art. XVIL. Eye-glaffés of the telefcopes, and mechanifin of ihe

wires in their foci.

It has been already mentioned, that the telefcopes of the in-
ftrument are furnithed with eye-glafles of different magnifying
powers for erett and inverted vifion, fix for each telefcope, as
follows, viz. '

Ere&t vifion. Inverted vifion,
vt -

N° Power. N°  Powen.

| N 1. 8. Ne 1. 43

For the lower télefcope,{ 2. 88, 2. 50
3 117, 3. 7.

N° 1. 54. N°r1. 4o,

For the upper tele{cope,j 2. 81. 2. 55
' l 5. 108. 3 8c.

With
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‘With regard to thefe eye-glaffes, it is only neceffary here to
mention, that thofe of the leaft magnifying powers were found
both in day and night obfervations to anfwer the beft.

- In the focus of the eye-glafs of the lower telefcope there
are only two wires croffing each other in acute angles, which
are vertical, inftead of being placed at right angles, horizon-
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 room for a
{mall 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 interfet 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, v/z. the two
that form the acute angles, and the two extreme horizontal
wires, are fixed in the focus of the eye-glafes to the farther fur-
face of a thin brafs flide, fuppofed to be feen through 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, vice verfd, 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-

Vor. LXXX. X fcopes,
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{copes, to permit the micrometer fcrew to be formed of it ;
and it 1s reprefented in the uppermoft figure attached to a
watch {pring 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 {pace 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-
feGtion of the wires placed in the axis of vifion of the tele-
fcope, 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
{fmall angles of elevation or depreflion may be determined with
great accuracy, when the value of a certain number Xof revo-
- lutions and parts (the circumference of the head being divided
into roo) have been once afcertained by repeated obfervations:
of the altitude of any well-defined objet taken by the femi-
circle. Thus itwas found, by experiment, that 7.7%7. revolutions
of the micrometer head were equal to an angle of elevation or
depreflion of 10" 59’/ ) or 659", on the femicircle. Whence
it follows, that one revolution raifes or deprefies the wire above
or below the central point 17 24”8134, or a little more than
84."’8:. And hence a motion of one divifion on the head raifés
or d'epreﬂ'e_s the wire nearly (25 ths of a fecond.

In this manner were determined the reciprocal elevations or
depreffions of the feveral ftations of the feries of triangles with
regard to each other.

By obferving attentively the four fcrews reprefented in the
outward end of the telefcope, a dotted groove will be feen

under
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under the head of each. And in the uppermoft figure 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 fmall 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-
ftru&tion at right angles with it. ‘This being done, the fcrews
are made very faft in the ftuds below, and thereby the whole
machinery of the end-piece is rendered perfettly 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 V1. as attached to the eye end of the
tranfit telefccpe, 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. RAMsDEN 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 himf{elf to obferve very well without it, fo that it
was never ufed.

By employing this piece, light is no doubt loft; becaufe the
image paffes through more glafles before it reaches the €ye, than
when the common eye-piece is ufed. But for obfervations ‘of ftars
nearer the zenith than the pole ftar is in our latitudes, it would

be indifpenfably neceflary. It would likewife be advantageoufly
X 2 ufed



156 Gen. Rox's Aecount of

ufed in looking at the meridian {un in fummer, for which pur-
pofe-it is furnifhed with dark glaffes, placed in a flide moved
by rack-work, as may be feen from infpeftion of the plate.
They confift of three prifms, laid clofe to each other, {o as to
form, when thus aflembled, a parallelopipid. Here the green
prifm ftands neareft to the eye, a dark one fartheft from it, and
between the two, one of white flint glafs, for correGion of
the refraction which would otherwife take place. It will eafily
be conceived, from the difpofition of the prifms, that the
darkeft medium is here towards the left; and that it becomes
gradually lighter towards the right hand, where a void part in the
frame is brought into the field when the ftars are obferved; or
~when, from the circumftances of the weather, it may be unne-
ceflary to fcreen the eye from the fun’s rays.

Art. XVIIIL. 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 2 mahogany firaight ruler, having a f{pirit
level attached to one fide of it. The feet of the ftand being
then placed on. piles, are firmly faftened tothem by means of
long fquare-headed fcrews, only one of which may be feen in
the view of the inftrument, belonging to that foot which ftands
neareft the eye. By working with the four {crews fixed in the
o&tagonal mahogany plane, the plummet {ufpended 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 telelcope being brought over
any one of the feet, and the circle being clamped, hang the
axis level on the pivots or anfe 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. Bifeét 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. Adjufiment of the elevation Level.

This level being {ufpended on the rod attached to the outs
fide of the tranfit telefcope, {crew the erect eye-tube on, to
make that end preponderate. Adjuft the bubble to the indexes
by the fteel finger-ferew at the tail of the femicircle’s clamp.
Reverfe the level, and note the difference. Then bifect that
difference, and corret one half by the finger fcrew, and the
other half by the proper adjufting fcrew under the level, and
fo on repeatedly until the difference wholly vanifhes. ‘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 commenly the cafe when terreflrial objeGts only are obferved)
whether the plane of the inftrument fuffers any alteration.
If this thould have happened, the level on the horizontal bar
is at all times fufficient to corrett.it.

5 ArT.
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Art. XXI. To fet the vertical Axis 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 cirele being then turned round 180°, if the
‘bubble changes ‘its 1pla€e,‘ half the difference is to be correéed
by oune of the feet {crews, and the other half by two capftan-
‘headed {crews, that aét 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 juftin thefe two pofitions, ‘turn
the circle go°, which will neceflarily bring the axis -over the
third foot of the inftrument. Then corre& any error there
smay be by that foot {crew. In this manner the circle will be
made to revolve again and again, without any alteration what-
cever of the bubble, which thews that the vertical axisis then
truly perpendicular to the horizon.

Art. XXIL To make the line 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 .objeét, and let the circle be clamped.
Then reverfe the axis, thatis, turn the telefcope upfide down.
If the interfe&tion of the wires does not co-incide with the
objet in both pofitions, half the difference muft be correted
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
{een on the right hand fide in Plate VI. and fo repeatedly until

the difference wholly difappears,
7 ' AR,



the Trigonometrical Operation. 159

Art, XXIIL 7o ﬁf the Rod on which the elevation level bangs
parallel to the line of Collimation.

The vertical axis being:{uppofed to be nearly vertical,. hang
the level on its rod, and recify the bubble by the finger fcrew
of the clamp. Set the horizontal wire on the fteel {lide, to
interfe& the center of: the ohliqué wires, and place the dart or
index at zero on: the micrometer head. Then obferve fome
diftant diftin¢t 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 objedt.  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 objeét as in the former:
pofition, bifeét the difference by the finger fcrew of the clamp,
and then re&ify 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 parallel in 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 effential
parts of the inftrument; it is unneceflary here to repeat them..

ArT. XXIV. Of the weight of the infirument; and ‘mode of
tranfporting it from place to place;.

“'The mﬁrument, whofe defcription and’ ufes we have ‘here
attempted to give in a general way, without reference to its
minute parts, by a multitude of different chara@ers, wexghed in
the whole about 200 lbs. It is contained in two deal boxess

one
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one of a circular form for the body of the inftrument; and
the other of an oblong fquare 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 {fcaffold, &c. &c.
weighed at leaft as much more. The whole attirail was tran~
fported from place to place, in a four-whecled fpring 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 Joserw 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 THIRD.

Defeription of various articles of machinery made ufe of in the
trigonometrical operation weferred io in Plate VIL  Alfo the
difiinction of the flations into two fets, thofe of the fecond fef
being referred to in Plate VIII

ArrticLe I. Portable Scaffold.

IN the account of the meafurement of the bafe on Houn-
flow Heath we have thewn, that the {urface of that remarkable
plain 1s not elevated more than fifty or fixty feet above the mean
level of the fea. From this fmall elevation, and the circum-
ftance of its being {urrounded, almoft on every fide, with lofty
trees, it was from the beginning fufficiently 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 conftruéted.
It confifted, as may. be feen, of an inward {caffold 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 {quared 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 fufpended the plummet, was
fecured from the effe@s of the wind by a fort of funnel or
trunk, compofed 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
canvas canopy, about feven feet {quare, to which fide walls
could be hooked for fcreening it from the wind, as occafion
might require. By referring to the elevation it will be feen,
that the fcaffolds, 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 raife the inftru-
Vor. LXXX, Y ment
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ment to a greater height than fifteen or fixteen feet above the
‘ground. The whole together was never made ufe of, except
at the two extremities of the Hounflow Heath bafe. The
uppermoft half was applied at three of the ftations only,
‘namely, St. Aun’s Hill, Botley Hill, and Padlefworth near

Dover.

Arr. 1L Tripod Ladder.,

- Next to the {caffold the plate reprefents, in plan and fe&tion,
a tripod ladder, about thirty-five feet in height. 1t 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 fubftituted in its place; or (as was
the cafe when we obferved the ftation at King’s Arbour from
St. Ann’s Hill) a flag-ftaff might be added at the top, which
was fecured in a truly vertical pofition, by braces fixed to the 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 neceflary ; and that it could, by
the help of a heavy plummet, be always placed in a truly
vertical pofition over the point on the ground marking the fta-
tion. ‘The globe lamp was found to anfwer very well for thort
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. II. Common Flag-flaff.

After the tripod ladder, comes in the plate the plan and

elevation of a common flag-ftaff- with its braces, carrying

3 likewife
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Likewife two revetberatory lamps. Thefe two were attached.
to the fame iron bar, at the diftance of three feet from each
other. They had concave copper refletors, nine juches in dia-
meter, extremely well polithed 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 fecure
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 unneceflary ; wherefore fingle reverberatories were pro-
vided, with fpecula of ten inches diameter, and they were fup-
plied with ftill 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 fituations; 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 fupport 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 one of thefe lamps, and fome-
times two, at two different ftations, burning each night, when
we were making obfervations of the pole ftar, or white lights
of fhort duration, placed at other diftant ftations.

Y 2 ArT,



164 Gen. Roy's Account of

ART. V. Tripod for White Liglts.

Next after the flag-ftaff (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 fmall
fockets foldered for that particular purpofe to the fides of the
principal one. Deal rods, of five or fix feet in height, or ha-
zels cut from the neareft hedge, ferved as the legs of this ftand.
~ The fockets themfelves 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 {quare 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 ftation, were found to be very convenient on the top
of an open hill, or on the leads of a church fieeple, as the
perfon attending them could eafily light the box with the ports
fire, without the aid of a ladder.

Art. V. Portable Crane.

‘On the right ‘hand fide of the plate is reprefented, in plan
and fe€tion, and by a larger fcale than the others, a portable
erane 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 conftructed in the Tower of
London, and an{wered very well the purpofe for which it was
intended, although it might fiill be improved. Before we

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

Art. VL. Reafons for changing certain Stations.

In the courfe of the t)rigonoinetrical}operation, the center
of the inftrument has conftantly been brought, even almoft
to mathematical exa@nefs, 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 conneéred with others, which itis
to be hoped will be made hereafter: for this operation, the firft of
its kind in Britain, fhould only be confidered as the foundation
or commencement of a feries of others, which by degrees will
be carried to the remoteft parts of the ifland.

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

I 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 raifing a flag-ftaff’ on the
center of the fcaffold, thefe two frations were rendered reci-
procally vifible. By thefe means we not only avoided making
ufe 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 introdu&ion there has been occafion to take notice of
the advantage that was gained by being able to fee 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 correétnefs of the work. ‘

The 'ﬁngularit‘y of the fituation of Dover Caftle has like-
wife been mentioned. Inftead of two ftations near Tatterlees
“Barn and Barefriftan, whereby it was hoped, that Dover Caftle

might have been connefted with the feries to the weftward,
it was found neceffary to make ufe of three ftations; one at
Padlefworth, one at Folkftone Turnpike, and a third at
Swingfield. ‘Thus the fide which conne&s that ancient fort
with the other triangles is thorter 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. VIL. Diflinttion of the Stations.

Having affigned the reafons that rendered it eligible or ne-
ceffary to change fome few of the ftations propofed in the ori-

ginal fcheme, it only now remains to enumerate the whole as
diftinguifhed
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diftinguithed 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 laft fet are -given in Plate VIIL along
with fuch dimenfions as are neceffary 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 firft fet, marked with pipes, are fourteen
in number, viz.

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, . . . towards the Croydon end of the heights.
: ~rin a field belonging to le sfield
Botley Hill, . { Lodge Farm. 5 g P
Wrotham Hill . . 1in a field belonging to Mr. ]OHNSTON.
Hollingborn Hill, . in a field belonging to Mr. DurpER.
347 feet fouthward from the Windmill,
Fairlight Down, . { which makes with Fairlight Church,
‘ an angle of 105° 53" 20”.
Ruckinge, . . . { the extremities of the bafe of verifi-
High Nook, .
Allington Knoll,

cation.
an artificial mount belonging to Sir
Joun HoNEYWoOOD.
eaftward from the Church, in the
Padlefworth, . . {‘ Broom-field belonging to Mr. Brock-~
MAN.
Folkftone
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Folkftone Turnpike . . weftward from the Public-houfe.
The {ftations of the fecond fet, where the inftrument was
elevated on buildings, are nine in number, viz.
Hanger-hill Tewer.
Tranfit-room of Greenwich Royal Obfervatory.
North-weft turret of Severndroog Caftle, on Shooter’s Hill,
Swingfield Church Steeple.
North turret of the Keep of Dover Cattle.
Lydd Steeple.
Tenterden Steeple.
Goudhurft Steeple.
Frant Steeple.

SECTION FOURT H.

Caleulation of the feries of triangles extending from Windfor to
Dunkirk, whereby the geodetical diffance between the meridians
of the Royal Gbfervatories of Greenwich and Paris is deter-
mined. Reference to be had to Plate IX,

ArticLE 1. Ewcefs of the angles of [pherical 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

three
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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 {pheroid, it follows,
that the fame inftrument, fucceflively adjulted at each of the
fations, 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 {pherical or {pheroidical triangle
muft, as is known, always exceed 180°, lefs or more, in pro-
'portlon to the lengths of the fides. When the triangles are
very {mall, the excefs being of courfe {mall cannot poflibly
be difcernible by common inftruments. Even the fineft, {up-
pofing them free from error of divifion, will {carcely render it
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, nothghﬁaxldlng 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 fmall degree defective.
It had been at firft propofed to multiply the obfervations as
much as po'ﬂible, 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 fubdivide any errors that might arife from in-
accuracy of divifion, or thake at the center. This principle,
perfe@tly ‘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 pracice, without facri-

Vor. LXXX. V/ 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 thort {pace,
chiefly in the mornings and evenings, that the obje&ts were
fufficiently diftin& to be obferved with accuracy. So difficult
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 fatisfallory !
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 ob-
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 bifet a fine flag-fiaff, 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 {tations. 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.

Sometimes 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 expreffing the error. But no
5 bad
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bad confequence has arifen on that account, there beingalways
fuch other checks from the collateral ftations, as to leave
nothing doubtful.

On the whole, although, for the reafons already afligned, we
have repeated the obfervations feldomer than was at firft pro-
pofed; yet it will obvioufly appear from the refults, and paiti-
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 obferved ang]es

of {pherical triangles fhould have exceeded lbo° was found as
follows.

Becaufe the excefs of the three angles' of a fpherical
triangle above 180° x earth’s radius = its area, therefore
_Area
Earth’s rad, J
are taken in feconds. Now, 60859.1 fathoms being=1° on a
mean {phere, 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
—4.01 23486 = 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 bogarithm of the
area of the triangle taken as a plane one, in feet, [ubiralt the con-
Slant logarithm 9.3267737, and the remainder is the logarithm
of the excefs above 180° in feconds nearly.

=excefs above 180° in feconds, if the area and radius

Z 2 ARrT,
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Art. IL. Calculaticn of the Triangles.
Spheri- | .. Angles cor-
,No of Names of the ftations.| . Qbferved cal Diff, or reéted for Diftances.
triangles. angles. | vcefs. | €™ | caleulation.
o 4w u ” o 7w Feet.
Hanger-hill Tower 42 2 32 42 2 34
r’Hampton Poor-houfe | 67 55 39 67 55 39
King’s Arbour . | 70 I 48 70 1 4%
. 179 59 59 029 |—1.29
The Base between Hampton Poor-—houfe and King’s
Arbour . o« s . o | 27404.9
. Hampton Poor-houfe e o o« ] 38461.12
L Hanger-hill Tower from {King’s Arbour C L 370027
St. Ann’s Hill 44 18 §1.5 44 18 §I1.§
Hampton Poor-houfe | 61 26 33.1 61 26 33.5
King’s Arbour . 74 14 3§ 74 14 35
1L, 179 59 59.6 | 0.2 |—0.61
R Hampton Poor-houfe 4 . . . ’ 2
St. Ann’s Hill from J King’s Arbour S e §11§§-85

Hence, in the quadrilateral formed by Hampton Poor-houfe,
Kzng 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,
exprefled by a dotted hne in the plan of the trlangles, 68897.165

feet.
Wardrobe Tower of
Windfor Caftle e . e N 58 9 58.3
King’s Arhour . | 62 40 2%.5 . 62 40 27.5
St. Ann’s Hill 59 9 14 59 9 14
II1.
' i 0:235
. King’s Arbour . e « o » |34819.4
Windfor Caftle from {St. Ann’s Hill . e 36032.37

N°
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o ‘|Spheri- | : Abglcs ceor-
:.N of Names of the ftations. Obferved ‘cal Diff. ox reted for Diftances.
triangles. angles. error, . :
; excefs, calculation.
) o 4 Nz 1 o 7 u Feet.
Hundred Acres 53 5§88 35.75] 53 58 30.5
Hanger-hill Tower 68 24 44 68 24 44
St. Ann’s Hill . | 57 36 395 57 36 39.5
v,
179 59 59.25| 1.08 |—1.83
. Hanger-hill Tower N 71934.2
Hundred Acres from { o 700 "ery C ... 7921122
_|Severndroog  Catftle, , \
Shooter’s Hill 53 31 10 §3 31 9.75,
Hanger-hill Tower 55 53 44.3 55 53 44
Hundred Acres 70 35 6.7§ 70 35 0O.25
V. 3| . . —

{ 180 o 1.05| 1.18 |—0.13 ‘
sbk Severndroog Caftle from {giﬁﬁi;hglclzwef h ' ' ' ‘ ?ig;?gg
 [Norwood . 107 53 37 107 53 35.75

Hanger.hill Towe 26 12 22.3 26 12 23
Severndroog Caftle 45 54 1.5 45 54 1.25|
VI. 2 g : "
} 180 o 1 0.44 |+0.56]
| ' Hanger-hill Tower o . 63673.31‘
y ’ Norwood from { Severndroog Cattle <« . . |309155.15
r{Norwood .. 88 5 58 88 5 58.07]
Hanger-hill Tower 29 41 20.9% 29 41 21
Hundred Acres . . . . 62 12 40.93
VIL 4
K 0.53
L Norwood from Hundred Acres e e . 3’564.8.21
.| Tranfit Room, Green- o
wich Obfervatory |111 §6 50 111 56 5o
Severndroog Catftle 47 48 14 47 48 13
Norwood . 20 14 §8 20 14 57
VIII, % e
150 o z 0.0 |+1.9 A
( |Greenwich Obfervatory from {if;:vzzggoog Caflle ’ ;?2 ;Zig

Ne
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T Ago Spheri- |.. Angles cor=
-N of Names of the ftations. Obferved | cal Dﬂ.{‘ Ofl  re@ed for | Diftances.
triangles. Angles., Vexcefs. | €% | calculation. -
- i 7 v o 4 # Feet.
¢ [Botley Hill 74 37 17.5 -] 74 37 18
Hundred Acres . | 66 0 56.2 o 56
Severndroog Cafile 39 21 46.25 39 21 45
] 179 59 59.95| ©.78 |—0 88
. oo Hundred Acres . o 48426.95 1
; Botley Hill from’ {Severndroog Catftle .+ e . ]701G4.76
Wrotham Hill . 54 25 I 54 25 1.z§
Botley Hill 67 53 11 67 53 10.25
Severndroog Caftle | 57 41 49 57 41 485
l 1180 o 1 | 112 |02
. i Botley Hill . o e e 72953.12
Wrotham Hill from {Severndroog Caftle | . . . . |79962.13
Frant . 50 19 19 50 19 18
| [Botley Hill . 57 I5 IL.2§ §7 15 II
Wrotham Hill 72 25 3L.2 72 25 31
[ 180 o 1.45( 1.3 |+0O.I5
Botley Hill e + o » |903b64.16
Frant f"rom {Wrotham Hll § . . . . {79723.57 |
Hollingborn Hill . N 47 18 59
Wrotham Hill . 84 12 24.5 84 12 23.5
Frant . 148 28 37.5 48 28 37.5 '
Z 1 1.52
. . fWrotham Hill | . . . . | 81196.58}
Hollingborn Hill fron? {Frant o0 lios8gr.e
[Fairlight Down . | 48 25§ §3.5 48 25 55
Frant . 79 23 3 79 23 2
Hollingborn Hill e e 52 I 3
XIIL S 285 ’ '
- ; Frant . .o . | 1130282
Fairlight Down from { Hollingborn Hill | . . ratan T

NO
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5 . 3 |Spheri- . Angles cor-
N of Names of the ftations. Obfe??d cal Diff. or rected for Diftances.
triangle. : - angies. excefs. | 7O | calculation. )
. o 4 It Z 1" o 4 4 Feet,
Goudhurft 35 26 32.5 35 26 34.5 |
Botley Hill . 40 4 42 40 4 42
Wrotham Hill 104 28 44 104 28 43.5
XIV. "
179 59 58.5 | 1.35 |—2.85
; Botley Hill _, e . . 1 121800.3
Goudhurﬂ from{Wrm‘.ham Hill | . . .. 80997.23
r1Goudhurtt 72 23 32.§ 72 23 33.87
Frant - 75 33 10 75 33 13.63
] Wrotham Hill . 32 3 12.8 32 3 12,5 :
XV, J
180 o 1.3 |0.81 |4+0.49 /
i ~ Goudhurft from Frant e+« .+ 144389.68
r{Hollingborn Hill 03 46 44 63 46 47
Wrotham Hill §2 9 II.g 52 9 II
Goudhurit . 64 4 35 64 4 2
XVL 4 v
179 59 59 1.22 |—2.22
L Hollingborn Hill from Goudhurtt . . o « « . |71206.03
Tenterden . 67 7 35 ' : 67 7 56.46
Goudhurft , 68 13 21 08 13 19.5 |
Hollingborn Hill . e 44 38 44.04}
XVII. ‘1 ‘ 0.85 |
‘ Goudhurlt . . . 54374466 |
{ Tenterden from { piioborn il | . . . |7i34e0 |
Fairlight Down e 3§ 20 58.42 ‘
Goudhurft . 49 39 34 49 39 35.77
Tenterden . 94 59 26 94 §9 25.81
XVIIL 0.0%
. s " [ Goudhurtt " . . 92362¢6.92
] Fairlight Down from {T:nterden . oo . ??632.?3

Ne°
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. ‘(Spheri- | . Angles cor-
) Wa P
,N of Names of the {tations, Obferved cal Dif, f)r ‘rcc?ced for Diftances
triangles. angles. cexcefs, | 7T | caleuladion.
o / /" v 7" o i Feet.
Allington Kunoll 438 24 38 48 24 39
‘Hollingborn Hill e e 40 o §8.96
Tenterden . 91 34 23 91 34 22.04
XIX. o 5" ‘
[ - Allington Knoll from {g::é:itzm Hill ° T 2??;’?;’5
Lydd . NN 63 14 9.32
Allington Knoll . 73 © 27.5 73 0 27
_ Teaterden 43 45 22 43 45 23.18
A [ ' 0.67
' Allington Knoll . . [47849.2%
Lydd ﬁOm{Tentcrden . . . « « |66166.93
|Fairlight Down 54 59 18.5 54 59 17.31
Lydd . e e e 62 27 50.18
Tenterden . 62 32 53 62 32 52.51
XXI.
l 0.99 ‘
Fairlight Down from Lydd « o« . 171689.73
Allington Knoll "32 59 22.5 32 59 23
Lydd . 125 42 0.25 125 42 0
Fairlight Down NN . 21 18 37
XXII.
2 0.33
: Allington Knoll from Fairlight Down « + .« e |106922.8
fllzyd: 4§ 2(5 48.25 - 43 20 48.5 ‘
uckinge . 48 §8 49.9 8 58 49.
High Nook near Dym- 3 4% 35 495
church 87 40 21.53 87 40 22
XXIL g | 179 59 50.75| 0.21 |—0.26
| The Base of VERIFIcATION b’etyween High Nook
and Ruckinge " . . . e e . 28532.95
Lydd from ‘{R‘?Cki“ge ¢« . . . 4153389
High Nook © o+« {31362.58 |

No
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- . e | Spheri- [}y, Angles cor- ~
.N of Names of the ftations. Obferved cal Dﬂ,{ o.r - reéted for Diftances,
triangles. angles. excefs, | <™ | caleulation
k — " i o + u  |Feet,
Allington Knoll 9x 27 20 9L 27 19.5
Ruckinge . 54 19 17 54 19 13.5
High*Nook ‘ 34 13 21 34 13 22
| xx1v, / : -
| 179 59 58 | 009 |-2.09
Allington Knoll from {High;Nook oo e . [23184 93
Ruckinge . 16052.44 |

Hence, in the quadrilateral formed by High Naok, Ruckinge,
Lydd, and Allington Knoll, making ufe of the two obtufe an-
gles, as contained within their now refpe@ive 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 isito be remarked, that, in order to
produce this agreement, the angle at Hollingborn Hill, be-,
tween  Allington Knoll and Fairlight Down, has been made
48° 56’ 28’ inftead of 48° 56" 31”3, being a difference of
375+, which, according to obfervation, it fhould have been.
Had not this redu&ion been made, the dxﬂance ‘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, 13 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, fevenvty miles to the W‘\eﬁward, or of
- Vor. LXXX, Aa eithes
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either bafe with refpe&t to its oppofite one, amounts only to
about 4% inches,
' ; . Spheri- |.. Angles cor-
N° of Names of the Obferved cal Dl}ﬂ" Ol rected for Diftances.
. . angles, error, .
triangles, ftations, excefs, calculation,
. o 7 4 “” /"’ o 4 u Feet,
'[Folkftone Turnpike| 24 17 0.25 24 17 6.25
Allington Knoll 76 1 54 76 1 §53.23
High Nook 790 41 0.7% 79 41 0.5
130 o 1 0.29 [+0.71
o . Allington Knoll . e 55461.9
Z Folkftone Turnpike ﬁom{High Nook . | . . v . |3a706.6
Folkftone Turnpike] . . . . 32 6 56.8¢
Allington Knoll 109 50 40 109 59 39.35
Lydd . |38 224 38 2 23.96
XXVI.
2 0.59
Tolkftone Turnpike from Lydd © o« o« . [84659.88 }
Padlefworth . 108 9 345 108 9 34.5
High Nook . e 14 48 25.5
F olkﬁone Turnpike 7 2 0 57 2 o©
XXVIL 0.16
' . H] hNOOk - . - . 48 00.7
Z Padlefworth from { Tolktone Turnplke T 1451;82
¢ [Padlefworth . |105 29 40.5 105 2G 40 '
Lydd . 1 933 29 9 38 29.36
Folkftone Turnpikef . . . . 64 51 50.04
VXXVIII 0.27
om | Eydd . . . 533.
] - Padlefworth from {F lkftone Turr!palfe . . e zz;fggi
Padlefworth . 12 16 3 i2 16 2.63
\ [Lydd 154 5 54.75 154 5 54.4
1Fairlight Down L e 13 33 2.95
XXIX, h
Z 0.59
Padlefworth from Fairlight Down « o » o [186113.0

No




the Trigonometrical Opération. 379
Spheri-|... Angles cor-
N°of Names of the (z)ul:firew;ed. ‘cal. Elf;fr refted for | Diftances.
triangles, ftations. gles excefls. * 1 calculation.
[- I 7] " " / Feet,
Swingfield . 48 38 13 48 38 13
Padlefworth 70 54 5.5 70§54 3§ 5
Folkftone Turnpike | 60 27 3g.5 60 27 39.5 |
XXX. 180 o o 0.06 {-—0.06
. Padlefworth . . ,17056.06
Swingfield from {Folkﬁone Turnmke . 18525.15
 (Dover Caftl¢, North
" Turret 34 39 206.5 34 39 26.5
Swingfield 75 36 40 75 36 40
Folkftone 69 43 535 69 43 53.5
XXXI, 3 :
1850 o o 0.13 |—o0.13
Swingfield . . 130559.32
L Dover Caftle from {Folkﬁone Turnpike . . 131554.58

Hence, in the qUadrilateral formed by Folkflone Turnpike,
Swing field, Padlefworth, and the North Turret of the Keep of
Dover Caftle, making ufe of the two obtufe angles, as con-
tained within their refpetive known fides, we have for the
mean diftance of the points of the acute angles at Padlefvorth
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

/73

/7y
2’

and that at Padlefworth 34° 29’

42"}, as were repeatedly obferved.
Dover Cattle .« e . EY 37 55421
Padlefworth 152 15 25.5 ; 152 15 25.15
. Fairlight Down e e 6 6 3943
XXXI.
2 0.69 ,
Dover Caftle from Fairlight Down . 186113.0°

Aaz

NG
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o , Sp'ﬁeri- . Angles cor-
N (;f Names of the Ol;felrved cal Diff, c.ar rected for | Diftances.
triangles. ftations. angies.  Jexcefs. | ™ | calculation,
o 7 u 7 4" o /P uw Feet,
Dover Caftle e . 87 30 20.58
Fairlight Down . . 43 19 58.52
Montlambert . « e s e 49 9 31.9
» 7°4
Montlambert from {Dover Caftle . « o . o {168821,07
Fairlight Down « o+« |248977.5
Fairlight Down | o . 25 33 55.02
Dover Caftle . . 110 55 29.53
Blancnez - o e . 43 39 35.15
XXIV.
X 4.78 ’
) Fairlight Down s e s 2.52469.
Blancnez from { Dover Cafile . .+ . . |11663%s. gg
Dover Caftle 23 25 0.25 23 25 O.25/
Montlambert . e e . 36 53 18.11
Blancnez o 1119 41 41.64
XXXV.
1.84
Blancnez from Montlambert o o . . 77235:0

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° 417 28”.9, that
is to fay, 12”.7 lefs than what refults from our obfervations

acrofs the Channel.

This difference, which is the maximum

of the error between us in the joint operation, being finall,

and” of no rul importance one way or other, with regard to
the main point in difcuffion, fince it only varies the d:ﬁance
between Blancnez and Montlambert two or three feet, and
the longeflt fides of the triangles, which conne@ the two.
Coafts, by eight or nines. it has therefore been judged beft not.

to»
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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 XLIId inclufive,
of the angles as ultimately fettled by the late French opera-
tions, which Comte pE Cassint 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 Meéridienne verifiéz) ; 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 féche of the fpire of Notre Dame:
at Calais ; that is to fay, inftead of 12° 46" 39” it has been made
12° 46’ 42", on a {uppofition, that the fpire may overhang fo
much from the perpendicular towards Blancnez: becaufe the
{pace between the pofition of the white light on the gallery,
and the axis of the {pire, being carefully meafured by Dr.
BracpeN, correfponds to an angle of 9”, whereas the obfer-

vation gave only a difference of 6”.

s Anglés cor-
.N of Names of the flations, reéted for Diftances.
triangles. . calculation,
3 , o s Feet.
(IN.D, at Calais . . . 47 27 6
i Blancnez fignal . . . 1119 46 12
Dover Caflle . 12° 467 39| 12 46 42.
XXXVL 3 ID. at Calais fr {Dove«r Cattle 137449.9
' N.D. at Calais from { ppo cnez fignal 35023.3
L Excefs above 180°==0"".84.
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‘ “Angles cor-
N° of Names of the ftations, refted for Diftances.,
triangles. calculation.
o 4 Feet,
Fiennes fignal. . . . 94 26 27.5
Blancnez fignal . . 51 18 27.3
XXXVIL < |Montlambert fignal . . 34.15 5.2
Fi Gonal fro Blancnez fignal . -« « « | 436008
lennes Lgna m {Montlambert fignal c e 60464.4
N.D. at Calais . . S 64 21 43.1
Fiennes . . . . 46 24 25.2
XXXVIIL { Blancnez . . . 69 13 51 7
N.D. at Calais from Fiennes .o 45219.6
Watten . . . 27 37 14. 8 [
N.D. at Calais . . . 66 30 30.2
XXXIX. § {Fiennes . . . 8552 ¢ '
[ Fiennes . e 89453.5
Watten ﬂom{N.D. at Calais e 97283.0
Dunkirk . . . 51 39 12
JWatten . . . 85 57 46.5
XL. N.D, at Calais . . 42 23 L.§
. J N.D. at Calais o o .« . [123734.8
§ Dunkirk from | Watten . e 83616.2
{ {Mont-Caffel . . . 63 24 30
Dunkirk . . . 42 7 12
XLIL { |Watten : . . 74 27 58
: Watten o e .. 62711.1
i Mont-Caflel from {Dunkirk L 90087 5
r (Hond{cote . 93 31 34.1 -
: Dunkirk . . 51 7 4.5
XLII. g Mont-Caffel . . . 35 21 21.4
. Mont-Caflel e e . 70260.7
§ Hond{cbte from { Dunkirk L 2228
( [Dunes, fignal at the eaft end of the bafe . 81 §7 30
_ Dunkirk . . . 48 43 23
XLIL { [Hondfcte e ° . 49 19 7 ,
. . Hondfcéte e+ o « | 39641.0
. Signal on the Dunes frorp {Dunkirk S 40000, 5
[ 1Dunes fignal . 5 19 47 |
Fort Revers, weft end of the bafe . Q0 17 29
Dunkirk . . | 84 22 44
; . Signal on the Dunes e e 40000.§
XLIV. = Dunkirk from {Fort Revers . . 3715.6
N Fort Revers from the Dunes, the meafured bafe o e e e 39803.7
i But this bafe by meafurement was . c e 39801.7
3 .
Lﬂ “The difference is o . e 7.0

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

M. Cassini DE 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 3980f.7 Eng-
lith feet. Thus it appears, that there is a difference as above
ftated of feven feet in defed, 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. But a feries of 24 French triangles, founded on a
bafe meafured near Parls, and corrected by another executed
near Amiens, gives for the length of the fame bafe near Dun~-
kirk 39809.94 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 fo great a
diftance from each other, fufficiently proves the excellency of
trigonometricél meafurement, and fhews to what a wonderful
degree of accuracy operations of this fort may be brought
when fine inftruments are made ufe of, and great care beftowed
in the application of them. Doubtlefs fmall errors may have
arifen in the progrefé of the work, unfeen on both fides; but
thefe falling fometimes one way and fometimes the other, they
feem fo far to have compenfated for, or deftroyed each other,

3 that
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that their effects have almoft wholly difappeared. With regard
to the deficiency of feven feet found between the aGual mea-
{urement with the deal rods, on.the Strand near Dunkirk, and
the tngonomemml refult, 1t is neceffary 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
greateft ftate of expanfion from the moifture they had imbibed.
In the volume ‘of Philofophical Tranfaétions for 1783, p.
438. it has been thewn, that our bafe would thereby have been
rendered 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 impoffible to pre-
vent it from entering by the extremities at the jun&ion 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 {o foon as they otherwife would have done, and
thereby the meafurement would be given ftill fhorter than if
no 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 fa&k, 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

furface, without any extraordinary apparatus whatever, for-
4 wards
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wards and agan backwards, the diftance might certainly be
determined within a foot of the truth. And hence the impor-
tance 1s obvious of having at all times fo accurate and eafy a
mode of meafurement.

On due confideration of all thefe circumftances, it 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 interfe&ts a line drawn from thence to
N.D. at Calais, the Dunkirk bafe, with the corrections de-
pending upon it, are here rejected 5 and that the fcale of dif-
tances furnithed by the Britith triangles is adhered to, as not
differing fenfibly from the mean refult given by the other two
French meafurements. )

From M. pe Cassin1’s Book, La Meéridienne Vérifice, p- §1.
53. and 56. it appears, that Dunkirk (reje&ing the correftions
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 357. 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 tobe north
125517 toifes, and eaft 1430 toifes, which are refpetively
equal to 133769.7 and 1524.2 fathoms. And, laftly, at p.
56, of the Défeription Gésmetrique de la France, of the {ame
‘Author, publithed in 1783, and which being the lateft fhould
of courfe be the moft corre& work, Dunkirk is” 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 correftions
4+ and — which have been applied to the angles of the tri-

Vor. LXXX. Bb - 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 arbitrary corre®ion whatever ; and
being, with regard to eafting, nearly a mean between the two
extremes ; 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
‘Obfervatories within a mere trifle of the truth.

By Comte pe CAssiNI’s: triangles, executed in the autumn of
1787, and communicated in January 1489, it appears, that
‘Hond{céte 1s fouth-eaftward from the meridian of Dunkirk
67° 53’ 20”; which angle being fubtratted {rom the total
angle between Hondfcote and Calais 144° 53° 28”.5, being
the fum of the three angles at Dunkirk in the XLth, XLIf,
and XLIId triangles, there remains 77° o” 8.5 for the angle
that Calais is fouth-weftward from the meridian of Dunkirk.
And this Ia{’c angle being again fubtratted from 180°, we have
102° 59" 51”.5 for the angle between the fame meridian pro-
duced nmthward and a line drawn from Dunklrk through M
to Calais,

Now the two diftances. 13_.,7,5 3 and 1513.8 fathoms being
feverally reduced in the proportion of 39809.94 to 39808.7
the two lengths affignable to the bafé on the Strand near Dun-
kirk, as formerly eftablithed, we have 133771.1 fathoms for
the diftance in Britith meafures of the parallel of Dunkirk
from that of the Royal Obfervatory at Paris; and 1 51375
fathoms for the diftance of Dunkirk eaftward from its meri-
dian.  Again, making ufe of the angle 77° o’ 8”5, and its
complement to go°=12° 59" 51”.5, we have 1553.56 fathoms
for the dire diftance between Dunkirk and the point M;

2 alfo
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alfo 358.6 fathoms for the fpace that M is fouthward from
Dunkirk. But the diftance of Dunkirk from the Royal Qb-
fervatory at Paris, given in the 276th page of M. Cassint pe
Taury's Book, when reduced in the proportion of the two
bafes becomes 135765.7 fathoms, and taking a mean between
this number and that formerly found 153771.1 fathoms, we
have for the mean diftance of Dunkirk from the Obfervatory
133768.4 fathoms, from which 'fubtralting 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 Obfervatory at Paris, meafured on the meridian.

Now, fince in the XLith 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=g321. 36 feet, there will
remain 114473.4 for the diftance of the point M from Calais.
Thus, with the f{upplemental angle to 360° at Calals, Vi
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.

: o s " N
N.D. at Calais . o e 139 17 33.2) The fpherical ex-
SDover Caftle e . 18 24 37.3}cefs above 180°=

M near Dunkirk ; 22 17 49.5J) 2”42,

XLV. ' Feet,
. o [ Dover Cagle .« 137449.9
lN‘D‘ at Calais from {M near Dunkirk . . 11441 3.3,
Dover Caftle from M . . . 236273.7
Alfo; Dover is from Dunkirk . ‘ . 243291.3

Art. 111 Refult of the trigonometrical operation, in as far as relates
to the geodetical fituation of the different flations, with regard
to the Royal Obfervatory at Greenwich.

Having, by the preceding calculations of the lengths of

the fides and meafures of the angles of a continued feries of
Bb2 forty-
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forty-five triangles, determined the relative fituation of every
ftation with regard to thofe neareft adjacent to it, we are next
to fhew, from thefe data, and the angles which Norwood and
Severndroog Caftle make with the meridian of Greenwich
Obfervatory, the fituation of each ftation with refpe& to that
_meridian, to its perpendicular, and alfo the dire& or diagonal
diftance with the bearing from the Obfervatory itfelf. Thefe
various determinations are contained in the fix firft columns
towards the left hand of the annexed table of refults, wherein
the ftations are likewife diftinguithed into two fets, as fituated
to the weftward or eaftward of Greenwich.

By means of a fcaffold, perfeétly fimilar in prmcnple to that
formerly defcribed, but more flight as being made for the tem-
porary purpofe only, the ftand of the inftrument was raifed to
the height of thirty-eight feet above the floor of the tranfit-
room of the Obfervatory. At this elevation all the furrounde
ing objeéts 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 is but at a
fhort diftance, namely, about 1500 feet from the tranfit, and
confequently *;th of an inch correfponding 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 firft place, the central point of the axis was determined
by the interfetion ‘of diagonal lines drawn acrofs the fquare
part in the middle. On this {quare part, when the telefcope

was in its horizontal pofition, a bafon of quickfilver was
placed,
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placed, having a fmall crofs made of two thin bits of wood
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 interfetion on the brafs under-
neath. A [mall perfpeétive glafs being then fixed in a move-
able board under the center of the inftrument, this was made
to {lide at right angles to itfelf in the diretion 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, and the perfpective removed, the in-
terfeGtion 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
dire®. Dr. MaskeLyYNE 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 contracted 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 direGtions 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,
exally over the pin-hole. In this manner, which was that
adhered to, no.doubt remained of more than about +2,th part
of an inch, with refpe@ to the center of the inftrument being
in the interfe@ion of two vertical planes pafling through the
axis of vifion and that of motion of the tranfit underneath.

After having remained a week, the co-incidence of the pin-
L hole
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hole with the axis of vifion of the telefcope was tried, and
found to have fuffered no alteration.

In the VIHIth triangle, the angle at Greenwich, between
Severndroog Caftle on Shooter’s Hill and the ftation on Norwood
heights, hath been fhewn to be 111° §6” 50, By feveral obfer-
vations on different parts of the circle, Norwood ftation was
found to be weftward from the meridian 38° %’ 167, 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 fraion of a fecond of the
truth.

Now, with the fides and angles of the feries of triangles
already known, and the angle 38° 9’ 16” now given, which
Norwood makes with the meridian of Greenwich towards the
weft, it will be {ufficiently 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=
thelefs, that thofe who are but little converfant with matters
of this fort may themfelves be able to examine the computas
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.

Suppofe (Plate X. fig. 1.) GM to reprefent the meridian of the
tranfit-room at Greenwich; GW the perpendicular to that
meridian produced indefinitely towards the weft ; N the {tation
at Norwood, and H that at Hundred fcres, whofe diftances
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 meridian
and perpendicular refpectively, whereby four parallelograms

will
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will be formed. In the firfy, or that which isneareft to Green-
wich, having GN in the VIIIth triangle given = 31 274,48
feet, and the angle NGm=38°%" 16", with its complement
NGp=51° 527 44", it follows, that Nm reprefenting the dif-
tance of Norwood weftward from the meridian is=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 fhall find the angle
GNH =175 44’ 36".82,which wanting 4° 15" 23".18 of 180°,
thews that the dire@tion of the fide NH inclines {fo much more
to the weftward than the angle NGm. ~ Wherefore NGm=38°
7" 167 + 4° 15" 237,18 = 42° ;z’ 39”.18 =HNy, is the angle
which the line NH makes with N, a parallel to the meridian of
Greenwich drawn through the point N.  Now, in the fupple-
mental parallelogram, having the diagonal NH = 355648.21
givenin the VIIth triangle, and the angle HNs = 42° 227 39"".18,
alfo its complement=4%" 37" 20”.82, making ufe of NH as
radius, and thefe two laft angles refpe@ively, we have sH=
24027.36 feet for the fpace that H is more weftward than N;
‘and wH =26334.04 feet, that H is more fouthward than N.
Hence mN +sH=43333.9 feet is the fpace that H is to'the
weftward of Greenwich ; and pN +wH = 50937.9 feet is the
{pace 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=40° 23" 18”.54,
that Hundred Acres is fouth-weftward from the meridian of
Greenwich:; whence the dire& or diagonal diftance GH=-
66876.73 feet. 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 refpe@ive heads, and fo it would be with.
the
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the reft. In another place we fhall have occafion to peint out,
how the columns towards the right-hand of the faid table have

been filled up.

SECTION FIFTH.

On the difference between horizontal angles on-a [phere and
Jpberowd.  Plate X,

IN the Paper of 1487, various computations were giver
concerning the figure and dimenfions of the earth, founded
chiefly: on the actual meafurement of different arcs of the
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. Bouguer
in his fecond fpheroid agreed better with thefe meafured por-
tions of the curve, as fo many daza, than any of the other
hypothefes.  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-~
je&, which, for a great length of time, has engaged a confi-
derable fhare of the attention of the feientific world. In the
confideration of this matter, a new and curious point, not for-
merly attended to, and immediately conneted with our ope-
ration, prefented itfelf for inveftigation, viz. fuppofing the earth
20 be a fpheroid, fuch as M. BouGUER’s, confiderably flattened at
the poles, what might be the difference between horizontal angles
obferved with a fine infirument on that [pheroid, and on a [phere 2

The
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The following folution * of that important problem, being the
only unexceptionable one that I have received, is here given in
the author’s (Mr. DaLBY’s) own words.

Let CE and CP (Plate X. fig. 3.) reprefent the equatorial
and polar {emi-diameters of the earth, confidered as a {pheroid
flattened at the poles; PE and PN two meridians; pe and pz
two correfponding ones (that is, in the fame planes) on a
{phere, having the fame center C. Let the points 2, 4, A, B,
on the {phere and {pheroid have the fame latitudes refpe&ively.
Draw the radii ¢C, 4C, and the verticals AG, BW.

Then, becaufe the angles AON, BDE, in the fpheroid, are
always equal to the latitudes of the points A, B, thefe angles
are therefore refpe@ively equal to the angles aCz, 6Ce, in the
fphere, and confequently the verticals AG, BW, are parallel to
‘the radii C, &C.

Let the latitude of B or & be greater than that of A or a;
and let it be required to make the horizontal angle PAr on the
fpheroid equal to the angle pad, or what the horizontal angle
would be on the {phere.

Becaufe the angle pab is meafured by the inclination of the
planes, aCb, aCp, and AG is the common interfection of all
the planes of the vertical circles at A, and is parallel to aC,
and in the fame plane; therefore, when the horizontal angle
PAr is equal to the angle pab,. the planes GAr, CA%, muft be
parallel to each other; and confequently Gr, the line where
the plane GAr interfects the plane of the meridian EP, 1s pa~

* From my correfpondence by letter, and otherwife, with Dr. Maskeryne, I
had reafon to hope, that he would have favoured me with fome communication
on this fubje&. No doubt, he has been prevented by other bufinefs 5 but he will
probably give his method of folving fpheroidical triangles to the Royal Society on
fome future occafion,

Vor. LXXX. Cc rallel
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rallel to Cé in the fphere, 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, 1t will give the point 7 in
the meridian EP, making the horizontal angle PAr equal to
the angle pab, or what the horizontal angle would be on the
iphere.

In like manner, if the angle PBv is to be made equal to the
angle pba, Wov 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, PvB, as meafured by
the inclination of the planes, are equal to each other refpec-
tively, and equal to the {pherical angles of the triangle pab.

From hence it follows, that if A be the place of an inftru-
ment which meafures horizontal angles in the meridian NP on
a ipheroid, 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 fphere (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 BA7; 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 fphere, the defe 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 {phere.
Becaufe
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Becaufe AG, oW, BW, rG, are parallel to 2C, 4C, the
angles vWB, AGr, will be equal to the angle aCs, or arc 44,
therefore the arcs vB, 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 7G;
and becaufe the axis PW is the common interfeftion of the
planes of all the meridians, and BW, W, are in the plane
of the meridian PB, theréfore 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 nearly, and confequently is nearly equal to what {ub-
tends the difference of the honzontal angles on the fphere and
fpheroid.

And if GS be perpendxcular to the vertical GA, it will be
tqual 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
#H 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.

Ccz Let
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Let 2 and & on the fphere 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 aCs; then becaufe AG is
given, and the angle AGH equal to the angle 2Cs, AH will:
be given; with AH and AK, and the included angle HAK:
(cqual to the fpherical angle 4ap) find the angle AHK, and
alfo KH; then, becaufe the triangles KHG, KTW, are in the
fame plane (that of the meridian BP) and GH is parallel to
WT, thefe triangles will be fimilar. Hence GK : HK 32
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 fphermd be that of M. BoucuEer; and let
..he latitude of A be 49° 40’, of B 50° and their difference of
longitude o° 307,

- From the nature of the {pheroid, the radii of curvature of
the meridian at the equator and the pole, will be 3465507 and-
3524069 fathoms nearly; their difference is 58562 fathoms,
the length of the evolute .of the meridian; and the vertical

AG = 3465507+ % x 58562+ 1 x 58562 x fine 49° 4071 4%,
X 54562 XW 3509769.5 fathoms ; alfo OG=_%.

‘% 58562+ % x 58562 x Tinc 49" 407" = 40307.66 fathoms;

and DW = = x 58562+ % x 58562 X fine 500" =40397.23

fathoms. Now, the angles GOC, WDC, being=the Iati-

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° refpec’hvely,
and the included angle=30", will give the angle pab=43°
517.48".2, the augle pba=135° 45 16”.2, and ab, or the
angle aCo, =27 49”.7.

Now
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Now, by proceeding as direCted above, we get GK=.
4604232.9,AK = 2980006.3,and AH = 284 12.2fathoms. Hence.
the angle AHK =1 35° 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 fphere and fpheroid.

Hence the obferved-angles at A and B would be 43° 51748”.2
+11" 587.9=44° 3" 47”1, and 135 45" 167.2 -1 587.9,
=135° 33" 177.3.

- If the figure is an ellipfoid having the {fame axes, the angle
TAH will be found =8 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 variation is however too
{mall to be worth attending to in. pratice, as may be thewn in
the following manner.

. Let the {pheroid be M. BoucuEkr’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 as,
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 flag-ftaff 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-ftaff above B,
the angle T'AP in this cafe will evidently be lefs than it was
in the former by the angle #AT nearly ; and eonfequently it

diminifhes as the obferved point T is. elevated; and it is alfo
4 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 30’7, 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 (5509769) : rad.
:: GR (141.36) : fin. 8”7, the angle GBW, or Bz, Now,
{uppofing the point T to be a mile above the furface, this with
the angle nBT = 8", will give T# equal to about three inches ;
but T is in the plane of the meridian 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% miles, 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 {pherical
computation, and then the third angle, or difference of longi-
tude, will be given: for the obferved angles at B and A being
refpetively 135° 33" 177.3 and 44° 3" 4%”.1, we have fine
135 33" 1773+ 1317 587.9 : fine AP :: fine 44° 3" 4”1 -
117 58”.9 : fine BP accurately; but taking the angles that
would be obferved, fine 135”33 17”.3 : fine AP :: fine 44° 3
47”1 : fine of an arc greater than BP; and fine 44° 3747”1
: fine BP :: fine 135° 337 14”.3 : fine of an arc lefs than AP; and
this will thew if the obferved angles are confiftent, as angles that
2 ought

e
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onght to be found by obfervation on a fpheroid 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
fphere, the latitudes and difference of longitude being the fai};e
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

Theorem.

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

As the tangent of half the fum of the fides,

Is to the tangent of half their difference

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

To the tangent of half their difference.

In the fpherical triangle abp (fig. 2.), as fine dap : fine &p ::
fine abp fine ap; that is, on the fpheroid, fine BoP : fine
BP.:: fine vBP : fine AP. Now, the arc Bv betng.—-the arc
ba, confidered as an arc of a great circle, it follows, that in
the {pheroidical triangle vBP, if ©B, BP, and the included
angle vPB are given, the other angles at P and v may be found
by fpherical computation, but not the third fide vP. Suppofe
BP, Bo, are given, and the. included angle 'vBP a right one;
then rad. : fine BP :: cotang. Bu : cotang. angle BPo;: 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 {pherical compu~-

tation, but not the latitude of the point v..
But
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But if the fpheroid is known, the latitude of a given 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
P, the co-latitude of v. Now, with the latitude (fuppofe 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, asan arc of the meridian, being added to
PA, will give Pv, the co-latitude of v.

SECTION SIXTH.

Manner of determining the latitudes of the flations. Application
of the polesfar obfervations to computations on different fpheres,
and alfo on M. BouGUER’s [pheroid, for the determination of
the differences of longitude.  Ultimate refult of the trigonome-
trical operation, whereby the difference of the meridians of the
Royal Obfervatories of Greenwich and Paris is determined,
Plate X.

ArticLe 1. Preamble, fbewing the gemeral principles adopted
Jor fettling the latitudes of the fations.

In the Paper of 148, {o often quoted, and which was in-
tended only as a fketch of the mode then propofed to be fol~
lowed in condulting 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 Pyrenean 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 affigned to it by M. Bouguer
in his fecond {pheroid. Here, however, it is become neceffary
to take notice of fome miftakes * 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
reafoning there advanced, and the only thing meant to be efta-
blithed, namely, that M. BovcuEer’s hypothefis agreed better
with a&ual meafurement on different parts of the furface of

# The miftakes adverted to in the text were of three kinds. Firft, 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
inftance, the 43d was taken as that extending from 42 to 43, whereas it fhould
have been taken for the middle point, that is, from 421 to 43%, andfo-on in
regard to others. Hence the arcs are all made fomewhat too long, The fecond
was the omiffion -of the value of 933 toifes in eftimating the length of the
celeftial arc between Greenwich and Perpignan, the fector with which the ftars
were obferved having ftood fo much to the northward of the church of St. Jaumes,
the pointkto which the triangular meafurement correfponded,. The third was
fallen into from not knowing that the French obfervations of the flars had
been correfted for the nutation of the earth’s axis, in a Paper of M. pE LA
CaiLie’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 affigned to them refpeively in the Book, La
Miridienne vérifize, publified in 1744.  From thefame Paper it further appears,
that they rejected altogether their obfervations at' Perpignan, as. being probably
affelted by the attraétion of the Pyrenées. With regard to that part of the Table of
Comparifon in the Paper of 1787, which is affetted by thefe errors, the only
thing that now can be done is to annex to this paper a correéted {lip, whlch may
be referred to occafionally, or cut off and pafted over the former,

Vor. LXXX. Dd 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&ions of the united meridian will be
found to agree almoft exactly at Paris; that the excefs of the
meafurement is but of the value of 3” or 4/ at Bourges; only
of 6’/ at Rodés; aud even as low down as Perpignan, com-
prehending in the whole an arc of the heavens of more than
8°2, the excefs is not greater than what would anfwer to be-
tween 16" and 15"/, the chief part of which is probably ow=
ing to the attraltion of the plummet of the feor by the Py-
renees. In the Paper of 1787, the effe& 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-
{urements fhall have been extended beyond the Pyrenean moun-
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.
In 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 thofc immediately con-
nected with our operation, made at the northern ftations of the
meridian.
In carrying on the trigonometrical operation, it never was
propofed that we thould attempt to determine the latitudes of
the
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the ftations, by acual obfervations of the zenith diftances of
ftars, which, with the very beft inftruments hitherto ufed fo'r
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 carth.  Even if we could have been fupplied
with a feGor {o far furpaffing the old ones (fuch perhaps as Mr.
RamspeN miay 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 51° 28" 407, to
within lefs than half a fecond of the truth; and the geodetical
fituation of each ftation of our feries being determined 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. BouGuEeR’s {cale, as anfwering almoft exaétly 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 {pherical tri-
angles, a {phere whofé diameter is a mean between the longeft
and fhorte®t of M. BoucueRr’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 {phere 60859.1 fathoms
anfwers (as may be perceived by confulting the table in the
Paper of 1787) to the degree of the meridian on the {pheroid in

Dd2 the
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the latitude of ¢1° §%. Again, if the total length of one-
fourth part of the {pheroidical meridian of the earth, between
the equator and the pole, 5478094.4 fathoms be divided by go°
(Fig. de la Terre d¢ BouGUkR, 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 fphere and M. BouGuer’s
pheroid interfe& each other, as will be readily conceived by
referting to and confidering the reprefentation of them, in
Plate X. fig. 3.

Arr. IL. Of the pole-fiar obfervations in general.

It became neceffary, in the preceding article, to point out
in 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 éxcept 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 thould be accurately
known, for the computation of the ftar’s azimuth. With the
declination of the ftar, fettled to {o great a nicety as it has
been by the Aftronomer Royal, and the latitude of the place
given, 2 fingle azimuth was fufficient for obtaining imme-
diately the true dire&tion of the meridian.  Much time would
have been ufelefily 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 ia that
cafe the bifection of the angle would have given the true me-
tidian of the'place, without the knowledge of its latitude;

3 For
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For the purpofe of the pole-flar obfervations a {mall table
had been previoufly computed; of the exact times of the ftar’s
being in the eaft and weft ; whence the moments of its greateft
elongation were readily known. On thefe occafions the Board
of Longitude’s preemium watch, by the late Mr. Harrison,
was made ufe of. Its rate of going all the time that it was in
the field in 1787, was very uniformly 9f 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, 1t regularly loft on mean time from 33 to
4 feconds each'day; having in that thort interim been twice
compared in Argyll-ftreet, with an excellent clock made by
CumMING, with an improved ELr1coT’s pendulum.

With regard to thefe pole-ftar obfervations, whereby the
differences of longltude, or the angles of convergence of the
mendxans towards each other, havé been determined, it is
neceflary to remark, that although fome few were made to the
weftward of Greenwich, yet thefe were not at fufﬁcnent dif-
tance from it, and alfo taken of too fhort fides, to afford
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 meridian in thefe latitudes ; whence thofe
of longitude have been obtained. The obfervations made at
Folkftone Turnpike, which is upwards of fifty-eight miles in
dire& diftance from Greenwich, and where, fortunately, the
Jouble azimuth of the pole-ftar was obtained, are perfectly

sonfiftent with thofe taken at Goudhurft and Botley Hill. But
when



206 Gen. Roy’s Aeccount of

when at Fairlight. Down we had no obfervations of the ftar,
being at that time fo much engaged with the other effential bufi-
“nefs of the triangles, and particularly with the interfe@ion 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 to, for celeftial

obfervations.

Arr. Il Pole-far obfervations at Goudburft and Botley il
applied to computations on the mean [phere.
Let B (Plate X. fig. 5.) be Botley Hill; PBR its meridian ;
G Goudhurft; W Wrotham Hill; T Tenterden; RG an arc
of a great circle pafling through G, and falling perpendicu-~
larly on the meridian BR; alfo let % % reprefent the circle of
the pole-ftar’s apparent declination; and Bx, Gx, be two
azimuth circles touching that circle.
Augu{’c 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 obferved ¥, .. 104 32 19%.
The angle BGT, between the lamp at Botley
Hill and Tenterden, was repeatedly obferved, 167 43 56

T

Their difference = angle xGB is, . 63 11 36%

L —

+ The obfervations of the pole-ftar at Goudhurft and Botley Hill were repeated for
feveral nights at each place; but thefe here given are the moft exad. At Goudhurt
the angle which the {tar made with the lamp being noted, the telefcope removed, and
the plane of the inftrument being turned 180°, or half round, the telefcope re=-
placed and dire&ted again to the ftar, the difference on the circle was found to be
only 1”%. The fame method was univerfally adhered to in all places where
obfervations of the flar were obtained.. At Botley Hill, in particular, the dif-
ference between the readings was no more than 1 %

Auguft
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Auguft 23, 1788, at Botley Hill, the angle
#BW, or that between the pole-ftar at its greateft
apparent elongation and the lamp at Wrotham
Hill, was obferved, . . 76 21 27

The angle WBG, by repeated obfervatxons, was, 40 4 42

L S —_—

Their fum=angle %BG is, . . 116 26 19

B e e T S

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. BouGuER’s figure,
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" 41”.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 {pherical triangle
PxB, we have {ine BP : 2t Px ot fine 2° 547 54”.2 equal
to the angle % BP, the ﬁar $ aumuth from the north. And
this being added to the angle % BG obferved 116° 26 19”7, we
have the angle xBP=119° 21" 13”.2 for that comprehended
between the meridian and Goudhurit.

The diftance of Goudhurft from the perpendicular to the
meridian of Greenwich is 132592 feet, and its diftance from
the meridian of Botley Hill, on a perpendicular to that meri-
dian, is 106171 feet nearly=GR. Hence the latitude of the
point R is 51° 6" 52”.89; therefore RP=38" 53" .11, and
RG=106171 feet=17" 19”.7 nearly. Hence, as rad. : cofine
RP :: cofine RG : fine 51 6" 49”.7, the latitude of G nearly ;
therefore GP= -38° 53" 10”.3; and P* the ftar’s apparent

difftance at the time being 1° 497 25”.34, we have the angle
PG
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PG, the ftar’s azimuth=2° 54" 20”.8, which being f{ub-
tralted from the angle BG* obferved at Goudhur{t between
the lamp on Botley Hill and the ftar, there remains the angle
BGP=60" 17" 15”.7 comprehended at Goudhurft, between
Botley Hill and the meridian.

Now with thefe daza let us fuppofe, in the firft place, the
carth to be a {phere, whofe diameter is a mean between the
longeft and fhorteft of M. BougUgRr’s {pheroids, the latitude of
B, and of courfe its co-latitude BP, given; alfo the angles
PBG and PGB refpe&ively 119° 21”7 13”.2 and 60° 17" 157.7,
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 fphere contains 60859.% fathoms, the latitude
of Botley Hill will then be §1° 16" 41”.45, and BP its co-
latitude = 38° 43 18”.55.  This laft fide, with the former
angles PBG and PGB refpe&ively 119° 217 13”.2 and 60° 1+’
15”7, give PG = 38° 53" 6”.42 the co-latitude of G; and alfo
the angle BPG, the difference of longitude of the points B
and G equal to 27’ 36”.7. Again, in the right-angled
fpherical triangle PRG, rad. : tang. GP :: cofine of the angle
RPG : tang. 38° 53" 3”.47=RP. But the point R is 22094
fathoms fouth from Greenwich, and nearly on its meridian,
therefore its latitude will be §1° 6’ 527.8 ; and hence PR the
co-latitude will be 38° 53” %”.2, which exceeds PR formerly
found by {pherical computation to be 38° 53" 3”.47 by 3773
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 17695 fathoms, which, allow-
ing 60859.1 fathoms for a degree, correfponds to an arc of
17" 26”7.9. But {pherical compusation formerly gave RG=
17" 20", the difference confequently is 6.7 =113} fathoms ;

therefore the earth cannot be this mean fphere, which was
aflumed
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affumed for the purpofe of exemplification, becaufe its degrees,
in the dire&ion of the meridian, differ {o little in thefe latitudes
from thofe of M. Boucuer’s {pheroid.

ArT. 1V, The Jame pole=fiar obfervations applied to computalxom
on a fphere of greater dimenfions.

Let us fuppofe, in the fecond place, the earth to bea fphere

of fuch magnitude as to have degrees of a great circle con-

N

taining 612533 or 61254 fathoms, we fhall then get the lati~
tude of B or Botley Hill=51° 16’ 46", the latitude of R=
51° %" 17,2, and PR=38° 52’ 58”.8; alfo RG=17"19".9.
Now, BP=38° 43" 13”.9, and the obferved angles will give
the angle BPG, or the difference of longitude = 27" 36”.7, the

 fame as before, and the arc PG or co-latitude of G=38° 53’

2,05 *. This laft fide, with the angle RPG=24" 36".7 of
the right-angled fpherical triangle PRG, will give PR = 38"
527 587.8, and RG=17" 19”.9; thaf is to fay, the obferved
angles PBG and PGB, at Botley Hill and Goudhurft refpec-
tively, are nearly the fame as they would be found on a {phere of
fuch magnitude as to have degrees containing 612535 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”7, when the latitude of B was taken as belonging to a
{phere whofe degrees contained 60859 1 fathoms; and the

~{ame arc as now determined, viz. 17° 19”.9, agrees very nearly

# Tt is evident, that as the latitude of B increafes, the ftar’s azimuth, or the
angle % BP, and confequently the angle PBG, increafe likewife, But at G the
angle PGB is diminifhed by the increafe of the angle % GP, or the azimuth; and
therefore if the difference of the latitudes of B and G remains the fame, or
nearly the fame, the fum of the angles PBG, 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, .

Vor. LXXX. Ee with
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with the former, although the latitude of B be now taken on a
fphere whofe degrees contain 612533 fathoms, it obvioufly
follows, from thefe recent obfervations, zhat whatever the pre-
cife figure of the earth may be, or the ratio between its diameters,
the degree of a great circle upon it perpendicular io the meridian,
cannot in thefé latitudes differ much in length from 612533 fathoms.

ArT. V. The pole-flar obfervations at Folkflone Turnpike applied
to computations on the Jame greater fphere.

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, refpetively ; alfo let PF 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 .

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

1788, atnight, theangle between the pole-fiar,

when at its greateft apparent elongation from the

pole on the eaft fide of the meridian, and theres =

verberatory lamp at H, was obferved, . 123 19 - 3%
On the following morning, Sept. 8th, the '

angle between the ftar, when at its greateft

diftance on the weft fide, and the flag-ftaff at H,

was obferved, . . . 117 30 52%
The difference or double azimuth is, .« 5 48 102
And the half fumis, . . 120 24 57.87

This half fum 120° 247 59,87 * is the angle PTH, or that

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

* By taklpg the latitude of T as determined on M. BouGuEr’s {pheroid, =
51° 5" 45”.3 nearly, the co-latitude or TP is equal.to 38° 54’ 14”.7, and the

fiar’s apparent diftance at the txme bemg 1° 48" 187,03, we have, as fine .
080
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HTF, or that between the lamp at H and the white lights
repeatedly fired at F, was twice obferved 22’ 48" ; therefore
120° 24 57787+ 227 48”7 =120 47" 45.87 is the angle PTF,
that the ftation on Fairlight Down makes with the meridian of
Folkftone T'urnpike.

Now, rT being equal to 45827.88 fathoms, and- RF =
23884.68 fathoms, if we take 61253% fathoms=1°, we fhall
have Gr=22871 fathoms=22" 24”.18; GR=36436.1 fa-
‘thoms= 35" 417425 rT =44" 53”.45 and RF=23" 23".75;
therefore PR, the co-latitude of R, will be 39° 7/ 1”.42; and
that of 7 or Pr will be 38” 53’ 44”.18. Hence, in the right-
angled fpherical triangle PRF, we thall have the angle RPF =
37" 4’.901, and PF=39" 4’ 7”.294. Further, the triangle
PrT gives the angle »PT=1° 11’ 29”.143, and.- PT =
38° 54" 57.98. Now, 1° 11" 29”.143-37" 4".9o1=34’
24”.242 =the angle FPT. This laft angle, with the two
containing fides PT and PF, give the angle PTF =120° 4%’
44”75, the fame as it was aGually obferved very nearly. And
hence we have another ftrong proof, zhat on this part of our
carth the degree of a great circle, perpendicular to the meridian,
cannot differ much in length from 612533 fathoms, whatever inay
be its real figure, wbhich cannot be determiined until thefe obferva-
tions fball bave been compared with others that may bereafier be
made in the fame way, and with equal care, in latitudes remote

from each otber.

38° 547 14”.7 : rad, :: fine 1° 4¢f 18".03 : fine 2° 54’ 5.12 the ftac’s azimuth.
Twice this angle; or 5° 48’ 10".24, agrees very nearly with the double azimuth,
§° 48’ 10”2, found by the obfervations on the 7th and 8th of September. This
near agreement, at the fame time that it ferves to fhew the accuracy of thefe obfer-
vations in particular, and the goodnefs of the mode that was adopted in general,
ferves alfo to prove, that Dr, MaskeLynE has fettled the declination of the pole-

far to great precifion,

Eez2 ArT.
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Arr. VL The latitude of the point M near Dunkirk, and confe-
quently the diftance between the parallels of Greenwich and M,
deduced from the fame length of a degree perpendicular to the
meridian.  Alfo the comparifon of its length with that of the
meridional degree.

Again, let us fuppofe G (Plate X. fig. 7.) to be Greenwich ;
Pr its meridian ; M the point near Dunkirk, {uppofed to be in
the meridian of Paris; Mr a great circle paffing through that
point, and falling perpendicularly on Pr. ‘Then, if we take
612535 fathoms:x°, we fhall have rM (=89674.7 fathoms)-
=1°2750”.37, and Gr (=25831.43 fathoms)=24" 18".17.
Hence Pr will be 38°56” 38”.17; and therefore as rad. : cofine
Pr :: cofine M : ﬁne 51° 17 58", 5 the latitude of M; and 51°
28’ 40”-51".1’ 587.5 =26741”.5 is the difference of latitude
between Greenwich and M, or the diftance of their parallels.
Now, as 3600 : 612533 11 267 41,5 (=1601".5) : 27249.3
fathoms; and this being added to 133409.8 fathoms, the meafared
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 parallels

~ of the two Royal Obfervatories ne’xrly But the length of the
celeftial arc between them being 2° 38’ 26" would, at the
rate of 612533 fathoms to a degree, give= 161743. .3 fathoms,
which exceeds the meafured arc by 1084.2 fathoms. Therefore
it is fufficiently obious, that the earth cannot be.a [phere of thefe
dimenfions 5 but it muft be an oblate fpheroid, on which a degree of
a great circle, ‘perpena’icu/’ar to the meridian, in this way of con-
fidering it, exceeds in length the mean degree of the meridian be-
sween Greenwich and Paris in the proportion of 612 53% 2o

60842, or 411% fathoms.
ArTt.
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ArT. VII Application of the refults of the polesfiar obfervations
to computatzom on M. BouGUER’s [pheroid, for the diftance.of
the parallels of Greenwich and NL

Hitherto the refults obtained. by the geodetical meafurement-
and pole-ftar obfervations have been applied to {pherical com-
putations on two {pheres fuited to the different leng_ths 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 7 will be
found 51° 3/ 12”09, and the arcrM=1° 2y’ 49,”.03..\ Hence,
as rad. : cofine 7P :: cofine rM : fine 51° 17 48”.85 — the lati-
tude of M nearly. Now, let the points r and M be krep‘re-
fented by B and v (Plate X. fig. 2.) then will A reprefent the
point whofe latitude is 51° 17 48”.85; and by proceeding in
the manner formerly dire&ted for a {pheroid; we get GW =
15.12 fathoms= to the diflance in the axis between the points
where the verticals from-the latitudes - §1° 3" 12”.09 and 51° 1/
48””.8 5 meet the faid axis.. Hence, as rad. : 15.12 (GW) :: cofine
51° 17 48”.85 (angle SWG) : 9.50¢9 fathoms = GS, or the arc Av -
extremely near. Now the value of Av, asan arc of the meridian, .
is=0".56, which being added to 38° 58/ 11”.15 (AP), gives
38° 58/ 11”.71 =Pw, the co-latitude of v;.and hence the true
latitude of v, or M (fig. 7.), is 51° 17 48”.29, which -being
fubtra@ed from 51° 28’ 40", the latitude of Greenwich, there
remains 26’ §17.71 for the arc between them, or diftance of

their
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their parallels, which onthis {pheroid correfponds to-27248.2
fathoms, lefs only by 1.1 fathom than the fpace found, in the
laft article, to anfwer to an arc of 26" 41”5, being the dif-
tance of the fame 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 Obfervatory 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. BouGuer’s hypothefis by no more than 75
:fathoms.

But it-hath been already thewn, that whatever the precife
‘figure of the earth may be, a degree of a great-circle upon it,
5'perpendaiculdr?to>the'meridian, -cannot in thefé latitudes differ
‘much in length from 61253% fathoms, being but 16§ fathoms
lefs than 61270 fathoms, the length of the correfponding
.degree on M. Boucugr’s fpheroid.

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. BouGuEss.

‘Art. VHL Application of the pole-fiar obfervations at Botley

Hill and Goudburft, for determining the length of the degree of

a great circle, perpendicular to the meridian.

Since M. BouGueR’s {cale for the degrees of the meridian
‘hath'been‘found to agree almoft exa&ly 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

7 the
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“the meridian of Botley Hill, pafling through Goudhurft.
We' fhall then have PB, the co-latitude of Botley Hill,
=38° 43’ 18”.46, and PR, the co-latitude of R, =38° 53/
©”.14. Now, 1if the latitudes of B and R are neq‘rly true, it
fohows, that the point G wmuft be [fomewbere in the great circle
RG, whatever may be its longitude. 'Therefore the angle BPG, or
the difference of longitude between B and G, will be found in-
the follewing manner.

Augment the obferved angle PBG =119° 217 13".2, and dimi-
nifb the obferved angle PGB = 60° 177 15,7 by the fame quantity of
a degreey until PR determined from the triangle BPG becomes =
38° 537 714 mearly s which will be when that quantity is g
21", 'Thus the angles for computation will be 119°21” 13”.2°
+9” 21”7 =119 30" 34”.2, and 60° 17" 15”7 —9" 21”7 =
60° 7 54”7 3 whence the angle RPG, or difference of lon--
gitude between B and G, will be found=2%" 36”.75, and the
arc RG=17" 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 bath been already faid
concerning [pheroidical sriangles.

But fince the difference of longitude between B and G was -
formerly determined to be nearly the fame, viz. 27’ 36”.7, when
the obferved angles at thefe two ftations, and alfo the latitude
of B, were fuppofed to be on a figure different from this new
“{pheroid ; it therefore follows, that the difference of longztude
between any two fations B and G, diftant in the prefent cafe from
each other twenty-three miles (and they thould never be much
lefs remote) may be found with fuficient exaélnefs, by having the

borizontal
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horizontal angles at each flation obferved very accurately, and the
Jatitude of one of the flations given nearly.

‘The difference of longitude between ‘Botley Hill and Goud-
hurft, found as abeve, 27" 36”.75, being augmented by the
-value of the {mall arc comprehended between .the meridians of
Greenwich and Botley Hill' = 27,7, we have ultimately
27" 39”45 for the longitude .of Goudhurft, eaftward from
.Greenwich.

Art. IX. Difference between obferved angles-on the new fpheroid
and that of M. BouGUEr.

‘Laftly, on the fubje& of thefe.comparifons, let us fee-what
avould be the difference.between the obferved angles at B and G,
as determined on: the new {pheroid and on that of M. BouGUEs ?

The latitudes of B and G ou M.-BoucuEr’s {pheroid would
-refpe€tively be 51° 167 417,54 and 51° 6" 49”.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 refpettively 119> 31/
26”.47 and 60> 3" 3”7.18. But the obferved angles at thefe
ftations would be 119° 217 32”.97 and 60° 16’ 56”.68, the
common difference between them being .9 53”.5, which
is 32”.5 greater than g9’ 217, 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. Boucuewr’s fpheroid. The length .of the wertical is
dhorter .as well as the radius of the parallel, whereby Goud-

hurft,
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hurft, or the point 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 1s 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 obtained,
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.

ArT. X. Further illufiration of the manner of [ettling the lati-
tudes and longitudes of the flations comprebended in the general
table of refults.

- Having thewn, in the preceding part of this fe&tion, how
the length of the degree cf 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 furnithed with a {cale for fettling the
longitudes of all the other ftations where no obfervations of
the pole-ftar could be had, or only fuch as were not to'be de-
pended upon ; we thall, 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 refpedtive columns have been filled
up by the fame or a fimilar mode of computation.

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

Vor. LXXX. F f M;
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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 interfects the perpendicular in the point g.
Alfo, let MP reprefent the meridian of the Royal Obfervatory
at Paris, pafling through the point M, and interfeting the pa-
rallel of Greenwich in P. Further, let C reprefent the
church of Nstre Dame at Calais, and making, as appears by
the triangles, an angle RMC of 14° 517 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 538648 feet =
89674.7 fathoms; and that GR = gM contains 154938 feet =
25823 fathoms. Now, fince great circles, perpendicular to
any meridian of the fpheroid, 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 is 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, fo as
that Gr : GR :: rad. : cofine MR =1° 27" 51", confidered as
a portion of a great circle of the fpheroid, perpendicular to
the meridian of Greenwich. Hence, Gr will contain 25831.43
fathoms =25’ 29.9 of latitude, and therefore the latitude of
7 will be 51° 3’ 12”1, and its co-latitude 38° 56 47”.9. Alfo,
Rr meafures 8.43 fathoms, and fubtends an angle RMr =
19”.42.

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

gent
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gent of 45° we have the angle of longitude » |,
pole M, . . . . = 2 19 42§

The angle, pole Mr, . . =88 11 21.4
And the complement of this laft, or the con-

vergence of the meridian of M (fuppofed to co-
incide with that of Paris) to the meridian of
Greenwich, . . . . = 1 48 38.6
Alfo, as fine 88° 117 21”.4 : fine 38° 56" 49”.9 :: rad. : finc
38° 587 11”.2 the co-latitude of M; whence its latitude be-
comes 51° 17 48”.8, from which, dedulting the fpheroidical
correftion o”.5, we have the true latitude of M=351"1"48".3.
The difference between this and the latitude of 7= 51° 3" 12”1
will be 1723”.8, anfwering on the {pheroid to 1416.77 fathoms ;
and this laft number being added to the value of the arc Gr=
25831.43 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° 38" 26”.
Hence the mean degree of the meridian between Greenwich
and Paris correfponding to the latitude of 50° ¢’%, contains
608 38.3 ’fqthoms, or about 1% fathom lefs than M. BouGUuer’s
degree for the fame latitude.

Ff2 ARrT.
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Art. XL Comparifon of the angle between the meridian of
the pomt M and a line drawn from thence to Calais, as
approximately deduced fram. the Brityfb and French obfer-
vations.

In the fpheroidical quadrilateral GgrM (fig. 8.), formed by
three arcs of three great circles, and one of a fmall circle of the
fpheroid, we have two right angles at G and », and two others
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”.5+ 90° o’. ¢/’.7 (CMg) =
104’ 50" 54”.2, 1s 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 fubtra&ing the angle PMg
=1° 487 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" 2’
15".6 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 Britith obfervations.

By the late French operations, the meridian of Dunkirk
makes, with a line drawn through M to Calais, an angle of
102° 59/ 51”.5. 'The convergence of the meridian of M to
that of Dunkirk, on a difference of longltude of 2’ 21”.54,
is 1’ 49 ’.94, which being added to 102° 59’ 51”5, we have
103”17 41”7.44 for the angle that the meridian of M, or of
Paris, makes with a line drawn from Dunkirk through that
point to-Calais.  The difference between the two refults 34”.16.

1s nearly equal to the mean of two extremes ( ——i) 374,

the apparent uncertainty, in the determination of that angle-
B by
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by two {ets of angles given in the Méridienne vérifide, asadverted
to in the Paper of 1787, Phil. Tran{. Vol. LXXVILp. 193, 196.

ArT. XII. The longitudes of Dunkirk and Paris, eaftward from

Greenwich, determined by the fum of four differences of me-
ridians.

In fig. 9. let. PA be the meridian of Greenwich; G Goud-
hurft, PR its meridian; T the ftation at Folkftone TurnApike,
PS its meridian; C Calais, PC its meridian; D Dun-
kirk, and PB its meridian. Alfo, let AG, RT, SC, and BC, be
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% 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 280g8.8 fa-
thoms for what it is eaftward from the meridian of Goudhurft.
Now, 60859.4 fathoms being nearly = 1° of the meridian in the
latitude of Goudhurft, we have 946.6‘fathoms=’56” nearly =
the arc GR ; and the latitude of Goudhurft being 51° 6" 49".6,.
that of the point R is 51° 5/ 53”.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 24" 317.6. This arc and RP give the angle
RPS =0° 43’ 49”.86 for the difference between the meridians of’
Goudhurft and Folkftone 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 50° 57" 30" nearly (which
is 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 CS8; 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 pe Cassini’s Paper, communicated in January
1789, it appears, that the angle at Dunkirk, between its me-
ridian and Broulezele, 1s 10°18” 25”5 and that between Broule-
zele and Calais 66° 417 467'%, the fum 1s 77° o’ 1173 for the
angle at Dunkirk, between its meridian and Calais. In the
fame Paper we have 19349 .34 toifes for the diftance of Dun-
kirk from Calais; this, with the angle 77° o’ 117%, give
18853.7 toifes or 20093.3 fathoms for the diftance of Calais
wefltward from the meridian of Dunkirk, which, by taking
61246 fathoms=1° (that of a great circle perpendicular to
the meridian 1n the latitude of Calais), is equal to 19" 4171
—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 general refults), . =0 27 39.4%

RPS . . . . =0 43 49.86

The angles{SPC . . .. =0 39 19.4%

CPB . . . . =0 3I I5.11

Hence the total angle APB, orlong. of Dunkirk,is=2 22 3. ¢
It
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It hath been already' remarked, that, from p. 246. Méri-
dienne vérifice, Dunkirk is 1430 toifes eaftward from the me-
ridian of Paris; and that in p. 36. of the D¢fcriprion Géome-
trigue de la France, we find it only 1416 toifes. Now, thefe
will give 2/ 22”6 and 2 21”2 refpeively for the difference
of meridians of Dunkirk and Paris; the mean is 2’ 21”.9 for
the longitude of Dunkirk eaft from Paris; therefore 2° 227
37.9—2" 217.9g=2° 19’ 427, or 9’ 18”.8 in time, will be the
longitude of Paris eaft from Greenwich nearly.

. Again, in fig. 10. Jet P be the pole; G Greenwich, PWits
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 Mem. de I’ Acad. 1758, the celeftial arc
between Paris and the ftation of the fe&or near Dunkirk is
2° 117 50" ; to which adding 5”.3 (=84} toifes) for what
the tower is north from the ftation, we have 2° 11”7 55”.3 for
the arc between Paris and Dunkirk ; thercfore, if the latitude
of Paris is 48° 50" 14", that of Dunkirk will be 51° 2’ 9.3,
whence its co-latitude becomes 38° 57" 50”.4 =DP.

From what has been faid concerning fpheroidical triangles,
it follows, by way of corollary, that to find RD by {pherical
computation, when DP and the angle at P are given, itis
neceflary to diminith DP by a certain quantity determinable
from the nature of the {pheroid; this quantity is about o”.3,
when the fpheroid is M. BouGuEeRr’s; therefore DP may be
taken = 38° 57’ 50”.2, which is fufficiently accurate for com-
putation.

Hence, as rad.: fine DP :: fine 2° 22" 3”7,9=WPD : fine
1° 2¢’ 19”.17=the arc DR. Now, 61244 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 17 : 61247
1" 29" 19”.17 : 91175.8 fathoms=the arc DR.

But the length of this arc DR has been found nearly the
fame, that 15, 91176.3 fathoms (fee the table of general re-
fults) by continually drawing parallels to the meridian of
Greenwich through the different {tations between it and Dun-
kirk ; therefore, although that method in general is not ftrictly
accurate, having a tendency to give the refults in excefs; yet
it 1s evident, that the length of the arc of a great circle fo
determined will differ very little from the truth, when the
feries of tridngles employed for that purpofe are contiguous to
it, and follow its diretion nearly.

Art. XIIL. For the difiance between the parallels of latitude of
Greenwich and Paris.

The diftance between the parallels of Greenwich and Paris
has already been determined in Art. X. of this fetion, by
taking M (1420.41 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. 1o0. as cof. RD : rad. :: cof. DP : cof. PR=38" 56’
24”.07; but DP by obfervation is= 38’ 57" 50”7 =PW;
hence PW — PR = 38" 57" 50”.7 — 38" 56" 24,07 =1’ 26".63
=RW =1464.5 fathoms nearly, by taking 60858 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 82 fathoms further fouth, thatis to fay, GR
1s25425+8.5=25433.5 fathoms, which being added to 1464.5

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

Becaufe Dunkirk is fituated near the meridian of Paris, the

diftance between the parallels of latitude of thefe places will be
nearly equal to what vDunkirkis north from Paris, narﬁely,
1255173, or 125495 toifes (fee the pages vfor.merly quoted).
Thefe numbers give refpetively 133770426898 =160668,
and 133746.3+ 26898 = 160644.3 fathoms for the diftances
between the parallels of Greenwich and Paris, a mean between
which will ncarb; be 160656 fathoms.
- If therefore the celeftial arc of the meridian between Green-
wich and Paris is 2° 38 267, we get 60846% or 60837} fa-
thoms for a degree of the meridian in latitude 50° ¢'f, the
middle pjoih:t( between Greenwich- and Paris; and a mean of
thefe two refults 608413 only exceeds M. BoucuEr’s degree
for the fame latitude about 12 fathom, a quantity not differing
fehﬁbly from the defet that was brought out by the compu-
tation in Art. X. Finally, therefore, by taking a mean be-
tween this and the former leng’th 608381, wethall have 60840
fathoms for the degree of the meridian in latitude 50° ¢’ 247,
agreeing almoft exactly with that of M. BouGuEr,

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

M. Cassini DE THURY, in his Book La Méridienne vérifiée,
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 afcertained diftance, the inftantaneous

explofion of gunpowder in the open air. Tor this purpofe a
Vor. LXXX. Gg feries
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feries of triangles was extended along the fhore of the Medi-
terrancan Sea, between Cette and St. Victoire, the extreme
ftations 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
has ever been executed in any country, it appears, that a degree
of longitude in that latitude meafures 44355.7 fathoms ;
whence it follows, that the degree of a great circle, perpendicular
to the meridian there, muft contain 61182% fathoms, being
65% fathoms lefs than the degree in the middle of Kent, lati-
tude 51° 6’ 50",

Now, if we compare this difference with that found between
the correfponding degrees of great circles for the fame latitudes
on M. BouGuer’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 64.7 fa-
thoms, agrecing within lefs than a fathom with the former
difference.

On  due “confideration of fo many corroborating circum-
ftances as have been adduced in the courfe of this fe@ion,
there feems, therefore, to be fufficient room to conclude, that
the earth differs but little either in its figure or dimenfions from
what hath been affigned to it by M. Bouguer. It is true, in-
deed, that a new fpheroid 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-
gitide in the South of France was determined, it is from the
combination of both refults that the annexed table of the

lengths
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lengths of degrees of great circles and of longitude has been
conftructed for middle latitudes only, extending from 42° to
52° Without the help of fuch a table, the new longitudes of
fome intermediate places, which we fhall have occafion here-
after to compare with the old, could not have been fo accu-
rately computed as was withed. Now, although it is be-
lieved, that this table will be found to anfwer 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
furnifhed data for one more correct.

Table of the degrees of great circlesand of longitude for,
middle latitudes. '
; Deg. of great cir-|Degrees of longitude
Places. Latitudes. |[cles, ‘perp. to the in fathoms.
meridian in fath, :
o ouf Diff, Diff,
42 © o br11j0.5 454585
43 0 o |[61198. }7'5 447‘5;2.8 }7
South of France . 43 32 o |[61182.5 } 4.5 1443557 } 387.1 ¢}
‘ 44 o o |61180.5 i 4. |44013.9 } 3418 |
45 o o |61195. 8.5 (432714 } 742.5 |
46 o o |61203. } 8. [42515.2 } 756.2
47 o o [61211.5 } 8.5 {41740.1 } 769.1
48 o o |61220. } 8.5 [40964.2 } 781.9
Paris Royal Obfervatory {48 5o 14 |61227.5 } 7.5 |40303.2 } 662.0
, 49 o o |61229. } I.g5[40169.8 } 132.4
50 o o |61237.5 } 8.5(39362.8 } 8o7.0
‘ 5T o o |61246.5 } 9. [38542.7 } 8201
M near Dunkirk . 51 1 48.3{61246.7 } 0.2 |385188 } 23.9
Dunkirk . ] 51 2 g.3]|61246.75} 0.05/38514.1 } 47
Middle of Kent . s 6 40.6|61248. } 1.25/38450.0 } 64.1
Greenwich Royal Obferv, |51 28 40 |{61251.1 } 3.1 |38148.7 } 301.3
52 0 o |61255. } 3.9 137712.3 } 436.4
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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
{everal 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° 327, 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 refpe@ively.

To thew the effe& produced by the new data, we fhall col-
le@, 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 object here in
view is folely this ; namely, that aftronomers who live near thofe
places, and who have their time, that is to fay, the diretions
of their meridians very accurately afcertained, may, by their
future correfponding obfervations (which fhould only be occul-
tations of the fixed ftars 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 neareft
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 kmgdom of France.

Longitudes, Diff. of old and new long. -
Places, Latitudes. - i
. Old. New. |indeg® &c.] in time.
o ?/ 4]0 1 wlo Y] A7, Sec. Thirds.v
g’ (Pilier de Cette . 43 24 61 21 4|1 20 37| O 23 132
& | Tourde Planier, near Marfellles 43 11 §8)12 54 8l2 53 6] 1 2 4 8
g | Signal of St. Victoire . 43 31 52|13 15 8|3 1358 1 10 4 40
K 3 Strafbourg (Conn. de T. 1788) 48 34.35|5 20 18]35 24 6| 2 12 | 8 48
« | Ditto (Défcrip. Géomét, 1783,
g L opoyyr. . 48 34 505 25 o©fs 23 33] 127 | 548
% [ Tour de Cordouan at the mouth of - :
5:3 the Garonne, Conn. de T. 178845 35 15|13 30 383 29 18, 120 | §. 20
g ¢ St. Malo . 43.39 o4 22 22/4 20 37| I 45 | 7 o
£ [ Fort du Pilier, at the mouth of the _ 1
& Loire . . . 47 2 20/4-42 20[4 40 30| I 50 7,20
= | Uthant Light- houfe . . 148 28 3017 24 33l7 21 41| 2 52 [ 11 28
The greateft difference between Strafbourg and Ufhant 5 4 20 16
The leaft difference . . . . . 4 19 17 36
The mean difference . . . . . 4. 41% 118 46

With regard to the longitudes in the preceding table, it is
only neceflaty to- obferve, that the two books of 1744 and
1783, fo often. quoted, are not always confiftent 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 Géométrique a {cale for degrees of ‘lon-
gitude has been ufed confiderably greater than that correfpond-
ing with the {pherical hypothefis adhered to in the conftruc-
tion of the map, yet flill 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 reje¢ted, and their
lengths of degrees of longitude would have been {uited to an
oblate {pheroid, whofe degrees of the meridian and of great
circles perpendicular to it had nearly the proportion to each
other of 60340 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 Uthant on the weft, the
difference between the old and new longitude amounts to be-
tween 17 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 {o great as it was formerly fuppofed to
be by that quantity, or fomething approaching it very nearly.

ArT. XVI. The obfervations of eclipfes cannot be depended upon
Sor determmmg with fifficient accuracy the difference of longi-
tude in vicinal fituations.

Finally, with regard to differences of longxtude, 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, in general ¥, give refults

¥ The refult deduced by the Profeflor P1azzr, of the Univerfity of Palermo,
from the obfervations of the eclipfe of the fun on the 3d of June, 1788, made
at Greenwich, in company with Dr. MaskeLYNE and M. D’ARQUIER, as given
in the Phil. Tranf, for 1789, p. 58, is an exception well worthy of notice.

2 {uffi-
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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 actual 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. colleed and correfted with great care for the
purpofe, the difference in time between Greenwich and Paris
amounts to 9’ 30”1 *, inftead of being only ¢” 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 48’/ that of
the point M, it matters little which of the two is ‘ta'ken)
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 fpheroid confiderably flat-
tened at the poles, would be one extremely prolate, in propor-
ion with regard to the former figure of more than three to
one, or between 1200 and 1300 —to about 420 +.

In remote fituations, fuch as Europe and America, Europe
atd 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
180°, it is fufficiently obvious that, to render the effe of fuch

# From Dr. MaskeLYNE’s Paper of 1487, Phil. Tranf. p. 183. it appears,
that the eclipfes of the tft fatellite of Jupiter give immediately for the differcnce
of meridians of the two Obfurvatories ¢/ 30"%, without being combined with
obfervations made in other parts of Paris.

error
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error. as {mall as poflible, occultations of fixed ftars thould 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 prattice, 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



TABLE containing the GENERAL REesurTs of the

By Phne Trigonorﬁetry.

Diftances in Feet.

Stationss Bearing or
from the Merid. | from the Perp. Anf\;/}e Y‘:ll.th the
of Greenwich. | to the Merid. endian.

[ R A 7]

Greenwich R. Ob. Tranfit Room . - -} . & . | v e S
Norwood - - - - 19306.54 24603.86 | 38. 7.16 |[SW
Hundred Acres - - - 43333-9 50937.9 | 40.23.18.5 |SW
Weft from | |{Hanger Hill Tower - - - 67740.69 16729.21 76. 7 40.2 |INW
Greenwich 9 {Hampton Poor-houfe - - - 83086.16 18537.98 77.25.20.3|1SW
King’s Arbour - - - - 102204.55 1037.69 | 89.25. 7.7(NW

St. Ann’s Hill - - - 119404.04 28852.77 76.24.55.7 |1SW
L {Wardrobe Tower.of Wmdfor Caﬁle - - 137050.54 ° 2562.72 | 88.55.43.5|{NW

[ Botley Hill - 171.6 72882.5 o. 8. 5.6{SE
Severndroog Caftle on Shooter s Hlll - - 14032.3 4069.8 73.49.34 | SE

Frant - - - 62342.5 138460.4 | 24.14.23.6 SE

Wrotham Hill - - - - 71850.3 ° 59305.8 . | 50.27.48.5| SE

Goudhurft - - - - 106342.5 132592, 38 43.50.1| SE

Fairlight Down - - - - 143308.1 218611.6 33.14.46.8 | SE

Hollingborn Hill - - - - 151078.1 77077.6 | 62.58.12.2| SE

Tenterden - - - - 158317.6 148567. 46.49.11.4 | SE

Ruckinge - - - e e . 204801.6 149410.3 53.53.16.3 1 SE

Eaft from | [L¥dd - - -1 209339-3 190695.6 47.40.6 | SE
Greenwich 3 Al‘lmgton Knoll - - - 219926.3 144032.3 - | 56.46.43.5| SE
High Nook near Dymchurch = -« - 228246.4 165642.9 54 1:33.4| SE

Padlefworth - - - - 261707.6 130836.4 63.26.16.8 | SE

Swingfield - - - - 273722.7 1187309 66.33.2 | SE

Folkftone Turnpike - - 274967.3 137214.2 €3.28.47.6 | SE

Dover Caftle, north Turret of the Kcep - 303766.8 12431g.F | 67.44.34 |SE

Montlambert near Boulogne - - 382889.6 273450:3 54.27. 59 4| SE

Blancnez - f, - - 394891.7 197153-5 63.28.8 SE

'[N, D. at Calais - - 427456.6 184263.3 66.40.50.2 | SE

Point M near Dunkirk, Mend R. Ob. Parls 538048.2 154938-2 73.56. 7.2| SE

| (Dunkirk - - 547058.1 1§52549.1 74+25. 7.2\ SE




[To face page 2:32:]

of the TricoNoMETRICAL OPERATICN..

metry.
g or Dire& Difh. Longitude. Vertical Heights.
ith the from Latitude. , ~ '
1iap. Greenwich. inDegrees, &c, | in Time. abo;riﬁgi‘.ea, zib;I;ee]eGri?\); 4 Total.
Feet. o 4w oly u m. s. th Feet. Feet. | Feet.
oo sf o o« 512840 » 170.5 43-8 214
» (SW I 3127448 (51.24.37.34]} ©- §. 2.4 | 0.20. 9.6+ | 380.3 9.2 | 389.5
8.5|SW | 66876.73(51.20.17.3 || o.11.19.5§ | 0.45.18. 4338 %2 1443
2.2 INW} 69775.8 [51.31.24.16 | 0.17.46.5 | 1.11. 6. 213. 33. 251
0.3]SW | 85129.1 [51.25.35.2 || o.1.45.3 | 1.27. 1.2 635 37:5 | 101
7.7 {NW| 102269.8 [¢1.28.47.16 | 026.48-5 | 1.47.14. 94-8 37:5  |132.3
5.7 |SW | 122840.6 [51.2351.4 || 0.31.14.7 | 2. 4.58.8 321.3. 20.7  |342
3:5\NW{ 137074.5 |51:28.59.7 || ©0.35.55.8 | 2.23.43.2
56 {SE | 72882.7 |51.16.41.54|| o.0 2.7 |o. 0:10.8 859.3 20.7. |880-
4 |SE | 14610.58(51.27 59.8 0./ 3.40.65 | 0.14.42.6 417.8 64.2 482 -
3.6 SE | 151848.2 |51. 5.53.9 0.16.12.5 | 1. 4.50. 604.1 54.9 |6s39
8.5/ SE | 93104.6 |51.18.53.86| ©.19:12.3 | 1.16.49.2 761.8 9.2 771
o.1| SE | 169968.8 |s1. 6.49.62| 0.27.39-45 | 1.50.37.8 4379 59-1'  ly4gy
6.8| SE | 261396.7 |50.52.38.84| ©0.37. 5. 2.28.20. 539-5- 55 599
2.2|SE | 1609604.1 [51.15.52.5 0.§9.25.2 | 2.37.40.8 611 .55 |616.5
1.4|SE | 217109.7 |51, 4. 8.15| 0.41. 8.15 | 2.44.32.6 220.6 101 7 |322.3
6.3 SE | 253509.6 |51. 3.54.9 0.53.12.6 | 3.32. 504 31.9 55 374 |
| SE | 283174.5 Iso.57. 7.4 | O.54154 | 3-37. 3T 98.7  |1304
3-5|SE | 262893.3 |51, 4.46.1 || 0.57. 9.4 | 3.48. 37 3235 5-5  |329
3-4|SE | 282035.3 [g1. 1.11.7 0.59.14:0 3 .56.58.4 22.1 5.5 }:27.6
6.8 | St | 292590.2 |51. 6 50.36§ 1.8.0 4.32.36. 6213 20.7 642
1 SE | 298364.1 |51. 8.47.8 L1114 6 | 4.44.58.4 4731 56.9 530
7.6 |SE | 307302:3 |51. 5.45.3 | 1.11.29:3 | 4.45.57.2 569.8 55 |575:3]
4 |SE | 328222 |g1. 7.47.7 1.19- 2.1 | 5.16. 8.4 3739 95-1 1409
9-4| SE | 4705098 |50.43. 2.3 || 1.38:45. | 6.35. 0. 639.5 .
SE | 4413717 |50.55.31:3 || 1.4217.9 | 6.49.11.6 4445
0.2} SE | 465480.5 |50.57.30.67 || 1.50.48.8 | 7.23.15.8 140.5
7.2| SE | 559912.8 |g1. 1.48.3 2.19.42.5 | 9-18.50.
7.2\ SE | 567929.4 [51. 2. 9.3 2.22+ 4o 9.28.16.

SECTION




For

o s ‘// 12/ of of sr]sud]o (P50
Greenwich Rl. Ob. ‘51 23t4o ool 1 o Ao o 1
!Perplgnan - - ‘512 4Iiszoo } 85464’890 8|78 534343 et 535843.
Greennv:rlich and M MP'—'— —|diff. 0;26 50/52|0.14474 27235, ‘_‘l’_ 27342,

2 B Do & 2 0hal | 819]s7] 8|8 332506687 s07108.| + 521+ o) 508506 4 18x¢
Point M and Paris - - ' diff. 211135 8|2./1933133400) 133467.| + 58 < 133957 |+ 58
Paris R1. Ob. - 48 50 14{00 6 8 X 6.1 . S5

3{ Perpignan - - | 42 |41/s2]00 } 6 8lazoo|6.13043732/8) 373641, +363 | 5| 374549 |+ 127
Paris and Bourges —l— diff. 145] 9l19| 1.[7524106512} 106658.| + 467 5§ 106989. [+ 37¢
Bourges - - 47 5; 41 ’ =

4{Perplgnan o o | 42 l4Tisaloo } 423/12/4114.1386912€ 6666 266983.| +317 S 267560. |4+ 89«
Bourges and Rodés —; diff. 2l43l51] 5|2./6309.65961] 166200.| +239| Sf 166599. [+ 63

{Rodes - - -] 44 21|;1336 } L tla6l 106 6‘ ; , o) & 6 et
5 Perpxgnan - - | 42 |41'52/00] | 139|235 1-|°5¢ jroojos I°°783’ + 7 = 100901 {+ 25
Obferved Celeftial "Arc” of the Meridian between Greenwxch and| Meaf®

Perpignan. SNSTTo L —
- Arc. on a Sphere.
Lautudcs. Differences. ,
S-emidiam‘ 34-86975- Iﬁ R.SoD. { 179.(
i 1784
- b RLOB. - |3 28 42 o 4w Faths | Fath® Fath:
reenwich Rl = |51, 28. 40. |

l{fower o Dunkire P A } 0. 26. 307 | 26898] 26891 | — 7 | 27000 | +x
Tower of Dunkirk - |e1. 2. g. ‘ . '

2{Paris RL Ob. - 5 ’ 9:3 } 2. 110 55.3 1133758} 133811 + 53 § 134299 | +3s.
Paris RI. Ob. - . |48. . ‘ -

. B{Tac:‘l;er of Bourges = 4o 5o 1 } I. 45 114 1106647] 106696 + 49 o024 | +3
T f B - la7. g 2. ’
| 4{N°%fra‘zk0%l:;gcs _ 47 5 26} 2. 44. 0.2 166115 166352 +237 | 166753 | +6,
'j N. D. at Rodés - 1440 21, 2.4{1 ’ 1
: S{St»]aur,nes at Perpignam 42. 41. 56. } . 39 6.4 |100448 100526 | .~ + 78 | 1oo704 | +2
| Greenwich & Perpignam| 8 46.7 44+ $33866 5342\76‘ +410 | 535780“ +19

H he meafured Arc between Paris and Dunkirk is taken a Mean between 12 55173 and 12 5495 Toifes,
The Latitudes of Dunkirk, Bomgcs, Rodés, and Perpignan, are deduced from the Celeftial Arcs gives

Merid. vérifice,



For corre@ing the TABLE in the ParEr of 1784, [To

535758. 5§35024. 5§34909. 533880. 533801.

. 27337 29294 2%7288. 27234. 27224
418194 | 508421 |+17341 507730. [+ 1043 507621.| 49341 506646, [— 41 9 506577.| —:
|+ 584 1339324+ 523 133732. [+ 323 133700.| 4291 133440. | +31 133398-| —
. +1;71 & 374489. |+ 1211 .| 373998.[+ 720 ~| 37392T. + 643 § 373206. | —172 Py 373179-| —
| 377 (S| 196971, |+ 359 ¢ %G| 106820. [+ 208 £ 106796. | +184 ¢ = | 106590. 227 T'r 106569.] —
.|+ 894 _T_ 267518. |+ 852 :_ 267178, |+ 512 _';'_ 267125.| +459 +| 266616. - 350 266610. | —
|+ 638 166572, |+ 611 166354. |4+ 393 166320. | 4359 166002. |+ 41 165990. [ +
|+ 2567 100946. |+ 241° 100824. | + 137° 100805.1 4100~ 100614+ |—91° 100620. | —
Computeci Terreftrial Arc of the Meridian between Geenwich ar

A on different Ellipfoids.

). {179.04;’.120 2d.RS.D. {192.483 to f;dR.S.D- {216.06 to J4thR.S.D. {zzz.fgg to [sthR.S. D {230. to/6th R.S. D. {3;
178.047 ‘ 191.483 | 215.06 22155 1229. 3¢
Fath® | Fah | Fathe Fath* | Fath® |
| +r102 26995 | + 97 | 26953 + 55 26946 | + 48 26893 | — 5 26883 | -
+541 | 134274 | +516 k34073 | 4 315 | 134042 | +284 | 133782 | +24 | 133739 | -
-}377 107006 | +359 po6847 | 4 200 | 106831 | +184 106625 | —22 106604 | ~
| +638 | 166727 | 4612 166516 | + go1 | 166474 | +359 | 166156 | 441 | 166144 | 4

+256 100689 | +241 2500567 “-,‘1- 119 | 100548 | +100 | 100358 | —go | 100364
| +1ore 53560t | +1825 534956 | +1090 | 534841 | +oys 533814 —s2 | 533734 | -

Toifes, or 133770 and 133746 FcthOﬁs

See Se&. VI. Art. xIr.

res given by M. DE 1A CAILLE, in pig. 240, 241, Mém. de I Acad. 1758, and makmg the proper Reduétions for -



[To follow the TasLe of GenEraL Resurrts, page 232.

o1, 533734 534928. 5336524
24 - 27212, 27288, 27234+
77-| =110 | 506522.| —165. | 507640.| +953) |500418.4] —268.6
98.] — 11 133354-| — 55| | 133795.| +296 133416.5 + 7.5
791 = 99 [ o 373168 —110f 0o} 313935. | +657 | H]373001.9] ~276.1 | ¢
6‘9. — 43 7 =] 106549.| — 63~ | 1a6796.| 4184 ?E' 106550.4] = 61.6 § S
10.| — 56 ‘ 266619.1 — 47 287139.| +473 | +§266451.5] —214.5 |
9o + 29 165986-| + 25 166335.1 +374{ [|165908.5] ~ 52.5
20.| — 85~ 100633.| — 724 100804. { + 99} - J100543. | =162: J
nwich and Perpignan.
on different Spheroids.

.D. {3!0.3 to 7¥h R.S. D {540. t0 hftR.s.D. 222.55 tol.d R. s. D. {179.4.te

1309-3 ‘ 539- l221.55 | 1784
1 ' Fath Igaths _ : Faths
831 - 135 26872 | - = 26 | 26946 | + 48 26893 | - ¢
39 — 39 |1336gs | - 63 |rzoar| +289 [1337s8 ©
o4 | ~ 43 106584 | — 63 106831 | 4184 |106585 | = 62
441 + 29 166140 | + 25 166489 | +374 |166062 | — \62
64 — 84 100377 | — 71 100547 | * 99 [100287 | —16r
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SECTION SEVENTH.

An Actount of the obfervations made during the courfe of the
trigonometrical operation for the determination of terrefirial re-
fraction, Plate X.

ArricrLe L. 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 dieptrics, as well as expe-
rience, it hath been proved, that the rays, in coming from a
very wmare into a very denfe medium, are gradually bent down-
wards, out of their re@ilinear dire&ion, into lines more or
lefs curved in proportion to the angular diftance of the objetts
from the zenith, where obliquity ceafing, refraction ceafes
likewife; fince from that point light takes the fhorteft route
through the refrating medium to the eye of the obferver.
Hence it follows, that the apparent altitudes of celeftial ob-
je&s are greater than they otherwife would be by the quantity
of this refraion, which is greateft at the horizon, amounting
there to 337,

The late Dr. BRADLEY from his experience has thewn, that
in the mean ftate of the barometer taken at 29.6 inches, and
of FARRENHEIT’s thermometer at 50°, the refradtion at 45°
of altitude is 577 (according to Dr. MASKELYNE only 567%).

Vor. LXXX. Hh In
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In other ftates of the atmofphere, it varies with the height of
the barometer, and inverfely with that of the thermometer
augmented by the number 350 to the number 4o0.

It 1s therefore obvious, that terreftrial objects as well as
celeftial, muft fuffer a refrattion greater or lefs, according as
they are lels or more removed from the horizon ; and’ that fup-
pofing celeftial refraction to be perfe@ly afcertained, the mea-
fure of the lower part of any of its curves, co-inciding with
a particular object on the furface of the earth, thould 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 effe& as refra&ion did exift in nature.

The mftrument made ufe of in the triangular operation was
extremely well calculated, as will be remembered from its
defcription, for meafuring with much exa@nefs {mall angles of
elevation or depreffion, and confequently was in that refpeét
very fit for the purpefe, if the multiplicity of other bufinefs
we had on our hands at the time had permitted refration to
become a primary, inftead of being only a fecondary objeét.
This will readily be conceived by thofe who have any idea of
the trouble of conducting, efpecially at a Iate 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 dire@ions around the horizon,
when any part of the arrangements failed, fo as to render a
repetition of lights neceffary, was not a matter of f{mall
detail.

2 But
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But befides the important bufinefs of the trigngles, which
engrofied almoft our whole attention, it is {ufficiently obvious,
that, in order to have been enabled to make conclufive obferva-
tions, the relative heights of the flations fhould in ftri&nefs
all have been afcertained by levelling : for purpofes of this fort
geometrical determinations, however good in other refpets
they may be, fhould not here be admitted, becaufe they in-
volve the very point in queftion, that is, the height, which
fhould be obtained independently of angular meafurement.
Befides barometers and thermometers at both ftations, two ob-
fervers and two inftruments of the fame kind would have been
neceflary, for taking at the fame inftant the reciprocal angle of
elevation and depreffion #. ‘

Although, therefore, in our fituation the circumftances did
not admit of conclufive obfervations on terreftrial refrattion,
confidered either by the mean or its extremes; neverthelefs,
fince in a variety of cafes angles both of elevation and depref-
fion were reciprocally obtained at the fame {tations, but at dif-
ferent times, it is hoped, fuch new light will be thrown on the

* Dr. MASKELYNE, in a letter that I lately received from him, remarks, that it
would be of ufe to have a perfon to note the thermometer at the object as well as at
the ftation of the obferver, whereby (if piceties of this fort were of confequence)
the refradtion might be more accurately computed by the application of a new cor-

re&tion. Thus, calling r=2 = Xth of the arc of diftance; »=the height of
. 10

the uniform atmofpherc; ¢ = the difference of the thermometers at the two
ftations ; »=the difference of altitude of the two flations above a common level ;

the corretion would then be= rth
400%

; and the true or whole refraction would

t . . :
be=rz— b , according-as the thermometer ftood lower or higher at the upper
400 %
ftation,

Hh2 matter
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matter as may poflibly hereafter lead to further inveftigations
of this curious, but at prefent vague and indetermined fubje&t :
for from thefe obfervations it will appear, that terreftrial re-
fraCtion, inftead of being ith of the comprehended arc, accord-
3ng to M. Boucusgr, . th accoxdmg to Dr. MASKELYNE,
S.th according to M. LaMBERT, varies from £ to * th part
f that arc; and perhaps, if it had been poflible for us to have
tried it on heights confiderably more elevated, we thould have
found it almoft wholly to vanifh.

Art. 1. Relative beights.

Before we proceed to give any account of the obferved angles
of elevation or depreffion, at the ftations reciprocally, for try-
in\g the quantity of terreftrial refraltion, 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 lleworth ; 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
verffication 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. Havy, 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

7 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
purpofe, he determined the height of the cliff 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 {ay, that not only on this occafion, but on every other during
the progrefs of our operations near Dover, his afliftance was
moft eflentially 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 time the experiments were carrying on for
the purpofe of finding 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, | k

Laftly, the altitudes of all the intermediate ftations, as
exprefled in the three colums towards the right hand of the
general table of refults, placed at the end of the preceding
fe&tion, have been eftablithed by the reciprocal angles of eleva-
tion or depreflion, gradually carried on from ftation to ftation,
throughout the whole feries of triangles, whereby the two
extremities are conneted 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 refrattion : for it
is to be remarked, that, to the weftward of Greenwich, no double
but only fingle obfervations were obtained; wherefore, the

* Sir Tuomas Hype Pace, when engineer at Dover, at my requeft, had been

{o obliging as to order his workmen (he himfelf being ill at the time) to deter-

smine the height of the turret of the Keep, which, by a miftake of about nine
feet in the height of the cliff, they made 475 feet above low-water mark. 1

re.a-
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relative heights of thefe ftations have been determined by taking
~.th of the arc of diftance for the effe& of terreftrial
refration.

Arr. UL General Theorem.

Let C (Plate X, fig. 11.) be the center of the earth confi-
dered as a {phere; Ss the furface; Hb two places at the {ame
height above the furface ; HO the horizontal line, or apparent
level at the place H; and Ao the horizontal line, or apparent
level at the place b; alfo, let Cm bifect the angle at C.

Then, becaufe the angles mHC and mnH are right
ones, the angle mHn, or mbhn, is equal to the angle mCH
or mCh; that is to fay, if two places H, A, are of equal
heights, the one as feen from the other is depreffed below the
horizontal 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
object is higher or lower than the placé of obfervation, accord-
ing as the depreflion is lefs or greater than half the contained
arc, fuppofing no {uch effect as refration to exift in nature.

ART. IV. Determination of the refraétion between Dover Cafile
and Folkflone Turnpike.

~ Let D (fig. 12) be the place of the axis of the telefcope on
the north tuiret of the Keep in Dover Caftle; T the ground at
the ftation near Folkftone Turnpike; DO the horizontal line;
and SL=CD.

"The diftance of the ftations is 31554.6 feet, which, taking
the obliquity of the diretion into confideration, gives 61188
fathoms =1°; and confequently 57 9”.4 for the length of the

contained
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contained arc of diftance nearly, one-half of which, or 2’ 34”7,
is equal to the angle ODL.

At the ftation ‘D, the ground at T' was, by obfervation,
elevated 8’ 37" equal to the angle TDQ, to which adding
ODL =2’ 34”.7, we have for theangle TDL 117 11”7,

Now, if the diftance of the ftations be taken as radius, the
lines TO, TL, &c. will be nearly as the tangents of their op-
pofite angles; therefore the angle TDL, with the diftance
31554.6 give TLL=102.7 feet, or what the ground at the fta-
tion T would have been higher than the axis of the telefcope
at D, if there had been no refra&ion.

But the axis of the telefcope, when at the ftation T, was
5.5 feet above the ground; therefore 102.7+ 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-
{cope, 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=ST.

At the ftation T, the parapet of the turret was by obferva-
tion deprefled 147 17”.5=0TD, from which fubtra&ing half
the arc of diftance 2” 34,7, there remains for the angle L'TD
11/ 42”.8. This laft angle, with the former known diftance,
give LD = ro7.5 feet, or what the parapet was lower than the
axis at T, if there had been no refra&ion.

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 it is evident, that half the fum of 108.2 and
104.3, or 106.25 feet, is the difference of the relative heights
of the axis at the two {tations by a mean refraltion; and that
this mean refraction is fubtended by half the difference, or

108.2
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108.2— 1043 _, 1.95 feet. Hence, as the diftance=31554.6:
2

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

For fuppofe ¢ (fig. 12.) to be the true place of the ground,
then the elevation T'DO - the refraltion="TD¢, or 8 37" -
12”7.8=8" 24”.2=the angle tDO; therefore zDO + ODL =
10’ 58”7.9=¢DL; whence tL.=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 d (fig. 13.) be the true place of the parapet, we fhall
have the depreflion + the refradtion,or OTD 4+ DTd = OT'?d= 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, 106.3 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

D —

We then have, for the height of the axis at the
turnpike above low water, nearly . . 5753

D

And 5’ 9”.4 the contained 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 abous ' 15 part jfor the quan-
tity of terrefirial refraction.

Arr.
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ArT. V. Refraction on the diffance between Dover Caftle and
Calais.

Let D {fig. 14.) be the place of the axis of the telefcope,
on the north turret of the Keep in Dover Caftle, as before;
G the top of the great baluftrade of the fteeple of Notre Dame
Church at Calais; DO the horizontal line; and CL=5D.

The diftance of Dover from Calais by the triangles is
137450 feet, which, allowing 61169 fathoms for a degree,
gives 22’ 28”.2 for the length of the contained arc nearly ;
half of which 117 14”1 is equal to the angle ODL.

The height of D above low water at {pring tides,

as before, is . . . . 469 feet.
The height of G 1s . e s 140.5
Therefore the difference is . . ;;—8- 5=GL.
Then, as 137450 : rad :: 328.5 : tang. 8 l%-‘.‘:LDG.

To which adding the angle ODL e =I0 I4.1

We have . . 19 27.1 forthe
angle ODG, or what G would be depreﬁéd below the placeof
obfervation, if there was no {uch effet as refraCtion. But the
depreffion by obfervation was found to be 15/ 59”3 wherefore
the difference is 1’ 28”7.1, by which, dividing the length of
the arc of diftance 22’. 28".2, we have in this inflance 15.3, or

between *th and gh part, for the quantity of terrefirial
refraction.

ARrT. VL. Refraction on the difiance between Allington Knoll and
T enterden.

Let K (fig. 15.) he the place of the axis of the telefcope at

Allington Knoll; T the top of the flag-ftaff on Tenterden

Vor. LXXX. Ii Stecple s
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Steeple ; 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 61775.3 feet, which, allowing
61234 fathoms=1° gives 10’ 5”.3 for the length of the con-
tained arc S nearly. Half of this arc=§" 2”.6 is the angle
OK 1., from which fubtracting the obferved angle of depreflion
of T as feen from K=0OKT = 3" 517, 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 refraltion.

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 flation ; 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 refration.

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 Knoell; TO the horizontal line; and CL=ST.

At the ftation T, the deprefﬁon of the ground at K, or the
angle OTK, was obferved 3" 55", which being fubtratted from
5 2”76 =OTL =half the arc of dxﬁance, there - remains
17 27”.6 =the angle KTL. Thislaft angle, with the diftance
between the ftations, 61 775 .3 feet, give KL.=26.3 feet, for
what the ground at K would have been higher than the axis at
Tenterden, if there had been no refra&ion.
~ But the axis of the telefcope, when at the ftation K,
was 5.5 feet above the ground; therefore, 26.3+ 5.5=31.8 is
what the axis at the Knoll would be higher than the axis at
Tenterden,

x Hence
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Hence it follows, that fuppofing the refration to have been

the fame at each of the ftations when the obfervations were
31.8—18. .3 _

2 6.7

feet, would be the difference between the relative heights of

the axis at the two ﬂauons ; and that the quantity of refrac-
31.8 4 18.3 ‘3

made, half the difference of thefe heights, or

tion would be fubtended by half the fum, or 22°%

2"05

feets therefore, to find the mean refradtion, as the diftance of
the ftations : rad. :: 25.05 feet : tang. 1" 23"} the mean
refration.

For fuppofing # (fig. 15.) to be the true place of the top of
the flag-ftaff, we fhall then have the angle OKT the depreffion
+the angle TKz the refrattion, or 3 51”7+ 1" 23”3 =3" 14"}
=the angle OKz Hence the angle OKT —the angle OKL =
5/ 14”73 =5 2/.6=0" 11”.9=theangle LKz. Now, this laft
angle, with the diftance of the ftations 61775.3, give Lz=3.6
feet, 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 fect
(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, f{uppofing % (fig. 16.) to be the place of the
ground at the Knoll, we have the fum of the depreffion and
refration, or OTK+KTé=3" 35" +1" 23"5i=4" 58"i=
OT#%; and OTL —-OTk=5" 2”.6—4" 5371=0" 4".1=the
angle #TL. Hence, 4 =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.

Iiz The
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Feet,
The height of the axis of the telefcope at Allington
Knoll above low-water mark at {pring tides, as deter-
mined by the obfervations there, and at the ftation of
High Nook, is . . . 329
The axis on Tenterden Steeple has been fhewn to be
lower than the Knoll . . . . 6.7
Therefore, the axis on Tenterden Steeple is higher
than low water . . . . 322.3

O—— o

The arc of diftance of the two ftationss= 10" §7".3 being
divided by 17 23”% the mean refralion, we have in this cafe
7%, or between 1th and ih part for terrefirial refraction,

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

Art. VII. General Remarks.

The three preceding examples being fufficient to fhew the
mode that Las been invariably adhered to in computing the
effet of terreftrial refraion, we have, in the following table,
colle&ted the whole of the refults together, beginning 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 refpedtively 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 inftrument for determining fmall angles of

elevation and depreflion, than perhaps were ever obtained be-
fore.
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fore. Thefe refults are not however offered as being free from
error 3 on the contrary, if the circumftances had permitted this
to become a principal objeét in our operation, the fucceflive
repetition of the obfervations for many times would, no doubt,
have furnifhed ftill more fatisfattory conclufions. It is hoped,
neverthelefs, that thefe, fuch as they are, may have their ufe,
were it only by fhewing 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 fubjet.

The heights of the barometer and thermometer are inferted
on the days on which the obfervations were made, merely to
thew what was nearly the ftate of the atmofphere at the refpec-
tive times. But we have not attempted to apply any corretion
on that account, becaufe it could not be done in a fatisfaltory
manner, and con(equentiy could not be ufeful, unlefs the cir-
cumftances had permitted reciprocal obfervations to have been
made at correfponding times with double fets of inftruments,
which in our fituation was impoflible.

By attending to the refults in the tahle, it will in general be
feen, that terreftrial as well as celeftial refradtion certainly di-
minifhes as the heights of the ftations above the fea increafe;
and that, at particular times at leaft, it is much greater than
has hitherto been fuppofed, even to between % and § part of
the arc of diftance, inftead of being only Ith or _ th parr.
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 fmall, and one of them little
higher than the fea, we could ha've given another on a diftance
as well as on heights ftill more confiderable, namely, Shooter’s
Hill and the ball of St, Paul's Church: for, fuppofing the

2 firlt



245 Gen. Roy’s Account of

firft to be 482, and the laft 403 feet, above low water at the
fea, the refrattion on the morning of the 1ft of September,
1787, as obferved at Shooter’s Hill, was 17 47"/, which is be-
tween £d and %th part of the contained arc.

If the circumftances had permitted the refraltion on the
diftance between Dover and Calais to have been repeatedly
tried, at the bottom of the cliff, at the top of the cliff, and
again at the top of the caftle, we fhould probably have found
the refrattion at the three ftations confiderably different, with
the fame length of arc, or one only varying infenfibly.

But, in order to be enabled to make conclufive obfervations
of this fort, the operation fhould become a diftin& one, or at
moft only comprehend fuch others as are connetted with the
modifications of the atmofphere. For purpofes of this kind
very fine levels would be requifite; and fome of the higheft
mountains of Scotland, fituated near the fea, 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.

TaAsLe



TapLE containing the REsULTs of the CsservaTtions for the Errect

- He
ates of the ‘ i Tel
Obfervations. Places. Bar. |Therm . Stations. ! ;e

- In, o '::

1987, O&. 2r. |Allington Knoll - 29.61 56 . . - ‘

707 " 23 Ruckinge - - 20.82| 31k }Allmbton Knoll and R\uckmge { %
19. |Dymchurch Inn - 29.9 553 High Nook and Lydd —_— —_ { L.

21. |Allington Knoll = 29.61 56 p fo : - A.

by, [Prméii i < |20’ | 353 } Allington Knoll and High Nook { i

21. |Allington Knoll = 29.61} 56 . — .

26, |Tenterden Inn - 29.54 63 }Allmgton Knoll and Tenterden { T,

7. |Padlefworth = = 29.6 70 Padlefworth and Lydd — - { {

1788, Aug.18. |FrantInn - =~ 20.36} 58 i S F.
769, 23, [Botley Hill - - Y }Frant and Botley Hill —_ ; { g

1984, Sept. 28. |Dover Caftle =~ - 29.62 i N : _ .

1°7s OP&‘ o ll;a defworth - - 29, g 702 ) J»Dover Caftle and Padlefworth { IP,‘
13. |Fairlight Down  « 28.81] 552 - " .

26, ITenterden Inn = 29.54|  ob% }F airlight Down and Tenterden { T

) 26. |Tenterden Inn - 29.54| 6% Tenterden and Lydd RE— - { ’[1:

1788, Aug. 11. |Goudhurft Churchyard 29.74| 58% ) — R G

7 B 18. |Frant Inn = 29.36] 35 * }Goudhurf’c and Frant ‘ { F.

1787, O&. 13. |Fairlight Down - | 28.81 55% Fairlight Down and Lydd —_ -— { II::

1788, Aug. 11. |Goudhurft Churchyard | 29.74| 58% ; \ : - G

1787, O&. 26. [Tenterden Inn - | 29.54| 561 ~ }Goudhurﬁ_ and Tenterden { T.

21, |Allington Knoll - 29.61 56 Allington Knoll and Lydd  —  — { ﬁ
Sept. 28. [Dover Caftle - - - 29.62] 58% . - . ()]
1788, Sept. 2. [Folkfione Turnpike 20.55| 6 47' }Dov\.r Caftle and Folkftone Turnpike { F

RESUL’I‘S of SINGLE OBSERVATIONS dependmg on the Heights of Dover Caftle and F
Coaft of France.

>1788, Sepf. 2. | —  ___ - ' 29.551 64 }Folkf:tone Turnpike and N. D. Church at Ca-
. ‘ ais

'1787, Sept. 28, — @ —  — 29.62) 583 Dover Caftle and N. D. Church at Calais
1788, Sept. 2. | — — — 29.55 64 }}Folkﬁone Turnpike and Statlon at Montlam- {

bert —_ — —_—
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SECTION EIGHTH.

Secondary triangles, fubdivided into two fets, for the improve-
ment of the maps of the country, and the plan of the City of
London and its Environs. 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 exce,llent"inf’crument
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 is an inftance of fuch exa&-
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 actually been obferved. But in an operation of {o
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 circumftance whereby the accuracy might be affetted,
and particularly to the placing of the lights and inftrument
reciprocally over the fame point marking the flation, that no

poffible error might arife from parallax or excentricity.
From
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From this mode of conduing 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 aCtuaily marking the
points of the triangles, whereby the ordinary maps would have
been greatly improved by {uch as chofe at any time hereafter to
make ufe of thefe as {o many given diftances. But the circum-
ftances not having permitted us to multiply thofe points to the
extent that might have been withed, and that would have been
cafily praticable, if the operaticn had commenced at an earlier
feafon of the year; we have therefore been obliged to limit the
number to a few of the moft confpicuous and beft defined objeéts.

Thefe fecondary triangles are fubdivided into two fets. The
firft fet confifts of thirty-five, whereby the relative diftances of fo
many points have been determined from certain ftations of the
principal feries, beginning with thofe objeés that have been in-
terfeGted from the moft wefterly ftations, and fo 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 interfeted objet, or the fupplement to 180°  Although
the diftances thus obtained cannot be quite {o accurate as the
fides of the principal feries; yet there is no reafon to appre=
hend, that they will be found to 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 firft fet of fecondary triangles.

Diftances of the ftations from the

° lang y
N Triangles. Aﬂ.“?les' interfeCted obje in feet.
King’s Atb ‘ § 53 57
ang’s Arbour . 52 57 . ) 1092
1. St. Ann’s Hill . 4 4 44 }ﬁom Staawell { 2372c7>
- |Stanwell Church . 167 2 19
King’s Arbour . 28 35 34 from Harrow - on the [|42944
2. J iHanger-hill Tower . 89 23 52 } Hill { 20553.3
Harrow on the Hill . 62 © 34
King’s Arbour . 70 1 47 180994
3. Hanger-hill Tower . 82 19 235.1 } from Banftead Church { 76807.5
Banflead Church . 27 38 47.9 ;
: Ha;np'ton Poor-houfe . 88 58 '23 ! 22849
4. 1 [King’s Arbour . 40 14 2§ }ﬁom Kew Pagoda { 35364.5
Kew Pagoda §0 47 12
. (|Harrow on the Hill . 69 43 9 from Spring Grove [|35851
5- St. Paul’s Church . 3558 9 } Houfe { 572539
.~ + ) [Spring Grove Houfe, §ir Jo. :
Banks % . . 74 18 43
Hanger hill Tower . 19 33 43 {from._ Richmond Royal{ 20104.4
6 Spring Grove Houfe % . | 82 46 15.9 Obfervatory . 6802.1
g ; \ Hanger Hill from Spring
|Richmond Royal Obfervatery 77 40 39.8 | -Grove . . 19854.8

+ 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 interfet this bea‘riilg, 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 Fulham. The flations where the
quadrant was ufed are diftinguifhed with aterifks,

Vor. LXXX. Kk Ne
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. Ancl Diftances of the flations from the
N” Triangles. Hngics. interfected object in feet.
o 7/ 1? 66
Hundred Acres . . 14 13 27 }fmm Batterfea Church { 50054.5
7. St, Paul’s ¥ 34 3 49.2 22226
Batterfea Church . 131 42 43.8
Hundred Acres ' 27v 5&1 55.6 } " { 35957.3
8. Fulham Church % . 46 ¥2 §4.4 from Stretham Church, 232%9.3
Stretham Church 105 §5 10
Hundred Acres A 36 594 35.8 } \ { 43351.7 1
Severndroog Caitle 33 28 20.5 from Clapham Common 47296.4 |
9 Clapham Common, Mr. Ca-
VENDISH . . 109 32 3.9
Norwood . . 76 19 14. 5 from Argyll Street Ob- { 40683.2
10. { |Severndroog Caftle L. 52 41 37 fervatory 39963
Argyll Sireet Ob. Maj.Gen.Rox| 50 59 8.5
Norwood . 62 30 23 5 }f s { 37840.9
11. 4 [Severndroog Caﬁle . 57 8 8.5 rom §t. Paul’s Church 39963
St. Paul’s Church. . 60 21 28
N. B. By combining the refults of thefe two laft triangles a third is formed
which gives for the diftance of Argyll Street from St. Paul’s 9632
Nérwood . 36 36 32 }f. lev i 226054
12. 1 |Severndroog Cafile . 32 52 48 rom Bromley College [ 24930.6
Bromlcy College . 110 30 40
Norwood . 3153 3 } ; ‘ { 357779
13. 4 [Severndroog Caftle .. 67 48 12.5 |f from Chiflehurtt Church 2098 1.1
Chifleburft Church o 80 .18 44.5 _
Greenwich Royal Obfervatory | 92 38 13.5 } o . 34413.6
14. 1 [Severndroog Caftle . - 04 46 33.5 rom Wanftead Houfe { 37999-7
/Veft Pediment of Wanflead Ho.| 22 35 13 -
Creehwich Royal Obfervatory 131 45 4.3 } A ' . ' 6352.6 |
15. Severndroog Catftle 14 7 o , from Loampit Hill { 19428.4
\Loampit Hill . H 34 717
Greenwich Royal Obfervatory | 85 49 9 } p » { A 5622
16. Severndroog Caftle . 63 2 9 48 rom BeckenhamChurch 285 55
Beckenbam Church 3041 3

NC



the Trigenometrical Operation.

251

Diﬁancies of the ftations from the

N Triangles. Angles. interfe&ted obje in feet,
. o o 4
: Greenwich Royal Obfervatory | 22 41 33 . : 15§31
17. { Severndroog Caftle . 87 18 31.3 }from Eltham Church { 5§998.3
Eltham Church . 69 59 55.5 '
Severndroog Caftle . 21 56 44 } A ; 58933
8. {Botley Hill i ; 54 48 27 from Knockholt Beeches { 26651
Knockholt Beeches . 103 14 49
Severndroog Caftle 31 40 20.4 | - - [1144761
19. {Botley Hill . . 124 §3 14 f from Leethl Hill Tower { 92608
Leeth Hill Tower . 23 26 16.6
'|Botley Hill 39 17 6.5 } . - [|44780.4
20, { Frant Church 26 58 39 from Firedean Tower { 02507
IFiredean Tower 113 44 4.5
Botley Hill 19 §I 19.§ }from Crowborough Bea-{ 88977
21. 4 (Frant Church 77 32 33 con 30949.7
Crowborough Beacon 82 36 7.5
Botley Hill 24 22 7 }from Sevenoaks Wind- {]44032.4
22. 4 {Wrotham Hill 28 §7 42 mill 37519.8
Sevenoaks Windmill 126 40 1T
Fx-ant Church ." 46 5 } ‘ { 20674 1
23. { Goudhurft Church . 26 2r 46 s from Wadhurft Church 33538.7
Wadbur [t Church . 107 33 4.5
, { {Goudhurft Church . 142 6 25 } from Brightling Wind- { 58616.3
24. { Fairlight Down . 38 5 33 mill 63707.4
Brightiing Windmill 199 48 2
Fairlight Down 22 40 17 } y ' ' 37598
25. {Lydd Church . 21 23 25 from Rye Church { 39734
Rye Church . . 135 56 13
Fairlight Down . 19 34 30 }from Dengenefs Light- { 81082.7
26. 3 [Dover Caftle, north turret 13 54 24.6 houfe 113030
|Dengenefs Light-houfe . 146 31 5.4
Fairlight Down . 4 12 42 7605.
27. { Goudhurft Church 6o 29 28 }fmm Ore Church { 90123.2
Ore Church . 11§ 17 §O
Kk2 N°
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Dittances of the ftations from the

N Triangles. Angles. interfeted objec in feet.
Fairlight Down ¢ Q"; 32’ 2’3’ ] from Fairlight Church [l 5384
28. 4 [Lydd Church . 1 50 43 ] 1166787.7
flairiight Church . 154 36 54
Tenterden Church . 30 42 37 | ) { 46066
2g. { Allington Knoll 46 45 7 ffmm Afbford Church 32319.2
Apfora Church 102 32 16
Lydd Church . 43 34 §0.5 } : . ) { 41682.2
30 { {igh Nook near Dymchurch 87 40 22 from Ruckinge Church :8758.4
Ructinge Ghurch 48 44 475
High Nook . . 83 44 33.5 } . ; { 16965.4
31. { Ruckinge . 32 17 35.5 from New Romney Ch. 31566.3
 New Romney Cburcb . 63 §7 51
;ngh Nook . . 42 44 44.5 } ) { 237410
3. { Allington Knoll : 70 21 48 | from Lymue Caftle 1710g.6
Lymne Caftle . . 66 53 27.5
. [iLydd Church = . . 2 10 29.2 } . { 78946.9
'33. 9 [Folkftone Turnpike 27 26 22 from Folkftone Church 6501.3
Folkfione Church 150 23 3.8
Folkftene Turnpike 24 35 59 } from Beachboropgh { 23325.2
34. 4 Padlefworth 123 46 35.2 Summer Houfe II(.)bI 6
| Beachborough Summer Hou[e 31 37 25.8
B Padlefworth . 32 36 © {from Walderfhare Mo-} 37862.5~
35. Dover Cafile . 62 24 § nument 23081.4 |.
Walderfhare Minument 84 59 55

Second fet of [econdary triangles.
In the Paper of 1787, {ufficient reafons have been given
for avoiding St. Paul’s as a flation in the feries of great tri-

angles.

Indeed, if no other obje&tion had exifted, the fmoke

of the capital alone would have been found extremely 1ncon-

venient.

This was experienced at Shooter’s Hill, where we

were
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were detained a whole week, before the white lights, notwith-
ftanding their extraordinary brilliancy, could be feen at Han-
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 5 and at laft we were 6bliged to watch all night,
till towards the morning the fires of London being extin-
guifhed, the white lights could then be interfetted.
1t is not therefore furprifing, that from the ftations of Nor-
wood, Greenwich, and Shooter’s Hill, we fhould only beable
to fix, in a fatisfa&ory 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 interfeéted by angles not
too acute, it became neceffary to make ufe of obfervations that
had been formerly obtained at Argyll Street with my own
infirument in its vertical pofition, and at St. Paul’s with the
aftronomical quadrant. ‘Moreover, by way of finithing the
operation, and farnithing fuch part of the inhabitants of the
metropolis as may be curious in matters of this fort with a fet
of diftances that cannot fail to be ufeful to them, two new
ftations were chofen for the great inftrument to the northward
of London, one on Hornfey 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 capiml
By referrmg to Plate XI. which is in fa&t the fkeleton, but on
a very fmall fcale, for an 1mproved 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,
will be feen. Some of the principal of thefe fecondary tri-
3 angles
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angles have been reprefented by dotted lines in the plan. To
have exprefled more of them in that way would only have
occafioned confufion. Here it is to be remarked, that the
diftance of Argyll Strect from St. Paul’s, 9632 feet, refulting
from the 10oth and 11th fecondary triangles of the firft fet, be-
comes a bafe in the quadrilateral formed by Sz Paul’s, Argyll
Street, Hornfey Hill, and Primrofe Hill. Hence, by the obferved
angles at thefe two laft ftations, and the aflumed length of
one of the unknown fides, all the angles of the quadrilateral
ar¢ computed, by which means, and the true length of one
fide given, the true lengths of all the others are readily ob-
tained.

Computanon of the fecond fet of fecondary triangles.
- |Diftances of the ftations from

Situations determined by the great inftrument from

Hornfey Hill and Primrofe Hill.
I AL - - .

N° Triangles. Angles. the interfelted obje& in feet.
[ /[|Hornfey Hill . 4,8 4; 4;’ }fmm St.. Paul’s{ 23297.1
Primrofe Hill . 83 21 27.5 Church 17072.8
lSt. Paul’s o e 49 55 51.5|Hornfey Hill from
Primrofe Hill |17949.05
[ |Hornfey Hill - | 23 8 34 [] Argyll Street Ob-{ 23803.4
Primrofe Hill. 112 49 §7 fervatory 10150.7
| drgyll Street @bﬁrvmry 144 1 29
|Hornfey Hill . 23 33 59 }from Hampftead [ (17972
3. 9 |Primrofe Hill - 78 23 43 Church { 73355
'\ |Hampficad Church . 78 2 18
Hornfey Hill . 29 11 3.5|]from Mr. Duva-{ 12181.2
Primrofe Hitl | 16 44 30 } 1uz’s Cupola 7198,2
[ Mr. Duveuvvz's Cupola,
Hornfey Lane, Highgate 134 4 6.5
Hornfey Hill . 47 30 42 } from Iflington [|14272.5
5§+ 4 |Primrofe Hill . 5 42 39 Church { 13409
{/Iinglan Church . 80 46 39

Ne
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o . Diftances of the ftations from)
. Triangles. Angles. the interfe&ed objeét in feet,
Hornfey Hill . 55o 28 3'zl from Highbury { 8867.7
6. {Primrofe Hill . 29 28 §2 } Houfe 14845.4
Highbury Houfe,Mr.Avsert| g5 2 36
. Hornfey Hill . 50 52 33 |} from St. Luke’s f 19323
= 7. {anrofe Hill 68 59 37 } Church { 16057.5
T St. Luke's Church, Old Strea| 60 7 50
&
g Homfey Hill . 62 ¢ 30 || fromSt.Leonard’s | {19816
g 8. {anrofe Hill 63 36 33.5 } Church { 19560.5
3 St. Leonard’s Ch. Sbaredztcb 54 13 56.5 .
:i Hornfey Hill . 61 19 7.5 from Chrift 22733
& 9. {anrofe Hill . 70 33 39 } Church, Spit. { 21149.3
%‘ Chrift Church, szm{ﬁelds 48 7 135 7
fot -
7 Homfenyll . 49 20 38.5 S 234044
% {l . {anrofe Hill 81 21 4.5 } from Bow Ch. { 179596
£ Bow Church, Cbeapf de 49 18 17
é | Hornfey Hill . 42 33 43 from St. Bride’s { 23158
3 11, {Prlmxofe Hill . 86 44 24 } Church 15689.1
cz. St. Bride’s Ch, Fleet Stregt 50 41 §3 o
g Hornfey Hill . 31 16 11 }frém St. George’s { 21977
%o 12, {Primrofe Hill . 94 11 2§ Church 11438
2 St. George’s Ch. Bloomfbury | 54 32 24
g  (|Hornfey Hill | . 29 32 8.5 }from St. Giles’g{ 22978.4
B Mg {fprmeofe Bt L |roo 13 30. |1 Chureh {nisieg
St. Giles's Church . | 50 14 21 ‘
Hornfey Hill . 28 2 38 [ from St. Ann’s { 24197.1}
14 { Primrofe Hill . 106 40 20 } Church 11875.4]
St. Ann’s, Soho . 45 17 2 :
‘§‘€_§_ Hornfey Hill . | 59 52 55.5]1 from Highgate { 9237.8
4 § =3\]1s5. { ‘Argyll Street Obfervatory 22 37 47.6} Chapel 20766.9
SEFy Highgate Chapel . 97 29 16.9|
R ‘:; . g
':»:»’5'5:51 Primrofe Hill . 20 43 50 || fromSt. Clement s{ 14390.2
s ’b"h-’éif 16. {Argyll Street Obfervatory [123 O Q.4]) Church 6073.8
8% ¢ St. Clement’s Church . 36 16 0.6

No
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Ne Triancles Angles Diftances of che ftations from
gles. B | the interfected obje in feet. |
o, L
=l o "
SEEC Primrofe Hill 17 g2 31 }from St. Mary’s []14148.5
2 S 17. < |Argyll Street 127 21 1§ Church 5463.4.
=% © St. Mar} s Ch. in the Strand 24 46 14
=T TRR —
f;’ = Primrofe Hill . 7 32 8.5 from St. Martin’s {]13631.6
2B e J 18. { Argyll Street Obfervatory 152 0 27 } Church { 3808.8
s “1”55 St. Martin’s Ch. in the Fields| 20 27 24.5 » '
o v - ; r—
B0 o T
%’JE a Primrofe Hill 3 12 59.5 } from the Pan- [[10295.5
Py ‘o 1| 19. 1§ |Argyll Street Obfervatory — |102 320 39.4 theon 591.8.
ce= L Pantheon . 74 14 211
< é [ Primrofe Hill 5 35 34 from St. George’s [ |10816.5
m o ’ 20. 4 |Argyll Street Obfcrvatory 120 13 §6 Church i 1220.1
85 o §t. George’s Ch. Hanover Sq.| 54 10 30
Sk ' -
Ze22 Primrofe Hill . 16 7 10 from South Aud-{ 11359.3 |
£ ;_,': = 21, { Argyll Street Obfervatory {103 34 59 } ley Chapel 3244.§
<3 &L South Audley Chapel . 6o 17 51
e 0 Hornfey Hill ‘e 38 14 6 from Newington { 8136.4
" 22. 4 |St. Paul’s Church 16 35 7 Church 17041
E U |Newington Church 125 10 47
iz |- .
" Hornfey Hill 20 29 59 from St. Mat- {l21321
ERTE e, 4[5t Paul’s Church . 66 7 3 } thew’s Church { 8165.8
& £ 1|23 Y |Sr. Matthow's Church, Beth- » :
R | nal Green . 92 22 §6
‘é ol Hornfey Hill 1822 ¢ from St, George’s { |27045.2
S || 24. {|St. Paul’s Church 105 32 24 }Church, Ratcliff 8846.4
o~ I 9’ .
S - 5t. George's, Rarcliff 56 5 27
(= a , .
5ES Primrofe Hill 30 44 17 | from St. James’s [[12562.9
£ E {|25. 4 iSt. Paul's Church . 45 39 31 JL Church { 8978
% R St. Fames’s Church | 103 36 12
€
R Greenwich Royal Obfervat. | 31 5 38 from Limehoufe {1r3999.3
08 ||26. {St. Paul’s Church . 27 52 40 { Church { 15462
-EE El Y Limeboufe Church . I21 I 42 k

NO
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Dittance of the ftations from

R I P
2E |V Triangles. Angles. 17 he interfected objeét in feer,
55
2q
= ‘ 7] .
§*§ . ( Argyll Street Obfervatory 6}.)_47/ 27 }f‘x"om St. Peter’s{ 6249.5
&5 og’*< St. Paul’s Church . 39 42 24.5!) Church, Weftm, 8661.8
SeS %7 Yisw. pinnacle of the S. tower »
EEc [ of 5t. Peter’s Ch, Weftm. | 78 30 8.¢
$ 4 Norwood . 118 5 }from the Monu- { 36409.7
i%% g{ 28, {?ggyj]lllstxeet Obfervatmy 64 9 5571 /) ment 12557.5
SES& ¢ ddonument. 97 44 59.3
s= Jew’s Harp ftation 52 52 53 }from St. Paul’s][ 13522.0
=2 . Black Lane ftation e 92 12 30 . Church | {10790.3 |
. g &9 | 29. J St Paul’s Church . 34 54 37 |from Jew’s Harp to
S 0T B}ackSLane, the bafe
RE N or 1763 77443
M« o
£2 Jew’s Harp ftation 89 56 55.9 } X { 5656.8
w g 30. 4 [Black Lane ftation 36 9 50 from Argyliser, 9580.2
:b';n,—q;; :é Argyll Strect Obfervatory 53 53 14.1
ﬁ gg. Argyll Street Obfervatory 95 30 56.5 }from the Briti[h{ 314.88-3
55 o Jew’s Harp ftation . 30 5 26 Mufeum 6511
f'g—sj 3% Y Wind Vane of the Britifh '
B - Mufeum . 54 23 37.5
o
L ace.
X £ § Argyll Street Obfervatory 74 26 16.6 } from Charlotte { 1848.1
5 P E }|32. 4 {Jew’s Harp fiation 19 1 55.9|J Street Chapel 5459.4
5=\ Charlotte trect Chapel 86 31 47.5
S Jew’s Harp flation . 85 27 45 from Portland { 4097.9
5 33. 1 |Black Lane ftation . 28 §3 30 || Chapel 84742
cg Portland Chapel 65 38 45 :
o — — - —
R Jew’s Harp ftation . 60 43 55 |] from Fitzroy } 4015.5
R Y {Black Lane ftation . 31 12 45 | Chapel 6759.6
B é ) A Fuzroy Chapel . $3 3 20 :
-~ S a
g_;:‘ Jew’s Harp ftation . 63 25 50 }from the Taber~{ 4780.8
3 E 35. 1 {Black Lane ftation . 37 14 40 nacle 70484
C o |/ abernacle . 79 19 30
v.9
%r. = r Jew’s Harp ftation . 19 45 45 || from the S}nall-} 6670.5
- 36 [Black Lane ftation . 56 57 45 |J Pox Hofpital 2090.4
p%' Small- Pox Hofpital . 103 16 30
=< N | ' -
Vor. LXXX. L1 N
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g s : o Diftances of the flations from]
E <8 N° Triangles. ’ Angles. the interfeéted obje&t in feet.
gE |
ED:*‘ o o 4 4 s
- iJew’s Harp ftation . 4 41 4 ] from St. Pancras{ 5728.1
2 23437 ‘&Black Lane ftation . 12 58 25 |f Church | 2083.8
@ 5 iNt, Paneras Charch !{62 19 30 '

That thefe fecondary triangles may be more generally ufeful
to the inhabitants of London and its environs, the angles,
which the 53 points comprehended in Plate XI. refpetively
form with each other at the center of the dome of St. Paul’s,
are colleCed in the annexed table, together with their feveral
diftances from that central point. The objelts are arranged
into two clafles, 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
caft to 180°% 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 objelts being
had by fimple fubtra&tion, and the diftances from St. Paul’s
given, the diftances of the objeéts from each other are readily
obtained. Whoever, therefore, fhould 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 objeéts near to him, and the beft difpofed for
the purpofe. By the help of thefe daza, and a very fimple trigo-
nometrical computation, he will obtain what he wants ; and he
may even fatisfy another curiofity which will probably occur,
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 fort, the
i points
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points whofe fituations have been determined by the great in-
firument thould be chofen preferably to the others3 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 aﬁronomxcal quadrant  of
fextant. ‘Thus an excellent foundation is laid for the i improves
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.

I'able 'fhewing the bearings and diftances of objelts
fituated in and near London, from the center of the
Dome of St. Paul’s.

Bearings from |Diftances
Objedts. the north me-| in
rid. eaftward. | feet.
o} e :
rNeWington Church . . 9 &9 39-3{17641
St, Luke’s Church, Old Street . 12 §7 53.7| 4262.9
St. Leonard’s Church, Shoreditch . 44 57 39:-8| 6740.4
The weft pediment of Wanftead Houfe 55 53 464 (36308.4
St, Matthew’s Church, Bethnal Green 59 31 37.3| 8165.8
Faftward | |Chrift’s Church, Spitalfields . 70 38 37.3| 5878.4
of the Bow Church, Cheapfide . 87 48 4.1| 1078.1
di Limehoufe Church 92 51 6 |15462
menflan 3 st George's Church, Ratclif Hwhwav 98 56 56.3| 8846.4
St I(’)aul’ The Monument . 115 I5 45.7] 3114.2
- %+ | |Severndroog Cafile, Shooters Hill . 115 28 §0.4{39963 |
Tranfit-room of Greenwich Royal Obferv. {120 43 46 [25055.51
Eltham Church . . 123 46 4.2 41091
Loampit Hill . . 134 40 48.723450.1
Station at Norwood 175 47 18.4(37841
| South Meridian of St Paul’s (180 o © -

Llz2 Weft-
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Bearings from |Diftances
I Obje&ts. the fouth me- in
1 \ rid, weftward. | feet.
3 ! o + o
1 [|Stretham Church . . L 13 57 7-8131793 5
Clapham Common, Mr. Cavenpisu . | 26 29 56 1/24563.5
Barterfea Church 52 22 27.6 (22220
! St Peter’sCh. Weftm, Smenacic of theS. T, 52 32 13.2] 8661.8
¥ Fulham Church . . 57 39 44.0 {30746 3
Kew Pagoda . 71 2 36 14957727
Rxcnnond Royal Obfcrvatoxy . 71 42 0.1}51541.1
St. Martin’s Charch, in the Strand 74 28 59.2| 67486
Spring Grove Houfe, Sir Jos. Banxs, Bt.| 76 9 49 3 57253.9
St. James’s Church . . 77 49 9.8| 8978
1 {South Audley Chapel . 81 49 42.7|12211.1
St. Mary’s, New Church in the Strmd 81 g7 27271 4291.6
St. Clement’s Church . 85 57 3%7| 35924
St. Ann’s Church, Soho . 86 9 §8.71 7755.9
St. George’s Church Hanover Square 86 23 12 9|10304.5
St. Bride’s Church, Fleet Street 00 12 42.8) 17717
Argyll Street Obfervatory, Maj. Gen.Rov | g2 14 37.7 963€
The Pantheon . . Y3 19 17.2] go66.5
‘Wef“;ardk Hanger-hill Tower . 94 24 964534.5}2
ol the St. leesaChux(h . 94 36 28. 31 0917.3
me“‘}‘a“ 3 [Portland Chapel . 100 34 38.7|10301.2
« I? v Charlotte Street Chapel . 101 30 23.9| 8500.4
Ste Paul’s, 15t. George’s Church, B'oomfburySquare 103 15 20.0| 6221.1
Wind Vane of the Britith Mufeum . 105 45 45.7| 6701.5
The Tabernacle, Tottenham Court Road j107 20 47 8876.2
Fitzroy Chapel . 109 41 10.2| 9559.9
Harrow on the Hill Chmch . 112 7 58.3158704.2
Jew’s Harp ftation of 1783 . 112 58 30.7 |13522
Primrofe Hill ftation of 1738 123 48 40.8 17072.8
Hampftead Church . 128 56 11.8|24148.7
St. Pancras Church . 136 43 25.8 |10600.7
The Small.Pox Hofpital » 137 38 37.8] 8732.3
Black Lzne ftation of 1783 . 147 53 7.7|10790.3
Highgate Chapel . 150 59 18.1 24062 4
(Mr.DuveLuz sCupola,Hom{’eyLanc High.l155 27 12.8 22646
Horafey Hill ftation of 1788 . 173 24 32.3 123297.1
Hlington Church . 174 40 2 9028
Highbury Houfe, Mr, AUBFRT 178 43 11, "‘) 14595.7
Ditto, the Tranfit-room of his Obfervatory179 1 56.6 114:;61 4
L North meridian of St. Paul’s 180 o © J -

Com-
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rComputcd latitudes and longltudes of fome of the places in
the above table.
, Longitude from Greenwich
Places, " Latitudes.
in degr, &c.} in time.
, ' o 1w o 4 4 [v m fec.
St. Paul’s . 51 30 494310 §5 468 jo 0 23.12
Highbury Houfe, - Tranﬁt room . | 5I 33 2.8 |0 § 50.5 |0 O 23.37
St. James’s Church . 51 30 3.7 [o 8 5 o O 32.33
Argyll Street Obfervatory . 51 30 §3.05/0 8 18.36j0 O 33 224
Clapham Common, Tranfit-room §I 27 12.7 |0 8 39.2 [0 O 34613
Richmond Royal Obfervatory . 51 28 7.9 lo 18 42.3 lo 1 14.82

CONCLUSION.

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

From a liberal fupply of much better inftruments than ever
were ufed for purpofes of this fort on any former occafion, and
every other affiftance 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 pra&tifed, 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 fenfible error.

'The inftrument too, by means of its tranfit telefcope, being
admirably calculated for determining, with great precifion, the
true dire@ion of the meridiaus, their convergence to each

other, and confequently the differences of longitude, have
3 thereby
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thereby been obtained by angular 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 nearcr than half a fecond, after taking a mean of
a number of compwrifons This mode, by angular meafure-
ment, was {uggefted in the Paper of 17873 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-{tar ob-
fervations among themfelves. It may be faid to be a new mode
of furveying, by the help of the pole-ftar as afixed point, for
preferving the accuracy of the operation, fucceflively carried on
from meridian to meridian; and the fame mode fhould be
adhered to in future.
~ Another circumftance muft likewife be noticed, as having been
propofed at the fame time, namely, the ufe of white lights
for the diftant ftations: for without the help of thefe, ob-
{ferved with fuch an inftrument as ours, it would have been
utterly impoflible 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 ; 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 1t has been begun, with more perfeét 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 fuperior in point of accuracy to any that
is now extant.

One additional in{irument would certainly be wanted, that
is, a zenith feQor 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 firft; 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 fhould 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 occafion 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 1s believed,
that the obfervations them{elves 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 H"rights 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 ou the Gloucefterthire
range of hills, called Paul’s Fpytle, about two miles weltward
from Frog Mill, on the left lumu de of the road leading trom

thence to Gloucefter, may likewife be feen from each other at
the
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the diftance 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-Voel
Hill, called alfo the Sugar-loaf of Abergavenny, in Mon-
mouththire, would become the third ftation 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 fpace it
would be wholly unneceflary to obferve any latitudes; by the
pole-ftar 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 ftations, afcertainable by their diftances from the perpen-
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-Voel Hill/, in the
dire€tion 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-
End.

If, befides the zenith fe&or, another circular inftrument was
provided, and fome additional annual expence allowed, in order
to accomplith more {pecdily fo great and ufeful a work, at the
fame tiine that the operations to the fouthward were carrying
on, the feries of triangles, in the direftion of the meridian of
Pen-y- Vel Hill, thould be continued to the northward through-

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 fucceedin g parts to be carried preferably into exe-
cution, as things of this fort would naturally prefent them-
felves, in the courfe of fuch 1mportant 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 Pyrenean 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-~
fured with great exa@nefs. At the north, for inftance, Cape
Wrath being made the central ftation, from thence the Orkney
Lfiands to the eaftward and Butt of the Ifland of Lewes to the
weftward, being diftin&ly feen, would confequently become the
flations to the right and left.

With regard to the ufe of white lights, fo indifpen{ably ne-
ceflary in all operations of this fort, no opportunities have yet
offered of afcertaining with precifion the immenfe diffance 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

Voz. LXXX. M m three
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three or four inches in diameter, and the large"{’c but fix or feven.
Avgmented 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
faintlooming of the land in a very elear 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, 1t will readxy 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 conneéted
with each other, by meansof thefe lights, alternately exhibited
and obferved, for inftance, on Brach-y-pw! Point, Holyhead
Hill, and the Iffe of Man, on onc 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
lIight, fo accurately as by angular meafurement with a fine in-
firument, 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 fhould 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-
Slone Turnpike, in order to render the diftance of the extreme
ftations as great as poffible. Any of thefe points would be
vifible from Crowborough Beacon, which would become the
ftation of the Englith aftronomer with his clock and inftru-

ments. ‘That of the French aftronomer would of courfe be
7 taken
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taken in the moft convenient place inland on the range of
chalk hills, vifible from the place of explofion, and the eafieft
conne&ed with the triangles of the meridian of Paris in the
neighbourhood of Helfaut and Bouvigny. Crowborough is about
70 miles diftant from Montlamberz, and a point in the dire@ion
of thefe two near Helfaut would be about 32 miles iuland from
Monzlambert, which would give for the extreme diftance about
102 miles.

If experiments of the fame kind were to be made to the
xvgﬁward of Greenwich, thofe very fations, 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 cytrermty 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 lier
own dominions, in regard to the determination of the figure
and dimenfions of the earth. If, after this, any doubts re-
mained, thefe might eafily 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 flill nearer to the pole, if fuch fhould be
found pradicable, all which has been fuggefted in the Paper

of 1787. For the farther illuftration of this fubjed, 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
Mm 2 Britain,
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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 feveenteen were mea-
fured. But, with fuch inftruments as have been ufed in this
country, a fmaller 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,
iz,

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 andjfprmg tides.

Berwick upon T'weed, . .
5. On Kincairden and Flanders Mofs, weftward from Stir-

ling.
6. On the fands on the coaft of Aberdeenthire:
}at low water

between the mouth of the Don and Newbuigh,
{pring tides.

7. The fands on the coaft of Murray, between
the mouths of the rivers Findhorn and Nairn, J

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
iength, there would not be any neceflity for that wonderful
exaltnefs that was requifite for determining the length of the
firft and fecond bafes on Hounflow Heath and Romney Marfh.
Suppofing them to be executed with the fteel chain alone within

a few feet of the truth, it would be perfe&ly {ufficient to thew

I that
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that no etror of any confequence had accumulated in carrying
on the operation to thefe diftant points refpetively, even as far
as the remote thore of the Northern Ocean.

Finally, in order to preferve the primitive {cale 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 neceffary to eftablifh,
without lofs of time, fome permanent marks at the extremities
of the bafe on Hounflow Heath*. Thefe thould 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
conftruted in the moft durable manner by dove-tailing the
ftones into each other. They would refemble thofe bafements
of ancient croffes 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 ereftion of thefe

# Soon after the meafurement of the bafe, Mr. Mving, F. R. §. at my
defire, was fo obliging as to give a defign 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. .
termins,
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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. In 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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A P P E N D 1 X

UR late much refpe&ed Colleague, Major-General Roy,

baving finithed, in September 1788, the trigonometrical
meafurement defcribed in the firlt Part of this Volume, re-
turned to London in a very indifferent ftate of health. From
this time he employed all the leifure that his illnefs, and his
various official avocations, allowed, in preparing the account
of his operations, to bé laid before the Royal Society. But
toward the autumn of 1789 his infirmities encreafed {fo much,
that the medical Gentlemen he confulted advifed him to fpend
the following winter at Lifbon, for which place heaccordingly
embarked in the beginning of November. Previous to this,
however, he finithed the firft Copy of his Paper; but it was
much hurried toward the latter part, and not rendered fo per~
fe& as the General would undoubtedly have made 1t with more
time and better health. He returned to England in April
1790, and the Paper was fent to the prefs before the end of the
fame month. Unfortunately the General did not live to fee the
printing quite completed ; he cofreé‘cf‘:d, indeed, all the iheets
except the three laft; but without comparing his manufcript
copy with the viiginal papers and obfervations. Several errors

which had been difcovered in the courfe of the printing, toge-
ther
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ther with the obfcurity of the account in certain parts, induced
{ ome of the General’s Friends, Members of the Royal Society,
to requeft, after his deceafe, that the whole might be revifed by a
competent perfon, who fhould compare it with the original do-
cuments, corret fuch miftakes as might be difcovered, and
illuftrate whatever required further explanation. No one could
be found fo proper for this tatk as Mr. DaLsy, the Gentleman
of whom the General makes fuch honourable mention in his
Paper, and who, having affifted in all the operations, was as
well acquainted with every part of them as the General him-
felf. The refult of Mr. DALBY’s examination is the following
Remarks; which being much too long for infertion in the lift
of errata (where only the errors of the prefs are noticed) is

here added feparately, by way of Appendix.
C. BLAGDEN,

Remarks
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Remarks on Major-General Roy’s Account of the Triganome-
trical Operation, from Page 111. 10 Page 270, of this Volume.
By Mr. Ifaac Dalby.

[ Y)AGE 134. 1. 20, &c. The inclinations of the bafes with
the meridians were determined by fpherical computation,
and therefore can only be confidered as #zearly true.

P. 171. 1. 6. from bottom, for we have area in feet pur we
have log. area in feet.

P. 173. in the VIII triangle, for o.01 put o.1.

P. 174. in the IX triangle, for 0.88 puz 0.83.

P. 175. in the XVII triangle, for 71855 put 71885.

P. 177. This method of making the comparifon on a
long diftance, when the meafured bafes are fhort, and nearly
of the fame length, feems preferable to that of carrying
the computation dire¢tly from one bafe to the other. Determi-
nations of this kind, however, muft always be uncertain to
particular limits on account of the inaccuracy of inftruments
and obfervations combined with the unknown figure and dimen-
fions of the earth. 'Was the earth a fphere of a known mag-
nitude, the moft natural method of computation would have
been by fpherical trigonometry, after the obferved angles had
been correéted for that purpofe ; which method ({fuppofing the
angles wanted no correftion, or each had been accurately ob-
ferved) would thew which bafe was meafured neareft the truth.
Or the fame thing might alfo be obtained by plane trigonome-

Vor, LXXX. 4 H try,
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try, ufing the chords of the meafured bafes, and the angles
formed by the chords of the other fides of the triangles (which
angles might then be found from the horizontal ones) inftead
of the obferved angles.

In the application of plane trigonometry to the obfervations,
that part of the earth’s furface to which the operation has been
confined, 1s confidered as a plane, and the meafured bafes as
right lines on that plane; but whether the computations are
made on this principle, or attempted on that of taking the
bafes and the other fides of the triangles as chords, there feems
to be no certain rule for i'educing the obferved angles of each
triangle to 180°, fo as to give the diftances the moft corre&,
which would alfo be the cafe if the angles of each triangle had
been taken in the fame plane; hence it is evident, that the
method of corre&ion has been in fome degree arbitrary ;
for, though the {um of the three obferved angles of each tri-
angle is in general very near what it ought to be (taking the
earth as a {phere) ; yet, when that fum is not exaltly 180°,
in reducing them to plane ones, each obferved angle may be
taken as a planeone, and the other two augmented in cafe of a
defe ; but each ought to be diminifhed when there is an ex-
cefs in the obferved fum. In making thefe reduétions, however,
it is evidently neceflary to confider whether each of the obferved
angles 1s equally well afcertained, and corre& them accordingly ;
but this muft be left to the judgement of the obferver.

From the foregoing confiderations, it follows, that the an-
gles of the triangles taken as plane ones may be varied to cer-
tain limits, ‘and confequently the oppofite fides deduced there-
from muft vary to certain limits alfo; but it is evident, that a
mean of the extreme refults, obtained in this manner, will be
very near the truth; and therefore this method of making the

comparifon
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¢omparifon feems lefs liable to objection than that by a fingle
correCtion of the fame angles. Accordingly, if we vary the
angles (in reducing them to 180°) from Hounflow Heath to the
XIII triangle, fo as to produce the greateft and leaft effeéts on
the lengths of the oppofite fides, there will refult 141750%
and 1417461 feet, nearly, for the greateft and leaft, and
1417483 for the mean diftance of Fairlight and Hollingborn.
In like manner, the bafc on Romney Marfh will give
141745.6 and 141744.4 feet, nearly, and the mean 141745
feet, for the diftance of the fame ftations; the difference in
the mean refults is 3% feet on a diftance of near 2% miles;
and therefore the bafe on Hounflow Heath meafures the other,
by thefe determinations, to about ¢ inches; and, becaufe the
latter bafe is the longeft, it would meafure the former on
Hounflow Heath to fomething lefs.

The diftance of the ftations of Fairlight and Hollingborn in
the XIII triangle is 141747.1 feet, and from this all the dif-
tances to the eaftward are computed ; but if the bafes are mea~
fured equally exa&, the diftance of the above ftations, or
141745 feet, determined from the bafe on Romney Marth,
muft be more corret than the other, becaufe the conne&ion of
Fairlight and Hollingborn with this bafe is formed by three or
four triangles only, whereas on the other fide, the computation
runs through eight or nine. The difference, however, is but
2 feet, and that in an extent of almoft 27 miles, which will
make about 7% feet lefs for the diftance between the meridians
of Greenwich and Paris.

Among the angles corrected for computation, it will be per-
ceived, that fometimes the quantity of an angle feems not to
be exaltly what the obferved angle ought to give. In thefe
cafes the obferved angle is lefs to be depended on than the

4 Ha others
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others of the fame triangle: for inftance, in the firft triangle
the obferved angle at Hanger Hill is 42° 2’ 327, and that for
computation 42° 2 34”3 now this angle was not taken fo
accurately as could be withed, but the others were repeatedly
- obferved.
P. 178, in the XXIX triangle, for 186113 put 14:7386.9.
P. 180. in the XXXIV. triangle, for 252469.9 put 252496.9.
As the obfervations at Fairlight and Dover are omitted, upon
which the angles of the XXXIII and XXXIV triangles de-
pend, it will be neceflary to give them, and alfo thew the
manner of obtaining thefe angles.
At Dover Caftle, the angle betiveen the white
light at Montlambert and the . lamp at ‘Padlef- o .
worth was obferved . . . 109 8 25.5
Carrected for computation . . 109 8§ 25"
At ‘Fairlight, the angle between “the whltc
lights -at Moatlambert and ‘Blancnez was ob-

ferved .. . . .. . 17 46 3
For computation . 17 46 3.5
‘Between the lamp at Lydd-and thte hght at

Blancnez . . . . 18 2 31
.For computation . . 18 2 1.5

The acute -angles in the XXXII triangle ‘refult from the
other angle-and including fides 14%386.9 and 42561.18.

I in the XXIX triangle 1’3 3f§ 5/.95.
Angleat Fairlight {in the XXXII triangle 6 6 39.43

‘Angle at Fairlight between Doverand Lydd 7—:3-;—2—_;;2-
“Angle at Fairlight between:Liydd .and Mont-
lambert (17° 46" 373 +18° 2" 317%) . 35 48 35

Angle at Faiflight in" the XXXIII triangle ;—3— 1 9.—:5.8»;;
X Angle
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Angle at Dover between Padlefworth and t
Montlambert . 109 8 25
at Dover in the XXXII tnangle 21 37 §5.42

Angle at Dover in the XXXIII trmngle . 87 30 29.58
The third angle, or 49° 9’ 31”9 at Montlambert, is the
{ upplemental one.

If from the angle at Fairlight in this triangle we take
17° 46’ 3’4 we have 25° 33" 55”02 for the angle at Fairlight
in the }&XXIV triangle ; and if to 87° 30" 29”.58 we add
23° 257 0’.25 (the angle at Dover in the XXXV triangle) it
gives 110° 557 29”.83 for the angle at Dover; that at Blanc-
nez is the {upplemental one. »

“The fituation of the ftation -at Montlambert, as determined
by the obfervations made-on this fide of the Channel, has not
however totally depended on thofe made at Fairlight and Dover;
* another obfervation at -Padlefworth has been ufed by way of
check, or verification. This was made in a very favourable
ftate of ‘the air, when the angle between the flag-ftaff at Do-~
ver and maft at Montlambert was found to be 58° 25" 1171,
which is nearly what refults from computation ; for 42561.18
and 168821.07 ‘feet, the refpetive diftances of Dover from
Padlefworth and Montlambeit, with the included angle 109°

8’ 257/, give this angle r58 2%’ 10”.9.

It ought to be remarked, that the angle at Blancnez 11¢°
41’ 28”.9, communicated by M. Cassint, is an horizontal
one; that -of the XXXV triangle, or 119° 417 417.6, is the
refult of a computation by plane trigonometry, which, if
accurate, fhould be lefs than-the horizontal one at the fame
point, and therefore the maximwm of the difference mufit be
fomewhat-greater than 12”.7.

P.
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P. 182. &c. The triangles after the XXX VI, and what fol-
lows to the end of the article, do not feem neceffary, on our
part, to complete the triangular conne&ion between Green-
wich and Paris, becaufe it may be done in the following man-
ner from the triangle formed by Dover, Calais, 'and Dunkirk,
In this triangle, the fide between Doverand Calais is 137449.9
feet (fee the XXX VI triangle); and by M. Cassint’s Paper,
communicated in 1789, it appears, that the fide between Ca-
lais and Dunkirk is 19349.34 toifes { =123529.3 feet), and the
included angle at Calais 139° 17" 35”.6; thefe give 19° 14
13”.1 and 21° 28" 117.3 for the other twoangles, and 244919
feet for the diftance of Dover and Dunkirk; alfo 28232.7 for
what Dunkirk is {outhward, and 243284 feet for what it is
eaftward, from Dover: this laft added to 307366.8, the dif-
tance of Dover from the meridian of Greenwich, gives
547053.8 feet for what Dunkirk is eaft from the meridian of
Greenwich on a parallel to the perpendicular; but the length of
the arc of the great circle which pafles through Dunkirk, and
is perpendicular to the meridian of Greenwich, is very near
the fame as the length of this parallel, or §47053.8 feet (though
accurately fomewhat lefs); hence, if we take 61247% fath. =
1°, we have 1°29” 19”.1 for that arc, and the latitude of
Dunkirk being 51°279”.3 (See Se&. VI. Art. 12.); there-
fore, cofine 51° 2’ 9”.3:rad. :: fine 1° 29" 19”1 : fine 2°
22’ 3”.8 the longitude of Dunkirk (agrecing with that in
Art. 12.); and rad. : tang. 51° 2" 9”/+3 :: tang. 1° 29" 19”1 :
cofine 88° 9’ 34"/ for the other angle of this triangle of which
the co-latitude of Dunkirk is the hypothenufe.

Dunkirk is eaft from the meridian of Paris 1416, or 1430
toifes (fee Art. 12. Se&. VL), a mean of thefe give 17 29”.14
as an arcof a great circle; this, with the co-latitude of Dun-

5 kirk
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kirk for the hypothenufe, will give 89° 58’ 10" for the angle be-
tween the meridian and thisarc; hence 89° 58”107 —88° ¢ 347
=1° 48’ 36" is the angle at Dunkirk between the two arcs ;
one perpendicular to the meridian of Greenwich, and the other
to that of Paris; therefore, if we take 1416, or 1430 toifes, as
the leg of a plane triangle adjacent to this angle, we get gos9,
or g148% feet, for the diftance qf the meridian of Paris from
Dunkirk on a great circle perpendicular to the meridian of
Greenwich ; thefe taken from 547053.8 will leave 537994.8
or 537905.3 feet, for thediftance between the meridians of
Greenwich and Paris on that circle, according as Dunkirk is
1416 or 1430 toifes from the meridian of Paris.

Should it be thought more accurate to make ufe of the diftance
between Calais and Dunkirk, according to the fcale in the
XXXV triangle deduced from the Englith obfervations acrofs
the Channel, it is had at one proportion thus; as 12077, 85
toifes (the French diftance between Blancnez and Montlam-
bert) is to 77235 feet (the Englifh diftance) fo is 19349.34
toifes (the French diftance of Calais and Dunkirk) to 123734.5
feet, as in the XL triangle, which exceeds the French diftance
about 5 feet: this will give the diftance between the meridians
of Grenwich and Paris 4.4 feet more than the above determina-
tion. But was the bafe on Romney Marfh adhered to, it would
give the diftance about 3 fect lefs; and therefore the refultsof
the French triangles on their coaft would agree nearer with the
dedu@ions from this bafe than from the other on Hounflow
Heath. ‘

P. 187. in lines 1. and 8. for 358.6 put 349.4; and confe~
quently in line 10. for 133409.8 put 133419, This error is the
caufe of the difference in the diftances of the parallels of latitude
of Greenwich and Paris as given in Art. 10. and 13. Set. VL.

for,



600  Mr.DaLBY’s Remarks on Gen. Roy’s Account

for, in pages 185. 187. we have 133746.3 and 133768.4 fath.
the diftances of Dunkirk north from Paris, the mean is
133757.4 3 if from this we take 358.6, we have 133398.8, as
in Art. 10.; but fubtraCting 349.4, gives 133408 for what M
is north of Paris, which added to 27248.2 there refults
160656.2 agreeing with that in Art. 13.

P. 190, 191. It will immediately be perceived, that the
columns 1n the table of general refults here alluded to, have
been filled by a method fimilar to that of working a #rawverfe.
The following table, however, wgs previoufly drawn up to
facilitate the computations, and by which the numbers in the
two firft columns of diftances may at any time be eafily exa-
mined.

This table will readily be underflood; for, if we fuppofe
parallels to the meridian of Greenwich to be drawn through
the ftations on the left, oppofite on the right are the angles
which the adjacent ftations make with thefe parallels.

Greenwich Obf. Norwood . 28 7 16 SW
 Greenwich Obf. 38 716 NE
Norwood . {Hundred Acres 42 22 39.25W
Hanger Hill . 49 31 22.7NW
Norwood . 42 22 39.2NE
{Hanger Hill . 19 50 LyNW
St. Ann’s Hill . 73 48 38.3NW
[ Norwood . 49 31 22.7SE
Hundred Acres 19 50 1.7SE
Hanger Hill .3 Hampton Poor-houfe 23 30 53.4SE
St. Ann’s Hill . 48 34 42.2SW
_ King’s Arbour . 65 33 27.4SW

Hundred Acres

Hampton
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Hange'r Hill .

Hampton Poor-houfe 3 King’s Arbour .
LSt. Ann’s Hill .

(Hanger Hill . 65 33

King’s Atbour .

601

23 30 53.4NE
. 44 24 45.6NW
74 8

40.9 SW
27.4 NE

‘ Hampton Poor-houfe 44 24 45.6 SE

St. Ann’s Hill 29 49 49.4NW
LWindforf' . 87 29 43.1NW
King’s Arbour . 29 49 49.4NE
SHanger Hill . 48 34 42.2NE
St. Ann’s Hill . Hampton Poor-houfe 74 8 409NE
[Hundred Acres 73 48 38.3SE
Windfor 29 19 246 NW
Greenwich Obf, . S;vetndrdog Caftle 73 49 34 SE
(Greenwich Obf. 73 49 34 NW
Severndroog Caftle {Botley Hill 11 23 18.5SW
Wrotham Hill 46 18 30 SE
f Severndroog Caftle 11 23 18.5NE
) Wrotham Hill 79 16 28.7 NE
Botley Hill . SGoudhurt . 60 38 49.3SE
Frant ; 43 28 20.3SE
Botley Hill . 43 28 203NW
SWrotham Hill 6 50 57.7NE
Frant - Hollingborn Hill 55 19 35.3NE
‘,Goudhur{’c 82 24 11.4NE
Fairlight Down 45 17 22.7SE
Severndroog Caftle 46 18 30 NW
SBotley Hill . 79 16 28.75W
Wrotham Hill Frant 6 50 57.7SW
lGoudhuri’c 25 12 14.57SE
Hollmgbom Hill 47 21 254SE
VoL, LXXX. Goud-
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Hollingborn Hill 38 51 47.3NE

Tenterden . 7254 53.3SE
Fairlight Down 23 15 17.55E
Frant . 82 24 11.4SW
Botley Hill . 60 38 49.3NW
(Wrotham Hill . 25 12 14.7NW
[Frant . 45 17 22.7 NW
| Goudhurft . 23 15 17.5NW
Hollingborn Hill 3 8 32.3NE
Fairlight Down . g Tenterden . 12 , 5 40.9 NE
 Allington Knoll 45 46 21.3 NE
Lydd . 67 4 58.3NE
Blancnez . 85 7 29.oNE
Montlambert. . 77 6 26.7SE
fWrotham Hill 77 21 25.7NW
Frant e 55 19 35.3SW
Hollingborn Hill ,Go'u’c‘l'h’urftv : 38 51 47.38W
' Fairlight Down . 3 8 32.3SW
Tenterden 5 46 56.8SE

~Allington Knoll 45 47 55.75E
(Hollingborn Hill 5 46 56.8NW
, : Goudhurft . 2 54 §3.3NW
Tenterden Church \F airlight Down Zz ’ 5 54?;2 SwW
| Lydd - 5027 11.6SE
“Allington Knoll 85 47 25.3NE
(Fairlight Down 67 4 58.35W
Tenterden . 50 27 1.6 NW
Ruckinge . 6 16 204NW
‘Allington Knoll 12 46 ;3.3 NE
High Nook . 37 4 281 NE
Padlefworth . 41 10 52.6 NE
 Folkftone Turnpike 50 49 22 NE
Ruckinge

Goudhurft .

A

A

Lydd Church .

A,
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Lydd . 6 16 20.4SE
jHigh Nook . 55 15 9.85E
| Allington Knoll 70 25 31.6 NE
(Hollingborn Hill 45 47 55.7NW
Tenterden . 85 47 25.3SW
Fairlight Down 45 46 21.3SW
Allington Knoll .+ {[,ydd . 12 46 §8.3SW

High Nook . 21 1 47.8SE
| Folkftone Turnpike 82 §6 18.9 NE
[Allington Knoll 21 1 47.8NW
Ruckinge . 5515 9.8NW
High Nook . < Lydd . 37 4 28aSW
Folkftone Turnpike 58 39 12.6 NE
[ Padlefworth . 43 50 47.1NE
i‘rHigh Nook . 43 50 47.1SW

Lydd . 41 10 52.65W
Padlefworth . d Folkftone Turnpike 64 18 47.4 SE
Dover Caftle . 8t 11 30.1 NE
| Swingfield o 44 47‘ 2.1 NE
Lydd - 5049 22 SW
High Nook . 58 39 12.6SW
. | Allington Knoll 82 56 18.9SW
Folkftone Turnpike | Pad’Ie?worth . 64 18 47.?4 NE
| Swingfield . 351 ~8NW
Dover Caftle . 65 52 45.6 NE
{Padlefwort‘h . 44 47 7.25W

Ruckinge .

‘Folkftone Turnpike 3 51 2.8SE
{ Dover Caftle . 49 27 47.8SE

Swingfield .

41z Dover
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(Swingfield 79 25 47.8NW
Padlefworth 81 11 30.1SW
Folkftone Turnpike 65 52 45.6 SW
| Montlambert - 27 56 54.8SE
Blancnez . 51 21 55.13E
Dover Caltle 4 Calais . 64 8 37.18E
Dunkirk . 8322 529S5E
——— by M. Cas-
siN’s  diftance of
Dunkirk and Calais 83 22 50.2
(Point M . 82 33 14.4SE

The difference between the complement of 82° 33" 14”.4 and
the angle at M in the XL triangle is 14° 51’ 3.9, the angle
RMC referred to in Art. 10.and 11. Se. VI.

P. 194. It is faid, that the angle ABov (PL X. fig. 2) is
equal to the angle BA7, and confequently at p. 199. that the
fum of the obferved angles PAB, PBA, are equal to the fum
that would be found on a f{phere. This (though extremely
near in any of the {pheroids hitherto affumed for the figure of
the earth) is not geometrically true when the points of obfer-
vation are oz the {urface of the fpheroid, and each angle taken
exa&ly in the plane of the horizon. For, it s evident, that to
have the fum accurately the fame, the points A, B (the places
of obfervation) muft be at equal diftances from G and W ; and
therefore, if at any two points thus taken in the verticals GA,
WB, the angles are fuppofed to be in planes parallel to the
sefpeive horizons at A and B, their fum will always be the
fame. Hence, becaufe the vertical WB is greater than GA,
if the angles are accurately horizontal ones at A and B, their
fum muft be greater on the north fide, and /2/5 on the fouth,

than
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than on a fphere, except the latitudes of A and B are the fame.
The difference, however, is fo minute, that for practical puri
pofes they may be confidered as equal (as in this Se¢tion and
the corollary, p.215.), without fenfible error.. In the example
at p. 196. the difference in the fum of the horizontal angles at
A and B on this fpheroid, and on a fphere, is a {fmall fracion
of a fecond; but it requires a nice computation to difcover the
exa&t qi]anﬁty The method, however, is to compute the
angle at B in the fame manner as that is done at A; or by
taking the point of obfervation in the vertical GA produced,
168 fathoms (the, dlﬂ’e;‘cnce of the verticals WB, GA) above
the furface at ‘A, and determining the diminution in the hori-
zontal angle by a re-computation. :

By purfuing a method of computation ﬁmllar to that for the
point A at p. 196. it is evident, that thethree horizontal angles
of any triangle on a known {pheroid may be determined.
~ P. 1g5. bottom line, for AGH pur AGK.

P. 203. There feems a miftake towards the latter part of
this page; becaufe it will be feen, that ne fuch fpherical tri-
angles have been ufed in the computations but in Art. IIL
p. 206.
~ P. 205. L 13. from bottom. “This muft allude to one place
of obfervation only 3 becaufe in this operation (where the lati-
tudes have not been obferved) a principal advantage lies in hav-
ing one of the ftations (like Botley Hill) on, or near the meri-
dian of Greenwich, on account of obtaining its latitude pretty
exac; but the farther off the other place of obfervatnon 15,
the better it is for the purpofe.

P. 20%. In L. 14. from bottom, for :Px pur :: fine Px.

p. 208 from L. 5. to the period in L 12, from bottom, thould
run thus:

If
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~ If the latitude of the point B was given, and the earth a
fphere, the co-latitude BP and the obferved angles PBG =
116° 21’ 13”.2, and PGB=60° 17" 15”.7, would give PG
the co-latitude of G, and the angle BPG the difference of
Iongitude of B and G.

Taking a {phere whofe diameter i1s nearly a mean between
thofe in M. BoucuEer’s fpheroid, the length of a degree of a
great circle is 608 59.1 fathoms, and the latitude of B will be
51° 16" 417.45; therefore BP=38° 43" 18”.54 5 this, with
the obferved angles at B and G, give PG=38" 53" 6”.72, and
the angle BPG, .or difference of longitude= 27" 36”7 ; there-
fore in the right-angled fpherical triangle PRG, rad. : tang. GP
:: cofine angle RPG : tang. 38° 53" 3”7.47=RP; and rad. : fine
GP :: fine RPG : fine 17 20" =RG.

- P.209. Log. for 51° 16" 46" put 51° 167 46”.1,

P. 213. Corre&t the title of this Article, by reading geo-

detical meafurement for <¢ pole-flar obfervations,” in the firft

line,
P. 217. After the word ¢ meridian”, in the third line of

Art. X. inftead of ¢ and alfo the differences of latitude and
longitude have been obtained by very accurate obfervations of
the pole-ftar made at certain ftations to the eaftward of Green-
wich,”, 7ead and alfo the difference of longitude between
Botley Hill and Goudhurft have been obtained by obfervations
of the pole-ftar.—A correion of this kind feems neceflary,
becaufe the pole-ftar obfervations have not been ufed in finding
the differences of latitude. From the diretions of the meri-
dians at the above ftations, the value (in parts of a degree) of
the meafured arc of a great circle, perpendicular to the meri-
dian, has been determined; hence the lengths of the degrees

in the Table, p. 227. have been inferred. The diftances from
4. the
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the meridian of Greenwich (in the Table of General Refults)
have been converted into degrees, &c. according to this Ta-
ble; and the others from the perpendicular in the next co-
lumn, according to M. BouGurr’s fcale on the meridian
(which is had fufficiently accurate from the Table, p. 298. Fig.
de la . or that at p. 228. Phil. Tranf. 1787, by an eafy
approximation) thefe meridional arcs applied to the co-latitude
of Greenwich, with the other arcs perpendicular to the meri-
dian, form the legs of the triangles by which the latitudes and
longitudes of the ftations have been computed. The meri-
dional arcs, however, have been corre@ed, as in the example
in this Article (where the value of Rr has been added) when
the diftances of the flations from the meridian of Greenwich
are confiderable.

In determining the latitude of M in this Article, a fpheroidi-
cal correction has been applied to the refult by {pherical trigo-
nometry, as in Art. VIL but that computation is made on a
figure of known dimenfions, and confequently the latitude of
7 (fig. 7.) is given ; but it does not follow, that the true lati~
tude of r (fig. 10.) would exaltly correfpond with M. Bou-
GUER’s hypothefis, though the length of the whole meridional
arc between Greenwich and Paris is found to agree extremely
near 3 and therefore no corretion of this kind is applied to the
other latitudes in the Table of General Refults.

The greateft accuracy, however, is abfolutely neceflary in
determining the direCtions of the meridians if we would derive
fatisfaory conclufions therefrom, when the places of obferva-
tion are obliquely fituated with refpect to the meridian, and at
‘a diftance from each other not greater than that between Botley
Hill and Goudhurft, becaufe an error of 1’/ in the horizontal
‘angle at either of thefe places will produce an error in their

difference
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difference of longitude of 1”.2 of a degree, and confequently
a variation of about 6" in the longitude of Dunkirk or Paris.

Was the diftance of the ftations about 36 miles, the error
in longitude would be the fame as that in the horizontal aﬁgle,
or 1”7, |

The length of the arc RG (PL X. fig. 5.) is 17695 fathoms,
and its value 177 20”.06 as an arc of a great circle perpendicular
to the meridian. Now, was the earth a fphere, the length
of any arc, would be to the number of degrees it contained, as
17695 to 17” 20”.06 ; but this is not accurately the cafe on a
{pheroid ; though, on this account only, the error in longitude
(\vhich is in defect) deduced from an arc of a great circle ob-
tained in the above manner, muft be fmall to the extent of 3
or 4 degrees (in the latitudes of the places of obfervation) on
a fpheroid not more oblate than the earth.

It may be obferved, that in determining the differences of
longitude by the pole-ftar obfervations, the ftations thould be
as nearly eaft and weft from each other as the nature of the
country will permit, becaufe in that diretion, any errors which
may be thought to arife from the uncertain inclination of the
verticals on the {phéroid, will vanith; and, what is of more
confequence, a longer arc of a great circle perpendicular to
the meridian will thereby be determined than could be in any
other dire&ion with the fame diftance. On this account the
ftations at Botley Hill and Hollingborn Hill (for one is feen
from the other) are eligible. Their diftance is about 28%
‘miles, which would meafure near 24’ of a degree of a great
circle perpendicular to the meridian.

P. 220. Art. XI. feems to want correion : for, if Mg is
a lefler circle parallel to the meridian GR, it will cut the great
circles 7M, Gg, at right angles. Hence, RMC — RMr

(1404
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(14° 51" 3.9 = 19”.42) =14° §0’ 44”.5=rMC, which added
to 9o° (ng) gives 104° §0” 44//+5 for the angle ¢gMC; from
this take 1° 438’ 387.6 (PMg), and we have 103" 2’ 5”.9 for
the angle PMC deduced according to this method. But it can-
not be faid to refult from the Britith obfervations, becaufe the
French angles were made ufe of to the eaftward of Dover for
obtaining the angle RMC, on which it depends. |

P. 224. The lengths of the degrees of longitude in the
Table were found thus: as radius : cofine of the latitude ::
length of a degree of a great circle perpeudlcular to the meri-
dian : length of a degree of longitude. 'This proportion is
true on a {phere, but not accurately fo on a {pheroid.

P. 229. for 43° 397 put 48° 39/, the latitude of St. Malo.

- As the new longitudes in this Table have not all been obtained
in the fame manner, it may not be improper to give the ‘me-
thods of computation. :

The latitude of Strafbourg (Deférip. Geom) 1 48° 34’ 50”7,
and its diftance from the meridian of Paris 204779 toifes
(=218243.17 fathoms) which, if we take 61225 fathoms = 1°
(fee the ’1able, p- 227)g1ves 3° 33 52”.63 hence, as cofine
48° 34" 50" :rad. ::fine 3° 337 52”.6 : fine 3° 23" 33" the
longitude.

In the Camzozﬂzmce des Temps 1788 the latitude of Straf=
bourg is 48° 34’ 35 /s longxtude 5 26" 1873 therefore, as

rad. : cofine 48° 34" 35" :: fine §° 26" 18" : fine 3° 357 42”.3,
the arc of the great mrcle (from which its longitude was com-
puted) paffing through Strafbourg, and falling perpeudxcular
on the meridian of Paris.

According to the Advertxfement in the Map of France, the
French computations have been made with a degree containing
57060 toifes (=060811.7 fathoms); therefore, if we reduce

Vor., LXXX, 4 K 3°
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3° 35" 42”.3 in the proportion of 61225 to 60811.7, we have
3° 347 14”.9 for the value of that arc when 61225 fathoms is
=1°; hence cofine 48” 34’ 357 : rad. :v fine 3° 34’ 14”.9: fine
5° 247 6”7, the other longitude of Strafbourg. By the latter
method the longitude of Cordouan was computed; but the
other longitudes according to the former. The diftances from
the meridian of Paris are to be found in the publications
alluded to in the above page.

P. 232. In the Table of General Refults, for 1° 8’ ¢’/ and
4m. 32s. 36th, put 1° 8 4" and 4 m. 325. I6th.
the longitude of Padlefworth.

Againft Calais, for 7 m. 23s. 15.8th. pur 7m. 23s.
15.2th.

Againft Fairlight Down, in the laft column but
two, for 539.5 put 593.5-

P. 239. 1. 15. for fig. 12. pur fig. 13.

P. 242. L 10. from bottom, for g’ 55" put fig. 37 35”.

P. 243 113, for OKT put OK#  Ls. from bottom, for

4t put kL.

P. 224 L 11. for 7% put 7%.

In the Tqblc f'acmg p. 246. in the column of mean refraction,
for o’ 15”7 .4 put 17 28”1
In "addition to the examples of refraltion in Se&. VIL the
following (which was overlooked when this part was drawn up)
may not improperly bé given, as being of a different kind, It
thews, that terreftrial refraion (though often much greater)muft,
at particular times, be much /gfi than is generally {fuppofed.
- 0&. 7, 1787, at the ftation near Padlefworth, the depref-
fion of the horizon of the fea, in a SW direCtion nearly, was
obferved 26’ 27’ . A degree of a great circle in this direction
15 about 61000 fathoms, and therefore 61000 X 6 X 572957795
2. =



of the Trigonometrical Operation. 611
= 20970255 feet, will be the radius of curvature nearly, The
height of the ftation above low-water {pring-tides (as deter-

mined by alternate obfervations at this place and Dover Caf’cle)

20970255
20970255-+042
fine of 26" 54" the dip; therefore 26" 54”7 —26” 27"/ =24" is
what the horizon was clevated by refration. The ftate of the
tide however, is not taken into confideration ; but the time was
about noon. ' ‘

The weather was calm and cloudy, and the horizon clear.
Barometer 29.6. 'Thermometer 70°, at 1 P.M.

The above obfervation was made with great care and attention.

‘was 642 feet ; hence = 9999969386 I the natural co=

P. 249. in the 3. triangle, for 76807.5 put 76812.4.
The operations alluded to in the note at the botttom of this
page were, '

LIRS § "

Angles obferved at fRichmond Ob. and the Pagoda 13 10 13
Spring-Grove {The Pagoda and St. Paul’s 23 17 1§
Houfe between (St Paul’s and Harrow Spire 74 18 43

Angles taken on (Stretham Church and St. Paul’'s 70 24 52
Fulham Church{St- Paul’s and Hampftead Church 44 50 46
between Hamp. Ch. and Hanger H. Tower 57 27 43
~ In 1487, at Hanger Hill, the angle between Richmond Ob-
fervatory and the Pagoda was obferved 12° 26 42. At the
Hundred Acres, that between Hanger Hill and Batterfea
Church 23° 597 44”5 and that between Hanger Hill and Stret-
him Church 42° 3" 57”/. The angle at St. Paul’s between
Batterfea Church and the SW Pinnacle of Weftminfter Abbey
is 97 45”.6.

The refults from the obfervations made on Fulham Church

cannot be confidered as very exa&, becaufe Hanger Hill Tower
4K 2 itfelf
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itfelf was the objed, inftead of the Flagftaff placed on 1t in
1787.

P. 250. in the 10. triangle, for 39963 pur 48964.

In the 14. triangle, for 34413.6 pur 34412.8.

P. 251. in the 2o0. triangle, for 39° 177 6”.5 put 39° 17’

16”75,

In the 27. triangle, there is a tranfpofition of the
two firft angles, that oppofite Fairlight fhould
ftand oppofite Goudhurft.

P. 252. inthe 28. triangle, for 5384 put 5385.

In the 35. triangle, for 23081.4 pur 23018.4.

P. 254.in the 4. triangle, there is a tranfpofition of the
diftances, 4198.2 thould ftand oppofite Hornfey Hill.

P. 255. in the 16. triangle, for 14390.2 and 6073.8 put
14390.8 and 6074.

P. 256. in the 22. triangle, for 8136.4 and 17641 pur
8136 and 17640.3. | '

Neither of the angles of the 26, triangle was obferved,
becaufe St. Paul’s is not feen from Greenwich Obfervatory.
The diftance of St. Paul’s from Greenwich Obfervatory is alfo
omitted. This diftance is had from the VIII triangle, p. 173
and the 11. triangle, p. 250; from thefe we have,

Norwood /45 1 5/ 26./5/ hence  Greenwich
the angle {Greenwich Ob. 82 41 I.I} Ob. from St. Paul’s.
at St. Paul’s 55 3 32.4J 256553 fect.
The angles were determined thus:
Severndroog Caftle 220 zc; 48 ‘ :
Greenwich Obfervatory 134 16 31 } obferved angles.
Limehoufe Church 33 22 43

4 Hence



of the Trigondméfrical Operation, 613
Hence Greenwich Obfervatory from Limehoufe Church is
13999 feet.

Taking the fum of 111° 56" 50" (in the VIII triangle, p.
173. ) 82° 417 17 and 134° 16’ 31”7 from 360° there remains
31° 5’ 38” for the angle at Greenwich Obfervatory between
Limehoufe Church and St. Paul’s; this, with the including
fides 1 3999 and 25655 (negle&ing the fra&ions) will give
121° 17 42”7 and 27° 527 407, the other two angles.

P. 257 in the 31. triangle, for 6511 put 6925.4.

P. 259. The bearing of Greenwich from the meridian of
St. Paul’s, on which the other bearings in the Table depend,
was found as follows :

Angle at Greenwich Obfervatory between its

meridian and Norwood . 38 7} lg
between Norwood and St. Paul’s 82 41 1.1
Hence the angle at- Greenwich Obfervatory be-
tween the north meridian and St. Paul’s . 59 II 42.9

This laft angle, and its complement, with 25655% feet the
diftance of Greenwich Obfervatory and St. Paul’s, give 13138.5
for what St. Paul’s is north from Greenwich, and 22036 for
what it is weft from the meridian.

On M. Boucuer’s fpheroid 13138.5 feet anfwer to 2/ g7 5
on the meridian ; hence the latitude of the point on the meri-
dian of Greenwich, where a great circle, pafling through
St. Paul’s, falls perpendicular on that meridian, will be
51° 30" 49”’% : and taking 61251 fathoms for a degree perpen-
dicular to the meridian (fee Tab. p. 227.) we have (22036 feet)
3" 3577.86 for the intercepted arc of that circle; this, and the
complement of 51° 307 49”73 (as the legs of a {pherical tri-
angle) give 89° 55’ 29" for the angle at St. Paul’s, which,

added



614 Mr. Davpy's Remarks, &c.

added to 30° 48’ 177 (the complement of 59° 117 43”) gives
120° 43" 46", for the beaung of Greenwich Obfervatory, asin
the Table.

P. 259. againft St. Luke's, for 12° 577 537, put 12° 37 377,

Againft Shoreditch Ch\urchl Jor 44° 54’ 39”°.8 and
6746.4 put 44° 54’ 58”.8 and 6743.2.

.Agamﬁ: Severndroog Caf’cle, Jor 115° 287 50".4 put
115° 25" 50".4.

Againft Eltham Church, for 123° 46" 4.2 put
123° 467 4.

P. 260. againft Stretham Church, for 31793.5 put 31739.5.

Againft Clapham Common, jfor 26° 29" 56”.1 put
26°29" 527,

Againft St. Bride’s Church, for 1771.7 pm‘ 1687 6.

Againft St. George s Bloomfbury, Jor 103° 15" 20”.6
put 103° 15 507

Againft the TabernaC1c= Jfor 107° 207 47" put 107°
19" 47"

Againft nghbury Houfe, for 178° 43" 11".6 put
178° 43’ 14”.6.

In Plate X. fig. 2. p is omltged at the concourfe of the me-
ridians b, na.. Alfo a line from A to T in fig. 3. ib. for F
put R. '

Plate XI. Eltham Church is laid down too near the meridian
of St. Paul’s; and St. Bride’s Church, Fleet-Street, thould
frand on the north fide of the weft ling, There are a few other
correltions neceflary on account of the errors in Tab. p. 239,
260.

4
5
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Lgﬂﬂgg_u, TanLe of the Meafurement of the Base of VERrrcaTIoN in RoMyEY Mansh, executed in the Autumn of 1787, whereby the apparent Length is f-:mnd]

to be g512,555, Yards, and the true, or correfled Length in the Temperature of 62°, 28532 2% Feer,
[ ) T, | Cwdi [ T o] Teopew ToeRe ) [ O] Toreee Prenee T [, [ o
o ] a, | dislerence. |7 Wean by o, | isecence. |7 Mesmby| 4 | Sffevence, bl mi | A
Yards [15Therm.|from 83* Yands. | <Therm.| from 62" Yo, ;¢ from 2" Yardt ;¢ Therm. [from 6,
- = [I'I- Pil'thwn“t & n n. Parts. 6 o & In. Pi'tg' a5 a Inr P-“'tﬁ.
g100 | G50 | + 3.0+ 006867 4100 | gga l— 6.8] ©0.15508 ﬁIW 4.0 | =19 ©.45551 g!m 35.3 | =28.9| o©.58827
2200 | ba.1 |+ 2a)+oogBoy) 1o | 4209 | rez|— 67| oc.rgizbiNovy 0399 | 39,9 | —z2.7 u.glggn E*W 39.2 | —22.8] o.52189
2500 57 | — 3 ﬂ..|1|331 4399 | g3.0 |- B.a| o.19228] a1 Eiﬂﬂ 433 | =183} ougaBog[Nov.| 2309 39-& —27.5 O E I i
2400 | £8.7 |— 3 007554 4492 | ago |—13.0] 029757 6*3’:' ging | =155 ©3547g9) 29 g”‘m':' 348 | —27.20 o.b2260
2500 | 59.5 | = 2-5| o.05722] 12 | 4599 | so.1 |—ilg| @.2723 Gico | 450 | =194 o37s0 g 40.5 | —21.5 049313
2hoo | 57.3 | — 47| o075 400 | 479 |=14.1| ©.32275] 22 425 | —19.5|  ©.44033 g 42.3 | =197  ©-45293
2700 | 546 |— 7.4] oabggol 13 | 479° | 447 |—17.3]| o-396 6700 | 422 | —10.8] o.g53212| 30 | 9700 0.5 | —31.5] o.52103
| 2800 | 539 |- o.18541 4800 | 44.8 |—17.2| e.3931 OBOD | 41,0 | —20.8] ougrbin Ston 443 =177 040515
agoo | 490 | =138 ©0.20757 4G50 4|1E —20.7| o.47382] 23 | 0992 | 30.8 | —22.2] o.50816|Dec.| 8900 40.0 | —16.0]  e.36bh21
2000 | 540 | = 8o o.afziz] 14 | 5900 | 418 j—20.2| o.4b238 7999 | 390 | —230 o.gab47| 1 [9000 430 | —19.0]  o.43491
3100 | §0.9 | =11 ouaggol 5160 | 42.9 |—10:-1] 04372 7190 | 37.9 ~4-3 ﬁ-ssﬁtg - 450 | —16.4f  0.37540
3200 | 491 |—129 cr.igszﬂ 15 | 5259 | 453 |—10.7| o.35220f 24 | 7290 1 b | —255  o.5905 9200 48.7 | =133 o 30444
3300 | 50-4 | —11.6| ©.20552 §300 | 44.1 |=—17.9] 0O.40073 73°0 | g2.1 | —14. 0.45551| 3 |9300 411 | —z0.g  ©.g7840
3400 | 48.5 | —13-§ o.3o901 5400 | 40.4 [=—21.b 5-12441 7400 | 4005 | =215 0.40213 G400 4bg | =151  o0.34504
3500 | 42.0 | =19.4 0.44407 1l sﬁ;l'g 41.5 |—20.5] o.45924) 26 | 7509 | g5z | =208 obirggs| 4 195122454 48.4 | —13.6]  o.34042
gfoo | 52.3 | = 0.7 o.22303) 5 448 |—17.2| ©.39371 7600 | 30.8 | —22.2) c.gofib S i e
3700 | 530 | = 9.0 o.20b01 5792 | 44.0 | =17 ﬂ-ag 24 7790 | 38.5 | =235 r:his:ra- — b.g7148
3800 | 52.4 | = 9.6 o21974] 17 | 5800 | 40.6 |—21.4| ouBglst ay | 7800 | 336 | —aB.y  cbjogh —10.14802
3900 | 47-3 | =147 0.3304 5990 | 39.4 |[—22.0 &-swg' 7900 | 389 | —23.1] 53876 - 7.58574
4000 | 556 | — 6.4 o146 booo | 41.3| 2097 o738 28 | 8000 | 327 | —ag.3  c.b7008 — 277013
I _E;;l 1014502 i
=, I _?'5 y— e
i 79T Total Correftion  — 30.64577
" i A - Fﬂh& Tn.

he above Table it 2 rs, that the total apparent length of the Bafe, as given immediately by the Stee ain, was 95122484 yards, which are equal to 28536 3.833

F"-]_"“I:‘]Tc:nrmﬂiﬂllt in the ;13¢FE:ET=]JI.:' and others F;::iﬁad in the Text, being fubtrafted from the apparent length, —_ — -— 3 9.799

There Iﬂmiﬂl, for the tras I:ngth of the hafe in the temperature of 62" of F:.'I:rcnhcil:, . —_— —_ - [ i gﬂss: 11000

equal o — 28532 Ji, Feen

SECTION
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TABLE containing the GENERAL ResvrTs of the TriconomeTRICAL OFERATION, |
By Fline 1rigonometry.
Stations. Diflgizetin Foat. . Br[ir'mg or D';r:‘ﬂ Dift. Lougitude. '| Vertical Heighrs,
from the Merid, | from the Perp. | AN8<S With the | from | Latitude. || s Ground | Telefoo
of Greenwich. | to the Ml:rid!? Meridian, (areenwich. Im Degrees, &c.| in Time. ahove the Era_!ah-m-c Grnﬂ?‘ld. Tosl,
l(‘ L b i Feet. R T m. & th Fecr. Fect. Feer.
_({Gireenwich R. Ob. Tranfit Room - - . o . . « v e e I L E N [ . {5128 40 170.5 435 |24
Norwood - - - . 19306.54 2460386 | 38. a6 |SW 211?4-43 51.24.37-3+ © 5 2.4 | o0 g6 3803 g2 | 3895
! |[Hundred Acres - - - 433339 05317.9 49.23.18.5 5W ErE?.E. Eg s1.20.17:3 || ©31.15.5 | 0.45.18. 4338 g.z 41
Weft from | |Hanger Hill Tower - - - ﬁi'rgu-ﬁg 16729.21 76. 7 40.2 [NW| 0697758 l51.91.24.16 047465 | t.an. 6. 213, 3. 251
{Greenwich 4 Hampton Poar-houfls - - - B.1 18¢97.98 ‘,,'I'; 235.20.315W | B5129.0 51,25.35-2 | 021.45-3 1.27. 1.2 61.5" 378 141
King's Arbour - - - - 102364.55 1037.60 E 25, 7.7 |NW| 1o2269.8 5:,;; 47.16 | o.26.48-5 .47 1d. 4;4; 37-5 132.3
Sr. Ann’s Hill - - 11940404 38852.77 | 10.24.55.7 |5W | 1228506 (31235104 || ©31.04-7 | 2. 4588 321.3 20.7 | 342
L | Wardrobe Tower anm-dfur l:i.ﬂll: - - 137050.54 256272 | 88.55.43.5 \NW| 1370745 |(51.28.59.7 0.35.55.8 | 2.23.43.2
[ | Fotley Hill - 1716 728815 0. B. 5.6 |5E | 928829 lsr.16.g1.54) olo 2. :r o. 0.10.8 850.3 2.7 | B0
Stvcmdrmg Caftle on Ehmter: Hlll = = hw_;z 3 q.8 73-40.34 |SE 1461058 ;..1? 568 0.14.42.6 417.8 b2 4H2
Frant Lim = - = - fra 5 138400.4 24.14.23.6 (SE | 150848.2 |51. 5.53.9 0. LE 12. 5 1o 450 bog. 1 549 big
Wrotham Hill - - - - 718503 ~ §9395.B 50.27.48.5| S8E | 93104.6 Jer.18.53.86| o.gar2.3 Tafh.g0.2 ah1.8 0.2 771
Goudhurik . = = =] o1obzqzs 132592 38 43.50.1| SE | 169968.8 |51, 6.40.62( 0©.27.3945 | 1.50.37.8 437-9 591 f497
Fairlight Down - - - - 143308.1 z:Eﬁl:.ﬁ 33.1445.8 | 5E | 261306.7 [50.52.38.83)| ©.37. 5 2.28.20. 530:5 55 |sg90
_E%nlllngbnrn Hall - - - |5|a;r$+[ 770778 b2.58.12.2 | 5E | 169041 §LI5555 || 0.5g.25.2 2.37.40.8 611 58 816§
lenterden - - . - 17.6 4§5'5? 46.49.11.4 | SE | 2:17109.7 [51. 4+ 8150 o41. 805 | 2.44.32.6 220.5 1o1.7 |322.3
Euckmgc E - - - - - nn.jcl.ﬁ 53:53.16.3| 8E | 2535006 |51, 3.509 || 053126 | 3.32.60.4 31.9 5.5 3?.4_
oy Wi "o T D) mmn | e \GRUNRER ReT AT g B |
; ich : - = ' 3. -l‘ 435 25933 lsI. -1 0.57 9-4 48.37. 323§ 5-5 2
[Greenwich 1 1500 N ook near D'gnmhun:h - = =l 228246. 1656729 't 33+4 SE | 282035.3 é., g n_i;,;i.h 315'5&34 2.1 5.5 3:?.&
Padlefworth 2 - -| abijorb 1308364 ﬁg 26.16.8 | 5k | 292590.2 |51, 6.50.36 [ 1. 8. 9 | $.32.35. 621.3 20,7 | b4z
Swingheld ‘ 3 = =1 2737229 1187399 66332 | =E | 2083041 [51. 8478 || 1ara4b | 4440584 4731 56.9 |3530
Folkitone Turnpike - 2?-1-9'52% 1372142 | 63.28.47.6|SE | 3973023 510 50453 || 111393 | 4.4537.2 580.8 55 |5753
'Daver Cadtle, north Turrtt of the K::P - 703766, 13431g:1 67.44-3¢ |SE | 338222 [5r. 7.47.7 | 1.1ge 2.1 .16, 8.4 739 g5-1 4bg
Montlambert near Boulogne - . 382884.6 2734503 4.27.59-4| SE | 370500-8 [50.43. 2.3 £.38.45- £35, 395
m-‘ﬂi‘-‘ﬂ'—“’- - r - = 3948g1. E 19711535 g i SE | 4414717 [s0.85.31 1.42 17 6.49.11.6 B §
. at Calais = = 421'45'5- 1842673 ﬂg-q.n so0.2| SE | 465480.5 5!:: 57 ._mg 15048 7.23.15.5 140§
!-"n-th near Dunkirk, Mm-:l R. DI:: Paris 380,82 1549282 73.56. 7.2| SE | s59912.8 1.48:3 || 2.19.425 Ig_sm
ankirk - - - 54?_;;3 1 153549 1 T4e25. 7.2\ SE | sb7gag.4 5| 2. 9:3 2,93 4« G.28.16.
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The meafured Arc between Paris and Dunkirk is takea a Mean between 1255193 and 125495 Toifes, or 1

The Latirudes of Dunkir

Mirid. virifiie.

k, Bourges, Rodés, and Perfignan, are deduced from the Celeftial Arcs given by

ﬁ?

For correlting the TABLE in the P.u-;: = of 1487, [To follow the TasLe of Genenar REsurts, page 233,
e 4 I.M Aad n-| IrI i | A .ll".'_"-_ ' [ |
Greenwich RL Ob, | st (28 40000 !
! y Perpignan - = | 42 |41 5200 3|4 4800|8178 534343 ‘:ﬂn 535848, 535755, 535524 §34999. 533830, g33801. 533734 534028, 5336524
Er_m:;ﬁ::;rndﬁ'u{ - ';!:F -;4— _El iff. 92 gzl oligy 27235, *i 27341 27337 29204, 29288, 272347 37224 27112, 27288, Gonkds
LEITA OnELF ! '
{Prrpignm s BA4) P gglm EFH; 57| 8)8.1332d506687] so7108.| +521 4 o) 508506, (41819, | Sof4ar. [+1734 507730. |+ 1043 507621, | +934 5obb46, | = 41 5o6577.| =110 506522.[ =165, | so7640.| +9537 | s5obs18.4 —268.6
g:i.'““"i{mhh "I s_f*:- ifF, ﬂ]nss 821930133409} 133467, | + 58 | ) 133957+ 84 133933-1+ 523 133732 |+ 323 133700. | =291 133440 | +31 133398 | = 11 1333541 — 58 133735, | + 2490 133416.5 + 7.5
FiE . = ] b
{P:rp'lgn:n T 4|!5:|:-u } 6] Bl2zioo 6.1 30d173278] 373041, +363 ]| B 374549 [+ 1271 & 374489. |+ 1211 .| 373998.|+ 720 | 373920, | +643 E‘ 373206, |- 72 o | 313179 = 99 .| 373168, =110 33935, | +657 | 53730009 =2761 | &
E:E:i‘ i Bﬂj“g“- 47 5i 4l41 i e 99 Lhsageoana) maGs] + A8 G) WRSIRE 317 F?« S b ﬁ o8040\~ SoR g iy 306796, | 184 ¢ = | 206550, LA ‘f 106569-| = 43 2] 106549.| - 63 - | 1mygh.| 184 rér 106550.4 — 61.6 ¢ 5‘?
“'{P:r‘[:-'li?-’m RS b 1.15521::-:! } 423112041 4.3800F GOG0] 266083.1 + 517 g 267560, [4 Bg4 o aby518. |+ 852 + 269198, |+ 512 :_ 2b7125. | +459 *| 266616. - 50 266610, | — 1] I 2bfbig. | — 43 afiy139.| +473| F 2664515 —214.5 ;
E:;E:F e 44 :n-'ts;--.\f:n:mr'1 SY |2 Pagngiel 16eas ) s gl W E S | Lt S 166354. [+ 393] | 166320. | +359 166002. | +41 165000 | + 29 | | 165986.] + 25 186335.| +374| |165908.5] ~ s52.5
5{p¢fpigm“ = @ 42 +I’5=oo| } 13521(36) 1,656 ]lmrns 100783, | + 78° E” 10001, |4 2567 100940, | + 241 1o0824. |4 137 100825. | + 100 100614 |—91 1o0b20.| — B3 100633 | — 72 100804- | + g9 100543. | =162,
[Obferved Celeftial Arc “fg,“ Meridian between Greenwich ““':I_[M“f: E_umput:d Terreftrial Are of the Meridian between Geenwich and Perpignan.
¢|‘FIE|'|HII- ":rrc
Arc, on & Sphere, different Ellipfoids, : s oherol
Latitudes, Differences. il F - b ke < on different Spheroids.
Semidisen. | 3486975 |tR.5.I [ 170,047, tofad.RS.D. 192483 to [JARE.IN [ 216,06 to thB.5.D] [ 222.55 to shR.& D} [ 230, togm RS D, 1oz to | &5 |:.|, s4o. to hine 5D, |[222.55 tolsd R 8. DL [ [ 2 to
.’ {I?mT . {Jquq-ﬂj. |3Ii {::;-uﬁ {1:1-55 {ﬂ‘,‘h 30G.3 § {_qu 1 {iil-jﬂ I-BI {1;3:
: . w|. o + & |Faht] Fant Fath: Fath' Fath* Fath Fath* Fath* Fath Fathe Fath'
{'Gumumh RLOb. = [s1. 2B, 40. } 5 -
* | Tower of Dunkirk . 9. 20. 307 | 26898] 268q: = 7 | 27000 | H1on | abg95 | + 97 |26gs3 | + 55 | 26946 | 4+ 4B | 26893 | — 5 | 26883 | — 35 | 26872 | — 26 | abgeb| + 48 |26Bo3 |~ ¢
Tower of Dunkirk - [g1. 2 .
P RLOn e DT O e w553 fuawst| s |+ 53 [aseeen | kser |vseare| 4516 hsors |+ 3 [nsena| 498 [assrsa|4ae [asmae| - s0 [assses| - 63 |imens| #as9 fame | o
Paris RL Ob, - . « B0, Tds ;
Tawr cEDoiiss. » 48. 5 4 } I+ 45 IL.4 106647] 10b6gh + 49 frojo z4 + 377 107006 +359 chlyy + 200 1ob831 + 184 1obbzs | —22 100604 - 43 106584 Ha 53_ 10h8 31 +184 |gﬁsﬂs = ha
Tower of Baur - B BB
{N.J}. il } A. 44. @3 ub6rigl 166352 | bagy | 166753 | +638 | 066727 | 612 R66516 | 4 gor | 16b4ps | 359 | 106156 | 41 | a6bagq | + 29 | 166140 | + a5 | 166489 | 4374 [r66ofa | ~ 62
M. I ar Bodés i . 91, e 6
{E—t Jaumes at Perpignan 42, 41. 56, } Is 30 o |1oo448) 100526 + 78 100704 + 256 100684 4241  Fooghy + 119 | 100548 + 100 100358 | —go 100364 — B3 106379 - o1 100547 + 99 100287 — 16
Greenwich & Perpignin! B 46 44 _5_3,_335-5 534276 +410 | 535780 | +1914 s3sbgr | +1825  |54956 +1000 | 534841 | 4975 533814 | —35a2 533734 | —132 532668 - 105 c14860 | 4004 33585 | —a8:

50 and 133145 Frthons. See Sedt. VI Art. xin
DE LA CAILLE, in mg. 240, 241, Mdém. de 7 Acad. 1758, and making the proper Reduftions for the Diftances of the Stations of the Seftor at each Place, as given in the
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[To face page 246.]

TapLe containing the ResvrTs of the Opservatrowns for the Errect of TERRESTRIAL REFRACTION.

v _ Heipght of the Dittance . Contain- 1 :
f_l}b"‘!fi_n't the Plases, Bar. | Therm. Statione, Telef~oneshave! of the Smation ed Are R ?!:!.i"ln (Preportion-
ervations, the Sea in Feet| in Fathoms, | nearly | Refraftion. abile Past,
e In., & i T
1787, O&. et - e Epal. = ;3:;; % | Atlington Knoll and Ruckinge — —  {| &7 (3% H a4 [238 | 1 8 | ;ay
1g. Dymchurch Tnn - | 20.9 | 558 | High Nook and Lydd e =i { E I;;*_ A } g227.1 | 5 B o 55 fand}
21, |Allington Knell - 26.61 56 : . A. | 320
o Dymeharch Ton = | 209 | Sop |} Atington Knoll and High Nook  —  {f - [33%¢ }| 38641 | 348 | o038 ;
« [All Knoll - b & A : .
:1;1 Tt,'.ﬂf:j:n T = = :gsl :E& }.l'l-lling'l:ml Knoll and Tenterden — — f .‘;L 3:3_3 } 10246, 10 g 1 a3l % a0d 3
9. |Padlefworth = - 20.6 70 Padlefworth and Lydd = - { E I;‘* } 132555 13 2 1 31 1
1788, Auvg. 18, FrantInn - - 20.36]| &8 . F. | Ggq.
7 15 Botley Hill o o ig:gg Bl }ant and Botley Hill - - —_— { B | 3, } 1 gobo.y 14 48 I | :
G P -1 |2E| B [[peectsmpaton (B8} s (o9 | on |
S O O (LA 2% | ISy PP R
2h. [Tenterden Inn - 2g.54| 56§ Tenterden and Lydd — —_ { ,[[. ?‘;;i | 11027.8 (10 50 o 554 foand o
88, Aug. 11. [Goudhurft Churchyard | 2 8 G. | 497.
756 A0 1 Pentdan e 3098 55 || Govdburtand Frane = — prlar M ogsgts | 755 | o8 | Hamdy
1787, O&. y3. [Fairdight Down - 2881 g5k Faislight Down and Lydd - s -[ E fgg} Ll arge8.3 1K 43 o 53 o
1788, Aug. 11 [Goudhort Churchyard | 20.74| 58} G. | 407, st
1989, O@. 2. [Tenterden Inn Ly 19_34 <64 }Gnudhu:ﬁ and Tenterden @ —  — =y 33?_3 goba.4 8 33 o 33 o
21. |Allington Knoll - 29.61 gh Allington Knoll and Lydd .- — i i'fg" } 7975+ 7 51 o 11 .
¥ St
Sept. 28. |Dover Caftle - - - agfiz| 584 . - D. | 469. .
1788, Sept. 2. [Folkftone Tumpike .55 04 }D‘ﬂ-hr Callle and Folkflonz Turnpike { F.| 5753 } 5259-1 5 o8 oirab =

Resvrts of SineLE OpsErvarions depending on the Hei

aft of France.

%‘Ts of Dover Caftle and

Folkftone Turnpike, combined with thofe on the

1988, Sept. 2. | — — — 2g.55| 04 } Fﬂ[kl;l-nn-c Turnpike and N. I, Church at C:-{ {1:-: ﬂg g } 2bbgy. 126 4 3 548 l 1 and }
ais 3
1787, Sepl. 28| — = = 2g.62) 58} Dover Caftle and N. D. Church at Calais jl [E}: "'43'5 } azgod. |22 282 | o 154 | Goand
| "
Gl B e e e ag.ssl 64 }Fﬂ ktﬂc T“'”PIE and EE:DI‘I at "ndl:rn'tlim { }F;i éjglj 28g6y. |28 29 L 45 .
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M.1. FOR THE ACCOUNT of the MEASUREMENT of the BASE of VERIFICATION in ROMNEY MARSH with the STEEL CHAIN, cn the Awtwmin gf;;&;_
Flafos, Tmm. Vol LXXEX, T2b V. p 273

Armmangement of the Polts for each Space of 100 Yards, or Length of 3 Chains.
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For THE IMPROVEMENT oOF THE PLAN oF LONDON andits ENVIRON S,
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