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P R E, F A C E. 

SINCE the commencement of the Operation, detailed in the.fo1- 

Society, since it is ob 

mation. 
The design, indeed, had not, in its origin, that extensive applica- 

tion which has since attended the endeavours of his Grace the Duke 
o€ Richmond, with respect to the subsequent trigonomet 
rations, General Roy's undertaking, whatever consequences might 
arise from its partial prosecution, favourable to more extensive 
views, lrad yet only, for its immediate object, the ascertaining of 
data, by which the difference in longitude between the observatories 
d Greenwich and Paris, might bt?, deterinin 
the General's labours, in this particular, v 
pearance in the Philosophi~al Transactions : 
became acquainted, through that channel,' wi 
and were struck with the skill and ability displayed in conducting 
the operation, the demand for the volume of the Transactions, 
containing his account, soon deprived the Royal Sociay of their 
means of gratifying the Public with farther infoqmation. 

a 



vi TREFACE. 

Had this undertaking dropped altogether when the General 
died, it is probable that the detail of his operations would have 
been found only in the hands of those who might fortunately pos- 
sess the volume in question. However, the General Survey of the 

m being commenced shortly after his demise, and accpuuts- 
blished in 1796 and 1798, the inability of procuring his 

papers were again experienced, and the propriety of their repub- 
lication made evident. 

Of those thus interested in the measure, professiona1 peopIe in" 
rincipal ones. Mr. 

Faden, therefor& .atandbig, .on .thi termined on repQb- 
lishiiig,' at 5his +own expence, cfiot' only General Roy's Accou1it 
of the Measurement of the Base on Hounslow Heath, with thgt , ,  
of the subsequent operation, but also the Papers which have since 
appeared' in the Ph';losophical Transactions, containing the parti- 
culars of the trigonornetri I operations, carried on upder the late 
Colonel Edward William 

is resolution being made known to the President and C8ou~cil 
of 'the Royal Society, they readily acquiesced in Nr.  Faden's pro- 
posal, and. rendeked him very. essential services, by furnishing him 
with the original copper-plates, impressions from which embellish 
the General's work. The Master General of the Ordnance*was 
also applied to, for leave to reprint the Accounts of the subsequent 
Trigonometrical Survey, which he Was pleased to grant, the mea- 
sure meetillg with the concurrence of the Royal Soci 

Nothing, therefore, remained for Mr. Fadcn to carry his wishes 
into execution, but the dkovery of proper persons to arrangethis 
materials, and make such alterations 'in the original papers, as 

nd the Editors of 
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might give to his work both accuracy and uniformity. .We have 
readily taken on owselves the task, and are happy to encourage 
the public.spirit he has manifested on the occasion, 

In proceeding to narrate the innovatiom made in the original 
papers, we shall begin with observing that, the princip 
as well as the plates, have been respectively numbered 
don,  for the conveniency of reference-during the reprinting o 
Work. No material alterations will be found in General R 
Account of the Measurement on Hounslow Heath * 

correction of about eight inches .in the reduction o 
wXch was 27404.7 feet, instead of e7404.01. For this reason, all 
the sides of the principal triangles to the XIVb and the distan 
depending on them, in the aceaunt of the operation in 1 1787, 3.788, 
are reduced in the proportion of e7404.7 to 974~4.9 ; the latter 
being a mean of. the two measurements (p. 138). The other 
deductions, to the eastward, are derived from the mean dist 
of Hollingborti Hill and Fairlight Down, resulting froin bath bases 
(p. 149). This second account, IJOW 
with a few variations, till Art. 57, excepting tli 
base of verification (Art. 2 5 )  which is corrected, apd given in 
aiiother form. What is inserted between- XII  I. and XIV. triangles, 
with the .remainder of the mine Article after the XXXVII. trirtngle, 
are additions. The triangles oil 

P1. XIV. which were numbered fro 
in the text, as N ‘M. Cassini, Mechain, aiid Lege 
published their own corrected accoy 
rqtiorisjizites, en France en 1787,, po 
de Paris et de Greenwicb;” but wh 

8 3  



viii a PREFACE. 

gular connection, - is taken from that publication, From this 
Article to the 79th, the whole, but two or three pages, is writtell 
de novo, and, in some respects, may be considered as an abridg- 
ment: &thing, however, is omitted but what appeared either 
unnecessary, or not imniedjately connected with the principal 
design. What relates to the meridioiial degree, resultiiig from 
the combined operation, is much more copious. And, in the Article 
on the difference of meridians of Greenwich and Paris, an answer 
is given to some objections of M. Lalande. T h e  Ioiigitude of Paris, 
in this Article is 19' SI", which exceeds that in the original 
publication, or eo 19' 4e", this latter being computed with the 
perpendicular degree, as derived from the operation in  Kent 
(Art. 68.) ;. but it cannot be considered SO accurate as the other 
result, for the reasons given in p. 167, 303. That 61 18% fathoms 
is, very nearly, the length of a degree of a great circle perpendi- 
cular to the meridian in latitude 50" 41', cannot be doubted, since 

ons at Dunnose and Beachy Head (Art. ioe.) were 
made with great care, and are sufficiently numerous: but, the 
method of determining differences of longitude by angular mea- 
surement being totally new, it must, as a matter of course, rest 
on its own principles, till comparisons can be drawn from similar 
operations. Were other degrees perpendicular to the meridian, .or 
of longitude, measured in  remote latitudes, it might, perhaps, 

ble us to distinguish among the different meridional degrees 
already obtaiiqed, those which ought to be rejected, in order to 
reconcile the greatest iiumber of. results from both methods of 
operation, to some regular figure of the earth. In M. Cwsshi de! 

Thury's book, Le Meridien veri$?& we fiild an account of the first 
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arc of longitude, which seems to have been measured with tolerabIe 
care. The operation was perf'ormed in  lat. 43" sa4, on a distance of 
about 97 miles between the stations Cette and St. Victoire (lying 
nearly east and west) in the south of France : the distailce being 
ascertained by means of a chain of triangles, the times of the 
instantaneous explosion of gunpowder, firccl at a central situation, 
were noted at the stations, and thence the degrce of longitude was 
inferred, being 44358 fathoms ; which, however, appears not ro, 
have been colisidered as conclusive by the French mathematicians, 

The rules in Art. 79, for computing the mean refractions and; 
relative heights are, in substance, the same with those given in the 
account of 1795 and 1796 : they are shorter and much more direct 
than those which are given for that purpose in the original account. 
The corrections in the semndary triangles, with the bearings of 
the stations, (Art. 59.)  and most of the additions in the latter part 
of Art. 57, are taken from the reniarks in  the second part of the 
Philosophical Transactions for 1790. And to those secondary tri- 
angles are now added the bearings, with the computed latitudes 
and longitudes of 3% of the intersected objects. 

The note p. 5 is, perhaps, unnecessarily retained, as i t  seems ta 
allude to the Paper published by Doctor Maskelyne two years 
after in the Philosophical Transactions for 1787. 

The Accounts of the Survey, from 1791 to 1796, are printed 
from the originals, without m y  other alterations, but such as were 
deemed necessary for giving the whole an appearance of uni- 
formity, as far as the different parts would admit, The variations, 
however, principally consist in  transferring Articles 113, 146, 
from the latter to the former of the two accounts, 113 our paper 
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of 1795 and 1796, it will be found that, the distances of some of the 
iritersectcd objects, from the meridian and perpendicu:ar of Green- 
wich vary, in a trifling degree, from those given in the account of 
1796. These differences arise from a part of the former computa- 
tions having been made with 97404.7 feet, the length of the base 
on Hounslow Heath as given by General Roy, and those which 
are at present spoken of, with 27404.9 feet, the mean of the two 
measurements, Art. 172. These refinements do not, of course, 
materially affect the conclusions in that part of our former work, 
to whic 

The latitudes arid longitudes of the stations in the Survey of 
1795 and 1796, as well as of the objects intersected froin them, do 
not appear in the original Account. When that Paper was drawl1 
up, there were iiot sufficieut data for computing those arguments : 
but, we have since observed the direction of the meridian at the 
stations on Blackdown in Dorsetshire, Butterton Hill in Devon- 
shire, and St. Agnes’ Beacon izi Cornwall. These observatioils will 
enable us to supply this ornission in the next Account we present 
to the Royal Society. With respect to the Plates, the XVth is. 
entirely a new one, and the XXth is reduced to its present size, 
from that given in the first Account, for the purpose of comino- 
diously folding into the volume. 

TjVe have omitted the introductory part prefixed to the Account 
of the Survey carried on in the years 1795 and 1796, 8s well as 
the conclusion, because the colitents me only explanatory of,those 
matters which relate to the future prosecution of the Suryey,: 
such observatians are foreign to the purpose of this work as 
Some remarks on the state of the geography of the countryfare 
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' also contained in the latter Article, we shall briefly state the 
this Preface. 

In the prosecution of the Get1 Survey, frequent opportu- 
nities have manifested themselve enabling u s  to discover the 
very erroiieous state of our maps. The work itself, will enable 
any one to draw the same coliclusioll ; for, by laying down on the 
maps of counties, particularly on Taylor's Map of Dorsetshire, . . .  

the distances of the intersected objects, as Dorchester Church from 
Ninebarrow Down, (p. 325,) where a11 error of nearly three miles 
is detected in a distance of eighteen, nn immediate proof is obtained. 
of their great inaccuracy. Taylor's Map of Dorchester is here 
specified, because we think it is the most erroneous of ally we have 
examined ; yet those of Devonshik and Kclit, may be considered 
as similar specitmiis of imperfect topography. The only maps 
which have passed under our iiotice, worthy commendation, are 
those of Surrey and Sussex ; the former'by Mr. Linley and Mr, 
Crossley, the latter by Mr, Gardner, These maps are iiidcbtcd to 
the recent trigonometrical operations for their accuracy. General 
Roy's afforded datu for the Survey of Surrey, and our own copious 
materials for that of Sussex ; but, with respect to this map, it is 
proper someihing more should be said. 

When the Survey in 1'19 1 was recomineiiced, it was determined 
we should proceed with our triangles in a southern direction (Art, 
96.) towards Fairligllt aud the Coast, for the purpose of uniting 
our work with that of-General Roy t the period of our visititig 
the station on Hind Head, carrying on the business with this inten- 
tion, we received instructions from his Grace the Duke of Rich- 
mond, to be minute in our Survey of.. Sussex; aiid to furnish 
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f Draftsman to the Board of 0 
g a Map of that county, inte 

compliance with t 
this effect the two following years, during which period Mr, 
Gardijer generally attended us, having been supplied with SUE- 
cient materials for correcting all the southern and western parts 
of his Map. , 

It is to the present purpose, we should inform the Public, that 
in the Survey now carrying on, our operations are intimately con- 
nected with those of Mr. Gardner, as very important advantages 
have accrued to Government from the accuracy with which their 
plans have been made. This has arisen from the unioii of the 
parties. In the years 1793 and 1794, Mr. Gardner, and the gen- 
tlemen of his department, accompanied us in the Survey of the 
coast of Hampshire and the Isle of Wight, ancl have since finished 
a military descriptio11 of both, drawn on a scale o hrce inches to 
a mile : ,but these plans, together with one of the country round 
Tunbridge, ancl another of that round Bagshot and Farnham, are 
lodged in the Tower, for the use of Government, and not swb- 
mitted, from obvious motives of policy, to public inspection. 

In the year 1795, (Art. isa, )  the trigonometrical operations 
were carried on in Kent, in conjunction with Mr. Gardner, from 
which, a very fine Map has been sirice formed, containing all that: 
part of the coulltry which, from its proximity to the coast, may 
in prow& of time, become the'seat of military operations. 

present undertaking, they should derive the advantage of an 
It has been very justly expected by the Public, that fr 
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improvement in the geography of their country, and possess some 
general Mal), published 011 the same principle with the Carte de 
France, ,a performaucc highly cele 

Recognizing the propriety of this expectation,' the persons to 
whom these pages are dedicated, have been pleased to coiiiply 
with the wishes of Mr. Faden, in permitting him to engrave, under 
certain restrictions, this Map of Kent for public use. At the time 
this affirmative was passed on the measure, and passed with the 
sanction of his Royal Highness the Coinmaiider in Chief, the 
county had been surveyed only in a partial inantier. To present, 
therefore, this specimen of military delinentioii in n perfect state, 
the Master Geiieral directed the operations of this year, 1798, 
should conmelice in Kent, be continued over the county till the 
whole was finished, and then he carried into &sex for the purposo 
of surveying tlie southern parts of it, that both sides of the 
river might be depicted on the plan. These instructions have 

been carried into effect, with the assistance of Mr. Gclrdner, 
by whom the Map has been finished in 8 masterly manner, 
and will be published by Mr. Fnden in the course of the present 
year. 

The Pub1i;;fier of this work being exonerated from tlie heavy 
expelices which would have attended the engraving of the nume- 
rous plates, is e d h I  to dispose of the volume at an easy rate ; 
and, as the measure will be eminently calculated to benefit the 
community, he trusts the same induIgeiice will be extended 

towards him in future, as that which he has now experienced. In 
this case, if he executes his present intentions, such Papers 

b 
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as may app&r in the Philosophical, Transactions relating to 

the Trigonometrical Survey, will, from time to time, be repub- 
by himself. He has, t efore, denominated this, the First 

Volume. 

WILLIAM MUDGE. 
ISAAC DALBY. 
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AN ACCOUNT, &e. 

I N T RO D U  C T IO N. 

&CURATE surveys of a couiitry are universally admitted tobe 
works of great public utility, as affording the surest foundation for 
almost every kind of internal improvement in time of peace; and 
the best means of forming judicious plans of defence against the 
invasions of an enemy in time of war ; in which last circumstances 
their 'importance usually Becomes the most apparen 
happens, that if a country has not actually been surveyed, os is 
but little known, a state of warfare generally produces the first 
improvements in its geography : for in the various movements of 
armies in the field, especially if the theatre of war be extensive, 
each individual oficer has repeated opportunities of contributihg, 
acoordiiig to his situation, more or less towards its perfection ; and 
these observations being ultimately collected, a map is sent forth 
into the world, considerably improved indeed, but which, being 
still defective, points out the necessity of something more accurate 
baing undertaken, when times and circumstances may favour the 
design. 
, The rise and progress of the rebellion which broke out in the 

Hjghlatlds of Scotland in r74,5, and which w iially suppressed, 
by his Royal Highhess *the late Duke of Cumberland, at the battle 

B I 
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of Culloden in the following year, convinced Government of what 
infinite importance it would be to the State, that a country, so very 
inaccessible by nature, should be thoroughly explored and laid open, 
by establishing military posts io its inmost recemes, and carrying 
roads of communication to its remotest parts. With a view to 
the CQ ent Qf arrangem of this sort, a body of infantry 
was encamped at Fort Augustus in 1747, under the command of 
the late Lord Blakeney, at that time a Major-General ; at which 
camp my much respected friend, the late Lieu tenant-General 
Watson, then Deputy Quarter-Master-General in North Britain, 
was officially employed. This officer, being himself an engineer, 
active and indefatigable, a zealous promoter of every useful under- 
taking, and the warm and steady friend cat: the indu&rious, first 
conceived the idea of making a map of the Highlands. As assistant 
Quarter-Master, it fell to my lot to begin, and afterwards to have 

b k  share in the execution of that map ; which being 
undertaken under rhe auspices of -the Duke of Cumberland, and 
meant at first to be confined to theHighlands only,was nevertheless 
at last extended ta the Lowlanda ; and thus made genetkd in what 
d a t e d  to the mainland of Scotland, the islands (excepting gome 
'lescssr Dries near the e a s t )  not having been surveyed. 

I Although fhiswork, which is still in manuscript, and in aB unI 
finished state, possesses considerable merit, and perfectly dnswered 
the w p a s e  for which it was originally intended ; yet, having been 
carried OM with instruments of the common, or even inferior kind, 
nd,thec3~m annually allowed for i t  be@ inadequate to the em- 
gtian of sogreat a desjgv in, the best, martner, (is rather to be 

eJ as a magnificent niilitsry &etch, than a very accurate 
map of a country. It WOLlld, however, have been completed, qnd 



Otl the cblithsbn of the peplc;ut of q-63, it came for the first time 
undet. the mnslderation of Goverrament, to make a general Survey 

Island &t the public cost. s &e execution of 
hereof the direction waa to have been committed to 

my charge, the map of $cotland was to have been made subservient, 
by extending the great triahgles quite to the northern extremity 
of the islaad, and fitling them in from the original map. Thas 
that imperfect woEk would have been effectually completed, and 
the nation wwid have reaped the benefit, of what had been already 
done, at  B very moderate extrahexpence. 

It will not be expected, that I should here attempt 
causes for the long delay that has taken place in carryi 
of so laudable a nature into execution : suffice it to s 
period of twelve years having elapsed, since the scheme ha 
first proposed, zts a work that could be best executed 
profound peace, without any thing being done in it, previous to the 
nation’s being unfortunately involved in the American war ; it was 
sufgiciem tly obvio must be once m restorqd9 before 
any new effort could be made for that purpose. In the mean while, 
‘as I still entertained hopes that a work which seemed to merit the 
attention of the public, would, at some future period, be begun, 
and, by gradual perseverance, ultimately brought to perfection ; 
therefore, in the course of my ordinary military employments, 
wherein the very best oplmrtunities have offered of acquiring a 
thorough knowledge of the country, I have not failed to observe, 
at least in ageneral way, such situations as seemed to be the best 
adapted for the measurement of the bases that would be necessary 
for the formation of the great triangles, and connecting the differetit 
series of them together. 

The peace of 1788 being concluded, and official business having 
detained me in or near town during the whole of that summer, 
I embraced the opportunity for my own private amusement, to 

B e  
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7744.3 feet, across the fields 
one, and Black-Lane, near P 

dation for a series of triangles, carried on at the same time, for 
detesmining the relative situations of the most remarkable steeples, 
and other places, in and about the Capital, with regard to each 
other, and the Royal Observatory at Greenwich. The principal 
object I had here in view (besides that it might possibly serve as 
a hintto the public, for the revival of the now almost foqgotten 
scheme of 1763) was, to facilitate the comparison of the observa- 
tions, made by the lovers of astronomy, within the limits of the 
projected survey; namely, Richmond and Harrow, on the west ; 
and Shooter’s Hill and Wansted, on the east : and thinking, that 
a Paper, containing the result of these trigonometrical operations, 
might not prove unacceptable to the Royal Society, I was engaged 
in makiiig the computations for that purpose, when, very unex- 

found that ail operation of the same nature, but much 
more important in its object, was really in agitation. This I saw 

ede, at least for the present, my own private observa- 
haps render them wholly useless, unless ,it were as a 

matter of mere curiosity hereafter, to see how far such as depended 
on a short base,and a small instrument (a quadrant of a foot radius) 
would agree with those founded on a much longer base, and angles 
determined by a large circular instrument, being that proposed, 
as the best that could be made use of in the operation now to be 
mentioned. 8 

In the beginning of October, 1783, Comte d’Adhemar, the 
nch Ambassador, transmitted to Mr. FOX, then one of his Ma- 

’S principal Secretaries of State, il Memoir of M. Cassini de 
Thury, in which he sets forth the great advantage that would 
accrue to astronomy, by carrying a series of triangIes from the 
neighbourhood of London to Dover, there to be connected with 
those already executed in France, by which combined operations 



tions of the two most famous observatories in, 
h and Paris, would be more accurately ascer- 

tained than they are at present. 
his Memoir the Secretary of 

transmitted to Sir Joseph Banks, the very respectable and wwthy 
President of the Royal Society; who, about the middle 
vember, was pleased to communicate i t  to me, proposin 
samedime, that I should, on the part of the Society, charge inyself 
with the execution of the operation. To  this proposition I readily 
assented, on being soon afterwards assured, through the proper 
official channels, that y undertaking it met with his Majesty’s 
most gracious approbation. 

of the *sciences are sufficien evinced, by the protection which>m 
constantly affords them, an nder whose auspices they are seen 
daily to flourish, soon supplied the funds that were judged necessary. 
What his Majesty has been pleased to give so li 

manage with proper and becoming fru 
with the best possible execution of the business to be done, so as 
to make it redound to the credit of theNation in general, and-of 
this Society in particular. 

the first of the kind, on any extensive scale, ever undertaken in 
this country, naturally enough subdivides itself into two parts. 
First, the choice and measurement of the base, with every possible 
care and attention, as the foundation of the work ; secondly, the 
,disposition of the triangles, whereby the base is to be connected 
with such parts of the coast of this island as are nearest to the coast 
of France, and the determination of their angles, by means of the 

* M. Cassini’s Memoir, with the Astronomer Royal’s remarks on what is therein 
alleged, concerning the uncertainty of the relative situati of the two Observatories, 
will be given in the sequel. 

A generous and beneficent Mona 

The operation, whereof we are now to give some accoun 
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@ih tie &tained for the pufpo 
ion will bedrawn. It is the fi 

a subject of itself sufficiently distinct, that we are 
fore the Society; it bviirg 'b"e judged mwe ad 
that no time has been to$t in making reasonable progress, than t6 
defer the acoount till the whde operation should be ultimately 
completed. 

Choice pS the Base. PI. I, 

' 1. Hounslow Heath having always appeared to 'be one of the 
ble situations, Por sny general purpose of the sort now 
nsideration, because of its vicin 

a1 Observhtory at Greenwich, its @ea 
ordinary levelness of its surface, withou 
whatever to render the measurement difficult ; being likewise 

dioitsly s5tua'ted for any fi.~t-ure operations of a Bih%r hae 
hich his Majesty may please to order to be extended 

us to form some judgment, of the best position of the line to 

The 16th day of April, 1784, being Taccordim& fixed on for the 
purpose, and Mr. Cavendish and Dr. Blagden accompanying the 
president on this occasion, we began our observation's at a place: 
called King's Arbour, at the nofthdwest extremity of the Heath, 

ongford ; and having proceeded 
, formed by Hanw0rt.h Park 

and Hatlworth Farm, we finished at Harnpton Poorhouse, near the 
side of Bushy Park, at the south-east extremity; the total distance, 

Middlesex, being upwards of five miles. 
n it was immediately perceived, that the first 

een Cranford Brid 
thence through the 
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part of the operation, in order to facilitate the me8Suremwt, 
be, the clearing from furze hushes and am hills, a narrow tract 
along the heath, as soon as the ground should be sufficient 
to permit the base to be accurately traced out thereon. 

First tracing of tbe Buse, and ctearhg of t b  Ground. PI. I: 

e. Chiefly with a view to the more effectual execution of the 
work, it  was judged to be a right measure to obtain and employ 
soldiers, instead of country labourem, irl tra e base, clearing 
the ground, and assisting in the subsequent operations. For, at 
the same time that this was abviously 
was evident, that soldiers would be m 

ing such parts of the apparatus, as 
eaxyfully untouched 
resreanihe; the Work 
‘fwt, consisting of a serjeant, corpor 
to march from Windsor to Haunslow Heath, where they 
on the 96th of May, 

&c. had been previously sent. 
Whatever might have been the particular direction given to the 

base, considered by its extremities, frQm consulting the plan it will 
ppear, that it must always necessarily l e d  through the 
gorge of the Heath formed by Hasworth Park and Hen- 

wqrtf? Farm. The first paint therefo be attended to, 
cing it out, was, that it might lead th this pass, without inter- 
fering with certslh Ponds, OT gravel-pits full of water, which are 
in it. These were easily avoided by ,carrying the retty near 
to Manworth Summerhouse ; aird in directing the telescope f r ~ m  



thence toward$ the southaeast, it was accidentally ,found, that by 
leaving Hampton Poorhouse ip very little. to the westward, or 

he line would coincide with a remarkable high spir 
at the distance of eleven 'or twelve miles, and known after 
he Bansted Church. As there could not be a better situated, or 
more conspicuous object than this, erefore the first .or south-east 
section of the base, comprehended tween the Summerhouse and 
the angle of the small field adjoining to Hampton Poorhouse, was 
immediately directed upon it  ; and the soldier& werae; the same day 
set to work to clear the tract, which, at a medium, was made from 
two to three .in breadth. This operation continued eight. or 
ten bays, ow the lower part of the Heath, between Wolsey 
River and the Poorhouse, being enomnbered-with bmshwood. 

When the clearing of the first section was completed, the second, 
comprehended between the Summerhouse and the great road lead- 
ing from Staines to London, was traced out in the following man- 
ner. Onb of the pyramidal bell-tents (whereof two had been pro- 
vided, oiie of twenty-five, and the other of fifteen feet i q  height) 

camp co1out.s 
to be in.a line 

with the bell-tent and Bansted Spire. In like manner, the ,third 
section, comprehended betweeq the Staims Road and King's Ar? 
bour, was traced out. 

This first tracing of the base was done by means of a common 
telescope held in the hand only, that no time might belost in em- 
ploying the soldiers to smooth the tract which was to be measu 
because the transit instrument (my own property, for w,hi 
portable staiid had been for some time preparing) ,was not yet 
ready to be applied, as it afterwards was, in,tracing out the base 
more accurately. 

The camp still remained, where it was originally pitched, at the 
angle of Hanworth Park, this being'a very convenient position, 

' 
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with regard to the first and second sections; but bei 
from the third, that time might not be lost, and the men unneces- 
sarily fatigued in marching backwards and forwards*; therefore, 
one half of the party, under the command of the corporal, was de- 
tached to the northward, and quartered in the neighbo 
lages, to clear the- third section, while the serjea 
mainder, were occupied in smoothing the second 
extraordinary wetness of the season, this operatio 
time than had been at first imagined, not having been entirely 
finished before the first week of July. We shall th 

the mean time proceed to descr 
ments that were subsequently madeluse of in the 
measurements. 

8. One of the first instruments, wliich that able artist Mr. 
to prepare, was a s 
st that he could m 

tended, nor could it be supposed, that we should absolutely abide 
far the length 
it of this sort 

might be made, which would e distances much more accu- 
han any thing of that kind had ever done before: and it 

was considered as a11 object of some consequence, to endeavour to 
simplify, and render as easy as possible, the measurement of bases 
in future : an operation which, hitherto, has always been found 
to be tedious and troublesome, to which we may now further add, 
uncertain likewise, when done with rods of deal, as will appear 
from the account hereafter to be: given. 

The construction of the chain, which is 011 the priiiciples of that 
of a watch, will be understood from the representation of some of 
its chief parts, to the full size, in P1, 11. where the first, or zero- 

c 
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.n both in plan and elevation, in the Btate in which 

nk consists of three principal parts; namely, a 
long plate; two short ones, half the thickness of the former, with 
circular holes near the extremities of each; and two cast-steel 
pim, or axes, suited to the diameters of the holes, which serve to 

he holes in the short plates 
th a file; so that when tliby have 

embraced the ends’of two adjoining long ones, and 
passed through all the holes, in rivetting their extremities, they 
are made perfectly fast, and as i t  were united to the short plates; 
while the embraced eirds of the long ones turfitfreely round omthe 
middle part of the pins. 

At every tenth link the joint, just now described, has a position 
at right angles to the former ; that is to say, the short plates lie 
here horizontally, and the pins passing through them stand verti- 
cally. Thus; there being in the whole chain two hundred cast-steel 

hundred and eighty lie horizontally ; and twenky, includ- 

applied to measurement on the su 

le& are attmhed, &an 
chiefly intended tha These gross joints, 

might fold up in a smaller compass, by returning upon itself. at, 
every tenth link, are likewise useful in presenting 
surface, to which small circular pieces of brass are screwed, with 
figures 1, e, 8, &c. to 9, engraved on them, denoting the decimal 
parts of the length. Thus the middle cross joint, or’ that ,which 
separates the 50th from the :5ist link, is shewn iq the Plate witb 

The chain, in its first construction (for we are now to point out 
some alterations that were afterwards made in it), was one hun-, 

length, including the two brass handles; h t h e  ex- 
of which there was a semicircular hole, of the 

same diameter with the steel arrows successively fixed in the 

gure 5 upon it. 



ground, and serving to keep the account of the number bf chains; 
when applied to common measurement. In this its first mode of 
application, it was soon~discovered, as we shal ave occasion to 
mention hereafter, how admirably the chain performed ; and that, 
with some farther precautioiis, a still greater degree of exaktness 
might be attained, by supporting it on stands, or&ven 011 pl 
laid on, or but little removed from, the common surface o 
earth. For this purpose, the two end links were altered, each be- 
ing now made equal to one foot, exclusive of the handles. 
referring to P1.11. the nature of this alteratiowwill bebeasily con- 
ceived. It consisted in screwing to the under side of the handles, 
very near the joints, two feather-edged pieces of brass; * the one 
denoting zero, and the other 100 feet. Over the dart at the first, 
adplummet with a fine riilverewire being suspended 
a very simple apparatus, hereafter to be described, may be brought 
accurately to coincide with any point whatever of commencement : 
and at the second, a fine line with a knife, or other sharp instru- 
ment, being drawn on a piece of card placed there for the pur- 
pose, and changed as often as needful ; or, as was likewise prac- 
tised, and fouiid to answer better, a ine on a moveable: slide of 
brass, attached to the top of the stand or plank, being brought to 
coincide with the feather-edge, and then hstened utiderneath ; 
the extremity of the loo feet is readily ascertained 
measurement may be continued on with great accuracy to any dis- 
tance at pleasure. 

That the chain, in this its altered state, may still be advantage- 
ously applied to ordinary measurement on the surface of the earth, 
the pieces above described, having steady pins, land being fastened 
with screws, can be easily removed, and others, exactly of the same 
length, substituted in their stead, with semicircular holes (RS re- 

* They  were originally of brass, but are now of st that the edges by being 
harder might run less risk of being damaged. 

co, 
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presented in the Plate by dotted lines near the joint of the handle) 
to receive the steel arrows, then to be made use of in the manner 
already mentioned. 

This most excellent chain seems not to have suffered aiiy per- 
ceptible extension from the use that has hitherto been made of it. 
It is so accurately constructed, that when stretched out on the 
ground, as in common use, all the long plates lying vertically or 
edge-wise, if a person, laying hold of either end with both hands, 
gives it a flip or jerk, the motion is, in a few seconds, commuiii- 
cated to the other end, in a beautiful vertical serpentine line; 
when ,the person, holding that handle, receives a sudden shock, by 
the weight of the chain pulling him forcibly. The chain weighs 
about eighteen pounds, and when folded up is easily contained in 
a deal box, about fourteen inches long, eight inches broad, and the 
same in depth. 

Deal Rods. P1. 111. 

4. The bases which have hitherto been measured in different 
countries, with the greatest appearaiice of care and exactness, have 
all, or for the most part, been done with deal rods of one kind or 
other, whose lengths being originally ascertained by means of 
some metal standard, were, in the subsequent applications of them, 
corrected by the same standard. Having thus had so many pre- 
cedents, serving as examples to guide us in our choice, it was na- 
tural enough that we should pursue the same method in the mea- 
surement to be executed on Hounslow Heath ; taking, however, 
all imaginable care, that our rods should be made of the very best 
materials that could be procured ; with this farther precaution, 
that by trUSsiJlg them, they should be rendered perfectly inflexible, 
a circumstance riot before attended to. 
As some difficulty had been found in  procuring well seasoned 

pine wood of sufficient length, and perfectly free from knots, for 
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the intended purpose ; therefore Sir Joseph Banks had early ap- 
plied to the Admiralty for assistance in this respect ; and forth- 
with obtained an order to be furnished with what we might have 
occasion for, from his Majesty's yard at Deptford, where an old 
New England mast, and also one of Riga wood, were speedily cut 
up for our use. 

New England white pine is lighter, less liable to warp, and less 
affected by moisture, than Riga red wood. But the New England 
mast, when it'came to be very miiiutely examined, was found to 
be too much wounded by shot-holes in some parts, or too much 
decayed or knotty in others, to afiord us a suficiency. This beiiig 
the case, we had recourse to the Riga wood, which was indeed ex- 
tremely smooth atid beautiful ; and so perfectly straight grained, 
that a fibre of it, when lifted up, might be drawn, like a thread, 
almost from one end to the other. 

It had been in contemplation to make the rods of twenty-five 
or thirty feet i n  length; and one of the former dimensions was 
actually constructed : but this being found to be rather too un- 
wieldy, it was judged best to content ourselves with those of about 
twenty feet. 

Different opinions have been entertained with regard to the best 
mode of applying rods in ineasuremeiit ; soine contending that 
contacts, or that of butting the end of one rod against the end of 
the other, is the best ; while others (with more probability of be- 
ing right) are of opinion, that the adjustment by the coincidences 
of lines should have the preference. The first is undoubtedly the 
most expeditious method; but seems at the same time to be liable 
to this very objectionable circumstance, that the probable errors 
fall all one way : whereas, in  the second method, although by far 
the most tedious, the errors of coincidence falling sometimes on one 
side, and sometimes 011 tlie other, they compensate for, or destroy 
each other ; and therefore no error is committed. 

I 



view of satisfying both parties, and in order to put 
f possible, out of doubt, it was judged proper to con- 

et the rods in such‘a manner as to admit of both methods be- 
tried, that we might adhere to that which should be found by 

experience to’be the best. 
Three measuring rods were accordingly ordered to made, and 

also a standard rod, with which the former were from time to 
time to be compared. Their general construction will be better 
conceived from the pIan and elevation, and other representa- 
tions of their principal parts, in P1. 111. than by any description, 
however particular, conveyed in words. It will be sufficient to say, 
that the stems of the tliree measuring rods are each twenty feet 
three inches in length, reckoning from the extremities of the bell- 
metal tjppings; very near two inches deep ; and about i$ inch 
broad, Being trussed laterally and vertically, they are thereby ren- 
dered perfectly, or at least as to sense, inflexible. The standard 
rod could only be trussed laterally ; and it is justly represented by 
the pIan of the other rods, excepting that its stem is something 
stronger, and that i t  has two or three inches at each end of extra- 
length, the reasons for which differences will appear hereafter. 
By referring to the Plate it will be observed, that two n 

pieces of ivory, each fastened with two small screws, are inlaid 
into the upper surface of the rods, within one inch and a half of 
the extremities of the tippings. These ivory pieces received the 
fine black lines cut into theM when the lengths of the rods were 
laid 0% in the manner hereafter to be mentioned, and accurately 
determined the intermediate di ce of eo feet, or e40 inches, the 
measure to bepsed i n  the ap ion by coincidences : whereas, 
in that by contacts, the space comprehended between the extre 
mities of the projecting lips of the tippings, is 943 inches. 

Immediately behind each ivory piece, a cavity is formed under- 
neath, in the middle of the stem. This receives a brass wheel, 
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about eight-tenths of an inch in diameter, whoseaxis turns in the 
fork of a brass spring, five inches long, fastened by a screw to the 
under surface just before the cross feet, These springs are only of 
such strength as to permit the wheels to be forced up into the 
cavities by the weight of the rod, which, in its adjusted state, al- 
ways rests entirely on fhe surfaces of the two stands that support 
its extremities. But when the rod is to be raised from the stands, 
then the milled-headed screws, projecting above the upper sur- 
face, and standing over the middle of the springs, being brought 
to act, the wheels are thereby pressed downwards, and receive 
the full weight of the rod, which is then easily moved back- 
wards or forwards to its true position, either of contact or coin- 
cidence. 

from the ends of the 
rods, and 1% inch froin the insertion of the trussings, are each 
about nine inches long, I+ broad, and nearly an inch in depth, 
having their lower surfaces level with that of the stem. By means 
of these, the rods are not only kept more steady on the stands, 
against the common action of the wind upon the trussings; but 
they likewise serve as holds for the vertical and horizontal brass 
clamps, whereby the rods are made fas the stands on one side 

0th modes of applic 11, contacts and coinci- 
more fully explained hereafter, in describing 

The cross feet, placed about $4 in 

the tops of the stands. 

Brass Standard Scale, and Method of hying o f t b e  Lengths of the 
Deal Rods. 

5. At the sale of the instruments of the late ingenious optician 
Mr. James Short, I purchased a finely divided brass scale, of the 
length of 4% inches, with a Vernier’s division of 100 at one end, 

one of 50 at the other, whereby the roooth part of an inch is 
I. 
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very perceptible. It was originally the .property of the late Mr. 
Graham, the celebrated watchmaker ; has the name of Jonathan 
Sisson engraved upon i t ;  but is known to have been divided by 
the late Mr, Bird, who then worked with Sisson. . 

It is sufficiently‘ well known to this Society, that their brass 
standard scale, about 42 inches long, which contains on it the 
length of the standad yard from the Tower, that from the Ex- 

and also the French half-toise, together with the dupli- 
he said scale, sent to Paris for the use of the Royal Aca- 

demy of Sciences, were both made by Mr. Jonathan Sisson, under 
Mr. Graham’s immediate direction. Now, although there seemed to 
be every reason to suppose, that the scale at present in my posses- 

originally Mr, Graham’s property, would cdrrespond with 
above mentioned, ich he had been directed by the Royal 

Society, with so much e and pains, to provide; yet, that no- 
thiiig of this sort might remain doubtful, it was judged right, in 
settling the absolute ledgth of the base, which I measured near 
London in 1783, as has been mentioiled in the introduction to 
this paper, tha he two scales should be actually compared. Hav- 
ing accordingly obtained an order from the President, for admis- 
sion into the Society’s apartments, I went there in the afternoon 
of the 13th of August, and laid both scales, taken out of their 
cases, on the table of the meeting-room, with thermometers along- 
side of them, that they might acquire the same temperature. On 
the forenoon of the 15th of August the comparison was made, with 
the assistance of Mr. Ramsden, who for that purpose carried along 
with him his curious beam-compass, whose micrometer-screw 

ews very perceptibly a motion of -&,th part of an inch. Thus 
e extent of three feet, being carefully taken from the SOC 

ied to my scale, it was found to reach ex 
he temperature being 65’. In like manner, the 

ing applied to the length of the Exchequer 

’ 



yard, the extent was found by the micrometer to ach 
that yard by 

Having thus shewn that my scale is accurately of the ,same 
length with the Society's standard, it remaitis to point out the use 
that was made of it, for ascertaining the lengths of the'deal rods, 
intended for the operation on Hounslow Heath. In the fir 
Mr, Ramsden prepared a beam-compass, sufficient to take in 
twenty feet, trussed. in all respects like the measuring rods, but 
something deeper, and fitted as usual with proper points and mid 
erometer, The standard rod b'ehg now constructed was laid bn 

board, stralagly fmmed for the purpsse, and nearly level, 
To one side of it, at the distance of about twknty feet two inches 

, or nearly l&$h parts of an in 

to centre, two. strong 
ocksc; were *about 

eighths i t i  thickness, a'iid. rose abov m nearly two inches, 
so as to be on the same plane with the surfaceqof the measuring 
rods, when placed*u 

, uputaydsibf 
thirty feet long, nine or ten inches broad, and about three inches 
thick,, being set edgewise in the same room, on part of the stands 
now ready for the operatiooli, osition, planed per- 
fectly smooth "aiid it.? A silver wire being then stretched 
very tight, along the tiiiddle of the piaiik, froM one.end to the 
other, six spaces of forty inches each were marked off by the side 
of the wire, at which points seven brass pins, about one-tenth 
an inch in diameter, were driven into the wood, and their tops 
polished with the stone. During the whole of this operation, and 
that which followd, the thermometer, lying by the side of the 
brass scale, continued steadily at or very new 68'. 

A fine dot being now made on one of the extreme pitis, and the 
silver wire being stretched over the ,dot, and as near 8s possible 
ovet. the middle of the other pins, in which,position it was niacle 

D 

A large plank, cut< from the.rNew *Engltmi 
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forty inches, taken with the utmost care from 
s then marked-oK by-placing one point of thc 

beam-compass in the dot; and with! the other 4escribing.a short 
faint arc on the surface of the second pin. '.The beam being then 
removed, and one point placed in the intersection of the arc and 
wire, with the other point a.&t was made on the third pie, under 
the middle of the wire. Upon this dol;, as a centre, a faint arc was 
next desgribed ,the samepin wheqe the first had been traced, 
In this manner the six times forty inches were markgd 0% .alter- 
nately with dots and arcs; a method found by Mr. Ramsden, in 
his practice, to be ,wre  awurqte, than when dots only are made 
use of. ~ 

he exaot length of twenty .feet, Ithuwbtained, was next taken 
etwken the points -of the long beam-qompass, and transferred to 

the tops of& bell-metal cocks, placed, as has been already men- 
tioned, on the side of the standard rod, in such manner as to. lave 
more than one inch and a half of the said cocks beyond ~r Nithout 
the lines denoting the extent, of ,the twenty feet'. This "bejag 
done, *the mqsuripg rods ware duccefisively. placed on the g l a , h ~  

dard, and their sides applying close to the Cocks, the distahcegof 
twenty feet was readily transferred from them to the inlaid ivory . 
pieces, on which fine lines were afterwards,cut, by marks accw- 
rately made for that purpo$e. 

With regard to the adjustment of the lips of the .bell-metal tip- 
pings, which extend exactly one inch and a half beyond the ivbry 
lines, so as to make the total length of the rod 243 inches, it4s to 
be observed, that they terminatb in Aat"6urves of 34 inches radius, 
passing through the inch and half. paints, to which they were 

. cautiously ground down, that 'at first they might rather exceed 
than be defective in length: 1 Anyqtwo of the rods, lying i 
same plane, and, in the sarme!stoaight line, being brought .into 
contact with eac if of the true length, the space hi that 



position, comprehended betweeG,the twoJines on .the jnIaid ivory 
pieces, mubt be exactly three inches., For the purpose of this.ad- 
justment, tlie @&ten f three inches was therefore taken from the 

u t  u p o ~ ,  thelsidepS a detached pie 
il$ applied) $0 4J-m ,aforepaid, interm 

tha:.same* was gradually redme& by grinding die lips equally, till 
it exactly corresponded with that taken from the,scale, 

r The three rods are numbered by a cipher on the surfacg of the 
metal at each end, 1.9 ; 3‘4 ; 5.6; wid that being the order in 
whioh they were to be ,applied .in actual Raqxement,. so it was 
likewise the :order in hich they were adjusted ; that is ,to sar, 
the rod 1.9 was adjusted with 3.4, an ith 3.0; and the rod 3,4 
was, in like manner, adjusted with k.9 and 5.6. 

One of these deal rods, when was found to weigh 
twenty-four pounds. They, were ii to be contained in two 
chests, one large and the other ’s 
is about a+ feet deeps may-bq’ ea le one, because it has 
two lids-that lift. quiteloff, whibh, 
alternately top and 1 hottola,, ha 
nearer to the one tban .the: ot 
both. The shallow. side ho 

e measuring rods ; w 
e of the side brace 

to be removed and replaced 
laid in its place, the! other: 
and both having.the prclper,faste~ngs $0 keep them in their posi- 
tions, the lid is then put on, anit; %xed! by screws, , Tlie,ciiest beiug 
now turned upside dowii, and the dthiex lid removed, tlie standgrd 
is thereby discovered testing on ,thQdwm\mn bottom, which .has 
bands laid across it for the purpose, a few inches below what has 
now become thq surface of the chesi. It was necessary that the 
standard should rest thus, -high, :katb’that, the light might come 

Dst 
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freely upon it, and that, being supported bythe deep sides of*the 
chest, it might be prevented from twisting, for it will be remem-. 
bered that it is only trussed laterally. By mealis of a small brass 
spring fixed to each end of the standard, a fine silk thread,.as 
being less liable to accident than silver wire, is stretched along its 
stern, which, by small wedges prepared for the purpose, and slipped 
in between it and the bands on which it rests, is always brought 
into the same position his being done, the silk thread is turned 
off, so as to permit the measuring rqds to be laid on the standard 
for comparison. With regard to the smaller chest, such a one was 
actually made, and sent down to the Heath, towards the close of 
the operation with the deal rods; but from some mistake in its 
dimensions, it would not admit the third rod.. 

Stands for the Measuring 

6, From -the extraordinary levelness of Hounslow Heath, the 
ascent from the south-east . towards the north-west beiiig little 
more than one foot in a thousmd ;in ,th ibtame of five miles, it 
was easily seen, hat the: computed base line, or that actually 
forming a curve parallel to the surface of the sea, at that height 
above it, would fall so little short of the hypotheiiusal distance, 
measured on, or parallel to, the surface of the Heath, as scarcely AO 

deserve notige, had it not beenJ thought necessary to shew, how 
much one end of the base was really higher than the other ; and 
to convince the world, that in ’an operation of th 
rnucI.1 accuracy was expecte no pains were spar 
trivial circumstances neglectkdd 

he trouble and unaertainty attending the frequent use of 
pl~mmets,~especjally in windy weather, instead of measuring level 
or base lin’es, -as- has hitherto been customa 
would have be neoessary to make use of t 



such contrhnce;at every step of ascent or descent) it was judged 
to be a better method to measure hypothenuses, and, having ob- 
tained the relative heights of the stations by the accurate appli- 
cation of the telescopic spirit-level, to compute the base lines, 
Thus it was proposed, that the length of the base on Hounslow 
Heath should be obtained by measuring a line through the air, 
drawn parallel to the common surface from station to station, in 
equal distances of eo0 yards or 600 feet each, and represented in 
the figure at the top of PI. III ,  

%or this purpose,.two kinds of stands were used; one whose 
height was fixe to be placed at the beginning and end of each 
eoo yards ; and the others, whose heights were moveable, that 
their surfaces might be brought more easily to coincide with the 
line passing through the air from one fix tand to the other, The 
fixed stands in their first state, repres d by that towards the 
left hand in the Plate for the deal rods, were only two feet seveii 
inches in height ; but when the glass rods were afterwards used, 
they had an additional piece’of ten inches fastened to the top (as 
in the left-hand stand of PI. IV.) which made their total height 
above the Heath, including the platfor n which they stood, three 
feet and a half. They are tripods of deal, whose legs exteiid 
about three feet from each other ; and being braced diagonally, 
are mortised at top into circles of the same sortfof~ wood. Over this 
circle, a square table of about 11+ iiiches is fixed, composed of oak, 
and mahogany at top ; but both taken together do not exceed 
inch in thickness 

The nature of the moveable stands, whereof there were a t  last 
no fewer than seventeen provided, will be compi*ehended from the 
representations of them towards the right hand in PI, 111. and IV. 
Their general construction, in  what regards the part of them which 
is fixed, differs not from that of the others, excepting that they were 
of diFerent helghts, from two feet to about two feet eight inches, 40 



as better to suit the ifregularities of the ground where it might be 
necessary to place them. n the middle,of each of these, an hexa- 
gonal tvooderl pipe descends, from the top to within two,or three 
inches of the bottom, where it is joined by a brace reaching from 
each leg. This pipe receives the common cheese-press wooden 
screw (having three sides screwed and three plane), to the top of 
which the square table is attached. It is embraced by the circular 
nut, or winch with four handles, whereby the table is eleva&d*or 
depressed at pleasure ; arid being brought to its proper height, is 
there made perfectly fast by means of the flat-headed iron screw, 
which passing through one of the legs, presses an iron plate, fixed 
in the inside. of the pipe, against one of the plane sides of the 
scre 

ds, there has already been occasion to 
make mention of the vertical and horizontal clamps, whereby the 
cross feet are fastened to the table on the top of the stand, The 
nature of these tables will be best understood by consulting the two 
plans of them towards the right hand in P1. 111. ; whereof one 

wo gtooves fitted .for the alternate reception .of the 
horizontal clamp, according to the side on which the rod lies that 
is to be moved on into coincidence ; and the other shews it actually 

ace, with the clamp itself detached in elevation alongside 
hus from the plan it may be perceived, that the first, or 

adjwsted rod, lies towards the farther side of the table, and is there 
secured by the vertical clamp. The second, or moveable rod, lies 
on the hither side, and therefore the horizontal clamp is placed in 
the farther groove, where it is firmly pinched by the nut under- 
neath. The  rod has been brought to coincidence by working with 
the two milled-headed screws against the opposite sides of the cross 
foot. This apparatus, although perfectly good in theory, was found 
to be much too confined in its nature to answer well in practice, 
requiring the stands to be placed with a degree of precision, which 

In describingq the de 



could not be effected in the field without great lop of time ; and 
this was the real cause, as will be seen hereafter, that the' megsure- 
ment by coincidences with the deal rods was give0 up, and that 
by contacts adhered to. 

Towards the left hand of P1. 111. the plan of one of the square 
tables is represented with the ends of the second and thirdrods upon 
it in contact, In this operation it will be perceived, that only one 
cross foot af each rod could now rest on and be clamped to the 
stand, the tables having been inadvertently cut too small to admit 
of both ; and although this has the appearance of imperfection, yet 
no inconveniency whatever was found to result from it in practice, 
eppcirience having shewn, %tiat the cl?mping of either end sufficed 
t~ keep the rod steady. Alongside of the table, the vertical clamp, 
beiiig that now wise represented in ele- 
vation. 
j On the face orexterior side of each leg of all the stands, fixed as 
well as moveable, a plat@ of.brass is screwed near the bottom, with 
two holes in  each, over a groove pqrposely made in the wood under- 
neath. By means of these plates, parallelopipedleaden weights, about 
fourteen pounds each, having brass pins with heads suited to enter 
the holes, and fall down in the grooves, into a narrow-pointed part 

slipped on or off each leg. Thus every stand, 
n weight, which is about thirty-one pounds,being 
two pounds of lead, is thereby rendered perfectly 

lso prepared, and always ready to be 
ns of which, and a spiri 

on tlie table, i t s  plane is brought to the propcr position. 
Notwithstandiiig d l  these precautions, it having been found, in 

the measurement with the deal rods, that time was lost in levelli~ig 
the .stands, particvlarly in situations where the surface happened 
to be more than usually uneven, or where it was Qf a loose or 



bel, 
spongy nature herefore Mr. Smeaton advised (and no man’s ad- 
vice is more.deserving of attention), that deal platforrnt+ standing 
on pickets driven into the ground, and properly levelled, should 
be used to receive the legs of the stands. Accordingly 
oileration with the glass rods (Pl, IV.) twenty such triangular plat- 
form made of inch deal, whose sides were each three feet two 
iiiclies in length, and void in the middle, were provided ; as also 
a number of beech pickets, about. an inch and a half square, and 
of different lengths, from seven to twelve or fourteen.inches. Three 
of these pickets, short or lorig as the situation required, being driven 
into the ground, till their heads (by the carpenter’s level) were 
brought to the proper height, the platform was laid upon them ; 
and on that the stand itself being placed, its position was ultimately 
corrected by the spirit-1 1 laid on the top of the table. Each of 
the beech pickets had a hole bored through its top, fit to receive a 
piece of strong tent-line, by which, and the help of one 
mallets, the pickets were easily pulled up again, when the platform 
was to be removed to a new situation. 

oning Telescope and Rads. P1 
7. In order to trace the line of 900 yards or 600 feet through 

the air, from one fixed stand to the other, it was usual, in the first 
place, to stretch a cord extremely tight along the ground, and to 
divide the space into rod lengths, by small wooden pins placed 
close by the cord, which remained there, and accordingly marked, 
very nearly, the points Over which the centres of the intermediate 
stands were to come. A piece of wood, about fourteen inches in 
length, and one and a half in breadth, painted white, with a narrow 

was laid OTI the surface of the farther stand, The boning telescope, 
fourteen inches long, and one and a half in diameter, with a small 

along the middle of it, being prepared for the purp 



ing power, and oveable object-glass; so as to fit it for very 
tances, wa6 theii laid on the surface of the nearest stand ; 

hich, by means of wedges placed under the legs,-had that side 
towards the farther stand so elevated or depreaed, as to bring the 
e m s  wires to coincide with the black line 01’1 the painted board. 
Twenty-four boning rods had been originally provided; but it 
rarely happened, that more than eight or ten of that number were 
used in any one station. They are of clean deal, upwards of five 
feet in length, one inch squar 

as to be easily fixed 
a cross vane, six or seven inches in length, and three-quarters of 
an inch in breadth. This crossvane, being moved upwardsordown- 
wards along the rod, till i coincided with tho cross 
wires of the telescope and paintelfboard 
surface then marked the height to the surface of 
was to be brought at that particular place. In this manner, a 
certain number raf pai 
one fixed stand to the 
easy, at all the intermediate places, by the application of the eye 
alone to the surface of any one stand or rod, to bring the surfaces 
of the other stands near it, into the same plane. 

8, I t  has been already mentioned, and, 1 giving the account 
e rough measureinelit with the chain, there will be farther 
ion to remark that: the base as divided inta hypothenuses 

of aoo yards or 600 feet each, where square pickets were driven 
the ground, and reg rly numbered, so a8 to be easily referred 

occasion. In the measurement with the rods, it was 
E 



customary to finish the day’s work at or near one of these stations. 
When the rods of twenty feet were used, the termination of a rod 
was, of course, always found to be within a few inches of the picket 
corresponding with the hypothenuse, as determined by the chain. 
But with the rods of twenty feet three inches, the day’s work was 
always ended with a fractional rod, by suspending a plummet from 
sorneamvenient part of the stem, marked for the purpose, and 
which consequently became the point of commencement next 
morning. 

The brass cup, made use of on these occasions, is of the figure 
of an inverted truncated cone, whose mean diameter is four inches, 
and its depth about five, with a very small inclination in the sides, 
It was placed in a hole dug for it in the earth, immediately under 
the point of suspension of the plummet, serving only to hold the 
water in which it vibrated, 

The  nature of the tripod will be best conceived from the plan 
and elevation of it in Y1, 111. It consists of two strong pieces of 
beech wood, mortised into each other, so as to resemble a half 
cross, or the letter T inverted, having three strong iron prongs, 
about twelve inches in length, which pass through the ends of the 
wood, and are fastened to it by square nuts at top. On the surface 
of the tripod lies a similar half cross of mahogany, moveable by 
means of grooves in the* direction of the longest side, and fixable 
by its proper screws, when brought to the desired position. This 
mahogany half-cross carries on its surface a brass ruler, move- 
able a t  right angles to the former direction, fixable also by means 
of its own screws, and on whose end is cut a very fine intersection, 

hus any day’s operation having been finished, the tripod was 
placed near the cup, with its loiigest side parallel to the line of 
measurement, and its prongs driven into the ground, so as to be 
rendered perfectly immoveable without great violence. The plum- 
met being then suspended by a fine gilt wire, at any part of the 



stem of the deal rods indifferently, but always at the fixed" or 
hindermost end of the glass rods, the brass ruler was advanced 
so near as almost to touch the wire, arid there made fast. This 
being done, the mahogany half-cross was lastly moved backwards 
or forwards, in  the direction of the line of measurement, until the 
intersection, as seen by a person lying down on the ground for 
the purpose, accurately coincided with the gilt wire, where it was 
likewise fastened by its proper screws. A tent was then pitched 
very near the apparatus, for the soldiers who furnished the centinel 
for its security, till the measurement was resumed : and particu- 
larly to guard it from being disturbed by cattle during the night. 

Wheels Jbr termirratitig, in a permwent ntantter, the Extremities $ 
the Base. PI. 111. 

9. Before any accurate ineasureineiit could ultimately be made 
of the base by means of rads, in order that we might with certainty 
refer to the same point, on any occasion that might arise of cor- 
rection or repetition of the work, it had all along been foreseen, that 
it would be absolutely necessary to sink deep into the ground 
wooden pipes, or such like things, at the extremities of the base, 
which could not be removed, or even disturbed, by idb  or ignorant 
people, without very considerable labou Mr. Mylne, F.R.S. 
wae accordingly requested to order two such pipes to be provided, 
about six feet in length each, and one foot in diameter, with ZL 
bore of four inches in the uppermost end, for the depth of two feot, 
and cross arms near the lowermost end, in the style of the common 
warping posts. As an ilnproveineiit on this idea, Mr, Mylne very 

* That this migllt be conveniciitly done, a moveable stand was placed, under the 
glass rod, about four feet from the fixed end, and its table elevated till, by bearing 
against the lower part of the case, it received its weight. 'This permitted the stand 
under the fixed end to be lowered and removed, to make room for the apparatus. 

E e  



judiciously proposed that, instead of the cross arms, the lower ends 
of the pipes should pass through the nave of an old coach-wheel, 
and then be secured by a bolt underneath. This alteration was 
approved of; and the machines, thus executed, were sent soon after 
by water to Hampton. 

The plan and section of one of these wheels,with the dished side 
downwards, are represented towards the left hand in PI. 111. where 
it will be perceived, that by means of four knee-pieces, made of 
crooked oak, the pipe is firmly bolted to the wheel, and thereby kept 
at right angles to its plane. The top of the pipe is also secured 
exteriorly by an iron hoop, and has a cast-iron box driven into it, 
whose inner diameter is four inches, answering to that of the bore. 
Four oak piles for each wheel were prepared to be driven into the 
bottoms of the pits dug  for their reception, which were six feet in 
diameter, and the same in depth. The soil near Hampton Poor- 
house being of a loose sandy nature, there the piles were easily 
driven into the bottom, until their tops were on the same level. 
The flat of the fellies of the wheel being then laid on the piles, 
the earth was filled in and well rammed around the pipe, quite u p  
to the surface, with which its mouth is even. But the soil at King's 
Arbour, being a hard-bound gravel, the piles could not be drivel1 
into the bottom of that pit ; wherefore, the flat of the wheel rests 
there on the gravel only. 

The brass cup, formerly described, was from the first intended 
to be placed in the pipes, for which purpose it has two lids ; oiie 
a semicircle,'with the central point marked by a line cut on its 
diameter, brought into the direction of the base ; with which line 
the gilt wire, suspended at the extremity of the first rod, was 
made to coiiicide on the commencement of the measurement. The 
other lid has a very small hole inade in its centre, through which 
the plummet wire is to pass, when suspended from the centre of 
the instrument, hereafter to be made use of for the determiiiatiolj 
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of the angles at the base, or in m y  other station whatever, where 
it may be necessary to bring it very accurately over a point on the 
surface of the ground underneath. 

Rough Measurement of the Base with the Chain, and Deterrmhation of 
the relative Heights of the Stations by means of the Tclescapic Spirit- 
Levd P1, I. aiid 11. 

i o ,  Having in the preceding description of the various instru- 
ments, originally provided for the measurement of the base, fully 
explained their constructions, uses, and modes of applicztion : aiid 
having thereby anticipated, in  a great degree, what must other- 
wise .have been said to make them understood in any account, 
blended with that of the execution ; little more now remains to be 
given than the journal of our proceediiigs from day to day, and 
the ultimate result of the operation. 

Mr. Ramsden having produced his hundred-feet chain, with the 
portable transit instrument ; and having lent us an excellent tele- 
scopic spirit-lcvel,fordctermiiiing the relative heights ; two sections 
of the base being likewise cleared by the soldiers, and some progress 
made in the third, we found ourselves, on the 16th of June, in  
readiness to begill the rough measurement. 

Lieut. Colonel Calderwood, of ]lis Majesty’s Horse-Guards, 
F. R. S. had, from the beginning, been so good as to promise his 
assistance in the operation. Lieut, Colonel Pringle too, of the 
Corps of Engineers, obligingly became a volunteer on the occa- 
sion ; as did also Mr. Lloyd, R. S. a few days afterwards ; while 
Ensign Reynolds, of the 84th regiment, who had for some time 
past been employed in surveying the environs of the Heath, coii- 
tinued that work wit11 such spare hands as could be afforded him 
for that purpose; axid it is to the Plan (Pl. I.) doiie by that offi- 
cer, that it will be necessary to refer in any thing regarding 
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locality, in what has hitherto been said, as well as in the subsel 
quent relation. 

The lower end of the base had for some time past been distin- 
guished by a St. George’s flag fixed to the top of a fir spar, thirty- 
five feet in height ; and one of the signal bell-tents still remained 
at the station near the Summerhouse. A rope of eoo yards being 
made very fast by a strong iron picket, driven into the ground at 
the bottom of the flag-staff, the other end was carried on along 
the base, and placed at  the bottom of a camp colour, in a line with 
the bell-tent. The rope being wound around a strong iron reel, 
prepared for the purpose, was thereby stretched extremely tight, 
a person occasionally lifting it up in the middle, or at other places, 
and letting it drop again, so as to bring the whole into the same 
straight line. Five persons were necessary for the proper manage- 
ment of the chain ; two at each end for its adjustment there, and 
one towards the middle, to lay i t  close to the rope, or to bear 
it up in  any particular place, where the circumstances of the 
ground rendered such precautions useful. The zero or rear end 
of the chain being strained back, so as to coincide with the point 
of commencement, a stPel arrow was placed as erect as possible in 
the semicircular cavity of the brass handle at the other end. The 
chain bein gthen drawn on, till the cavity in the rear handie could 
be applied to the first arrow, a second was then placed in that of 
the front handle, and so on, until six chain lengths were thus mea- 
sured off; which terminating the first hypothenuse, a beech picket, 
something more than an inch square, and about seven in length, 
with No. I .  cut upon it, was driven into the ground, till its head 
was nearly level with the surface. I t  is however to be remarked, 
that the sixth arrow of each hypothenuse was constantly left in 
the ground till the first of the succeeding one was placed, to avoid 
the error that would have otherwise arisen in applying therear 
end of the chain to the picket instead of the arrow. 

$ 
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In this manner we proceeded on the 16th of June, and in the 

space of about three hours and a half, completed the first measure- 
ment of the south-east section of the base, comprehending the thir- 
teen hypothenuses between the flag-staff' and station near Han- 
worth Summerhouse, the distance being 78 chains, or 7800 feet, 
making 2600 yards ; and the mean temperature of the air being 

On the subsequent day this section was re-measured with equal 
care, when the total extent fell short of the thirteenth picket only 
five inches. And here it is to be observed, that a considerable 
part of this difference probably arose from the stretching of the 
chain across Wolsey River, at the same time that the irregularities 
of the ground are greater in this than in either of the other two 
sections. T h e  mean heat of this day was 65". 

The operation with the c h i n  was suspended during the 18th and 
19th of June, those days having been employed in settling certain 
matters with Mr. Ramsden relative to the deal rods, as well as to 
give time for the making of a holdfast for the rear end of the chain, 
invented by Lieut. Colonel Pringle. This machine, whereof the 
plan at large is represented by dotted lines a t  the handle of the 
chain, as it is in small by the two elevations adjoining in P1. 11. 
consists of a semicircular iron plate, from the bottom of whicli 
projects two double and one single 1)mng. I n  the middle, between 
two double prongs, a semicircular cavity is formed, fitted to receive 
the steel arrow on one side, while that in the brass receives it 011 

the other. In a socket in the middle, a strong wooden handle, re- 
sembling that of a spade9 is placed, Tlius the rear handle of the 
chain being applied to the arrow, the holdfast embraces with its 
double prongs the straight part of the brass, and in that positioig 
being forced into the ground by the action of a man at the handle, 
the rear end of the chain is thereby kept so firin as to be immoveable 

6s0. 
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by the efforts of the two men at the other end, in stretching it to 
its true position, for the front arrow. 

On Monday, the eist of June, the operations were resumed, by 
measuring twice with the chain (forwards and again backwards) 
the thirteen hypothenuses comprehended in the second section of 
the base, between Hanworth Summerhouse and the north-west 
bank of the great Road (an old Roman way) leading from Staines 
to London. This being the smoothest part of the Heath, and the 
holdfast being now applied, the two measurements differed only 
one inch and a half in the distance of 7800 feet. This instance 
of accuracy is alone sufficient to prove the great excellence of the 
chain, although another will be given hereafter still more surprising. 

On the same day that the second section of the base was mea- 
sured, the levels of that and the first were taken. The operation 
of levelling is so universally known, as to render any detail of it 
unnecessary. It will be sufficient to say, that the spirit-level made 
use of on this occasion was a very good one, about eighteen inches 
in length, and could at all times be very readily and accurately 
adjusted, by inversion in its Y’s. The tops of the pickets, marking 
the hypothenusal distances, were the points on which the levelling 
rods were placed on each side of the level ; which being inverted 
at the intermediate picket, points equidistant from the centre of the 
earth were thereby obtained at the cross vanes of the levelling rods, 
and no correction for curvature or refraction necessary. It will be 
readily understood, that the relative heights of the pickets were 
found by measuring their distances from the centres of the cross 
vanes and axis of the telescope respectively. 

The six first columns towards the left hand of the first or general 
table subjoined to this Paper, shew distinctly every thing relating 
to the levels of the whole base, those of the third section having 
been determined on the sed of June. By examining the table it 
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w’ill be seen, that the ascent OH the first section is 10.555 feet, 

011 the seco11d .I - S.580 
,and on the third - - ie.130 

Total - - - - 31.265 feet, 
- 

between the lower extremity at  Hampton Poorhouse, aiid the highcr 
near King’s Arbour. 

The computed numbers in the seventh coluinn are the reduc- 
tions * de1~enditig 011 tlie aforesaid heights, or the differences be- 
tween the hypothcnusal distances of 600 feet each and the reduced 
base distances. With regard to the remaining co lum~~s  of the table, 
or those towards the right hand, they will be severally spoken to 
hereafter, in taking illto cousidcmtion the expansion of metals, as 
determined with great accuracy by  tlie experiments wi th  the py- 
rometer. 

Hitherto 110 use had been inadc of the transit instrument: for, 
in order that it might be applied to advantage, there was a iieccs- 
S i b  for laying fhe wheel into the ground at the lower end of the 

* T h e  redtiction in the seventh column, I have cornputed by the ditFcrence between 
thc squarc of the hypothenuse, actually measured, and the square of the height found 
by the level; and Licut. Col. Calderwood has done the sanic thing by a much shortcr 
method, Thus,  in the annexed figure, CX being the hy- 
pothenuseof 600 feet, DE the perpendicular height obtained 
by ~cvelling, DB the reduction required, 01’ the difference 
between the hypothenuse and truc base ; tlicn, substitut- 
ing the chord BE instead of DE, the following analogy is A. C DB 

BE2 
obtained; AB : BE : : BE : DR; consequently, - DB: that is, the square of AB 
the perpendicular heigllt beillg divided by doublc the distance, or 1200 feet, the quo- 
tient is’equal to DB thc rc(i1lction, without scusillc error. For if DE were four feet, 
thc greatest perperidicular h~?ght i n  the b;lSC, BE thc chord wauld only i t  
.iuc&a, which would not bc morc than part of an inch. The difference be- 
tween the results, by c‘hc two modes of computation, is so trifling as hot to descrvc 
iiot ice. 

13‘ 
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base, and so to modify the St. George’s fl ag-staff that, being placed 
in the pipe, it might be steadily supported by braces in a true ver- 
tical position ; which we found, from experience, could not be ef- 
fected by ropes only, 

The  whcel being accordingly laid in its place, and the other pre- 
cautions taken for securing the flag-staff, which was likewise paint- 
ed white, that it might be more distinctly seen from the farther ex- 
tremity ; on the ead of June, the transitinstrument was adjusted over 
the thirteenth picket at Hanworth Summerhouse, while directed 
upon the flag-staff. But it being now found, that the vertical plane 
passing through the flag-staff fell to the eastward of the centre of 
Bansted Spire, therefore the transit was gradually moved to the 
eastward, until by repeated trials the three points were perceived 
to be in the same vertical plane, when the picket was moved, and 
replaced exactly under the axis of the telescope, a few inches from 
its first position. The  same operation was repeated at the twenty- 
sixth station, on the farther bank of the Staines Road ; and, lastly, 
at the forty-sixth, forming the north-west extremity of the base; 
where a pit was imine6ately dug for the wheel, which was placed 
therein, without however filling in  the earth for the present, that 
being deferred till near the completion of the measurement with 
the’deal rods. Thus the two extremities, and two intermediate 
points of the base, being accurately placed, by the help of the 
transit instrument, i n  the same vertical plane with Bansted Spire, 
it was easily seen, that by arranging camp colours i n  the intervals 
at any time, all the other points might be brought so nearly to coin- 
cide with these first, as not to occasion, by deviation, any sensible 
error in the measurement afterwards to be made. This application 
of the transit shewed LIS, however, that some labour had been lost 
by not using it sooner: for at the Staines Road, the tract cleared 
by the soldiers deviated about two feet and a half too much to the 
westward for the true line; and at King’s Arbour it was twice as 



inuch : so that we were now obliged to widen the cleared tract, by 
adding to the eastern side of it. 

On the same day that the chief points in the base were fixed by 
means of the transit, and the levels of the third section taken as 
before mentioned, the rough measuremeiit of that section with 
the chain was completed, and found to contain nineteen hypothe- 
nusal distances of 600 feet each, and one of 404.55, making in the 
whole 1 iSo4.55feet, between the twenty-sixthstation at theStaines 
Road and the centre of the pipe near King's Arbour, the mean tem- 
perature being 6eo+ Here it is to be observed, that this lust section 
was only measured once with the chain, the tract not being yet 
sufficiently cleared to adinit of its being done to the best advantage; 
and, when completed, it was judged to be better to proceed directly 
in the operation with the rods, than to lose time in the usual repe- 
tition, since the merits of the chain, i n  this way of applying it, were 
already suficiently well established ; and any future tests to which 
it was to be put were proposed to be of R more rigid nature. 

When the length of the chain, i n  its original state, was ascer- 
tained by the dots 011 the brass pins in  the New England plank, i t  
was found, i n  the then temperatiireof 74', to exceed the 100 feet 
by near one quarter of an inch, or o.e4,5 inch. Therefore, in the 
temperature of 6 3 O ,  being that in which the lengths of the deal rods 
were laid off, and differing very little from what was likewise the 
meant heat of the air, when applied upon the Heath, the chain, ac- 
cording to the experiments on the expansion of the very same steel, 
would exceed the 100 feet by 0.161 inch, or 0,0134 foot. Hence 
the slim of the three sections of the base, 274 chains, being multi- 
plied by 0.0134 foot, we shall have 3.6'7 feet for the equation of the 
chain + 4.55 feet, to be added to its length, which will then be- 
come 27408.~2 feet from the centrc of one pipe to the centre of tkc 
other : and this would have been the true length of the base, as 
given by t h e  rough ineasurenient with the chain, if the surface I m i  

l i 2  



been me uniform. inclined plane throughout its whole extent. But, 
although the ascent of Hounslow Heath is so small, and so gradual, 
as to occasion little more than half an inch of reduction, from: the 
46 hypothenusal to the 46 base distances, into which it is divided, 
as may be seen by referring to the table ; yet each of these hypa- 
theauses containing again many other small irregularities, all of 
which affeqt the measurement by the chaiii, in proportion. to their 
number and height, in every sQace of 600 feet, their united efkcts, 
including the lateral deviations from the true line in measuring, do 
somewhat more than compensate for the extra-length of the chain, 
as will be seen. hereafter in comparing the length of tlie base just 
now obtained with that given by the rods. 

The weather, which during the greater part of June had, been 
wet, became still worse towards the end of the month and first 
week of July; so much so, that even if the den1 rods had been ready, 
they could not have been* used wiih advantage. The soldiers, ne- 
vertheless, were not idle, being, when the weather would permit, 
partly employed in. clearing the Heath, and partly in assisting Mr. 
Reynolds in  the sur,vey, towards the perfecting of which many chief 
points were fixed by means of my astronomical quadram, placed 
for that purpose at several different stations of the base. At this 
time too (July 8th)  I levelled from the lower end of the base to the 
surface of the Thames at Hampton, and found the descent to be 
36.1 feet. 

Measurement of the Base wii6 tbe Deal R o d s .  

1 I. Such extraordinary care and pains h i ~ d  been bestowed i n  the 
construction of the deal rods, in order to render than the best 
which had ever been made, that, although b w p l  early i n  Jiit~e, 
they were not completely finished before the 15th of July. ‘Tlley 
were brought that afternoon by Mr, Rainsden, together with the 

P1. 1. atld 111. 
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various parts of the apparatus necessary for their application. in 
tho field, to the camp, now moved froin Hanworth Suininerhouse 
to the intersection of tlie base with Wolsey River ; whence they 
were transported, early next morning, to the pipe near Hnmp- 
ton Poorhouse, where we were met by Sir Joseph Banks, ac- 
companied by Mess. Blagdeii, Cavendish, Lloyd, and Smea- 
ton, all ready to lend their assistance in the subsequent mensu- 
ration. 

Before I proceed farther, r think it here incumbent upon m e  
very gratefully to remark, that the respectable and very worthy 
President of the Royal Society, ever zealous in the cause of science, 
atid who had repeatedly visited the Heath, to offer aid; if such had. 
been necessary, while the first aiid rougher part of tlie operations 
were going 011 ; IIOW, that others of a more delicate nature were 
to commence, aad wlierc it was of importance, that those ciitrusted 
with the execution should inect with as few, and as short inter- 
ruptions as possible, iiot only gave his attendance from. mortling 
to night in the field, during the whole progress of the work ; but. 
also, with that liberality of mitid which distinguishes all his 
actions, ordered his tents to be continually pitched mar  at Iinnd, 
where his immediate guests, aiid the+ nutiierous visitors whom 
curiosity drew to the spot, met with the most hospitable supply 
of every necessary and even elegant refreshment. It will easily 
be imagined, Itow greatly this tended to expedite the work, aiid 

how much tnore comfortable and pleasant it rendered- the Inbour 
t.0 d l  who obligingly took part in it ; hut   no re especially to him; 
who, being a vohlteer in i t  at first, considered himself as bound 
to persevere in his best endeavours to bring it to a successful con- 
cl usion. 

From the dcscriptioi1 t h t  has been given of the deal rods, it 
will be remcmbercd, that they are fitted to be applied in measur- 
ing, either by the coincidences of lines, inlaid one inch and a half 
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froiri each extremity, or by the contacts of the spherical lips of 
the bell-metal with which they are tipped. The  first, seeming to 
be the most accurate, although the most tedious method, was that 
by which we proposed to set out. 

The flag-staff having been previously removed from the pipe, 
and the brass cup filled with water put in  its stead, all the neces- 
sary precautions being likewise taken for preserving the line of 
direction, horizontally, by the rope stretched along the first hypo- 
thenuse, and vertically, by incans of the boning rods; the first 
ivory line 011 the first rod was brought by the plummet to coincide 
with the centre of the cup, in  which position, being clamped, it 
accurately marked the commencement of the base. The  second 
rod being now applied to the first, and moved up by the apparatus 
formerly described (PI. 111.) till its line coincided with that on 
the first ; and, in like manner, the third rod being applied on the 
alternate side of the second, moved up  and clamped as the rest ; 
thus the exact distance of sixty feet was ascertained ; care being 
always taken, that the first adjustments were not disturbed, while 
the subsequent ones were forming. The clamps fastening the 
first rod to its stands being then detached, it was carried by two 
men and laid on the alteriiate side of the third ; and so on in 
succession, until fifteen rod lengths were measured 0% being the 
half of the first hypothenuse, 

The time coiisumed in  measuring this short distance of goo 
feet was not less than five hours ; owing, as has been formerly 
mentioned, to the confined nature of the apparatus for moving the 
rods on into coincidence, which required such nicety in  placing 
the stands, as could not be effected unt i l  after several repeated 
unsuccessful trials. All the executive people were therefore of 
opinion, that it would be proper to discontinue this mode of mea- 
surement, at least until a more convenient apparatus could be 
thought of for the purpose; and that, in the mean time, we should 
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proceed by the method of contiicts, as the only alternative we 
could for the present adopt,* 

The rods being accordingly placed in contact with each other, 
we soon made greater progress, finishing the operations of the 
day at the middle of the fourth hypothenuse, where the tripod, 
with its guard, was placed, to preserve the point of commence- 
ment for the ensuing morning. 

The measuring rods, when put into the chest in London, had 
been compared and found to agree with the standard, The  com- 
parison was not repeated on the 16th ; but this being done on 
the 17th, at 7h A. M. under the oil-cloth canopy at the camp, 
they were found at a medium to exceed the standard by ane- 
fiftieth of an inch, the temperature then being 6s". After the 
comparison they were carried to the place of the tripod, when the 
operation was resumed by bringing, with the help of the plurnmet, 
the same point of the rod with wliich we had left OK work, to 
coincide with the intersection 011 the brass ruler. The measure- 
ment of this day was closed at  the elid of the tenth hypothenuse, 
when the rods being carried back to canip, were compared, and 
found accurately to agree with the standard. 

A coiisidcrable fall in the barorncter, between the evening of 

* Although I acquiesced in the change thus become necessary, yet i t  W.IS with 
much reluctnnce, because it left undecided the contested point, with regard to coin- 
cidences and contacts. If  we could have proceeded with the coincidelit ro& till 
eighty-one lengths were n ~ ~ ~ r e d  off, and then measured back the same space by 
placing eighty rods i n  contact, the point would h.ive been clcarly settled. For if the 
termination of the eightieth rod agreed exactly with the p i n t  of departure, contacts 
being the most expcditiolls would h:iw been j u d ! x t l  the best method. On the con- 
trary, if the eightieth rod fell short of rcaching the point of dcparture, there could 
have been no doubt, that the difti.rcnce must have arisen froin butting one sod agairist 
the other, whereby a certain sm~ll proporlion of each rod c a m  to bc lost in tha 
accouDt, by being measured twicc over. 
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$he 17th and the morning of the zgth, portended rain. Never- 
theless, all parties repaired to the place of rendezvous, which was 
appcjinted at the lower end of the base, in order to remeasure the 
.two first hypothenuses, by placing all the rods in contact, which 
on the 16th had been done partly one way and partly the other. 
The operation being accordinglyrepetited with great care,the point 
of the sixtieth rod, which formerly correspoiided to the centre of 
the second picket, was now, found to be pushed forward exactly 
forty-five inches, aiiswerable to the deficiency on the fifteen coin- 
cident rods, with which the mensuration was begun. It now 
began to rain, therefore the rads were carried back to camp, and 
being severally compared, they were found to exceed the standard 
.each by one-thirtieth of an inch, occasioned by the extraordinary 
bumidityof the air. Aheavyrain ensued ; and what made this much 
more cegcetted by all, was, that in  the forenoon their Majesties 
graciously condescended to honour the camp with their presence, 
and continued there some time; but the weather becoming rather 
worse, it was utterly impossible to shew their Majesties the nature 
of the operation, by any progress that could at that time be made 
in the work. 

After a continuance of uufavourable weather for several &y6, 

the operations were resumed at gh A.M. of the egd, when the 
xods being compared, were found still to exceed the standard by 
one-thistieth .of an inch, and the temperature now was 61". Here 
it is to be observed, that in our progress forward, an accurate 
register had been all along kept of that point of each rod cocre- 
spending to the centre of the hypothenusal pickets, by hoting its 
distance from either end, whereby the error of the chain at each 
station was readily discoveced, a t  the same time that the revolutions 
of' the three rods served to keep the account of the total measure- 
ment. ,In order, therefore, that this method might be distinctly 
adhered to, it was judged proper to push on the rod that lay Over the 
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tripud kt No. io. exactly forty-five inches, to make gmd the dcfi- 
cieiicyof the first fifteen coincident rods, and that the account might 
be kept from the lower end of the base in entire rods of a4,3,,.and 
complete revolutions of p g  inches eaah, This being done, the 
rest were placed in the ordinary succession ; and we finished the 
busihoss of the day at the eighteenth station, where $the rods 
being compared at  6 h  P.M. their mean length WRS found to exceed 
that of the standard &tli part of an inch, the temperature then 
being 54O. 

On Saturday the n4th.of July, the rods were three times com- 
pared ; at 7 h ~ ~ ‘  A.M. ; 1 ih 15’ A.M. ; and 5h45‘ P.M. Their mean 
excesB above the standard was foun”d to be one-thirtieth of an inch, 
and the mean heat 64,’. 11-1 the courst+bf the day, the mensure- 
ment was continued from the eigh.Fe&ith: to the twenty-seventh 
station, or first of the third sedti’on of ‘the base, where the tripod 
was placed as usual ; and there it i-emained untouched, on account 
of bad weathr;r, $ill 

Consilikring how much time and labour had been bestowed in 
obtaining what we certainly had every reason to conclude were 
the best deal rods that ever were made, it was no sinal1 disnppoint- 
ment now to find, that they were so lfable to lengthen and shorten, 
by ?he humid and dry states of the atmosphere, as to leave LIS 110 

hopes of being able, by their means, to determine the lcngth of 
the base to that degree of precision we had all along aimed at. But 
since more than one half of it was already measured, it was judged 
proper to proceed with them in their present state, atid then to 
have them carefully paitlted or varnished, before they should be 
farther used. 

The unfavourablelless of the season, and delays in obtaining the 
ts, had already been the causes of protracting the ope- 

Hounslow Heath greatly beyond what was at first 
expected ; and the failure of the heal rods gave no iminediatc pro- 

G 

ay the ncl of August. 
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s p c t  of their being speedily brought to a conclusion, On revol- 
ving in my own mind the different alternatives We might ulti- 
mately be obliged to have recourse to, metal rods of some kind or 
other, whose expansion could always be determined by experi- 
ment, seemed to promise a result that might be safely relied on. 
Cast iron was what Ibhad thoughts of proposing, knowing, from 
an experiment which.1 had made myself, that it expanded less than 

he cumbersomeness of its weight tappeared indeed objec- 
tionable; but that inconvenience was either to be submitted to, 
or one of another kind, namely, the reduction of the length, which 
was always, if possible, to be avoided. 

At this time Lieut. Colonel Calderwood could not conveniently 
]end us his assistance in the field ; but *he *visited us occasionally, 
and on one of these visits proposed to me, that glass rods should 
be made use of instead of deal ; putting me in mind of another ex- 
periment * that I had made, which seemed to shew that sdid glass 
rods expanded less thaii tubes, This proposition the Lieutenant 
Colonel, before he came to theHeath, had made to Mr. Ramsden, 
who appeared averse from making the trial, because of the great 
length of the rods, and the brittleness of the material, &vesthe- 
less, it being sufficiently obvious, that glass rods or tubesTof the 
full length, or something approaching towards it, would be m.uch 

* T h e  experiment here alluded to was made with Nlr. Cumming’s pyrometer,, 
which from i t s  construction did not admit of a very accurate estitnation of the heat 
communicated to the standard bar, the rod, and tube respectively. Either, therefore, 
the natures of the glass rod and tube, made use of a! that time, must have been very 
&&rent, to cause the difference of expansion ; or some circumstance In the instrument 
unattended to, had occasioned the fallacious appearancc : for it  will be found, from. 
the experiments hereafter to be given in detail, that a solid glass pendulum rml expsilds 
fully as much as, nay, in this particular instance, even more than a tube ; but different 
glass, having different specific gravities, will no doubt be susceptible of different de- 
grees of expansibility. 



c 48 1 
sooner provided than any metal rods whatever, and the saving of 
time being a point of consequence ; Lieut. Colonel Caldcrwood 
was accordingly requested to make the trial at the glass-house, as 
soon as possible after his return to town. Next day he succeeded 
in getting a fine tube drawn, eighteen feet long, and about one 
inch in diameter ; and there seemed to be no longer any doubt, 
that those of the proper length might be obtained. It was found, 
that solid glass rods of such extraordinary dimensions could not 
be had, it being impossible to take at once a sufficient quantity of 
the melted metal on the irons, made use of for drawing them at 
the glass-house, 

weather; which ended the month of July, 
occasioning, as has been said, a total suspension of the operations 
on.the Heath, was employed in procuring 8 sufficient number of 
glass tubes (one whereof'was not less than twenty-six feet long) 
.and regulating with Mr. Rainsden every thing concerning their 

eaauring rods. he description of them we 
shall however defer until the time of their application in the field, 
after having finished the operation with those of deal. 
On Monday the ed of August, the operations on the Heath 

were resumeii at 8h sa' A. M. by comparing the rods with the 
hich they were found to exceed by one-fortieth of an 

inch, the temperature then being 66". The forward end of the 
rod now placed over the tripod at No. 97, completing the 800th 
length, reckoned from the lower end of the base by rods of e e  
inches each ; and these being equal to 810 rods of e40 inches ; i t  
was judged proper to m r k  a point upon the ground corresyond- 
ing to this forward end, that it might be referred to in returning 
back with the measurement by the glass rods. This wasdone by 
sinking two small pickets into the ground, about a foot asunder, 
one on each side of the base, and at right angles to it. A silk 
thread being then stretched aver the tops of the pickets, and gently 

G e  
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inoved on till i t  touched the silver wire suspended from the end 
of the rod, fine notches were then made wit]? a pen-knife in the 
tops of, the pickets, whereby the thread could be replaced in the 
same situation ; which being done, the pickets were covered over 
with earth. In the cwurse of this day nine hypothenuses were 
measured ; and at 7h P. M. the tripod was placed at the thirty- 
sixth station. The rods, being now .compared, were foulid to 
agree with the standard ; and the temperature was &;to+. 

.On Tuesday the 3d of August, the rods were compared at ?b 
A. M, and found only to exceed the standard by one-sixtieth of an 
inch. Being arrived at the middle of the forty-first hypotlienuse, 
a point corresponding to the forward end of the teig-th rod was 
transferred to the ground, by the double pickiets arcEd silk thread, 
as had been done at the twenty-seventh station, The measure- 
ment was then continued to the north-west extremity of the base, 
which was found in @he whole to contain 1353 complete longiro& 
of 243 inches each + 2 i inches, where the tripod was placed, in'tiw 
point which of course corresponded to the 1370th shart rod af&p 
inches each, equal to 3e88ao inches, or a74cmfeeet.. 2;'s +hi& 
distance we have yet to add 4.31 feet, being the space 
between the intersection on the tripod and the centre 
marking the north-west extremity of the base ; whose 
as given by the deal rods, without regard to expansion, or r e d b  
tion of the hypothenusal line, becomes 974,04.$1 feet. And here it is 
to be observed, that the intersection on the tripod terminati 
07400 f&t only overshot the picket answering to the V$Qith 
by two inches and nine-tenths. But this nice sgreemen? between 
the result by the deal rods, and that funlished by the mu@ 
measurement with the chain, arises from the extra-length af ,t 
last, which so nearly compensated for all the irregularities ofthe 
aurfake. 

The measurement with the deaI rods being finished, they were 



compared at $h P. M. and found to agree with the standard, the 
temperature then being 75'. 

Expansion of the Deal Rods. 

le. It  has. been an opinion generally enough, although, as we 
have seen, erroneously received, that very straight fibred deal was 
not at all, 'or but little, affected longitudinally by the humidity of 
the air. That we might not be led astray by trusting to fallacies 
of this sort, the standard rod had been provided; which being 
always cIoseIy shut up in its chest, except during the short inte- 
rim of comparison, could feel but a small proportion of the erects 
which the measuring rods suffered; these being constantly ex- 
posed to the open air throughout the day, as well RS to the mois- 
ture of the night, when lying under the oil-cloth canopy. The  
standard rod, it is true, could not be accurately compared with 
thre brags scale : for although, when constructed, brass pins, forty 
inches asunder, had been driven into its stem, for the purpose of 
such comparison, yet these had afterwards been displaced, or at  
least the points upon them defbced, by the plaining over of the 
upper surface. This circumstance, which was unattended to when 

commenced, is now of no consequence ; because, 
from an experiment hereafter to be mentioned, the lengthening 
of the standard may be pretty nearly ascertained. But since there 
are some contradictory circumstances, soon to be mentioned, in 
the operation with the deal rods, which would have made a r ep -  
tition of it absolutely necessary, if we had not now obtained those 
of a different kil l4  SO very unexceptionable in their nature and 
mode of application, as, in the present case, to admit of no coin- 
petition between the two results, and to render it improper on 
our part ever to have farther recourse to the first ; so there can 
be little doubt, that deal rods will be uiiiversal!y rejected by other 



oountries, in any measurements they may have occasion to make 
in future. i 

About the 10th of July, two rods, one of New England and the 
other of Riga deal, being measured by the fixed points in the 
great plank in Mr. Ramsden’s shop, and having each two brass 
pins driven into them at the distance of twenty feet, were laid on 
the top of the house, where they remained until the e6th, the 
weather, for the greater part of the time, having been very wet. 
They were then taken down, and being, by means of the long 
beam-compass, compared with the measures on the plank, the 
New England rod was found to have lengthened o.ogi inch, and 
the Riga rod 0.041 inch. By which experiment the fact seems 

be established, that Riga red wood, notwithstanding the quan- 
tity of turpentine which it contains, is more susceptible of the 
effects of moisture than New England white wood. Mr. Rams- 
den likewise finds, that the great plank SO often mentioned, suffers, 
in ordinary summer weather, an alternate expansion and con- 
traction, amounting at a medium to 0.0041 of an inch every day: 
that is to say, if the distance between the twenty-feet brass points 
be measured from the scale, by means of the beam-compass, in 
the evening, i t  is found to have lengthened next morning 0.00hr 
of an’inch, by the humidity of the intervening night. In the 
course of the following day it contracts again to its former length, 
and so on. Mr. Ranisden has often observed this alternate change 
in the deal plank ; but it was particularly 011 the 11th and 19th 
of August, that the quantity was actually measured. I t  will 
readily be understood, thqt any difference of temperature w [iich 
might have happened in the brass scale, at the times of compari- 
son, was always carefully taken into the account. 
NOW, from this last experiment, it seeins probable, that we shall 

not be very wide of the truth in supposing, that the standard deal 
rod, whkh lay closd up in its chest, under the canopy on H o u p  



slow Heath, would suffer the sanie sort of alternate expansion and 
contraction with the abovementioned plank ; that is to say, being 
of Riga wood, its mean expansion about the middle of the day 
would be T* of an inch. By this quantity then we must aug- 
ment the actual observed expansbn of the xmasuritlg rods, in 
order to obtain within certain probable limits (since we cannot 
determine it accurately) the equation for theexpansion ;. or that 
space by which the apparent measureincnt, given by the 1370 
deal rods, should be augmented, in order to obtain the true length 
of the base ; or that which would have been given by unalterable 
rods, of the same original length with those of deal, as exprema 
in the following table. 

No of 
Day.. rodr 

mcrr. -- 

I Julys6 105 

'7 19s 

' 23 240 

24 270 

Aug. 2 270 

3 290 i -- 
Total 1370 

Table of the Expansion of the Deal Rods. I 
Equation Total 
for thc cxpan- 

rtandrrd. rron. -- 
In. In. 

0,2615 1.3125. 

o*4m 2.4375 

0.6000 5.6400. 

0.6650 9.5750 

0,6650 +oqoo 

0.7230 1.2180 

II_- 

3 * 4 y  24.223 

:; 

Hour of Ttmp. Obacrv- Decimd 

8 air. paiuion. 
comparison. of the ed ex- mcrn. ---- 

I I 

Equation 
for the 

men. rodr 

N. B. Althouah the rods were !lot compared with the standard on the 16th 

of July, yet the expallsion probably was, and tlluefore has been estimated, 
at the mme rate as it  was found on the following day. 



By examining the preceding table, it will appear, that the total 
expansion of the 1370 deal rods, including the small equation for 
the lengthening of the standard, amounts to 84.993 inches, or 
9.09 feet ; which being added to the apparent length of the base 
97404.31 feet, formerly obtained, we shall have, for the hypothe- 
nusal length, 27406.33 feet : and from this deducting 0.07 foot, 
the excess of the hypothenusal above the base line, or the reduc- 
tion contained i n  the seventh column of the general table of the 
base, there will remain 27406.26 for the distance given, by the 
deal rods, between the centres of the pipes terminating the base, 
reduced to the level of the lowest, ar that at Hampton Poorhouse, 
in the temperature of 690, being that of the brass scale when the 
lengths of the deal rods were laid OK All this, however, supposes 
three things to be absolutely certain : first, that the expansion of 
the rods has been accurately estimated ; secondly, that no error 
has arisen from the butting of the rods against each other, in 
order to bring them into contact ; and, thirdly, that no mistake 
of any kind has been committed in the execution. When we 
come to give the true length of the base; as ultimately ascertained 
by means of the glass rods, it will appear, that one or more of 
these three have actually taken place; although it is most pro- 
bable, that only the two first sources of error have contributed 
their share of the total difierence between the two results, But 
the discussion of this point must be deferred for the present ; and 
I shall now finish the subject of the expansion of the deal rods, 
by mentioning two other coyparisom of them, which serve to 
shew still more obviously, hdw improper they are for very accu- 
rate measurement 

I t  has already been remarked, that the last week of July was SO 

wet as to occasion a total suspeniioii of the operations on Houn- 
slow Heath. On the 26th of that month, at gh A. M. thc tem- 
perature being then 63O, the rod8 were compared with the stan- 



ilard, and found to exceed it, a medium, oae-fifteenth part of 
ail inch, Now, if we suppose whole base to have been mea- 
&wed with the rods in that state, the difference would have 
amounited to more than 7+ feet, exclusive of what the standard 
i,ts,elfrmight have altered from its original length. 

.he other comparison was made at Spring Grove, in the be- 
giming of September, after our operations on the Henth had been 
fitiished, and the deal rods with their apparatus deposited under 
the roof of Sir Joseph Banks’s barn. The object here in view 
was the rneasurernent of such a space as the garden would con- 
veniently admit of, when the rods were in their dry or contracted 
state ; and to re-measure .the same space next morning, when the 
rods, being left aut for the purpose, had imbibed all the humidity 
they could from the nmisture of the intervening night. Accord- 
ingly, the fourth being a fine dry day, the sun shining bright, 
and the thermneter  about GY, seventeen stands were arranged 
in the long walk, with so much nicety in the same inclined plane: 
as-to appear but like one. The first or lowermost standshad a 
brass cock screwed to its top. The two uppermost, that is to say, 
the sixteenth and seventkenth, were of the fixed kind, each with a 
brass slide, and placed only forty-five inches asunder. The  first 
deal rod was made b butt against the brass cock, and the rest 
successively ngaiiist each other, until fifteen rod lengths’were mea- 
sured off, and a fine line drawn on the slide marking the extre- 
mity of the fifteenth. That rod beillg removed, forty-five inches, 
taken from the braas scale, were then laid off backwards from the 
line on the slide of the seventeenth to the slide of the sixteenth 
stand, where another fine h i e  was drawn. Thus the space eom- 
prehended between this last h i e  and the cock on the first stand, 
was just goo feet, OT fifteen coincident rods. During the night 
of the 4th which was very fine, .the rods lay on the smooth grass, 
About sun-rising of the 5th there came on a 8 thick fog, which 

H 



entirely dispelled about 8 o’clock. At 7h A. M. the rods being lifted 
from the grass, it was perceived, that the under sides were per- 
fectly dry, while all the rest was quite wet with the dew that had 
fallen. The fourteen stands, comprehended between the first and 
sixteenth, having their distances gradually reduced from twenty 
feet three inches to twenty feet, the operation of re-measurement 
was then begun, by placing the rods in coincidence with each 
other (which was now found to be easily ahd accurately effected 
by a few repeated strokes with a wooden wedge only) until the 
fifteen rod length9 were measured off; and a fine line, correspond- 
ing with the ivory on the fifteenth, was drawn 011 the brass slide. 
This line was found to be o.-+&&~, or near half an inch beyond that 
which terminated the 300 feet the preceding evening. -Hence it 
is evident, that the dew imbibed only in one night, or cz space of 
time not exceeding fourteen hours, occasioned such an expansion 
in the deal rods, as in the whole base would have amounted to 
45.484 inches, 

It is sufficiently obvious, that this last mentioned experiment 
was more accurate, intthe proportion of-alriout fifteen to one, than 
hny comparisbn we could at  that time have made with the stan- 

But since immediately after it was finished, the sun shone 
out very bright, it is by no means certain, how soon the rods 
would again have contracted to their former length, or near it, 
had they been exposed to his rays. Repeated coinpapisons for as- 
certaining facts of this sort, at very short interims, are absolutely 
incompatible with the nature of such tedious and troublesome 
operations as the measurement of long bases : and here, indeed, 
lies the great objection to the use of deal rods, that at no time 
can we be certain how soon, after a comparison has been made, 
they may alter their length in a proportion, and sometimes too 
even in il sense,idifferent from what was expected. ’ 



scriptiw of the Glass Rods, ultimately made use of to  detpniti-c 

s been already mentioned, that the week of rainy 
e end of July.was employed in providing the glass 

tubes, and in concerting matters with Mr. Ramsden, relative to 
their construction as measuring rods. Notwithstanding their great 
length; they were found to be so straight that, when laid on a 
table, the eye, placed at one end looking through them, could see 
any sma1l;object in the axis of the bore at the other end. 

The aaturg and con.litruction of the glass rods, whereof three 
were finished for the operation, will be best coiioeived by consi- 
dering, with care and attention, the plans a i d  elevations of them, 
in whole or in part, to different scales in PI; I where likewise 
may be seen, plaiis and sections of the ends of the tubes, in their 
real dimensions, for the better understaiidiug the several parts of 
the apparatus placed therein, 

The case containing the tu  es to'keep it €horn 
beiidiiig in its original straight position, .is every where of the 
depth of eight inches, af the same wi in the middle, and tapers 
from thence, in  a curvilinear mann 
is anly two inches and a quarter broad .. .--It is made of ,clean white 
deal, the two sides being half an' inch, and thekop md..bottorm 
three-eigh t hs . in thickness. hese last are placed iii grooves fit- 
ted to receive them, about*half an inch from tlie.upper and lower 
edges of the sides, w.hieh* bending easily, ,and applying closely, 
are'theii firinly fastsried by two rows of wood screws OH .each 
sidc, to the top and bottom respectively. Thus, the depth of tile 
side's in.oiie sense, and the spring which they have,by bending in 
the other, a@ as trusses, prevent the case from warping, and ren- 
der it siiffkimtly strong, altlmugh at the same time, consideriiig 
its great length; very light, 

tbe Length Oftbe Base. P1. IV. 

He 
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The plan of the middle rod represents the case with the topoff, 

that the tube may be seen placed therein : the right and left- 
hand rods have the tops on, whereby may be seen the oval open- 
ing in the middle of each, shut by a mahogany lid ; and also the 
positions o€ the two thermometers, with tubes bent at right angles, 
so as to place the ball about two inches downwards within the 
case, for the better ascertaining the temperature of the glass, as 
will easily be conceived, by considering thesrepresentation of the 
tube and ball in the section across the middleaof thenrod. 

It js to be observed, that the middle of the tube is made fast to 
the middle of the case in the following manner. First, around 
the middle of the tube, 8 quantity of packthread, immersed in 
liquid glue, was wound by several returns on itself, for the space 
of about two inches in length ; and upon this mass of packthread, 
while the glue was warm, a strong mahogany collar was forced; 
whereby the three substances became so perfeotly united to each, 
other, that they might be considered as one only. Across the 
bottom of the case in the inside, three mahogany braces or 
girders, one in the middle, and one half way between it and each 
end, are fastened, by means of screws, to the bottom and sides. 
These rise about I+ inch above the bottom, so as to place the axis 
of the tube, when in use,.about B+ inches above the surface of 
the stands on which it rests. The end-pieces of the case are like- 
wise of mahogany, about Y +  inch thick. Each consists of two 
parts, a lower and an upper. In the lower parts, as well as in (the 
cross braces, there are semicircular cavities lined with broad 
cloth, fitted' to receive the diameter of the tube, which rests in 
them, and is consequently supported at five different points. The, 
upper end-pieces, having likewise semicircular cavities fitted to 
embrace the upper part of the tube, slip down upon it, when it 
hss been, by repeated trials, brought to its true position ; that is 
to say, the axis of the bore into the same straight line, 'the cam 



being all the while suppoxtedq by its extremities 011 two stands 
only, in the manner in which the rods are applied in actual mea- 
Surement. The braces within the case have also their upper 
pieces, which, in like manner, apply closely to the tub 
fixed to the lower ones by means of screws. The who1 
serve only as stays to keep the tube in its true place from 
shaking ; but without binding it, however, too closely. LastIy, 
the mahogany collar glued to the packthread on the middle of 
the tube, being strongly fixed by four screws to the middle brace, 
as may be seen in the section, is that by which the tube is kept 
perfectly immoveable with respect to the middle of the case; 
while it is uncohfined longitudinally in the cavities lined with 
broad cloth every where else. 

Both ends of the tube are ground perfectly smooth, and truly at 
right angles'to the axis of the bore, That end, which in mea- 
suring usually lies towards the left hand (since most people will 
work the screw with the right) projects about seven-tenths of an 
inch without the case, and is called the fixed end, because the ap- 
paratus belonging to it is fixed. The other end towards the 
right hand projects about nine-tenths of an inch, and, having a 
moveable apparatus, is called the moveable end. 

length, made of the very best material, and so nicely, fitted to the 
bore, as just to admit of being forced into without bursting it. 111 
the middle of the cork a cy 
sides are thin, the inward end thick, and the outward elid open. 
I t  receives a steel pin, whose inward end being formed into a 
screw, is thereby fixed into the thick metal of the tube. The 
steel pin carries outwardly a button and neck of bell-metal, The 
neck fits so very closely the open end of the brass tube as tb 
prevent any shake there; a t  the same time that the inside 
of the button applies very justIy to the ground end of the glass 

T h e  fixed apparatus consists of a cork about th 

drical brass tube is placed, whose . 
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. tube, EO which the outward surface%( being a true plane) is exactly I 

parallel 
The.moveable apparatus consists, like the other, of B cork and 

of the same length.. Before the insertion of this cork;, 
piece seven-tenths of an inch long, and two-tenthg 

broad, was cut froin it, in that part of its cylinder answering to 
the upper part of the outward end of the glass tube, on the ihward 
surface of which, about half an inch from the end, a fine: lj& 
had been previously cut by a diamond point. The brass tube irj 
this cork contains within it a loose steel worm, or helical spring, 
something less than the interior diameter of the tube. Along 
the cavity formed by the spiral, there passes a steel pin, like that 
in the fixed end ; but it is longer, o *screw at  the in- 
ward end, that being nicely ground, SO as to fit a circular hole in 
the inward end of the brass rube, while a triangular bell-metal 
neck fits one of that figure in  the outward end. Thus the pin 
moves freely backwards or forwards without any shake, and presses 
upon the steel spring, by means of a circular brass collar, placed 
for the purpose, at the inward end of the neck;...While the out- 
ward end is attached to a&bell-metal button. The outward. Sur- 
face of this moveable button is spherical, described on a 
about two inches ; while the inward surface, like that at the fixed 
end, would apply closely to the ground end of the glass tube, but 
sliould not be pushed so far forward as to toiich it. A circle and 
liarrow slide, cut from a solid cylinder of ivory, fitted originally 
to enter easily the glass tube, is attached to the inside of the  
button by small screws, and permits the neck to pass through a 
hole made on purpose in the circle. The  slide is about eight. 
tenths of an inch long, and has a fine intersection cut wpon it near 
the inward eiid, made black to render it *more conspicuous. Thus, 
two rods being brought into contact, an'd the fixed buftonW on6 
being pvessad-against the moveable batton of the other, the inter- 
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section is thereby pushed forwards until it coiiicides with the 
diamond hie  011 the interior surface of the tube; whose length 
is SO adjusted, as that, when the coiiicidence is perfect, the dis- 
tahce between the plane surface of one button, and the spherical 
surface of the other, is exactly twenty feet. The left-hand side of 
the plate represents the relative positions of the extremities of the 
first and second rods, when the ivory is in  coincidence with the 
diamond line. And the right-hand side shews the relative situa- 
tions of the extremities of the second and third rods, before the 
ivory is brought to coincidence with the diamond line, the slide 
being then pushed out by the action of the spiral spring within 
the cork. 

They are two 
iiiches in diameter, and connected by a common steel axis, whidi’ 
rises and falls in a vacuity prepared for its admission in the ma- 
liogany,etid-pieces, the under part of which vacuity is afterwards 
filled up. 
. A brass strap or bridle, about eight-tenths of an inch broad, 
passes over the top of the case, and descending down each side, 
bends outwards, so as to form i.1 projection for the reception of 
the wheels, whose pivots”turi1 in, but near to the lower end of the 
bridle, which is kept in its place by means of the two side screws 
working in grooves, and the willed-headed screw at top This 
last serves likewise to raise or depress the wheels at pleasure. 

Each rod has two cross feet, placed immediately behind their 
respective pair of wheels, extending outwards about 43 inches 
from the centre on each side. Under their outward extremities, 
small pieces of hardened steel, formed into the teeth ofn file, are 
fixed by means of ~ C f e w S .  When the first rod has been laid in 
its true place, by unscrewing the milled heads, the wheels are suf- 
fered to rise ; whereby the whole,wejght is removed from them, and 
thrown upon the teeth of the files,,which the11 indent themselves 

Every rod has four wheels, two at each end. 



into the surface of the stand, and kcorne as .it were united ito 'it. 
But when the fixed button of the second rod is brought to press 
against: the moveable button of the first, the weight being then 
thrown upon the wheels by screwing the milledsheads at ,top, the 
rod is easily moved on by the following apparatus. 

The three rods are numbered, as were those of deal, 1.9 ; 3.4'; 
5.6. On the first or odd end of each rod I. 3. and 5. there stands 
a brass fork, about two inches high, fixed by four screws and an 
oblong plate to the top oE the case. On the second, or even end 
of each, e .  4. and 6. there stands a brass pillar, of the same height 
with the foyk, likewise fixed to lthe $op of the case by four screws 
and a circular plate. Two.steel rods or hooks were indifferently 
used for briaging u p  the moveable rod ,(the weight #then lying on 
the wheels.) into its true place. They are both represented in the 
plate,,and only differ from each other in the shape of the brass 
milled-headed iiuts diat work upon the screw, of about 2+ inches 
in length, into which the right-hand end of each hook is formed. ' 

Thus, while the nut enters very freely'itito, and rests upon, the 
fork, the left-hand end of the hodk has a circular hole in it, where- 
by it slips easily off and on the brass pillar. By referring to 
the plate, it will appear sufficiently obvious, from the nature & 
the n u t  on the left-hand hook, that it could only move the rod 
to coincidence, and could not bring it back again, if the business 
happened at any time to be overdone; in which case it was 
necessary to move the rod a little backwards by the hand, and 
then to work anew with the nut, until the coincidence was accu- 
rate : whereas the nut on the right-hand hook, having two shoul- 
ders, cwld either push or pull the rod forwards or backwards : 
and although this appeared to be an advantage, yet it was found 
from experience, that i t  rather bound the hook too much, and 
occasioned a kind of spring in the parts, which sometimes dis- 
turbed the coincidence on the removal of the,hook; wherefore it 



c 5'7 J 
was often applied, like the other, by placing the screw itself in the 
fork, and working with both shoulders of the nut behind it. 

The positions of the thermometers, and mahogany oval lid on 
the top of the case, have already been mentioned. This last being 
unlocked and removed, permits the case to be looked into, or the 
hand to be admitted, in  order to be certain that the fastenings 
remain safe and entire in the inside, Brass caps, with the respec- 
tive number of the rods eiigraved on them, are likewise screwed 
on the male-screws in the ends of the case, through which the 
extremities of the tubes project, to preserve them from accidents 
when not in use. And, lastly, to strengthen the cases, but more 
particularly to prevent them from being rent, when long exposed 
to the sun's rays in the field, the sides are covered with brown 
linen laid on very smoothly, and carefully glued with thin glue, 
used as a stronger kind of paste, to which it may yet be necessary 
to add a coat of oil paint. 

Each of the glass rods, completed in the maimer abovemen- 
tioned, weighs about sixty-one pounds. Their lengths were ascer- 
tained by means of new brass points placed in the great plank, 
the spaces of forty inches being laid off, with the utmost care, 
from the brass scale, when the temperature of all had remained 
for the greater part of two days (August 15th and 16th) a t  or 
very near 68". For this purpose, two brass rectangular cocks, 
whose alternate surfaces had been previously ground together, 
were placed upon the plank, so as to bisect the extreme dots ; in 
which situation they presented to each other surfaces that were 
truly parallel. The rods being then severally placed between the 
cocks" (or, as was found to be a better method, between the point 

* The first of these cocks, or that to wliicli the fixed button was applied, had a 
hole in it  exactly of the hcight of the centre of the button, and large enough to per- 
mit the point of the micrometer screw to pass through it, the said screw being fixed 

I 
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of a micfometer screw, supplying the place of the first cock, and the 
second) the ivory intersection Was at first necessarily carried be- 
yond the diamond line, so as to make the intermediate space less 
than it should be, until'by the gradual grinding down of the 
moveable bell-metal button, it was enlarged to twenty feet, as then 
shewn by the accurate coincidence of the intersection with the 
diamond line. 

It was by these distances in the great plank, prolonged to 
twenty-five feet, that the new length of the steel chain was now 
settled, so as to obtain the full one hundred feet at four measure- 
ments. At this time too, brass points were introduced into the 

very twenty-five feet, whereby its extent may be com- 
pared on any future occasion; but the temperature had now 
fallen to 66"& 

on the farther side, or beyond the cock. Thus,  while the temperature continued 
accurately at 68", the fixed button, or any other plane surface, being brought up to 
the hole in the cock, and the micrometer point screwed so far as just to touch it, the 
coincjdence continuing in the interim perfect, the exact distance af twenty feet was 
&rained between the point of the screw and the second cock ; at which time the 
division answering to the index on the head of the micrometer was carefully noted. 
Th i s  being done, the cock with the hole was removed from the plank, and the r o b  
Were severally adjusted by being placed between the point of the screw and the 
second cock, Th i s  substitution of the micrometer point, instead of the first cock, 
was found necessary ; because, during the operation of adjustment, the temperature 
would sometimes change a degree, generally in excess, from handling the instru- 
ments. One degree of alteration, producing a difference of ab$ s&vth part of 'an 
inch in the twenty feet, was very easily and accurately allowed for by such a micro- 
meter as this, which shewed the Coincidence of the ivory intersection with the &- 
m& line to be more OS less perfect, when the head of the screw was moved two 

divihnr, that is to say, &sths Or r$a& part of an inch. 



I: 59 J 

DiSposth'on of tfie Stands for the Double Measurtlaneitt wi th  trteCbaiit 
and Glass Rods ; Description of the Apparatus tben applied to the 
Ends of the Chain ; and ultimate' continuation of the Measurement 
w i t h  the Glass Rods alone, PI. II. and IV, 

14. From the various circumstances already mentioned, in the 
course of this tedious, yet necessary recital, it had beer; for n con- 
siderable space of time foreseen, that the result given by the mea- 
surement with the deal rods must be entirely rejected, and that by 
the glass rods adhered to, as every way deserving of the prefe- 
rence; because of the obvious impropriety there would be, in 
taking a mean between one indisputably good and another less 
perfect, however small or trifling in reality the difference of the 
two might ultimately be found, on a minute and scrupulous com- 
parison. 

with the glass rods, and at the same time to give something like 
a fair trial to the chain, it was proposed, that a double measure- 
ment should be carried on with both at once; that is to say, that the 
number of stands, and several other parts of the apparatus, should 
be so far augmented, as to admit the chain to be placed twice in 
advance, and then the rods to follow in succession on the same 
stands. Accordingly, the various articles having been sent to the 
north-west end of the base on the evening of the 17th of August, 
the operation of the double measurement commenced next morn- 
ing, the 18tha 

By referring to PI. 11- it will be seen, that seventeen stands 
were necessary for supporting the chain, the apparatus attached 
to each end of it, and ten coffers, whereof every five made about 
ninety-eight feet, in order that, one length of the chain being 
measured off in the first five, it might be drawn forward into the 

1 %  

.In order, therefore, to avoid any repetition of 



last five, and so on. These seventeen stands were disposed of in 
three groups of three each, and four intermediate, between the 
central and extreme groups. The  middle or slide stand of each 
group (so distinguished because some of them had brass slides on 
their tops) supported the handle of the chain, and of course re- 
ceived the traces made at the feather-edged pieces of bras, ter- 
minating the beginning and ending of the hundred feet. Thus, 
there were in all six stands, intermediate to those in the centre of 
each group that supported the ninety-eight feet of coffering, which 
w a s  kept so much short of the hundred feet, that its extreme parts 
might not rest upon, or even touch, the central stands. To that 
on the left of the centre was.attached the apparatus for the first or 
zero end of the chain ; and to that on the right of the centre was 
attached the apparatus for the last end of the chain. When the 
second chain length had been measured off) the first and sixti1 of 
the coffer stands of the first chain were moved forward to prepare 
for the third chain; and the four reinaiiihg coffer stands were 
raised, until their surfaces came into the same plane with the 
slide stands, for the reception of the glass rods. The space by 
which these stands were raised was about three inches; for so 
much higher was the surface of the intersole or flooring of the 
coffers than the stands which supported them. 

The apparatus attached to the first end of the chain, or that: 
which served to pull it back to the point of commencement, while 
a weight continued suspended at the farther end, consists of two 
parts, as may be seen by referring to the left-hand side of P1. 11, 
First, a small wooden frame, fitted to slip on to the top of any one 
of the ordinary stands, placed itninediately to the left of that which 
supports the handle. Secondly, a flat steel rod, about two feet in 
length, wherein a number of holes are pierced, about an inch ilsun- 
der, for the reception of st steel pin placed in one of the holes, as 
best suits the distance of the stand from the handle. That end of 



the steel rod nearest to the end of the chain is formed into a screw 
about four inches in length, and it receives upon it a forked hook, 
fitted to lay hold of the straight part of the handle of the chain. 
Within the forked hook there works a strong mill-headed brass 
nut, which acting upo~i the bottom of the fork, the chain is thereby 
pulled back, unti l  the I\ ire suspending the plumtnet from the dart 
on the feather. dg:e coiiicides with the point of coinmeiiceineiit on 
the ground uiiduriieath ; for which purpose there is a hole in the 
top of the stand through which the wire passes. The apparatus 
stand, thus serving to pi111 back the chain, was commonly loaded 
with double weights, placed 011 the two hindermost legs. 

The apparatus for the last elid of the chain consists, like the 
former, of a stnall wooden frame, that can be readily slipped upon 
any of the common stands, as inay be seen by referring to the 
right-hand side of PI. 11. This frame carries a pulley, over which 
a rope passes, having fourteen pounds weight suspended at one 
end of it, while a forked iron hook at the other end lays hold of 
the scraight part of the brass handle. By means of these two 
apparatuses the chain is always kept to the same degree of tension 
in its coffers, in each of which c’i thermometer was placed to indi- 
cate the temperature ; the whole being covered up from the direct 
rays of the suit by a narrow piece of linen cloth, stretched along 
it from one elid to thc othcr. 

Each cofkr consisted of threc boards about half an iiich thick. 
The sides were about five iriclies deep, nailed at the middle to an 
iiitcrsole hottom of four inches, i n  sucli iiiiiiiiier as to be repre- 
seiited in section by the letter ti.  l’liey were ill made, being by 
their parallelogralil shape apt to warp, which might have been pre- 
vented by giving them the figure of [lie cases of the glass rods, 
that is to say, milkiiig them wide iii the middle, and narrow at 
each elid, 

‘ c  
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We are now proceed to give some account of the double 

measurement with the chain and glass rods ; wherein it must be 
remembered, as also in continuing the operation with the glass 
rods alone, that in referring to the map for the daily progress in 
the work, we are going from the forty-sixth towards the first 
station; and in having recourse to the general table of the 
base, for altitude, temperature, or correction for expansion, we 
are ascending from the bottom towards the top, contrarily to 
the order in which the operation with the deal rods was con- 
ducted. , 

On the morning of the 18th of August, the stands with the va- 
rious parts of the apparatus being placed in  the manner just now 
described, the operation was begun by bringing the first end of the 
chain to coincide with the intersection on the tripod, answering to 
the end of the 1370th deal rod, and 4.31 feet distant from the centre 
of the pipe terminating the north-west extremity of the base. The 
chain being stretched along its five coffers by the fourteen pounds 
weight suspended over the pulley at the farther end, and the tem- 
peratures of the five thermometers being registered in a book kept 
for that purpose, a fine trace was made on a piece of card, fastened 
under the feather-edge at the farther handle, denoting the end of 
the first hundred feet. The chain being then moved 011 into the 
next five coffers, those that had been thus vacated were carried 
forward, to prepare for the third chain length, and thereby permit 
the first set of stands to be elevated for the reception of the glais 
rods; and so in succession with the others. 

In this manner we proceeded, and in the course of the day were 
only able to measure the length of ten chains, or 1000 feet, being 
the forty-sixth and forty-fifth hypothenuses of the base, the first 
of 400 and the last of 600 feet. Being arrived at  this point, it was 
found, that the fine line on the brass slide, marking the extremity 



of t h e  tenth chain, fell short of another fine l ine  on the same slide, 
denoting the end of the fiftieth glass rod, just two-tenths of $11 

inch. Now it will appear hereafter, when we come to shew, by 
the experiments with the pyrometer, what the real contractions of 
the chain and glass rods were, for the degrees of difference of tem- 
perature* below that in which their respective lengths were laid off, 
that this small apparent difference of two-tenths of an inch,between 
the t w o  modes of measuring the thousand feet, should have been 
0.17938 in. to have made the two results exactly agree, which is a 
real difference of only o.oeo6~  of an inch. Supposing then every 
thousand feet of the base to have been measured by the chain with 
the same attention, and consequently with the same, or nearly the 
same success (and there surely cannot be any reason to doubt of 
the practicability), we shall have e7.404 x o.oeoGe in. = 0.565 in, 
or a defect of something more than half an inch on the whole 
length of the base. 

e length of the chai as laid off, the heat was 6 6 O * ,  and that of the glass 
rods 68'. They will, therefore, only agree with each other accurately in these respective 
temperaturcs. T h e  mean of twenty thermometers for the four chain lengths of the forty- 
sixth hypothenuse gave a heat of 6 1 O . 6  ; and for the six chain lengths of the forty-fifth, 
the mean of thirty thermometers gave 5 9 O . 7 5 .  'The temperature of the 400 feet of 
glass, by the mean of forty thermornetcrs, was 65O.3 ; and of the 600 feet, bythe mean of 
sixty thermometers, it was 60O.8. Now, from these data, and the expansions of steel 
and glass, as determined by the pyrometer, the computation will stand as follows : 

111. In. In. 
0.03Qs2 = 0.14955 400 68.5 - ct.6 

600 60.5 - 5,9,75 = ,75 x 0 04578 =0~30901 
68.0 - 65.3 = 7.7 x 0.02068 = 0.05584 

T h e  1000 fcet of Steel should have contracted more 

contract. of 1000 =t9 Steel { 

- t:z 68.0- 60.8 = 7.2 X 0.03102 L 0,22334. 

than the IOOO feet ot glass, - - - }=0.17938 

But the difference was foulld to be - - = 0.20 '00 
. -  

Therefore the error of the chain in defect was 
in. or little more than 

- 0,0206a x 27.404 f; 0,565 
an inch on the whole base. 



ent between two results, with iilstruments so 
not fail to be considered as astonishing ; and 
that the graduation of thermometers will SO 

ith each other, as not to occasion a much 
e very desirous that it could have been far- 

ther confirmed by continuing the operation in the saine way 
through a more considerable proportion of the whole length, But 
besides the tedious nature of the double measurement, owing to 
the multiplicity of stands, platforms, coffers, and other articles, 
that were now successively to be moved forward, and for which 
purpose it had been found necessary to reiiiforce the party of sol- 
diers with six additional men ; the operation had already trained 
ow much more considerable length than had been expected ; 
th mer was now far advanced, and the continuance of good 
weather uncertain; the coffers likewise for the chain, having 
been constructed in a hurry, were found to be defective: jn 

short, all these reasons contributed to induce us to give up, for 
the present, any farther experiment with the chain, and to pro- 
ceed with the glass rods,alone in the completion of the measure- 
ment. 

Accordingly, on Thursday the 19th of August, the operation 
with the glass rods was continued for the five hypothenuses, from 
the forty-fourth to the fortieth inclusive, It will be remembered, 
that in proceeding with the deal rods, double pickets had been 
placed in the ground, at the middle of the forty-first hypothenuse, 
or that point which termhated the 1215th rod, reckoning from 
the south-east, or the 155th from the north-west end of the base. 
Now, returning to this point with the glass rods, the extremity 
of the 155th fell short of the silk thread stretched from picket to 
picket, just one-tenth of an inch, sion of the brass 
standard scale, and that of glass being tak o the account, it  

The 
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appears, that the small expansion * of the de 
midity of the air, must, at this point, have 
estimated at in  the general table by 0.931 of an inch, supposing 
no error of any kind whatever to have arisen in the execution, 
from bringing the rods into contact, or otherwise. 

On Saturday the erst of August, the measurement was resumed 
at the thirty-ninth station, and continued for five hypothenuses- 
to  the thirty-fifth inclusive. 

This day, about noon, his Majesty deigned to honour theope- 
ration by his presence, for'the space of two hours, entering very 
minutely into the mode of conducting it, which met with his 
gracious approbation. 

On Monday the egd, the mensuration was farther contiiiued 
for five hypothenuses, that is, to the thirtieth inclusive. 

On Tuesday the e4th, we proceeded with the measurement for 
the space of seven hypothenuses, finishing the business of the day 

nty-second ,station. 
It will be remembered, that in carrying on the operation with ' 

the deal rods, double pickets were left i n  the ground at the twelity- 
seventh station, answering to the extremity of the Sloth rod 
from the first, or the 560th from the last end of the base. Now, 
011 arrival nt this poiat, the 560th glass rod overshot the silk8 thread, 

for I O  excess of temperature of the brass scale from 62' 

proportionable part of the estimated expansion from hu- 
to 630. 

mldity. 

* 155 dcal rods 

r: 

+ 1.034 equation of the deal rods on 3100 feet. 

+ 2.301 for 6" excess of the heat of the brass scale from 620 to 68'. 

+ 0.100 by which the 155th rod fell short of the thread. 

+ 1.965 equation of the glass rods on 3100 feet. 

contraction of the glass from the I Ith and 12th 
columns of the table. - 

c- 

Difference ,of tlle t wd cqnations, under-rated in thc cxk' 

=3100 feet 

0°93' { palision of the dcal rods. 
K 



stretched from ‘one picket to the other, e.595 inches. Here again 
we find, that the lengthening * of the deal rods, from the moistul’e 
of the atmosphere, differs but little from what i t  has been egti- 
mated at by comparison with the standard, being over-rated only 
two-tenths of an inch on the 560 rods. In this day’s operation, in 
passing the bridge laid over the old river, the measurement, in- 
stead of being made in the hypothenusal, was carried on in the 
level line, for the space of twenty rods, namely, fifteen rods of the 
twenty-seventh, and five of the twenty-sixth hypothenuse; which 
occasions the alteration in the reduction of these two spaces, mark- 
ed with asterisks in the general tabIe. 
As some trouble had been found to attend the crossing of the 

g d, in the first measurement, owing& to the number of 
carriages that were continlially passing, the depth of the ditches, 
and height of the banks of the old Roman way ; therefore tressels, 
suited for the purpose, had been now prepared : and lest any ac- 
cident might have happened in conducting this part of the opera- 
tion, so as to oblige us to a repetition, double pickets were placed 
in the usual manner in the ground, two rod lengths from the 
twenty-sixth station, to which we could have referred, without 
going back as far as the tripod left at the twenty-ninth station, 
the point from which we had departed in the morning, 

Bad weather prevented any progress being made on the 25th ; 

a 560 deal rods= for I* exces~ of. heat of the brass scale from 620 to 630, 
I 1200 feet estimated expansion from moisture. 

+6.648 equation of the 560 deal rods. 

+ 8. 43 for 6” excess of heat of the brass scale from 620 to 680. 

-1.191 observed contr@on ofditto} + and 12th. 
-2,525 over-shot the sdk-thread. 

+ I . 8 ~  I observed expansion of lass from columns 1 Ith 
11200 feet 

- 

+6.4@ equation of 560 glass rods. - 
o,modifference over-ratedintheexpansion ofthe 560deal 



e and, 011 the e6th, all that could be done was to measure the twenty- 
second and twenty-first hypothenuses. 

p On 1;riday the eyth, the work welit on more expeditiously, hav- 
ing in the course of that day measured six hypothenuses, and placed 
the tripod at the fourteenth station. 

On Saturday the e8th, eight hypothenuses were measured, and 
the tripod wag placed at the sixth station. In this day's operar 
tion, being arrived near the bridge laid over Wolsey River, double 
pickets were placed in the ground in the point answering to the 
extremity of the i q e d  rod, reckoning from the north-west, or the 
198th rod from the south-east end of the base, that we might recur 
to them in case of accident; and the eighteen rod lengths, be- 
tween this point and the sixth station, were measured on the 
level, instead of the hypothenusal line, which required the nltera- 
tion of the reduction, as distinguished by the asterisk in the gene- 
ral table. 

80th of August,. the mpasurernent, with the 
glass rods was completed;" when the extremity of the 1370th 
rod overshot the centre of the pipe terminating the base towards 
the south-east by 17.875 inches, or 1.49 foot. Hence, when the 
several equations for expansions are respectively taken into the 
account, we find, that the alteration of the deal rods from the 
humidity of the air, which, by comparison with the standard, was 
apparently most considerable in the first and second sections of 
the base, has now wholly vanished ; that is to say, the total amount 

* The  gentlemen who were present at, and assisting in, the last day's operation, 
were Captain Bisset, Mr. Creville, Sir William Hamilton, Mr.Lloyd, and Dr. Usher, 
Professor of Astronomy in the College of Dublin. This last gentleman was so 
obliging as to observe, with the most scrupulous attention, throughout the whole opc.. 
ration with the glass rods, that the coincidence of the second with the first remained 
undisturbed, while that of the third with the second was completing, 

KS? 



of it ha$ &en over-rated by "0.964 inches ;" and this is the con- 
tradjctory' cjrcumstance that has been formerly alluded to. 

I have already suggested what appear to me to have. been the 
only three possible causes of this difference, found bet?ween the 
estimated and real expansion of the deal rods; and as we are to 
abandon that measurement entirely, it is of little or no import- 
ance now to endeavour to discover, were it possible, whence i t  
may have arisen. If any error was actually committed; which is 
the least of all probable, it could only have happened at the place 
of the tripod, by bringing a wrong point of the stem over it when 
'the operation was'resumed. But it is well known, how 'much 
care and pains were taken to prevent any thing of that sort. In- 
&ed the hypothenusal distances, ks given by the ..chain, 
nearIy among themselves, that even a foot or ten inches would 
have made so remarkable a difference in the situation of the next 
picket, as could not have passed unobserved. Besides, in return- 
ing with the glass rods, after passing the Staines Road, the mea- 
surement was gradually found (without any leap whatever) to 
overshoot t h e  pickets, and at last over-reached the south-east 
pipe by 17.875 inches. I am therefore inclined to believe, that 
the difference arises partly from what may have been lost by con- 
stantly butting one rod against the other, whereby the end of the 
1870th did not reach so near to the north-west pipe as it ought 

# 13 o deal In* 
rois 
27400 ft. 

}+ 3.389 for I O  of the brass scale from 6z0 to 630. 
-+ 24.223 estimated expansion from humidity. 

+ 27.612 equation of the 1370 deal rods. 

+ 20.336 for 6" of the brass scale from 620 to 680. 
+ 5.989 observed expansion of lass - 1.802 observed contraction o f ditto } 12th. 

+ 6.648 equation of the 1370 glass rods. 

-- 

from columns 11th and 

- 17.875 space by which the 1370th rod overshot the pipe. 

20,964 over-rated in the total expansion of the deal rods. 
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to, and would have done, if the rods had been applied to each other 
by coincident line It: must, however, be confessea;,that the near 
agreement betwe6nfthe glass and deal rods. ih theupper part of.the 
Heath seems not perfectly reconcileable to this supposition, Never- 
theless, the descent being quickest, and the irregularities of the 
surface much more considerable in the lower than the upper part, 
might produce some efect in one, whichdid not take place in the 
other. But the chief part of, the direrence I tak 
ceeded from over-rated expansion ; that is to say, 
brought into use, contracted sooner than we imsgin 
gave a shorter measure than what was assigiiable to them from 
the inean of ally two or more comparisons, 

The  last day of August was employed in  discharging the party, 
and removing the various parts of the apparatus-to Spring Grove 
House. 

Description of the Mi& 

8 

ing, by experiment, the Expansion' of' the Metals concerned ili 'tbe 
Meusurement Oftbe Base. P1. V. 

15. Having, in  the preceding part of this Account, given a very 
minute detail of ,the actual operations 'in the field; thatsthe pub- 
lic; being thus &formed of every circumstance, might be'tlre bet- 
ter enabled to judge of the accuracy of the result, it remains yet to 
point out, in what inantler khe equations for the expansions of $&he 
Standard scale, steel chain, and glass rods; applied to tile: npparknt 
measuremellt of the base, in several of the preceding Iiote:d, have- 
been obtained by ~ ~ e ~ l l S  of experiments with the pyrometer. 

It is sufficieiitly well known, that many years igo, a very inge- 
nious and valuable Member of the Royal Society did publish in' 
the Philosophical Transactions (Vol, XLVIII. 1754, No, 79.) an 
account of experiments inade with a pyrometer of his inveiltion, 



of the accuracy of the experiments liere 
tyqy,#py wil1,bg cppfir.med by the accqunt 

e ~ceptlyarnslde, with ,which they very 
ne_& agree. But as tlifierent pjeces of metal of the same. kind 
are certainly s,usceptibk of different degrees of expansion, it was 
jvdged best, on the present pscasion, to put  rods to the test of 
thoseyery metals that ad bpen.,mgtde use of in the actpal mea- 
suremFnt; of: the base. For, sypposkg both sefs pf experime.nts to 

@de with instrumeiits equally .perfect,, and to have 
regpects equally .well conducted, ,this must a1 ways 

be considered a@ the tionable tmethqd. Besides, the 
expansion of rods of ve fget beipg psGegtaiued, the 

this,deliqeta pptyre, becomes 
of their length above shorter 

rods. In these new experiments too, another sort of pyrometer, 
invented by Mr. Ramsden, has been applied, of such accurate con- 
struction, that it seems not easy to improve it. 

pic pyrometer, so named, because by means of 
attached to it, the expansion is measured, coiisists 

of a strong deal frame, five feet in length, nearly twenty-eight 
The eleva- 

tion of,+e-,eye-piece side,-or that which presents itself to the ob- 
Server, ands also of the<micrometer end, or that which is towards 
his right-hand, as well as .the general plan of the top, are repre- 
sented by a scale of one inch to a foot, or one-twelfth part of the 
Ea1 dimensions, in p1. v. v . 4 ~ ~  lik ise may be seen the angular 

of the fixed end, together with,plans, sections, and elevations, 
of several of the principal parts, done to larger scales. From 
these, it is hoped, the construction of the machine will be easily 
understood, without entering into a minute description of the 
almost numberless smaller parts whereof it is composed. 

On the top of the frame, two dealltroughs, upwqrds of,fivq fpet . *  

oad, an4 about forty-two inches in hcjght. 



in length, are firmlybscrewed. That towards’ khe observer over- 
hangs the frame something ernore. than an irich’: that on the far- 
ther side is even with *the back part. Eaob of these troirghs, 
which are about.threc iiiahes square in the inside, contains a cast 
iron standard prism, whose sides are I$ inch. The maliner in 
which ‘the prisms are fastened to the bottoms, of their respective 
troughs, and the nature of the apparatuses they carry on .their 
extremities, will be readily conceived, by referrtnng to the parti- 
cular plans and elevations of them,, comptehended ip 
eight sinal1 figures towards the right hand,of -the,gemmi-l plm; 
Four of these appertain to the left-hand or fixed micrdseope ; and 
the other four to the right-hand or micrometer microscope, so dis- 
tinguished, because it has a micrometer attached to it. By means 
of the brass collars which embrace the prisms, their left-hand or 
fiked ends are screwed down extremely fast to Ithe brass pieces 
whereon they resti so as to be perfec immoveable there‘tnvith 
regard to their trouglis ; whereas Sthei ght-band ekhds are kept 
easy, yet without shake, in their collars, that they may contract 
or lengthell freely as the temperature may require, without occa- 
sioning 8 any strain upon the  parts. The prism .in tlie nearest 
trough may be called the eye-pike prism, because it Icarsies ahe 
eyeYpieces of the’mickoscopes ; aiid that in the’farther trougb,she 
mark prism, because it carries the marks or cross wires nt  ’which 
the microscopes respectively point. The troughs are covered 
with pitch in the inside, to make them hold water ; and each. has 
a cock in. the left-hand, end for discharging it, 

Between the two deal troughs, one of copper, 8s a boiler, is 
placed, somewhat shorter than the former, but still upwards of 
five feet*in leingth. It is ahout 9: inches broad, and 33 in depth. 
The centre of the boiler, or rather the centre of the object‘lens 
which’ stands in it, we shall have occasion soon to point out, 
i s  distant from the cross wires of the mark 5.81 inches; and 



from the wirks of the micrometer attached to .the corresponding 
eyecpikce 90.33 :inches. The boiler rests on five small rollers, 
on'e being fixed"to :each end' of the *frame, and the, other three to 
the braces which run.across'it. This copper trough has likewise 
acock in the left-hand end ; and in the general plan a cast iron 
prism * i s  represented in it ; 'but ,this last carries no apparatus, as 
those i n  the wooden troughs do, being 'exactly of the length of 
five feet,'and only placed there as one of the  rods whose expansioli 
was tried, and to shew that the machine was capable of recciv- 
ing a rod of that weight andf'rnagnitude. 
' By referring tci the geherd plan it will be seen; that twelve 
lamps are made use of to bring the  water in the copper to boiI. 
They st&id on four shelves, three iri each compartment foriked by 
the cross braces of the frame. They can readily be pushed for- 
wards or drawn backwards, and when actually in use, their 
Ziandles. are. only seen; projecting 'from under the copper. ~ t :  

was found, by burning oil in the lamps, the heat of the water 
could not be raised above 909' or 910" ; but  with spirits of wine 
it was broughtsinto violent ebullition. The  plan of the frame 
likewise shews, that the tubes of the microsGopes are sub$videda 
into several distinct parts ; and that one of these parts is #attiche& 
by a collar'to a mahogany prism, which reaches from one end to 
the other, But the use of these contrivances it will be best to 
defer speaking of, till after having described the apparatuses that 
are placed within the  copper boiler. 

At the bottom of 'the plate the boiler is represented, both in 
pran and longitudinal section, to a' scale of one-fourth part of its 
real dimensions. It  contains within i t  two brass slides, the one 
long and the other short; which, from the braces that bind the 
cheeks together, Very muck resemble the form -of a ladder. The 
bng  slide, whose cheeks are 1s inch deep, reaches almost. the whole 
lellgth of the copper, although every %where unconnected with it,' 
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except at the points A and B. At the first of these, two strong 
pieces of brass, fixed to the cheeks, and notched underneath, em- 
brace the ends of a brass cyhdrical bar fastened to the bottom, 
At the last, the cheeks of the slide rest on a roller. Whence it 
follows, that the copper and slide remain immoveable with regard 
to each other at A ;  but from thence, towards either end,,they 
have full liberty to change place; that is to say, to expand by 
heat, or contract by cold, in any proportion their different natures 
may require, The left-hand end of the slide is shut up by a strong 
perpendicular' piece of brass, connected with the two side ri 
which support the object lens of the fixed microscope, whose c 
corresponds accurately with its inward face. This piece being 
firmly screwed to the cheeks of the slide, and counterwched out- 
wardly, forms a strong butt for the fixed end of the expanding 
rod (supposed here to be the steel bar) to act against. Within the 
right-hand end of the long slide, rests a short one of about 14,t 

ength, whose c are if  inch deep. Its outward end, 
on the cylind 

slide, fitted purposely to receive it; while a narrow longitudinal 
bar fixed in its inward end, at DE in the section, moves freely in 
the notch of a bridge F, framed for it in the long slide. The out- 
ward end of this hOrt slide i s  shut up ill a similar manner with 
the opposite end of the long one, 

This end piece is also connected with the two'side rings which 
support the tube containing the object lens of the micrometer mi& 
croscope,, whose centre is perpendicularly over its inward' fam, 
and being fortified outwardly by an edge bar, it forms'a butt for 
the expanding end o f h  rod, that is in experiment, to push against. 
By attending to the plate it will be perceived, that to this end-of 
the boiler a brass tube (R)  is fixed, which contains within it a 
brass rod, surrounded by a heliq+I steel spring; which acting upon 

L 

rface of the last ,brace 



a broad shoulder of the rod prepared for the purpose, thereby 
presses inward end, which ,enters the boiler, against the perc 
pendicular suaface of the end piece of the short slide. Thus, the 
farther end of .the rod in experiment, supposed now to ‘be ’jn its” 
contracted state, is constantly made to bear against the surface 
that is under the fixed microscope. But on the application of heat, 
the irresistible force of expansion in the rod obliges the spring to 
give way ; the short slide changes its place, and with it the object 
lens of the micrometer microscope moves on a space‘ proportionable 
to the degree of heat that is applied ; and it is this distance, mea- 
sured by means of the micrometer, as hereafter will be shewn, 

ines the. quantity of- expansion, or the space by which 
&e,fod ‘has lengthshed, From the plate it ‘will be further ob- 
served, that the  rod in‘ experiment rests on the surfaces of three 
rollers, about an inch in diameter ; and by means of three pair of 
billed-headed nuts, 14 inch in diameter, which move on axes that 
are formed into screws, until they almost touch the sides of the 
rod, this is kept in its true centrical position, whatever may be its 
form or lateral dimensions. 

The.’microscope towards the left hand has been denominated 
6x4, because it corresponds with the first or fixed end of the rod 
in experiment, and never changes its place while these are of the 
length of five feet. But it appearing to be’of consequence, that 
the ‘expansion ofithe standard brass scale, which is not quite forty- 
three inches long, should be determined, the pyrometer has there- 
fore beell adaptkdi for tbe reception of any rods less than five feet, 
whereby it is made- more .universally usefd. Far this purpose it 
becomes necessary to move the marks’atld ’eye-pieces of the fixed 
microscope, along their respective ‘prisms, to the proper position 
$& ttb’wd th$t jg  to be tried. Nevertheless, the object lens re- 
fm&fi%t.:fn. its &+vinal ,place ; end in ”iti s t k i d  another lens, of the 
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same focal distance, is fixed on a similar end piece; that can be 
firmly clamped to any corresponding place whatever of the cheeks 
of the long slide. Hence will appear the reason for breaking the 
screening tubes of the microscopes into several parts,’ and the use 
of the mahogany prism, along which the thick part of the tube 
moves from’ one end to the other. 

The pyrometer, since it was first made and ttied; has under- 
gone several small alterations, by way of improvernetits; which it 
is now uniiecessary to describe’ particularly. One ,of these was 
the application of CMSS levels to the parts of the tube (SS in 
general plan) connected with the object glasses. The manner 
ih which they are fixed 011 will appear from the representations of 
them in the lowerniost left-hand angle of the plate. And the 
section at the right-hand angle shews the appearance of the double 
brass hook, universal joint, and milled-headed nut, applied a c r w  
the middle of the b TU),  whereby the levels are brought 
to be‘ consistent, wh atek is boiling, with the positioa &ey 
had been adjusted to when the temperature was at freeziiig ; that 
is to say, they are kept parallel to tlieiiiselves in  both states. This 
was thought necessary, because the application of the boiling water 
suiik the middle of the slide a small matter, and thereby made the 
levels run outwards. 

The micrometer so often mentioned, being a very esselitial part 
of the machine, is represented, both in elevation and horizontal 
section, to the full size, Its chief parts consist of a micrometer 
steel screw, which works in the square nut of a brass slide, 
while the plane part of it enters into a long brass socket, nicely 
ground to receive it, and thereby preventing all shake. To  the 
square nut, one end of a watch chain is attached; the other 
elid having passed around is fixed to a barrel, which contains a 
watch spring, coiled UP in the usual manner. By this contrivance, 
any loss of time in  the motion of the moveable wire, fixed t9 the 
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square slide, is effectually prevented, whether the screw be turned 
backwards or forwards. The fixed wire, so called because it is 

e use 'of occasionally, appears in the elevation to the 
left hand ofthe former, and is farther removed from the observer, 
being attached to the oval slide which bounds the field of the 
micrometer. This wire is moved by the insertion of a milled- 
headed key (although not represented in the plate) fitted to slip 
upon the square end of its proper screw, which may be seen, in 
the elevation, projecting above the micrometer head. It has but 
little motion, being only intended for the measurement of small 

of expansion, or any small space, by leaving it there, 
other wire is repeatedly brought to coincide with, and 
rt from it, For particular purposes this wire may be 

useful ; nevertheless, the instrument would have performed very 
,well without it .) 

The construction of the microscopes will be readily understood, 
by referring to the figures under that head on the right-hand side 
of the plate; where the relative situations of the different eye- 
glasses, with regard to the wires or place of the magnified image, 

11 as to the eye, are truly represented in their real dimen- 
but the distances from these to the object lenses and tmrb 

respectively, are contracted or broken off, from want of sufficient 
room to delineate them otherwise. TO increase the angle of vision 
jn microscopes, it  js always necessary that they should haveat 
least two eye-glasses, and the fixed microscope in the plate shews 
them in their usual position, the image from the object lens there 
being formed between the two, that the'dispersion of rays in the 
first may be corrected by that of the second. But although this 
construction Serves perfectly well every purpose of the fixed mi- 
croscope, yet it could not answer in the moveable one, to which 
the micrometer is attached, where equal parts of an image, or their 
motion, are to be incasured by the equable motion of the object 
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lens, as shewn by the micrometer: for in that case, the interpo- 
sition of an eye-glass before the image was formed, would not 
only have diminished its size, and thereby rendered the measure 
less accurate ; but likewise,'by refracting the oblique pencils more 
than those nearer the centre, it would have destroyed the equa- 
lity of the scale, and made equal parts of the object itself to have 
been represented unequally in the magnified image, and conse- 
quently erroneously measured by unequal parts of the microme- 
ter. It was to remedy a defect of this sort that Mr. Ramsden 
proposed this new system of eye-glasses, described in the Phifoso- 
phical Transactions, Vol. LXXIII. 1783, No. 5. And he has here 
applied that system in the construction of the micrometer micro- 
scope ; where it will be perceived, that both glasses stand between 
the eye and the image, whereby the greater magnitude of this last 
is obviously preserved, as well as the just similarity of all its parts 
to those of the object itself. 

ith regard to the scale of the pyrometer,it is, in the first place, 
to be observed, that the head of the micrometer screw, which is 
nine-tenths of an inch in diameter, is divided into fifty equal 
parts, each of which being reckoned two, it is therefore num- 
bered to 100. Fifty-five revolutions of the head, being equal 
to 0.77175 of an inch, as measured with great accuracy by 
Mr, Ramsden's straight-line engine, it follows, that there are 
71.97 threads of the screw in an inch; that seven revolutions 
and nearly +&th parts move the wire of the micrometer one- 
tenth of an inch ; and that +th part of a revolution, or half a 
division, answers to a motion of sometliing more tiiaii 0.00014 of 
an inch, 

Having thus obtained the number of revolutions and parts of 
the micrometer (7. '3) corresponding to one-tenth of an inch at 
the wires, it i s  sufficiently obvious, that the number answering to 
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one-tefith ZM ‘at the mark being likewise obtained, and added. tb 
the formerr their sum will give the measure of onemtenth at the 
ObjeGt lens,>or the space by Mhich the expanding rod *has length- 
,ened, as shewn by thtqmotion of the lens from o to p 
-mepure of one-tenthtof an inch at the mark, was ascertained in 
*two different: ways, and the-results exactly agreed with each 
-other. In the first place, a very ,thin ivory slide, whereon several 
-twentieths of tin inch were nicely’divided. by exceeding fine; lines, 
:wast prepamd, and made to move in the mark where the brass 
-slide now exiets, A candle being then placed behind it  at night, 
wkle the pyrometer SstQod vyithin doors, and the micrometer wire 

.king, repeated2y.moved by the screw, its coincidence with the 
Zlifles wii$ distinctly seen through< thetivory ; .whereby,two of the 
spaces-wer& found to be measured by’ 94.98 revolutions of the 
.head. The second method was, by means of two exceeding fille 

wires placed parallel to each other on the brass slide, where they 
now remain, at the distance of one-twentieth of an inch on each 
side of the in temection wires, ’ as I be I seen by observing the 
‘real mark, or rather-. its magnified image,, as shewn in the-oval 
field of the  micrometer, in the cevtral figure of,construction. 
The revolutiolns df the micrometer aIYSWering to the distance b e  
-tween these parallel wires was, as before, found to be 94.93 ; wh jch 
being added to 7.13, we have @.o6 for the number of revolutions 
measuring a motion of one-tenth at the object lens, on the expan- 
sion of one-tenth. In thismanner Mr, Ramsden obtains the scale 
of his pyrometer, in the easiest and most simple way imaginable, 
without any necessity for knowihg the< absolute distances of the 
object lens from the wires of the mark on one hand, and thase of 
“the micrometer on the other ; distances not easily ascertained by 
actual measurement, on account of the position of .that glass in its 
cell, which caniiot conveniently be come at. Thus, in PL V, as well 
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as in the annexed figure, LM .being the object at the 

then ml will be its magnified image, in proportion to 
the former a s  rno is to OM. And if, thropgh,the point 
p ,  the place to which the object lens o has been carried 
by the motion of the expanding rod, a line Mq be 

distance of the mark, equal to one-tenth of: an inch ; . 

drawn parallel to LZ, we shall have mZ=ag.gg+Zq= 
7.13=mq=3e.oG, the number of revolutions of the 
.micrometer heasuring op, the expansion, Having 
thus'obtained the  total number of revoll2tions co 
spoilding to .mq.; and having .likewise measured the 
total distance mM-96.14, inches, a space.easily as- 
certained between the wires of the micrometkr and 
those of the mark, the partial distances mo and OM 
may then be readily found by computation : for mq: 
m2 t: mM : mo=ao.3g inches; and mq : mM' i: op : OM= 
5.43114 iricherJ. 
' In order to finish the description of theIpyrometer, 'it is only 
necessary to observe farther, that 'rhe circular scale, seen in 
the elevation of the micrometer, whose zero appears to co- 
incide with the dart on the plane part of brass, is that 
whidh serves by its motion.to rggister the tur f the head. A 
forked key3 fittea to enter the holes. riear the circurnfe&nce of the 
drcle, is .made use of for 'the Rdjustment of this zero. The circle 
should never.be *turned .backwards, 'dr 'towards the left, lest the 
swatch chains sbibuld thereljy be .thrown off the barrel, bur atways 
fohards, or towards the right, even if it shouId be nec 

which should be first brought to correspond with its proper dart. 
They may be seen to coincide in  the horizontal section of the 
micr,ometer ; and the departure of zero from this dart, indicates, 

ost an entire revolution. The zero of the.h 



by the number of divisions that are intercepted, the value of any 
fractional part of a revolution. 

Account oftbe riments with tbe Pyrometer. 
* I  

16. Although the instrument which I have here endeavoured 
to describe was begun early in the winter of 1784, yet it was 
not finished till the beginning of last April; at which time it 

' was brought to Argyll-street, and being placed truly level on the 
stone pavement of the yard, was covered with an oil-cloth ca- 
nopy, that the experiments might not be interrupted by rainy 
weather. . ~ 

five to thirty pounds of pounded ice, which was always put in 
with great care, so as to apply as compactly as possible to the 
standard prisms and rod respectively, with but little common 
water* at first added ; it having been found in these experi- 
ments, that ice water only, such as, d+rains from the ice itself, is 
that which should properly be made use of to mix with the 
pounded ice, in order to bring the whole mass to the true freez- . 

ilrg temperature. Being at the commencement uncertain what 
time might be necessary for the rods, especially when of so large 
a size as the standard prisms, to acquire the just. temperature of 
freezing; at first the ice was put into the troughs over-njght,,to 
prepare for the continuation of the experiment next morning. 
But after many repeated trjalg; this precaution was <found to be 
needless ; a quarter of an hour being more than sufficient to give 
to 'all the freezhg temperature; &as well as to render the.lens on 

To fill the three troughs completely, it required 

* When common water was used, although not in any very considerable proportion, 
the thermometer kept always half, and sometimes three quarters of a degree above 32*. 



the expanding rod stationary, af'ter the water supplying the place 
of the ice had been brought fairly to boil. 

The instrument, in its first state, having in some cases made 
the expansion appear to be progressive, and not equable ; there- 
fore its rate was attempted to be ascertained, by noting the pro- 
gression answering to 60", iaoo, and 180" above freezing. But 
when the instrument was rendered perfect, and that no sensibIe 
difference was found between the expansion at the lower and 
that at the upper part of the scale, a fair mean being taken be- 
tween its ascending aiid descending rates, and allowing for the 
difficulty of keeping the water, for any length of time, precisely 
to the same intermediate heat : then this tedious mode of coil- 
ducting the experiments was given up, aiid the expailsion for 180" 
was at once determined by bringing the water to boil around that 
rod, which but a little before had been lying in melting ice, and 
which the standard prisms still continued to do throughout each 
experiment, care being taken to have a supply of pounded ice 
always ready, to keep these two troughs quite full. 
Two observers are necessary for the effectual application of the 

pyrometer. He who observes with the fixed microscope, takes 
care that its object lens is kept in its true place; that is to say, 
that the wire in the eye-piece accurately bisects the intersection 
wires of the mark. This he is enabled to do by means of the 
apparatus attached to the fixed end of the boiler, as will be best 
conceived by observing the plan (at WX) along with the eleva- 
tion of that end placed near it, The apparatus consists of two 
milled-headed screws, working in brass plates fastened to the end 
of the frame, and acting against a small cock which projects from 
the lower part of the boiler, whereby this last receives such longi- 
tudinal motion to and fro on i t s  rollers, as is sufficient for the 
adjustment of the lens. He who observes with the micrometer 
microscope, having brought the zero of the micrometer head to its 
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dart, as shewn in the horizontal section, and also the revolution 
zero to its dart, as represented in the elevation, takes care, whell 
the rod has acquired the freezing temperature, that the inicro- 
meter wire bisects the intersection wires of its proper mark. 
This he effects by working with the milled-headed screw, repre- 
sented in the plan and elevation of that mark, whereby the mark 
itself is moved until the bisection is accurate; and during the 
whole of this time, the first observer must be extremely attentive 
to keep his lens adjusted. 

One assistant at least is necessary, who takes his station 011 
the opposite side of the pyrometer, to observe the levels, and keep 
them adjusted, by means of the double hook applied near the 
middle of the boiler, and represented in the section on the line 
TU, at  the lowermost right-hand angle of the plate. 

The pyrometer having been adjusted in the manner here de- 
scribed, by giving sufficient time for the standard prisms and 
rod to contract to the true freezing temperature, as was easily 
known by the wires becoming perfectly fixed and stationary with 
regard to the marks ; the ice was then removed from the copper 
trough : and the same being filled with water nearly on the boil, 
the ebullition was completed, and kept up, by means of the lamps 
]low lighted for the purpose, and slipped in underneath. 

The  expansion, answering to the 180' between freezing and 
boiling, was now measured by working with the micronieter screw 
until tIic bisection" of its wire with those of the mark was again 
complete ; the observer at the fixed microscope taking also espe- 
cia1 care all the while to keep his bisection perfectly accurate. 

* This bisection of the wires may always be made to a great degree of precision, 
by one with a tolerably good cye, and accustomed to observations of this sort. I have 
myself repeatedly adjkisted thc wires eight or ten times running, allowing another 
person to read off and UnaJjUst each time, without the mean differwee exceeding one- 
fourth of a division of the head, which is only 84;5LTath part of an inch. 
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The number of revolutions, registered by the number of entire 
divisions that the zero of the circular scale had departed froin its 
dart or index, and also the value of any fractional revolution, re- 
gistered by the divisions on the head intercepted between zero 
and its proper dart, were then noted, as expressed in  the first 
colunin of the subjoined table of experiments ; which requires no 
other explanation than what is therein inserted, and which has 
been extended purposely to shew at one view, from inspection 
only, how much the length of our base would have been affected, 
if measured by these metals respectively, in temperatures between 
32' and 69". 

All the experiments were repeated at least twice, and some of 
them three times, except the standard scale and glass pendulum 
rod, whose expansions were only tried once. The difference of a 
few divisions between the mean and extremes on the heat of 180°, 
being, in things of this sort, of no importance, it was judged 
wholly unnecessary to aim at a greater degree of precision in re- 
peating them oftener. By referring to the table, particularly 
that column containing the expansions on one foot by iSo", it will 
be perceived, that they are uniformly a sinall matter less than 
what has been assigned to the same metals respectively, in the 
experiments formerly alluded to. 

Ultimate Determination of tbe Lengtb of the Base on Nounslow 
Heath. 

17. In the former part of this Account, we have had occasion to 
speak of the seven first columns of the General Table of the base ; 
and the titles at the tops of the others respectively serve sufb 
ciently to explain those towards the right hand ;* the expansion 
of glass above, and its contraction below 651" contained in the 
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eleventh and twelfth columns, being deduced from the recent ex- 
periments with ihe pyrometer. 

Feet. 
T h e  hypothenusal length of the base, as measured 

by 13699255~1 @ass rods of twenty feet each -f- 
4.31 feet, beilig the distance between the last rod 
and the centre of the north-west pipe, is found 
to be - I - 2 7409.8204, 

The reduction contained io the seventh column of 

Hence the apparent length of the base, reduced to 

The apparent length is to be augmented by the 
excess of the expansion above the contraction of the 
glass rods, contained in the thirteenth column of the 
general table=4.1867 itiches, reduced to the heat of 
690, as has been usually done in former operations of 
this nature - I - 

The  apparent length is farther to be augmented 
by the equation for 60 difference of temperature of the 
standard brass scale and the glass rods, between 6%" 
and 68O, this last being the heat in which the lengths 
of the glass rods were laid off =11,8368 inches, * as 
deduced from the experiments with the pyrometer - 0,9864 

Hence we have the correct length of the base in the 
temperature of 62. reduced to the level of the lower- 

the general table to be deducted is - " 0.0714 

the level of the south-east extremity, beconles 9 7402.7490 

0.3489 

most extremity near Hampton Poorhouse, " 27404.0843 

Jo. In. 
* Ex ansion for 60 on the whole brass standardz3.38938 X 6= 20.33628 L? 8 {glass rods ~1.41t58~6=8.49948 -- feet. 

diff. I 1.8368=0,98 64. 



Feet. 
This last length requires yet a small reduction for 

the height of this lowermost end above the mean 1e- 
vel of the sea, supposed to be fifty-four feet, or nine 
fat homs, - - - - 0.0706 

Hence the true or ultimate length of the base, re- 
duced to the level of the sea, arid making a portion of 
the mean circumference of the earth, becomes - 9~404.ol~)r 

As some small degree of uncertainty remains with regard to 
this last reduction, it may not be improper to say yet a few words 
011 the principles that have been adhered to in making the com- 
putation. I t  will be remembered, that  the measiireiiicnt was made 

feet above the surface of the Heath, that being the height of the 
stands whercou the rods were placed ; and that the telescopic 
spirit level gave a descent of 36.1 feet from the lowermost pipe to 
the surfice of sumincr water in the Thames at Hampton. The 
accurate section of the  river lately publislied, gives n fall of 13.33 
feet from Hainpton to the level of low-water spring tides at Isle- 
worth. Now these three being added together, we have nearly 
fifty-three feet for the height of the base above Isleworth. Having 
had no immediate means of determining what real difference there 
may be betwceii Isleworth and low-water spring tides at the mouth 
of the Thaines (for instance at  the Hope or the Nore), I have sup- 
posed that fit11 to be about seven feet, so as to make the total de- 
scent sixty feet. Now, supposing thc spring tides at the Nore to 
rise cightcen feet, if, according to M. lh la h i d e ’ s  method, w e  
deduct one-third of eighteel], viz. six feet from sixty, ivc shall 
have fifty-four feet, or rlirie fathoms, that the mean surface of 
the sea is below the measured base. Whether this coiicIusion be 
perfectly accurate or not is of no moment, since R wliule fnthorn 
of direrence (and 1 apprehend we are 2i0t farther from the truth) 
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does not vary the reduction quite one-tenth of an inch. The re- 
duced base has therefore been found by the following analogy : 
as the mean semi-diameter of the earth (supposed here to be 
~~4,9915 fathorns) augmented by nine fathoms, is to the mean 
semidiameter, so is the measured base "7404.0843 to the reduced 
base 27404.0137 at the level of the sea. 

It will doubtless be allowed, that infinite pains have been taken 
in the field and otherwise throughout the whole of this opera- 
tion, to obtain a just conclusion. 
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General Table of the Base, shewing the relative Heights of the Stations above the south-east 
Extremity near Hampton Poorhouse, the Reduction of the Hypothenuses, and the Correction for 
the Temperature of the Glass Rods ; whence the true Length is obtained in the heat of 62". 

4 

I- " 7 

OthpnUsal length of the base containing 1369,925521 glass rods, of twenty feet each + 4.3 1 feet - - = 27402.8204 
ReBuction contained in the seventh column to be subtracted - - 0.0714 I 

apparent length of the base reduced to the level of the south-east extremity - - - =74oJ.74v 
- " - + 0.348s 

Add to the apparent len@ the difference between the expansion of glass above, and the contraction of it below 
62'~ contained in the thnteenth column = 4.1867 inchess 
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Add further to the apparent len th, the equatiol1 for 60 difference of temperature of the scandard brass scale and the 

Reduction %r the height of the lower end of the base 

glass rods, between 620 and 6t0, the heat iI1 which the glass rods were laid off = 11.8368 inches,= 

ChrreCt k n  th of the base in the temperature of 620, reduced to the level of the lower extremity a - 
tlic mean level of the sea. supposed to be 54 feet or 1 - - g fathoms .. 1 =- 

Total ascent. 

0.9864 -- 
o.07ot 

=~7404.084j 
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iypoth. 

Feet. 

0.07 
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0.07 
2.815 
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Table of the Expansions of Metals, deduced from experiments made with the Microscopic Pyrometer in April, 1785. 

By 10. 

Parts. 
_u_ 

1g.& 

By 10 of Fahrenheit the expansion is I parrs ob the micro- Actual cxpanaion in parts of an I mctcr for thc ex. I inch bv 1800. the revolutions being I 
-- 

On 5 fect. 

In. 
-.- 

0.111323 

on fivcl dividcd by gn.06, 

2.22646 

2.27136 

2.27386 

1.37368 

1.33126 

pansion 
leet. 

Description of the Metal Rods put to experiment. 

ny 180' 

0.060I237 0,001237 

0.0001260 o.oot26o 

o,ooo1a63 0,001263 

0.0000763 00007 63 

0.0000740 0*000740 

2 0 . ~ 4 ~  

20&& 

I z.+& 

I i.T"0;46 

8.g& 

8.r9rb 

0.1 13568 

0. I 13693 

0.068684 

0.066563 

0.046569 

0.04847t 

, ' l ~  

O n  8 foot. 

Ill, 

I_L_I 

0.022zG46 

0.0227136 

0.0227386 

0.0137368 

0.01 33 I 26 

0.0093 138 

0.0096944 

In. I In. -- 1 In. 

100 feet. 

In. 

0.01237 

0.01262 

0.01263 

0.00763 

0.00740 

0.00y 17 

0.005 39 

- 
400 feet. 

In. 

0.04948 

0 .os 048 

0.0jos 2 

0.03052 

0.02960 

0.02068 

O.OZX 56 

600 fcct. 

:n. 
- 

0.07578 

0.03 loa 

0.03234 

_I 

1000 ft. 

In. 
- 

3.1237 

3.1261 

3.1263 

3.0763 

2.0740 

0.05 17 

0.05 3s 

II- 

Bases of ~7400 feet of there metals 
would expand. 

By I*. 
_111 

[n. 

3.38938 

3.45 788 

3. +Go62 

2.09062 

2.02760 

I .41658 

1.47686 

- 

- 
ny 100. - 

In. 

33,8931 

34.2788 

34.6061 

20.9062 

20.276~ 

14..1658 

14.768C 

By aoo. 

In. 
__L 

67.7876 

69.1576 

69.2'24 

41.8124 

40.5 5 20 

28.3316 

29,5372 

- 

BY WQ. - 
Ln. 
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An Account of the Trigonomctrical Operation, . wbereby tlJe Distance 
between the Meridians of the Royal Observatories of Greenwicb 
and Par i s  bas Been determined, By Major-General WjZZz'am 
Roy, F. R ,  S. and A. S. 

Introduction. 

18. THE trigonometrical operation which becomes the subject 
of this work, had its commencement, as will be remembered, 
in the measurement of a base on Hounslow Heath in 1784, an 
account of which was given to the Royal Society in the following 
year. 

s opened (thr 
of state, the 

of Carmarthen, with the ambdssador at the court of France) a 
correspoiiderice with the Academy of Sciences, regarding the CO- 

operation expected on their part, for connecting the triangles 
which we were now preparing to extend along the English coast, 
with those fortnerly executed on the coast of France, opposite to 
Dover. And Dr. Blagden had engaged to assist in the business, 
011 the appointinelit of the Royal Society, whenever we should be 
ellabled to assign any probable time, for the different parties to 
repair to their respective coasts, for the aforesaid co-operation. 

About the same time likewise, a paper was laid before the Royal 
Society, intended as a sketch of the mode proposed to be followed 
in carrying the scheme into execution ; for which purpose it was 
accompanied with a general map, shewing marly the disposition 

the triangles. 
F& several months of the spring and summer of 1787, Mr. 

RaInsden had been seriously at work, in endeavouring to finish the 
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instrument intended for the measurement of the angles. Not 
having employed a sufficient number of workmen upon it at the 

t was now evident, that he had even deceived himself, by 
00 much to be donetat the latter end. At length, how- 

ever, the instrument was produced, and placed, on the 31st of July, 
at the station near Hampton Roorhouse. 

By commencing an operation of this nature, at so advanced a 
season of the year, it was sufficiently obvious, that only very faint 
hopescould be entertained of bringing it to a conclusion before the 
bad weather would set in. But it being of much importance toget 

d.across the Channel, at all events exe- 
e proposed to Comte de Cassini, who by this 

ppointed by the Academy of Sciences, to super- 
e business, that he should fix the time that 

might suit him best for our meeting on the coast ; that we would 
then discontinue the operation to the westward, and, having in 
coiicert executed the coast triangles, we would resume the inland . 
parts of our own series at some more convenient opportunity, 

This proposition being readily acceded to by Comte de Cassini, 
the 20th of September was appointed for our repairing to the 

e mean time our operation was continued, with all (ma- 
ginable care and assiduity, through the first ten stations of the 
series of triangles, from Hampton Poorhouse to that at Wrotham 
Hill inclusively. 

The instrument, and the various parts of the apparatus, were 
then removed to Dover, at which place Mess. de Cassini, Mechain, 
and Le Gendre, three distinguished members of the Academy of 
Sciences, arrived on the zgd of September. 

In the course of two days that these gentlemen honoured US 
with their company at Dover, every thing was settled in the 
most amicable manner possible, with regard to the times of reci- 
procal observation. 

er and Calais respectively. 
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great number of #white lights, fitted for long d ish  

several reverberatory lamps had been previously provided, Having 
been supplied with such a proportion of the lights as seemed ne- 
cessary for their side of the Channel, and one of the lamps, the 
French gentlemen departed for Calais on the esth, accompanied 
by Dr. Blagden, who attended them during the time of the co- 
operation, until it was finally closed on the 17th of October: 

For the greater part of the time, the weather was extremely 
bad ; nevertheless, on the partioular nights when the 
tant observations on our side were made, namely, th 
and Fairlight Down, the -nights happened very fortunately t 
favourable, so as to enable us to intersect, with great accuracy, 
the two distant points on the French coast of BZmcnek and Mont- 
,lambert,* and thereby to establish for ever, the triangular con- 
nection between the two countries. 

The Duke of Richmond, Master General of his Majesty's Ord- 
ist.ani%? 
resides 

with so much honour to himself and advantage to the public) by 
furnishing an officer and a detachment of artillery-men for the 
work ; ordering the laboratory at Woolwich + to supply whatever 
fire-works might be wanted for signals ; and temporary scaffolds 
to be erected at Greenwich Observatory, Shooter's Hill, and Dover 
Castle, for the reception of the instrument. But what was still of 
more importance than any of these, his Grace had permitted Lieut, 
Fiddes (oneof the engineers, on the survey then under my direcc 

to be employed, in the summers of 1786' and 1787, in 
a very accurate plan of that part of Romney Marsh w 
base of verification was to be measured, In a country so much 

this hill is vulgarly pronounced Botctcnrb 
r in the book, La M&rjdicnne vtr$€c. 

ajar Congreve, of the Royal Artillery, Ifid the ma 
d his assistance was found tg be mwt essentially useful. 

N 



intersected by ditches, and where there were so many ponds of 
water to be avoided, without such a plan raised beforehand ; an 
operation of SO deIicate and difficult a nature could not have been 
cffec ted . 

The apparatus for the measurement of the base with the steel 
chain, notwithstanding the urgency of the case, was not sent to its 
destination until the end'of the first week of October. To Lieut. 
Fiddes the engineer, was then joined Lieut. Bryce of the Royal Ar- 
tillery; and it was not before the beginning of December, that 
these two gentlemen, with the most unremitting labour and per- 
severance, were able to accomplish the measurement, as will be 
seen hereafter in the detailed account of that operation. 

In finishing the co-operation with the French Commissioners, 
at: Lydd on the 17th of October, our instrument had now passed 
through sixteen stations out of twenty-three. There of course re- 
mained yet seven stations where it was to be placed, and observa- 
tions to be made. Eagerly wishing to bring the business to a 
conclusion, we struggled on through five of the seven. But the 
weather at length became so tempestuous, that it was utterly im- 
possible to continue it, with any hopes of beiiig able to make satis- 
factory observations. Perched on the tops of high steeples, such 
as Lydd and Tenterden, or on heights, such as Hollingborn Hill, 
we sufficiently experienced, that operations of this sort, where 
the most important observations could only be made at night, by 
means of the white lights, should never be undertaken in the latter 
season 

011 -the second of November, the instrument was accordingly 
removed from the top of Hollingborn Hill, and sent to town, leav- 
ing the stations on Goudhurst and Frant Churches, both likewise 
situated on eminences, unoccupied until the ensuing season. 

The  winter months were employed hi calculating the observa- 
tions that had been made; and from these we were very well 
enabled to judge to what a degree of accuracy we had arrived in 
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determining the sides and angles : for Frant and Goudhurst, hav- 
ing been intersected from Botley Hill, Wrotham Hill, and-Holling- 
born will ; Goudhurst having been observed from Tenterden, and 
Frant having (contrary to our expectation) been seen and observed 
from Faidight.Down, we had thereby the certain means of deter- 
mining v.ery nearly what difference there would be between the 
measured and computed length of either base as given by tlieother, 
although observations had not been made at the two intermediate 
stations of Goudliurst and Frant. This difference, i t  was seen, 
would be but trifling. In as far, therefore, as the results of the 
plaiie triangles were concerned, we might have proceeded with the 
computations, and drawn the consequent conclusioiis, without 
hesitation, or any risk of sensible error, 

But, besides that it might still have been said that the instrument 
had not been placed at these two stations, there were reasons of a 
different kind, which rendered it in some degree necessary to place 
the instrument not: only at Gaudliurst and Frant, but also at B 
Hill and Folkstone Turnpike, where it had formerly stood, 

We made observations of the pole-star at Dover Castle, but that 
station, though about 466 feet above the sea, is nevertheless sur- 
rounded on the land side with eminences, at the distance of six, 
or seven miles, still higher than itself. From that circum- 
stance, we found it impossible to connect it with the triangles to 
the westward, otherwise than by a short side : and consequently 
the observations of the star became useless, Botley Hill,Goudhurst, 
and Folkstone Turnpike, therefore, presented themselves as eligible 
stations for observing the directions of the meridian. 

In  1787, when at the station on St. Ann’s Hill, in a very high 
wind, the box containing the axis-level was blown from the scaffold, 
and unluckily broken. Another sort of clamp : also an eye-piece, 
with a diagonal prism, for more conveniently observing the pole- 
star (or other high object), were necessary improvements. Those, 

N4 
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however, with a new axis-level, were not ready till the beginning ' 

of August, 1788. 
The  observations at Goudhurst, Frant, Botley Hill, and Folk- 

stone Turnpike, having been finished early in September, the in- 
strument was brought back to town, in  the neighbourhood of which 
it was employed for three days for the following purpose. 

In 1787, whenat the stationsof Hundred Acres, Norwood,Green- 
wich, and Shooter's Hill, we had only been able to determine, in 
a satisfactory manner, two points within the limits of the Capital, 
namely, St. Paul's Church and Argyll-street, the last by means of 
the white lights. Bearings of some others, it is true, were obtained ; 
but, in order that these might be intersected in the best manner, 
it  became necessary to place the instrument at one or more stations 
to the northward of the town. 

With the view, therefore, of laying the foundation hereafter 
for a much more accurate plan of London than could possibly be 
obtained in any other way, the instrument was placed, first, a t  
Hornsey Hill, to the eastward of Highgate; and secondly, on 
Primrose Hill, between London and Hampstead. 

Although the weather was rather unfavourable at the time of 
making the observations from these two new stations ; and that: A 
the smoke constantly hanging over the town in the latter season 
impeded us greatly ; nevertheless, the former bearings were inter- 
sected, and the situations of a considerable number of remarkable 
steeples within London and its environs, were accurately deter- 
mined, as will more fully appear in treating of the secondary tri- 
angles. 

Having thusbrieflyshewn the order, with regard to time,in which 
the recent operation, through its various steps, was progressively 
carried on and completed, it is proper that I should mention, that 
Mr. Dalby, who had been recomtnended as an assistant, has ac- 
quitted himself throughout the whole perfectly to niy satisfaction. 

- 
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Descr$tion of the Apparatus made use of in tbe Measurement of the 
Base of VeriJication in Romney Marsh, wi th  the bundred-feet steel 
chain, in the autumn of 1787, witb the result of tbat operation. 
Refereme to be bad to Plates VI, arid VII. 

Preamble. 

19. In the account of the measurement of the base on Hounslow 
Heath in 1784, we had occasion to show, how very accurately dis- 
tances might be determined by the steel chain, when applied in 
the ordinary way on the natural surface of the ground, if that sur- 
face happened to be tolerably smooth, which was the case in the 
instance alluded to. By the comparison of the measurement of a 
length of one thousand feet with the glass rods, and with the chain 
when used with an apparatus adapted to the purpose, it further 
appeared, that the difference between the results was so very small 
as scarcely to be discernible, since it would not have exceeded half 
an inch on the whole length of that base of 27404 feet. 

Having always considered the experiinent on Ilouiislow Heath, 
just now mentioned, as positive proof of the excellency of the 
chain, it had beell resolved on to apply it to the mensuration of 
the base of verification in Romney Marsh, even if 110 other rea- 
sons had existed to make that choice eligible. But besides the 
danger of having the glass rods broken, in  transporting to so great 1 

a distance from London, and, on such an event happening, the 
impossibility of getting them replaced with others, at tlic advanced 
Season of the year in which we were unfortunately tlirown with 
the operation, it was obvious, that in a plain of the breadth of 
Six miles, so mu& intersected with ditches full of water as Rom- 
ney Marsh in reality is, the laying of bridges for the triI3od stands, 



which must have been used with the glass rods, would alone have 
been a very troublesome and tedious operation. 

Beech Posts. 

20. In the first place, about thirty posts made of beech wood, 
three inches in diameter, and of different lengths, from two feet 
three inches to three feet six, and a few of them still longer, were 
provided. They were shod with iron, and each of them carried 
on its top a cast-iron ferrule, with two’dovetaiIs projecting from 
it ;  care being taken in driving them into the ground, that the 
dovetaiis should stand in or nearly in the direction of the base, as 
represented by the plan and section of a single post in the middle 
part of Plate VI. The arrangement of twenty-four of these posts 
may be seen at  the top of the said plate, for the measurement of a 
portion of the base equal to one hundred yards, or the length of 
three chains. Sixteen of the posts, reckoning from that which 
stands in the centre of the first group, to that which stands in the 
centre of the second, and so on from right to left, were placed at  
the distance of twenty feet from each other. The first is supposed 
to coincide with the mouth of the pipe sunk into the earth, at the 
eastern extremity of the‘ base, at a place called High Nook near 
Dymchurch ; and every fifth post from that towards the left, marks 
the end of a chain. The other eight posts in the arrangement, 
that is to say, the right and left posts of each of the four groups, 
are supposed to stand twelve or fifteen inches from those in the 
centre. By referring to the elevation near the top, and the pIans 
and section in the middle part of Plate VI. it will be perceived, 
that these posts, together with certain other iron parts of the ap- 
paratus fixed to thGm, hereafter to be described, support the ends 
of the coar ing for each chain, free and independently of the cen- 
tral posts, to which last the brass scales alone are attached. 
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DeaZ Coffers. 
91. Fifteen deal coffers, numbered from one .to fifteen, were 

llecessary for tlie length of three chains, being five to each. Six 
of them, that is to say, the first and fifth, the sixth and tenth, the 
eleventh and fifteenth, being the first and last of each chain, were 
only nineteen feet four or five iaches in length. The other nine, 
being the three in the middle of each chain, were of the complete 
h g t h  of twenty feet. These coffers perfectly resembled in shape, 
and nearly in dimensions, the cases of the glass rods, being ten 
inches broad in  the middle, and uniforinly of that depth through- 
out their whole length. But from the middle they became gra- 
dually narrower, in a curvilinear manner, towards each end, where 
they were only two inches wide. The two cheeks or sides were 
about half an inch thick, and tlie bottom, which entered into a 
shallow groove in the middle of the cheeks, was an inch in thick- 
ness, Thus the cheeks being thin, bent and applied easily tQ the 
bottom, to which. they were firmly hailed, nnd the whole was for- 
tified by sinall blocks of wood fastened at intervals in the inside, 
sometimes above and sometimes below the bottom. From the 
elevation i t  will be perceived, that nine or ten inches of the under 
extremities of the cheeks were cut off, so as to permit the bottom 
itself to rest on the irons, This construction of the coffers was found 
to answer very well, that is to say, they were, considering their 
length, not SO heavy as to be unmanageable, at the same time that 
b~ their general figure, and particularly the depth af the cheeks, 
they were entirely prevented from warping. 
. In addition to the fifteen coffers, just now described, a sixteenth, 
not represented in the plate, was afterwards prepared a t  14ythe, by 
Lieut. Fiddes, to be used occasionally, when the end of one chain, 
and commencement of another, coincided with a deep ditch or one 
of tlie sewers full of water, and where of COUI'S~ it would have been 
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extremely difficult, if not impossible, to have fixed steadily the 
group of three posts in the usual manner. In this coffer there 
was a double or false bottom, with grooves adapted for the pur- 
pose; and the brass scale, pulley, &c. were removed from the 
.irons, and placed on this bottom. 

Apparatus of cast iron, Hc. for the Ends Oftbe Chain. 

ee-. By referring to the plate, where the several parts of the 
apparatus for the extremities of the chain are represented in plan 
and section, by a scale equal to one-fourth of their real dimen- 
sions, it will appear that the cast-iron pieces were of two diferent 
forms,. 'one dong, and the other short ;. but both applied I i n  the 
same manner, on the ferrules binding the tops of the posts, as has 
been already mentioned. Of the long kind there were in  all 
fifteen or sixteen, that is to say, one for each post in a length of 
three chains. Each iron had two clamps on its -under side, which 
being slackened, it was placed on its ferrule at right angles to the 
line of measurement ; dnd being turned round goo, the dovetails 
of the ferrule, standing originally in the direction of the base, 
came within the clamps, which were then tightened by four 
screws, turned with square keys adapted to the purpose. 

It is sufficiently obvious, that so many irons, with such a num- 
ber of screws to each, could not fail of rendering this oper,ttion 
tedious ! The business would have been greatly expedited if there 
had been only two such screws, one on each end, in  a middle 
situation; and, instead of the four screws, there should have 
been four steady pins, entering easily into holes prepared for them 
in the under side. A short groove, of two or three inches in 
length, in each extremity of the bottom, wouIcl, on this supposi- 
tion, have been necessary to suffer the square heads of the screws 
to pass ; and it will be readily conceived, that the thickness of the 



c 99 3 
bottom would have effictually secured the chain from touching 
them, prevented the muti;lation of its handles, and saved much 
loss of time. Indeed the same purpose might have been erected, 

not so advantageously, by laying the original four screws 
]lower in the iron, which its thickness easily admitted of. Finally, 
in order to avoid such like inconveniences in future, there is still 
one Imperfectioxi more, which it is incumbent on me to remark, 
namely, that cast-iron ferrules will not answer ; for the force that 
was found to be xiecessarjr to drive the posts into the ground, burst 
almost the whole of them, SO that before the operation was cam- 
pleted, they were obliged to be replaced with others made of 
hammered iroii, forged for thc purpose. . 

Of the short irons, only three were necessary, one for each elid 
of the chain, a i d  a spare one in case of accideiit, They were 
placed, turned, and clamped on the ferrules, in all rescpccts simb 
larly with those of the long kind. By inspection of the plate it 
wiIl be seen, that each of tlietn carried on its surface R brass scale 
of six inches in length, divided into inches and quarters, aiid 
moveable in a slide, either backwards or forwards, by a. finger- 
6CreW adapted to the right-hand encl. 

The right-hand post of each group is called the drawing-post, 
because the iron fixed 011 its top carries a sinall apparatus of brass, 
which being connected with the Rat iron rod atid hooks formerly 
used at Nounslow Heath, for a like purpose, lays hold of the rear 
b d l e  of the chain, and draws it back until zero coincides with 
the point of commcncement. TIie ~eft-liand post in  group 
is called the weigbt-post, because it carried a brass pulley, over 
which a weight of e8  Ibs. was liuug by a small rope attached- to 
the l.looks that laid hold of the front handle of the chain, vI'hk 
weigh acting against the force of tlie screw at the other end, tha 
chain was thereby kept perfectly straight in the cofks ,  and con-. 
stalitly in the same degree bf teiision, until  some certain division 

0 



(the nearest for instance) of the scale could be brought, by means 
of the screw, accurately to coincide with 100 feet at the front 
end. That division, whatever it might be, was of course regis- 
tered in the field book of the operation, together with the true 
temperature of the chain, as shewn by five thermometers, one 
.being laid for that purpose in each corer, and secured with white 
cloth from the sun’s rays, as occasion might require. 

Fifteen coffers were always arranged on the ground at  the same 
time, comprehending a space of the base equal to the length of 
three chains, or 100 yards. The extremities of the first chain 
having been accurately transferred, in the manner above men- 
tioned, to the brass scales on the tops of the central posts, and 

. these remaining firm and motionless, as being wholly uncon- 
nected with any other parts of the apparatus, the chain was then 
moved forward into the second set of coffers, where the thermo- 
meters were also placed, In the rneari time, the first set of 
coffers, now vacated, with their posts, &c. were carried on and 
arranged in the front, for the measurement of the second zoo feet: 
and so on continually with the others in  succession. 

Of the Survey of Romney Marsh previously to tbeMelrsurement of the 
Base. 

eg. In the introduction, to this Account, it has been lklentioned 
that the Duke of Richmond had permitted Lieutenant Fiddes, of 
the Royal Engineers, to be employed in 1786 and 1787 in raising 
a plan of that part of the Marsh where, on examination, it should 
be found, that the base of verification might be the best executed, 
In justice to that Officer, I consider it as incumbent on me to say, 
that it was impossible for any person to fulfil the duties entrusted 
to him better than he did, either in the course of the survey, or 
subsequent measurement of the base, whereof he also had the 
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direction. The general instructions given to him were, that. after 
having, by a base of his own, determined certain triangles in the 
neighbourhood of Dymchurch, Ruckinge, and Romney, by way 
of foundation for his work, he should preserve Ruckinge as the 
point whereon the alignement of the great base was to be directed, 
and vary the position of that end next the sea-wall in such a 
manner as to meet with the fewest local obstructions to the mea- 
surement between the two extremities. By inspection of the 
plan, Plate VII. which comprehends a tract of country of two miles 
in breadth, one on each side of the base line, it will be perceived, 
that besides the numberless ditches with which this singular plain 
is intersected, and which it was impossible to avoid crossing, there 
is almost in every field a watering pond for the cattle, many of 
them of considerable depth. Nevertheless, so very attentive had 
Mr. Fiddes been to the accuracy of his survey, that he was enabled, 
after several trials of other directions, to run a line from High 
Nook on Dymchurch Sea-wall, upon the small spire of Ruckinge 
Church, of the length of nearly six miles, without interfering with 
any one of the watering ponds, or meeting with any otlier local 
obstruction of consequence. So very minute was he in  his re- 
marks, and so accurate in the situation of particular trees, that in 
tracing his line with the telescope, he managed so as to avoid 
them all, a few insignificant bushes excepted ; which I believe ta 
be an instalice of exactness scarcely to be equalled. 

Pipes sutik iit the Ground. 
94. Permission having previously been obtained from the pro- 

prietors of the soil, pipes were sunk into the ground at  the two 
extremities .of the base, and also one on Alliiigton Knoll, which 
last point wit11 Lydd Church" form that side of one of the great 

* Mr. Cobb, of Lydd, an ingenious gentlrman, well acquainted with Romney 
Marsh, was so obliging as to present me with a manuscript map of that singular 
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triangles depending on the base on Hounslow Heath, to be first 
verified by the measurement of this new base. Every field is 
surrounded with a ditch, in cleaning of which the earth and mud 
are continually thrown out on each side, wheredy flat dikes are 
gradually formed on either side. That the measurement might 
be czrried on as nearly as possible in the same plane, that is to 
say, about fifteen or eighteen inches above the common surface, 
therefore narrow grooves were cut in these flat dikes, which the 
different farmers readily consented to without murmuring. Here 
it is to be observed, that there was no occasion for levelling the line, 
Romney Marsh having been formerly covered by the sea, and a 
considerable part of it, particularly towards the bottom of the 
range of hills that separate it from the Wealds of Kent, being 
still lower than the sea at high water, would again be overflowed 
by it, if much care arid expence were not annually bestowed in 
securing and repairing the dikes, whereby it is protected. Thus  
the line of the base may be considered as an inclined plane, de- 
scending gradually about five feet from the mouth of High Nook 
pipe to within 246 yards of the Ruckinge end, where the ground 
j n  that direction seems to be the lowest. Thence it rises com- 
paratively suddenly, about fifteen feet, to the mouth of the pipe 
situated in a small field irnmediiltely adjoining toRuckinge Church- 
yard. 

Result of the Measurement. 

95. Lieutenant Fiddes, in the course of his trigonornetrical sur- 
vey, and of the different measurements he had actually made of 
the line with a common iron chain, which from time to time was 

plain, cokpiled by himself from actual surveys, where the names and boundaries of 
the watering$, and many other curious particulars, are very distinctly expressed.- 
Our plan of the base has therefore derived advantage by adhering to such respectable 
authority. 
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compared with standard rods of deal, had determined the total 
lellgth of the base within a few feet of the truth, before the ulti- 
mate operation began. He had likewise driven into the ground, 

*at the end of every thousand feet, a strong picket, which were 
numbered 1, 9, 3, &c. froin the pipe at High Nook to the 98th 
near Ruckinge. 111 all this preparatory part. of the business he had 
ho other assistants than the artiIlery-men of his surveying party. 
But for the ultimate determination, the aid of some person in whom 
he could confide for the inanagemelit of the operation in general, 
and particularly for the adjustment of the scale at one end of the 
chain, while he himself was adjusting that at the other was abso- 
lutely necessary ; therefore Lieutenant Bryce, of the Royal Artillery 
(now of the corps of Royal Engineers), an attentive officer, aiid 
mathematician, was left with him for those essential purposes. 
These two gentlemen began the operation on the 15th of October, 
and after experiencing many difficulties, arising from the badness 
of the weather in that late season of the year, and the defective- 
ness of the apparatus, it was only by dint of great labour, and the 
utmost perseverance, that they were yiabled to accomplish the 
measurement on the 4th of December following. 
, The annexed table of the base, which contains three columns, 
shews the progress that was made in the work from day today. 
The first colurnn contains the date ; the second, the spaces mea- 
sured each day, reckoned by hundreds of yards, and denoted in 
the general plan by strong dots ; and the third shews the tempe- 
rature of the chain deduced from the ineaii of fifteen thermo- 
meters, or five for each chain. 

% ,  
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Table of tbe Measurement of the Base OfVergcation on Romney - 

Marsh, executed in the Autumn of 1787. 
_c__ 

Spaces 
ieasured. 
Yards. -- 
100 
200 

300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
I 500 
1600 
1700 
1800 
1900 
2000 
2100 
e200 
2300 
e400 
2500 
2600 
2700 
2800 
2900 
3000 

Mean 
emp. by 
5 tlierm. - 
5;-7 , 
6e.y 
61.3 
57.0 
52.2 
53.6 
46.8 
58.9 
53.9 
55.3 
55.7 
50.0 
55.2 
59.1 
60.0 
59.1 
63. I 
68.1 
57.9 
60.8 
65.0 
64.1 
56.7 
53.7 
59.5 
57.3 
$4.6 
53.9 
49.0 
54.0 

- 
Spaces 

ieasured 
Yards. -- 
3 100 
3900 

3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 

4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
$100 
5200 
5300 
5400 
5500 
,5600 
5300 
5800 
5900 
6000 

- 

- 
Mean 

emg. 5 t erm by -- 
5099 
49.1 
50.4 
48.5 
42.6 
52.8 
53.0 
52.4 
47.3 
55.6 
559% 
55.3 
$3.6 
49.0 
50.1 
43.9 
44.7 
44.8 
41.3 
41.8 
42.9 
45.3 
44.1 
40.4 
41.5 
44.8 
44.6 
40.6 
39.4 
41.3 

- 

- 
Days 

\lev 

91 

e2 

23 

e4 

e6 

27 

28 

29 

30 

DeC 
1 

3 

4 

- 

Spaces 
measured. 

Yards. 

6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
73=0 
7400 
7500 
7600 
7'100 
7800 
7900 
8000 
8100 
8200 
8300 
8400 
8500 
8600 
8700 
8800 
8900 
goo0 
9100 
9200 
9300 
9400 
951 9 9 2 45 

- 
Mean 

tern .by 
Is tRerm - 

0 

42.1 
59.8 
43.3 
46- 5 
45.6 
49*5 
4g.e 
41.9 
39-8 
39.0 
37.7 
36. e 
42.1 
40.5 
35.2 
89.8 
38.5 
33 -6 
38*9 
39.7 
36.3 
39.2 
39.5 
34.8 
40.5 
49.3 
30.5 
44.3 
46.0 
43.0 
45.6 
48.7 
41.1 
46.9 
48.4 - 

4552.1 - 



By the table, it  appears that the total apparent length of the 
base, as given directly by the chain; was g5iehn44( yards, O r  

985.36736 chains = e8536 feet, 8.835 inches. 
But when the new points, a t  the distance of e5 feet from each 

other, were laid off on the chain in Mr. Ramsden's shop, from the 
original points on the great plank of New England deal, the tem- 
perature was 55'. The original points here alluded to  (by General 
Roy), must be those mentioned in the account of tbe Hou?dow Heatb 
base ($1, which werc$xed in the plank, front the brass standard, in tbe 
temparature of 653,* Therefore, as the chain in the temperature 
of $5" was equal to 100 feet of the brass standard in that of 63", 
it follows from the table of expansions (p.  88.) that its length in 
53"f'$ was equal to 100 feet of the brass standard in Geo ; and come- 
quently 53"$- is the temperature to which the measurement by the 
chain must be reduced. Now the sum of all the degrees, shewn by 
the thermometers being 4559.7 x 15 = 68990.5 ; and the apparent 

length = ~85.96756 chains, we have 285.36796 x 53*- 
,00763 inch. = 12.8 inches, the contraction below 53"-&. This 
correction to be subtracted from the apparent length. 

Previous to the measurement, the length of the chain was laid 
0% in the temperature of 5$"+ on St. James's churchyard wall, 
two brass pins being fixed in the coping for that purpose. After 
the measurement on Romney Marsh was finished, the chain, in 
the temperature of 890, being stretched out on the wall, it fell short 
of the original points in the brass pins by of an inch. NOW 
$$-$ -39" 16'+, and 16* x .00763 == 0.126 inch, Hence 0.126 - -+% = o.oeg inch, is what the chain had lengthened durillg 
the measurement : half of this, or o,ox~ j j  multiplied by 285.37 

68290.5 

* T h e  chain was tried against the ncw Ones whcn the base on Hounslow Heath 
Was re-measured in  1791 : from whence it appeared that 63" Must have been tho 
temperature ; nearly. 

, 



c 106 J 
(chains) gives 3.982 inches. This correction to be added to the 
apparent length. 

Apparent length, - - e8596 8,895 
Correction for contraction of the chain, - sub. 1 0.8 

Correction for two hypothenusal distances ; the 
Ruckinge end of the base being suddenly elevat- 
ed 15 feet above the lowest part, - sub. o 3.093 

Correction for height of the base above the mean 
level of the sea, supposed to be about 15+ feet, sub. o 0,166 

n the temperature of 620 of 
er,or the length, suppos- 

ing it had been measured with the brass standard 

Feet. In. 

Correction for the wear of the chain, - add. 0 3.e8e 

in that temperature, - ,- 28535 8.1538 

As a proof that the expansion of the chaiii was accurately de- 
termined, I shall close this article with a remark repeatedly made 
by the two gentlemen entr-usted with the execution of this last 
measurement. At the close of each day's work, the two scales 

extremities of the last chain (after reg'isteriiig the 
divisioiis of coincidence) were left upon their respective posts until 
the next morning. They were secured during the night, from 
being disturbed by cattle, with a certain number of the spare posts 
driven into the ground around them. A tent was also pitched 
between the two, where some men of the party constantly lay, by 
way of a guard for the whole apparatus, On the recommence- 
merit of the operation the subsequent morning, the chain being 
applied anew to the brass scales; if the temperature continued 
thesame, the coincidences were found to be equally accurate as 
on the preceding night ; but if i t  had changed one or two degrees, 
tlie chain never failed unequivocally to shew it, by falling short,of 



the divisiohs on the scales, if the cold had increased, or by over- 
reaching them, if it had diminished. 

Finally, with respect to the subject of these bases, it is here to 
be remarked, that the base of verification in Romney Marsh makes 
with the meridian of the pipe at High Nook an angle of $4' 28' 
56" north-westward ; and that on Hounslow Heath makes with 
the meridian of the pipe at Hampton Poorhouse an angle of 44: 
41' &I, also north-westward, But those bearings are determined 
by computation, and therefore cannot be considered as very 
correct. 

Geizeral Descrrption of the great Instrument witb wbicl., tke Aiigles, ilc 

the recent Trigononlet rical Operation, were observed ; skewing also 
its various adjustments f o r  practice. Referetice to be bad to Platt 
VIII. ageneral yiew qf the entirc Macbine; Plate  I X . a  Plan and 
iwo Sections ; Plate X. various Par t s  represented t o  large scales; 
and Plate Xl. the Microscopes and Eye-pieces. 

Preamble. 

96. IN endeavouring to describe the curious instrument made 
use of for observing the angles in the recent trigonometrical ope- 
ration, it has been judged best to confine ourselves to the principal 
parts, without entering into any detail of the minutia!: for even 
to have mentiolled these, with the alinost infinite number of little 
Gcrews that serve to unite them into one entire machine, which 
could only have been done by references to a multitude of great 
and small Roman and Greek characters, would have been a dis- 
gusting labour, By the help of the four plates which this descrip-. 
ti011 refers to, and which have bee11 executed with great care, that 
fewer words might suffice, it is hoped, that the instrurneiit may be 
understood by two classes of people for whom it is chiefly in- 
tended ; first, by those who being possessed of such a inachiiie, 

P 
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would wish to make themselves masters of its use ; and, secondly, 
by such ingenious artists as would attempt to construct such an- 
other ; for these last, i n  particular, the parts that are of brass, of 
bell-metal, or of steel, are distinguished from each other. And 
here it is necessary to observe, that the plates must not only be 
frequently consulted, but also attentively considered, and repeat- 
edly compared with each other, in the course of this description. 

General View of the Instrument. 
\ 

97. It  is a brass circle, three feet in diameter, and may be called 
a great Theodolite, rendered extremely perfect ; having this advah- 
tage in particular, which common theodolites have not, that its 
transit telescope can be nicely adjusted by inversion on its sup- 
ports ; that is to say, it can be turned upside down, in the same 
manner that transit-instruments are, in fixed observatories, 

The circle is attached by ten conical 'tubes, as so many radii, to 
a large vertical, conical hollow axis, of twenty-four inches in 
height, which may be called the exterior axis. Within the base 
of this hollow axis, a collar of cast steel is strongly driven ; and on 
its top there is inserted a thick bell-metal plate, with slopiiig 
cheeks, which, by means of five screws, can be raised or depressed 
a little. 

The  instrument rests on three feet, which are firmly united to 
each other at the place where they branch off; by a strong circular 
plate of bell-metal, upon which rises another vertical hollow cone, 
of less size than the former, being included within it, and is there- 
fore called the interior axis. On its top is inserted SL cast-steel 
pivot, with sloping cheeks, passing 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 base of this 
interior axis is in like manner ground to fit the cast-steel collar in 
the base of that wh l-~ is without it. Thus the circle being lifted 



UP by two men laying hold of its radii, aiid the exterior being 
p a c e d q o n  the interior axis, the cheeks a t  the top being at the 
Same time adjusted to their proper bearing, it turns round. very 
smoothly, and is perfectly, or at least as to sense, free from any 
Cmtral shake, This mode of centering is one of the chief excel- 
lencies of the instrument. From the use that has been niade of 
it both years, it seems not to have suffered in  the least ; and it is 
perhaps the only constructioii that could have answered for a 
machihe of such magnitude, undergoing so many quick transitioiis 
from place to place, and so often raised to high situations without . 
any risk af being thereby hurt. 

Mabogany Planes under tbc Jmtrztment. 

28. By inspection of the plates, but more particularly theVIIIth, 
aiid the section towards the right hand in the Xth, it will be seen, 
that there are three planes of mahogany under the metal parts of 
the instrument ; namely, that which f o r m  tlie rop of the stand, 
which, although a square of about three feet four inches at bottom, 
becomes, by the separation of the legs, an octagon at top. In the 
centre there is a circular opening of nine inches diameter, the use 
of which will appear hereafter. Over the top of the stand lies 
another plane of mahogany, likewise an octagon, of somewhat 
greater dimensions than the former, with a circular curb running 
around it, about half an inch within the planes of its sides. This 

‘octagon hath in its centre an open conical socket of brass, three 
inches i n  diameter; and on four of its opposite sides there are 
fixed four strong brass screws, one on each side, which acting 
against pieces of brass, inlaid into .the opposite sides of the top of 
the stand, the octagon plane, with every thing that rests on it, 
may thereby be moved in four opposite dire ons, until the plum- 
met suspended from the centre of the instrument above, is accu- 

PB 



rately brought to coincide with the point marking the station 
underneath. The third or uppermost plane of mahogany is in 
fact a part of the instrument itself, being at  all times by: screws 
or otherwise united to it, and carrying the handles whereby it is 
lifted out for use, or in again into its case, to be transported from 
place to place. In the middle of this plane or bottom to the in- 
strument, there is another conical brass socket, of three inches and 
a quarter in diameter, fitted to slip over and turn easily on that in 
the centre of the octagon underneath. In the brass cover of this 
socket, there is a very small hole concentric with the instrument, 
to suffer the thread or wire to pass, which suspends the plummet; 
and in the view, P1. VI I I .  may be seen anather small box that 
contailis the thread, with a winch-handle for raising or lowering 
the plummet, according as the height of the instrument above the 
station on the ground, or edifice where it stands, may require, 

Feet Screws for levelling the Instrument. 

eg. By attending to the group representing the front elevation 
of the feet screws, with its side nuts, in t h e  right-hand upward 
angle of P1. X. it will appear, that they are slackened, which js 

always the case before the instrument is levelled, to give room for 
that operation by the action of the screws. This being done, the 
side nuts are brought to press gently on the horizontal plate that 
embraces the whole group, and thereby keeps the instrument as it 
were united to the mahogany until some fresh adjustment becomes 
necessary. When the instrument is to be put into its case, then 
the feet are let down, and by the side nuts the horizolital plate is 
brought to press strongly on the whole group, whereby it is kept 
perfectly fast and secure from motion, in carrying from one situa- 
tion to another. 



Blocks of Box Wood and conical Rollers under the Feet Screws. 

80. By referring also to P1. X, it will appear, that directly be- 
low each foot there is fixed to the lower surface of the mahogany 
a small block of box wood, curvilinear in the direction of its mo- 
tion. On these three blocks rests the whole weight of the instru- 
ment, which nevertheless can be moved circularly on them alone. 
But to render the motion perfectly easy, three conical brass rollers, 
placed somewhat nearer to the centre, are, by means of their re- 
spective springs and regulating screws, brought to act and receive 
such a proportion of the weight as it may be necessary to lay up011 

them. The head of one of these screws, which give more or less 
action to the rollers, may be seen at D i l l  the principal view of the 
instruinem Pl. VIII.  as well as in the plan and section P1. X, 

Screws giving Motion t o  the whole Instrument. 

31. By examining attentively the general view of the instru- 
ment, may be seen, in  two positions, the great screw with the flat 
ivory head, whereby the entire machine received a circular motion. 
In  one, it is attached to the curbs, as when in use in 1787 ; in the 
other, it is laid upon the mahogany bottom, as was the case ‘the 
Same year every time it was carried to EL new situation. But this 
ivory-headed screw liitving been found to act by jerks in moving 
SO great a weight, and consequently to be troublesome in adjust- 
ing the illstrumelit to the fixed point, or that of comrnenceinellt 
in measuring angles; it was therefore laid aside in 1788, and all- 

other apparatus or clamp was adapted for the same purpose. This  
last inay be seen attached to the curbs, as represented towards the 
right hand ot p1. x. It consists of a brass Cock, fixed t q  and pro- 
jecting outwards from, the curb of the instrufient ; which cock is 



acted upon by two screws working on the opposite sides against 
it, and which;are clamped to the curb of the octagon. 

Mahogany Balustrade’and Cover. 

39. The  curb, whereon the three feet Qf the instrument rest, 
carries a balustrade of mahogany fitted tmreceive, on the tap there- 
of, a mahogany cover, no where represented except-inlthe two 
sections in P1. IX. In this cover there are ally four small open- 
ings (besides that which allows the great vertical axis to pass), 
viz. one for each vertical microscope, one for the clamp of the 
circle, and one for- the socket of the Hook‘s-joint. The  two last 
are less than the former. At the same time that this cover effec- 
tually secures the circle with its cones from dirt and from acci- 
dents, it serves conveniently for laying the Hook’s-joint upon, or 
any thing that may be constantly wanted near at hand ; but more 
particularly for placing the lanterns used at night, for reading off 
the divisions on the limb of the instrument that come immediately 
under the vertical microscopes. 

Achromatic Telescopes. 

33. Two achromatic telescopes, each of thirty-six inches focal 
length, with double object-glasses of two inches and a half aper- 
ture, belong to the instrument. They are excellent of their kind, 
and are furnished with eye-pieces of different magnifying powers, 
for erect as well as inverted vision, The lower telescope lies ex- 
actly under the centre of the instrument, and is directed through 
one of the openings of the balustrade. Being o d y  used for terres- 
trial objects, it  requires but a small elevation or depression, and 
therefore k only supplied with a short axis of seventeen inches in 
length, supported by braces attached to the feet. The eye end of 



this telescope is pupposely made heavier than the object end ; and 
resting on an horizontal arm, that is raised or depressed by rack- 
work, i.t is thereby readily brought to bear, and remain very stea- 
dily, upai its object. The rack-work may be seen in the view of 
the instrument, and also on the left side of the right-hand section 
in PI. IX. But there is a small horizontal motion that can be given 
tz, the right-hand end of the axis of this telescope, which is effkcted 
by mea’ns df a handle inserted through the vacancytof the balus- 
trades, and placed 011 il dovetail at E, which cduJd not be. shewn 

Thus the illstrument being nicely level;led, the upper 
telescope at zero, and likewise on its object, the lower telescode, 
by the help of this adjustment, is brought accurately. to, the .same 
object, supposed to be the point of commencement, or that froin 
which angles are measured, 

By referring to P1. VIII. and IX. and likewise to the section 
on the left side of P1. X. it will be sken, that a horizontal bar ex- 
tends across the top of .the wertical axis* .supported$ by. two side 
braces that spring from the cone, about one-third of its height 
above the plane of the instrument. The horizontal bar carries the 
YS or supports, in which the pivots of the upper telescope inave. 
They are of such height as to permit a semicircle of six inches 
radius, attached to the axis of the transit, torpass freely, and con- 
fquentlg the telescope to be directed to the sun or stars in high 
elemtions, but not to be brought to the zenith. The arc of excess 

, of the semicircle likewise admits of several ,degrees of depression 
beijlg measured thereon. 

Spirit- Levels. 

34. The instrument has two very i ood  spirit-levels, that are 
fitted with tht!.Beveml means of adjustment, as ‘is usual in such . > ,  

Cas% the detail of which it is unnecessary here to eiiter into, 
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The first, orhaxis level, because it is only applied on the axis of the 
telescope, is that whereby it  is set horizontal, as in the ordinary 
transit instrument ; and it is likewise used for placing the conical 
axis truly vertical, so that the instrument may turn round without 
sensible alteration of the level, previously to observations of the 
pole-star, or of other heavenly bodies. 

The second, or elevation level, is that whereby the telescope 
is brought to be truIy horizontal, when angles of elevation or 
depression are to be taken. At such times it is suspended on a 
rid attached to the outside of the telescope, to whose axis of vision 
the rod, by adjustment, can be made parallel, as will readily be 
conceived, by observing the representation of these parts in the 
right-hand section of PI. IX. 

When the angles of elevation or depression to be determined 
are very small, they are measured by the motion of an horizontal 
wire in the focus of the eye-glass of the telescope; but, when 
great, their quantity is measured by the arc of motion of the 
semicircle, as shewn by its proper horizontal microscope. 

The elevation level is likewise made we of for levelling the 
instrument when horizontal angles only are to be taken, for which 
purpose it is suspended on two pins, which are seen projecting 
from the horizontal bar in the plan, and one of them in each of 
the sections in P1. IX. T h b  was the ordinary position of the 
elevation level when the angles of the triangles were observed, 
and thereby it was easily seen in the course of the operation, 
whether the instrument had suffered any change to render a. re- 
adjustment necessary. 

Lanterm for illumkahg the Wires. 

35. The axis of the transit telescope is hollow, and in the middle 
there is placed, at an angle of 45" with the axis of vision, a perfo- 



rated elliptical illuminator for throwing light on the wires in uight 
observations. The light is coinmunicated from a small lantern at- 
tached to the horizontal bar at its junction with the brace, directly 
opposite to the end of the axis, which has a bit of thin glass placed 
before it to prevent dust from entering. There is another such 
lantern for the lower telescope, not however represented in the 
plate. As the light given by these lanterns was found to be ra- 
ther too weak, especially that for the upper telescope, therefore it 
was customary in practice to illuminate the wires, by holding up 
frontwise one of those seeti in the section in PI, IX. against the 
end of the axis of the upper telescope, when directed to the pole- 
star. The same method was used by presenting it obliquely to 
the object-glass of the lower telescope, when it became necessary 
to examine whither the iiitersection of the wires continued with- 
out sensible variatioii on a reverberatory lamp, commonly placed 
twelve or fifteen miles and sometimes even at the great dis- 
tance of twenty or twenty-four miles. 

Lanterns for throwiiig Light ori the Divisiotis of the hstrunzent. 
36. Besides the two sinall lanterns for illuminating the wires of 

the telescopes in night observations, two larger ones may be seen, 
as already mentioned, standing on the inahogaiiy cover in the 
section in PI. IX, used for reading off the divisions of the instru- 
ment under tile vertical microscopes, The front of one of these 
is shewn, and the back, or that to which the handle is fixed, 
of the other. Their narrow sides are preseiited towards the mi- 
CrOSCoPes, there bciiig in each a silvered reflector of copper at FF : 
and opposite to i.t, at GG, a screen of talc or transpnrel1t oiled 
Paper. The 1igllt from a wax caiidle being thrown 011 the re- 
flectors, and thence back again through the  ree ens, 011 the divi- 
sions of the instrument under the microscopes, these could be 

distillctly read off and registered ; for the light coiniiiunit 
Q 
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cated in this way was very strong, at the same time that the 
glare of it, which otherwise would have been disagreeable to the 
sight, was removed by passing through the screen. 

Arms projecting from the bell-metal Plate under the Plane of tbe 
Instrument. 

37. By referring to Plates VIII. and IX. but more particularly 
the latter, it  will be perceived, that there are three flat arms, 
strongly fixed by screws to the edge of the circular bell-metal 
plate, forming, as has been already mentioned, the basis of the in- 
terior vertical axis. These arms, which are also firmly braced to 
the feet of the instrument, rise gradually as they project outwards 
towards the circumference of the circle, whose radius they exceed 
about an inch and a quarter, and their extremities are about an 
inch lower than its upper surface. One arm, lying directly over 
one of the feet, is that to wliich are attached the wheels and screw 
moved by the Hook’s-joint, and also the clamp of the circle, as re- 
presented in P1. x. The other two arms, whereof one lies also over 
a foot, and the other directly opposite to it, become thereby a dia- 
meter to the circle, having their extremities terminated in a kind 
of blunted triangular figure, forming the bases of pedestals where- 
on stand the vertical microscopes hereafter to be described. The 
arms, together with the horizontal bar and braces carrying the 
transit telescope, are every where pierced, in order to lessen the 
weight, without diminishing the strength of the parts. 

Vertical Microscopes. 

38. Two vertical microscoPes, distinguished A and B, are used 
for reading off the divisions on the opposite sides of the circle im- 
mediately under them. They are exactly of the same construc- 
tion, and the chief parts of that marked A are represented in their 
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real dimensions towards the left hand of PI. XI. ; where, beside 
the general, may be seen particular plans of the slides, and also 
that of the pedestal, containing within it the gold tongue, with its 
axis and screws for adjustment. Next to these plans stand the 
elevation and optical lines, shewing the positioii of the glasses, 
with the magnified scale at the bottom. 

Each microscope contains two slides, one lying immediately 
Over the other, their contiguous surfaces being in the focus of the 
eye-glasses. The uppermost, or that nearest the eye, is a very 
thin plate of brass, to the lower surface of which is attached the 
fixed wire, having no other motion than what is necessary for ad- 
justment, by the left-hand screw to its proper dot, as hereafter to 
be explained. 

The steel slide immediately under the former is made of  one 
entire piece, of sufficient thickness to permit the micrometer screw, 
of about ye threads in an inch, to be formed of it. To its upper 
surface is fixed the moveable wire, which changes its place by the 
motion of the micrometer head, seen in the plan and elevation 
towards the right hand. The head is divided into 60 equal parts, 
each of which represents one second of aiigular motion of the tele- 
scope. By examining the particular plan of this steel slide, it 
will be seen, that it is attached by a chain to the spring of a 
watch, coiled up  in  the usual manner, within a small barrel adja- 
cent lo it in the frame. By this provision 110 time whatever is 
lost ; the smallest motion of the head being instantly shewn, by o 
proportionable motion of the wire, to one hand or the other, in 
the field of the microscope. 

It is necessary to remark, that the. whole microscope between 
its pillars call be raised or depressed a little more or le% with re- 
gard to the plane of the circle, by the help of two sted levers, 
Seen one 011 each side of the elevation, which for that purpose are 
applied in the holes represented above and below the projecting 
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plate that unites the tops of the pillars. 3 y  means of this motion, 
distinctness is obtained at  the wires; and by the motion of the 
proper screw of the object lens, which necessarily *follows that 
given to the whole microscope, the scale is SO adjusted as that 
fifteen revolutions of the head shall move the wire over fifteen 
minutes, or one grand division, on the limb, equal to nine hun- 
dred seconds, each degree on the circle being only divided into 
four parts. This operation being delicate, requires great patience 
and many repetitions, before the purpose can be exactly, or even 
nearly, effected : for at the same time that the fixed wire must 
bisect the dot on the gold tongue, the moveable wire must also 
bisect the dot at 180" on the limb, as well as the first notch in the 
magnified scale at the bottom of the plate, where the minutes in 
the field of the microscope are represented in the proportioil of 
between fifteen and sixteen to one, as painted on the eye of the 
observer. In this adjustment there i s  yet another circumstance 
to be attended to, which is, that sixty 011 the micrometer head 
should stand nearly vertical, so as to be conveniently seen. A 
few seconds of inclination to one side or the other are of no mo- 
ment, because the dart or index being brought to that position, 
whatever it may be, must at all times remain there without alte- 
ration, unless some derangement that may have happened to t h e  
instrument, in transporting from one place to another, should have 
rendered a fresh adjustment necessary. But if, when the wires 
coincide with their respective dots and the first notch, sixty on 
the micrometer head should happen to be underneath, or so far- 
Over frof + the vertex on either side as to be seen with difficulty, 
then the gc d tongue must be moved a little by mems of the cap- 
stan-headed screws, which act against each othcr 011 the opposite 
extremities of its axis. Thus, by repeated trials, the wished-for 
object will a t  length be effected, that is to say, sixty, to which 
the dart is to be set, will stand in a place wsily seen. But it is 



not to be expected, that .each microscope will give just nine 
hundred seconds for the run of fifteen minutes. Without great 
IOSS of time this caiiiiot be done ; besides that two observers, 
of different sights, will adjust the microscopes difkrently . AC- 
cordingly, in 1787, after many trials of the runs in measuring 
fifteen minutes on the different parts of the limb, microscope A 
was found to give only 8g6", while B gave at a medium goilt, 
But in 1788, inicroscope A gave goott, while B gave no more 
than 894". These differences were of course registered and al- 
lowed for in the estimation of the angles for computation, whereby 
any difference between them almost wholly disappeared. 

The gold tongue, which is extremely thin, applies very closely 
to the surface of the circle, In the plan it is supposed to be seen 
through a thin plate of brass, covering the whole pedestal, and 
elso through a small square plate lying over the former, and 
fastened to it by three screws. In the under side of this last, there 
is a cavity for the projecting part of the tongue. This contriv- 
ance of the tongue with its dot WRS to guard against any error 
that might arise from accidental motion given to the instrument 
between one observation and another, which from this precaution 
could never happen, without being immediately discovered ; for 
the wires being adjusted to their dots under the microscopes re- 
spectively, if the iiistrument be then turned rouiid 180°, the wires 
will reciprocally bisect the dots that were originally opposite tO 
thein, and tliereby shew, that they are accurately in the diameter 
of the circle ; and so on with regard to any other dots whatever. 
Hence this becomcs the most severe inode of trying the justness 
of the divisions of the instrument. 

MRnner of reading of Angles witb the Microscopes. 
3ga By attending to the magnified scale at the bottom of the 

Plate, it will appear, that. the dot 011 the gold tongue, which ia 



here inverted, is about one minute to the left of zero, and also of 
the first notch, with which the moveable wire alone coincides.. 
N o w  i t  will easily be conceived, from what has been said in this  
description, how readily, as well as accurately, any observation 
of an angle can be read off with such an instrument ; for the de- 
grees and quarters, that is to say, the I$, 30', or #', being seen 
with the naked eye, and registered, the value of the fractional 
space between zero and the last past grand division, seen in the 
field of the microscope, is obtained by turning the micrometer 
head until the moveable wire bisects the dot at that grand divi- 
sion. The number of notches towards the right hand passed over 
on the scale, equal to so many revolutions of the head, are the 
number of minutes, always less than is', to be added. If there 
be no odd seconds, the dart will then stand at 60 on the head ; 
but, if any number of seconds are to be added, the dart will shew, 
by its position with regard to 60, what that number is. Thus, 
by adding the parts together, the measure of the total angle is 
obtained. 

The construction, adjustment, and application of these vertical 
microscopes have been given more fully, because they form a 
most essential part of the instrument: for the fixed wire con- 
stantly remaining on its dot, the fractional space may be repeat- 
edly measured inany times over, if necessary, and a mean result 
may then be taken. But it rarely happens that two observers, 
reading off with the opposite microscopes, differ more than half a 
second from each other at the very first reading, If time there- 
fore permits, and the circumstances of the weather shotiId also be 
favourable for repeating the observation with the telescope, it is 
~ufficiently obvious to what a wonderful degree of accuracy the 
measure of angles may in this way be obtained. ' 



Horizontal Microsco0pe.r. 
40. Besides the two vertical microscopes, applied in the man- 

ner that has been described to the measurement of the fractiod 
space in horizontal angles, there is yet another to be mentioned, 
which is placed horizontally on the bar that carries the transit 
tekscope, and is directed to the divisions on the semicircle at- 
tached to its axis, for the measurement of angles of elevation or . 
depression, as has already been taken notice of. This microscope, 
which is of the same construction with the others, but larger, 
being upwards of nine inches in length, is represented in its full 
dimension in PI. XI. I t  has, like the others, a slide made of 
steel, of such thickness as to permit the micrometer screw to be 
formed of it ; and it carries a vertical wire placed in the focus of 
the eye-glasses, in which position it i s  moved parallel to itself 
from left to right, by turning the micrometer head. This slide is 
also attached to a watch spring, which acts in a contrary direction 
to the head, as in other microscopes of this sort. % 

Each degree of the semicircle being divided into two parts, or 
go', and one revolution of the micrometer head moving the wire 
in the field'of the microscope 3'; therefore in i o  revolutions it 
changes its place half a degree, or go', which are shewn by a scale 
of 10 notches in the upper part of the field of the microscope, 
and also represented towards the top of the Plate. Each notch 
corresponds to 3 minutes or 380 seconds, and the head being di- 
vided into 3 minutes, and each minute into twelve equal parts, 
therefore each part is of the value of five seconds. 

Concernitg the Semicircle. 
41. With regard to the semicirde, which has been repeatedly 

mentioned in the course of this description, it is yet l~ecessary to 
make some remarks ; and particularly to shew IIOW, by its means, 
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the axis of vision of the telescope, when adjusted, is brought and 
kept truly horizontal, which is effected in the following manner. 
On the opposite sides of the horizontal bar that carries the tele- 

scope there are fixed four small, but finely polished bell-metal 
planes, two on each side, on the right and left of the top of the 
vertical axis, in such a manner as that the surfaces of the two on 
either side are directed to, or in the same plane with, the centre of 
the axis of the telescope. These planes will be best conceived by 
observing attentively the top of the vertical axis in the section to- 
wards the right hand of Plate IX.' On the edge of the semicircle 
may likewise be scen a moveable clamp, easily made to slip, with 
the hand only, around its circumference, and it carries with it a 
very fine steel screw. When the semicircle is towards the left 
hand of the telescope, which is its ordinary position, the point of 
the steel screw rests, or may be made to rest, perpendicularly on 
the surface of the plane that is on the left of the vertical axis. But 
when tlie telescope is inverted in its Ys, or turned upside down, as 
is the case in adjusting the line of collimation, the semicircle being 
then on the right of the telescope, and the clamp necessarily 
brought down, the point of the steel screw accordingly rests per- 
pendicularly on the surface of the plane to the right of tlie vertical 
axis. Thus it will be readily conceived, that in adjusting the 
telescope by the level for elevations, which is then constantly sus- 
pended on its proper rad, parallel to the axis of vision, the action 
of the steel screw -on the bell-metal plane serves not only for the 
adjustment of the telescope in a truly horizoiital position, for angles 
of elevation or depression, by the motion of a wire in the focus of 
its eye-glass, in the manner hereafter to be described, but also to 
keep it in that position, by the superior weight of the eye end, 
rendered so on purpose. By the same means the telescope remains, 
ateadily on any object that it may be directed to for intersection, 
whether above or below the plane of the horizon. 



Eye-glasses of the Telescopes, and Mechanism of the Kres in 
tbeir Foci. 

49. It has been already mentioned, that the telescopes of the 
instrument are furnished with eye-glasses of different magnifying 
powers for erect and inverted vision, six for each telescope, as 
follows, viz. 

Erect vision. Inverted vision, - 
1. 43. 
No. Power. 

For the lower telescope, 88. 8. 59. 
3. 117. 88 87. 

54- 1. $10. 

3. 108. 88 80. 
For the upper telescope, { i: 81. e. 55. 

With regard to these eye-glasses, it is only necessary here to 
mention, that those of the least magnifyiiig powers were found 
both in  day and night observations to answer the best. 

In the focus of the eye-glass of the lower telescope there are 
0111~ two wires crossing each other in acute angles, which are ver- 
tical, instead of being placed at right angles, horizontally and 
vertically, as was the ancient method. Since the lower telescope 
never moves through inore than a few degrees of a vertical arc, 
the wires require little or no adjustment. Nevertheless this was 
provided 'for, by allowing room for il small circular motion of the 
end-piece, wliich, when adjusted, is then fastened by its proper 
screws, and never afterwards needs any a1 teratioii. 

By referring to the middle part of Plate XI. two represeiitta- 
tions of the eye elid of the upper telescope will be s e m  with the 
ep-piece reinoved. Five wires are shewn in this elid, namely, 
two that intersect each other in acute angles, similarly to those 
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in the lower teIescope ; and three that lie horizontally or paralIe1 
to each other. Four of these, viz. the two that form the acute 
angles, and the two extreme horizontal wires, are fixed in the 
focus of the eye-glasses to the farther surface of a thin brass slide, 
supposed to be seen through the outward brass, and therefore 
shaded more dark than the rest. This slide, as will be conceived, 
lies nearest the eye, and is moveable from right to left, and, vice 
versb, horizontally, for the adjustment of the line of collimation, 
by the insertion of a small mill-head key, on a square pin fitted to 
receive it, and secured by a socket on the right-hand side, The 
fifth or middlemost horizontal wire is attached to the nearest sur- 
face of il steel slide, that lies contiguously to, but beyond the 
former. I t  is made of one entire thick piece, like those of the 
microscopes, to permit the micrometer screw to be formed of it ; 
and it is represented i n  the uppermost figure attached to a watch 
spring coiled up in the usual manner. 

By the motion of the micrometer head, the slide, and with i t  
the wire, moves upwards or downwards in  the field of the tele- 
scope, a space equal to half the distance of .the extreme wires from 
each other. This motion above or below the central point, which 
was made to correspond with the acute intersection of the wires 
placed in  the axis of vision of the telescope, is performed in tell 
revolutions of the head, as denoted by the motion of the dart, tell 
divisions upwards or downwards, in. the narrow groove seen at 
the top ofthe figure. 

Now, by the means of this piece of mechanism in the eye-end 
of the telescope, it will appear sufficiently obvious, that small 
angles of elevation or depression may be determined with great 
accuracy, when the value of a certain number of revolutions and 
parts (the circumference of the head being divided into roo) have 
been once ascertained by repeated observations of the altitude of 
any well-dehed object taken by the semicircle. Thus it was 



found, by experiment, that 7&js revolutioiis of the micrometer 
head were equal to an angle of elevation or depression of IO' 59" 
or 6~9", oil the semicircle. Wiience it follows, that one revolu- 
tion raises or depresses the wire above or below the central point 
1' "".8134, or a little more than 84"Si. And hence a motion of 
one divisioil on the head raises or depresses the wire liearIy* 
ofa second. 

In this manner were determined the reciprocal elevations or 
d~pressiorls of the several statjons of the series of triangles with 
regard to each other. 

By observing attentively the four screws represented in the out- 
ward end of the telescope, a dotted groove will be seeii under the 
head of each. And in the uppermost figure there appears a flat 
brass ring, soldered to the inside of the tube about half an inch 
from the outward end, which carries 011 its surface four studs to 
receive the lower extremities of the four screws. Thus the grooves 
allow rooni'for a small circular motion to be given to ;he end- 
piece for the vertical adjustment of the fork of the wires, t h e  
that are horizontal being by constructioii at riglit angles w i t h  it. 
This being clone, the screws are made very fast in  the studs below, 

.and thereby the whole machinery of the end-piece is rendered 
perfectly firm and secure. 

There remains yet one piece more to be barely mentioned. It 
is the prism eye-tube, represcntecl by dotted lines towards the 
right-hand side of Plate XI. as attached to the eye cnd of the 
transit telescope, jrlstead of the coininon cyc-piece with two con- 
vex glasses. In leaning over our instrument to observe tlic pole- 
star, highly elevated in these latitudes, the body is necessarily 
thrown itit0 an incolivenient fatiguing posture, whereby Some risk 
is run of deranging the instrument, and co~~sequently of making 
the observations less accurately than when the observer caa look 
directly forward, without bending the body SO niuch. For this 
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purpose, Mr. Ramsden promised to supply the prism tube in 1787; 
but it was not obtained till 1788, by which time Mr. Dalby had 
accustomed himself to observe very we11 without it, so that it was 
never used. 

By employing this piece, light is no doubt lost ; because the 
image passes through more glasses before it reaches the eye, than 
when the common eye-piece is used. But for observations of stars 
nearer the zenith than the pole-star is in our latitudes, it would be 
indispensably necessary. It would likewise be advantageously used 
in looking at the meridian sun in summer, for which purpose it is 
furnished with dark glasses, placed in a slide moved by rack-work, 
p s  may be seen from inspection of the plate. They consist of three 
prisms, laid close to each other, so as to form, when thus as- 
sembled, a parallelopiped. Here the green prism stands nearest 
to the eye, a dark one farthest from it, and between the two, one 
of white flint glass, for correction of the refraction which would 
otherwise take place. It will easily be conceived, from the dis- 
position of the prisms, that the darkest medium is here towards. 
the left ; and that it becomes gradually lighter towards the right 
hand, where a void part i n  the frame is brought into the field 
when the stars are observed ; or when, froin the circumstances 
of the weather, it  may be unnecessary to screen the eye from the 
sun’s rays. 

General Management of the Instrument for Observation. 

43. When the instrument is used on the ground, it is covere& 
from the weather, under a circular tent, eight feet in diameter. 
Four short piles, hooped and shod with iron, are driven into the 
earth, and their heads levelled, by laying across from one to the 
other a mahogany straight ruler, having a spirit level attached to  
one side of it. The feet of the stand being then placed on piles, 
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are firmly fastened to them by means of long square-headedscrews, 
0111~ one of which may be seen in the view of the instrument, be- 
longing to that foot which stands nearest the eye. By working 
wit11 the four screws fixed in the octagonal mahogany plane, the 
Plummet suspended from the centre of the instrument is brought 
accurately over the point on the ground that marks the station. 
The screws of the feet, with the side nuts appertaining to them, 
are then slackened, to give sufficient room for the adjustment of 
the instrument, which by them is brought to be level. 

Adjustment of the Axis Level. 

44. The axis of the upper or transit telescope being brought 
Over any one of the feet, and the circle being clamped, hang the 
axis level on the pivots or a n w  of the telescope, and bring the 
bubble to the two indexes ; then reverse the level, that is, turn 
it end for end, and note the difference, Bisect this difference, one 
half by the level's proper adjusting screw, and the other half by 
that foot-screw only which is in a line with the axis. This ope- 
ration being repeated until the ditf'erence wholly vanishes, the level 
will be truly adjusted ; that is to say, the bubble will rest between 
the same points in both positions. 

Adjustment of the Elevation Level. 

45. This level being suspended on the rod attached to the out- 
side of the transit telescope, screw the ercct eye-tube on, to make 
that elid preponderate, Adjust the bubble to the indexes by the. 
steel fitiger-screw at the t,iil OF the semicircle's clamp+ Reverse 
the level, and note the difereiicc. 'Then bisect that difference, 
alld correct One half by the finger screw, and the other half by the 
Proper adjustitig Screw under the level, and so on repeatedly untill 



the difference wholly vanishes. The level may then be hung on 
the two pins that project from the horizontal bar which carries the 
telescope, where, being parallel to the axis level, it will shew when 
that is removed (as is commonly the case when terrestrial objects 
qnly are observed) whether the plane of the instrument sufEers any 
alteration. If this should have happened, the level on the horizon- 
tal bar is at all times sufficient to correct it. 

To set tbe vertical Axis perpendicular. 

46. This may be done by either level, but best with the axis 
level, which being suspended on its pivots, must be brought paral- 
lel with two  of the feet of the instrument ; and by the screws of 
these two feet, the bubble is to be brought between its indexes. 
The circle being then turned round i80°, if the bubble changes its 
place, half the difference is to be corrected by one of the feet- 
screws, and the other half by two capstan-headed screws, that 
act against each other, under and belonging to one of the Ys or 
supports, in which the pivots rest. When the bubble is found to 
be just in these two positions, turn the circle goo, which will neces- 
sarily bring the axis over the third foot of tho instrument. Then 
correct any error there may be by that foot screw. In this manner 
the circle will be made to revolve again and again, without any 
alteration whatever of the bubble, which shews that the vertical 
axis is then truly perpendicular to the horizon. 

TO make tbe Line of Collimation in the Telescope at right Angles 
with the transverse Axis. 

47. The pivots resting in their Ys, direct the telescope to some 
distant well-defined object, and let the circk he clainped. Tlien 
reverse the axis,, that is, turn the telescope upside dawn. If the 



intersection of the wires does not coincide with the object in both 
positions, half the difference must be corrected by the motion of 
the circle with the Hook's-joint, and the other half by the motion 
of the brass slide in  the eye end of the telescope, by applying the 
milled-head key ifi the small socket, seen on the right-hand side 

Plate XI,; and so repeafedly until the difference wholly dis- 
appears, 

TO set the Rod on rubicb the Elevation Level baizgsparallel to the Ltkc 
of Collimation. 

48. The vertical axis being supposed to be nearly vertical, hang 
the level on its rod, and rectify the bubble by the finger screw of 
the clamp. Set the horizontal wire on the steel slide, to intersect 
the ceiitre of the oblique wires, and place the dart or index at zero 
on the micrometer head. Then observe some distant distinct ob- 
ject covered by the horizontal wire. Take off the level, and turn 
the telescopc upside down ; and bring the wire upon, or nearly 
upoil, the same object : then hang the level on again. Now, if 
the level be not right, rectify it by the finger screw at the tail of 
the clamp. If the telescope does not now accurately cover the 
Same object as in the former position, bisect the difkreiice by the 
fi11ger screw of the clamp, and then rectify the bubble by the 
capstan-nuts ilnder one elid of the rod. Repent this operation 
until the level is right, when the telescope shews the saine objects 
in both positions, alid thereby the rod will be brought parallel in 
altitude to the line of collimation or axis of vision. 

The adjustments of the microscopes having been already sum- 
ciently explained, giving the description of the essential partsl 
of the instrument, it is uniiccessary here to repeat them, 



Of the Weight Oftbe Instrument, and Mode of transporting it from 
Place to  Pluce. 

49. The instrument, whose description and uses we have here 
attempted to give in a general way, without reference to its 
minute parts, by a multitude of different characters, weighed in 
the whole about eoolbs. 
of a circular form for the body of the instrument ; and the other 
of an oblong-square figure, for the transit telescope. Within this 
last box there is one of mahogany, that holds all the smaller parts 
Qf the apparatus. The stand, steps, stools, pullies, ropes, tent, and 
caiiopy for the scaffold, &c. &c. weighed at least as much more. 
The whole attirail was transported from place to place, in a four- 
wheeled spring carriage, drawn by two, and sometimes by four 
horses, The carriage part, originally that of a crane-necked 
phaeton, was presented, with his usual liberality, by Sir Joseph 
Banks; and upon it was built a kind of caravan, covered with 
painted oil-cloth, whereby every thing within was kept dry and 
secure. 

It  is contained in  two deal boxes ; one . 

Description o$ various Articles of Machinery made Use of in tbe Tri- 
gonometrical Operation referred io in Plate XII. 

Port able Scafold.  

50, In the account of the measurement of the base on Houri- 
slow Heath, we have  hewn that the surface of that remarkable 
plain is not elevated more than fifty or sixty feet above the mean 
level of the sea. From this m a l l  elevation, and the circumstance 
of its being surrounded, almost on every side, with lofty trees, it 
was from the beginning sufficiently obvious, that, in order to be 
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ebabled to make the observations of the collateral stations from 
the extremities of the base,.it would be absolutely necessary to 
raise the instrument, by some means or other, to a considerable 
height above the ground. For this purpose the portable scaffold, 
whose plan and elevation are represented on the left-hand side of 
plate X11. was constructed. It consisted, as may be seen, of an 
inward smffold for supporting the instrument, and an outward 
one for the observers, wholly free and independent of each other, 
the platforins of both being framed about thirty-two feet above 
the lower ends of the scantlings which rest on the graund. These 
being made of squared deal, and the several parts being bolted 
and screwed together with inany iron screws secured by nuts, the 
whole could be readily taken to pieces, carried in a waggon (for 
which it made a complete loncl), and replaced again ia any new 
situation. This scaffold answered very well the purpose for which 
it was- intended ; for the stepladders, or stairs leading to the plat- 
form, being attached to the outward frame, the inward one t h a t  
carried the instrument remained undisturbed by the motion of 
those who went up and .down, or walked around rhe top. The 
silk thread, that suspended the plummet, was secured from the 
effects of the wind by a sort of funnel or trunk, coinposed of three 
deals (one side being lcft open), and so contrived as to be easily 
turned round to any quarter of the heavens, whereby thc opetl 
side was alwavs presented to leeward. The iiistruiiiciit W R S  co- 
vered from the weather by a canvas canopy, about seven feet 
square, to which side walls could be hooked, for screciiing it from 
the wind, 8s occasion might require. By referring to the eleva- 
tion it will.be seen, that the scaffolds, both outward and illward, 
might be divided horizontally into two parts, so 8s  to pcrlnit the 
uppermost half alone to be used, when it becme LIIlllecessary to 
raise the instruilient to a greater height than fifteen or sixteen 
fwt above the ground. The whole together was never made use 
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of, except at the two extremities of the Hounslow Heath base. 
The  uppermost half was applied at three of the stations only, 
namely, St. Ann’s Hill, Botley Hill, and Padlesworth near Dover, 

T?tpotl Ladder. 

51. Next to the scaffold the Plate represents, in plan and sec- 
tion, a tripod ladder, about thirty-five feet in height. It carries 
on its top a globe lamp, of about one foot in  diameter, in which 
was used a simple Argand’s burner, of a large size, made for that 
purpose. The Iainp being removed, a socket for a white light 
might occasionally be substituted in its place; or (as was the case 
when we observed the station at King’s Arbour from St. Ann’s 
Hill) a flag-staffmight be added at the top, w h k h  was secured in 
a truly vertical position, by braces fixed tQ the legs of the ladder 
underneath. I t  will be readily conceived, that by a contrivance 
of this sort a white light could be raised to a considerable height 
above the ground, if the circumstances a t  any time had rendered 
such elevation necessary; and that it could, by the help of a 
heavy plummet, be always placed in a truly vertical position over 
the point on the ground marking the station. The globe lainp 
was found to answer very well for short distances, of six or eight 
miles, when the weather was Ftivourable; but it coiild not be de-; 
pended upon in observations of distances that were considerably 
greater. 

Common Fl ag-s taff 

$9, After the tripod ladder, comes in the Plate the plan and 
elevation of a common flag-staff with its braces, carrying likewise 
two reverberatory lamps. These two were attached to the same 
iron bar, at the distance of three feet from each other. They 



’had concave copper rcflectors, nine inches in diameter, extremely 
%+ell .polished and silvered. They were intended at first for ex- 
periments near London, and were very well seen at the distance 
of fifteen or sixteen miles, To secure us from any uncertainty 

at might :have arisen, by mistaking other lights for our OWN, 

-0ne.fainp was placed over the other. But wlien we came after- 
wards to be better acquainted with the appearance of these lamps, 
‘that precaution was found to be entirely unnecessary ; wherefore 
single reverberatories were provided, with specula of ten inchcs 
diameter, and they were supplied with still larger burners, which 
could be sean at the distance of twenty or twenty-four miles. But 
here it is proper to remark, that these lamps must be carefully 
watched, especially in  exposed windy situations ; for if the cotQ1 
be drawn out a little too far, they are apt to smoke, whercby the 
front glass becomes obscure, and therefore must be wiped fre- 
quently. They are easily turned on the posts that support them ; 
and were, by the help of a telescope laid 011 oneside, parallel to 
the axis of the rays (for which a coiitrivance was provided in the 
tin work) accurately presented towards the station accupicd by 
the instrument at the time from whence they were to be observed. 
There was constantly one of these lamps, and sometimes tivo, at 
two different stations, burning each night, when we were ~riakirlg 
observations of the pole-star, or white lights, of short duration, 
placed at other distant stations. 

Tripod for White Lkbts. 

53. Next after the flag-staff.‘ (whereon a socket for white lights 
could likewise be placed, when the flag itself was rellioved) is re- 
presented n small tripod intended for white liglits only. Tlie 
same socket that fitted the top of the flqptaff, or lamp-post, 
could be applied to the tripod, by the help of three small sockets 
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soldered for that particular purpose to the sides of the principal 
one. Deal rods, of five or six feet in height, or hazels cut from the 
nearest hedge, served as the legs of this stand. The sockets them- 
selves were made of copper, because those of iron would have been 
dissolved by the sulphur ; and the upper part, which was only an 
inch, or an inch and an half, in height, was square or round, ac- 
cording to the figure of the boxes containing thecomposition, some- 
times of one kind, and sometimes of the other. These white-light 
tripods, being readily placed, by the help of a plummet, over the 
point marking the station, were found to be very convenient on 
the top of an open hill, or on the leads of a church steeple, as the 
person attending them could easily light the box with the port- 
fire, without the aid of a ladder, 

Portable Crane. 

54. On the right-hand side of the lilatc is represented, in plan 
and section, and by a larger scale than the others, a portable crane 
for weighing up the instrument to the tops i f  such towers, church 
steeples, or other buildings, as became stations in  the series of 
triangles. It was constructed in the Tower of London, and an- 
swered very well the purpose for which it was intended, although 
it might still be improved. Before we were supplied with this 
crane, we made shift, by the help of ZL 1ohg beam, and a moveable 
trestle by way of fulcrum for i t  to rest upon, to get the instrument 
up to the top of its own proper scaffold, and one that was still 
higher, erected over the transit-room of the k y a l  Observatory 
at Greenwich. 

Distinction of tbe Stations. 
5s. In the course of the trigoliometrical operation, the centre of 

the instrument has constantly been brought, even almost to mathe- 



-matical exactness, over the precise point marking the station, 
whereby reductions to the centre, on account of eccentricity, have 
been avoided ; and the stations have beep distinguished, as far as 
possible, by permanent marks, in such a manner, that, while these 
remain, the centre of this or any other instrument may be again 
brought into the same vertical line. By these means our recent 
observations may be repeated on any future occasion, and cow 
nected with others, which it is to be hoped will be madehereafter : 
for this operation, the first of its kind in  Britain, should only be 
considered as the foundation or commenceineiit OC a series of 
others, which by degrees will be carried to the remotest parts of 
the Island. 

The stations may bc distinguished into two sets. First, those 
which are permanently marked by pipes sunk in the earth ; and, 
secondly, those where tfieinstru‘ment wnselevated to the top of some 
tower, church steeple, or other building. The plans of the plat- 
forms of this last set are given in Plate XIII. along with such di- 
mensions as are necessary to shew, with regard to the side walls, 
the precise spot over which the centre of the instrument was placed. 
As often as was possible, these situations were further defined? by 
means of concentric circles described on the Ieads. 

The stations of the first set, marked with pipes, are fourteen in 
number, vix. 

‘ampton Poorhousey }the extremities of Hounslow Heath base. Kilig’s Arbour, 
St. Ann’s Hill, - about the middleoii the east edge. 
Hundred Acres,’ - near the west end of the garden. * 
Norwood, towards the Croydon end of the heigljts. 

. * This spot has since been inclosed, and the pipe is entirely gone. 
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Wrotham oHi,tl 
Hollingborn hill; - 
Fairlight Down, - 
Ruckinge, - - 
High Nook, - - 

in a field belonging to Mr. Johnston; 
in a field belooging to MP. Duppa 
347 * feet southward from the Windmill, 

which makes with Fairlight Church, an I angle of 1 0 5 O  $3' 20 It . 
} the extremities of the base of verification, 

an artificial mount beIonging to Sir John Allingtoii Knoll, - { Honeywood. 

eastward from the Church, in the Broom- 
{ field belonging to Mr. Brockman. Padleswort h, 

Folkstone Turnpike - westward from the Publicrhou$e 

on buildings, are nine in number, vz'x, 
The stations of thesecond set, where the instrument was elevated 

Hanger-hill Tower. 
Transit-room of Grcenwich Royal Observatory; 
North-west turret of Severndroog Castle, on Shooter's HiW. 
Swingfield Church Steeple. 
North turret of the Keep of Dover Castle. 
Lydd Steeple. 
Tent e rd ell S teepk. 
Goudhurst Steeple. 
Frant Steeple. 

Excess ofthe Angles of Spherical above those of Plane Triangles, 

56. Since the sum of the three angles of a spherical triangle is 
greater than two right angles, it follows, that the sum of the three 
observed angles of each of the following triangles ought to exceed 
180". The fourth column contains the computed excess, or what 
should have been given by observation, and the fifth, the error in  
the observed sum. 

It had'been atfirst proposed to multiply the observations as much 
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ai possible, and particularly by successively changing the zero of 
the instrument *to neiv Ijdints, asure the same angles on dif- 
fkrent parts of the circle, so as to subdivide ahy errors that tnight 
arise from inaccuracy of division, or shake at the 
principle,’ perfectly good in theory, and which was adhered to as. 
far as the circumstances would permit, was nevertheless found, 011’ 

s, to be impossible in practice, without sacrificing 
me than we could afford, consistently with the en- 

gagements entered into with the French Gentlemen, for the co- 
dperation on the Coast. At particular times, especially in‘ hot 
weather, there was such a tremulous motion or boiling in the air,. 
that.it was only during a very short space, chicfly in the inoriiitigs 
and eveuings, that the objects were suficiently distinct to be ob- 
served with accuracy. So difficult it is to do any thing perfectly 
good in this way, that a whole day has f’requcntly been spent, after 
watching with.anxious care, in obtaining a single one th  
perfectly satisfactory ! At such ,times as these it would ~ R V  

absurd to have attempted to change the zero, which always ren- 
dered it necessary to re-adjust the instrument by its levels. 

In very favourable circuinstaiices of the weather a good obser- 
vation by day is preferable to one by the white lights ut night; 
because, in the first case, the observer has time at  his leisure nicely 
to bisect a fine flag-staff, and repeatedly to read ’off the angle ; 
whereas, in the short duration of the burning of the light, he is 
solnewhat hurried, from the fear of losing some of the ljghts at 
o t ,h -  distant stations, if two of them happened to come together, 
w h k h  5 ,  iiow and theii they did, from the irrcgulnrity of the T&s of 

es of the artillery-men attending at  the different stations. 
wever, by the assistance of the white lights only, that 

the most dist;mt stations could be rendered visible ; and there 
canllot be a doubt that, in great trigoliometrical operatioils of this 
sort, they will be universaliy adopted hereafter. 



9 Sometimes an observation has been entirely lost, or at least that 
which had been obtained was not thought a very good one. In 
wcli cask, a blank’has been Ieft in the column of observed angles, 
and also in that expressing the error. But no bad consequence 
has arisen on that account, there being always such other checks 
from the collateral stations, as to leave nothing doubtful. 

The quantity by which the sum of the three observed angles of 
spherical triangles should have exceeded 1800 was found as fol- 
lows. 

Because the excess of the three angles of a spherical triangle 
above 180. x earth’s radius = its area, therefore earth,s rad, =z em- 
cess above iflooin seconds; ifthe area and radius are taken in seconds. 
Now, 60859.1 fathoms being = io nearly, supposing the earth to be a 
sphere,we get thelog.of the feet in asecond= e.o0617@,and twice 
this, or 4.0123486 is the log: of the square feet in a square second, 
Therefore log. area in feet - 4.0193486 = log. area in seconds ; 
and the log. of the earth’s radius in seconds being 5.3144251, we 
have log. area in feet - 4.0123486 - 5.3144e5i = log. area in 
feet - 9.3267737 .- log. excess in seconds ; that is to say, f rom the 
logarithp of the area of the triangle taken as a plane one, in feet, 
subtract tbe constant logarithm. 9.5~67737, and the remuinder is the 
logarithm of the excess above 180° in seconds nearly. 

Area 

Calculation of the Triangles, Plate X IV. 

$7. Base on Hounslow Heath measured with glass Feet .  

rods (17), - - - c 27404.0 1 
By the re-measurement, in 1791, with a steel chain, 27404.3e 

.Ill--- 

Mean length .. e7404.s 



Nimer of the rtationi. 

The BASE between Ha 
Arbour - c-- 

- 
Distmcu. 

37153.6 
34455.2 

Hence, in the quadrilateral formed by Hamtton Poorboust, 
Kiltg's Arbour, Hanger Hill Tower, and St. Atin's Hill, making use 
of the two obtuse angles, as contained within their respective 
known sides, we have for the mean distance of the points of the 
acute angles at Hanger Hill Tower and St. Ann's Hill, expressed 
by a dotted line in the plan of the triangles,e68895.8 feet. 

T 



Observed Sphcri- DiE, or Anglcr corrccta 
No* Of Namcr of the station,. angles. for 

triangles. cxccsci. calculation. 
----__I--- 

V, Severndroog Castle, I 1  11 
5; i 1  ;:75 Shooter’s Hill - 5: j, 10” 

Hanger Hill Tower - 5 5  53  44.3 5 5  5 3  44 
Hundred Acres - 70  35 6.75 7 O  35 6~25 

Severndroog Castle -- - 
107 5 3  35-75 
26 12 23 

VI. ‘07 53 37 - Norwood - 
Hanger Hill Tower - 26 12 22.5 

Severndroog Castle - 45 54 1,s 45 54 1.25 

Manger Hill Tower - - - - - - from { fitverndroog Castle 
V1I. Norwood - - 88 5 5% a8 5 58.0; 

Hanger Hill Tower - 29 41 ‘20.75 29 41 ZI 
Hundred Acres - - I  L 62 I Z  40~9: 

L -- 
0.5 3 

Norwood from Hundred Acres - - - II - -~ a 

VIII. ransit Room, Greenwich 1 
Observatory - 1 x 1  56 50 1 1 1  56 5 0  

2 0  ‘4 57 
Severndroog Castle - 47 48 14 47 48 ‘3 Norwood - - zo 14 58 

-_.-I_ 

I 180 o z 0.1 +z.g P ---- 
Severndroog Castle - - - - I - - - I Greenwich Observatory from { Nonvood - 

e - -  

- -  - 

- 
Diitancer. 

Feet. 

84375 
74076.2 

63672.1 
39124.4 

-&& 

146 10.3 
3 1273.9 

48725.8 
70’93.9 

72951*7 
79960,6_ 
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XI. 

----- 
Frant - . 
Botley Hill - - 
wrotham Hill - 

*I I-I-I-- 

XIl .  

Botlry Hill - - - -  
Hollingborn Hill - - -  - 47 18 59 

Frant - - 48 28 37.5 48 28 37.5 

from { Wrotham Hill - - e -  

Wrotham Hill 84 12 24.5 84 12 23.5 

-_I_--- 

1.52  
-----)-- 

Wrotham Hill I Hollingborn Hill from { - 
XlI l .  Fairlight .Down - 48 '5 53.5 . Frant Hollingkorn Hill - - I - - - )  79 23 3 I 

- 

- I  - -  - Pairlight Down from Hollir, borr, I { Frant g 

- -  - 

- 
Diitances, 

-- 
Feet. 

90362.4 
79722 

81 '95 
107 89s .7 

11  3926 
'417M.4 

Thus far the computations have been made from the base on 
Hounslow Heath (27404.2 feet). We shall now proceed to the 
base of verification on Romney Marsh, by the fewest triangles 
which present themselves; but it may be necessary to premise 
what follows respecting the datu. 
AS that pait of the earth's surface to which the operation is con- 

fined, has been considered as a plane, it is evident that the mode 
bf correcting the angles for computation must, in some degree, 
hwe been arbitrary ; and therefore it follows, that in reducing the 
observed aq$es to those of plniic triangles, each angle may be va- 
r i d  t~ certain limits ; and consequently the opposite sides may be 
varied 'to certain limits also ; but it is evident, that the means of 

e extreme results, obtained in this manner, must be very new 
TS 



the truth, and perhaps will be considered more accurate than the 
distances deduced from a single correction of the satne angles. 
Accordingly, if we vary the angles (in reducing them to r80°), 
from Hounslow Heath, to the X I I I .  triangle, so as to produce the 
greatest and least lengths of th'e opposite sides, we shall have 
141746 feet, nearly, for the mean distance of Hollingborn Hill 
from Fairlight Down ; which, however, is only about 1 feet more 
than the distance in the X I I I .  triangle. 

The cornputation may be carried on to the base of verification 
by means of the three following triangles ; and the XXIII .  and 
XXIY. 

Angles observed. 
0 I I I  

HollhgbornNill 48 56 315 
Allington Knoll 88 e5 43 
Fairlight Down - - 

Lydd - e95 42 o$ 
Fairlight Down - - 

- 
Allington Knoll 32 $9 ee+ 

For computation, 
I I  ' 

i 8  i 6  31 
88 e5 4% 
42 37 47 

32 59 =+ 
9% 18 37* 
125 49 o 

l8 . derived from 
$7 38 33.4 gh&XIIIand 3 Ruckinge - 111 

Allington Knoll I - 
Lydd - - 19 3 18.6 

'Those triangles, with 141746 feet (Hollingborn from Fair- 
light), give 41534:4, for the distance of Lydd from Ruckfnge; 
hence, from the XXIII ,  triangle, the base of verification is found 
to be e8533,3 feet : which is about 28 inches short of the mea- 
surement. 

For the distance of Hollislgborn Hill from Fairlight Down, de- 
duced from the measured base on Romney Marsh.-As 98533.3 : 
98535.66 -(the measured base) : :, 1417@ : 141758 feet, the dis- 
tance required: the mean of this, and 14,1746 is 14,175s feet, 

. 
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From this mean distance, all the sides of the remaiiiillg trialigles - 
in the principa1 series are derived,' And it has not been thought 
necessary to alter any of the angles, as. originally corrected for 
Computation, because of the trifling variations which would con- 
sequently arise in the distances on that account. 

We should have computed the distances in the vicinity, and to 
the eastward of Romney Marsh, from the base of verification 
only, but there are reasons to suppose that it was not measuredao 
accurately as the other on Hounslow Heath. 

Namea of the atationr. 

rotham Hill - 



Np4 Of 
ia'ngles. Namn of the rtationr. I *  aglecl corrected 

for 
calculation. 

3"s io i8.42 
49 39 35.77 
94 59 25*8J. 

- I C  

- ---I 
[vIII. Pairlight Down - 

Goudhiirst - - 1 Tenterden - 

Dirtrtncea. 

Feet. 

Obaerved 
angles* 

- 
Diff. or 
error. 

d 

R 

-- 
-c 

Sphcri- 

exccas. 

Goudhurst - Pairlight Down from Tenterden 

XIX. Allington Knoll - 48 24 38 
Hollingborn Hill - --- 
Tenterden 91 34 23 - 

XXII. Allington Knoll - 
Lydd - - 
Fairlight Dawn - I 

, Hollingborn Hill 
Allington Knoll from I 

- . --- xx. L e d  
Alhngton Knoll - 73 0 27.5 
Tenterden - - 43 45 22 

32 59 z=.5 
'25 42 0.25 --- 

I '  

32 59 23 
125 42 0 
21  18 37 

- - - 
43 2 0  48.5 
48 58 49.5 
87 40 22 

I 
m 

xb6926.z 
KxIII. 

1 )0.3)(- --- 
Allingtoh Knoll from Fairlight Down 

* - LytJd 43 20 48.25 
Ruckinge 48 58 49.75 - 
High Nook near Dym- - church 87 40 21.75 ---- 

179 59 59.74 0,21  1-0.21 -- 
4% 5 3 5 *3 --- --- 3 1363.7 



I No. of 
triPngk8, Nancr of thc ptations. ------- 
XXIv.  Allington Knoll - 

Ailing1 
2 X V .  Folkstone'Turnpike - 

Qll.in ton Knoll - 
MighgNod - - 

Allington Knoll - - - Folkstone Turiipikc from - - 
XXVI. Folkstone 'l'unipikc 3 2  6 5689 

Allington Knoll '09 50 39.35 Lydd - 38 z 23.76 

131 h Nook - --- - .- - 
'05 29 40 

'Om { F&tonc Turnpike - 
9 38 29.36 

44 51 50.44 

0.27 

--- 
J Z  16 2,65 

'24 5 54.4 
13 38 295 

- - - 

'05 29 40.5 
9 38 29 

I 
KXVIIl. Padlesworth 

Lydd 
Folkstone Turnpike - - - - 

Lydd 

m. Padlesworth '~ - l e  16 3 
Padlcsworth from { Folkstone Turnpike 

Lydd - 1 - '54 5 54-75 
Fairlight Down, - . --- ---- 

' 0.s9 --- 
Padlesworth from Fairlight Down - - - - 



Spheri. 
Namu of thcstationa. 1 :tzd I cal 

triangle,. excess. 

4 

Dictancea. 

-I 

Feet. 

17056~6 
18525.8 

30560.4 
3155587 

Swingfield - - {S {8 I'; / I  

Padlesworth - 7 0  54 5.5  I xxx. I FolkotoneTurnpike - 60 27 39.5 

I 

XXXI. 

Pad kswgrt h 
from { Folkstone Turnpike - - - 

Dover Castle, North Tur. 

S wingfield 
- - - ret 

Folkstone 69 43 53.5 69 43 53.5 

- 
Swingfield - --- 

'Over Cast*e from { Folkstone Turnpike - - - 
of 

be- 

2 1  37 55-42 rXXXII. Dover Castle m - -  

Padleeworth 1.52 1 5  25,s 152 15 25.15 
6 39.43 Fairlight Down - --- 

i 
0.69 

XXXIII. Doves Caetle 87 30 29.58 
43 19 58.52 
49 9 31.9 

- 
Fairlight Down - 
Montlambert - 

25 33 5 5 * 0 2  
110 5 5  29.83 - 43 30 35.15 

4.78 

'XXXIV. Fairlight Down - --- 
Dover Castle - --- 
Blancnez --- 

PairlightDown .. - .-- - 
I Blancne' from { Dover Castle - - - - 

, tween Folkstone Turnpike and Padlesworth, was 150 18; 44"+ by 
observation ; and that at Padlesworth, between Dover Castle 
and Folkstone Turnpike, 34' eg' 4e1'4. 

186119 

168827 
245786 

25 2505.6 
1 16660 - 



Montlambert - 

I-'cIIII 

D~atances. 

-.c.c- 

Feet. 

77237b7 

137455 

244916 

The acute angles in the XXXII .  triang, result from the other 
angle and the including sides. 

The angles in the XXXIII .  and XXXIV. triangles were obtained 
in the following manner: 

At Dover Castle, the angle between the white 
lights at Mountlambert, and the lamp at Padles- I 

worth, was observed - - -. log 8 e 5 5  
For computation - iog 8 9.5 

lights at Montlambert, and Blanctiez,was observed, 17 46 5 
At Fairlight Down, the angle between the white 

Forcomputation - 17 46 3.5 
At Fairlight Down, between the lamp at,Lydd 

and white lights at Blancnez I. -. 11 9 $1 

Foreomputation - 18 9 

Angle at Fairlight, between Dover and Lydd 7 31. e948 
U 
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7 81 93.59 
Angle at Fairlight, between Lydd and Montlam- 

Angle at Fairlight in the XXXIII .  triangle 
Angle at Dover, between Padlesworth and Mont- 

Angle at Dover, in 

bert (17" 46' 3"& $- 180 9' $I"+) add, 35 48 35 

- 43 -19 58.5% 

lambert - - - - rog 8 a5 
e XXXII,  triang. sub. ei 33 55.4% 

Angle at Dove; in the xxxIir. ..I - 87 80 99.58 

The third angle, or 49' 9' 3i1'.9 at Montlambert, is the supple- 
mental one. " 

If from theangle at Fairlight, in this triangle, we take 17'46' f.5 
we have 95' 33' 5$'.09, the angle at Fairlight in the XXXIV. 
triangle : and if to 87" 30' e9".58 we add 23' 25' o".!it~ (the ang: 
at Dover in the xxxv. triang.), it gives I ioo 55' eg".83, the angle 
at Dover: that at  Blancnez is the supplemental one, 

The angle at Dover, .in the XXXVI. was obtained thus: a 
mean of the several observations betvireen the lamp at Blanc- 
nez and white lights fired on the gallery of the church of Notre- 
'Dame at Calais, gave leo 46' 33"9. Dr. Blagden very care- 
fully determined the position of the point on the gallery, with 
respect to the axis of the church spire ; this corresponded to an 
angle of 9", which added to 12" 46' 33''+, gives 1%' 46' 4!it"+. 
The other angles of this triangle are reduced from those in a 
plan of the French triangles, communicated by M. Cassini. And 
the angle at Calais, with the distance of Calais from the Tower of 
Dunkirk in the XXXVII. triang, are taken from the same paper. 

The angles at Montlarnbert and Blancnez in the XXXV. triang. 
result from our distances by computation. The French gentle- 
men, however, very carefully found them by observation, to be 



$e $3' eg" and rig0 41' eg", the common difference is about I#' 
which agreement, perhaps, is as near as can be expected, when it is 
considered, *that a variation of six or seven feet, in either of our 
computed distances of Dover from Blancnez and Montlambert, 
will produce that difference, 

The situation of the station at Montlambert, as determined by 
the observations made on this side of the Channel, has not how- 
ever, totally depended on those made at Fairlight and Dover: 
another observation at Padlesworth has been "used by way of 
check, or verification ; this was made in a very favourable state 
of the air, when the angle between the flagstaff at the station on 
Dover Castle, and the mast at Montlambert, was 58" 97' 11''+, 
being 

Dover Castle was the only station on our side to which the 
French academicians made pbservations. We therefore shall 
close this article with the following comparison, The distances 
on their part, being taken from sc Exposk des 0pt"PaCions faites en 
France en 1787, pour la jonction des Observatories de Paris et 
Greenwich; par M M. Cassini, MtSchain, et Legendre." 

more than that found by computation. 

1688e7 
116660 
157G5 
77938 

Montlam ber t - feet 

Calais " LI 

Montlambert from Blancnez 

- .I) 

168806 
116648 
137444% 
77998 

By the Eiig By the Frenc 
triang. I triang. 

Diff. 

81 
19 

10 
'3 

But if our distances are determined from the base on H~UPSIOW 
Heath o d y ,  the differences will be 14, 7, 7, 6, feet, respectively. 

Operathzs at Greenwich Observatory. 
558. By means of a scaffold, perfectly similar in principle to that 

formerly described, but more slight, RS being made for the tern- 
U S  
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porary purpose only, the stand of the instrument was raised to the 

hirty-eight feet above the floor of the transit-room of 
the Observatory. At this elevation all the surrounding objects 
which we wished to observe (St. Paul's excepted, which is hidden 
by the camera turret of the great room) could be distinctly seen, 
and the angles between them and the south meridian mark accu- 
rately measured. As that mark is but at a short distance, namely, 
about 1600 feet from the transit, and consequently &th of an 
inch, corresponaing to about a second of an angle on the mark; 
i t  was therefore very necessary that the centre of the instrument' 
should be brought with great precision over the centre of the axis 
of the transit-telescope underneath, In this operatian, and indeed 
in every other while at Greenwich, the Astronomer Royal gave 
us his best assistance. In the first place, the central point of the 
axis was determined by the intersection of diagonal lilies drawn 
across the square part in the middle. On this square part, when 
the telescope was in its horizontal position, a bason of quicksilver 
was placed, having a small cross made of two th in  bits of wood 
fitted to the inside of the bason, and lying very near the surface of 
the quicksilver, in such a manner as to make the centre of the 
cross coincide with the inte tion on the brass underneath. 
A small perspective glass bei hen fixed in a moveable board 
under the centre of the instrument, this was made to slide at riqht 
angles to itself in the direction of the meridian, and that of the 
axis of the transit, until the centre of the cross coincided with 
the axis of vision in looking downwards. The board being there 
fastened, and the perspective removed, the intersection of silk 
threads stretched across the board, marked very accurately the 
point corresponding with the centre of the transit, over which the 
centre of our instrument was brought by the help of the plummet. 
The  second method was still more direct. Dr. Maskelyne had an 
object glass prepared for his transit telescope, of a focus suited to 
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the vertical height of the stand of our instrument above it. This 
glass being applied to the transit, and the aperture contracted by B 

piece of pasteboard with a circular hole in the middle, a very sinall 
pin-hole being likewise made in the board at  top, the same was 
gradually moved by directions from the observer below, looking 

.through the telescope in its vertical position, until the pin-hole 
nicely coincided with the axis of vision, The instrument was 
then brought as before, by the help of the plummet, exactly over 
the pin-hole, In  this manner, which was that 'adhered to, no 
doubt remained of more than about r b t h  part of an inch, with 
respect to the centre of the instrument being in the intersection 
of twovertical planes passing through the axis of vision, and that 
of motion of the transit underneath. After having remained a 
week, the coiiicidence of the pinLhole with the axis of visioii 
of the telescope was tried, and found to have suffered no ahee 
rat ion. 

Bearings and Distances of the Stations;, 

/jg* Let (fig. e. P1, XV.) G be Greenwich Observatory; MM 
, its meridian ; PI?, the perpendicular to the meridian ; S, Severn- 
droog Castle ; W, Wrotham Hill. Draw SB parallel to the meri- 
dian MM ; and SA, WM parallel to PP the perpendicular. 

From the angles in the v. triangle to the X. in- 
clusive, (see the plan of the triangles) we get the 

The angle GSB= 16" io '  536'' (the complement 

, ,, 
angle I - - GSW= 1 5 ~  28 56' 

ofAGS)+ goa c I - sub. i o6  i o  426 

There remains the angle BSW, or the bearing of 
Wrotham Hill from the parallel SB, south-eastward 
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I 
I 

The distance OS = r @ i o . ~  

mplement, give - 
e distance $W = 79960.6 
.) with BSW =46" 18' 30'' BW = 57817 BS = 55 

Wrotham Hill from Greenwich 
merid. and its perpendicular )MW= 71849 MG = 59305 

In like manner, by drawing parallels through the several sta- 
tions, all the bearings and distances have been obtained. Those 
on the western side of the meridian, of course, are derived from 
the bearing of Norwood. 

The direct bearings and distances from Greenwich, are com- 
puted with the distances from the meridian and its perpendicular, 
Thus MW = 71849, and MG = 59805, with the right angle at, 
.M, give 50" ef 4W, for the bearing; and 93163 feet, the distance 
of Wrotham Hill. 

ftriang.vrxi.) with AGS= 73'49'34l' AS c 14039 AG = 4070 

7 - and its complement, give .I 

Table, containing the Bearings of the Stations f rom the Parallels to the 
Meridian of Greenwich : also their Distances from the Meridian and 
its Perpendicular . 

I Stations. 

I At Greenwich. 

At Norwood. 
Hundred Acres - - 

At Hanger Hill. 

.Hanger Hill - - 
Hampton Poorhouse - 

I Distances from 
Merihian. I Perpend. 

*' Bearings. 

--- 



Qtations. I .  
t 

St. Ann's Hill - .., 
King's Arbour - - 

At Severndroog Castle. 
Botle Hill - - 

At Wrotbam Hill. 
Frant - - - 
Goudhurst I c 

Wrot yh am Hill - m 

Hollingborn Hill = - 

Bearings, 

At Folkstone Turnpike. 
Pndlesw orth - " 
Swingfield - - 
Dover Castle - - 

Nontlatnbert - - 
Blancnez Signal 0 * 

Calais Spire - 0 

At Dover Castle. 

Tower of Duiikirk - 

11 83 18 S W  
46 18 go Sa 

6 50 58 SW 
eg l e  15 SE 
77 e i  e6 SE 

70 e5 3% sw 
e i  *48 SE 
89 56 rg NE 

64 18 47 NW 
$51 8 NE 

65 ge 46 NE 

Distances From 
Meridian. 

Feet. 
1 ig4oe 
lose63 

7= 
71849 

6%341 
106945 
15 io82 

15899 1 

'143319 

909345 
5319933 

eo4807 
298953 
e74976' 

a61715 
e73730 
505775 

38~~910 
994904 
49?470 
54705s 

Perpend. 

Feet. 
-. 

98859 
1038 

7~881 
59305 

138458 
139596 
77079 

148571 
e18618 

1g0701 
144036 

149414 
165678 
137916 

180839 * 18794 
i q , p m  

~7tMis8 
'97159 
184968 
159556 
111111 
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Dunkirk is 1420 tokes = 9080 feet from the meridian of Paris 

{Exposd des Opdrations, &c. en 1787, p. 66,), which taken from 547058, 
its distance from that of Greenwich, there remains 53'7978 feet, the 
dibtance of the meridians of Paris and Greenwich on the parallel (to 
the perpendicular) passing through Dunkirk, being only five feet 
short of the distance when the inclination of the meridian of Paris to 
that parallel, is brought into the computation. 

Stations. Bearings. Distances. - -- 
South-west 

ward. Feet. 

Norwood - '8 ;'6 31274 

Table containing the Bearings and direct Distances of the Stations 
from Greenwich Observatory. 

s td t io 11 s . Bearings. Distances. - -- 
Sou; h. east- 

ward. Feer. 

Goudh. Steepk-if3 43 49169974 
Hundred Acres 40 23 18 66876~HolIingb. Hill 6% 58 13 169608 
Ha nger Hill ITenterd.Steepl.46 49 1 1  e17115 

Tower - 76 7 39 69774, Fairlight Downgg 14 47 e61404 
Hampt.Poor1i. 77 L L ~  2% 851~8iLydd Steeple 47 40 6e8318e 
St. Ann's Hill 76 24 56 122836 Allington Knoll56 46 44~6egoi 

Hi h Nook 54 I 33e8ao44 
ward. Fo kst. Turn- 

Severndr. Cast. 73 4 4  34, 14610 pike - 63 28 4,930'7311 
Batley Hill - o 8 7 72881 Padlesworth 6'9 86 172999598 
,Wrotham Hill 50 27 48 93163 Swingfield Stee. 66 33 e e9897~ 
Frant Steeple 94 14 93 15 iN46/Dover Castle 67 44 343e8eg~ 

King's Arbour 89 25 6 ioe268 Ruckinge 63 58 16'953.517 

F South-east- 

4 

Of tbe horizontal Angles on a Spheroid. 

60. Let C (fig. I. P1. XV.) be the centre, CP, CE the polar and 
equatorial semi-axesf PF, PE two given meridians; B, 0 two 
points on the meridians having given latitudes. Draw the verti- , 



cals BR, OS, or perpendiculars to the meridians, to meet the axis 
in R and S;  from which points draw RH, SK parallel to SO, RB 
respectively, Let C be the centre of a sphere an which the points 
b, 0, have the same latitudes atid difference of longitude as tfic 
points B, 0, on, the spheroid : draw tlie radii Cb, Co, and arc 6, 
Then because CI, is parallel to RB and SK, and Co is parallel to 
SO and RH, the planes Cbo, RBH, SKO are parallel to each other ; 
and therefore each of the angles BREI, KSO is $qual to the angle 
bCo, or arc bo on the sphere, And since the planes SKO, RBH, 
Cbo, are equally inclined to the meridians, the angle KOP on the 
spheroid will be equal to bop on the sphere ; and the angle HBP 
equal to obp (supposing those angles to denote the true inclinations 
of the planes). Hence, the horizoiital angle OBP on the spheroid, 
will exceed obp on the sphere, by the angle OBH : and for the like 
reason, the angle BOP on the sphcroid will be less than bop on the 
sphere by the asgle BOK. And because the planes BRH, KSO are 
paralld to each other, a third plane (BRO) intersecti 
make the alternate angles equal to each other ; the 
cess on one side, is equal to the defect on the other, or the angle 
OBH equal to BOK; and conseq ly the sum of the angles PBO, 
POB on the spheroid, equal to t m of theangles pbo,pob on the 
sphere, supposing those angles resent the inclinations of the 
planes, 

From Bhnd 0 draw the tangents BG, BD, OQ to the arcs BH, 
BO, OK, meeting RH, SO, SK produced ; draw GD, which will bc 
in the plane of the horizon of the point B, and also in that of the 
meridian EP. In like manii$r, a line from Q meeting a tangent to 
the arc OB drawn from 0, would be in  the planes of the horizon of 
the point 0, and the meridian FP ; but this line, with some others, 
are omitted in the figure to prevent confuqjon. 

Since in the present position of the planes, the horizontal mgla 
HBP, or CBP is equal to the angle obp ; and KOP or QOP is equal 

X 
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to bop, if we conceive the planes GBR, QOS to revolve equably 

icals BR, OS, if is evident,< that in every contemporary 
urn of the horizontal angles at B and 0 will be the 
refore there are an indefinite 1iumberof.points in the 

verticals SD, RB (supposing the latter to be produced *upwards) 
through which the planes may be drawn to make the sum of the 
horizontal angles on the spheroid accurately, the same as the sum 
of f i e  spherical $niles at b and 0. Conceive the plane GBR to move 
round the vertical RB, till it cuts the vertical SD in D, then the 
horizontal angle (OBP) on the sliheroid will exceed obp on the 
sphere by the angle GBD included between the tangents BG,BD. 
Now, suppose it to cut the vertical in 0 at the surface ; through 0 
draw RI to meet the plane of the'horizon of the point B in I 
the difference of the horizontal angles in that case, will be the 
angle GBI (supposing BI to be joined), being greater than the ho- 
rizontal angle GBD by the angle DBI. Hence, If we suppose an 
instrument at B which measures angles in  the plane of the horizoq, 
and BD its telescope which may be moved in a vertical plane, it is 
evident that the horizontal angle PBD is diminished as the 

vertical (OD) to which the observation is ma 
nd for the like the horizontal angle (PO3 

ented when the in nt is at 0011 the other meridiap. 
This supposes the latitude of the place 0 to be greater than that 
of B ;  for when the latitudes are thesame, the plane 
ticals will coincide, and the horizontal angles will b 
and the same as on a sphere, 
6'1. T o  find il poilit in the vertical RB (produced ifmxessary) 

through which thc vertical plane at O*rnust pass, to make the dif- 
ference of thGhoriaontal atlglcs at the point 0, the sameas a given 
difference in the horizoiital angles at B. Let the angle GBD be the 
given difference at B ; &en if an equal angle be made at 0 in the 
plane of that horizon, OS;! being one of the containing sides, the 
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willmeet the plane of the meridian KP (continued tot 

f 0) in some point, from which if a line be drawn to s, +it 

by, conceiving lines to be d in the plane of the meridian BP* 
similar to those in the plane of the other meridian. From hence it I 

if the horizontal angles (OBI', BO*P) on the sphe- 
ken in the planes of the respective horizons, or the tan- 

horizon tal positions, and directed t'o the verticals, their 
P)will belessthan the sum(0Zpfbop)on the 

erticals at the points 0, B, 
I' : but if OD be bisected, a 

*-will cut the verti o h t  requircd : this will 

the like part of the other verticil between B and the plane of the 
horizon of the point 0, and the horizontal angles are taken to those 
points of bisection, their sum will be equal to the sum of obp and 
bdp, Ip the two former cases, however, i t  will be difficult to deter- 

mputation, because of the minute angles" 
e similar line in the pl 
oid be very oblate. 

69. From what has k e n  said, it follows, that if the latitudes of 
two points B, O, and tlie horizontal angles PBO, POB are given on 
a, spheroid,.the third angle BPO cannot be fohd by spherical corn- 

n in  the usual manner. But m u s e  their sum (PBO + POB) 
e considered as equal to ;he surh (pbo + p o b )  on a sphere, the 
pondiirlg; spherical angles may be found as follows : 

Havingtwo sides,and the sumof the opposite angles '~ of a spherical 
triangle, to find those angles : 

the tangent of h\alf the sum of tbe sides,* 
t ofbalftbpir dfleretice ; 

half their dference: 
ent of half die sum of tbe aqgk 

resent tlx sim and &she of the sum of tlic 
the greater side,, 8 that Qf the less ; then 

X e  
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fiS will be the tangent of the less angle. The aegafive Sign 

when the sum bf the angles is above 90'. 
les (HBP, KOP) for computation being thus found, the 
or the difference of longitude will from then 

ed ; and consequently the value of the arc BO on the spheroid. 
63. Metbod of computing the horizontal angles. Let the figure 

be an ellipsoid wh&e semi-axes CE, CP are $4,96740, and 3477eio 
fathoms : and suppose the latitudes of the places B, 0, are 490 40', 
and 50' respectively ; and their difference of longitude 30'. 

The two co-latitudes and the included angle 30' will give the 
spherical angles pbo, pob, 43" 51' 48".3 and 135" 4s' 1 @.e respective- 
ly; and the arc bo, or angle bC 
ticals BR, OS are respectively 
tangents BG, OQ parallel to the tangents of'the arc bo at d and 0, 

therefore the planes of the horizons of B and 0 will intersect the 
verticals RB, SO (produced), and their parallels RG, SQ, in the * 

same angles as the planes of the horizons of b and o on the sphere 
would cut the radii Cb, Co produced : these angles may be deter- 
mined w'ith the co-twgents, and co-secants if the latitudes, and the 
seoant of the arc bo to any radius. Aid hence we 

e DGR = 89' 40' DGB = 440 14' 40".3 and th 
the intersection of the plane o the horizon of €3 &d the p l aned  
the meridian EP. And the angles at Q in the plane 
meridian, will be 430 5 I' 4411.'7, and Sg" 39' $6'. 

Let a denote the sine of an arc whose tang. is x co-tang. 49O 
40' (the lat, of B>, then co-sin. a 490 4.9' =95081re fidth. the vertical 

BR. In like manner, the vertical OS=~508cls15 fath. Hence, 
from the nature of*the ellipse, weget RS the distance of the verti: 
cals in the axis I 148 fath. Draw RVV parallel to GD, then we 
have the angle SWR- 90" 19' 56" the suiplement of DCR ; and 
the angle WSR being 400 (the co-lat. of the point O), we get RW, 

m -C nc 

.* 

'p' 

'I 
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or GD =Q~.I$ fath, In the same manner, if RL be drawn pa- 
rallel to the intersection of the planes of the other meridian and 
horizon, its length will be 95.79 fath. Now the angles BRC, OSQ 
being each 27' *".7 (the angle KO), the tangents BG, OQ to the 
radii BR, OS, will be BG = 98398.5, and OS;! I ~8399.5. Hence 
BG, and GD with 440 14' ~ o / / . Q ,  the included angle at G, will give 
the angle GBD I= 8' $/+, the difference of the horizontal angles on 
the sphere and spheroid at 8. And the angle at 0 (with OQ and 
RL, and 45" 51' 44//.7 the included angle at Q), will be found the 
same, or 8' 3'". Therefore the horizontal angles on thespheroid will 
be PBO- &O51'48''.3 + 8' 3"f ; and POB = IS$" s' 16".e - 
8'3"$. Those angIes are computed 011 a. supposition that the tan-. 
gents BG, OQ are horizontal ; but no sensible variation would 
arise if they were directed to the verticals at the surfaces 0' and B, 
for the vertical SO, and the distance SR with the included angle a t  
S = 40') will give the angle SOR (DOI) not more than 5 or 6" ; 
and therefore, was the point D a mile above tlie surface, the length 
of DI which subtends the variation in tlie horizontal angle at B, 
would be less than 3 inches. 

64. The applicatioii is only the reverse of what is given above, 
For suppose the latitudes of two R,O on a spheroid are a' 40' 
q i d  50', and the observed Iiorf angles OBP,,I'OB to be a" 
59' ~ i / ~ . g j  and 135" 37' irt".95 ; to find the difference of longitude; 

The sui#of the observed angles being 179" 37' &5, we get (69.) 
Go 56' &"for half the difference of the spherical angles ; therefore 
KOP .-- 1350 45' ~y$, and HUP = 430 5 1' 4.7"$ are the angles for 
computation : hence the an& OPB, or differcitce of longitude = 
80', slid the opposite side BO = 27' 4g".7. 

65. If we determine the side OP, with the observyi angle OBP, 
and the two iiicluding sides, it will be found L 40' 0' f.6, which 
exceeds the truth by 5".6 ; but it will fdl short when that angle 
is greater than BOP : this excess (or defect) is the arc HO which 
subtends the difference in the liorizontal angles on the sphere and 

* 



c 1.60 J 
spheroid, which arc, in the preseflt case, is 5".6 (the qifference in 
the horizontal angles being 8' 4".3). Therefore as the angles at 
B and 0 approach to equality, the computed results with the ob- 
served angles become nearer the truth : and hewe it follows, that 
wEien the observed angle OBP is a right tme, and the arc BO is not 
of' great extent, the spherical computations will give the latitude 
and longitude of the point 0 without sensible error.' 

66. But when the latitude of the place (B) is given, together 
with theobserved angle (OBP) between the meridian (BP) an'd a 
given arc (BO), proceed thus for the latitude of the pjace 0, and 
the difference of longitude. Suppose PSD (fig. 3, P1. XV.) to be 
the obgerved angle, SP the co-latitude, and SD the given arc on 
a spheroid. With the two sides and included angle as R spherical 
triangl;, compute the angle PDS, which will always be nearly the 
<same as would be found by observation ; then make the aiigle 
SDA (which will.fal1 on the lower side of SD, if PD is greater , 

than PS),equal to half the difference of the angles PSD, PDS : 
now, if we consilger the triangle SDA as a plane one, the angles 
PAD, PDA will be equal, and SA will be the difference of lati- 
tude of the points S ,  D, which being found with the given length 
of SD (allowing for the cu e of the sides), we have the 
latitude of the point D : ;hen ,ihe three given sides 0f the tri- 
angle PDS, find the angle SPD by spherical computation, which 
will be the difference oflongitude. 

Distance 0s the Parallels of Latitude of Paris and Greenwich, , 

67. Suppose (fig# 3. PI. XV.)*PS, PD to be the meridians of' 
,Greenwich and Dunkirk; G Greenwich Observatory; D the Tower 
of Duiikirk ; GE the perpendicular to the meridian at Greenwich ; 
RD, RG the distancesof Dunkirk from the meridian of Greenwich, 
and its perpendicular, or 547058, and ip,gj6feet (59) ; DS the 
vertical or great circle passing through D, and making the angle 
at s a rightme. 



The. perpendicular DS to the" meridian a t  S, will fall below R 
about $2 feet. I t  is  found thus : assume DRY or DS = io ~ g '  e$', 
which wilI be its vit'iue nearly (for great accuracy is not neccs- 
sary in this case) : ,then, as c 0 . 6 ~ .  DS : rad. : : RG (150536 feet,) 
: 159608 feet, or 95435 fath. = GS, 

Now in the right angled triangle PSD, it follows (65.) that the 
side PD, computedspherically with the other two sides, will always 
fall short of the truth by a quantity detcrminakhe from the natufe 
of the spheroid ; which in  the present case (supposing the eartli an 
ellipsoid, an$ 'the degrees on tlie meridian, and perpendicular at  S, 
to be G0863, and GI 184 fath,) prill be o'l.3 nearly-: therefore, if the 
latitude of the point D be given, and that of S is to be cotnputed 
from DP and the other data, it will be iiecessary to diminish DP 
by that quantity (ot1.3 ). Accorditig to the latest olservhtiom, 
thelatitude of thel'ower of Duiikirk is 51' 8' 1 it'.4,(,Conn. des Tenis, 

* 3797 sp), therefore PD I 38' 57' &V'.6; from which take 
01'.3, e have $4' 57' 48".3 for computation. Hence, as cosits. 
10 99' egtt (SD) : rad. : : cosin. $30 57' 48".3 : cosie 56" esr" = 
SP ; consequently, GS I 380 $6' !22/'-3S0 3 1' 80'' = qj'-%''. A Q ~  
if DA be the parallel of latitude of Dunkirk, DP- SI' = 38" 57' 
4Wt.6-380 56' ast1 = 1' &V.6'. , CS being, e5435 fath. (an- 
swering to8 an arc of e$ 9'') ve $25' 8" : e5435 : : 1' e6"*6' 
: 14669 fath. = SA, which added to SG gives e6goi+ fath, the 
length of the arc of latitude between Grecifwich aiid Dunkirk. In 
page 6% G~ Exposd des Opkratioizs, CYC- en I wo have 19550~.99 
bises * 133757.9 fath. the distanco of the lx-irslllels of lat. of 

Parissand Dunkirk ; the sum of this, and a6gai-$, i s  1606bg fath. 
the distance of the parallels of latitude of Paris and Greenwich. 
Now, if the latitude of the Observutory at Paris is 48" 50' 14", the 

* The length t f  the F~ench toim, i s  to that of the English fathom, as 4263 to * 
4000. Pbilos, Trans, Val, LVIII, p. 3 i 6 .  



difference of latitude between f i r i s  and Greenwich, will be eo 38' 
&", hence 2" 38' zfY' i 160659 : : 10 : 60843 fath. the length of the 
degree on the nreridian in latitude 500 io1 (the middle latitude 
nearly, between Paris and Greenwich), which differs but little 
from M. Bouguer's hypothesis (Philos. Trans. 1387) ; and exceeds 
M. Lalande's on the ellipsoid about 7 fathoms (Astron. Art. a r i l . )  
But if the lat. of Paris be 480 50' I$" (Conn. des Terns, 1797-98, 
p 3'73.) we get the degree = 60849 fath. 

There is, however, an inconsistency in the foregoing results, not 
easily accounted for without supposing the latitude of Greenwich, 
or that of Dunkirk, or Paris, to beqrroneous. The distance of the 
parallels of latitude of Greenwich and Dunkirk is e6goi+ fath. 
answering to s6/ e8".6, the diRerence of latitbde ; whence we get 
6096% fath. for the degree in lat. ,510 is'+ (the middle lat. between 
Greenwich and Dunkirk, nearly). And the length of the meri- 
dional arc between Paris and Dunkirk is, 133758 fidth. correspond- 
ing to the difference of lat. eo 11' 56".4, these give but 60897 fath. 
for t h e  degree in la490 57'; the difference is '35 fath. which is 
about 100 fath. greater than the increase from lat. 49057' to 510 
IS"+ on any of the spheroids hitherto assumed for the figure of the 
earth. Some sWd11 errors 1 ve arisen from our method of re- 
ducing the observed anile8 e for computation ; but the final 
resultscould only be varied a few feet on that account. But even 
supposing an error of 4( fath, or 94 feet, on our part, in the distance 
of Dunkirk from the perpendicular, i t  will not amount to o"-p of 
lati tude. 

Nor is thelength of the meridional arc materially affected by any 
probable value of the perpendicular DS; or a small variation in 
the latitude'of Dunkirk. For suppose its latitude to be 510 a'g//.g 
(as determined by M. La Caille), and the arc DS = io ey' CJS": 
then proceeding as above, we get SA = 1470.7 fath. which exceeds 
the former length about 4+ fath: But the degree in latitude 51' 



s 60899 fath. And.( taking the lat. of Paris @O $0' if) 

49" 57 will be 60845 ; therefore I"n this-case, the difference in 
%he degrees is 'but 

But the difference in the two values of the arc of latitude GS 
will evidently be the same (very'nearly], as the difference in the 
ktitydes of the point D : ,for let DP be $30 57' 48"4 and 380 Q' 

.50".4 and the arc SD = io rtg' 95'' as before ; then PS -LI 880 &i' 
ee" and 380 $6' 24".1, the difference being P"."I (the same as that 
.io the latitudes of D) ; and the 

fath. instead bf 185. 

o values of the arc G 
re >she .length of the arc GS heii 

d 60828 fath. .for the heridional d 
lat 510 16'. 

.Fmm hence it appears, that if .the latitudes of Paris, Dunkirk, 
and Greenwich, %re 480 50' I$', $10 e' ii%4,.and $10 98' 40" re 
spectivkly, thadifference in .the meridionaLdegrees in latitudes @* 

hich will not accord with any 

h 

Q 

Delambre from that I of the place where he ma 
He took the 'altitudes of the pole-star,witk the circle of repetition * 
fabout 2 foot .in diameter), and. mined .his latitude from 800 
observations, differing, as we are sokewhat less than 1"f of a 
degree. This instrument is now in general use with the French 
astrcsnomera But though their method of'determiniag the meri- 
dional altitude of' a star is extremely ingenious, yet those ce l e  
bated mathematicians may rely too much on the instrument itself, 

operation*which requires the greatest nicety. For i t  is the 
.opinion of the first artist in England, who has examined its con- 
structionjasfar asit can be done from thedescription andengraving, 
ghat it is wholky amatter of chance if the plane >of the circle be 

b For the d p i p t i o n  see'Cinn, drr fThtt$., 1797-98. 
Y 



yertical when it is adjusted for observation-; and therefore, if 
the same mode of adjustmefit is constantly adhered to,<the re- 
sults may be consistent, Gut 'fintdy erroneous. The sgmq iq- 
genious artist, however, intends to publish his remarks ' bo the 
construction of this instrument, with the description of ail-other 
of his own invention for the same purpose, but less lia 
objection. 

I 

a 

@D&ations of the Meridians at Goudhurst and Botley Hill. And 
Length of a .Degree'perpendicular t o  the Miridan. 

68. A small' table had beerg previously c 
' when the pole-star was at its greatest appsareabelongations from 

the meridian. On these occasions t,he Board of LongitudG's pre- 
mium watch, by the late Mr. Harrison, was made use" of: Its rate 
of going an the time that i t  was in the field in 1787, was very uni- 
formly g$ secogds a day faster than mean time. Byt hthe winter 
months the watch gradually changed its rate from plus to minus; 
and when it was carried inho the field in 1788, and, during the 
five weeks that it caiitinued , it regularly lost omE'mean .time 
from $2 to 4 seconds each d aving in that short interimbch 
twice compared in Argyll-street, with an excellent clock rnadesby 
Cumming, with an improved Ellicott's pcirdulum. 

Let €3 (fig. 4. P1. XV.) be Botley Hill ; PBR its beridian, 0 
Greenwich Observatory { whichis nearly on the meridianaf Bstley 
Hill) ; G Goudhurst ; W Wrotham Hill ; T TenPerden ; GR an 
arc of a great circle, making the angle at R a right 6n'e ; also~let 
* * represent the circle of' the pole-star's apparent declination ; 
and B*, G* be two azimuth circles touching that circle. 

GT, or that between 
the pole-star whenat  its greatest apparent distance from the 

z 

F 

Aug. 14,1788, at Goudhurst, the angle 
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meridian on the east side, and the lamp at Tenter- 
den was 'observed; - - .I .L 104 swig+ . 

The angle BGT between the lamplat Botley Hill 
..c 

and Tenterden was repeatedly observed - - *  167 4s 56 --- - .  
gle * GB - - - - - diff. 63 11 36$* 

dug, 93,1788, at Botley Hill, the angle * BW, or 
that between the pole-star at its greatest apparent 
elongation, and the lamp at 
servedif ;: .. L i- 76 a.1+ sa - . - 9  

4b 

he ingle WB y repeated observatiolis was 40 4 49 

- - I - sum ,116 e6 19 
-- 
- 

sin the star's azimuths at B and G it will not be necessary 
itudes very correct. We therefore may take the 

idional arcs from M. Bougiier's hyp 
th the measurement in these latit 

Botley Rill'is but 17% feet from the meridian of 
will $6 79881 feet (~CJ.), the distance from the perpendicular, with- 
o ~ i  t sensible error. 

tween B and 0 (Botley Hill 
degree in this latitude is 

oudhurst and Botlcy Hill, werc repeated 

he'latitude'of the middle poi 

given are the most exact. At Goud 
amp being noted, the telescope removed 

th,pilane of whC ,Enhpfiiept being turned ~ 8 0 0 ,  or half round ; the,tclescope replaced 
and direqed again to the star, t rcnce oil the circle 

ey Hill !he differenc n the'readings was 
tone TurnGkc by mealis of the star's double azimutli,wc obtained the dircc- 

t i o ~  of.thg lqpi&qlgyj$,&$tIJh .Nook $200 ad 5f.87. At14 with Fairlight Down 
tZoo 47' 45".87. a .I Pucqothing * conclusive was dcduced from thost mgks for want of 
reciprocal observations.. 

* ,  

1 Y Z  



c 166 J 
n 60844 fath. (Bsuguer, Fig. de la Term, p. 308; or Philos. Trana 
1787) ; hence the arcrOB = 78881 feet-, will be 11‘ 
added t% OP, the co-lat. of Greenwich, gives 380 43’ 19” = BP : 
now in the right angled spherical triangle P * B we have PI3 -L 

380 43‘ I$’, and P * = io*’ 2e”.8, the star’s apparent pol 
tame nearly on Aug. 93 ; hence the angle PB *,or azim 
s o  54’ 54’/,1, which added to the angle * BG gives iigo $1’ 13’1.1, 
the angle PBG. 

we have BG = 1~1813$ feet 
(triang. XIV.) and the angle RBG = 600 38‘%7“ the supplement 
of PBG, whence RG = 106174, and RB = $9713 feet :< the value 
Qf the latter on the meridian will be 9’ 48”.7 nearly ; and that of 
-RG (from asfew trials) is about 17’ eo”. Hence 3880 43‘ I$’ + 9’ 
4,8”.7 i- 380 53’ 7”.7 = RP, which, with 17’ eo’’ (RG), and the 
included right angle, will give GP = 380 53’ 1 I”. The star’s ap- 
parent distance frqm the pole on Aug. 14, was IO@‘ e5”.3 near1 
hence the star’s azimuth, or angle PG* = 20 5 
fxom the angle’BG *, there remains 600 17‘ 1 

It is evident that a considerable variation 
RG produces but a small one in that of the latitude of the point (3, 
which, in the present case, prin lly dependson the v 
arc RB, or of RO ; we there ill suppose GP = 
as found by the computation above. Then in the sphe 
angle BPG we have the sides PB; PG, with the angles at B, G ; 
whence (69.)  we get 600 7’ $3’’ and 1190 30’ 50?.9, 
computation at G and B (the difference *# thk .hoq 
an the sphere and spheroid, in this case, being 9’ fl4‘’.8):* from these 
angles and their opposite sides, the difference of lohgittkde BPG 
will be found 97’ 36”.74 ; and the arc BG 19’ 5$”.1g. Thewfore 

no 

In the right angled triangle B 

t In 1786, the Astronomer Royal very accurately detcrmi 
pole-stat, whetice the mean polar distance at the beginning of that fear was ‘I 

8‘.35. The mean annual paecession in declination being 19”.55. 

the’declination of the 
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8 : re1819+ feet (BG) : : i o :  81 155 fath, the Iengtli of-, 

a degree on the spheroid “in the direction BE;, and in lat, 5i0 11‘& 
the !at. of the middle point between B and G; And as rad. : sz’n. 
P’G : : sin. RPG : sin. 17’ eo”.o6 I RG the perpendicular arc =. 
106174 feet ; whence the degree‘in the latitude of the point R-. 
file51 fnth. nearly. 4 

In the foregoing computations the values ofthe meridional arcs 
are nearly the same as the values,wkich may. be inferred from the  
measured arc between Greenwich and .Paris, supposing the latitude 
of the latter to be 48@‘50‘ 14”. Small errors; however, in the values 
of the arcs OB, BR, are of little consequence, because that of the 
oblique arc BG, and also of the perpendicu-lar one RG principally 
depend on the horizontal angles at B and G, for a small variation 
in either angle will make a considerable one in the degrees de- 
rived from those arcs when, as in the present instance, they are 
small. For that reason, in the following table, we have adopted: 
the perpendicular degree, as determined by the operation in 1793, 
on a distance of 64 miles, which therefore is probably much more 
correct than the above. 



Table of tbe meridionat and ~ perpendicular Degrees from Lat. 
500 to, 5%'. 

i 

r '  

Lat. I Deg. on Mer 

fath. 
. 60899 

6 ~ 8 4 3  
60846 
60850 
6'0x53 
60856' 
6086'0 
60863 
60867 
60871 

6088 1 

60874 
60877 

kg. perp. Mcri 

fath. 
61 177 
61 178 
61 180 
61 181 
61 1852 
61 183 
61 184 
61186 
61'18p 
61188 . 
61189 
61190 
61 igi 

This table is computed on an elIipsoid derived from 608443 fath. 
the meridional degree in lat. 500 io' (Q.), and 6118s fath, the 
perpendicular degree in hit. $50' 40'. 

Of the Longitudes ofDunkirk and Paris from Greenwich. 

69. Let (fig. 3. P1 XV.1 PS, PD be the meridians of Greenwich 
and Dunkirk; G Greenwich Observatory, D theTower of Dunkirk; 
2nd DS the perpendicular to the meridian at S, as in lht,  67. 
Then GS c 254,35 fath. and SD =: gi 176 fath. 

From the table in the last Article we get the arc GS --- e$'4/'.4; 
therefore PS = 380 56' e4".4; then from the same table, the per- 
pendicular degree in the lat. of S is -f- 61 185 fath. ; coiisequently 
the arc SD == io 2g9' 24".6 nearly; or io 29' ~4''-7, allowing for the 
variation in the curvature. NOW those sides, with the included right 

t 
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angle at S, give eo ee' if ,  the a<gle at  P, or difference of longi- 
tude ; and 38' 57' 50".7 I DP, or 51' e'*cJt.3, the compute! lati- 
tude of Dunkirk. This latitude iF in excess (65.), the correction, 
however, may be found as directed in Art. 66, ; but the more exact 
method is to determine what would subtend the difference in the 
horizontal angles on the sphere and sliheroid at the points S and D 
(69.), which will be about 54feet; answering to o'#.g nearly (67.): 
this taken froin 51' e' 9".3 leaves 51' e' g", the latitude of D. 

The longitude of theS6Tower of Dunkirk being B' es" east of 
Paris (Mkm. de I'Acad. 1788), we have 9' ig' 51': or 9" igb.4, the 
difference of meridians of Greenwich and P&s. 

Was the earth an ellipsoid, whose axes are'as 830 to eeg, the 
longitude of Paris, from the above measurements, would be g m  908 
llearly (Philos. krans. 1791): but M. Lalande, in a Memoir on 
the difference of meridians of Greenwich and Paris (Conn. des 
Tdms, 1797-98) objects to this, and contends that the longitude is 
gm 91'. First, becauseit agrees nearly with a supposition made by 
the-late Gen. Roy (Philos. Trans. 1787, p. 199). St?condly, be- 
cause among 61 longitudes, deduced from the eclipses of Jupiter's 
first satellite,soine are found to differ but a few seconds from 9" 91'. 

Thirdly, M. Legendre finds .- e15 computation on a spheroid 
(Mdm. de I'Acad.' 1788). 

(;en. Roy's words are, 6' the differelice of longitude between the 
" two ObservatoAes, as far as can be judged from the map of 
" Kent, corrected for the error in the direction of its meridian, 
''s amounts to about 9' eo' !i"'*':'' this authority is evidently too 
vague.to merit attention. qnd with rqpect to the results from 
Jupiter's* satellite (Philos; Trans. 1787), they vary from g m  to lorn, 
and therefore afford gothing conrlusive. M. Lalande, however, 
should have stated the &dictions of MM. Sejour and Mechain, 
from the solar eclipse in 1769, and the occultatioils in 1786, where 



the limits are 9" 18' and gm sb. (see Dr. Maskelyne's Paper, 
Philos,Trans, 1787); andd he might have added that of Professor 
Piazzi, who found 9" 19'.3 from the sun's eclipse in June, 1788, 

10s. Trans. 1789.) b y , a i *  
aking the longitude of Paris 2' 90' 15", according to M, Le- 

gendre, the angle SPD is e' 2%' 37", whence the arc SD = 
io eg' 4a", which gives 6101 1 fath. for the perpendicular degree in, 
Sat. si0 4, agreeing nearly with M, Lalande, who has given a 
table .af the degrees of latitude and longitude on a spheroid whose 

', -443  ,.. axesxe --- as200 -- -1--" to *e%; ..I Astron. edit. 3, Art. 9711. Therefore the 
' length of thk perpen8icular degree, according to those gentle- 

men's hypothesis, is about 170 fath. shorter than that deduced 
from our measurement. 

M. Lalande says, 
4' homogerieous spheroid :" this perhaps will not be disputed ; but 
it is also as well known, that the experimeiits with pendulums, like 
the different measwements, hav'e not been consistent, nor accurate 
<enough, to afford satisfactory conclusions respecting ,the ratio of 
the earth's axes, notwithstandiiig the +computations have lately 
been made by the first mathematicians, ,on a sqppositioii that the 
#earth .is an heterogeneous d l  id. But if'the earth benot homo- 
geneous, it may, or it ma be an ellipsoid. The different 
measurements, however, seem to prove that it camot be an ellip- 
-soid of%any kind. 

Nor do we infer from the table (68.) ithat the earth is an ellip- 
soid, but some figure upon which the lengths of the degreesao the 
meridian, and at right angles to it in lat. 50' 40', are 60853 and 
61 18% fath. nearly : this granted, the values of .the other *degrees 
in the table, though'computed on an ellipsdld, cannot be wide of 
the truth. 
.In M, takinde's table the meridioiial degrees jn latitudes 

r- ,  A !  

it is now known that the:a 

L 



-ByQ la* and ego 28', exceed the ineasurements * by 92 and 1;s fath. 
respectively. At the polar circle, however, his hypothesis fdls 
907 fath. short. But in his memoir we fina an article respecting 
that celebrated operation, in substance as follows : cc  They write 

, cc me from Sweden, that M. Mallet, professor of mathematics at 
*c' Upsal, having been at Pel10 in 1769, to observe the transit of 
"Vcnus, examined the statiolls which had served for the mea- 
'' surement of a degree, and found that country full of high mouii- 

tains, the attraction of which might influence the direction of 
'' gravity, and -consequently affect the length of the degree. His 
'* discussion 011 the different measured degrees is to be found in 
'' the first volume of the Physical Description of the World, pub- 
'' lished at Upsal in i77e. 
'' We may add, that the angles of the triangles have not the 

*' precision which we might have hoped for; there is e9".4 of 
'' diffepence upon t h e  three angles of the first triangle ; (Mauper- 
4c tuis, lizg. de ia Terre, p. 88,) : those angles are altered in the ap- 

plication differently from what is warranted by the observations. 
'( CTK, p. 80, 24' 23' 58".8 and p. 90, 24 23' 54''-3 

(' KHN, p. 8iarid 89, 143 6 rg - 145 G 3.9'' 
It has also been conjectured, that the degree in Peru is consi- 

derably too long, in consequence of the lateral attraction of the 
high lands where the measurement was performed (Philos. Trans. 
1768). But the results at the polar circle and equator are of very 
little Gonsequence in settling the point in question ; because the 
distance betweeii the meridians of Greenwich and Paris, and also 
the" perpendicular degree, having been measured hi 

- 
'' HAC, p. 83, - 11% 91 43,6 - 119 e1 39.9 

* T h e  f&mer by Mcss, Mason and Dixon in America, and rhe latterby Ms, Bur- 
row in Bengal. See a short .account of Mr. Burrow's operation,~SoM l y  Elmsly aud 
h m a e r ,  Strand, London. 

z 
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same latitude, the longitude cannot be said to depend on any hy- 
pothesis; for a considerable variation in the length of the me- 
ridional degree will but little affect that of the perpeiidicular one. 
And therefore the difhence of meridians obtained from the mea- 
surement is a proof that the deductions of Mess. Sejour, M,qchain, 
and Piazzi are true to a second in time ; and that ym 2 1 ~  resulting 
from an hypothesis, is more than that quantity too great, 

70. Table containing the Latitude of the Stations ; and their Longi- 

- 
l i i  time. - 
n. s. 

0 20.2 

1 11.2~ 
0 453 

1 97.1 

47.5 
e 5.1 

0. 1L&7 
4.9 

I 15.1 
1 50.7 
4 28.5. 

87*B 
44.8 

2 33.1 
3 37.3. 
3 48,9 
3 57.9 
4 3 w  

0 0.9 

I ‘  

- 

tudes from Greenwich. 

Greenwich Ob. - 
Norwood - c 

Hundred Acres - - 
Hanger Hill Tower - 
Hain pt on Poorhouse - 
King’s Arbour I 

St, Ann’s Hill - - 
Botley Hill - - 
Severndr. Castle on Shooter’s Hill 
Frant Steeple - 
Wrotham Hill - - 
Goud hurst Steeple - 
Fairlight Down - 
Hollingborn Will - .. 
Tenterden Steeple - L 

Ruck i nge ” .. 
Lydd Steeple .I .. 
Allington Knoll - 

1 

High Nook, near Dymchurch 
Padlesworth L - 

Lat. 



On tbe Coast of France. 
Montlambert near Boulogne 

The method of computation given in Art. 69. is sufficient to 
show how all the latitudes and longitudes have been obtained : 
only it has not been thought necessary to apply any corrections, as 
in that example, three or four of the most distant places excepted. 
The latitudes are to the nearest f second; and the longitudes 
to the nearest second. 

Relative Heights, and terrestrid Rejractioiis. 

71. Before we proceed to give any account of the observed 
angles of elevation or depression, at the stations reciprocally, for 
trying the quantity of terrestrial refraction, it may be proper to 
call ,to remembrance, that, in the measurement of- the base on 
Hounslow Heath, the mouth of the pipe at Hampton Poorhouse 
was shewn to be elevated about 60 feet above low-water spring- 
tides at the sea, as far as could then be determined, by referring it 
to the surface of high water at Isleworth ; and that the extremity 
of the base near King's Arbour, was found, by levelling, to be 

* higher than the former elid by si+ feet. 
The mouth of tke pipe at the southLeast end of the base of vwi- 

&cation at High Nook near Dymclumh, in Romney Marsh, 
29 
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Lieut. Fiddes found, by levelling, to be above lowewater mark, tat 
spring tides, 99.1 'feet. L 

The top of the parapet of the north turret of the Keep of Dover 
Castle was found by Lieut. Hay, of the Royal Engineers (by level- 
ling from the top of the cliff, at Queen Elizabeth's gun, downwards,, 
and adding to that the height of the ground and Castle above the 
said gun), 40 be 465.8 feet above low-water at spring tides. 
Having also measured a base for the purpose, he determined the 
height of the cliff geometrically, which agreed within less than. 
a foot of the result by levelling. 

~ In 1 773,, the height of the floor of the upper story of the Bull I"nm 
at Shooter's Hill, was found, by levelling, to be 444 feet above the 
Gun Wharf in Woolwich Warren. Since that time the top of 
the parapet of Severndroog Castle, has been found to be 13+ feet 
higher than the 'floor at the Inn. And allowing e$ feet for the 
height of the Wharf a t  Woolwich, above low-water at the Nore, 
the top of Severndroog Castle will be 4795 feet above low-watec 
spring tides. 

Lastly, the aItitudes of all the ktermediate stations have beeia 
established by the reciprocal angles of elevation or depression,* 
gradually carried on from station to station, throughout the whole 
series of triangles ; and no greater uncertainty has been found a t  
Hanipton ]poorhouse than a few feet, occasioned, no doubt, by the 

* k d  

* Dr. Maskelyne remarks, that it would be of use to liave a person to note the 
thermometer at the object, as well as at the station of the observer, whereby the refrat'& 
tion might be more accurately computed by the application of a new oorrection. 

Thus, calling r =-$ $ t h  of the arc of distance; h =.the height of the uniform 

atmosphere ; 1 = the difference of the thepmometers at the two stations ; x = the diffe- 
rence of altitude of the two stations above a common level ; the correction would 

rth r fh  then be 2: - * and the true or whole refraction would be = y F accord- 
400' ' 

ing as the thermometer stood lower or higher at the upper station. 
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uncertainty of terrestrial refraction : for i t  is to be remarked, 

' to the westward of Greenwich, no double, but only single, o 
vations were obtained ; wherefore the relative heights of these 
stations have been determined by taking & of the arc of distance 
for the effeCt of termstrial refraction. 

7%. Suppose! C (fig, 5; PI, XV.) to be the centre o f  the earth ; 
A and B two stations above the surface SS ; AD, BO the hori- 
zontal lines at right angles to OC, DC ; also, suppose A and B to 
be the true places of the points reciprocally observed, and a and b. 
their apparent ones :. 

In the quadrilateral. AEBC, the anglts at A and B are right ones,. 
therefore the sum of the angles EAB, EBA, is equal to the angle 
at C, or the arc SS contained between the stations: in other 
words, the sum, of the reciprocal depressions. (DAB + OBAJ be-. 
low the horizontal lines AD, 130, would, be equal. to the contained 
arc, if there was no refraction. But a and b being the apparel1 
places of the objects at A. and €3, the angles of depression will be 
DAb, OBa; therefore their sum? taken from the angle C, or the 
coiltailled arc, will leave the sum of the angles bAB, aBA, 01" the 
sum of the two refritctioiis ; hence, if we suppose half that sum to 
be the mean refraction, we have the following rule, when the 
objects are reciprocally depressed: subtract tbe sum of tbe two 
depre*ions from tbe mitailzed arc, and half tb5e remainder i s  the 
mean refraction. 

If one of the objects (€5) instead of being depressed, is elevated,, 
suppose to the point G, themgle of elevation being GAD ; then 
the sum of the angles @AB + BBA will be greatcr than the Slim, 

EAB +'EBA (the angle C,,.or ConFained arG SS), by the angle of 
elevation eAD ; but if from. eAB+eBA we take the depression ' 
OBa there will remain eAB+aBA the sum of the two refrac- 
tions : therefore, the rule for the mea11 refmcthl in. this case is : 



s&ract the depression from the sum of 2he contained arc and eleva- 
tion, and half the remainder is the mean refraction. 
' Previously, however, each observation must be reduced to the 

of the axis of the instrument, as in the two following 
.examples. 

I. At Allington Knoll, the top of the staff on Tenterden Steeple 
was depressed 3' 51'l by observation ; and the top of the staff was 
5.1 feet higher than the axis of the instrument when it was at that 
station: ITOW the distance of the stations being 61777 feet, we 
shall find that 3.1 feet will, at that distance, subtend an angle of 
10~~~4, which added to 3' 51", gives 4' 1".4 for what the place of 
the axis at Tenterden would have been depressed, had it been 
observed instead of the top of the staff 

On Tenterden Steeple the ground at Allington Knoll was de- 
pressed $ 35": but the axis of the instrument, when at Ailing- 
ton Knoll, was 5$ feet above the ground, which will subtend an 
angle of 18/'.4, this taken from 3' 35", leaves 3' 16ll.6 for what 
the place of the axis at Allington Knoll would have been de- 
pressed. 

Cdntdned arc '(617$7 feet) - - io' 6I4nearIy. 
Sum of depressions 4' i'I.4 + 3' 16?6 sub. 7 18 

e 48 - 
94 Mean refraction c - - 

or about + of the contained arc. 
For the relative heights. The mean refraction added to the 

depression of the axis at Allington Knoll is I' 94"+ 3' r6".6 
54 '  40ll.6, being 2%''.4 less than half the contained arc, and 
therefore the place of the axis at Allington Knoll is higher than 
its place when on Tenterdeli Steeple, by what that difference, or 
the angle 92'1.4 subtends, which will be found = 6.7 feet ; this 



c .  17,7 1 
taken from g ~ g  feet, the vertical height of the axis at Alliijgton. 
Knoll, leaves 392.8 feet, its height when on Tenterden Steeple. 

9.  At Allington Knoll the ground at HighNook WBS 
depressed - - - - - 46' 45'' 

At High Nook the ground at Allington Knoll was ele- 
vated - - II, 

The height of the axis above the ground at each of those sta- 
tions was &- feet, which, with s3186 feet, the distance between 
the stations, will give'49'' nearly, the angle subtended by the 
height of th.e axis ab0v.e the ground. 

- 49 34 - - 

Ground at High Nook - (.. 

Place of the axis - - 
Ground at Allington Knoll - 

Place of the axis - 
Contained arc (23186 feet) - 
Sum of contained arc and elevation 
Depression I 111 I 

eIev. 43 e3 - 3 48.4 nearly. 

Mean refraction. .. I.. half o $3.7 
or* of the contained arc. 

Subtract the mean refraction from 43' 2$ and there remains 
49'44".3 for the elevation of the place of the axis at Allington 
Knoll corrected for refraction, which, with the distance of the 
stations, give 301.7 feet, for the height of Alliiigtoii Knoll above 
High Nook: this being added to 87.6 feet, the height of the 
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axis at High Nook akwe low-water, and .we have 399 feet, the 
height of the axis.at Allington Knoll. 

Refraction between Dover Castle and Calais Church. 
' 

73. Let C (fig. 6. PI. XV.) be the earth's centre, SS the surface; 
D the station on 'Dover Castle; B the top of the great balustrade 
of Calais 'Steeple ; DO the horizontal line ; also Ict Sd = SD ; 
+hen +the angle ODd =*halfthe angle C, or arc SS. 

Calais from Dover is 137455 feet, which answers to e2'srg'' 
nearly, the angle C, or contained arc, therefore ODd = 11' 14"+ 

g 

Feet. 
The height of D above low-water spring tides - 469 
The height of B (communicated by the French 

Gentlemen) I 0 - I 140% 

Bd = 328; 

T h e  distance 137455 with 3284 give the angle dDB = s' 14'" 
angle ODd = 11 14+ 

The depression, supposing no refraction, - ODB = 19 284 

Refraction 0 - 

8 

But the depression, by observation, was 17 59 

- diE 1 egf 
.or &<of the oon%ained arc. Which may be considered as the 
actual refraction at that time, because the velatiwe heights are 
given. 

Refraction between Padlesworth and the Horizon of the Sea, 

7%. Oct. 7, 1787, at  the station near Padlesworth, the depres- 
@ion af the horizon of the sea, in a S W direction nearly, was 
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dbserved 9 6 % ~ .  A degree of a great. circIe in that direction ig 
about 61000 fathoms, and thercfore 61000 x 6 x 57.9957795 
=eog?oe55 feet, will be the radius of curvature nearly. The 
height of the station above IQw-wQter spring tides (as determined 
by alternate, observations at this place and Dover Castle) is 64% 
feet; hence - 20970255 .--- .9999693861 the natural cosine of 
96' 54 the dip; therefore 96'54" -96' 97'' = 9y, is what the hori- 
zon was elevated by rqf'raction. The state of th; tide, however, 
is not taken into consideration, but the time was about noon. 
The weather was calm and cloudy, and the horizon clear. Barom. 
99.6. Thermom. 7oo, at one P. M. 

This refraction coming out so small, might almost induce one 
to suspect that some error had crept into the observation, though 
it was made with much care and attention. 

20970255 4-642 

Mean 
Refr. 

7s. Table of the Refractions, and vertical Hekbts. 

Instrum. above 
low- water. 

+ of the contained - p g  feet. 
arc between - 87 

High Nook = - ' 9 8  
130 5 -  and Lydd - w 

Allington Knoll 
and High Nook 

r 
' i f -  

{ All ington Knoll 
399 

1 Paddlesworth - - 64s 
' B -  - {andLydd 

Frant - I - 659 
and Botley Hill I 880 

and 1 enterden L 
I ; -  - 

1 
' B -  

Dover Castle - - 469 
and Padles wor th 

t 
T'6 

A a  
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Man I . fnstrum. above 
Refr. low-water. 

L o f  the contained Fairlight Down - 599 feet. 
c between {and Tenterden 

4 s  Goudhurst - 497 - 
and Frant 
Tenterden 

& -  and Lydd 

c- il 11' . 

. I  

Fairligh t Down 
, ,  and Lydd 

- 
113 -" 

Goqdhurst ~ 

and Tenterden 
Allington Knoll 
and Lydd 
Dover Castle 
and Folkstone Turnpike ,575 

i$ 

I 
2 2  
- -  

+ -  I Folkst. Turnpike and Calais 
- -  I - Dover Castle and Calais 
I [ ,  

1 7  I 

7 
I -- 

Greenwich Observatory 214 
Severndroog Castle - 482 

- 3g9 N orvvozod - 
4443 
251 

- 139 

349 
530 - - 616 

- 
Hslmpton Poorhouse . 101 

- 

The yefractions on the distances across the Channel, depend 
s t  communicateh by the upon the heights on the opposite 



French Gentlemen : that at Calais was determined by actual mea- 
suremen t. 

There is reason to suppose that the height of St. Ann's Hill, 
fn the above table, is consid,erakly too great : it was found from 
that of Hampton Poorhoose, by taking -,& of the contained arc for 
the effect of refraction. In 1787, at Hampton Poorhouse, the 
ground at  St, Ann's Hill was elevated 17'j"'', but in 1792, at the 
Same station, the elevation was no more than 8' 11". By the 
barometer, the height of St. Ann's Hill was found to be sob 
feet above the Thaines at Shepperton, to which, adding 33 feet@ 
for the fall to low-water at the sea, and ei feet for the height of 
the telescope above the ground at St.-Ann's Hill, the sum is a54 
feet ; which probably is within 30 feet of the truth. 

N. €3. When the instrument stood on the ground, the height of 
the telescope was about 5% feet, On the half scaffold it was n l  
feet. And on the whole scaffold 37% feet from the ground. ' .  

Secondary Triangles, subdivided into two Sets, for the Jmprowemeni 
of tbe Maps of the Country, and tbe Plan of tbe City o f  London 
and its Environs. Plate XVI, 

36. In the series of great triangles, the extreme smallness of 
the error on the sum of the three aiigles of each triangle suffi- 
ciently proves that the general result would not have diffiered 9 %  

greatly, if only two of the angles had actually been observed. 
But in an operation of so much importance, this could not have 
beeti depended upon ; nothing was to be left doubtful ; and there- 
fore, in the executioli of the various parts, the most minute atten- 
tion !vas paid to every circuinstaiice whereby the accuracy might 
be affected, and particularly to the placing of the lights and in- 

A a  9 
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strument reciprocally over the same point markiiig the station, 
that no possible error might arise from parallax or eccentricity. 

From this mode of conducting the operation, it will readily be 
seen, that, if time had permitted, the situation of a multitude of 
other points in the country might have been very accurately de- 
termined, besides those actually marking the points of the tri- 
angles, whereby the ordinary maps would have been greatly 
improved by such as chose at any time hereafter to make use of 
these as so many given distances. But the circumstances not 
having permitted us to multiply those points to the extent that 
might have been wished, and that would have been easily prac- 
ticable, if the operation had commenced at  an earlier season of t h e  
year : we have therefore been obliged to limit the number to a 
few of the most conspicuous and best defined objects. 

The 
first set consists of thirty-three, whereby the relative distances of SQ 

many points have been deterinined from certain stations of the  
principal series, beginning with those objects that have been ii;- 

tersected from the most westerly stations, and so on, proceeding 
gradually with the others towards the east. T w o  angles only of 
each of those triangles being observed, the third is that at the ill-, 
tersected object, or the supplement to 180". Although the cIis-- 
tanc,es thus obtained cannot be quite so accurate as the sides or 
the principal series; yet there is no reason to apprehend, that 
they will be found to difFer widely from the truth, when they 
come to be proved in the course of any subsequent operation, 
by which alone they can bc put to the test. 

These secondary triangles are subdivided into two sets, 



Computation of the first Set of Secondary Triangles. 



Distances of the stations from the inter. 
: , sected object in feet, Triangles. 

I " .  

I 

Norwood - - 
Argyll Street Observa- 

tory, Major Gen. Roy 
Norwood - - 
Severndroog Castle , 

St. Paul's Church - 

Severndroog Castle 
f6 ~ C J  <5 
52 41 37 

50 5.9 8 
6 2  30 24 
57 8 8 
60 21 e8 

N, B. By combining the results of these two last tr 
3 third is formed, which gives for the distance of 

t from St. Paul's w c - 
. I >  

And from this triangle and the VIII ,  the angle at Grg 
Nich in the next triangle is obtained. 

- lJorwood - 
sever ndroog Castle 
%isleburst Churcb - 

- I 42 l5 e7 
Vorwood - 
3-eenwicb Observatory 82 41 1 

31 53 3 
67 48 12 
80 18 45 

Yt.  Paul's - I55 -3 32 
Vorwood - - 136' 36 3s 

slead House - - 1 22 35 13 
ireen w ich Ko yal 0 b-1 

servatory 131 45 43 

1 from Argyll 
j' Observatory 

,__+ from St. Paul's 25655 

from Loampit 
. >  

} Hill - 





Lydd Church - 
High Nook near Dym- 

church - - 
Ruckinge Church - 
Allington Knoll - 
Lydd Church ” 

Folkstane Turnpike - 
Folkstone Church - 

High Nook - 
Lymne Castle - 

i: :: :: } ,from Ruckinge { 41684 
Church - 98759 

60 ex 48 ] 
27 26 22 } Church 

, 48 44 47 
4% 44 45 from’LymneCagtle 

76 53 97 
2 i o  zg from Folkstone 78950 - * { 650e 

150 93 9 



St. h.tl's and Fu'iham, The stations where the quadrant was used 
are distinguished with asterisks. 

At Hanger Hill ; between Richmond Ob. and the 
Observed angles. 

leo 96'4%'' 
Pagoda - - I - s ) . .  - .. 

- 
Richmond Ob. and the Pagoda 13 io rg 
The Pagoda and St. Paul's - e3 17 15 
St. Paul's and Harrow Spire - 74 18 49 

trethhm Ch.a St. Paul's - 70 
t .  Paul's and Hampstead 44 

Hampstead Ch. and Hallg 
Tower - - 

Hanger Hill and Battersea Ch, 
57 e7 48 
eg 59 44 

- 
At the Hundred 

On St. Paul's; between Batfersea Ch. and the SW. 
Acres ; between { Hanger Hill and Stretham Ch. 4% 3 57 

1 0  946 * Pinnacle of Westmirister Abbey - L 

The resufts from the observations made on Fuiham Church, 
considered 8s v'e 
e object, instead of the A 

Second Set of Secondary Triangles. 

77. In the Philos. Trans, 1787, sufficient reasons have been , 

given for avoiding St. Paul's as a statioii in the series of great 
triangles, Indeed, if no other objection had existed, the smoke of 
the capital alone would have been found extremely inconvenient. 
This was experienced at Shooter's Hill, where we were d 
a whole week; before the white lights, 
tmordinary brilljaiicy, could be seen at 
at Argyll Street, the north-east wind, which then 
brought the impenetrable mass of smqke between 
htrumeilt and the points to be observe 
obliged to watch all night, till towards 

Bb 



London being extinguished, the white lights could then be inter- 
sected. 

It is not therefore surprising, that from the stations of Norwood, 
Greenwich, and Shooter's Hill, we should only be able to fix, i1.r 
a satisfactory manner, two points in London, namely, St, Paul's 
and Argyll Street. Bearings, it is true, of others were taken ; but 
that these might be intersected by angles not too acute, it became, 
necessary to make use of observations that had been formerly ob- 
tained at Argyll Street, and at St. Paul's, with the astronomical 
quadrant. Moreover, by way of finishing the operation, and fur- 
nishing such part of the inhabitants of the metropolis as may be 
curious in matters of this sort with a set of distances that cannot, 
fail to be useful to them, t 
great instrument to the northward of London, one on Hornsty 
Hill, and the other on Primrose liilz. Thus, from the combined 
operations at these several places, we have been able to deter- 
mine the situation of thirty conspicuous points, consisting chiefly 
of the most remarkable steeples in  mid near the capital. 

By referring to Plate XVI. which is in fact the skeleton, but on a 
very small scale,' for an improved plan of London and its environs, 
the relative situations of these points, with regard to St. Paul's. and 
the four nearest stations of the great series, will be seen. Some of 
the principal of these secondary triangles have been represented by 
dotted lines in the plan. To have expressed more of tbem in that 
way, would only have occasioned confusion, Here it is t9 be re- 
marked, that the distance of Argyll Street from St. Paul's, 368% 
feet,(p. 184.) becomesa base in thequadrilateral formed by St. Pad's, 
Argyll Street, Hornsey Hill, and Primrose Hill. Hence, by the 
observed angles at these two last stations, and the assumed length 

f the unknown sides, all the angles of the quadrilateral are 
computed ; by which means, a d  the true length of one side givetl,. 
the true lengths of all the others are readily obtairied, 



computation of the second Set of Secondary Triangles. 



' Triangles. 

Hornsey Hill - 
Primrose Hill - 
Christ Church, Spi- 

taljields - 
Hornsey Hill 
Primrose Hill 
Bow Ch. Cheapside 
Hornsey Hill - 
Primrose Hill - 
St. Bride's Church 

St.  Gilts's Church 

in the Fields - 

Angles. Distances of the stations from the 
intersected object in feet. 

-I- 
from Christ Ch. e9733 ;i ii f } Spitalfields - { erqg I 

7959 
49 18 17 



L 

Triangles. Angles, Distances of the stations fcom the 
intersected object in fet .  

Primrose Hill - 

S. tower of St. Pe- 





78, That these secondary triangles may be more generally useful 
to the inhabitants of London and its environs, the angles, which 
the 53 p i n t s  comprehended in PIrite XVI. respectively form with 
each other at the centre of the dome of St, Paul's, are collected in 
the annexed table, together with their several distances fcom that 
central point. The objects are arranged into two classes, according 
8s they are situated to the eastward or westward of the meridian of 
St. Paul's. Those of the fimt class commence at the north meridian, 

ceed by the east to 1800. These of the second comrnwce 
bth meridian, and proceed, in like manner, by the west to 

1800. From this table the totalangle between any twoobjects being 
had by simplesubtraction, aiid the distances from St. Paul's given, 
the distances of the objects from each other are readily obtained. 
Whoever, therefore, should be desirous of knowing accurately his' 
own situation in this great metropolis, may easily satisfy himself, 
by taking two angles from the top of his house with a good Had- 

tant or theodolite, between any known objects ne im 
best disposed for the purpose. By the help of th 

and a very simple trigonometrical computation, he will obtain 
what he wants ; aiid he may even satisfy another curiosity which 
will probably occur, namely, that of putting to the test our original 
operation, by trying how nearly dicerent triangles bring out the 
same result, It will readily be Conceived that, for trials of this sort, 
the points whose situations have been determined by the great ino 
strumem should be chosen preferably to the others ; and next to 
these, the objects that have been fixed by one angle, taken with 

' the Argyll Street instrument, as more to be relied upon than those 
observed with the astronomical quadrant or sextant. Thus. m.1 

excellent foundation is laid for the improvement of the plan of 
London and its environs, which may by these triangles be render- 

e accurate than would.have been possible by any other 



Table, shewing tbe Bearings and Distances of Objpcts situated in 
and near London, from the Cehre of the Dome of St, Paul's. 

Eastward f r o m  the Meridian of St. Paul's. 

astle, Shooter's Hill - 
of Greenwich Royal Observat 

South Meridian of St. Paul's 

Stretham Church - - II) 

Clapham Common, Mr, Cavendish - 
Battersea Church -. c - 
St, Peter's Church, Westminster, SW. pin 

nacle of the S.Tower - .. 
Fulham Church - - .I 

Kew Pagoda 
Richmond Royal Observatory - - 
S~Martin's Church, in the Strand ' - 
Spring Grove House, Sir Jos. Banks, Bart, 
St. James's Church - - - 

II I 

earings from th 
north meridian 

eastward. -- 

6 59 39 
1% 37 37 
44 54 5q 
55 53 46 
59 31 37 
70 88 37 
87 48 4 
9e 58 41 
98 56 56 

115 25 50 
le0 43 46 
193 46' 4 
134 40 49 

115 15 46 

13 57 8 
26 eg 5% 
5% 2 

$% 3= 18 
57 89 45 
71 2 36 
71 4'2 0 

77 49 1 0  

7% 98 59 
76 9 49 

Distances 
in fret. 

- 
17641 
4963 
6'743 

36308 
8166 
878 

1078 
15456 
8846 
3114 

39969 
95655 
4'090 
93450 

31739 

8669 
30746 
47577 
51940 
6748 

57953 
I 8978 
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Objects. 

South Audley Chapel I - 
St. Mary’s, New Church in the Strand 
St. Clement’s Church - - - 
St. Ann’s Church, Soho - 
St, George’s Church, Hanover Square 
St. Bride’s Church, Fleet Street 
Argyll Street Observatory, Maj. Gen, Roy 
The Pantheon - 
Hanger-hill Tower - L 

St. Giles’s Church - - 
Portland Chapel - - - 
Charlotte Street C hapel - - 
St; George’s Church, Bloomsbury Square 
Wind Vane of the British Museum 
The Tabernacle, Tottenham Court Road 
Fi tzroy Chapel - - *.. 

Harrow on the Hill Church , - - 
Jew’s Harp station of 1783 - - 
Primrose Hill station of 1788 
Hampstead Church * 

St. Paiicras Church - .- L 

The Small-Pox Hospital - - 
Black Lane station of 17813 - L 

Highgate Chapel - I I 

Mr. Diiveluz’s Cupola, Highgate - 
Hornsey Hill station of 1788 
Islington Church c - 

- 
- - - 

- 

- 

I 

L 

Highbury House, Mr. Aubert CI 

Ditto, the Transit-room of his Observator, 
North meridian of St. Paul’s 

iariiigs from tbc 
tuth mcrid. west, 

ward. 

- 
Distances 
in feet. - 
19911 
4991 
8599 
7754 
10304 
168 7 
9639 
9067 
45844 
6917 
1030 1 
8500 
69% 1 
6701 
8776 
9560 
58768 
153599 
1707% 
94’48 
lot300 
878% 

10790 
e4062 
ea646 
e3997 

9ca8 
1 4595 
1461 - -  - 

cc 
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The bearing of Greenwich from the meridian of St. Paul's, on 

whicli the other bearings in the above table depend, was found as 
follows : 

St. Paul's bears froin Greenwich 59" 11' 43" NW ; distant from 
the meridian 22035 feet ; and 13138 feet from the perpendicular; 
answering to 3' 3f.9, and 2' g"+ respectively ; the latter taken 
from 38' 31' 20" the co-lat. of Greenwich, leaves 38" 29' ioff$; 
which, with 3' 35".9 as the legs of a sI>hesical triangle,. give 
89' 55' 29" for the angle at St. Paul's, between its meridian and the 
perpendicular to that of Greenwich, which added to 30' 48' i~", 

(the complement of 59' 11' 43") makes 120" 43' 46", as in the table. 

At Greenwich Ob. 
Wanstead House - 
Eltham Steeple - 
St. Paul's I - 

At Norwood. 
Argyll, Street - 
At the Hundred Acres. 

Clapham Common 

I At King's Arbour. 
Harrow Spire - 
Baiistead Spire - 

At St. Ann's Hill. 
Windsor Castle " 

Stanwell Spire - 

Kew Pagoda - - 

79. Table, containing tbe Reariigs of Thirty-two of tbe interior 
Objects from the Parallels to tbe Meridian of Greenwich; also 
their Distances from tbat Meridian and its Perpendicular. 

Feet . 
8055 

12093 
22035 

31662 

33028 

76441 
6'7053 
4558% 

'37048 
109094 

Objects. 1 
Feet. 

33456 
9746 

18138 

13598 

8830 

35350 
2957 

5638 1 7 

2563 
7488 

Bearings. 

0 I I' 

13 32 13 NE 
51 8 1 SE 
59 11 43 NW 

17 57 I NW 

13 45 e8 NE 

Distances from 
Meridian. I Perpend. 
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At St .  Paul's. 
Spring Grove House 
Richmond 0 bservatory 
Battersea Steeple 
Stret ham Steeple 
Highbury Transit R. 
St. James's Church 

At Sewerndroog Castle. 
Bromley Church = 

Chisel hu rs t Steeple 
Leith Hill Tower ' - 

At Botley Hill. 
Sevenoaks Windmill 

At Frant. 
Wadhurst Steeple 
Fairden Tower " 

At Goudburst. 
Brightling Windmill 

.Ore Church - - 
At Fairligbt Dozon. 

Rye Steeple - 
Den eness Light House 

At Tenterdeli. 

Fair P ight Church - 

Ashford Steeple - 
Ruckinge At C L{dd* urch 
Folkstone Church - 

At Padleswortb. 
Beechborough Sum. H. 

At High Nook. 

- 

Lymne Castle - 

Objects. 1 Bearings. 

I II 

706 14 eo SW 
71 46 81 S W  
59 96 59 SW 
14 39 sw 
0 53 39 NW 
77 58 41 SW 

e5 eg e5 sw 
43 3 47 *sw 
g e6 o SE 

76 ai a4 SE 

18 $1 8 sw 
19 9 35 SE 

44 94 41 NE 
79 * 4 NE 
89 9% 39 SE 

6 30 ea NW 
59 $9 51 NE 

59 97 48 sw 

e l  49 56 NE 
cc a 

Distances from 
Perpend. 

Feet. 
- 

481 
81 06 
407 

7654 
97697 
1 1 955 

96578 
94767 
log83 1 

83s67 

151395 
1 17541 

188069 
917790 

191760 
903883 
e 18676 

1 18963 

349285 
143185 

156775 

- 146454 



The bearings and distances in the foregoing table, have been 
obtained in a similar manner to those in the table, Art. 59; thus, 
taking Windsor Castle for an example : 

If a line be drawn through $t. Ann’s Hill parallel to the me- 
rtdian of‘ Greenwich, (see the Plan of the triangles) then the bear- 
ing of King’s Arbour from that line will be 29’ 49‘ 49” NE. 

Arbour and Windsor Castle (triang. I I I .  Art.57.) 59 g 14 
The angle at St. Ann’s Hill between King’s 

Bearing of Windsor Castle from the parallel 
to the meridian of Greenwich - diK 29 19 e5 NW. 

The  sine and co-sine of %go 19’ 25”, with 36032 feet, the distance 
of Windsor from St. Ann’s, as radius, give 17646 feet for what 
Windsor is westward, and 31415 feet, what it is northward from 
St. Ann’s. 

Feet, 
St, Ann’s Hill from the meridian of Greenwich (59) 119409 

add 17646 

Windsor Castle from the meridian of Greenwich 337048 

-28852 
31415 

St. Ann’s Hill from the perpendicular (southward) 

Windsor Castle from the perpendicular (northward) diff. 2569 
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St. Paul's - - 
Highbury House Trans. R 
Stretham Steeple - 
St. James's Church - 
Argyll Street Ob. - 
Claphain Common 

Banstead Steeple - 
Royal Ob. Richmond 
Harrow Steeple - 
Spring Grove House 
Leith Hill Tower - 
Stanwell Steeple - 
Wiiidsor Castle - 
Bromley Church - 
Fairden Tower - - 
Wanstead House - 
Chiselhurst Steeple 
Sev,enoa k s Wind 111 i 11 
Wadhurst Steeple - 
Brig11 tling Wiiidm ill 
Ore Church - - 
Fairlight Church - 
liye Steeple - - 
Aslifard Steeple - 
RL1cking.e Church - 
Dengeness Light House 
L y m w  Castle - - 
Beechborough Summer M 
Folkstolie Church - 

Bat tersea Steeple - 
Kew Pagoda - .. 

Elthain Spire - - 

80. Computed Latitudes and Longitudes of the interio~* objects in 
the foregoing Table. 

Objects. I Lat. 
Long. from 
Greenwich. 

West. 
a ~ n  

-- 
0 5 4 7  
0 5 5 1  
0 7 4 8  
0 8 5  ' 819 
> 8 40 
3 1 0  94 
3 11 55 
3 17 $3 
3 1 8  43 
3 eo 6 

0 99 7 
0 d? 1'37 
o 35 e8 

0 0 5" 
0 0 5 4  
0 9 7  

O 4430 
0 435 
0 11 rg 
0 eo 25 
0 29 41 
0 85 10 
0 38 3' 
044 O 
0 52 18 
0 5s 18 
0 67 48 

1 5 80 
1 10 $2 

3 eo ea 

East. 

1 1 '23 

In time. - 
n. s. 
o 28.1 
0 93.4 
o 31.9 
0 39.3 
0 323.3 
0 34.7 
o 41.6 
0 47.7 
1 10.4 
1 14.9 
1 90.4 
1 91.5 
1 38.5 
1 54.5 
e 91.9 

0 3.5 
o 3.6 
0 8.5 
o 1 8  
o 18.3 
O 44v9 
1 91.7 
1 50.7 
e 20.7 

34 
e 60' 
3 99.9 
3 39.9 
3 51.2 
4 5.5 
L.$ 92 

4 443.5 
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A N  

A C C O U N T ,  &c. 

INTRODUCTION. 

'81. A GENERAL Survey of the Island of GreatBritain,at the public 
expence, was (as we learn from the Introduction to the account of 
the measurement on Hounslow Heath) under the contemplation of 
Government as early as the year 1769, the executioiixof which 
cyas to have been committed to the late Major General Roy, whose 
public situation and talents well qualified him for such an under- 
taking. ' Various causes procrastinated this event till the year 
1383, when the late M. Cassini de Thury t.jrc?nsrnitted a memoir 
to the French ambassador at Loaidon, which paved the way to a 
beginning .of this important work. Calculated for the advance- 
meat of science, .this memoir was presented to the King, and 
readtly met with tlw approbation of a monarch, so eminently dis- 
tinguished, from the .am of his reign, ifor his liberal patronage of 
the arts and scieiiaes. By his Majesty's command, the memoir 
was put into the hands of Sir Joseph Banks, P.R. S. accompaiiied 
with-such marks of royal munificence, as speedily ohilmed dl 
the valuable instruments and apparatus necessary for .carrying the 
design into immediate execution. 

General Roy, to whose cane the conduct eof'this important busi- 
Qess was committed, lived to go through the several, operations 

Dd 
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pointed out in the memoir, the particulars of which have been 
detailed in the two foregoing Accounts. The further prosecution 
of the Survey of the Island, to which the operations hitherto 
performed might be deemed only as subservient or introductory, 
seemed to expire with the General. 

The liberal assistance which his Grace the Duke of ~ ~ d ~ m o n t t  
had on all occasions given to this undertaking ; and particularly 
the essential services performed by-Captain Fiddes, and Lieute- 
nant Bryce, of the corps of royal engineers, in the survey and 
measurement of the base of verification on Romney Marsh, are 
acknowledged by General Roy in the strongest terms. A consi- 
derable time had elapsed since the General’s decease without any 

nt intenti,cm of resewing the business, when a, casual op- 
PortuQitY presented itself tQ the Duke of Richmond of purchasing 
a very fine instrument, the workmanship of Mr. Ramsden, of 
similar construction to that which was used by General Roy, but 
with some- improvements; as also two new steeI ’ chains of one, 
hugdreq feet each, made by the same incomparable artist, Cir- 
cumstances thus concurring to promote the further execution of a 
design Qf such great utility, as well as honourL to the nation, his 
Grace, with his Majesty’s approbation, immediately gave direc- 
tions to prepare all the necessary apparatus for the purpose, which 
wa~i accordingly provided in the most ample manner, 



An Account of the Measurement of a Base on Houtislow Heatb, 
wilk apt hundred Feet Steel Chailz, in t be Summer of the year I 791. 

Pream b k .  

89. Previous to entering upon thc ensuing account, it may not, 
perhaps, be iniproper to enumerhte some preliminary matters 
relative to the subject. The first mod f mensuration adopted 
by General Roy was that with deal rods, which had also been 
used and approved of in other countries. In' the course of the 
measurement, however, it appeared, that the' suddkn and irregular 
changes which these rods were liable to, froin dryness, humidity, 
or other causes, rendered them totally unfit ertaining the 
length of the base with that degree of precisi hicb it wag at 
first thought they were capable. On this account they were laid 
aside, and glass rods substituted in their stead. These rods were 
contrived with great ingenuity to answer the purpose, as fully ap- 
pears by the account given of them in Art. 4. But this mode of 
mensuration being the first of the kind, seemed to require some 
proof of its accuracy, which consideration induced *General Roy 
to make a comparison between the glass rods and the steel chain, 
which Mr. Ramsden had made for the Royal Society. For this 
purpose a distance of oiie thousand feet was carefully measured 
.with the rods and the chain. The result of these measurements 
appeared to be such as would have produced a difference of little 
more than half an inch upon the whole base, had it been mea- 
sured with each of them respectively, But notwithstailding the 
apparent degree of accuracy which this, or any other mode of 
measwingmay be supposed capabIe of, yet it Seems necessary 
that every brrse, intended to become the groundwork of such nice 
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operations, ought always (when circumstances will permit) to be 
measured twice at least. 

The manner in which the glass rods were applted in. the mea- 
surement, is supposed tohave rendered the operation liable to some 
small errors, which lying different ways, might possibly have 
counterbalariced each other, and produced a true result : but this 
supposition ought never to be admitted in experimental inquiries, 
adess such errors can be nearly estimated. The principal cause of 
error is supposed to arise from the ends of the two adjacent rods 
being made to rest on* the same trestle ;. because when the first rod 
is taken off, the face of the first trestle, being then pressed by the 
end of one mdanly, will acquire a tendency to incline a little for- 
ward. The e r r a  arising from this cause will evidently tend t~ 
shorten the apparent base. 

Another source of error is supposed to arise from the casual 
deviation of the rods from a right line, in the.direction of the base, 
tending toincrease its apparent length. A.nd a third error is sup- 
posed to result from the method which was used of supporting the 
ends of the rods on owo trestles only, by which they become liable 
to bend in the middle. This concave form of the rods would also 
tend tolengthen the base. The first of these causes of error was 
submitted to experimental inquiry in the garden of Richmond 
house, Whitehall, in the presence of his Grace the Duke of Rich- 
mond, Sir Joseph Banks, Mr. Ramsden, and MP. Ddby : when it 
appeared evidently, that the glass rod had a small motion when the 
otherrod, which had counterbalanced it, was taken from the trestles, 

These considerations, therefore, rendered it necessary to corn- 
pare the measurement with the glass rods, with that performed by 
*some other method ; not on account of any doubt being enter- 
tained of the care with which General Roy’s operation had been 
performed, but solely with a view to bring this new mode of mea- 
suring to some proper test, NO method of Comparison could, 



perhaps, be better than measuring the same base with the steeI 
chain. General Roy himself, in his remarks on the comparative 
accuracy of the two bases, that of Hounslow Heath and Romney 
Marsh, evidently gives the preference to the chain; which, every 
Circumstance considered, it is certainly right to do. These reasons 
induced his Grace the D,uke of Richmond to direct the base on 
Hounslow Heath, to be remeasured with the steel chain; and 
although the result does not differ from the>glass rads by sa small 
a quantity as General Roy's experiment assigned, yet it does not 
amount to more than. three inches on. a base exceeding five mil 

Of tlie Apparatus provided for the Measuremetlt of the Base. 

83. The apparatus, provided for the measurement, consisted of. 
' the following articles, viz. 

1. A transit instrument. 
e. A. boning telescope ... 
8. Two steel chains, 100 feet each, with th  

drslwing-post and weight-post.. 
4% Three sets of deal coffers, each co&r being nearly ao feet 

long, for receiving the chain,wheii extended in 8 right line.. 
5. Thirty-six. strong oaken. pickets of $5 and 4+, feet long; 

shod, and hooped with iron. 
6. Four brass register heads, carrying graduated sliders moved 

by finger-screws, for adjusting the ends ofsthe chain. One of these 
registers has a micrometer-screw attached to it, prope 
swing sinall quantities expanded or contracted by% the 

7. Thirty-six.. cast iron heads, to fix. on the pickets. 
As many of these articles have been desoribed u&y circumstan- 

tially by General Roy in the two preceding AccouW, it will only 
be necessary here to give a descriptio11 of the transit instrument,. 

g telescope, and the two new chains. 
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T h e  Transit hstrurnent. 'P1: XVII, 

84. This instrument, made by Mr, Ramsden, may be consider- 
ed as a transit combined with a telescopic level, which makes it 
serve two purposes; one for determining points in the same verti- 
cal plane; the other to.show how much 4t ineasured line deviates 
from the level, . I t  consists of a telescope about eighteen inches 
long, with an achromatic oljjedtlgltiss of about I& inches dia- 
meter. The telescope passes through an axis in the manner of a 
transit, and as it must be used for viewing objects at very different 
distance$, the imqges ftom"the object-glass will vary in the same 

ion,; it therefore becomes necessary to vary the distance 
res, so that they may 'be exactly in  the same place'with 

the image. For this purpose there is a pinion, moveable by turn; 
ing a milled head at A, whereby the small tube, with the wires 
which are contained in the box B, are made to approach, or recede 
from the object-glass. 

The two pivots, or extremities of the axis, are made with great 
same diameter; and they turn in angles in the 
. Each of the angles is fizied in a slider'; one at 

D, to move horizontally, by turning a fingeriscrew E ; the other 
vertically, by turning the finger-screw F. 
' The level G is here represented as suspended by its hooks on the 
transverse axis. Its use is to show when that axis is horizontal ; 
and it is turnished with an adjusting screw H, by whjch the two 
hooks inay be made exactly of the same length, SO that the axis on 
which it is suspended may become parallel to a tangent tu the 
middle of the glass tube. This level also serves 'to set the line of 
ahimation in the telescope 'horizontal ; for which purpose there 
are two pins, K and L, attached to the side of the telescope, pa- 
rallel to the axis thereof: one of these pins is furnished with gn 
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adjusting-screw M, by which the line of the hooks is made pa- 
rallel to the line of collimation in this direction, with the greatest 
precision. The level may be suspended on these pins in the same 
manner as on the horizontal axis. 

The cross wires a t  N, in the common focus of the object and 
eye-glasses, are fixed at right angles to each other ; but instead of 
being placed horizontally and vertically, as in the camnon way, 
they make each an angle of 430 with the plane of the horizon. This 
mode, of fixing wires is of the greatest advantage ia making nice 
observations, as it remedies the inconvenience and error arising 
from- their thickness. To bring the line of collimation in the tele- 
scope at right angles to the horizontal or transverse axis, there are 
two nuts for the purpose, one on each side of the box at N, which 
serve to move the intersection of these wires towards the right or 
left. 

In the eye, end oE the telescope is a micrometer, which serves 
to measure small angles of elevation or depression. It caisists of 
a moveable horizontal wire, placed as close as possible to the cross 
wires already mentioned, By turning the micrometer-screw 0, 
this wire is moved across the field of the telescope, and the space 
.which it moves tlirough is shown in revolutions of the micrometer- 
screw, by means of an .index, moveable in a slit, and the divisions 
on the stem Q. The parts of a revolution are shown in iobths by 
an index P, on the micrometer head. 

In tracing out a base by-intermediate stations, the instruinelit 
must be ‘frequently shifted to the right or left, till the telescope 
Shows that the middle of its axis and the extremities bf the base 

in t’heaame vertical plane. To expedite this operation, there 
are slits cut through the top of the mahogany board, for receiving 
the screws which fagten the supports of the telescope ; by which 
means the telescope, with its supports, can be moved a little to the 

or left, whilst the stand remains fixed, Over another slit in 
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.t 
the top, and directly under t h e a n t r e  of the axis of the telescope 
at R, is a small hole for a wire-or thread to pass ‘through, suspend- 
ing a plummet .for matking a point on thegound, when the‘tele- 
scope i s  brought into the desired vertical plane. 

I The method of levelling the axis, adjusting the line of collima- 
tion, &c. are similar to those for the upper telescope of the great 
theodolite, as described. in Art. 44, hc.  , 

.Boning Telescope. 

‘85. This telescope is in .every respect the same as that which 
was made use of by General Roy,,therefore i t  will only be neces- 
sary to explaLain;the application tof iit, for fixing the pickets in the 
direction of the fbase, with the-tops.of those belonging to the same 
hypothenuse in the same riglxt line. 

A ropeFbeing stretched along the ,ground, in .the direction.of the 
base, distances of 100 feet were marked upon .it by means of a 
twenty-ket dealmd. After a sufficient number of these distances 
were set off, the telescape was .laid on a n w o w  piece of board, 
truly planed, and fixed to the t ~ p  sf the picketat -the beginning of 
the hypothenuse ; .and another rpicket was driven into the ground 
at a convenient heightcat the other end, To the top of this last, 
a thin deal spar was fixed, and the telescope directed to it, whilst 
the intermediate pickets were driven to their ,proper height. To 
determine this height more accurately, another spar, whose thick- 
ness was equal to the height of the axis of*the telescope above the 
top of the picket, which supported it, was repeatedly laid on the 
tap of each picket at the time ofdriving it, .till its upper’edge and 
the.fixed spar appeared i n  a .right line. Whilst .!the pickets were 
drioing;they were moved a little to the right or left, as directed 
by sipals -from the observer .at the telescape, till their tops ap- 
peared in the .same right line4 

, 



Tbe Gbuiris. 

86. These chains were made by Mr. Ramsden, and are of simi- 
lar construction in the joints to that which he made for the Royal 
Society, described in Art. 8. ; but they differ from that in other re- 
spects. Instead of one hundred links, each of these new chains con- 
tains forty, of s+ feet long. The link is in form of a parallelo- 
pipedon, of half an inch square, which renders it considerabIy 
stronger than that of the Royal Society; and e ohain having 
fewer links, becomes less liable to apply itself to any irregularities 
which the cofirs may be subject ta. The handles are made of brass, 
and being perfectly flat on the under side, thsty,move freely upon 
the brass register-heads, by whichmeans the oaincideiice between 
the arrows a t  the extremities of the chain, and the divisions on athe 
scales, are readily and accurately> obtained. The two chains will 
hereafter be distinguished by the letters A aad.B. 

On Saturday July the egd, all the foregoing articles were con- 
veyed from the Tower to the end of the base near King's Arbour. 
where tents were pitched for a party of the royal regiment of 
artillery, consisting of one serjeant and ten gunners, who were 
employed in the labgrious part of the operation. 

lhpertments  made to ascertain tbe relative Lengths of the Chains, 
&fore ands after tbey were used: and also $0 determine t h  F 

ansicsn tf one clb;ain ; or one hundred %Feet of 6liste 
e 1)88.rw of FabrmBeit3 Tbcrrnometer. 

or this purpom, two strong oaken pickets were driven tw$o 
f-t into very&rm ground, andithe dmwing-post6was: made fBst to 
am. 'Fivtk Ic&&s, were arranged :in a\ right, line, and- supportst) 

EC? 
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mpm courses ofbricks, The chain was then placed in the coffers, 
and stretched with a weight of fifty-six pounds. Notwithstanding 
the great resistance which it was thought these pickets were ca- 
pa%le d, yet it was found insufficient $to counteract -the friction 
between the coffers and the chain, when the expansion or con- 
traction took place, Three pickets, *therehre, af forty-four inches 
long, were driven into the ground, within six inches of their tops, 
and the drawing-post $was .fastened to them ,by several folds af 
strong rope. The pickets and rope were also covered with (earth, 
to prevent$heir 4eing warped by the sun. 

The micrometer-screw, attached to the brass register-head, by 
means of which the expansion or contraction was measured, con- 
tains a6,threaclsin an inch. The circular head is divided into i~ 

oqual parts, and .consequently each division will measure +th 
part of an inch. But as the eye readily subdivides ,each of the 
divisions into 4 parts, the mkromttter will measure the m’mth of‘ 
an inch tolerably exact, 

For finding tbe relative Lengths of the Chains. 

88. In order to accomplish these experiments in the most urt- 
exceptionable manner, after the ,chain was properly stretched in 
the coffers, and the thermometer6 placed by it, the whole remaind 
ti11 all the thermometers stood steadily at  the same height. The 
ends sf thechain being then <n perfecteoincidence with particular 
divisions on the brass register-heads, the chain was quickly &&en 
out and replaced by the other, which being properly stretched in a 
right line, and a coincidence made at the ckawhg-post end crf the 
chain, the variation of the other end from the division on its re- 
gister-head showed the difference af the lengths ~f the &ins, 
which w8slmeasured with the nricrometer, As it r e q ~ r e d  wea- 
&her particularly steady to succeed in these experhents, we were 



o%liged to catch the most favourable opportunities that presented' 
themselves, which happened on the 99th and 30th of July; on 
thosedays the chains were compared with each other, and the 
results were as follow. 

I )  July 99th. Tbermometer~re~uiniPtg steadt'b at 73' during a d  
after the operation. 

he chain B was found to be 6+ divisions of the micrometer 
head shorter than the chain A; and on being shifted, A was found 
to exceed B 64 divisions. 

Same day. Tbexmometers steady at 67'$ 
The chain B 6 diyisions shorter than A; and being shift 

chain A was 6 divisions longer than. B. The mean from these ex- 
periments is, A 6+ divisions longer than B1 

In the table, containing the particulars of the operation it will 
be found, that the chain B was laid aside after measuring 88 
chains, on account of one of the links agpearing to+ be a little 
bent. Before it was sent to Mr, Ramsden it wa8 compared wkh 
the chain A (at first intended to be kept as the standard chain), 
when it was found to be only 4+ divisions longer; which being 
I$ divisions less than the mean 6+ as foulld above, shows, that the 
chain B had lengthened i+ divisions in measuring 38 chains; for 
when Mr. Ramsden afterwards straightened the link, he conld 
Pot perceive any difference in its length. 

The remainder of the base was measured with the chain A (the 
chain B being kept as a standard), and when that was completed, 
a comparison was again made between A and B, when it appeared 
that A exceeded €3 by 54& divisions of the micromete 
therefore the wear of A, by lengthening of the joints, in tneasuring 
986 chains, was 14,g - 4.5 divisions 1 . 9 . 7  divisions of the mi- 
crometer, 

E e  B 



ForJtnding tBe Rate of Expansion. 
89. T h e  chain being placed in a right line, along the hd?izon- 

tal bottoms of the cof?ers, and kept in a state of tenSion by a weight 
of fifty-six pounds, five thermometers were placed ci& by the 
chain; one in the middle of each coffer; and the whole was coo 
vered with a white linen cloth, when the sun shone out. After 
remaining a few minutes, till the thermometers nearly of the, 
same temperature, a perfect coincidence was made on the register 
heads, at each end of the chain, and the thermometers noted. 
Every thing remained in this state till t ncidence at the weight 
end of the chain was observed to be a1 and the thermometers 
nearly the same; at which ins re again read off, and 
the alteration of coincidence measured with the micrometer. 

August 5th, cloudy. 

Thermometers, Contr. 
on Totalcontr. 

Micr. 

- 
-09664% ,0074 

Here the contraction of the chain is e& divisions of the micrometer 
L 254 x & inches = ,096643 inch. and the corresponding va- 
riation of the thermometers, taking t h e  difference of the means, 
is 130.05 ; consequently the contraction on io = % - ,0074 
inch. 

Aug. Gth, cloudy. 

0966 z - 



Aug. 7. Coffers covered with the linen cloth. - 
Contr. 

011 10. 
Inches. - 
*0074!2 
*00779 
,00781 
,00748 

Aug, yth, in the evening. Coffers covered with tlx linen cloth. 

The mean result from these nine experiments is o,oo74ge; or 
0.0075 inch to io of Fahrenheit, on loo feet of blistered steel; 
which differs only -&&th parts of an inch from General Roy's 
conclusion with the pyrometer ; but the number ,0075 is preferred 
in these measurements, as being deduced from experiments made 
with the chak itself. 

Particulars retative to  tbe Conamencement of the Operation, &c. 

After the chains were compared, and the rate of expansion 
determined, as related in the preceding article, several trials were 
made of arranging the pickets and coffers in such a manner as 
might he supposed proper for the reception of the chain. It was 

found, however, that this method of measuring would be 
er bo expeditious or accurate, as if the coEers were placed 



upon trestIes, such as were made u5e of by General Roy in his. 
measurement with' the glass rods. An appl'lcation was therefore, 
made-to Sir .Joseph Banks, who very obligingly complied with: 
the request, and lent the trestles belonging to the Royal Society. 
A description of them is given in Art, 6. 

As the upper part of the pl'pe at the north-west end of the base 
was found to be exceedingly rotten, it became necessary to saw off 
r3 inches of it, which left enough of the cylinder Remaining to fix 
the brass cup in, as it bad been originally bored to the depth,of two 
ket. This cup, which; was also lent by the Royal Society, being 
inserted in the pipe, fitted it exactly. 
On the 15th of August,. havingpreviously traced out the 1ine.sf 

the base, by means of the transit instrument, the operation corn- 
menced, in the presence of Sir Joseph Banks, Dr. Maskelyne, and 
several other members of the Royal Society. The following table, 
iirhich contains the particulars of it,  will explain the order of time 
En which the different parts of the measurement were performed'. 
As it would swell this table to a great extent, were the de- 
grees shewn by the thermometers inserted therein, i t  has been 
considered as proper to give only their sum, which is sufficient 
for finding the correction to be applied in the reduction of the 
base, on account of the lengthening or contracting of the chain 
by variation of temperature. It may, however, be remarked, 
that the five thermometers were laid close by the chain, and 
suffered to remain till they had nearly the samd tempecature, 
when they were read off; and registered in a fieldi book, whilst 
an observer at each end of the chain preserved a'perfect coin- 
cidence between the arrow and a particular division on the brass 
scale. When the sun shone out, the chain was covered kith a 
white linen cloth, the ends of which were put over the opan- 
ings of the first and last coffers, to exclude the circulation of air. 
The: thermometers usually remained in the coffers from 7. to 15 



minutes, according to circumstances; when $he sky W ~ S  mwlt 
*overcast, a shorter time generally was found ts be sufficient. 

the &asurement : tbe$rsj Column shming fhr 
was Jnished; the Second, tbe Number 8 

01 the datum for reducing it to  rhe 
Sixth, the new Points 

a new Direction was 
Hypothenuse; and the 

Eighth, Remarks, or general Occurrences. 
B. 5% Nurnhs in the 4th and 6th Columns connected arcording to their signs i- md 

-,give the tolal descent in thr 7th Column. 

Chains in tach Hypothenuse; the $ o u d  

.R cmarkr. 

&urn of rU the degrees shown by the thermometers = 96795.2s. 



Remarks, 

92, It having been our wish, that some scientific persons should 
bepresent at the completion of the measurement, his Grace the 
the Duke of Richmond was pleased to desire Dr. Maskelyne, astro- 
nomer royal, and Dr. Hutton, professor of mathematics in the 
royal military academy at Woolwich, to attend upon this oc- 
casion ; to whom Mr. Ramsden was necessarily joined, as his 
standard brass scale, and beam compasses, were requisite to con- 

with the wished c,uracp. Accordingly, Qn 
8th of Septemb remaining I three chains 

were measured in their presence ; and'the horizontal distance from 
the end of the last chain to the axis of the pipe was found to be 
~1,055 inches, as determined by Mr. Ramsden ; and consequently 
the apparent length of the base was ~ 7 4  chains, and 81,055 inches. 

The height of the last picket above the pipe was,gg ioches, from 
which deducting the 5 inches of the rotten part, which, was cut off, 
there remains 3~ inches, or e; feet, for the height of the last 
picket, above General Roy's pipe; which makes the whole descent 
33,55 feet ; or about g+ feet more than was determined by the forb . 

mer measurement. 



Reduction of the Rase to the Tenaperatwe of 6%". 

93. Apparent length, namely, 974 chains a+ 1.755 
feet - - - I - - 

The correction for the excess of the chains 
lengths * above 100 feet, and half their wear, is 

The sum of all the degrees shewn by the ther- 

Feet- 

9740v55 

- Q*0$59 ; and this add - - 3 6  x.0956 + 3 8  x ,05499 
12 

7 

mometers was 96795.95 ; therefore, 96795825 - s*o 

"---- 

,007 5 x e74 x -12 is the correction for the mean heat in 
which the base was measured, above 5 4 O ,  the tempe- 
rature to which the chains were reduced; and this 
dm add - .I) - - w 53.8519 

hence these corrections, added to the apparent 
kngth, give - w I - e 7406.6608 

Again, for the reduction of the base to the tempe- 
rature of 620 we have z x  3.38938; and this subtract 2.9596 

By the table, the sum of all the corrections for re- 
ducing the several hypothenuses to the plane of the 
horizon is 1.09867 inches = 0.0857e feet; and this 
subtract - - - -. .c 0.0857 

97404*3'55 

89 

Heme these corrections taken from the above length -.I 

leaves that of the base in the temperature of 630 

Being about Q+ inches greater tlian the measurement with the 
glass rods (17.); therefore e7404.e feet, the mean of the two results, 
may be taken as the true length of the base. 

* For the lengths of the chains A and B see the ncxt Article. 
F f  



Mr, Ramsdm’s Method of ascertaining the actual Lengths of the 
Chains A and B. P1. XVIII. 

94. These chains were originally compared with the brass 
points inserted in the stone coping of the wall of St. James’s 
churchyard; but the temperature at the time of that comparison 
was afterwards forgotten by Mr. Ramsden. After the mensura- 
tion on Hounslow Heath was finished, the chains were again com- 
pared with those points; but the result did not prove to be satis- 
factory, as there were reasons for supposing that some alteration 
had taken place in the length of the coping; but, independent of 
this, the great irregularities between the joints of the stones, some 
of which projected half an inch above others, rendered it at best 
a very rude and inaccurate operation. Mr. Ramsden had points 
remaining on his great plank, which had been transferred from 
the brass standard, but as the plank itself was found to be subject 
to a daily expansion and contraction, lie turned his thoughts to the 
invention of some other method of measuring the lengths of the 
chains, in a more unexceptionable manner. 

On considering that the expansion of cast iron is nearly the same 
as that of the steel chain, he procured a prismatic bar of that 
metal, of 21 feet long, judgiiig it to be the most proper material 
for the present occasion, as well as for establishing a permanent 
standard for future comparisons of the same kind. The manner 
in which the bar was fitted up for the purpose will be readily un- 
derstood by attending to P1. XVIII. 

The great plank was cut to the length of about 23  feet, and on 
one of its narrow edges 21 brackets were fixed; each of which had 
a triangular notch to receive and support the bar, with one of its 
angles downwards, so that the upper surface became one of the 
faces of the prism. Before the brass points weri: inserted in this 



bar, Mr. Ramsden compared his brass standard with that beIong- 
ing to the Royal Society, for which purpose, on Nov. sed, 17’91, 
it: was sent to their apartments in Somerset house, where, after 
the two standards had remained together about s4 hours, they 
Were found to be precisely of the same length. Brass points were 

inserted in the upper surface of the bar, from Mr. Ramsden’s 
standard, at  the distance of forty inches from each other, the 
whole length of eo feet being laid off on those points in the tem- 
perature of 54’. 

The chains were measured in the Duke of Marlborough’s riding- 
house, where the light was very convenient for the purpose, and 
the whole apparatus was sheltered from the wind and sun. The 
plaiik and bar were supported on five of the trestles, or tripods, 
b&uiging to the Royal Society, and the upper surface of the bar 
was brought into an horizontal plane by means of screws and a 
spirit lev& The brass points on the upper surface of the bar were 
brought into a right line, by stretching a silver wire along the top, 
and pressing the bar laterally with wedges, till all the points fell 
under the wire. Part of the chaiii was then placed on rollers, 
which rested on narrow slips of wood fixed on the side of the 
plank, about five inches below, and exactly parallel to the bar; 
alld whilst it was fastened to an adjusting-screw near one end of 
the plank, it was kept straight on the rollers by a weight of fifty- 

Froin the extremities of the 20 feet on the edge of the bar, two 
fine wires with plummets were suspended, which were immersed 
in vessels of water, the wires hanging so as nearly to touch the 
chain, Oiie end of the chain being then brought under its wire, 
bY means of the adjusting-screw, a ’fine point was made on the 
chain coinciding with the other wire. - This part of the chain was 
tlN?n shifted, and another eo feet measured in the same manner ; 
and the operation continued till the length of each chain was thus 

Ff 3; 



obtained at  five successive measurements, The result was, that 
in the temperature of si"+, in which the operation was preformed, 

' the chain A was found to exceed 100 feet by 0.114 inch, pnd 
the chain B, by 0.058 inch. Now, according to the table page 
88, the expansion due to i o  Fahrenheit on 100 feet of cast iron is 
0.0074 inch. and that of the chain being 0,0075, their difference 
is o.oooi, and therefore for 20% it will be o.oooe5; consequently, 
as the points were put on the bar in the temperature of 54", and 
the chains measured in'51°+ or less, their lengths in the tem- 
perature of 54', agreeing with the points on the bar, will be. 

Feet. In. 
A = 100 4- 0.11495 
B = 100 + 0.05825 

The comparison of the chains with each other, as related in 
Art, 88, together with this determination of their lengths, furnish 
the data necessary for the reduction of the base 011 Hounslow 
Heath. 

The wear of B, in measuring 38 chains, appeared (vid, Art. 
88,) to be 13 divisions' of the micrometer head = :%: = 0.00673 
inch.: and the wear of A was 9.7 divisions = = o q j y 3  
inch. 

\ 

Then, from the excess of A above In, In. 

0.1 1425, and of %B 0.05825 
subtract half the wear m 0.01865 0.00396 * 
loo feet, namely, - - 

0,0956 0.05489, 
Ft. In. 

A = 100 + .0956, and 
B = 100 + .05489, the  
lengthsused in the re- 

And we get the lengths of the chains in 
the temperature of 54 deg. before they 
were used in the measurement, namely, i duction of the base. 
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i 
-khthod $$.ring tbe Irm Caniiorz at the Extremities of the Bast on 

Hoacnslow Heath, I 791. 

95. As the pipes were found in il very decayed state, and it be- 
me certain, were they suffered to remain as the termini, that 

+in a few years the points marking the extremities of the base 
uld be lost, it Isecamo'necessary to re-establish them in a more 

permanent manner. Amongst the various mealis which were pro- 
posed for this purpose, that o eavy iron cannon was adopted-, 
,having beell previously saiicti d with the approbation of Mr. 
Ranisden,~and other competent judges. Two guns were therefore 
;selec.ted at! Wooltvich by order of the Master-general, from 
~ ~ n g  those which had been condemned as unfit for the public 
'service, and sent to EIamptort by water.. 

he placing of these guns, accurately being an operation of a. 
.deIiczatemature, and attended with some difficulty, on accoun 
their great weight, the mode of performing it w.as very delibera 
considered ; and every precaution afterwards tttken to render t h e  
opercltion~utie~ceptionable. The method was as follows. 

our oakeii circular pickets, of 3 inches diameter, were driven 
into t h e  ground, at the distance of io  feet oacli from the centre of 

-the pipe, two of them being in the direction of the base, and the 
others at right angles to it. Melted lead was theii run into a hol- 

*]OW made in  the head of each picket, and afterwards filed off per- 
Pfectly 'smooth. On the hrass cup, belonging to the Royal Society, 
being adjusted 1 ,  in the pipe, silver wires were stretched. from the 
beads of the opposite pickets, -and *moved till their intersection. 
oincided with the centre of the cup ; and in this position a fine 

e was drawn on the lead of each picket, exactlyunder and in the 
ection of the wire. T h i s  operation bejiig performed, and the 

uth of it re-examined, the pipes were taken out of the.ground, 



in doing which it became necessary to make an excavation of about 
four feet, in order to clear the circumference he wheel. It had 
been at first intended to have inserted the gun so far in the ground 
as that its muzzle should be even with the surface of the original 
pipe : but upon considering that this was a matter not absolutely 
essential to the ascertaining of the actual length of the base by my 
future measurement, provided the axes of the guns were made to 
coincide with those of the pipes, it was determined to f i x  the can- 
non, without digging the pit to a greater depth than that of ten 
feet. In this position, however, it was evident, that the muzzle of 
the gun would rise higher than the surface of the pickets, which 
had been put into the ground for finding the centre.; which ren- 
dered it necessary to drive in and adjust four out& fikets, of a 
proper height, to determine the centre of the bore of the gun, by 
the intersection of another set of wires. The tops of the first set of 
pickets were therefore cleared, and the silver wires extended along 
the fine lines which had been made on the lead, A plummet was 
then suspended from above, and moved till it .fell on the inter- 
section of the wires. Being fixed in this position, another set of 
wires was stretched across the tops of the four outer picketsvtill 
their intersection also coincided with the vertical wire df.the plum- 
met, in which position, fine lines were drawn under the wires on 
the top of each of the outer pickets. The truth of the operation 
now depending on these last pickets, they were carefully guarded 
by another set which surrounded each of them, and these last were 
again bound round with ropes, to preserve the centre pickets from 
any possible accident. These precautions being taken, and the 
pit cleared, a large stone of e+ feet square, and 15 inches deep, 
containing a circular cavity in its upper surface to receive the 
cascabel of the. gun, was placed in the bottom of it, the centre of 
the hole being nearly under the intersection of the wires, as de- 
termined by a plummet. The gun was then let into the pit, and 
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brought, while resting upon the stone, into a positioii nearly vertical, 
at which time a quantity of earth and stones were thrown into the 
Pit sufficient to steady the gun. This being done, the cross wires 
Were stretched over the outer pickets, and a pointed plummet 
suspended from above, having its line coinciding with the inter- 
section of the wires, was let fall into the cylinder, in which a cross 
of wood that exactly fitted it was placed, whose eentre corres-. 
Ponded with that of the bore, The gun was then moved till a dot,. 
marking the centre of the cross, came directly under the point of 
the plummet ; when earth andstones were rammed round the gun ; 
care being taken to force it by that operation into its proper 
position, as shown by the plummet and cross.. In this manner’ 
the guns were fixed at the extremities of the base ; and it remains 
only to be observed, that to prevent the unequal settling of the 
earth, rammed within the pit, from moving them out of their. 
Proper positions, four beams of wood were placed in an horizontal. 
di*ction,-having their end$ resting against the sidks of the pit, and 
the gun, It m y  ‘also be added, that iron caps were screwed over. 
the muzzles to preserve the cylinders fromirain. 

ticplars relative tp the Commencement of the Trkoiromet rical 

96. Having, by the re-measurement of the base on Hounslow. 
, it became necessary,. 

the approach of the following spring, to form some plan. 
which might enable us to commence the Survey with the most. 

Of those which were suggested, that of proceeding immediately 
Southward with a series of triaiigles seemed the most eligible, 
not only because, in the first instance, the execution of it would 
fornard ~ t l e  great design of the business, in an early determination. 

Operation. 

th, sufficiently determined its accu 

advantage 
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,of some principal points upon the sea-coast, but also because a 
junction of the eastern part of the series with.that of the western 
of General Roy, would afford an early proof of what degree of ac- 
curacy had attended both operations. 

To ascertain the truth of the General’s work, by verifying some’ 
principal distance or distances, was an bbject which #presented 
itself, not only as interesting and curious, but as highly necessary, 
in order to determine whether, by the result, the triangles might 
stand good, and become a part of the general series. 

In addition to this reason, there was another which offered 
itself, and that was, the prospect of being able to obtain the 1Cngtli- 
of a degree of longitude in an early stage of the Survdy ; forit’had 
been suggested, and’ upon inquiry was found to. be true). that 
Dunnose in the Isle of Wight was visible, in particular moments of 
fine weather, from Beachy Head on the coast of Sussex.: but at> 
the same time it was resolved, whatever preference 1nigh.t: in futpre A 

be given to those on the coast for this important ,operation, that, 
a t  all events such observations should be made, which mightbdeter- 
mine the distance between Shooter’s Hill and Nettlebed,’as situa- 
tions eligible for observing the directions of the meridians. 

year 1799, upon the approach of spring, we explored the country, 
over which it was intended to carry the triangles, and visited such 
stations in the series of General Roy as were judged to be proper 
for the above purpose, 

In the choice of those stations which were about to be selected, 
iiistructions had been given, by his Grac he Duke of Richmond. 
to avoid towers and high buildings, as getting an instrument on 
them had, by the experience which the former operation afforded, 
been found difficult and dangerous; such of thew therefore 88 

were thqs circumstanced were avoided, and mar the most proper. 

Having theieforts formed an outline for rhe 



ones, stations’were chosen on the ground, Froin these directions 
the points of junction were necessarily confined to Saint Ann’s 
Hill, Botley Hill, and Fairlight Down, because the pipe sunk near 
Hundred Acre Home was found to be destroyed; but this was 
considered immaterial in its consequence, as it would have been 

proper,to have chosen it for a principal station, because the 
gh ground near Warren Farm took off theview of Leith Hill. 
A disadvantage however, which seemed toresult from this resolu- 

tion of avoiding high buildings fok stations, occurred in the difficulty 
which offered itself of proceeding from Hanger Hill and St. Ann’s 
Hill, with a mean distance of that side as given by General Roy; 
for the station chosen at the former place ‘being on the ground, 
there was scarcely a possibility of erecting a stag at King’s Ar- 
bour, sufficiently high to aford a view of its top from Hanger Hill: 
a quadrilateral therefore, similarly posited, could not be fixed 0x1 ; 

as R proper substitute, a station was chosen upon the el 
ground near Banstead, which was visible from St, Ann’ 
King’s Arbour, and Hanger Hill : and this, together with St. 
Ann’s Hill and Hanger Hill, formed two triangles, which would 
give the distance between St. Ann’s Hill and Banstead, indepen- 
dent of each other. 

Upon our return from this expedition, in which we had selected 
many of the principal stations, and, b atnining the face of the 
country, had formed 6ome judgment he future disposition .of 

triangles, preparations were made for taking the field ; and 
party which had 
, were ordered to 

ttle difficulty was found in determining upon the choice of the 
apparatus. Lamps were constructed by Mr. Howard of 

reet, which were afterwards found to equal every thing 
which could be expected froin them, Instead of the reflector 

n engaged in the measurement 
attached to the trigoriornctrkd 

I 



being exposed tq the wind, these lamps were inclosed in strong 
tin cases, having plates of ground glass in their fronts, which ef- 
fectually prevented the bad effects of an unequ and unsteady 
light. In the eentre'pf the back of each case, there were straps 
and semicylinders of tin, which, moving upon joints, clasped the 
staff to which in their use they were braced. Two of the lamps, 
were of twelve inches diameter, and a third of twenty-two ; afid 
the last of these, prior to the use of it in the ensuing seasoii, was 
lighted on Shooter's Hill, and clearly distinguished at the distance 
of thirty miles. Copper nozles of different sizes were likewise 
provided for holding the white lights. 

During the measurement of the base; an observatory for the 
reception of the instrument was making at the Tower, as likewise 
two carriages, to be used in conveying them from station to statioii, 
One was made with springs for the greater safety of the imtru- 
ment, which resting upon a cushion in the carriage, was sufficieiitly 
secured from any jolting upon the road. 

As it was easily foreseen that upon eminences, on. which it was 
certain the instrumeilt would be placed, it would be hazardous 
to trust i t  in a receptacle of slight construction, great pains had 
been taken to make the observatory strong, It consisted of two 
parts, the interior one of which, or the observatory itself, was 
eight feet in diameter, and its floor of a circular form, and from 
the sides of it eight iron pillars rose to the height of seven feet, 
which were connected at the extremities by oaken braces 
roof was formed of eight rafters which united at t h i  top, having 
their ends €astened into the heads of the iron stancheons,md 
were otherwise sufficiently clamped. The sides and roof were 
each composed of four-and-twenty frames, covered with painted 
canvas, any of which could be removed at pleasure ; and the whole 
was covered with a tent formed of strong materials. I 

Having thus detailed, in as short a manner as possible, the heads 



of such ,particulars as it may be necessary the public should be 
acquainted with, it remains oiily to give some account of the im- 
provemeiits in our great theodolite, before we narrate the progress 
made in the Survey in the sutnmer of the year ryge. 

ount of the Improltem 

Ramsden .has considehblg improved this instrument, 
which, in other respects, is of the same dimensions and construc- 
tion as that made%se of by General Roy, which has already <been 
described. The construction of the microsoopes render them very 
superior to those of that instrument ; as the tneaiis by which the 
image is proportioned to the required number of revolutions of the 
micronieter-screw, and also the mode of adjusting the wires to that 
image, are much facilitated : ( Art. 38,) For the first, tliereare 
three prongs proceeding ,from the cell which holds the object- 
glass; these, after passing through slits in the small tube tv 
constitutes the lower part of the microscope, are confined between 
two nuts which turn on this small tube, so that by turning the nuts 
the object-lens is moved towards, or from, the divisions on the 
circle, as occasion may require. T o  adjust the wires in the mi- 
crometer to the image ; in  the upper part of the body of the mi- 
croscope are two nuts, one sliding within the other. T o  the upper 
en? of the interior one the micrometer is fixed ; aiid near the 
lower end are three prongs similar to those above mentioned, but 
something longer. These pronffs pass through slits in the exterior 
tube, aiid are confined betweeii nuts, in the same inaiiner as the 
object-lens. This construction has many advantages over that 
described in Art. 38, 

To obviate the necessity of the gold tongue (p. 119), besides 
the moveable wire in the field of the microscope, there is a second 
We, which may be coilsidered ag fixed, bavitig Only a small motion 

s in thegreat Theodolite. 

Gg e 



for its adjustment. When the instrument is adjusted,*and t 
index belonging to the micromet 

he moveable wire cutting one of the dots 
the instrument), this fixed wire must be made to 
dot ; as by this meansit may be perceived at an 
the relative position of the wire has varied. . 

By graduating the limb of the instrument to every ten minutes 
instead of fifteen, we are enabled to measure with the micrometer- 
screw, not only the excess of the measured angle above any of the 
ten mibutes, but also its complement to the next division on the 
circle, and thereby to correct any small inequality which' may 
happen between tlie divisions. 

screw stands at the 

Particulars relating t o  tbe Operations oftke Year I 792. 

98. Although it might have been reasonably supposed, that'tlib 
angles of the triangle King's Arbour, Hampton Poorhouse, and' 
St, Ann's HilE, had been observed with suficieiit accuracy in 1787, 
yet that this operation might not rest on data afforded by any 
former one, it was considered. as proper to determine them with 
our awn instrument, 

By-a reference to Art. 50, it will be found, that General Roy 
was obliged to elevate the instrument at the extremities of t h e  
base ; for which purpose a stage of thirty-two feet high had been 
constructed. The same necessity existing with us, an appl 
was made to the Royal Society for i t ;  and in the autumn o 
that part of it which had been left a t  Dover, was brought to the 
Tower. 

The first station to which the instrument was taken this year 
was Hanger.Hil1, because it was found upon extimination, that the 
part of the stage which had beell left at Shepperton was much 
damaged, and stood in need of considerable repair. It was, how- 



ttedx for use, and a, new tent for the top having been 
,half( stage was erected over the pipe at S t b  Ann's 

Hill, to  which 'from Hanger Hill the' instrument was conveyed. 
Here, as well as at the other stations where the stage was used, a 
plumb-line was let fall from the axis of the instrument over the 
point marking the station, being sheltered from the wind by a 
wooden trough. In the use of the haIf stage, the instrument was 
sufficiently steady when the wind blew moderately ; but from the 
crazy state of the lower part, it was only by watching for moments 
particularly calm,. tha satisfactory observations could be made 
wheli the whale of i t  was used. 

The following observations will sufficiently explain the detail 
of this year's operations, which are given in the order of time in 
which they were made. By an examination of them it wiU be per- 
ceived, that mast of the angles have been observed more than 
once : indeed, it was a position. which we laid down upon our 

his' business). and4 which, RS 

would admit; has since been adhered to, tia 
theanglcs upon different arcs. When stafk were erected, which 
was generally the case when the stations were not more remote 
than fifteen miles, the angles were repeated till their truth became 
certain, and the same was also done, when angles wore determined 
by the lamps; but it sometimes happened, that only one of the 

itelights, which were burned at the distant stations, was 
seen ; in which case, if the observation appeared to be unade with- 
out any er;L'Qrs but that which an inequality in the division of the 
instrument might be supposed to produce, i t  was considered 8s 

sufficient ; otherwise fresh lights were sent to the station and o b  
served. 

In' the use of the wliite lights, it is conceived that sufficient 
Precautions were taken, as the firing of them was always com- 

? selected from the =st 

' 

r -as circurnsta 
,'tliqt of obser 

d to particular soldiats of the-pa 



on account of their capacity and. steadiness; who!hadi!instructions~ 
to place the copper node immediately over the Ijo15.1t maflchg-the 
station, by means of a plumb-line let fall ,from the bdttdm. L 1 
serving them with the instrument, the angle was not-taken till tlie 
light was going out. But the men commonly guarded 'against the 
ffarne. being :blown greatly on one side, by erecting *somethi@ to- 
windward of the light. 

In  the use of the lamps also, care was taken to give.theni thleir 
proper direction ; for .when the ground about the station would not 
admit of the lamp being placed immediately upon it, slender staffs 
were erected- su,pported by braces, and mad .upright, by being 
plunrbed in directions a t  right angles to eac other. Precatitions 
were also used ,to ,put those staffs precisely 'mer  the points, by 
centerhg the holes in the-cross-boards. 
, To such a part of the staff as was judged to be the most con- 
venient, the lanip was buckled, and its direction obtained by bring- 
ing a mark in the middle.of it to correspond *ith another on the 
staff, which was determined to be opposite the station, by direct- 
ing a ruler to it from each side of the staff, and marking the places 
touched. The distance betwee hose marks. was then bisected, 
which gave the gituation for th 

In a very early stage of the business it was found, that the 
effects of heat and cold on the limb of the instrument were likely to 
produce the greatest errors; for if the canvas partitions, forming 
.the sides of the observatory, were open to windward, streams of 
air passing unequally over the surface of it, would cause such sudden 
effects, that little dependence could be placed on any observations 
made with the iristrument in such a state. TQ avoid this; it was 
the constant practice when the wind blew with any degree of 
violence, to prevent the admission of it as much as possible, by 
keeping up the walls of the external tent, leaving (only a sufficient 
opening for the discovery of the lamp or light ; and at other times 

iddle of +the lanip. 



when the wind blew moderately, and a greater difference appeared 
in the readings of the opposite microscopes, than an error in divi- 
sion might be supposed to produce, the walls of the external tent 
were entirely thrown down, and the instrument kept in an equal 
temperature by the admission of air on all sides. 

In,taking the angles, it was a general rule for some person to 
keep his eye at one of the microscopes, and bisect the dot, as the 
observer .moved the limb with the finger-screw of the clamp. 
This precaution is very necessary when white lights are used, for 
should there be a mistake in reading off an angle, when several 
are taken from the same lamp as the permanent object, it some- 
times may prove troublesome to rectify the error, without sending 
other white lights to the stations. We found that to be the case 
at Ditchling Beacon, when o d y  one person happened to be at the 
instrument, and a reading was set down io’’ wrong. A simifar 
circumstance occurred at BrightIing; For these reasons, tamps 
are greatly preferable to white lights, when the distances are not 
too great. 

As the instrument was sometimes faun$ to sink 011 t& axis, 
which was. partly owing to wear by the constant use of it, and 
the screws of the centre work loosening a little by the shaking of 
the carriage; whenever it came to a new statioii, the opposijg 
points were examined ; and if it was foulid that the, circle rhad 
fallen, which would be shewn by the .runs of the micrometers, it 
was raised a little, atid the microscopes re-adjusted, 

At the different stations, after the observatioiis had been made, 
large, stones, from ti foot and a half to two feet square, were sunk 
in the ground, generally two feet under the surface, having ~2 hole 
of an ihch square made in  each of them, whose centre was the 
precise point of the statim. 



Angles taken in: the Year I 79i. 

gg. At 'Hanger Hill. 
'MeAn. Bet ween II 

Shooter's Hill and Banstead 

St. Ann's Hill and Banetcad - 

St. Ann's Hill and Hampton Poorhouse 

w 7 5  

At St. Ann's Hill. 
King's Arbour and Hampton Poorhouse 

Hind Head and Banstead ..I 

Banstead and Hanger Hill - 
Leith Hill and Banstead - 
Leith Hill and Hind Mead 
Bagshot Heath and Banstead 
Hanger Hill and Hampton Poorhouse 

- 

Banstead and Hampton Poorhouse - 
Shooter's Hill and Hanger Hill " 

68 56 46.5 
47 }47  
47.5 

44 3 3 
46 40 3 0 ~ 5  

'44 39 96 
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At King's Arbow., 
Mean, Beheen 0 I I t  

St. Ann's Hill and Hampton Poorhouse. 74 14 85 }&& 
35'75 

..I St. Ann's Hill and. Banstead. 

At Hampton Poorhouse. 
St. Am's Will and King's Arbour 61 1 96 83-5 3 ;s4,5 

35.5 J 

St..Ann's Hill and Hanger Hill: I - 3 8 } p g  
315 

At Banstead.. 
Shootdr's Hill and' Botley Hill F 57 36 }a6 

36*% 
St. Ann's Hill and Hanger Hill. - 58 3915 }39*75 

49 
Botley Hil1,and Leith Hill .-- 1.08 $0" 47.5' 

51.5 

87.535 
Leith HilLand St. .Ann's Hill. - 77 87 35.75) 85.5 

King's Arbour. and St, Ann's Hill 
~ - I .. 35,4e 

1 !&!it 
Shooter's Hill and Hanger Hill - 62 57 eo 

94 

} 93-5 Leith Hill and Shooter's Hill w 166 e 93.5 
93.5 

At Leith .Hill. 

I 
} 18.5 

Banstead and Botley Hill , - $1 el s 
re 

Banstead and Hind Head - 140 e8 q':5 ' 

'8.75 
* H h '  
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I1 Mean., Between Q I I t  

Hind Head and Chanctonbury Ring L’ 7% 56 49.5 1 50,zg 
51 .e& 

Ditchling Beacon and Chanctonbury Ring 32 45 ‘56i95 58.5 }57*5 
St. Ann’s Hill and Hind Head 0 82 8 51 
Hind Head and Crowborough Beacon - 143 57 47.5 ).E~,$ 

47.75 
56 37 99.5 , Hind Head and Bagshot Heath c 

Shooter’s Hill and Nettlebed 
}e5075 

- 86 e3 e4 
97.5 

Hind Head and Shooter’s Hill 1.. a48 a8 30 

q 38.95 
33.75 

At Shooter’s Hill, 

- 37 8 95.75 
4* 59 48.5 

Botley Hill and Banstead - 
- Banstead and Blackheath - 

Hanger HillandBlackheath - - ’ii 51 1.525 
Leith Hill and Blackheath - 
Nettlebed and Blackheath 

4* 50 } 6.75 
7.5 

L 

- 7 $8 95.5 - 
56 48 30 Settlebed and Leith Hill 0 .. 

3” 
St. Ann’s Hill and Blackheath .. 

At Bagshot Heath. 

101 49 93.75 
53 59 13.5 

St. Ann’s Hill and Hind Head 
St. Ann’s Hill and Leith Hill 

... 
L 

- 4757 7 } ?  I Leith Hill and Hind Head 
7 



Between 
Nettlebed and Leith Hill - - 

Nettlebed and Highclere - 0 

Nettlebed and Penn Beacon d 

Leith Hill and Highclere - II 

At Hind Head. 

.I Nettlebed and Leith Hill - . ,  

Nettlebed and Bagshot‘Heath ... 
Leith Hill qnd St. Ann’s Hill 

Leith Hill and Rook’s Hill 

- 
-R 

Leith Hill and Butser Hill .Ir 

Leith Hill and Chanctonbury Ring 
Chanctonbury Ring and Rook’s Hill 
Nettlebed and Highclere L 0 

Mean. 
I It 

)e4 
60 i o  e6 

9s 

At Rook’s Hill. 

Chanctonbury Ring and Butser Hill - 147 36.5 

Chanctonbury Ringand Hind Head - 89 49 45 145b75 46.5 
Chanctonbury Ring and Dunnose - 137 16 48.5 
Chanctonbury Ring and Beachy Head 
Chanctonbury Ring and Motteston Down 153 1 1 

14 17 34 

Hhz 



At Butser Hill. 

Mean. 4 Between 8 8 I I  

kook's Hill and Hind Head 
'I) 95 18 };8,75 

4.5 
Rook's Hill and Dunnose - - '80 2'1 .58 
Rook's Hilland Motteston Down'  - 101 7 :7 

9 
Rook's Hill and 'HighcIere . L - 134 56 56 }$,.%$ 

58.5 
Rook's Hill and Dean Hill - 0 156 34 14 dub?busa 

At Chanctonbury Ring. 

>e5 
Rook's Hill and Leith Hill 

"Rook's Hill and Hind Head - - 4;7.= 37 j& ' 
w 

95-95 

39.25 
Hind Head and Leith Hill - ~ - 45 10 46 
Rook's Hill and Ditchling Beacon - 179 8 4 } 6 .  

.a 

Further Particulars respecting.tbe Operations of the Year 1799. 

loo. Excepting the stations Nine Barrow Down, Black Down, 
Wingreen, Long Knoll near Maiden Bradley, Beacon Hill, Inkpin 
Beacon, with those about the base of verification, all Ithe stations 
which constitute the series hereafter given; were selected this year. 

From an opinion which we entertain, that triangles, whose 
sides are from 1% to about 18 miles in length, are preferable for 
the general purposes of a survey, to those of greater dimensions, 
we have endeavoured to select such stations as might constitute a 
series of that description. In those which were chosen to the east- 
ward of Bagshot Heath, Hind Head, and Butser Hill, we have in 

I 



sothe 'Ilegreti succ'eeded ; but, from .local circumstances, we have 
been equally fortbm'ate with those to the westward. Instead of 

Dean Hill, it was hoped that the ground upon which FarZey Monu- 
ment stands, might have suited our purpose ; but the wood to the 
West of the hill was found to be so high, that even with the whole 
stage, the instrument would not be sufficieiitly elevated. There re- 
mained, therefore, no other expedient but fixing upon Dean Hill, 
which is the highest spot near Farley Monument. I t  must bealso 
observed, that Highclere is the only situation which afirds the 

f carrying on thG triangles 'from the side Bragshot Heath 
and Hind Head, without forming a quadrilateral. 

When the instrument was at Shootefs Hill, a. staff was erected 
on Blackheath, for the purpose of enabling us to determine the di- 
rection of the meridian with respect to  Nettlebed. This, however 
was not done, the weather prov too uiifavourable{ but as 

small portfire was placed in a groove cut in 'it, which afforded the 
meam ,of taking am angle ,very exkctly, as the light hid the ap- 
pearance of a bright poiat. 

The interior stations which were selected for the use of the 
small instrument, were Bow Hill, near Rook's Hill ; Portsdown 

on, on the road to Portsmouth ; and Sleep DOVVII, near 
Steyning. :To *the first and last se the instrument was taken, 
for the purpose of fixing sir.cl! Id not be iiitersected 
from the principal statio The poiiits 011 the coast 
larly wanted, ' for the construction of some tnap 
paking for the use o€ the Board of Ordnance. 
so fixed'will be given 'hereafter ; but it must 'be 
opportunities were lost of searching 

of tlose might be taken with pre 
cts whose situations were 
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made either in the morning or, evening, when the air was free 
from vawur, and without that quivering motion, which, in sum- 
mer, it generally has in the middle of the day. 

Improvement in tbe Axis tf thegreat neodolite ; and the Progress 
of the Survey in the Year 1’793. 

201. Towards the conclusion of the last year’s operation, it 
was found that the axis of the instrument, by the frequent use of 
it, was considerably worn, and which was, perhaps, increased by 
the motion of thec iage, as the arch could not be clamped with 
tightness sufficient to prevent the circle from moving within 
the limits of the bell-metal arms, and the upright part of the tra- 
velling case. The consequence was, that it sometimes became 
necessary to let the circle lower by means of the screws, and as 
it was found to be exceedingly difficult to turn them equally, and 
by a quantity which was just sufficient, PI I  an application was made 
to Mr. Ramsden to apply something to the axis,*which might 
enable us to adjust the circle with greater ease and accuracy. Ac- 
cordingly, upon the party arriving in town, the instrument was 
taken to his house, and left there for the winter, during which he 
niade the desired alteration. 

The progress made in the Survey during the last season, deter- 
mined the extent of the business for this year: and it was then 
imagined, that with good weather, we might be enabled to join 
the triangles to the eastward with those of General Roy, and like- 
wise observe the remaining angles in the series, having first made 
the necessary observations at Dunnose and Benchy Head for ob- 
taining the directions of the meridians. It had also been foreseen, 
that it would soon become necessary to select some spot for the 
measurement of a new base, not only to verify the triangles remote 
from Hounslow Heath, but likewise to determine the sides of those 



which might be hereafter projected for the survey of the West of 
England. The si tioh which we had looked forward to, as being 
the only one which would afford a base line of sufficient extent, 
was Sedgemoor in Somersetshire, not haPihg then imagined that 
any place could be found fig for the purpose to the eastward of 
that situation. 

After maturely deliberating upon the steps to be taken for this 
hecessary business, we were of opinion, that Sedgemow, was 
rather too far westward for zt base, whioh was intended to be 
applied€ as a test to the sides of the great triangles now con- 
stituted, Inquiry was therefore made aft pot which might 
be less exceptionable ; sand as iiiformati RS obtained that 
Longham Common, near Poole in Dorsetshire, was likely to aC- 
ford such a base, we examined it in the January of this year ; but 
not finding it fit for the purpose, we proceeded to Salisbury Plain, 
where we found that a base line of nearly seven miles might be 
measured without much difficylty, between 3eacon Will, near 
Amesbury, aiid the CastIe of Old Saruin. With respect to the 
nature of the ground, as any observations concerning it will be 
introduced with more advantage when we treat of the particulars 
of the measurement, it will be only necessary to observe, that 
prior to determining upon the possibility of measuring it with 
the necessary accuracy, we considered of the errors which would 
be likely to creep in from the inany hypothenuses which the base 
would consist of, and from other circumstances which the ground 
from its inequality might be supposed to produce. 
As the principal object of this year's business was 

the directions of the meridians, the party left Lond 
of Wight early in the month of March, that it might arrive at 
Dunnose in proper time for makibg the required observations. 
'The instrument, however, was first taken to Motteston Dowu, for 
&e purpose of intersecting many places whose bearings had been 

* 



last year taken when the instrumen at J3ook’s Hill, and which 
anted by the su~tveyors e. This station 
ected for that puppose, and intended to bet 

come a principal one in =the series ; but when zbe instrument was 
on the spot, it was considerid as proper that some observations 
should be made to the stations which were at that time ahosen. 
For this reason, when the time for observing’ the star approached, 
and most of the lights had been fired without our having seen them, 
it was not considered of consequence to remain there any longer, 
and the instrument was theret‘ore taken to Dunnose, 

A small staff, of t three inches diameter, was erected on 
Brading Down, whi about six miles from the station, for the 
purpose of referring tar; to it ; ,a s m d  lamp of six inches,dia- 
meter, constructed upon the same plan as the large ones, being 
when made use of, buckled to-the bottam of the staff, 

As the best method of obtaining the direction of the meridian, 
is by observing the star U ~ Q I I  each side of thepole, whence tlw 
double azimuth is nearly obtained without any Correction for the 
star’s apparent motions, evesy opportunity 
serving it at the times of its greatest appare 
elongations. But in  the unsettled season 
when almost every wind brought a fog over the station, many 
days elapsed without our seeing either the star or staff’; and it 
was on that account we continued so long at Dunnose. 

As the truth of the deductions must entirely depend on the 
accurate determination of the directions of the meridians, the 
greatest care was taken in making *the observations. A n  hour, 
and generally more, before the star came to its greatest elongation, 
the observers repaired to the tent for the purpose of getting the 
instrument ready. The method of adjusting it, was first by level- 
ling it in the common way with the spirit level whic 
the brass pins; and afterwards, by that which applies to the axis 



hichvd&terminad the instrument 

while the circle was turned 
round the axisi 

s the- starl four minutes after its greatest elon- 
gation, moves only about a h, the time was shown 
sufficiently near, by a good pocket watch, which was regulated as 
often as opportunities offere e star wa9 supposed'to be 
at obserier, if at nigh 
th it, leaving eq 
each side of the cross: but if it was in tl 
appeared like a point, the telescope was mo 

he vanishing point of the cross. At either of these 
times, when the observer was satisfied of the star being 
bisected, or brought into the vanishing point formed.by the wires, 
another person who had kept his eye 

he transit was then taleen o 
turned half round, and the telescope 
served again. This precaution was taken to obviate the ewom 
which3might arise, from the arms of the instrument being out of 
the parallel with the plane of the circle, owing to any imperfec- 
tions in the positions of the Ys, on which tbe transit rested, 
was, however, seldom found, that a greater difference subsisted 
'between the readings of the opposite microscopes, than what 
might be supposed to be the consequence of a shake in the centre, 
-or errors in division. A mean of the readings was always taken. 
It must be also mentioned, that out of twenty, three and four inch 
white lights, which were fired at Beachy Head, only three of them 
were seen : but the angle between that place and the staff on 
Brading Down was considered, from the near agreement in the 
tobaervations, to be determined with the necessary accuracy, 

- Aft business was finished at Dunnosc, the instrurnentww 

the bubble of the latter €eve1 remai 

, 

I i  
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taken to Chaiictonbury Ring; and iDitchling B,eacon ; and from 
the latter place to Beachy He inborder to observe the direction 
of the meridian; but after placing a staff upon the high ground 
above Jevington, we were obliged to defer the attempt, as it 'was 
found, that owing to the effects af heat, the air was not'suficiently 

, steady for the staff to be seen distinctly, when the star came 
its greatest elongation in'the day time, if the sun shone out. We 
therefore left Beachy Head, and proceeded to the following sta- 
tions, viz. Fairlight Down, Brightling, Crowborough Beacon, and 
Botley Hill; from which latter place we returned in June to Beachy 
Head, and observed the direction of the meridian. 

From this station, the party,went to Dean Hill, and thence to 
Salisbury PI&, for the purpose of fixing 011 the extremities of the 
new base, This being done, the instrument was taken to Old 
Sarurn, Four Mile Stone, Beacon Hill, Thorney Down, and Wigh- 
clere, where the operations of this year terminated. Bu't it must 
be observed, that owing to a 'strain which, the clamp of the in- 
strument sustained when at Thorney Down, no dependance could 
be placed on the observations which were made at Highclere. 
Upon this being discovered, and the season.too far advanced to 
permit of any business being done after the instrument might be, 
rdpaired, the party returned to London. 

Angles taken in the Tear 1793. 

102. At Motteston Down. 
Meui, Between Q f It 

Nine Barrow Down and Dunnose - 159 51 53.S 
L 5 

Butser Hill and Dunnose - - 
1 i i 7 5  

and Dunnose .. 



c 945 1 
I 

n and Bradiilg staff 
Nine Barrow Down and Brading' st 

Bytser Hill and Brading staff * - 
Rook's Hill and Brading staff 

Chanctonbury . L  Ring and Brading staff 
;Beachy Hehd and Brading staff 

94 49 19 

* -  

- 

Pole star aiid Brading staff; Apr. . -  e1 

98, aftern. e4 4 eg 

May 5, aftekn: e 4  4 q.eb 
18, aftern. 0-4 4 99.5, 
I$, morn. 18 e3 $3.e$ 

At Chanctonbury Ring. 

1 Beachy Head and Shoreham staf - 89 49 48.5 
49, 

Dunnose and Shoreham staff - 
Rook's fi i l i 'n 

Beachy Head and Lewes staff 
Crowborough Beacon and'Lewes*staff 

4 5 537 3*75 1s % *  

4 
"f Hill: mid Lewes staff 

I i i a  
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Mean. Between 0 I I /  

Brightling and Lewes staff 
Chanctonbury Ring and Lewes staff 

95 40 18.95 

At Fairlight Down. 
- 
59 33 1.5 } 1*J5 - 

zt 
Bightling and Beachy Head 

At Brightling. 
Fairlight Down and Beachy Head - 
Crowborough Beacon and Beachy Head 

80 44 17-5 } 19.96 

10% 58 14 
91 

17 }- 15*5 

Ditchling and Beachy Head - - 59 99 13.5 } I* 
14.5 

At Crowborough Beacon. 
Brightlingand Leith Hill - 0 168 27 90.5 12l.95 

Brightling and Ditchling Beacon - 105 9 48 
22 

1 44 44.75 
145 eo "7 Brightling and Botley Hill - 

At Botley Hill. 
,Banstead and Wrotham Hill - 35% 67 9.5 )4,e6 

6 
Banstead and Shooter's Hill - 85. 39 58.5 
Banstead and Crowborough Beacon 199 25 3*5 
Crowborough Beacon and Leith Hill $9 35 1 

At Beachy Head. 
Brightling and Jevington staff a " 46 59 35.e5} Be 

34.75 
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M a n .  Between Q f It 

Fairlight+Down and Jevingtonstaff - 86 \ 49 1% } G 
14 

48 39 5 9 ,  - Rook's Hill and Jevington staff 
Chanctonbury Ring and Jevington staff 40 57 91 1 9 %  

93 
, Duiinnse and .Tev 

Ditchling Beacon and Brightling - 73 5* ' 5  e8 }e6.5; 

Pole star and Jevingtonstaff, Jul. 15 at night 30 19 54.5 
16 night 30 19 57.5 
e6 morn. e4 38. 19, 
30 .night 80 19 50.5 

Aug. 1 morn. eg 98 eo.95 
x night 30 19 u . 5  
B night 80 19 6 o . i ~  
3 morn. 94 38 93.5 

* 11 night 30 ig 47.95 

At Dean Hill. 

50 18 47.5 } 47,5 Beacon ,Hill and Highclcre L. 

J 

47.5 
Beacon Hill and Wingreen - L 

Beacon Hill and Dunnose .. - 160 46 8.5 

Beacon Hili and Nine Barrow Down 134 93 3Q;95)3e,5 

} 6 7 4  

8 W 5  
174 34 Sb'& 

68 .(j 
Beacon Hill and Motteston Down 



Mean. Between 0 I I I  

Beacon Hill and Four Mile Stone 

Beacon Hill and Butser Hill I 

At Old Sarum. 
Beacon Hill and Four Mile Stone = 85 $8 91.5 

3w.95 21-75 ]%eo5 
23-75 

Beacon Hill and Thorney Down u 48 e6 ' 3  $:if)} 4.5 

At Four Mile Stone. 

70 1 45.75 Beacon Hill and Oid Sarum .I 

49 
7* 4 h6*5 }48  ..) Beacon Hill and Dean Hill - 

49.95 

At Beacon Hill. 
Old Sarum and Four Mile Stone - 93 $9 gd.9b } 51-75 $9 0 95 
OldSarum and Thorney Down 

=44 

109 45 e$,& " Dean Hill and Highclere 
ey Down and Highclere - 113 $8 '3.76) 1,- g p  

16.75 : d' 3 



At Thorney Down. 
Between 'Mean. 

I Beacon Hill and Old Sarum .. 98 o 99.95 
3e.5 

At Highclere, 

Particulars relating to  tbe Operations of tbe rear 1794. 

108. The party this year took the field the fourth of March, 
and proceeded from London to the Isle of Purbeck, taking Butser 
Hill in its way. In the observatiow of the yeqr 1799, the angle 
at that station, between Rook's Hill and Dea is noted to be 

e.reason which induced us to be 
cope, by some accident, w'as thought to, have been 

moved after the observation of the light, and just at the time when 
the angle was about to be read off, As the season was then far 
advanced, and four lights hsd been fired, without our having seen 
more than one of them, it was determined to leave the final ob- 
servation of that angle till this year. Accordingly upon our arrival 
at Butser Hill this second time, a lamp was sent to each of the 
stations, and the angle repeatedly taken, as given in  the follow 
article, The party from thence proceeded to Nine Barrow Down 
in the Island of Purbeck. 

season, 
arose from the necessity of beginning the measurement of the 
base on Sillisbury Plain, towards the latter end of June, that it 
might be finished before the year should be far advanced, when 
the cultivated, ground a mile to the northw?rd of Old Saruin wo 

- 

The reason of the business commenciag so early i 
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be ploughed. It w a s  also necessary that the angIes at Wingreen 
and Highclae should be observed. 
On account of the magnitude of the 94th and 97th triangles, 

the instrument was kept at the station in the Island of Purbeck 
till the angles between Dean Hill and the stations in the Isle of 
Wight were determined very accurately. It was, therefore, not 
till a month after the two first lights were fired, that as many ob- 
servations were made as we deemed to be sufficient. 

As it will answer our purpose better, to give an account of the 
stations which were chosen this year, for the further prosecution 
of the Survey, in another part of this work ; it remains only to be 
observed, that from Nine Barrow Down the instrument was taken 
to Blaik Down near Dorchester d thence to Wingreen, High- 
clere, and Beacon Hill; the observations which were made this 
year being concluded at the latter place in the beginning of June, 
It may, however, be mentioned, that in addition to the interior 
atations chosen in the year I 799, for the future use of the small 
instrument, three others were selected in  this and the preceding 
season, namely, Ramsden Hill, near Chfistchurch ; Thorness in 
the Isle of Wight ; and Stockbridge HlZ. 

Angles taken in tbe rear 1794. 

104. At Butser Hill, 

'Mean. Bet w eel? 0 I It 

Rook's Hill and Dean Hill 

At Nine Barrow Down, 

28.5 

Dean Hill and Wingreen - - 

Dean Hill a h  Motteston Down - 
554 
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Between 
Dean Hill and Duiinose 0 

Lulworth and Bid1 Barrow L 

Dean Hill and Bull Barrow .. IC 

Black Do.wn and Bull Barrow U 

At Black Down. 
Charton Common and Bull Barrow - 
Bull Barrow and Nine Barrow Down 

Bull Barrow and Lulworth. c 

I) 1 Lulwortli and station above 
Chesil, in Portlalid - 

\ 

0 
Lulworth and station near ~ 

Portland Light House 1 

Pilsdeii Hill and Mintern I, I.. 

38 58 l9 } rg,s5 
9.5 

56 30 18.957 



Between 
Mintern and Bull Barrow - I 

At Wingreen. 
Beacon Hill and Dean Hill - L 

Dean Hill and Nine Barrow Down 

Dean Hill and Bull Barrow 

Bull Barrow and Bradley Knoll 

Bradley Knoll and Beacon Hill 

At Highclere. 
Butser Hill, and Dean Hill - I 

Dean Hill and Beacon Hill .. I 

! 

l*horaey Dawn and Beacon Hill I 

g6 20 36*5 99.951 

*9 $7 37.75 40.951 

33.25 

37.95 
38-95 J 

37.95 J 37.75 

35 

+ 37 

+ 37.75 

30.95 99.75 
Beacon Hill and Inkpin Beacon - - 56 o 29 

30 I 



Between W 1Wean; 
e 1 dI 

“10.5 
Beacon Hill and White Horse Hill (near} 9o & eo 

Wantage) - I - 
er J 

Nuffield and Bagshot Heath c 46 i o  17.6 
19.5 } 18.5 

1 e0 

Bagshot Heath and Hind Head 

Butser Hill aiid Hind Head - - Si9 1% 99 

I) 

16.75 

99.95 

At Beacon Hill. 

] 5% 
Dean Hill aiid Wingreen - LI 66 49 5 e . e ~  

51.75 
, 

44*e5 43.95 1 8* 11 44.75 

48.5 
40.75 

Wingreen and Bradley Knoll I 

Inkpin Beacon and Dean Hill - 120 28 2.95 

3 
} - 306 97 g 

8 

Wingreen and St. Ann’s Hill (near 
Devizes) - - c. 

7 J  
Sitmtions of tbc Stations. 

105. Hanger Hill. The station on this Hill is in tlie field to 
the eastward of the Tower, and within 18 feet of the eastern 
hedge. The Tower bears due west of the station, 

XL~~oter’s Hill. The station is in the north-west corner of tlie 
field, opposite to the Bull Tavern, 

Banstead. The station is in a field belonging to Warren Farm, 
near the road leading to Ryegate. It is 14 feet north of the 

Kke 
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hedge, and may be easily found, as Leith Hill and an opening 
between two rows of trees on Banstead Common, are in a line 
with the station. 

Leijh Hikl in Surrey. The station is 3 2  feet from the north-east 
corner of the Tower, and in that direction from it. 

CrowborozlgB Beacon, Sussex. The station is about Goo feet due 
south of the spot on which thc beacon was formerly erected. 

Br&$tZing, Sussex. The station is about 70 feet south-west 
of the gate belonging to the field in which stands Brightling 
WindmiH. 

Beachy Head. Twelve yards south-west of the Signal-house. 
The  muzzle of the gun is above the surface of the ground. 

Ditchling Beacon, Sussex. The station is in the middle of a 
small rising, which has the appearance of having once been a 
Barrow. 

Cbanctonbury Riizg, Sussex. This place is near Steyning ; and 
the station is situated 50 feet from the ditch on the west side of 
the Ring. 

Rook's HiU, near Goodwood, Sussex. T h e  station i s  east of the 
Trundle, and near it. 

Butser Hill, Hampshire. There is no precise way of pointing 
out the spat on which the instrument was placed: the general 
situation of it, however, inay be known : it is on the middle of the 
hill, which is itself near, and to the northward of the Fifty-four 
Mile-stone on the Portsmouth road. 

Dzinnose, Isle of Wight. The station is 87 feet northward of 
Shanklin Beacon Pole : the muzzle of the gun is above the surface 
of the ground. 

MoMeston Down, Isle of Wight. The station is on the west 
Barrow. 

Nine Barrow Down, Isle of Purbeck. The station is on the 
highest of the Nine Barrows. 
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Black Down in  Dorsetshire. The station is 1.3 feet west of the 

North Barrow. Black Down is six miles from Dorchester, and 
near the village of Winterbourn. 

Bull Barrow Hill, near Milton Abbey in Dorsetshire. The 
station is on the Barrow. 

Wikgreen, Dorsetshire. The hill so named, is four miles east 
of Shaftesbury, and the station is about 80 feet south-west of the 
Ring, or clump of trees. 

Beacon Hill, about two miles from Amesbury, near the Andover 
road, Wiltshire. The muzzle of the gun is 8 or Q inches above 
the ground. 

Old Sarum. The station is south-east of the TWO Mile-stone, 
and near it. The muzzle of the gun is 7 or 8 inches above the 
g ro u 11 d . 

Four Mile-stone, Wiltshire. The station is in the field west of 
the Four Mile-stone on the Devizes road, leading from Salisbury. 
It is on the rising which is in the middle of the field. 

Tborney Dowiz, Wiltshire. The Down is near Winterbourn, 
and the station to the north of the wood, 

Dean Hill, Hampshire. This place is near the village of Dean, 
and about 6 miles east of Salisbury : the station is in the north- 
west corner of a field belonging to Mr. Haliday. 

Inkpin Beacott, Wiltshire. This place is above the village of 
Inkpin, and the station is in the centre of the small field circuni- 
scribed by a ditch and parapet of an ancient fortification, 

Hi@vlcre, Wiltshire. The station is in the centre of the Ring 
on Beacon Hill, about half a mile south-east of Highclere. 

Bagshot Hentk. The station is on the brow of an eminence two 
iniles north of the Golden Farmer, and directly west of the iiortll 
corner of Bagshot Park. 

H i d  Head, Surrey. The station is near the Gibbet, being about 
92 feet north-west of it. 



The situations of those stations which are common to this 
operation and that of General Roy, are not described, the same 
being done in Art. 55. 

As it  is probable that some individual will avail himself of the 
particulars given in this performance, by forming more correct 
maps of the counties over which the triangles have been carried, 
and who consequently may wish to visit certain of the stations, it  
is proper to observe, that sinall stakes are. placed over the stones 
sunk in the ground, having their tops projecting a little above 
it. For some years there will be little difficulty in finding the 
stations, a s  the spots are well known to the neighbouring inlia- 
bi tan ts. 

Measurement of the Base of Verijcation on Salisbury Plain with an 
Hundred Feet Steel Chain, in the Summer of the Year 1794. 

Apparatus provided for the Measurement, and the Method of using 
particular Articles of it. 

106. The apparatus with which this base was measured arrived 
at Beacon Hill the 95th of June, and consisted of the two steel 
chains, the trestles belonging to the Royal Society, and the 
coffers which were used on Hounslow Heath, together with the 
pickets, iron-heads, and a few other articles, which in the begin- 
ning of this year had been made at the Tower. As it was foreseen 
that the truth of this measurement would, i n  a great degree, de- 
pend on the accurate reduction of the several hypothenuses to the 
plane of the horizon, an application was made to Mr. Rslnnsden in 
the foregoing winter, to consider of some means by which their 
inclinations might be obtained. He therefore applied an arch S to 
the side of the transit telescope, as exhibited in PI. XVII. which 
Jie divided into half degrees ; and opposite to this he placed ,a 



microscope T, with a moveabIe wire in its focus, by means of 
which, and the micrometer of the telescope, an angle could be 
taken. 

On the first convenient opportunity after the arrival of the appa- 
ratus, we determined the value of any number of revolutions of the 
micrometer-screw in parts of a degree, by the following method, 

At the distance of an hundred feet from the transit, a picket 
was set up, on which a dot was made with chalk, and the instru-, 
ment being adjusted, was moved by the finger-screw till the edge 
of the micrometer-wire touched some prominent part of that mark. 
The wire in the focus of the microscope was then made to bisect a 
dot upon the arch, and the telescope moved in the vertical till the 
next dot was bisected, by which the instrument had described half 
a degree upon its axis, and the micrometer-wire was afterwards 
moved till it touched the same part of the chalk mark, the revolu- 
tions being counted, which were consequently equal to thirty 
minutes. This operation was repeatedly tried, with a picket 
placed from one to six hundred feet successively from the tele- 
scope, the runs of the micrometer-screw being in each case nearly 
the same, as indeed they ought to be according to theory. 

The number of revolutions equal to 30‘ was found, from a mean 
of those trials, to be i9+gT. 

Having determined this, the chains A and B were compared 
with each other, when they were found to have the same differ- 
ence of lengths as when measured by Mr. Rainsdeli, 

For the purpose of tracing out the line of the base, as Bcacon 
Hil€ had a commanding view of almost the whole of it, the instru- 
ment was kept in the tent after the observations were finished : 
and at different times, when the air was suf-ficiently steady for the 
purpose, many points in the true direction were found by bisecting 
the staff erected at Old Saruin, and moving the transit in  the vcr- 
.tical, tvhilst a persoil placed il camp-colour in the proper situation 



on the ground, by means of signaIs which were made at Beacon 
Hill. 

&4s it appeared, when this spot was first seIected for the measure- 
ment, that in the course of it there would be frequent necessity for 
changing the directions of the hypotlienuses, a brass bar, of a 
prismatic form, had been provided, by means of which, and a 
plumb-line, a new direction was easily taken.. The method of 
using them was as follows. 

A picket was driven into the ground close to the handle of the 
chain, having its top eight or ten inches above the place where the! 
preceding hypothenuse was to terminate, one of the register- 
heads, with the bar, being screwed on i t :  the chain was then 
stretched, and the silver wire, or plumb-line, made to pass through 
the handle, whilst the slider was moved till the wire came upon 
the dart, marking by this means, the termhation of the hypothe- 
nuse. In order, however, to give c?. more perfect idea of this 
matter, a figure is given in P1. XIX. where B is the bar, with the 
wire falling through the handle of the chain, one half of it being 
left out, for the purpose of showing its coincidence with the arrow 
on the handle. 

The experience which we had obtained in the measurement of 
the base on Hounslow Heath, led us to discover, that some of the 
methods we made use of to execute particular parts of it, might 
have been improved. One of them was, the means by which the 
heads of the pickets were plaeed in the plane of the base, which 
frequently was the cause of the planes o f the  register-heads being 
aut of the direction of the hypothenuses. In  this operation, h o w  
ever, the bottoms, as well as the tops of them, were placed in the 
true vertical by means of the transit-instrument, and therefore it 
was riot difficult to bring the planes of their tops into the required 
position. 

For the purpose of using the transit as a boning telescope, as 



well as an instrument for taking the angles of elevation or depres- 
sion, Mr. Ramsden provided two mahogany boards, one of which 
was fastened to the register-head, and the other (furnished with 
levelling screws) rested upon it, the transit-instrument being 
placed on the latter. 

The level belonging to the transit was then Iiung on the arms ; 
and if the axis proved to be horizontal, which it would be if the 
brass heads were rightly placed, the instruinelit required no farther 
adjustment; but if that did not prove to be the case, the axis was 
made parallel to the horizon by the screws of the levelling-board, 
which were turned in contrary directions, having in the first in- 
stance been worked till within half the limits of their adjustment. 
By this means the axis was kept at a constant height from the 
brass heads. 

A board with a cross piece, whose upper edge from tlie bottom 
of it was eq~ial to the distalice of the axis of the instrument from 
the head of the picket, was placed 011 aiiotlier picket which had 
been driven till its head was at a coiivenient height in tlie plane of 
the base, and the transit inoved in thc vertical till the edge of the 
wire in the centre of the glass, coiiicided with that of the cross 
piece. rrlie rest of the pickets in that hypothenuse were then 
driven into the ground, till their tops were in the same right lille, 
as discovered by the application of this board to their heads. 

The  method of determining the angles which the lneasurecl 
lines made with the plaiie of the horizon was as follows. 

After tlie hypothenuse was measured, the transit-iiistrumeiit 
with its boards were placed on the picket, and the levellinb-, screws 
inoved as bofore described, if the axis did not happen to be hori- 
zontal. The cross board, upon which a black line was d r a w ,  
whose breadth was about twice the apparent thickness of the mi- 
crometer-wire, and its distallce from the bottom of it equal to that 
of tlie axis of the instrumelit froin the register-head, \vas placed 
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- 011 another picket in the hypothenuse, having the brass head which 
had been before fixed on it still remaining, The telescope was 
then made horizontal, the index of the micrometer being placed to 
the zero on its circle, and the wire of the microscope set to bisect 
that dot on the arch which was nearest to the centre of the field. 
After this, the telescope was moved in the vertical by the finger- 
screw, till another dot was bisected, at the same time that the line 
upon the cross board appeared in  the glass, by which the angle 
that the instrument had described on its axis, was measured in half 
degrees. The remaining part of the angle, or rather the fractional 
part of an half degree,'was measured with the micrometer, the wire 
of which was brought from the centre of the glass to bisect the 
black line, and was either added to, or subtracted froin, the former 
quantity, as the angle described by the telescope fell short of, o r  
exceeded, that formed by the hypothenuse and thc plane of the 
horizon. 

By this method, all the angles of elevation and depression were 
taken. And we consicler it as probable that they are within a 
quarter of a minute of the truth ; since the instrument was capable 
of being used with great accuracy, the arch having been divided 
by one of Mr. Ramsden's best workmen, and the value of one, or 
any number of revolutions of the micrometer-screw, had been 
accurately obtained. If, therefore, any considerable crrors have 
taken place in this part of the operation, they must have arisen 
from the axis of the transit-instrument and the line on the cross 
board not being of the same height from the brass heads on which 
they were placed : but we think there is almost a certainty that 
this difference was confined to such limits as will not introduce 
any errors of consequence ; for even supposing the register-heads 
were placed on the pickets so unskilfully that it became necessary 
to turn the screws on the levelling-board as much as they were 
capable of, whilst the third remained unmoved, in order to adjust 



the transit, the error introduced on that account would be only 
half a minute, even though the hypothenuse should coiisist of but 
one chain, and be inclined to the horizon eight degrees. We 
therefore think ourselves justified in the opinion which we enter- 
tain of these angles being determined with sufficient accuracy ; 
since, if an error of one minute had taken place i11 the iticlination 
of each hypothenuse, and those errors lay all oiie way, the length of 
the base, as hereafter given, would only be varied three inches by 
that circumstance. 

I t  may, perhaps, be imagined that some small errors have arisai 
from the handle of the chain not lying flat upon the brass heads 
wlicn the new directions have been commenced. To  obviate this, 
precautions were always taken to drive the pickets at the terini- 
nation of the hypothenuses in such a rnaaiier, that the arrow on 
the haiidle could be inade to coincide with one of the divisions near 
the end of the brass scale, by which any error arising from their 
not being exactly in the same vertical plane, was rendered so 
trifling as not to be worth notkrc. . 

Having now related, with as much conciseness as the subject 
will admit, the methods which were adopted for the execution of 
the most essential parts of this operation, there reniaiti only a few 
other particulars to be related before we givc the reduction of the 
base. 

After as many points as were judged necessary had been fixed 
in the true direction, by tlie means heretofore described, atid the 
chains compared with each other, the mensuration was begun, and 
continued without much interruption for seven weeks, wlicii it was 
finished with that part of thc 366th chain which teriiiiiiated its 
apparent length. 

The method taken to mark this last mentioned cliaill, was by 
cutting a m a l l  hole in the bottom of the coffer, through which a 
plumb-line was made to pass, tlie poilit of the p h m e t  being 
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brought over the end of the base, and the chain moved till it 
touched the wire ; a slight +scratch was then made with a file at 
the point of contact. 

On the first favourable opportunity, subsequent to this conclu- 
sion of the measurement, the chains A and B were compared with 
each other, when it was found that the wear of the former, by the 
constant use of it, was only one division of the micrometer head, 
or & th of an inch, The  smallness of this quantity in the mea- 
surement of a base of such great length, was doubtless owing to 
the pivots, and pivot holes of the joints being smoothed, and as 
it were polished, in the operation on Mounslow Heath ; and it 
may also be adduced as some proof, that thejoiiits had not rusted 
while the chains remained in the Tower ; but to prevent this,care 
had been taken to deposite them in  a dry Illace, being afterwards 
frequently examined and oiIed. 

Thus concluded the measurement of this base, i n  which it is 
certain that great pains were taken to producc an accurate result ; 
and we are not without hopes, that the many obstades which of- 
fered themselves have been surmounted with success ; but this is 
left to the decision of the candid and intelligent reader. 

The  following table contains the particulars of this operation. 
The  first column showing the number of hypotlicnuses ; the se- 
cond, that of the chains in each hypothenuse ; the third, the ob- 
served angles of elevation or depression given to the nearest io” ; 
the fourth and fifth, the perpendiculars answering to the eleva- 
tions and depressions ; the sixth, the reduction of the hypothc- 
nuses to the horizontal lines, or the versed sines of the elevations 
and depressions to the hypothenuses as radii; the seventh and 
eighth, the perpendicular distance between the termination and 
beginning of any two hypothenuses when a new direction was 
commenced above or below. 
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107. Tuble of the Mcnsriranteitt of the Bnsc of YeriJication. 

Elevation. 
--I 

No. - 
J 
2 

3 
4 
5 
6 
7 
8 
9 
IO 
I 1  
I2 

'3  
'4 
15 
16 
17 
18 
'9 
2 0  
2 1  
22 

23 
24 

2 
27 
28 

29 
30 
3' 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4' 
42 
43 
44 
45 
46 

Chs. - 
I 
1 
I 
I 
1 

7 
G 
3 
3 
I 
1 

. I  

3 
6 
I 
2 
2 

5 
4 

, e  
3 
7 

8 
I 

9 
6 

3 
5 
3 
5 
3 
8 

1 0  

4 
5 

7 
4 
3 

2 

2 

I 
2 

3 
3 
4 

Angles of 
Elcv. or Dcpr. 

0 I N  

7 5 2  30 
I I  31 40 
10 5 0 

7 25 20 
5 4' 50 
4 49 30 
4 '8 40 
3 48 30 
3 '3 0 
0 9 0  
2 27 3 0  
0 58 30 
0 5 0  
0 34 10 
3 9 1 0  
I 25 20 
0 24 IO 
0 8 1 0  

0 49 10 
0 1 0  50 
I 19 20 
I 38 20 
I 33 40 
I IS 20 
' 3$ 30 
1 15 0 
1 0 50 

0 5 4 0  
0 49 5 0  
0 15 I O  
0 18 2 0  
o 8 50 
0 53 30 
0 8 50 
0 45 10 
0 I4 0 
0 52 0 
I 40 IO 
0 35 30 
I 3 10 

0 33 50 
0 54 10 
1 3 7  0 
o 8 40 
0 50 1 0  

0 55 50 
0 31 40 

- 
PcIpcndiaulars. 

Ccct. 

4.2893 

0.4363 

5.4999 
4.9640 
1.4029 

5.7206 
I .2605 

1.7016 

093297 
4.3486 
2.2nSg 

I .2848 
4.6686 
2.05 56 

13.1381 

1.57'56 
5.6425 

DcptCssion. -- 
Feet, 

1 3 . 7 0 1 2  

19.9843 

12.91 so  
3.9272 

58.8788 
45.1033 
'9-9257 

0.2618 

17.5080 

16.8336 

5.963 I 

1.1878 

6.9225 

13.6216 
I 3.6706 
2.7485 

'9 6334 
10.6 169 

20.0201 

1,5999 

I ,6290 
7.5628 
5.8266 
7.2284 
7.3494 
2 9525 

0.7563 
493777 
6.4912 

10.1325 

Reduction. 

FCCt. 
0.943 I 
2.0172 

1,5446 
0.8379 
0.4990 
z.+HoG 
J a6977 
0.6625 

0.0003 
0.0p0 
0.0145 
0.0003 
0.0293 
0,1514 
0.0616 
0.0049 
0.00 I 4 

0.0799 
0.2864 
0, I 856 
0.1558 
0.0378 
0.2 142 

0.0939 
0.0003 
0.03 15 
0.0049 

0.00 I7 

o.0026 
o.oU63 
0.0033 

0.0373 
0.0675 
0.0145 
0.01 24 

0.ooog 
0.03 19 

0.4727 

0.0409 
0.0020 

0.0043 

0.0363 ' 

0.0572 
0.0849 

0.079G 

0 . O j . l )  

0.0467 

nchcs. 

31.5 
21.5 

11.5 

7 *o 

5.5 
'4.5 

t8.5 

r9.25 

20.0 - 
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_c 

3 
3 
2 
2 
2 
2 
2 
2 

7 
5 
2 
2 
I 

4 

3 
9 

6 
3 
3 

5 
4 
4 
4 
4 
5 

7 
9 
3 
4 
7 
4 
7 
5 
3 
3 
3 
5 
6 
3 
3 

2 

2 

2 

12 

Hypotbenuses, 
No. Chs. - 
48 
49 
50 
5' 
5 2  
53 
54 

57 
58  
59 
60 
61 
62 
63 
64 

67 

69 

;i 

% 
68 

70 
7' 
72 
73 
74' 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

87 

89 

2 
88 

90 
9' 
92 

Angles of 
Elev. or Depr. 

-c- 

0" 45 i o  
I 18 40 
J 5 8  5 0  
3 49 30 
3 24 20 
3 20 50 
2 3x 10 

1 7 0  
0 25 40 
0 5 5  40 
3 2 5 0  
5 34 10 

4 5 0  
0 34 10 
0 5 1  40 
I Z I  40 
3 4 30 
2 16 I O  

I 19 10 

I 56 30 
o 25 I O  
0 5 1  10  
o 48 20 

0 35  40 
I 30 o 
I 5 20 
0 38 5 0  
1 56 30 
0 34 5 0  
I 8 50 
1 37 40 
1 49 40 

1 25 0 
I 46 40 
0 41 50 
o 46 20 
o 20 40 
I 34 4 0  
3 7 1 0  

0 4 20 
I 34 50 
o 21 30 

0 J4 2 0  

0 1 0  

1 2 20 

Perpendiculars. 
Elevation. 

Feet, 

J 1.6779 
8.7917 
3.8976 

3,9754 

48.2788 
'5 8396 
2.5016 

2.1962 
2.9766 

4.1499 

7.6014 
10.4708 

6.7387 

16.3253 
9 4  5 

1.8035 

1.8762 

218-6937 

Depression. 

Pcct. 
3,9705 
6.8644 
6.9121 
13,3418 
I 1.8806 

e- 

5.2262 
8.~960 
10.63 I 8 
19.4'04 

3 0057 
7.1261 

3,6305 

I 3.8 I Go 
IO. 1646 

7.0296 

4.5 1 84 
16.9410 
12. '579 
14.01 50 
25.5656 
9.5686 
0.1 163 
17.3061 
I 2.4092 
8.5 180 

8.231 I 

0.7s63 
8.2747 

639.8222 - 

Reduction. -- 
Feet. 
0.0263 
0.0785 
0 . 1 1 ~ 5  

0,445 5 
0.3532 

0,1933 
0.0380 
0,01gy 
0.0656 
0.2828 

0.0659 
0.0198 
0.0225 
0,0847 
1.2958 
0.3'37 
0.0052 
0.1591 
0.1722 
0.0080 

0.0494 
0.02 1 s  
0.1371 
0.0722 
0.0255 
0.2871 
0,0616 
0.1403 
0.3632 
0.1526 

0,2140 
0.1gzs 
0.05 1 8  
0,0454 
0.0054 
0.11;9 
0~44f! j  
0.0822 
0.0005 
0.1 141 
0.005g 

20.9158 

0.3412 

0,9441 

0.0222 

-- - 

idow. Above. 

-- 
nchcr. 

:p.25 

8.5 

3 3.0 

42.0 

12.0  

4.0 

278.0 
- 
..13. 



Reduction of the Base measured on Sulisbitry Plain, to the Tmipera- 
t1trc of 6 8 O .  

108. The overplus of the 866th chain was measured 
by Mr. Ramsden, and found to be 9.939 feet ; there- 
fore the apparent length of tlie base w a s  

By tlie ineasurerneiit in the Duke of Marlborough's 
riding-house, the chain A was found to exceed 100 feet 
in the temperature of 54', by o.iiq,qj iiiches ; to 
which adding half the wear, namely, + iiich, we get 

fect for thc excess of the chain's length above 

100 feet ; therefore 1z x 365.9 (chains) = 3.54% 
feet, is the correction for excess and wear ; which add 

The sum of all the degrees shown by the thermo- 

meters, was 146051 ; wherefore - - $41" x 365.9 

12 - ~ . W J Q  feet, is the correction for the mean. 
heat in which tlie base was measured above 54', the 
temperature to which the chains were reduced ; and 

Hence these corrections, added to the apparent 

Again, for the reduction to the temperature of' Gee, 
0 . 0 1 2 3 7 ~ 3 6 5 . 9 ~ 8 0  

Feet. 

- 36590.06 L. 

0.1 1617 - 
12 

0.1 1617 

+8 .54~  

-- 
190651 

5 

0,0075 - 

this add - - - L t 5.93% 

length, give - - - 36598335 

12 
viz. for 8" on the brass scale, we have 
= 3.017 feet ; which subtract - w - 3.017 

By. the tables, the s u m  of the versed sines of the 
Ilypotheiluses, or the corrections for reducing them to 
the plane of the horizon, is 20.916 feet; and this 
subtract I 



The sum of the corrections, for the reduction of 
the several horizontal lines from the height of the 
different hypothenuses above the centre of the earth, 
to the height of Beacon Hill above ditto, is 0.521 feet ; 
this add - - - - + 0.601 

Therefore the apparent length of the base, as reduced -- 
to the level of Beacon Hill, is - " feet 36575.401 

But it will be hereafter shown, that the height of Beacon Hill 
above the sea is 690 feet nearly, and that of King's Arbour 118, 
and of Hampton Poorhouse 86 feet; therefore the height of 
Beacon Hill above the mean point between King's Arbour and 
Hainpton PoQrhouse, is 588 feet, or 98 fathoms. 

Now as the base thus reduced, may be supposed to have been 
measured 98 fathoms farther from the centre of the earth, than 
that on Hounslow Heath, it inust be reduced to the same level, 
Therefore if we take 34,81794 fathoms from the mean semi-dia- 
meter, and add 98 fathoms to it, we shall get thc length by this 
proportion, vix. 8481892 : 3481794 :: 36575.4 : 36574.4, the 
length of the base nearly. 

With respect to that step by which the base is reduced to the 
level of Beacon Hill, ar the correction 0.501 foot is obtained, it 
will be proper to show on what principle it isfounded. 

In the adjoining figure, let B a, a e, 
e c, and c 0 be the several hypothenuses, 
or nieasured lines; then will the sum 
of thc corrections for their reduction to 
the plane of the horizon, as given in the 
table, exhibit that of the differences be- 
tween the horizontal lines, b a, d e , f  c, 
IJ 0, and their corresponding hypothe- 
I I I I S ~ S .  

, 

Again, with the radius C B, C being the centre of the earth, 
.* 



describe the arc B I, or that subtended by the base, and through 
the terminations of the several hypothenuses, draw the lines C A,’ 
C D, C H, and C I ; then will the lines I3 A, A D, D H and H I be 
those to which the horizontal ones b a, d e , f c ,  and b 0 are to be 
reduced, and which may therefore be done by the proportions of 
the lines, C a, C e, C c, and C 0, to the constant radius C 8. 
Upon this principle, the correction 0,501 foot has been obtained, 
and which is the sum of the differences between the lines b a, de, 
fc, and b 0, and their corresponding ones in the arc B I. 

Htight of Beacon Hill above tbe Soutbern Extremity of the Base. 

109. The sum of the perpendiculars or elevations in w t ,  

the fourth column, is - - e 18.6937 

41 6.1 e85 
And cif the depressions in the fifth column - 634.8929 
Therefore the depressioiis exceed the elevations 
The difference of the SUMS in the seventh and eighth 

Hence the s u m  is the height of the beginiring of the 

But the handle of the chain at Beacoii Hill was 6.7 
feet above the stone, and at the other end i t  was 1.8 
feet ; therefore their difference is 5.4 feet, whichsubtract 

higher than the surfnce of the stone at Old Swum 

columns, - - - add 13.35 

first chain above the end of the last, namely - 499.48 

5.4 

4~4.08 
Hence the surface of the stone a t  Beacon Hill is -- 

110, When this situation was first examined, and selected for the 
measurement, it was imagined that one of the extremitiesaof the 
baee would be fixed on somewhere near the southmost clump of fir 
trees, not far from the Amesbury mad, because from that spa 
Highclere can be seen. Those trees are near the sed hypothenuse, 
and .therefore about a mile from Beacon Hill; consequently, if 

M m  v 



that situation had been fixed on, the base woyld have been no more 
than,six miles, an4 the-wrrectioo for tlie reduction of the hypo- 
thersq*sptto the &e of the harizon only about 16 feet. 

ow, although we think that the fixing on Beacon Hill as the 
northern extremity, is justified from the circumstance of a mile 
being added to the base, which is conceived to be more than a 
counterbalance for any errors which may arise from measuring 
clown the side of a hill ; there were other reasons which made it 
proper; a principal one is, that by selecting that spot, the base 
can be applied as a test to the triangles, without making the con- 
nection by means of several small ones; and another is, that if a 
place near the trees hid been fixed on, a station niust afterwards 
have been chosen on Beacon Hill, in order to have a vieK of Long 
Knoll, near Maiden Bradley, and Inkpin Beacon towards Hun- 
gerford , 

We shall now close the account of the base by observing, that 
this measurement has been almost without an alternative, since 
Sedgemoor, the only spot west of Salisbury proper for an operation 
of this kind, is about to be inclosed. Therefore had we not adopt- 
ed this expedient, the triangles which may hereafter be carried on 
to  the remqte parts of the West of England, would probably have 
depended on the Haunslow Heath base. But we are led to believe, 
that this base has been measured with nearly the same accuracy 
which would have attended the operation, had the ground been 
nearlyJeve1; since there $is a certainty of the angles formed by 
the hypothenuses and the plane of the horizon, being determined 
within a minute of the truth. Now if an error of a minute in those 
inclinations, supposing then1 all to lie the same way, produce only 

* that of three inches in the whole base, it may be concluded that 
36574.4, is very nearly it8 true length. 



l Calculation of the Side$ ‘of the, great Triangles. P1. XX 

1 1 I., of tbe . _  Division of tie Series into dferent Branches. 

In order to methodize the process of computation, it has been 
considered as proper to divide the series into different branches, 
as the triangles of which they are composed seem naturally to 
resolve themselves illto distinct class 

ranch, is that which immediately connects the base 
of departure pn HOLI~S~OW Heath, with that of verification on 
Salisbyry Plain, and is bounded by the sides connecting the 
stations, Hanger Hill, St. .Ann’s Hill, Bagshot Heath, Highclere, 
Beacon Hill, and Four Mile-stone on the north, and on the south 
side by ,Four .Mile-stone, Dean Hill, Butser Hill, Hind Head, 
Leith Hill, and Banstead. 

e ssc~g~d,  branch, is that which, proceeds from the side Hind 
and k i t h  EliU, tQ the coast of Su x and the Isle pf Wight, 

and principally afFords the sides whicl ill be hereafter used in 
fiiiding the distance between Beachy Head and Dunnose. T h i s  
branch also proceeds westward for the survey of the coast, and is 
bounded by the sides connec;ting the stations Leith Hill, Hind 
Head, But&r-Hill, Dead .Hill, and Wingreen on the north, a n d m  
the south by those connecting the stations Nine Barrow Down, 
Motteston Down, Dunnose, Rook’s Hill, Chanctonbury King, and 
Di tchliviql Beacon. 

The third branch, is that which proceeds from the side Hanger 
Hill and Banstead, to Botley Hill and Leith Hill, and from thence 
towards Beachy Head and Brightling, joining the< series fprmerly 
projected at Botley Hill and Fairlight Down; the branch being 
bounded to the westward by the sidles connecting the stations 
Hanger Hill, Banstead, Leith Hill, Ditchling Beacon, aiad Beachy 
Head, 

M in e 



The fourth branch, or remaining class of triangles, is that by 
which the distance between Beaohy Head and Dunnose is obtain- 
ed, and is formed by the sides connecting the stations Beachy 
Head, Ditchling Beacon, Chanctonbury Ring, Rook's Hill, and 
Dunnose. 

Of the Selecti 4 the Angles constituting the principal Triangles, 
and the Manner of reducing them for Computation. 

~ 1 2 .  The angles of the several triangles, constituting the gene- 
ral series, are, with a very few exceptions, those arising from using 

s of the several observations given in'the foregoing part 
; for although the rejecting of such as.might appa- 

rentIy suit the purpose, would give the sums of the three angles 
of many of the triangles, nearer to 180 degrees plus the computed 
excess; yet as all the observations have been made with equal 
care, and are For the most part to be considered as of equal accu- 
racy, it has been thought proper to select those means, as being 
the fairest mode of proceeding. 

If the observations had been macle on a sphere of known magni- 
tu'de, an$ the angles accurately taken, the most natural method of 
computing the sides of the triangles from the measured bases, wouM 
be by spherical trigonometry ; but if the magnitude was such, that 
the length of a degree of a great circle was equal to a degree of the 
meridian in these latitudes nearly, i n  order to obtain the sides true 
to a foot from such computation, with any facility, a table of the 
logarithmic sines fof small arcs computed to every & of a second 
of a degree, would be necessary, because the length of a second of a 
degree on the meridian is about roo feet. As the lengths of small 
arcs and their chords are nearly the same (the difference in these 
between Beachy Head and Dunnose being less than 4 feet) it is 
evident this business might be performed sufficiently near the truth 
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in any extent of a series of triangles, by plane trigonometry, if the. 
angles formed by the chords could be determined pretty exact. 
We have endeavoured to adopt this method in computing the sides 
of the principal triangles, in order to avoid an arbitrary correc- 
tion of the observed angles, as well as that of reducing the whole 
extent of the triangles to a flat, which evidently would introduce 
erroneous results, and these in proportion as the series of triangles 
extended. 

In the Connoissance des Temps for 1793, M. Delambre has given 
three tables, by which the angles+ of a spherical triangle may 
reactily be reduced to those formed by the chords. But the Astro- 
nomer Royal has favoured us with the following investigation, 
which is extended so as to render the tables unnecessary for this. 
purpose. 

Demonstration of M. Delapbre's Formula for reducing a Distance, 
By on tbe Sphere to any great Circle near it, or tbc contrary, 

Nevi1 Maskelyne, D. I). F. R .  S. and Astronomer Royal. 

1~13. Put A.= angle. subtended by two terrestrial objects ; 
a= the same reduced to the horizon ; H, b the two apparent 
altitudes.: if either is a depression, it must be taken negative. 
By spherics, c, A = c, a , c, H . c, b + s, H . s, b. 
Put A = a + d a,. where d a signifies A - a, aiid.not their dif- 

feren ti al. 
By trigonometry, C, A = c, a'. c, d a - s, a . s, d a  ==c, ab 

x i - v s ,  d a - s , a . s ,  da=c,  a - c , a ~ e s ' , ~ d a - ~ , a . s , a ' . u ~  
'(by theorem above) =c ,  a .  c, H . c, ,!I + s, H . s, b *:s, da  $. as', 
+ d a . ' t , a = ' t , a  - ~ ~ , a . c ,  H . c , b - s ,  H . s ,  bxcosec.a-tl,a 
- I t ,  a x gc, H --?Z+ +c, H- cosec. a x kc,  H-Ilh-l 2 c, 

(becauset', a=+'t ,  + a - + t , + a ;  and cosec, a = + I t + u  
I)-----.-L 
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+ + t , + a ) = + t ' ,  + a - + t ,  z - a x i - $ k , H - h - ~ c c ,  I H ' + b  

t, + a  x t c ,  H - b - + c ,  H + h = $  f I  t, - z a  

x 1 - c, H - h - 2 t, $ a x I. - cy H + b = 3 I t ,  + a x os, H - 15 
6 + t, 3 a x ws, H + b = I t ,  + a .  s', + H  - b - t, f a .  s', + H + I5. 
Put fi ='?,$a.  sa, + (H - h )  - t, $ a ,  s", % (H + h ) ,  

s, d a +- 2 s", + d a . I t ,  a = n ;  
and.s,.d cz = n - e s', 4 d a .  t', a. 
But s, d a I IL s, + d  a .  cy 2 d  a 

We shall have 

n - z sa, + d a .  It, a 
z c , t d u  ' 

n - z s Z , + d a . ' t , a  
z ~ ,  h d a  I *  and s, d a =  n - as", +d a .  t', a i n - 2 t', a ( 

n -  2 s 2 , f d a . t u  - n - 47t . s', 5 d a . t', a 4- 4 sQ, f- d n . I t a ,  a because '-I- 2 C, + d rz 
4 X I - s = , J i d a  

itz n2 9, .f d a . =:-+--- ( n  . sa, + d a . It, a - n . s4, + d a . I t ,  a 

$- s4,+da . I t " ,  a )  = n - $12". t', a - + n .  t ,  a .so, 5 d a  
+- ~ n . ' t a ~ a . s " , ~ d a $ - e n ' t a Y a . s " , ~ d a - ~ ' L 3 ,  a . s ' + + d a ,  
by substituting for s, f d a its near vaIue n, 

' I  n4 t', a 1 %  S I  

where the last term but one containing the 5th power of n may 
be rejected, as it has been omitted by M. Delambre. 

As d a  is always very small, the arc d a in parts of the radius, 
unity, = s, d a  in parts of the same radius, therefore 

s, i l l  : 1" : : s, d a (in parts of ridius unity) : x s, d 4 = d a in 
seconds, 

1" 1 v  1'' x #1 - -- x n - zs", + d a .  I t ,  a =  - x ,n-  d a  .s ,+da. ' t ,a  =J,I'T- 

- . ifweputn=---xt' ,  $ a . s , + ( H - h )  
. - t ,  5 a , sa, f (H + h ) ,  and da = a number of seconds, we shall 

. e  , I  4 
' I  

- -n-+n t , a - - + * n  t , a + + n  t ,a-+n41t3,a,  
0 

I 

st i 

s, 1" s, 1" 

l Y X d a . s , + d a . ' t , u  . , I" 

s, I" s, I" 
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have, d a  = n - d a .  s, f d a .  I t ,  a ; and, for the most Rrt, without 
any sensible error, d a == n - n . s, f n . I t ,  a. 

Table 11. contains 
IOOOO x sa, f (H T b ) ,  Table 111. contains the term - n .s, 314 .'t, a. 
The argument on the side is a, and that on the top is tz or the 
result found by the help of the two first tables. If this correction 
should be considerable, with the value of da, found after this cor- 
rection has bqen applied, enter Table 111. again at the toy, and 
with a on the side as before; the number now found subtracted 
from n will give the correct value of do. 
By the investigation, 
d a = + ' t ,  k a . v s H r b - + t ,  + a . v s ,  H k h - v s ,  d a . ' t a ,  
where the upper or lower signs are to be used, according as the 
objects are on the same, or on contrary sides of the great circle 
to which they are referred; the third term will be negative or 
positive, according as a is less or more than goo.* If d a  should 
come out negative, A will be less than a, or a greater than A. In 
the case of reducing a spheric angle to the angle betweea the 
chords, the spheric angle will be represented by a, and the angle 
between the chords by A = a + d a  ; and d n = = % I t ,  t o .  ws,  

H - b - + t, fa e v s, -w s, d a . I t ,  a (if D, d represent the arcs 

- vs, d a . #t, a ; 

A= a - (+t, 3 a . v s, + D + d - +It ,  $a . w s + D - d )  -vs, d a .  't, a ;  
where the last term will change its sign to affirmative, if a is 
greater than go". If the answer is required in  seconds, the cor- 
rection must be multiplied by 906965, the number of seconds in 

I" x t ,  f. a I)'% % + a  
and 10000 ' Table I. contains ,oooo , 

- - 

-- 
to the chords) = +I t ,  za.vs, I 3 (D - d )  - 3 t, $ & .  vs, + (D + d )  

7 

* Compute the two, which will give thc approximate value of dn, and makc use 
of them in computing the third term ; and join the three terms together according to 
their signs, which will give d a  still nearer ; and, if this should prove considerable, 
computc the third term a second time with the xiew value of do. 
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an arc = radius. 
garithms. 

The .calcnlation will be easily made by lo- 

Practical Rule. 

T h e  practical rule deduced from the above conclusions is the 
following, and given in the words of the Astronomer Royal. 

L c  To the constant logarithm 5,0134 add L . t, + a  and L vs 
46 D + d; the sum diminished by eo in the index is the logarithm 
4' of the first part of the value of d a  in seconds, which is always 
'6 negative. To the constant logarithm s.oigq, add L . t', fa, and 

Jc L. vus, + D - d, t e sum diminished by 20 in the index, is the 
66 logarithm of the .second part in seconds, which is always affir- 

These two joined together, according to their proper 
'c signs, will give the approximate value of da. To its logarithmic 
4 '  versed sine, add L. t', a and constant logarithm 5.3144, the 
6' sum, diminished by eo in the index, will be the logarithm of 

the third part in seconds, which will be negative or affirmative, 
'6 according as a is less or more than go'. This applied according 
6' to its sign, to the approximate value of da ,  will give the correct 

If the third part comes out considerable, it should 
$6 "be computed anew with the last value of da. The value of da, 
4s finally corrected, applied to a, will give A, the angle between 
JJ the chords ." 

In the application of the above d e ,  to the computation of such 
corrections 8 s  lmay be applied to the angles of any triangle in this 
Survey, it is manifest that t lu  last step may be entirely neglected 
on account of the sinalliless +of the approx[mate value of da, whose 
versed -sine is one of the arguments. Being, therefore, oonfined to 
the use Qf the .two first steps, the operation ,is very short. An 
example is here given in the+computation of rhe correction for 
reducing the angle at Chanctonbury Ring in the xxxlxth triangle, 
to ,that formed by the chords. 

mative. 

value of da. 



EXAMPLE. 

5-01 34' Constantlogarithm - - 5.013% -. - - - - 
Log. tang. + u = 7 8 O  56' - 10.71 IZ Log. co. tang. f a - - 9.2887 

Log.vs.4.HSbi=ig'  53".5 5.2237 L o g v s . $  H-b=5'53".$ 4.1669 

0.9483 $: 8",88 

..--- 

- - 
-- 2.4690 + fl.03, 

1st correction - 8.88 
zd correction + 0.03 - - 8.85 the correction required. 

T x4. When the three angles of any triangle appear to have been 
observed correctly, by their sum being equal to 180 degrees plus 
the computed excess, the corrections for the chord angles have 
been added to, or taken from them, as that correction has been 
negative or affirmative, and tlie triangle rendered fit for com- 
putation. Also, if i n  any triangle, where the sum has either falleir 
short of, or exceeded 1.80 degreesplus the computed excess, one or 
two of the observed angles have appeared to have been determined 
with sufficient accuracy, as shown by the agreement of the anglesg 
obtained upan different parts of the arch : the corrections for the. 
chord angles have beenadded to, or taken from them; and the- 
remaining angle or angles considered as erroneous. In the case 
of one angle being supposed right, and, the other two wrong, the. 
errors have been considered eqpal between the latter, uiiless the. 
sum of the angles round the horizon at  one of the stations,.has in- 
dicated, that either the whole, or the greatest pact of the excess 
or defect, was due to a particular angle. Likewise, when any 
triangle has been- found in excess or defect, and all the angles. 
have appeared to be determined witit equal nccuraoy, the correc- 
tions for the reduction to the angles formed by tlie chords have 
been first applied, and then t h e  errors considered equal.. 

puted according to the rule, page 198, These excesses above 180" 
Would, of course, be exactly the same as the respective sums of the 

What is called the spherical excess in the fifth column, is coin- AI 

N n  
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differences between the spherical angles and those formed by the 
chords, in the fourth column, if both were not obtaiiied from ap- 
proximating rules. 

It  is almost unnecessary to remark, that no computations have 
been attempted with the chords of the sides of the lesser triangles 
in the principal series. 
115. B R A X C H  I .  Consistitg of the Triangles which conlzect the Base of 

Departure on Hounslow Heath with that of Yergcation on Sulisbury PLain. 
Distance from King’s Arbour to Hampton Poorhouse, 27404 2 Feet. 

By these triangles, the distances from St. Ann’s Hill to Ballstead h e  76687, feet, and 
76688,q feet 3 the mean of which is 76688 .feet ; *and with this distance the si  a es marked 
with asterisks have been determined by workl11g batrack. 
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Batistead fFom St. Ann’s Hill, 76688 feet. 

Quadrilatkral, formed by the Sides, St. Ann’s Hill and Bagshot Heath, 
Bagshot Heath and Hind Head, Hind Head and Leith Hill, Leith Hill and 
St. Ann’s Hill. 

* 

St. Ann’s Hill from Leith Hill 88019.8 Feet. 
_I 

--- 

N i i  a 
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Bagohot Hatti from Hinil HcaiI 92425.9 Feet. 

- - -  

Triangles which connect the Base of Verificatian with the Sides Beacon 
B H I  and I-Iighclere, arid Beacon Hill and Dean NiH, 

Thorriey Down ' 53 .zz 30 53 2 1  31.25 
HighcIere - IZ 59 so 12 59 '0.75 

113  38 18 Beacon Hill - 1 1 3  38 16.75 ---.-- 
'73 59 56-75 a.6 -3.85 I .I 



Name8 of the rtationc. -- 

The Letigth of tbe Ruse ofVm$calion deducedjrom that oft Houits!ow 
Heath, and the fwegoing Triangles, 

J. 16. The base .on Hounslow Heath is 2$404.9 feet, which, with 
the four first triangles, give 76688 feet for the mean distance of 
St. Ann's Hill and Banstead. 

That m a n  distance, with tdw: W. V I ,  Y I I .  X. XI. X I I .  XI~I .  XVI. 

XVI I .  triangles, will ,give 36574.7 feet for the base of ver$caiion, 
If the coinputation be made with the Y I I I .  and IX triangles also, 

and the iqeata distance taken between Hind Hmd and Bagshot, 
the base will be 9657443. 

And those 1nea11 distaaces of St. Ann's Hill wid Ballstead, arid 
Hind Head and Bngshot,with the XIV. and xv. triangles (excluding 

' thexvr. and xvII,),will prodwe 36574.6'ad 36574.9 respectively. 
Lastly ;-if the computatiurisbre carried directly from one base 

- 
Dirtmccr, 

-- 
Feet. " 

20416. t 

5677s 
38818.2 

I 5816.4 



to the other, independent of the rn distances-ana the XIV. and 
xv. triangles, ‘the greatest and least results 411 be-36574,.8, and 
36573.8, the mean being 36574.3, feet, or about an inch short of 
the measurement. 

Of the several ways by which the base of verification> or distance 
between Beacon.HiI1 and OId Sarum is deduced, the first seems to 
have the preference, because the angles of the vr.and VII.  triangles 
appear to have been observed very correctly. The results from the 
kw. and xv. triangles cannot be considered as very conclusive, 
because the angle a t  Highclere is so acute that a trifling error in 
it will vary the distance from Beacon Hill to Thorney Down very 
considerably ; and we had some reasons for being dissatisfied with 
this angle‘; and also that in the same triangle at Thorney Down, 
on account of the strain in the clamp. (Art. 101.) 

Although the result of this comparison might afford some reason 
for supposing, that the sides of the triahgks in this branch would 
be sufficiently near the truth, were all of them computed from the 
base on Hounslow Heath, yet, to approach more nearly to their cor- 
rect distances, those which are marked with asterisks, have been 
computed with each base, and a mean of the results taken. The 
remaining sides have been determined by the bases in their vicinity. 

~ 



I. Cotrsisting OJ fbe Triatgles wbicb proceed Font Hind 
~ 

I Head aud Leitb Hill io the Coast qj SLISSGX, Isle of Wight, 6rc. 
Hind Head from Lcith Hill 82187.8 Feet, mean Distance. 

Sphrri- 

anglcr. C X C C I I .  
No. of ’ DiR. cal Error. trianglel, Namer of the 8tarions. for 

calculation. 

I -  -- -- 

XX. 

XX1. . 

Chanctonbury Ring 
XLX. CliarictoiiburyRing 86 .++ 41 86 44 3975 

Ditchling Beacon 60 3 I 24.75 -0~38 60 3’ 23.75 
/Leirh Hill - 32  43 57.5 l ~ ~ : $ l  1 1 32 43 5 6 3  

------ 
Y 1x80 0 3 2s I 1 1.5 l + l b 7 s l  ------ 

Chanctonbury Ring from Dircliling BGICO~;~ - - - - 
Kook’s Hill - 82 42 45.2! 
ChanctonbiiryRing 47 12 38 
Hirid Head - 50 4 36*7! 

8 8 0  0 0.75 1.6 -0.85 

Rook’s Hill from Charictoiibury King - - - - 
Butser Hill from Hind Head (Triang. x i )  78905.7 Feet. 

Hind Head - 4 28 6.25 -Q.3  44 28 6.2! 
Butser Hill - 70 25 13 -0 39 7 0  25  13 

Rook’s Hill - 2 s  6 40.75 -0.36 65 6 40.75 - 
180 o o 

XXIIL 

I I  
55  43 675 

Dean Hill - 48 4 32.25 -1.54 48 4 31-75 
7 6  12 21.5 

55 43 7 --1.*53 Dunnose - 
Butser Hill - 76 12 22 -1.99 

I_----- 

180 o 1.25 5.0 -3 .75 -- 

_ .  

Feet. 

43558.9 



I T o  6 I-i";-l- 
Distance from Beaeon Hill to Dean Hill, as got by the 

---- 
Dunnose from Nine Barrow Down - 

Base on Salisbury .) - * Plain 

I N  

Dunnose - r"3 ;2 2y5.5 
Dean Mill - 64 50 16-75 

61 57 17.75 Nine Barrow Dowir 

- - - I 

-c- 

Mottestou 
Dean Hill 
Butser Hill - 

- 
XXIX.  Motteston Down 64 41 2 

Butser Hill - 20 45 IO  
Dunnose - 94 3 3  47.5 

Dirtrncu. 

-0.35 64 4' 4 
-0.43 20 45 9.5 
-1.0 94 33 46.5 

I_----- 

'79 59 59.5 I 1.8 ----- 
* This distance is the mean, as derived from the Salisbury Base, and from the side Butser 

Hill: and Dean Hill. 

-2.3 

Motteston Down from Dunnooe - - - - 
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The four sides of the first branch, namely, Beacon Hill and 

Dean Hill, Dean ail1 and Butser Hill, and Butser Hill and Hind 
Head, have been used in the computation of the sides of this 
branch, because they are supposed to be nearly true : had, however, 
these triangles been considered as independent of those in the 
first branch, and the side Hind Head and Leith Hill been used as 
derived from the base on Hounslow Heath, nearly the same con- 
clusions would have taken place ; for the distance between Beacon 
Hill and Old Sarum would in that case be 36574.9 feet, which is 
only t w o  and an half inches less than the measured base. This may 
be considered as a proof, that the angles of the triangles forming 
this branch are sufficiently correct, since the series which joins the 
two bases by this route, is nearly an hundred and twenty miles in 
extent. Some little variation in that result might be produced by 
a different correction of the angles of the XXIV. triangle: but as the 
angle at  Butser Hill must be very nearly true, the other angles 
cannot, on any reasonable supposition, be so corrected as to make 
the computed base differ from the measured one more th8n six 
iiic hes. 

t I 8. B R A N  c 1.1 I I ;[ Procecdiig from tb Side Hatget. Hill mid Bniistead to 
Botlcy Hill atid Lcitb Hill, and ?om t h e w  to Brigbtliitg atid Bcnchy 
Head, jo i i l i?g  t h  nianglcs with those (?f the late Gtieral Roy at Botby 
Hill ajid Fairtiglt DOTVII. 

Hanger Hill from Banstead 77547.4 Feet. 

XXX. 
- I-- I I-1- 

Shooter's Hill - 
Hanger Mill - 62 1 8  50 
Ranstead - 62 5 7  22 

s"9 4 3  l9.75 
" 

180 o 1.7.5 
4 

Aiiglcs corrected' 

calculation. 
Error. for Dirtrticcs. 

- - 
d O I Y  Feet. 

54 43 499.=5 
62 18 49.5 
62 57  21~25 

.L-- 

to,35 - 
t 

0 0  

1 
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r 

Spheri- Angle8 corrected 

excella. calculation. 
' No' Of Name$ of the stationr, for 

---- 
0.9 -0.65 

3 1  21 9.75 
108 50 47.73 
39 48 '2.5 - --- 

0.7 +0.05 
I__ c L i  --- 

trianglca. 

XXXII. Leith Hill - 31  ar  IO -0.08 
Banstead - 108 5 0  48.25 -0.~3 
Botlcy Hill - 39 48 2.5 -0.06 

I80 0 0.75 

Leith Hill from Botley Hill - $2631.5 

Dirtancer. - 
Feet. * 

70894.9 
50927 

XXXIII. Crowboro' Botley Hill Beacon - k 3 5 5  46 IZ I 1.75 -0.45 

Lcith Hill - 44 1 2  49 -0.45 ----- 
180 o 1.75 --- II 



- 
No, of 

triangles. - 
XXXVII 

-.-c--- 

Namer of thc atationr. 

s"9 i 3  Ik.75 
80 44 19.25 
3 9  42 39 

Fairlight Down 
Brightling - 
Beachy Head - 

I )  I "' Feet. 
I ) .  

-0.39 s"9 ;3 1-75 
-0.51 80 44 '9.25 
-0.36 39  42 3 9  

Sphcri- An& corrccted 
obacrvcd 1 Diff. 1 cal 1 Error. 1 for I Dictances. 1 

anglci. cxccss. calculation. 

Comparison of tbe Distances from Botley Hilt fo St. Am's Hill, artd 
Fairlight Down, deduced from the rcc5it Observatiorts, aitd those 
made iiz 1787, 1788. 

119. The stations on St. Anii's Hill, Rotley Hill, and Fairlight 
Down, connect our triangles with those of General Roy; and 
therefore tlie two distaiices from the middle station, Botley Hill, 
which are common to both series of triangles, afford the readiest, 
aiid indeed almost the only incans af comparing iiideiieiideiit de- 
ductions from both operations ; the triangle St. titititititititititin's Hill, King's 
Arbour, Hampton Poorholfse, excepted. 

The  distalices froin the station at tlie Il(undrcd Acres to St. 
Ann's Hill and Botley Hill, (see the IV. and I X .  triangles in Art. 
37,)  are 7pog.7 and 48723.8 feet; mid from the I V .  v. arid IX. 

triangles it appears, that the included angle at that station i s  169' 
95' ei".e5 ; these give 127491.3 feet for the distance of St' Ann's * 

Accorqng to our observations, the distalices of St. Ann's Hi11 
and Botley Hill from Leith Hill are 88oig.5 arid g a 6 p . s ~  feet re- * 

spiktively, and the included angle for computation at  Leith Hill 
890 40' 38" ; hence, from the recent triangles, the diptance of the 9 
stations will be 127490 feet ; which is about 13 feet less than the 
result from General Roy's triangles. 

Hill from Botley Hill. % 

2 0 0 %  



To compute the distance of Fairlight Down from Botley Hill 
by means of the triangles in Art. 57, we shall make use of the 
mean distance of Hollingborn Hill from Fairlight Down, as de- 
duced from both bases. This distance, 14175e feet (p.  14e), with . 
the X I I I .  X I I .  and X I .  triangles (p. 241), give 150790 feet, for 
the distance of Hollingborn Hill from Botley Hill, and 880 27' o"+, 
the included angle at Hollingborn Hill between Botley Hill and 
Fairlight Down: helice the distance of the latter station from 
Botley Hill will be eo4974 feet. 

For determining this Iine from our triangles, we have ge63e.e 
and 117190.4 feet, the distances of Botley Hill and Ditchling 
Beadon from Leith Hill ; also roeigz.4 and 98513.7 feef, the dis- 
tances of Ditchling Beacon and Fairlight Down froin Beachy 
Head, .respectively : these, with the included angles at Leith 
Hill and Beachy Head, give Ditchling Beacon from Botley Hill 
139567.4, and from Fairlight Down, 167986.5 feet, and the 
included angle at Ditchling Beacon 820 41' W.8 ; hence the dis- 
tance from Botley Hill to Fairlight Down will be eo4376 feet 
nearly; or 2 feet greater than the deduction from the other 
triangles. T .  

No. of 
triangler. Names of the rtations. 

-- .- 
XXXVILI. Dunnose - - 

Rook's Hill - - 
Chanctonbury Ring - 

reo. BRANCH IV. Consisting of the nearest Triangles to the nortk- 
ward of Beachy Head and Dunnose, for @ding the Distance 
between those Stations. 

Spheri- 
Obaerved DiK. E ~ ~ ~ ~ .  'Angle, corrected 
angler. crcceac. for calculation. -------- *,,, 

I 41 ,) 
'5 43 0 +;I55 1; 4 3  $1 
137 16 48.5 -3.88 ' 3 7  16 44.5 
27 0 13 +la37 27 0 ' 5  ---- 
180 o 1 . 5  1.96 -046 
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t 
Spheri. Obrerved 

anglo. Error. 
excess. 

N ~ C B  of the rtations. No. of 
triangles. 

---.--- .-- 
# XXXIX. Beachy Head - - 42 $ +dI56 " 

Rook's Hili - - '4 17 33 25 t5-12 
Chanctonbiiry Ring - 157 59 50.75 -8.85 ------ 

4 IS0 0 I 1.19 -0.19 

By this triangle, using the distance from Rook's Hill to Chanc- 
tonbury Ring as found by the first branch, we get the distance 
between Rook's Hill and Dunnose, 148559.8 feet ; but by the same 
branch, 143558.9 feet was found to be the distance ; and if the 
side Butser Hill and Dean Hill be made the base, we shall get, by 
the xxii, and XXIII .  triangles, the distance fromRook's Hill toDun- 
nose 148557.1 feet: hence 143558.4, the mean of these three- 
distances with the above triangle, give 914498.4 feet, for the dis- 
tance between Dunnose and Chanctonbury Ring. 

Angles corrected 
for calculation. 

; 41 40 
14 17 38 

157 59 92 ' 

1 

Head - - 13 58 29.5 fo.48 ' 3  58 
Ditching Beacon - 143 g 31 .5  -2.35 I43 9 30 

22 52 2 
x=* 

Chatictonbury Ring - 22 52 3,15,+0.99 ---- 

By this triangle, wi th  the side Chanctonbury Ring and Rook's 
Hill, as found by the second branch, we get the distance between 
Chanctonbury Ring and Beachy Head, 157592.5 feet ; and by the 
following triangle, 

i 180 0 4.25) 0.9 +3-35 

using the side Chanctonbury Ring and Ditchling Beacon as got 
by the second branch, MW get another distance between Beachy 
Head and Chanctonbury Ring, namely, 157590.8 feet ; where- 
fore the mean distance is 157591.6; and this, with the XXXIX. 

triangle, give sgg160,2 feet for the distance between Rook's Hill 



and Beachy Iiead : hence we have four principal distances, 
namely., 

Obacrved Diif. ' 

angles. Names of the stations. No. of 
triangles. 

--- --_.------- 

XLI. BFachy Head - - .z"o 44 4 -d ' .~ 
Rook's Will - 4 122 59 14.5 -7 .7 
Dunnose - - - 36 13 58 +1.17 

XLII. I Dunnose - 20 3 0  58  +0.8'6 
Chanctonbury Ring - 130 $9 37.75 -8 77 

180 0 5 . 5  

Beachy Head - - 1 28 29 30 /+'92 

1. 180 0 5.75 

Rook's Hill - 
Dunnose from (Chanctonbury Ring ~ ~ ~ $ $ } f e e t .  

Sphcri- Anglcr corrected 
for calculation. CXCCt.8. 

It 

It 2: &j 5i .75 
122 59 8 
36 '3 59.25 

20 3 0  28-75 
' 3 0  59 29 

--- 
6.77 -1.27 

1 2 8  29 32.25 
-7-p 

6.01 - -0.26 
L 

}feet. Rook's Hill - e391Go.e 
Beachy €lead from { Chanctonbury Ring 157591.6 

And these sides used in the two following triangles, 

give the four distance6 of Beachy Head from Dunnose, as beneath ; 

339395.0 feet 
339399. 
339401 4 1 -  339394.6 

Hence 339397.6, the mean, may be considered aswry nearly the 
true distance. 

In the correction of the angles of the triangles which compose ,' 
this branch, we have been a little more particular than with the ,  
others of the series, as it is of much consequence that the distance 
between Bea&y Head and Dunnose should not be left doubtful. 

I n  the XZII.  triangle, i t  must be observed, that there is a defect 
of $I  nearly in the sum of the observed angles; in the XXXVIII. 

about + a second ; and in the XLI. a defect of about I"+ : the sum 
in the XXXIX. is nearly right, but the angles of it are considered as 



residuary, or remaining angles ; the triangle being too oblique ta 
be admitted as a priiicipal one in the series, though iiurnbered and 
inserted as such. 

Now it ii evident, that if all the angles'of the four triangles COH- 

tained in the quadrilateral formed by the stations on Dunnose, 
Rook's Hili, Chanctonbury Ring, and Beachy Head, were accu- 
rately corrected for cornputation, the distance from Beachy Head 
to Diinnose would be found the same from each triangle, by 
making use of the side Rook's Hill and Chaiictoribury Ring 
(which is common to the two most oblique ones) : therefore, 
having assumed that distance, we found by computation, that if 
each of the above errors is supposed to be in o m  angle oldy of the  
respective triangles, these angles must be the three observed ones, 
namely, 9.80 sg'80"; 27' 0' 13"; and leeo 49' 14".5 ; these are 
augmented accordingly, before the angles are finally corrected 
for coinputation. The angles of the XXXIX. triangle, resulting 
from those of the ot~ier trin&es, are 

Chanctonbury Ring - r57',59' 51".eg 

Rook'sHill - - 14 17 89-75 
7 49 37.95 Beachy Head - - 

,before they are reduced to the angles formed by tliechords, 



l e i .  Triangles for 'finding the Distance of Nettlebed from 
Shooter's Hill. 

Observed 
angles. 

Sphe- 
rical 

excess, 

4 

# '  0 I II 

e3 eo 51 
195 e8 I 
31 11 7.5 

Names of the stations. 

- 
Leith Hill - 
Botley Hill - 
Shooter's Hill - 

Angles cor- 
rected for 

calculation. 

Q I I! 

e3 90 51 
25 28 '1.25 
31 11 7-75 

Shooter's Hill - 36 8 50.75 
St. Ann's Hill - 77 31 39.76 
Leith Hill - 66 ig  42.5 - 

180 o 5 e.77 
7- 

36 8 49.5 
77 31 30.75 
66 19 39.75 

Distances. 

Feet. 

145696.9 

136665.5 
145698.6' 

Hence the mean distance between Shooter's Hill and Leith I Hill is 145697.4 feet. 

94 9 574  
Leith Hill - 6'2 5 6 

Then, by using the sides Shooter's Hill and Leith Hill, and 
Nettlebed and Leith Hill, in the following triangle, 



b 

Names of the stations. 

Shooter's Hill - 
Leith Hill - 
Nettlebed - 

angles. rical 
excess 

I- --- 

LngIcs corrected fo 
calculation. 

--- 
0 I I1 

56' 4s "-9 
86 eg 93.25 
36 48 7 75 - - 

Distances. 

Feet. 

we get eq,e?30 and eqa7p  feet for the distance of Shooter's Hill 
from Nettlebed, the mean being e42731 feet. 

Of the Directions of the J4erfdians at Dutiitose atid Beachy Head; 
ami the Lengt b of n Degree of a great Circle, perpendicular to  the 
Meridiuri, iit Latiiude 50" 41'. 

Of the Directiolz of the Miriclian at DW~OM witb respect to  
13 ra dtig Stof. 

12%. On April 28th in the afterlioon, the angle 
between the pole star, when at its greatest apparent 
elongation from the meridian, and the st&, was , ,/ 

24 4 "3 observed - - 
And on April 29th i n  the morning - 18 24 o 
Wherefore half their sum is the angle between 

the tneridiaii and Brading Staff, namely " e i  14 11,s 
On May reth, in the afternc+on, the angle be- 

And on May igth, in  the mortling 
Wherefore half their sum is thc angle between 

Hence sio 14' 11/'.5 may be taken for the angle between the 

- - - 

tween the star aiid staff was observed I 94 4 99.5 - 18 99 53.95 

the meridian and Brading Staff, namely - 21 14, 11.4 

P P  
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meridian and Brading staff, as determined by the double azi- 
muths. 

The apparent polar distances of the star, on these days which 
do not refer to corresponding observations on the opposite side of 
the meridian, are as follow : 

Azim. 

2 1  ~4 10.05 { ;; ;i :::, And these subtracted from the observed angles 

The  mean of which is &lo 14'  io".^ for the angle between the 
meridian and the staff, which is a little more than 1'' different 
from that obtained by the double azimuths ; we shall, however, 
take 210 14' i i ' I . 5  for the true angle. 

- - 
I- 

(102.) give - 

Of the Direction of the Meridian at Beady Head with respect to 
'Jevington Slaf. 

123. On August ast, in the morning, the angle ,, , ,, 

- 30 19 4 

the meridian and Jevington staff; namely - 27 e9  5 

star and staff was observed c - 30 rg 50.25 

between the pole star and the staff was observed "4 98 20.25 
And at night - - c. 

Therefore half their sum is the angle between 

On August 2d, at night, the angle between the 

24 38 234 

"7 29 7 

And on August 3d, in the morning 

meridian and Jevington staff, namely 

- 
Therefore half their sum is the angle betweell the 

gence 270 29' 6'I, the mean by the double azimuths, may be 
- 

taken as the angle: between the meridian and the staff, 



The apparent polar distances of the star, on those days which 
do not refer to corresponding observations on the opposite side of 
the meridian, are as follow : 

Azim. 

0 I / I  

537 "9 5.1 
Q7 "9 8.4 

"7 "9 q.9 
"7 29 O.eg 

Atid these applied to the observed angles give - 

The mean of which is e70 eg' G'I.1, for the angle between the 
meridian and Jevitigtox1 staff, being the same as that obtained froin 
a mean of the double azimuths. 

Determiitation o f  the Leizgll., of l i  Degree of a great Circle, perpen- 
dicular to the Mtriclirrlr, in Lutitude 500 41'. 

194. In P1. XIX. fig. 1. let D and B be Dunnose and l3eachy 
Head, and P the pole, forming the sphekoidical triangle DPB ; 

let C and A be the staffs at Jevington and Brading Down, 

Now the angle at Dunnose, between the meridian 
and the staK or PDA, was found by the double 

And the angle between the staff and the station 

Therefore their sum is the angle between the 

, ,, 
azimuths to be * - m - I e' 14 11.5 

on Beachy Head,or ADB - - - 60 49 41.5 

meridian and the station on Beachy Head, or PDB ; --- 
which is c - - 81 SG 58 

P p  2 



I: 294 J 
Again ; at Beachy Head the angle between the 

meridian and the staf& or PBC, was found by the ,, 
double azimuths to be - - - 

And the angle between the staff and the station 
on Dunnose, or CBD - N - 69 e6 ga 

Therefore their sum is the angle between the - 
meridian and the station on Dunnose, namely - 96 55 68 

Hence, in the spheroidical triangle DPB, we have the angles 
PDB and PBD gie. 

Again, (Pl. XIX. fig. e.) let PGM be the meridian of Grecn- 
wich; then if MI3 be the parallel to the perpendicular at G, 
Greenwich, we have (Art. 131.) MB = ,58848 feet, and G M  = 
269328 feet ; therefore; taking 60851% fathoins for the length of 
the degree on the meridian, as derived from the difference of lati- 
tude between Greenwich and Paris, applied to the measured arc, 
(supposing the lat. of Paris 480 50' 14"), we get GM=44' r,$'.eG; 
consequently the latitude of the point M, (that of Greenwich 
being 510 28I 40"), is 50' 44 z4".74; and the co-lat. PM = 
390 15' 35".e6. 

With respect to the value of the arc M 13, for the present pur- 
pose, it is not of consequence on what hypothesis it be obtained ; 
but if 61 173 fathoms be assumed for the length of a degree of a 
great circle perpendicular to the meridian at My then M B = 
9' 37".19, and the latitude of B, or Beachy Head, will be found I 
500 44' 23".7r. 

, 
97 99 6 

* I n  the original accoiint of the operation in 1787, 1788, the degrce in lat. 
500 IO' is 60842 fath. whence this in 50"41' was inferred ; and is about 2 fath. less than 
that in the tablc, p. 168, whicli was obtained fiom data somcwhat diffcrcnt. But there 
still rcinains an unccrtainty respecting the lcngth of this meridional dcgrec ; for if 
the latitude of Paris obscrvatory is 48' 50' 15", the result will be about 7 fath. 
greater : see Art. 67. These  v a r i a t h s  'hwcver, in  the value of a degree, arc too 

trifling to bc of any consequence in deducing the latitudes of the stations, &c, 
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Again, (fig. 8.) let W B be the arc of a great circle perpendi- 

cular to the meridian of Beachy Head at B, meeting that of Dun- 
nose in W ; and let D R be another arc of a great circle perpen- 
dicular to the meridian of Dunnose in D, meeting that of Beachy 
Head in R ; then we shall have two small spheroidical triangles 
W B D and R D B, having in each two angles given, namely, 
W D B = 81" 56' 53", and W B D Z= 60 55' 58" in the triangle 
W B I) ; and D B R = 830 h1 e", with B I) R = 80 3' 7'' in the 
triaiigle.rD B R ; and these reduced to tlic angles formed by the 
chords, give the following triaiigles for computation, namely, 

[ W B D =  8 5 i  i7.2 
In the triangle W B D W I3 B = 81 $6 52.4 

\ D W B = ~ ~  7 10.4 
B D R =  8 9 6 

And in the triangle B D R D B R s 83 4 I i D R B  =88 4% 53 
In which it must be noted, that the reduced angles are given to 
tlie nearest f ' .  

Now the chord of the arc B D, or the distance between Beachy 
Head and Dunnose, is 339397.6 feet (190.) which used in the 

gives - { D W =  40973.4feet } B DR - { BR 37547.1 feet. 

Again ; let B L and D E be the parallels of latitude of Beachy 
Head and Dunnose, meeting the meridians in L and E : then, to 
find L W and E R we have two small triangles which may be con- 
sidered as plane ones, nainely, I-( B W arid E D R, in which the 
angles at W and R are given, nearly. 

Now the excess of tlie three angles above 1800 in the triangle 
I> €3 W, considered as a spherical one, is 3" nearly ; therefore the 
angle D W B will be 910 7' 1%'' nearly ; hence B W L = 8 8 O  $9' 4,s": 
CoiisequentIy the angle B L W =: goo 33' 36", and L B W = 
oa 3$ G ~ W ,  Therefore with the chord of the arc WB = ssGi 15.6 
feet, we get WL==ge85,sr, feet, which added to WD, as found above, 

Triangle W B D B W =: 3361 15.6 feet and the triangle D R = 336980 feet. 
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gives 4,2$.6 feet, for the distance betwken the parallels of Beachy 
Head and Ihnnose. 

Again, in the triangle B D R, considered as a spherical one, 
the excess is about 3"+ ; hence, from the two observed angles at 
D and B, namely, 8: 3' 7", and 830 4' 2", we get the third avigIe 
B R D =3 880 52' 54II.5 ; and taking the triangle E R  D as a plane 
one, the other angles will be 0033'3~''.75 (EDR), and 90033' 32II.75 
(DER) ; therefore, with the chord of the arc D R == 336980 feet, 
we @.RE= 3288.2 feet, which taken from BR, as fouhd above, 
leaves 44958.9 feet for the meridional arc, or the distance between 
the parallels of Beachy Head and Dunnose ; which is nearly the 
same as before. 

This method of determining the distance between the parallels 
is sufficiently correct ; but the same conclusibn may be deduced 
from a diferent principle, thus : 

Let the difference of longitude, or the angle a t  P, be found, on 
any hypothesis of the earth's figure, and likewise the latitudes of 
Beachy Head and Dunnose ; with these compute the latitudes of 
the points R and W; then it will be found that the arc RE is -&'' 
greater than LW ; and since i;B of a second on the meridian is 

47547*1-5+40973.4 

= 44257.8 feet is the distance between the parallels, which is very 
nearly the same as found by the other method, 

It seems therefore, that whatever be the value of the arch 
between those parallels in parts of a degree, tlie distance between 
thein is obtained suficiently near the truth ; therefore, taking 
6~831 fathoms for the length of a degree on the meridian, we get 
the arch subtended by 44258.7 feet == 7' rW.4, which subtracted 
from the latitude of Beachy Head, namely, 50' 44' 23II.71, leaves 
600 37' 7II.31 for the latitude of Dunnose. 

We have therefore, €or finding the length of the degree of a 

nearly a foot, RE is 5 feet more than LW; hencc 
2 
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great circIe perpendicular to the meridian at Beachy Head, or 
Dunnose, the latitudes of the two stations, and the angles which 
those stations make with each other and the pole, 

125. Since the sum of horizontal angles P D B + P I3 P (Pl. 
XIX. fig. I.) is nearly the same a$ the sum which would be found 
on a sphere (Ge.), we shall find the aiigles for spherical cotnputation 
as follows : 

The co-latitudes of D and 8, or the arches D P and B P, are 
39" 2%' 5d1.69, and $go 15' 36".ag, thersfore half their sum i s  39' 
19' 14".49, and half their difference 3' 38".e. 

Half the sum of the angles P D B and P 13 D is 89' GG' 25".5 ; 
therefore, (p. 157) as tang. 39' rg' 14''.4g : tang. 3' 3S'I.e : : tatg. 
89" e6' 95".5 : taizg. 7" 31' ,57".71, or half the difference of the 
angles : hence the angles for computation are 81" 54' e7''.79, and 
gci" $8' 23".21, which, with the co-latitudes of D and B, give the 
difference of longitude between Beachy Head and Dunnose, or the 
angle D P B = 1' 26' 47".93. 

We have now two right angled triangles (fig. 3.) which may be 
considered spherical, namely, PBW, and PDR, in which the angle 
at the pole P is given, and likewise the sides PB and PD ; therefore, 
using these data, we fiiid the arc 13 W c $4' 56"'.21, and the arc 
D P  = 56' 4".74. 

The chords of the two perpendicular arcs are about &- feet less 
than the arcs themselves ; therefore B W = 9361 19. I feet, aiid 
D R = 856983.5 feet; and by proportioning these arcs to their 
respective values in fathoms, we get the leiigth of the degree of 
the great circle perpendicular to the tneridinti in the middle point 
between W and B 611Se,8 fathoms, and in the middle point 
between Rand D = 61 181.8 fathoms. Therefore 61 189.3 fathoms 
is the length of a degree of the great circle perpendicular to the 
meridian, in latitude 50' 41', wliich js iiearly that of the middle 
point between Beachy Head and Duiuiose. 
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If the horizontal angles, or the directions of the meridians, 

have been obtained correctly, the difference of longitude between 
Beachy Head and Dunnose, as thus found, must be very nearly 
true ; since the difference between the sums of the angles which 
would be observed on a spheroid and those on a sphere, having the 
latitudes and the difference of longitude the same on both figures 
as those places, is so sinal1 as scarcely to be computed : and it is 
easy to perceive, that the distance between the parallels is obtained 
sufficiently correct, since an error of 15 or 20 feet in  that meri- 
dional arc, will vary the length of the degree of the great circle 
but a very small quantity. 

126. It may possibly be imagined, that because the vertical 
planes at  Dunnose and Beachy Head do not coincide, but intersect 
each other in the right line joining these stations, neither of the 
two included arcs is the proper distance between them, and that 
the nearest distance on the surface must fall between these arcs ; 
but it is easy to show, that in the present case, the difference must 
be almost insensible, 

In PI. XIX. fig. 4, let B be Beachy Head, and E B P its meri- 
dian, and N and M, the points where the verticals from Beachy 
Head and Dunnose respectively meet the axis P P. 

Now it is known, that if the planes of two circles cut each other, 
the angle of inclination is that formed by their diameters drawn 
through the middle of the chord, which is the line of intersection. 
Therefore, i f  we draw B M, and also conceive D to be Dunnose, 
and E I? its meridian, and join D N ; i t  is evident, that either of the 
angles N B M, N D M will be the inclination of the planes very 
nearly, because of the short distance between the stations, and their 
small difference in latitude. I n  the ellipsoid we have adopted, the 
distance M N is about 652 fathoms, and hence the angle N B M, or 
N D M, will be found between e and 3". The value of the a 
between the stations is about 55' 30''~ and its length 339401 fee 



hence the versed sine of half the arc will be 685 feet nearly ; now, 
suppose the versed sines to form an angle of $', the greatest dis- 
tance of the vertical planes on the earth's surface between the 
stations, will be but about & of an inch. 

I t  may also be remarked, that the inclination here determined, 
is the angle in which the vertical plane at one station cuts the ver- 
tical at the other ; and therefore no sensible variation can arise in 
the horizontal angles, on account of the different heights of the 
stations. 

197. If the figure of the earth be that of an ellipsoid, (fig. 5 . )  
then B R, which is perpendicular to the surface at the point B, is 

radius of curvature of the great circle, perpendicular to the 
ridian at that point ; therefore the length of a degree of Iongi- 
e is obtained by the proportion of the radius to the cosine of the 
itude. Thus at Beachy Head, where the length of the degree of 

a great circle is 61183 fathoms nearly, we have this proportion; 
rad. : cosine 50" 44' 44'' : : 61183 : 38718 fathoms, for the length 
of the degree of longitude. And at Dunnose, as rad. : cosine 50" 
$7' 7" : : 61182 : 38818 fathoins for the length of thc degree of 
longitude, being about 100 different from the former. But nearly 
the same conclusions may be otherwise deduced ; for the chords of 
the parallels may be found from the small triangles BWL and 
DER, (fig. 3.) and these, when augmented by the differences be- 
tween them and the arcs, give the length of the degree of longitude 
at Beachy Head 38719 fathoms, and Dunnose 388 19 f'atlioms, 

128. ProbZem. Having the meridional degree, mid also the de- 
gree perpendicular to the meridian, in a given latitude; to find 
the earth's axes, supposing it an ellipsoid, 

pose (PI. XIX, fig. 5. )  APAP to be the elliptical nleridiall 
through the point B whose latitude is given ; CA, CP the 

Q q  
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equatorial, and polar semi-axes. Let I3 F be the ordinate to the 
point B, and draw BR perpendicular to the curve at B, which will 
be the radius of curvature of the.perpendicular degree at that point ; 
also draw B D parallel to A C. Put c, and t ,  for the cosine, and 
tangent of the given latitude ; p ,  and m, for the lengths of the per- 
pendicular and meridional degrees, respectively ; and d = 6 7 O . w ~  
&c. the degrees in the circular arc which is equaljo the radius, 

Then, from the properties of the ellipse, we get FC, or BD 
CAZ 

c//CA" + tZ CP2 
-- CA' -- BR = -- - d p ,  the radius of curva- - - 

l /CAa + t Z v  ' 
CA=. cr= = d m the ture of the perpendicular degree; and - 3  

cJCA" + It UP? 
radius of curvature of the meridional degree : but the two latter 

CP" CP" expressions are as I to c2 CA2 + therefore x : c" CAZ + cI t z  ~~~ 

: : p : m ;  hence, ( p u t t i n g ~ f o r c " , a n d r k p - m ) , w e g e t C P ' :  1 

CA" : : m : p + r t", or CP : CA : : 1 : /-, the ratio of the 

axes. Let I/p-t~-" m = a ;  then CA"= a" CP" which substituted 
d p c  4". a 3 . L  for CK, and we have c 4 u " + t 2  U" 

and consequently C A i da" + 1". 

Coral. 1. If I =  the length of a degree of Zovgitude at the point €3, 
then BD will be its radius of curvature ; therefore, rad. : c : : BR : 
BD : : p : I ,  hence p ;= 7, which substituted in the above expres- 

sjons, we get /= c m  = a ; and CP r= $ d a "  + t"; and CA 

- 
a" CP - = d p ,  whence CP = - - 

1 

L + c r t "  

d l  4- - 
= BR I d p  ; if b and T repre- Corol. ie. Because cdmi2Ta 

sent the cosine and tangent of Some other latitude, and P theper- 
- d P' the pendicular degree in that latitude ; then - 

a* + f, the semidiameters in this case. 
CA" 

a 

C A" 
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= d : and the for. radius of curvature of P. Hence - 

.I d;  these being equated, wc mer equation gives 

get P ' P .  CA' + T' CP" i=p* C" , CA'f-EiCP", Let s, and S, be 

the sines to the cos for t' and T " ;  

and we shall have CA : CP : : dp' sa- PS' : d P z  b" -pa  c", for 
the ratio of the axes; which being expounded by 1 : n, we 
have CA" = n' CP", this substituted for C A' in the equation 

fi c d C A +  + t* CP' 

d&t/n" + t'. But the same values for the semi-axes will be obn 
tained by substituting in the other equation. 
. Hence, if I and L be the degrees of longitude in the given lati- 

tudes, we havep I T,  and P = T, which substituted for p ,  and P, 
and we shall get the expressions for the semi-axes in that case. 

Cal" 
P 6gCA' + T a C P  

CAS 
p cqCA"3-t 'CP'  -- 

s c, and l i ;  and put $and -- 

C A" --- - - d, gives CP = * c/n" + t"; whence C A -L 
n" 

11 

1 L 

-- -.- 
Lac. Mensurcd Corn- Coni- Corn. 

utcd. Diffs putcd. 
-360 60183 -299 $103 

-i3 60870 + 19 60851 

- 21 60640 + 12 60600 - 38 60716 - g 60683 
- 4 8  Go756 - a s  Go727 

aupertuis, &c. -46 -4.4 61156 

60831 -8 60808 

Diff' 

-379 - 28 
- 42 - 5 1  
- 3 1  
0 

- 3 8  



60851 fathoms is nearly the length of the degree upon the meri- 
dian, as derived by the application of the measured arc between 
Greenwich and Paris to the difference of latitude. (194.) The fifth, 
contains the degrees on an ellipsoid, computed from a d'ff i erent 
length of a degree upon the meridian in lat. 500 41', in order to 
show how far the varying the length of that degree, will affect the 
comparison between the measured and computed degrees on the 
first ellipsoid : and those in the seventh are determined by using 
60851 fathoms for the degree upon the meridian, and 61191 
fathoms for that of the great circle perpendicular to it ; which last 
degree is obtained by taking the angle at Dunnose, equal to 81" 
56' 53".5, instead of 810 56' 53". 

Now this comparison between the measured and computed de- 
grees,seems to prove that the earth is not an ellipsoid, since the 
differences are, excepting two instances, constantly minus ; this, 
however, presupposes that the degree of the great circle perpen- 
dicular to the meridian in lat. 50' 41', as we have found it,  and 
likewise the degree upon the meridian arising from the measured 
arc between Greenwich and Paris, and their difference in latitude, 
are nearly right. Also, were it of Mr. Bouguer's figure, the degree 
of a great circle in lat. 500 41' would be 61966 fathoms, which js 84 
fathoms greater than we have derived it ; we may therefore safely 
infer, that  his hypothesis is more ingenious than true; since it. 
cannot be supposed that the degree, resulting from these observa- 
tions, is 84 fathoms in defect ; but whether the earth be a figure 
formed by the revolution of a meridian round its axis, upon which 
the length of the degrees increase according to any law, or one 
whose meridians are formed by the combination of many different 
curves, it appears to be certain, that we may consider 61189 fa- 
thoms as nearly the length of the perpendicular degree, in latitude 
50' 41', by which we are enabled to settle the longitudes of those 
places whose situations have been determined in this, operation. 
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The length of the degree in latitude 50" "E', obtained from the 

directions of the ineridiaiis at Botlcy Hill and Goudhurst, is 61248 
fathoms nearly, which is 66 fdioins different from this result : but 
this is not to be considered as extraordinary, since the distalice 
between those places is not more than e3 miles, and the direction 
very oblique to the meridian. The stations chosen for this ptirpose 
should be nearly east and west ; because if both places were on the 
same parallel of latitude, the horizontal angles would give the dif- 
ference of longitude, without adverting to the principle of the sums 
of the angles on a sphere and a spheroid being nearly equal, when 
the places on each have corresponding latitudes, and the same dif- 
ference of longitude, 

Was a degree of a great circle perpeudicdar to the meridian mea- 
sured in some place remote from the latitude of $0' 4i', the diamc- 
ters of the earth, supposing it an ellipsoid, might be determined 
from the perpeiidicuIar degrees only ; (Corol. 9. Art. 128.) It is 
therefore, much to be wished, that such measuretnents were made 
in the northern part of Russia, and i n  the south of France, where 
the methods we have taken to measure this degree would also be 
applicable. 

Having given the length of a degree of what inay be coiisider- 
ed a great circle upon the earth's surface, as deduced from the 
observations which have been made a t  Beachy Head and Dumose, 

G and likewise drawn such conclusions as appear to arise from it; we 
-have to add, that as the preserving of the points marking these sta- 
tions has been coiisidered of great consequence, his Grace theDuke 
of Richmond ordered an iron gun to be inserted in the ground 
at each, of those places, which was done in the autumn of 1794. 
By these points being rendered permanent, the truth of this pact 
of the.operation can be examiiied, by re-observing the directions 
*of the meridians ; and that this may be done with the least trouble,. 
we have preserved the points, where the staffs were erected, on: 
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Brading Down and the hill above Jevington, by ihserting large 
stones in the ground, having a small hole in each of them, for the 
purpose of denoting the exact points over which the centres of the 
staffs were placed; therefore the angles which! we have given, 
as being the directions of the meridians with respect to those points, 
can be examined without the trouble of firing lights at Beachy 
Head and Dunnose. There is, however, another method of deter- . 
mining whether 61 182 fathoms be nearly the length of a degree of 
a great circle perpendicular to the meridian; this may be done by 
observing the directions of the meridians at Shooter's Hill and Net- 
tlebed, whose distance is already determined, being 't4e731 feet 
nearly. The points marking these stations are not likely to be soon 
removed, and can be found without difficulty.. 

Of the Distances of the Stations from the Meridians of Greenwich, 
Beacby Head, and Dunnose; and also from the Perpendiculars 
to those Meridians. 

130. In operations of this kind, the usual method of obtaining 
the distances of the stations from a first meridian, and from a per- 
pendicular to that meridian, is by drawing parallels to those lines 
through the: severaf. stations, and then proceeding in a manner 
similar to that of working a traverse, after the bearings of the sta- 
tions, with respect to these parallels, have been deduced from the 
angles of the'triangles. This mode of computatioti might be con- 
sidered as accurate, if the surface of the earth to the whole extent 
of the triangles was reduced to a flat : and i t  will not produce very 
erroneous results, if the series of triangles are in a north and south, 
or an east and west direction nearly, provided they are on, or near 
the meridian, or its perpendicular ; but if the triangles qre consi- 
derably extended, and in all directions, the bearitigs of the same 
stations (if they may be so termed) muat evidently differ, and that 



sometimes considerably, wltcn obtained from different triangles. 
To avoid, in a great measure, the errors which might affect the 
conclusions derived from the present triangles; if all those distances 
were determined from the meridian of Greenwich only, we have 
considered the meridians' of Beachy Head and Duiiiiose as first 
meridians also, and, with two or three exceptions, calciilated the 
distance of each station from its nearest meridian. Bagshot Heath, 
Leith Hill, Ditchling Beacon, and Beachy Head, with those to the 
eastward, are from the meridiaa of Creeiawich and its ycrpeadiou- 
lar ; Chanctonbury Ring from the meridian of Beachy Head ; and 
the others to the westward, from that of Dunnose. 

The advantages in this mode of proceeding are very obvious; for 
if the directions af meridians are taken at about 80 miles distance 
from each other, near the southerti coast, the operation may be ex- 
tended to the Land's End with sufficieiit accuracy, without making 
astmnornicd obscrvatjoiis for determining any inteimediate lati- 
tude, ns R iiew p i n t  of departure. 

In dedwing the bearings of the several. statiuris from th'e me& 
dims a i d  their perpendiculars, we hwe t a k a  the observed angles, 
instead of those formed by the chords, which were used in COM- 

puting thr sides of the prin~ipal triangles ; because the latter angles 
at each &ation may be considered asamstituting the vertex of a py" 
ramid, and corisequentIy their sum is less than 360" ; but the .opera- 
tion of determining the distances from the meridians, and their per- 
peiidicularsfrom those rcduced,or pyramidical angles and the chords 
or sides of the triangles, independent of other datu, would be very 
tedious. Great accuracy however, in  these cases seems not abso- 
lutely necessary ; because, if the latitudes and longitudes obtained 
from those distances can be depended upon to + of a second (the 
latitude of Greenwich, from which the other latitudes are derived, 
being supposed exact), the conclusions will certainly be considered 
as sufficiently near the truth : e5 feet answers to about .;t of a 
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second on the meridian; and it is not difficult to show, that no 
uncertainty of more than about io feet has been introduced, even 
in the longest distances, in consequence of using the observed 
angles. 

As Botley Hill is nearly south of the Observatory at Greenwich, 
and it may be supposed, that the distance of it from the meridian, 
as well as perpendicular, must be nearly true, as given in p. 153, it  
has not been considered as expedient to make this part of the ope- 
ration entirely independent of General Roy's, by selecting Green- 
wich for a station, and observing the direction of the meridian at 
that place with respect to Banstead, or Shooter's Hill. 

In order, therefore, to obtain the necessary data, when the instru- 
ment was at Botley Hill, the angle between Banstead aiid the station 
on Wrotham Hill was observed, and found to be 152'57' 4'l(10~.); 
from which subtracting 79' 16' 29" (6'" 60' tjS"+p' 25'31'', or the 
bearing of Ffant from Wrotham Hill, p. 153, added to the angle 
at Wrotham in  the XI. triangle, p. 141) the angle which Wrotham 
Hill makes with the parallel to the meridian of Greenwich, we get 
78" 40' g5'' for the inclination of Banstead to that parallel ; this, 
with 509427 feet, the distance of Banstead from Botley Hill, give 
48874, and r 4 , ~ i h  feet ; therefore 48874- 17% = 4870% feet, is 
the distance of Banstead from the meridian of Greenwich ; and 
72881 - 14,914 _I 58567 feet, the distance from the perpendicular, 
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131. Tuble cotttaining the Beariiags of tbe Statiorrsfiotn tbe Pardle l s  lo the 
drfercnt Meridians ; and likewise their Distances front tbose Meridians 
and their Perpendiculars. 

Names of die stationr. 

---- 
Meridian of Greenwich, 

Botley Hill 

Banstead - 
Lcith Hill - - 
Crowborough Beacon Briglitliti 
Erigiitling - - Fairlight%owii -- 
Ditchling Beacon - Bcachy Head - 
5t. A~i~ i ' s  Hill - - Bagshot Heath - 

Merid. of Ucacliy 1-ic.id. 
Beachy Head - Chanctonbury Ring - 

Mcridh 01 Uunoose. 
Kook's Hill - - 
13ii~scrI-Iill - * 
Dcati M i l l  - - 
Motteatot1 DO'WI~ - 
Nine Harrow Down 

Dunliosc - 
Butscr Will 
Dean Hill 
Deaii Hill 

" 
Be;Icnii ,Hill - 
Four Mile-stone 
Tlioriicy Down 
Old Swum - Beacon Hill 

Dean Hill - jwiirgrccti - Nine Barrow Down 
Rook's Hill - 
4 - - Hind 1 4 4  - 

_., . 

Bearings. 

0 I II - -  
1 1  59 23 NE 
56 1 1  2 2  
73  4.0 35 sfsw" 
23 " 3  39 SI: 
2 4  1 1  47 sw 
1 3  49 J 3  N W  

47 3.9 2 2  sw 
30  58 49 
57 93 ' 2  fbh 

54 39 48 SE 

41  56 3 1  NW 
67 1 2  13 NW 

G I  25 47 S11 

77 27 16 SW 

58 26 2 8  NW 

Distance from th e 

Meridian, -- 
Feet. 

17% 
14899 
48702 
84792 
35227 
83084 
67z34 

102261 
I I 9400 

)- 24468 
87304 
3.433'2 

58848 
165234 

146567 

102770 

104568 

188061 

50328 

528828 

} 33'74 

} '09505 

12OIO1 
151073 
117871 
3.37793 

I I '942 

'crpcndicular 

Feet. 
72881 

3533 
58567 
109784 
155222 
18540 
16733 
3.036 
28854 
210257 

188119 
218618 
269328 

39052 

5 7908 

roo236 
13'263 
150786 

15572 
6736 

253495 
206757 
183355 

'74746 
J35184  

-- 

I 

17921a 

181782  

13' r 



132. Latitudes and Longitudes of the Stations rgerred to  the 
Meridian of Greenwich. 

Namcs of the stations. Lati  tude. 

Shooter's Hill - - 
Crowborough Beacon - 
Fairlight Down - - 
Beach Head - - 
Leith Hill - 
Banstead - - 
Hampton Poorhouse - 
St. Ann's Hill - - 

Brightling - - 

- - Ditch P ing Beacon - 

Hanger Hill - 
King's Arbour - - 
Bagshot Heath - - 

Longitude. 

Q I / I  

51 28 5.1 
51 3 9.4 
50 57 43.3 
50 $2 38.8 
50 44 23.7 
50 54 7 
51 1 0  35.7 
51 19 5% 
51 31 93.7 
$ 1  25 35.9 
$1 28 47.1 
51 23 51.4 
51 2 2  7.1 

In degrecs. In time. 

Q I I 

0 3 54.5 E 
0 g 9.5 1.: 
0 2% 39.3 E 
0 37 7.4 E 
o 15 11.9 E 
0 6 90.$W 
0 22 6.$vv 
o ie 44.1 W 
o 17 39.6 W 
o 21 46.6 W 
0 e6 ,50 w 
0 81 16.6W 
o 43 15.4W 

in. s. 
0 15.6 
o 36.6 
1 30.6 
e 28.5 
1 0.7 
0 25,3 
1 28.4 
0 50.9 
1 10.6 
1 27.1 

47.3 
53 5.1 

53 

133. Latitude and Longitude of Cl!anctonbury Ring. 
0 I I f  

Lat. of Chanctonbury Ring - 50 53 48.5 
Long. of Beachy Head, east of 

Long. of Chanctonbury Ring, 

- 
Greenwich - I- 0 15 11.9 

west of Beachy Head - 0 37 58.8 
Long. of Chanctonbury Ring, - m. s. 

west of Greenwich - o 22 46.9 - i n  timc 1 31.1 

134. Latitude and Longitude of Dunnose. 
Latitude of Beachy Head - 50 44 23.7 
Difference of latitude between? > o 7 164 Heachy H, and Dunn. ( 124). J 

50 37 7.3 lat. of Dunnose. 
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0 I It The difference of long. be- 

And the long. of Beachy Head, 

tween Beachy Head and} 1 e6 47.9 W 
Dunnose (125.) - - 
east of Greeiitvich - 0 15 11.9 E 

c Therefore the: long. of Dunnose, ni, s. 
west of Greenwich, is 1 11 36' and in time 4 46.4 

135. Latitudes aizd Loi1gitudu.s of the Stations @erred t o  the 
Meridian of Dwttzosc. 

Longitude. I I West of Greenwich. 

In dcgrrcs. 
fi.om D ti 11 11 ose. 

Rook's Hill - 
Hind Head - 
Butser Hill - 
Motteston Dotvn 
Highelere - 

II 0 

32.5 o 
56.1 0 
40.8 o 
40 0 
46.9 0 
50.y 0 
4 4  O 
8,s 0 

80 e 
44.7 O 
3.G 0 
7.6 0 

0 

136. %he longitudes and latitudes of the stdolls have been 
computed spherically, in which we liave takeii the degrees upon 
the meridian, and of the great circle perpendicular to it, from the 
following table. 

ne rets on tlic 

Fathoms. 
. m e r i t  

Fnth. 
Q I Y  

60851 61 182 Semi-transverse of 
60859 61185 this ellipsoid - 3.4,,~1490 

5: ILS 40 60868 61188 Semi-conjugate - 3468007 
Ratio of the axes 1 : i.o067,r1, or nearly as 291 to 933& 

R r z  
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This ellipsoid is determined from the length of the degree ob- 

tained from the directions of * the meridians at Beachy Head and ~ 

Dunnose, and that upon the meridian in lat 50" 41', as resulting 
from t h e  application of the measured arc between Greenwich and 
Paris, to their difference in latitude. It is not, however, to be un- 
derstood, that by using it, we consider the earth to be this ellip- 
soid : we have adopted the hypothesis, because it is obvious some 
small increase northward must be made to the degree upon the 
meridian in 50' 4i1, in order to approximate to a correct scale for 
the computation of the latitudes. But i t  is evident, that any of the 
received hypotheses (supposing the length of the degree upon the 
meridian in 50" 41' to be 60851 fathoms nearly) would give the 
degrees sufficiently correct, since the principal stations, together 
with most of the objects fixed in this operation, are included be- 
tween the parallels of $00 37' and $10 28'. 

In obtaining the latitudes of those places which are referred to 
the meridian of Greenwich, it is easy to perceive, that little error 
is introduced by spherical computation, since the spheroidical cor- 
rection for the latitude of Bagshot Heath is only about & of a 
second. Had indeed the latitudes of the stations, which are far to 
the westward, been computed with distances from the meridian, 
and the perpendicular at Greenwich, some small errors might 
have been introduced, from the uncertainty of the earth's figure, 
and the consequent inability of computing the spheroidicj$ correc- 
tions with sufficient accuracy ; but as the distance bGween the 
parallels of Beachy Head and Dunnose is obtained very nearly, the 
latitude of the latter station may be considered as correct as that of 
the former one, and consequently the places in  the vicinity of 
Dunnose have their latitudes determined with sufficient precision. 

. 



337. Secondary Triangles, in wbicb two Azgles o d y  buve been ob- 
served. TbeJirst seven intersected Places were selected for inte- 
rior Stations, on account oftbeir commanding Situations. 

Beach Head - 
Fide Beacon 
Ditch P iiig Beacon - 

Triangles. 

Feet. 

Firle Beacon - { 556e1 47956 
8 53 93 

1 Angles I Distances of the stations from the p i n r  
observed. iiitcrsccted. 

High Dow 11 Wind 111 ill 

Rook's Hill 
Bow Hill 

93 *5 15 
Rook's Hill 39 "3 59 
Portsdown Hill 

30 84 9 Dunnosc - - 
Mottestoll DO\V11 - 79 6 4'7 
Tbortim 

5' 45 47 
Stock bridge Hill 

46150 
" { 17668 

)Bow Hill 

1 Portsdowm Hill J 

}; Stockbridge Hill 

With respect to these triangles, there is nothing to be remarked, 
except that the angles of the 1st and 3d, froin their beillg very 
acute, were determined with coiisiderable care : the distaiices, 
however, from Fide Beacon to Ditchling Beacon, alld Beachy 



c 319 3 
Head, may be ascertained, when either the great or small instru- 
ment are taken to that station, by the intersection! of Hurstman- 
ceux spire. 

Triangles farmed by the Intersections of Churches, Windmills, and 
other .- objects. 

Fairlight down - - 
Bexbill tli C "B urcb 

Triangles. 

4; 16 1 8  
32 6 9% 

Angles 
observed. 

Fairlight Down - 
Westbam Church 
Brigh tling - 

I----- I------ 

46' 56 7 
73  7 30 

Fairlight Down - 
Pevensev Cburcb 
Brightling - 

46' 46' 20 

71 2 1  47 
J 

Fairlight Down - 
Brightling - - 

Brigh tli ng - 

Blackheath Windmill 
(near HeatbFeId) 

Fairlight Down - 
Ninefield Church - 

4 34 18 
154 19 13 

25 26' 4 
40 43 54 

I Ninefield Church 1 I 1 
45493 
39943 

Distances of the-stations from the 
intersected objects. 

Hurstmonceux Church 

Crowborou h Beacon 58 1 1  13 
itchling Beacon 41 17 30 

I Feet. 

Brightling - 
Mountfield Church 

1 Bexhill Church 
Sussex I' 

16 4i4 2% 

\,Blackheath Wind-J 76'733 
14110 i J inill - 

Brightling - 
Mountfield Church 

I 

16 4i4 2% 

. * .  - 

Cbittinrrlv C wrcb 



-* 

AngIes 
observed. 

Triangles. 

I 
0 1  

Rifchling Beacon 13 eg 46 
Crpwborough Beacon ~ 65 34 &5 
Waldron Chirlv-15 

Dirchlingd.kacoii - 34, 14  48 
Crow borough Beacon 3 ~7 4 

Ditchling Beacon - 13 563 4 
. Thakebanz Chi rch 
Chwictonbury Ring 6'6 23 40 
Ditckling Ljecl~on - r e8 g 20 I TXT-..+ #?-:-.-4..'J fll.*.-..l. 

-- 

Distances of the stations from the 
intersected objects. 

- 

J Feet. 

I 
I 

Jevin tori Wind- } init ,- 



Triangles. Angles Distances of the stations from the 
observed. intcrsected objects. 

-. 

Chanctonbury Ring & ~b ;s 
Ditchling Beacon 66 41 45 

Bright helmston e 
Chanctonbury Ring 33 58 2o 
Ditchlin Beacon - 72 g 49 
CuckJiel Spire 
Chanctonbury King eo $4 $5 
Ditchling Beacon - 98 o 8 

D WyvelsJield Church 

if 

Chanctonbury Ring 14 32 35 

ChanctonbL1ry Ring 29 51 47 
Ditchling Beacon - 100 41 5 

Ditchling Beacon - 36 29 25 
Hurstpierpoint Church 

D Lindfield Church 

islaugham 

}Starting House 6'6986 
26279 

Church - 

}Cuckfield Spire * {  677% ,q85ti8 

715575 

Hurstpier1)oint 48545 , I  Church - 204gt) 1 

}Lindfield Church ,f 853079 
41590 

I 

3g866' 
Sleep DOWII - 96 27 2s }Goring Church { 26995 

{ e4392 
39584 

Chanctonbury King $2 31% 45 

[Goring Church 
Chanctonbury Ring 2% 46' $i 1 Soutliwic,k 
Sleep Down - iLko 45 f Church - 
Southwick Church SU.~SCX 

C h an c t o 11 bii ry R i 1ig '4 28 3'' }Shoreham Church( 34094 17678 Sleep Down - igi  o o 
Shoreham Church 
Chancronbury Xing 32 5 47 1 Brighthelmsto1le 606'79 
Sleep Down - 136 19 20 Church - 1 46680 
Brigbtbelrnst. Church 

91779 Chanctonbury Ring 43 9 a5 Branlber Wind- 

&amber Windmill 

-- 

-- 
SleepDown - 83 16  48 1 Inill - " { 14995 

* 
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I I 
Angles observed, I I intersected objects. 

Distances of the stations fi*om the Triangles. 

I 1 . -- 
I 

Lantern of thc Vessel 
naoored over the Ozoer 

34579 
66'31 2 

8.0807 
44Q63 



Triangles, Angles observed 

CackBam Tower 1 I Butser Hill - - I 32 2 23 

I 
0 I I I  

I&utser Hill - - 27 45 z!j 
‘Kook‘s Hill - - 117 4,7 2 
iselsea Cburcb 
h t s e r  Hill - - 34 49 20 
Rook’s Hill - 110 6 1 2  

Selsea High House 
34 40 45 Butser .Hill - -L 

Rook’s Hill - - 109 9 31 
Selsea Windmill 
Butser Hill - - 43 21 26 
Rook’s Hill - 85 21 20 

I- 

Butser Hill - - 
I Del Key Windmil2 
Butser Hill - - f@ 30 1 0  
Rook’sHill - - , 6% a7 23 
Weat Tborney Church 

I 

‘Rook’s Hill - r 

ROOKS Hill - - 
Flagstaff at tbe Watcb- 

bouse near Cbicbester 
Harbour 

Bourn Church 
Butser Hill - - 1 49 48 19 

75 49 16 

Distances of the stations from the 
interscctcd objects. 

*I- - 
1 Selsea Church I 

House - 

Cackharn Tower 

B os11 a in C 11 u rc h 

Priiicested Wind- 59354 

t 

West ‘l’horney 61 110 
Church - (j 45227 

South Hayling 66344 } Cliurch - 3 {I 6g[jio 



I TriangIes, 

Butser Hill - - 
Rook's Hill U 

Clark's Folly 
Butser Hill - - 
Rook's Hill , - 
Portsdown Windmill 
Butser Hill - - 
Rook'sHill - - 
West Cbimpzey oti the Go- 

verpzor's House, Cum- 
berland Fort I 

I iButser Hill-: 
Rook's Hill .. 
South Sea Castle 

Rook's Hill - 

I 

" 

I 

:Butser Hill - " 

St, Catb. Light House 
ljutser Hill - " I 
Rook's Hill - - 
Sir R. tyorsley's Obelisk 
Butser Hill - .I. 

Rook's Hill - - 
Ashey Down Sea Mark 
Ijutscr Hill - - 
Rook's Hill - .m 

'FlagstaJqf  owes Fort 
I3u tser Hi 11 - 
Rook's Hi11 - .# 

Sunznier Iirausc of tbc 
I Horse-shoe l i m  0607~ 

'Butser iiill - - 
Rook's I-Iill - - 
! ~ e e d / c s  Light i ~ o i i s e  

1 

Cowes 

I ingles observed. Distances of the stations from I intersected objects. 



Ti iaogles. 

Butser Hill - 
Dean Hill - 
Southampton Spire 
Kook’s Hill ’ - - 
Bow Hill 6- - 
Box Grove Church 

* Kook’sHill - - 
Bow Hill - - 
P or @el d Win dm ill 

v 

Hind Head - 

Angles 
obscrved. 
II 

5$ 45 47 
32 58 47 

132 28 11 
21 57 31 

87 io g 
47 44 17 

D Wisborougb Green ~1 Church 

Distances of the stations from the 
iiitrrsecred objects, 

Feet. 
/Southampton 102010 

I 

Box Grove Church 

} Port field Windrn ill 

)Goodwood House 

}Chichester Spire 

Sir H. Fetherston- } haugh’s Tower 

951% 
Rook.’s Hill - 83887 

1 

* { 2%;; 1 Harting Wind- 
J’ mill - 

} Petworth Spire 

- 

Wisborough (j ,55508 } Green Church 59799 

i A 
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D 
_c 

- 

Triangles. 

Cham ton bury King 
Butser Hill - 
The Earl of E&e- 

mont’s Tower, near 
Petworth 

Chanctonbury Ring 
Butser Hill - 
Pulborougb CIurcb 
Leitli Hill-- 
Hind Head - 
St. Martha’s Chapel 
Leith Hill - ” 

Hind Head - 
Bubicrsi Wiirdmill 

Angles 
observed. 

Chanctonbury Ring 
Hind Head - 

o r  Y 

5 le 39 
6 eg  l e  - 

IKirdfor-d Church I 
Hind Head - 16 58 $1 
Billittgburst Church 
Chanctonbury Ring 
Hind Head - 
Rusper Church 

Chanctonbury Ring 1 24 48 50 
I 

-- 

Distances of the stations from the 
intersected objects. 

{ } Kirdford Church 

Billinghurst { } Church 

I Chanctonbury Ring from Butser Hill 141003 feet. 
90 28 e7 
18 0 $1 

11 89 40 
3 449 39 

, r e  25 16‘ 
3 27 48 

‘ h e  Earl of Egre- I 
mont’s Tower 1 

Pulboroug h } Church { 
} S  t ,h$art>a’s C ha- 

fienr Guild ford 
- 

{ ] Norris’s Obelisk 

1Horshnrn Spire 
1 

- 
Feet. 
61 785 
496‘533 

48543 
69755 

c 

8,590 1 
lOOrt81 

103310 
82191 

435523 
90710 



5 

Triangles. 

- -I ----- 
I 'I 

Distances uf the stations 'from the I intersected objects. 
Angles 

observed, 

D 

I)- 

Feet. 
99948 
49474 

159594 
46153 

163984 
51949 

8121s 
4838" 

{ 

{ 

Leith Hill - - - 1 ' " 

Hind Head 101 49 30 I 
Farnbam Castle 
Leith Hill - - 7 38 23 Beddingham ' 

DitchlingBeacon 152 37 54 1 Windmill - 
Beddingham Windmill 
Leith Hill - 
Ditchling Beacon 
Firle Windmill 
Leith Hill - - 6 g 46 1 West Hoathly 

Crow borough Beacon from Fairligh t Down 125303 feet 

'4 34 4 4  'IFarnham Castle 

- 

(1 Crowborou hBeacon io  2% 53 Church - 
West  Hoatb f y Church 

Crowborough Beacon W i 11 ing ton 85678 
Fairlight Down - 1 Church - { 88764 
Willington Church 
Crow borough Ijeacon 

Homeburst Cburcb 

Hoinehurst 1 Church - I e 21 40' 
Brightling - - 70 18 45 

Crowborough 37 38 '4 
Brightling - - 85 39 48 
Widsham Church 

44P9 
56'1 73 

45509 
}Hailsham Church { . 

CrowboroughUeacon 
Bri htling - - 
Crowborough Beacon 
Botley Hill 
East Grinsled Church 

Da f lington Cburcb - -- 
{ 

6 25 16 3 Dallington 
83 32 $2 I Church - 
31 6 44 East Grinsted 
"4 17 45 1 

, I  

Church - { 
-8 1 

nirden Tower Craw borough &?acoll 
Botley Hill - 
Fairden Tower 
Crowborougli Beacon 93 16 22 Crowborough 3 ~ 0  
Botley Hill - 2 3 11 } Chapel - { 89784 
Crow borough Chapel I 



Triangles. 

------ 
Crowborougl1 Beacon 
Botley Hill - 
CrowborougiiBeacom 
Botley Hill - 
Bo tbcrfiel d Spire 

Botley Hill - 
Bestbcecb Windmill 
CrowboroL%h Beacon' 
Botley Hill - 
Botley Hill - - TateGeld Cbzirch 

D Charlwood Church 
Leith Hill - - 

Angles Distances of the stations from the 
observed. intersected Obj,jrCts. 

c-- 

Feet. 
0 I M 

12 1 34 38 } Rotilerfield spire { 1551 7 7 4% 43 98509 

137 4% 9. }Mayfield Spire { t l t ~ S  "7585 

$9 ]Tatesfie& C ~ l u r c ~ ~  { 239'397 

36 39 33 1 Church - { 3$04 

9 35 19 

io8 47 35 Bestbeech Wind- 3 6 ~ 5 6  

90 94 37 7904 

17 35 Charlwood 6'850$ 

18 59 16 1 mill - - { 106714 

5 

Botley Hill - 
Leith Hill - 

D Evelyn's Obelisk 
Butser Hill - - 36' 49 10 
Hind Head - 83 4,e 37 
Petworth Wi&dl 

- ~ ~ ~ - j i Z u % w i ~  
Southwick Church 
Dunllase - 07 7 31 
Butser Hill . - 14 59 6 
Flugstaf of Carisbrook 

Dunnose - 
I Lord Halifas's Tower 

- 

Cade 
- 15 4.28 

Butser Hill - 49 35 
--rc 

}Evelyn's Obelisk { 

3. inill I { 54899 

~hurcli{ I 
Flagstaft, Caris- 806g7 1 brook Castle - { 130763 

}Halifax Tower - { *tS86 

Petworth Wind- 91054 

Hants,, 

1 1  199 

- 
-+ 
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Portsdown Hill from Dunnose gooor feet, 

- 

I 

1,uttrell's Folly 

Motteston Down - Dunnose - - 48 58 19 
go 39 45 

Anglcs 
observed. I Triangles. Distances of the stations from the 

intersected objects, 
..IIL.l --.II---- 

Feet. 

p ings ton  Church 

Horndean Church 

)Great Boat House 

Brixton Church 

} Mark - - 

J 

JF'awley Church 
J 

1 

Flagstaf€; Calshot 
Castle - - 

Motteston Down 57 30 91814 
Farekam Church 



I: 893 J 

DqnnoseI - - 
Motteston Down - 
Porcbester Church 

tteston Down - 
I-amble Church 

Humble Saltern - 
bunn~se I " 

Motteston DOWII - 
Gov. Hornby's House, 

Cent re Pedim en t 
Dunnose - - 
Motteston Down - 
Wurblingtoii Church 
Dunnose ' - - 
Motteston Down - 
Bursledon Windmill 
Dunnose - - 
Mottestoii Down - 
Porcbester Castle 
L)uunose - - 
Motteston Down - 
Havant Cbrircb 
Dean Hill - - 
120iii* Mile-stonc - 
CYi,,tarslosv Chlrcb 
Dew Hill - - 
Du 11 nose - I 

parley Moiiumerit 
Motteston L)own - 

Bariow Dowii 
Horde G??llI 'CI~ 

- 

I__ 

I 

Distances of the stations from the 
intcrsected objects. I Angles 

observed. 

Feet. 
897 go 58 Porchester 89086 
57 50 55 1 Church - { 96863 

57 49 18 )Govcr. Hornby's 86309 
8% ,re 7 HOLW - { 7gGei ; 48 57 49 f Churci 

I 1 
'1' t 

I 



c 3414, J 

1 

Hurst Castle - 

I 'I 

Kilminston Down 
Suni mer House 

}PO& Church 
I 

Fordington } Church - 
--- 
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Nine Barrow Down 
Black Down L 

Dorchester Church 

I 1 

Feet. 
Dorchester 

Church - i 51k 3i } 
80 85 4= 

Distances of the stations from the I observed. I intersected objects. 
Angles . , Triangles. 

-~ . . . . 

Andrew's I 
1% g e {\Mr.Trenchards - 1 5666'0 - 
a 

Nine Barrow Down 
Win reen - - 
Mr. % rencbard's Tower 

near Lytchet 
Nine Bp-row Down . 

Nine Barrow Down 
Wingreen - - 
Centre of the Barrozv on 

Creed Hill, Isle .J 
Purbeck 

Nine Barrow Uown 

Yatie on the Custle,Bra?tk- 

Nine Barrow DQW 11 

Norton Observatory 
Nine Barrow Down 

Staircase of Alfred's 
I Tower, ;n Stourhead 

Wiiigreen - - 

Wingreen - - 8  

Wingreen - .. 

sea Island 

Park 
Tt2 



I 

Barrow, Suiyre Head, 
Isle of Purbeck 

Motteston Down from Wingreen 197090 feet. 
Motteston Down - ' 40 j~opleycliurcli  - 961 83 

Beacon Hill - - 33 eo 34 }Altar-piece a t  28900 

Wingreen - - 1 0  13 47 
Sopley Cburck 
Dean Hill - - 53 2 1  38 }Salisbury Spire - 
Beacon Hill - 55 37 0' 
Salisbury Spire 

Four Mile-stone - 34 59 8 
Altar -piece a t  Stone 

Stone Henge { 22978 

Angles I observcd. 
Triangles. 

Henge 

- - .  

Nine Barrow Down 4; 2 j  2i,  
Wingreen - 445 8 30 

NineBarrowDown 66 36 o 
Wingreen - - 29 45 57 
Christcburcb Tower 
NineBarrowDown 7 9  43 29 
Wingreen - 29 13 29 
WarrenSummerHouse, 

Chistchurch Head 

- * 

I 

Distances of tlic stations from the 
intersected objects. - 

1 Feet. 

Beacon Hill - - 2o 44 '7 
Four Mile-stone - 11 5% 14 
Amesbury Church 

House - - Warren Summer- 1 

}Amesbury Cliurch 



Triangles. I 
}OM Hartford Hut { 

-- I 

33801 
11 5 1 3  

borough 
Beacon Hill - - 
Four Mile-stone - 
Nor t b Windmill, Sa lis 

bury Plaiiz . 
Beacon Hill - I 

Four Mile-stone - 
South Windmill, Salis 

ljeacoii I-Ml - - 
Wingreen - - 
Clay Hill Barrow, ?ita 

bury Plain. 

Warminsier 

Distatices of the stations from the 
intcrsectcd objects. 

I Feet. 

Angles . 
observed. 

106' e)G ;I 

56 '3 33 

139 94 37 
"8 7 41 

1 1 9  35 33 
39 11 38 

145 490 
131 5% 1 7  

4 1  55 5% 
74 6' 39 

{ 42 4i6 Clay HillBarrow, 
70 X S  96' 1 or Copt Heap - 

)North Windinill { 

}South Wiiidmill { 

Triangles for finding the distance of Portsmouth Observatory 
froin Dunnose. 



L 

Triangle#. Angles 

- -- I s Dutlnose 91 35" 32 

Ball of the Cupola of 
Portsmouth Academy 

Motteston Down $0 43 36 

Remarks. 
In an operation of this kind, it naturally follows, when the ob- 

jects intersected are at considerable distances from the stations, 
there must be great difficulty ,in ascertaining their lwecise situa- 
tions from the appearance of the country. Under such circum- 
stances their names sometimes cannot be discovered; and it has 

Distances of the stations from the 
~ intersected 01, Feet, 1 

Portsmouth Aca- 69787 
derny. - 90119, 
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been found, that the best maps of which we are in possession, were 
by no means sufficiently correct to be of much service in that par- 
ticular. It is obvious also, without a very intimate knowledge of 
the interior parts of the country (of which it is impossible, in the 
present state of the Survey, we call be altogether possessed), there 
must be some difficulty to identify them, when their distances ex- 
aeed twelve or fourteen miles. We have, therefore, when such an 
uiicertainty existed, had recourse to some intelligent person well 

minted with the country, by whom we have been informed of 
r names. 111 this respect we have to acknowledge the services 

of Mr, Cardner, chief Draftsman at the Tower, by whose assist- 
ance, from his intimate knowledge of the county of Sussex, we have 
been able to determine, with certainty, the iiames of many places, 
which we might otherwise have considered as doubtful. Of the 
triangles here given, there is not much reason to believe there has 
been any misnomer ; but, as there is not altogether a certainty 
that all are rightly named, or the objects actually intersected, we 
have prefixed a D to those we consider as doubtful. 

I t  may be proper to observe, that in taklng the angles, the most 
defined parts of the objects have been selected, unless they were 
church towers without spires or pyramidical roofs, when the angles 
were taken to the middles of the towers. If the objects were wind- 
mills, resting (as they sometimes do) on great spiiidles, the obser- 
vatioiis have been made to those spiiiclles; but in-other cases, 
when the supports were undefined, the mills theinselves were 
intersect cd. 



Survey,ftom fbc 
ose, respectively ; 

erpendiczllars to those Meridians ; with 
tions, from the Parallels to  the Me 

I 38. Meridian of Greenwich. 

Bearings Crom the Parallels to the Meridian. 

._ ~ 

wntfield Church - 

Hbtpierpoint Church - 
Liiidfield Church - 

0 I I? 

eg ig 25 SE 
11 41 43 S W  
g 56 o SW 

78 i o  g SE 

87 6 34 NW 
20 41 53 SE 

88 37 2 NE 
60 43 18 NE 
63 33 1 1  SE 
65 94 o SE 
6% 8 e8 SE 
81 34 20 NE 

65 68 55 SE 
70 53 38 NE 
14 30 17 NW 
77 33 40 NW 

36 87 57 NW 

12 e8 47 SW 

$5 0 49 NW 

63 eo $6 N W  

34 e6 16 NW 
24 48 29 NW 

12 io e5 N W  
6 29 54- NE 

9 io 51 NE 

Distancee 
Vrom perp. 

Feet. 
-- 
ego995 
e 
e 
187407 
e 161 29 

208,569 
173493 
935099 
230963 

2 18625 
203077 
194995 

7 
4 

178068 
I 60346 
23651 1 
17e58c 
185011 
198504 
_. 169199 



* d3cdriags from, the Parallels to the Meridiatl. 

Hailsham 'Church - 
Dallington Cliurcli - 

Mayfield Church - 
Crowborough Chapel - 
13estbeecli Windinill - 
Fairden Tower - - 
Tatesfield Church - 
Charlwood Church - 
Evelyn's Obelisk - - 

Fide Wind mi 11 .. 
Bed d i qgh a in W i 11 d In i 11 - 
Norsham Church - - 
Farnhain Castle - - 
Euliurst \Vindmill - - 
Euhurst Church - 
St. Martha's Chapel - 
Norris's Obelisk (Uagslio 

West Hoathly Chiircli .. 
Heath) - ..I 

0 I I I  

14 31 58 SE 
70 4 58 SE 
20 4 48 SE 
$1 17 $6' SE 

G SW 
30 46 ee SE 
39 38 $8 SE 

41 49 55 SE 

66 31 44 N E  

1+ 

25 0' 60 SE 

4 1 1  47 SE 

49 25 48 sw 
1 1  49 44 SI47 

$3 37 19 SE 
11 54 95 SII: 

69 16 4% sw 
6g 45 21 N W  

40 18 35 SE 

So 43 18 N W  
Sfi 21 tj8 SW 

e l  e6 48 N E *  

I 139. Meridian of Beachy Heild. 

1 u 11 



Bearings he Parallels to the Meridian. 
\ '  

-- 
At Chanctonbury Ring. 

Shoreham Church - - 
Southwick Church - 
Goring Church - 
Bramber Windmill - 
Findon Temple - - 

I I I  

i 6  37 4 SE 
54 55 30 SE 
eo 14 1 1  sw 
7s '7  59 SE 
56' 38 48 sw 

Kirdford. Ch 
Wisborough 
Billinghurst Church - 
Rusper Church - - 1  

At Butser Hill. 

9 34 59 SE 
16' 152 SE 
24 40 58 SE 
15 ,5$ $8 SE 
32 27 33 SI3 
0 $51 26 SIC 

1.5 53 8 SE 
48 65 14 SE 
"7 59 46' sw 
60 9 "7 sw 

~ 

4 

Dirtances 
from merid 

Feet. 
19 1788 
114171 
1$828l 
123507 
15771 1 

- 

Flagstaff, Chichester Har- 
bour - - 

Cackharn Tower - 
Selsea High House - 
Bourn Church - 
Ower Rocks - " 

South Hayling Church - 
West ?'homey Church - 
Bow Hill Station - - 
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Bearings from the Parallels to the Meridian. I '  
At Butser Hill. 

Worseley's Obeiisk - - 
Ashey Down Sea Mark - 
Cowes Fort - - 
Portsdowii Windmill - 
South Sea Castle - 
Portsdown Hill Station - 
'Petworth Wjndmill - 

At Rook's Hill. 
West Tarring Church - 
High Down Windmill - 
Aiigmering Church - 
Paglmm Church - - 
Bersted Church - - 
Clapham Cliurcli - " 
Oving Church - - 
Felpham Windinill - 
Roxgrovc C h urcli - c 

Portfield Windmill - 
Chichester Spire - - 
Hartiiig Windinill - - 
Sir H. Fetherstonhaugh's 

Tower - .m 

Sir R. Hotham's Flagstaff 

A/ Duitriose. 

Clark's Folly - - 

Goodwood HOUW - - 

43443 1 sw 
94 15 6 SW 
1 0  4 51 sw 
18 51 36 SW 
34"' e 0 sw 
87 o 38 NE 

51 a5 10 NW 
ea 57 0 SE 

- 
Distances 
rom perp, 

Feet. 
-- 

796 
94999 
55887 
86969 
858 e5 
5836'1 
8756'5 

r3Cioie 

76'999 
77511 
771t59 
55757 
64595 
89990 
80477 

85548 

81897 
79801 

'84458 

59477 

6 1860 

99970 

194x96 

1 

954w 
954ot3 
4eoeo 
6850% 
3158 



Bearings frons the Parallels to thq Meridian. 

S. Windmill, Salisbury I'lair 

At Motteston Down. 
Ramsden Hill Station - 
HoTdle Church - .. 
Milford Church - - 
lYlilton Church - L 

Hurst Light House - 
Hurst Castle - - 
Lord Bute's House - 
Summer House, Kilminstoi 

Down - c 

----- 
At Dunnose. 

Brixton Church, - L 

Calshot Castle - - 
Fawfey Church - 
East Cowes Sea Mark - 
Bursledon Windmill - 
Hamble Church .- - 
Hamble Saltern - - 
Governor Hornby's House 
Mfarblington Church - 
Farley Monument - 
Portsmouth Church - -- Academy - - Observatory 
FarehamChurch - - 
Parchester Church - 
Mavant C hureli + - - 

At Dem Hill. 
Salisbury Spire - 
Stockbridge Hill Station 
iWintersIow Church - 

24 36' 49 NW 
i u  1 1  1 1  NW 

19 g 40 N E  
18 o %A, N E  

68 52 g NW 
55 40 ie N E  
l e  ,fj 5 NW 

21  1 1  6 NW 
28 $6' 44 N W  

65 47 6 NW 
60 14 32 NW 
g6,51 27 N W  

60 12 16 NW 
66 43 e NW 

59 3.9 SI NW 
60 96 47 NW 

23 24 52 N E  

- 
1istancc.s 
.om Imp. 

Feet. 
-- 

gee0 
73599 
77 16'3 
5175% 

L 00938 
87546 
84,570 
8306'8 
8495.5 

15q65 

6'6'499 

796'7% 
t3506'6' 

6 i e  83g' 
66'369 

8646'2 

169983 
181446' 
17309 1 

a 10275 
9 ' 3446 

5537 7 
4oeic 
4oee8 
447799 
3% 95c 
853946 
43747 

14,5161 
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At Btacon Hill. 
Amesbury Church - 
Summer House, Martincel' 

Hill - - 
Everley Church - - 
Stone Henge - - 
Old*Hartford Hut - 
Clay Hill, or Copt Heap 

1 Re.irings from the Parallels to the Meridian. 

At Motteston Down. 
Sir J .  DoyIey's House - 
Belvidere House - I) 

At Nine Barrow Down. 

Horton Observatory - 
Branksea Castle - 
Ririgwood Chirrch - 
Mo le's 'Court Sumincr 

C 11 ris t ch u rc 11 l'o w e r - 
Christchurch Head - 
Po& Chbrclr - .. 
Pitt's Factory - - 
Creech Barrow - - 
Mr. Treiichard's Tower 
0 bel isk , ilea r M i 1b ou r 11 
Fordington Church - 
Dorchester Church - - 
Alfred's Tower - - 

Sopley Church - - 
Wyke Church - - 

Sywre Head - - 

Hy,US, - - 

73 39 $0 sw 

The bearings of the objects from the parallels to the meridians at 
the different stations, are inserted in  the above table, in order that 
the numbers in the two last colurniis may be examined with greater 
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facility, The method of obtaining them is similar to that in Art. 59. 
and 130, thus : 

At Beacon Hill, the bearing of Clay Will is 85' 54' 8" N W; this, 
with the distance between Beacon Hill and Clay Hill, give 116916, 
and 8376 feet, for the distances of the latter place from the parallels 
to the meridian of Dunnose, and its perpendicular. But the dis- 
tances of Beacon Hill from that meridian, and perpendicular, are 
ieoioi  feet, and eo6757 feet; therefore ileoiol + 116916= srg7017 
feet, and eo6757 + 8376 = e15133 feet, are the distances of' Clay 
Hill from the meridian of Dunnose, and its perpendicular. 

Names of objects. 

Latitudes and Longitudes of the intersected Objects. 

141 Latitudes and Longitudes of sucb Places upon the Sea Coast, and 
near it, as have been refPrred to tbe Meridian of Greenwicb. 

Latitude. 

t 

Bexhill Church - 
Pevensey Church - 
Westham Church - 
Willingdon Church - 
Jevington Windmill - 
Firle Beacw Station 
Fide Windmill - 
Fide Church - - 
Beddingham Windmill 
'HaiIsham Churah - 
Starting House, Brighton 
Spittal Windmill - 

0 1  

50 50 42.7 
50 49 11.9 
50 49 4 
50 49 31.9 
50 47 12,3 
50 50 2.7 
50 50 4.8 
50 50 49.9 
50 50 8.3 
50 g i  @.ct 
60 59 44.7 
50 49 48.1 

__ - 

Lorigitude from Greenwich. 

In degrees. 

o ig 4j.8 E 
o 14 40.6 E 
o 14 19.8 E 
o 6 33.3 E 
o 5 30.6 E 
o 5 ea.4 E 
o 3 50,i E 

o 6 28.r; W 

0 ' 5  ,3923 E 
0 1 28.3 w 

I n  time. .- 
m. s. 

1 54.9 
1 90.9 

1 19 
0 58.7 
0 66.9 
o 36.51 

o 91.5 
0 15.3 
I 51.6 
0 e 6  
0 95.9 

0 98 
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Longitude 

Bereby Herd. 
WC8t or -- 

0 I II 

o 27 7.1 
o 29 32.8 
0 3' 3' 
o sa 30.8 
0 3s 31 .1  
0 40 56.5 
o 40 50.8 

iqrr. h t i t u d 6 s  and Longitudes of sucb Places upon tbe &a Coast, and neat it, 
$ .as bavr been re@ted to tbe Meridian of Beacby Head. 

Lon itude weit of 
d-wich. 

In d e w  In time. 

0 , & m* s* 
o I I  55.2 o 47.7 
0 1 z0.g 0 57*3 

0 $7 ' a 9  " 9 3  
o 20 19.2 I 11.3 

o 25 38.9 I 42.6 

- 
0 It; I g . 1  I 5.3 

0 2.5 44.6 1 43 

r I 

West Tarrin Church - - 
High Down bindmill - 
Cfapham Church - 
Anperh i  Church - - 
Fclpham airidinill - 
Bersted Church - 
Gov. Hornby's House - - 
Sir R .  Hotham's Flagstaff - 
Oving Church - 
PaBham Church - 
Sel~ca Church - 
Selsca High House - 
Srlcrrr Windmill - .) 

Del Key, or Dalkey Windmill 
Bosham Church - 
Cackham Tower - - 
West Thorney Church - 
Pritisted Wiirdmill - - 
Watch House, Chichester Harbour 
West Bourn Church - - 
Warblington Church - 
South Hayling Cliurcli - - 
Clark's Folly 

Chlchester Spire - - I  

- 

Latitude. I Ninrar of ab&& I 
Brighthelmstone Church - - 
Southwick Church (Susrcx) - 
Bnnber Windmill - - 
SlecyDwrnSt*tion - 
Goring Church - . .) 

Findoh Temple - - - 

SholYhPCnChWeh - 

148. Latitudes and Longitudes of sucb Places upon tbt Sea Coast, and neat it, 
tu bava bcsrt rejerred to tbs Meridian Durrttcrru. 

In degrees. In tim. 

B i n  

4 8  E o a3 35 

o 43 52.6 F, o 27 43.4 
o 42 40.8 E o 2 8  5 5 . 2  

o 3 2  27.6 E o 39 8.4 
o 3 1  18.2 E o 90 17.8 
o 6 4.2 W I 17 40.2 
o 3 1  1.7 E o 40 34.3 
o a8 30.4 E o 43 5.6 

o 25 0.1 E o 46 3 5 . 9  

o 23 42.2 J?: o 47 53.8 
o 23 31.6 E , o 48 4.4 
o 22 56.3 E o 48 39.7 
o 20 16.9 E o 5 1  19.1 
o 1 8  33.7 E o 53 2.3 
o 17 20.8 E o 54 15.z 
o 16 er.4 E o 54 51.6 

o 16 11.7 E o 55 24.3 
o 14 10.4 E o 57 25.6 
o 13 16.1 E o 5 8  19.9 
0 10 56.3 E I 0 39.7 

0 44 4s E 0 26 5' 

0 26, 56.1 E 0 44 39.9 

0 25 s4.7 E 0 45 41.3 

16 n.3 E o $5 27.7 



Name6 of objetta: 
1 

-cI - 
~. 

Cumberland Fort , - 
Kiiigston Church - - 
Havant Church - 
Portedown Windmili - - 
Portsdown Station - - 
Portsmouth Church - - 
Portsmouth Academy - - 
Portsmouth Observatory - 
South Sea Castk - 
Porchester Church - 
Porchester Castle - 
Fareham Church - - 
Hamble Saltern - - 
Hamble Church - 
Calshot Castle - 
Luttrell's Folly - 
Fawley Church - 
Hurst Castle 
Hurst Light House - - 
Ashey Down Sea Mark - 
East Cowes Sea Mark - 
West Cower; Fort - 
St. Catherine's Light House - 
Needles Light flouse - - 
Milford Church - 
Milton Church - 
Hordle Church - 
Lord 8ute's House .. 
Christchurch Head - 
Christchurch 'rower - - 
Kamsden Hill - 
Cdstle, Branksea Islalid - 
Poolc Cliiirch - 
Flag staff; Mr. Pitt's Factory 
Crcech Barrow - 
Barrow, Swyre IIcad - 
Bo,it House - 
Wykc Church - 
Brilxron Church - 
Horse-shoe Summer House - 
3ir R, Worseley's O!ielisk - 
Ower Rocks 

- 

- -  

- 

Latitude. 
Is degrrer, --- 

e , .~ ' 1 43 
I 4 16.9 
0 5 8  37.7 
I 3 49.' 
I 6 12.6 
1 5 57.3 
1 6 t . 3  ' I 58.7 
I 5; s.7 
I 6 19.1 
I 6 35.5 
I IO 10.7 
I 18 15.2 
I 1 8  44.6 

I 19 7.5 
I 20 44.4 
I 32 45.5 
I 32 5 0  
1 10 57.8 
I 16 15.2 
I 17 17.1 

I 17 50.7 

I 34 59.9 
I 39 28.4 
I 36 22.5 
1 42 9.7 
1 45 '0.5 

' 48 
1 5 7  1.5 
I 5 8  54.6 
2 3 7.9 

2 5 10.8 
I 2 2  409 
z 28 10.2 
J 23 25 2 

I 1 8  33.7 
1 '4  35.4 
0 39 s9 5 

1 18 5.6 

1 33 55.2 

I 46 $4 

2 6 14.9 

0 i I/' - 
i o  47 20.8 
50 48 '3 5 
50 5 1  5.4 
50 5 1  17.6 
5 0  5 1  30.6 
50  47 26.8 
50 48 1.6 
5 0  48 2.9 
so 46 4= 5 
50 50  12.7 
50 50 18.6 
50 5 1  19.8 
5 0  5 '  0.9 
SO 5' 30.3 
so 43 12.7 
$0 48 22.5 
5 0  49 47.7 
$0 42 23.4 
50 42 23 4 
50 41 6.8 
5 0  45 37.5 
so 46 18 .2  
50 35 33.' 
50 39 53.2 
50 43 41.7 
5 0  44 55 2 
50 43 41.2 
50 44 '4.5 
5 0  42 57.3 
50 43 56 8 
5 0  46 7.5 
i o  4' 19.5 
5 0  1 2  50 
50 36 46.5 
50 38 9.8 
50 36 3 2  4 
50 37 379 
FO 3c 57.5: 
50 38 37.6 
5 0  44 34.2 
5 0  36 59.5 
5" 39 5 7 . 3  

In  time. 

m. s# 

4 17.1 
3 545 
4 15.3 
4 q . 8  
Q 23.8 
4 24.1 
4 23.9 
4 ao.1 
4 25.9 
4 26.3 
4 40.7 
5 13 
5 I S  

5 16.5 
5v z 2 . 9  
6 I I  
6 11.3 
4 43.8 
5 5 
5 9.1 
5 11.3 
6 15.7 
6 20 

4 6.9 

12.4 

2 37.9 
25.5 

6 48.6 
7 0.7 
7 4.2 
7 12.5 
7 48.1 
7 55.6 
8 12.5 

8 20.7 
5 3047 
9 52.7 
5 33.7 
5 14.2 
4 58.3 
2 40 

8 25 

Longithdc from 
Dunnose. 

I .  

0 .  I I1 

9 53.2 = 
) 7 19.1 E 
> 1 2  5 8 . 3  E 
2 7469 ' 5 =3*c ' 5 38.7 E: 
3 5 34.7 E ' 5 37.3 
3 6 34.3 E 

0 5 0.5 
3 I 25.3 E 
3 6 39.2 w 
0 7 8.6 w 
0 7 3 1 . 5  w 
0 9 8.4 w 
0 21 9*5 w 
0 0 38.2 E 
0 4 39,2 w 

' 5 6.9 ; 

o 6 29.6 W 

0 2 1  I4 w 

o 5 41.1 W 
o 6 14.7 W 
o 22 19.2 W 
0 23 2 3 9  w 
o 27 52.4 W 
o 24 46.5 W 
0 3 0  33.7 w 
0 33 34.5 w 
0 34 27.4 w 
0 36 3 2  w 
0 45 2 5 . 5  w 
0 51  31.3 w 
0 54 38.9 I& 
0 53 34.8 Tt 
0 1 1  4 9 u  

0 I 1  ,+').2 u 
0 6 57.7 
0 = 59.4 u 
o 3 1  36.5, I 

o 47 1 8 6  W 

I 16 34.2 W 



144. Latitudes and Longitrides of tbose Ptuces remote from tbe Sea Coast, 
wbicb bava been r@srred to tlm Meridian of Grrcmwicb, 

Nmmer of objecto. 
Longitude from Greenwich. 

In drgreca. In timt, 
Latitude. 

East Grinsted Church - .* - 
Fairden Tower - - 
Tatesficld Church - - 
Evelyn's Obelisk, Felbridge Park - 
West h t h l y  Church - 
Plumpton Church - - 
Lindhefd Church - - - 
Wyvelsfield Church - - - 
Little Horsted Church - - 
Dirchling Church - I - 
Keymer Church - 
Cuckfield Church - . 
Waldron Church - .. 
Crowborough Chapel - 
Hurstpierpoint Church - - 
Chittingl Church - 
Bolney CXurch - . I 

Sllrughnm Church - 
Rotherfield Church - - - 
Charlwood Church - 
Mayfield Church - - 
Homehurst Church - .I - 
Bcstbecch Windmill 
Blackheath Windmill (near Heathfield) 
Horsham Church - .. 
Hurstmonceux Church - - 
Wot Grinsted Church - 
Dallin tonchurch - - 
Ninaficqd Church - . 
T'hakcham Church . - 
Euhurst Church - - 
Euhurst Windmill - - 
Mountfield Church - - 
St. Martha's Chapel - - 
Nonir's Obelisk - . 

0" d 1c6.2 E 
o 0 3 . 9  E 

0 3 ' 3  w 
0 4 1 Z . I  w 
0 4 3 8  w 
0 5 3 s  
0 6 49.5 w 
0 7 35.9 w 
o 8 ay.8 W 
0 1 0  45'5 E 
o 9 56.8 E 
o io 42.1 W 
o 1 1  47 E 
o 1 a 5  W 

o 1 3  30.1 W 
o 1 5  40 E 
o 23 25.5 J3 
o 18 30.7 E 
0 1 9  o E 
o iy $2.7 W 

o ig 53,a W 
o 21 31.8 E 
o 25 ar.6 f3 
0 25 7.1 w 
o 26 16.6 W 

o 15.4 d B 

0 5 36.3 ; 

0 2 40.9 w 

0 O IS 1 3  % T 

o 19 41.7 E 

I 

m. s. 
0 2.8, 
0 3.6 
0 7.7 
8 ra.7 
0 12.9 
o 16.8 
o 18.5 
o a2.4 
o i a . 3  
0 27.3 
0 P 4  
0 34 

41.8 
39.7 

o 42.8 
0 47-1 
0 48.3 

0 s2. 

0 54 
o 2.7 

0 '9.8 

I f  :i' 
I 18.9 
I 18.8 
1 194 
I .  16.1 
* 4x14 
1 40.5 
f 45.1 ' 49.9 
f 564 
2 6.2 
2 56-5 

3 55.-  
3 11.8~ 

XX 



145. Latitudes and Longitudes of tbose Places mmofe front tbe Sea Coast, 
whicb bave been rGferrcd tu the Meridian of Dunnose. 

Name, of objects. 

Clay Hill, or Copt Heap - 
I 

Longitude from 
Dunno#e. -- 

0 I I# 

3 54 59.' E 
0 44 43.9 E 
o 41 22.4 E 
0 38 49.9 
0 36 410.7 
0 35 10.2 
o 33 28,7 E 
o 41 41 E 
o 29 10.1 E 
o 26 10.5 E 
o 25 48.9 E 

o 27 26.7 E 
o 19 38.1 E 

o I :  15.1 E 

o o 50.8 E 

o 6 58.3  W 

0 18 04 E 

0 2 2  3 . 3  E 

0 I 8  52.3 E 

0 5 11.7 E 

0 6 49.9 w 
0 1 0  7 .5  w 
0 12 204 w 
0 '9 3.4 w 
0 28 27 w 

0 35 40 

0 I2 54aI w 
o 15 32.2 W 

0 3 0  27.3 w 
0 30 29.3 $ 
0 33 45 w 

1.5 w 0" ;; 0.x w 
o 35 24.2 W 
0 35 57.5 w 
0 37 31.8 w 
o 39 32.1 W 
o 42 7.2 W 
0 41 44.8 w 
0 45 25.3 w 
0 54 0 0 5  w 
I I 49.8 w 
1 9 45.5 w 
I 4 22.H w 
I ' 3  3 5 4 5  w 
I 14 4.1 W 

Longitude went of 
Grcenwich. 

I n  degrees. In  time. 
I__- 

: 16 39.9 
o 26 51 .1  
o 30 13.6 
o 32 46.1 
0 3 4  53.3 
o 36 25.8 
0 38 7.3 
0 29 5 5  
0 42 25.9 
0 45 25.5 * 45 $7.1 
0 23 35.6 
0 44 9.3 
0 49 32.7 
0 5 1  57.8 
0 5 2  43.7 
I o 20.9 
I 6 24.3 
1 10  45.2 
I 18 25.9 
I 18 34.3 
I 21 43.5 
I 24 30.1 
f 23 56.4 
1 27 8.2 ' 30 39.4 
I 40 3 
I 42 3.3 
I 42 2.3 
I 47 16 
1 45 21 
1 45 37.5 
I +6 36.8 
1 47 0 .2  
1 47 33.5 
I 49 7.8 
I 5 1  8.1 

I 53 43.2 
& 59  ao48 
I 5 7  1.3 
2 5 36.5 
2 13 25.8 
2 2 1  21.5 
z 1 5  58,8 
2 25 11.5 
z 25 40 I 

-- 
I. 8 .  
I 6,s  
I 47.5 
2 0 9  

z 19.6 
2 25.7 ' 32.5 
I 59.7 

49.7 
3 1.7 
3 3.' 

z 56. 
3 18.2 

3 27.8 
3 30.9 + 1.4 
4 22.6 
4 43 
5 13*7 

s 2 e 9  
5 38 
5 35.8  
5 48.5 
6 2.6 
6 40.2 
6 48.1 
6 48.3 
7 9.1 
7 1.4 
7 2'5 
7 6.5 
7 8  
7 10.2 

7 16.5 
7 24.5 
7 34.9 
7 4'*4 
7 48.1 
8 21.4 
8 5 3 7  
9 '5.4 
9 3.9 
9 40.7 
9 42.7 

L 11.1 

3 34 .8  

5 y . 3  

- 



Heigkts of tbe Stations ; and Terrestrial Refractions, 

146. Elevations and Depressions. 

At Hanger Hill. 

I II 

The ground at St. Ann’s Hill depr. 4 36 
at Banstead elev. 10 89 

At St. Ann’s Hill. 

The top of the flagstaff near 
Hampton Poorhouse depr. 1s 54 

N.B. The flagstaff was about 41 fect high. 

Nenr Hampton Poorkpusc. 

The ground at St. Ann’s Hill eleu. 8 17 Instrument on the whole 
scaffold : the axis about 364 feet hi& 

At Banstead. 

at Shooter’s Hill depr. 1 1  7 
The ground at Leith Hill elev. 17 e9 

at St. Ann’s will depr. 9% 
at Hanger Hill depr, ee 35 axis 204 feet high. 

The top of the flagstaff at 
Botley Hill - ..I 

xx % 



At Leitb Hill, 
The top of the flagstaff at  I tI 

Banstead - depr. 95 57 The staff about 274 feet 
of the flagst. at Botley Hill depr. 8 46 high, 

at Crowborough Beacon 
at Ditchling Beacon 
at Chanctonbury Ring 

The horizon of the sea 
through Shoreham Gap, 
on July ed, 1799, at i o  in 
the forenoon - depr, 30 6 

The top of Severndroog Castle depr. ee g 

Theground at Hind Head depr. 8 e8 
depr. 13 48 
depr. re 34 
depr. 13 io 

N. B. The axis of the telescope when at Shooter’s Hill, was about 
294 feet lower than the top of the Castle. 

At Shooter’s Hill, 
The ground at Leith Hill elev. e $5 

at Banstead - elev. o 15 
. On Bagsbot Haatb. 

elev, io 37 
at St, Ann’s Hill depr. ie go 

The ground at Hind Head 

At Hind Head, 
The ground at Leith Hill depr. e 59 

at Chanctonbury Ring depr. 11 11 
at Rook’sHill - depr. 14 51 
at Butser Hill d e P .  5 544 
at Bagshot Heath ‘depr. e3 re 
a t  Highclere - depr. io 49 



On Rook's Hill. 
I f l  

Theground at Hind Head ' elm. 3 9 

at Butser Hill elm. 7 eg 
at Chanctonbury Ring depr. 1 35 
at Bow Hill - depr. 1 5 
atportdown - depr. 16 em 

at Dunnose d*r* 7 31 

Horizon of the sea, in the Di- 
rection of Chiohester spire, 
about noon on Sept. e, 17ge, depr. e5 80 

At Butser Hill. 
The p u n d  at Highclere dcpr. g eg 

at Motteston Down depr. 35 e7 
at Dunnose .. depr. is go 

Top of flagstaff at Rooks Hill depr. 15 6 The stdF 20 feet high. 

at Hind Head I dcpr. 4 44 

At Cbanctonbury Ring. 

The ground at Rook's Hill depr. 10 46 
at Hind Head dept. 4 eo 
at Leith Hill depr, 1 ig 

at Beachy Head depr. 16 97-11 the half scaffold: the 
axis 20) feet high. 

At Dunnose. 
The ground at Nine Barrow 

&Pr* 15 57 Down - ... 
at DeanHill dspr. 17 e4 
at Rook's Hill depr. 10 8 
at Butser Hill depr. 6 4 



On Ditcbliug Beacon. 

The ground at Leith Hill depr. i $6 

On Fairligbt Down. 
The ground at Beachy Head depr. 7 45 

o 49 The ground at the Wind- at Brightling Windmill depr. 
mill is about 4 feet highet than the axis of the telescope when 
at Brightling. 

Otz Br&btling Dowrr. 

7 56 
at Beachy Head - depr. 8 44 
at Crowborough Beacon dew. 3 54 

The ground at Fairlight Down depr. 

At Crowbarougb Beacon. 

The! ground at Leith Hill depr. 4, 8 
at Brightling Windmill depr. 1% e i  
at Botley Hill - depr. 3 5 

At Beachy Head. 

The ground at Fairlight Down depr. 8 17 
at Brightling Windmill depr. 1 48 
at Chanctonbury Ring depr. 8 5 6 

At Dean Hill. 

The ground at Highclsre elm. o 46 
at Beacon Hill dev. 4 47 
at Wingreen eltv. 5 5 
at Dunnose depr. 7 56 



The ground at Highclere depr. 6 & 
at Wingreen depr. o 34 
at DeanHill depr. 13 3 3  

At H&bclere. 
The ground at Hind Head d q r .  i o  49 

at Butser Hill depr. 9 e6 
at Dean Hill dgr.  18 i e  
at Beacon Hill depr. 13 15 

On Nine Barrow Down. 
The ground at Wingreen dcpr. 1 eo 

at Dunnose depr. IO 8 
The sea in a south direction, 

about noon, April 11,1794 d e p .  94 16 

At Wingreen. 
The ground at Beacon Hill 

at Nine Barrow Down 
at Dean Hill - depr. eo i g  * 

dcpr. 15 30 
depr. 17 40 

ET. B. The axis of the telescope was always about sf feet from the ground, unless the 
conrrary is specified. And it is also to be noted, that 6" must be subtracted from 
the elevations, and added to the depressions, on account of the error in the parallelism 
of the line of collimation of the telescope, and the rod attached to its side, upon 
which the level is hung. 

147. He&& ofbhc Station at Dunnost. 

With a view to obtain the heights of the stations nearly, from 
their elevations or depressions, we determined the height d that 



at Dunnose above low water, in May, 1793, by levelling down to 
the sea shore near Shanklin, a distance of about a mile. Instead 
of a levelling telescope, we made use of the transit instrument, 
which, on account of its very accurate spirit level, seems extremely 

for the purpose. Two circular wooden platforms 
were provided, broad enough for the feet of the transit stand; 
these platforms rested on pegs driven into the ground, and were 
always made horizontal at the time of levelling, by means of a 
mahogany spar, or straight-edge, furnished with a spirit level. 
The graduated rods, of course, were constantly set vertical on the 
lowest platform, while the transit stood on the other. 

The ground is favourable enough down to Shanklin Chine : this 
is a large deep chasm, opening to the sea; but the descent is not 
so sudden on the westerii side, which is by far the steepest, and to 
which we levelled, but a person may get up or down with safety, 
We found its perpendicular height by means of several rods placed 
end ways against the sloping side, and supported in an horizontal 
position, and then letting fall a measuring tape from one rod to 
another : but this was the most troublesome and difficult part of 
the whole operation. The fall from the bottom of this chasm or 
opening, to the water’s edge, was found in the usual manner. 

The whole perpendicular descent thus determined, was 799 feet; 
which, we have no reason to suppose, is more than e or 8 feet wide 
of the truth. We finished at low water on May 10 ; and therefore 
the height of the station above low water at spring tides will, no 
doubt, be a very few feet more. 

r48. Heights of Rook’s Ijlill and Butser Hill. 
the ground at Rook‘s Hill - - depr. i‘e 1’4, 

Du niiose at Butser Hill - - depr. 6 io 
At Rook‘s the ground at Dunnose 

Hill { at Butser Hill - - e e v .  7 17 
.. - “‘a 737 

At { 



At Butser the ground at Dunnose - - dqr .  is i6 - depr. 15 ie Hill { top of the flagstaff at Rook's Hill 

Dunnose and bok's  Hill ds ;I 1 
Dunnose and Butser Hill eg 8 cont&ned nearly. 
Butser Hill and Rook's Hill Q 591 

Hence, the mean refraction between Dunnose and Rook's Hill 
will be found 1'58"; between Duiinose and Butser Hill e' 16"; and 
between Butser Hill and Rook's Hill 47"; which are about &, &, 
T3 ' of the contained arcs respectively, as in the table, 

By the observations across the water, the ground at Rook's Hill 
would be 97 feet lower, and that at Butser Hill 13s feet higher, 
than Dunnose ; the sum is eeg feet for the difference of heights of 
Butser Hill and Rook's Hill, obtained in this manner ; but from 
the reciprocal observations, the ground at Rook's Hill is only oog 
feet lower than at Butser Hill, which is Jess than the former dif- 
ference by eo feet ; therefore, supposiiig each of the mean refrac- 
tions to have produced an equal error in the heights, we have 

79s - 97 + = 709 feet, for the height of Rook's Hill; and 

79% + 139 - - = 917 for that of Butser Hill. From those two 
determinations, the others in the following table have been ob- 
tained (the stations to the westward of Dunnose excepted) by 
taking a mean of the heights as derived from different routes. 
Those distinguished by an asterisk, were found by taking yi- of the 
contained arcs for refraction. 

20 

3 

149. Table containing tbe Heigbts of tbc Stations. 

Stations. Ground above 
low water. 

Feet. - 798 
70= 

Dunnose - - 
' Rook'sHill = - 

YY 



3 tations. 

Butser Hill - 
Hind Head - I 

Chancton bury Ring 
Leith Hill - - 
Ditchling Beacon - 
Fairlight Down - 
Brightling Down - 
Crow borough Beacon 

Ban stead - - 
Shooter's Hill I 

King's Arbour - 
Hampton Poorhouse 
St. Ann's Hill - 
Bagshot Heath - 
Dean Hill - - 
Beacon Hill - 
Old Sarum - 
Nine Barrow Down 

Beachy Head - 

Botley Hill - - 

Hanger Hill - 

Highclere - - 
Wingreen - - 
Motteston Down - 
BOW Hill - - 
Portsdown Hill - 

Ground above 
low water. 

Feet. 
9'7 
993 
814 
99s 
858 
564 

646 
804 

536 
446 

599 

890" 

5330 
118 

86 
940 

539 

e66 

900 
941 
698" 
702" 

463 

690 

64% 

447" 



150. Table of tbe mean Terrestrial Rsfractions, 

Between Meon Refraction. 
Banstead and Shooter’s Hill - + of the contained arc. 
St. Ann’s Hill and Hampton Poorhouse i 

Beachy Head and Fairlight Down - .r$ 

4 5  Dunnose and Butser Hill - I 

i% Butser Hill and Hind Head 
Beachy Head and Chanctonbury Ring + 
Rook’s Hill and Dunnose - - A  
Leith Hill and Hind Head - ?I;r 
Bagshot Heath and St. Ann’s Hill - f i  * Dean Hill and Beacon Hill 

i% St. Ann’s Hill and Banstead 
Dimnose and Nine Barrow Down 
Leith Hill and Crowborough Beacon i% 

Rook‘s Hill and Hind Head 
3% Rook’s Hill ami Butser Hill 

Dunnose and Dean Hill - - A  
Dean Hill and Wingreen - - A  
Brightling and Fairlight Down - ii 
Leith Hill and Chanctonbury Ring 7% 

Leith Hill and Shooter’s Hill - *  
Brightling and Crowborough Beacon it 
Hanger Hill and Banstead .I i% 

Hanger Hill and St. Ann’s Hill - 7i4. 
Leith Hill and Banstead - - &  
Beacon Hill and Wingreen - * 

i Brightling and Beachy Head - 

Highclere and Butser Hill ... ?Is 

Highclere and Hind Head .. 
9 

1 
I I  
- 

- 
- - 

1 
I 3  
-- - 

- 

YY e 
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Between Mean Refhetion, 

Rook’s Hill and Chartanbury Ring 

k i t h  Hill and D i t c h l i  Beacon 
Mean of all the above, nearly 

Leith Hill and the Horizon - -i-’a 
Rook’s Hill arid the Horizon 
Nine Barrow Down and the Horizon ya 

$r of the contained arc. 
3% Nine Barrow Down and Wingreen - - - - 
f 
I O  

I 

-- - 

Remarks. 

151. The height of the ground at the station on St. Ann’s Will, 
(149.) is e40 feet ; but in the table, p. 180, it is p i  feet : this very 
great disagreement, however, principally arises from the variable- 
ness in the terrestrial refraction. At Hampaon Poorham, wben 
tQe instrument was at tbe same beight above tke ground, the differ- 
ence in the elevations of the ground at St. Aim’s Hill appears to 
have been 110 less than 9’ eS”, (p. 181). G e n e d  Roy took & of 
the contained arc for the efiect of refraction, and considered the 
height of St. Ann’s Hill, when dediiced from that of the station 
near Hampton Poorhouse, as more accurate than could be ob- 
tained by way of the station at the Hundred Acres. But, previous 
to the Survey in 1787, he found by the barometer, that the station 
on St. Ann’s Hill was eoo feet higher than the Thaws at Shep- 
perton ; and he added 88 feet for the descent to low water at the 
sea ; the sum is 933 feet, agreeing nearly with our determination. 

We take the height ofBotley Hill (8yofeet) a mean of goo,885,885, 
which the observations at Leith Hill, Banstead, and Crowborough 
Beacon respectively produce, by making use af of the contained 
arc8 for refraction : this height of the ground exs;eede that deduced 
from the table, p. 179 (880 - s t i i  859) by 81 feet.: but w are 



not certain of its being nearer the truth : only it may be remarked, 
that between the several stations from High Nook to Botley Hill, 
in the mme table, the mean refractions are very great. 
From the reciprocal observations at Leith Hill, Banstead, and 

Shooter's Hill, the height of the last station is 446 feet, which is the 
same, in fact, as that obtained in the following manner. General 
Roy found by levelling, that the floor of the upper story of the 
Bull Inn at Shooter's Hill was 444 feet above the Gun Wharf at 
Woolwich ; and he allowed 9% feet for the fall to low water at the 
sea; the sum is 466 feet, In 1794, we levelled from the Inn to the 
Station, and found the latter si feet lpwer than the floor, which 
taken from 466, there remains 445 feet for the Station's height. 

Notwithstanding this consistency, and also that in the height of 
St, Ann's Hill, found by different methods, it is evident from the 
observations cat Dunnose, Rook's Hill, and Butmr Hill, that rela- 
tive heights deduced from elevations, or depressions, cannot always 
be depended u p n  to less than about i o  &et, even supping those 
heights are the meam of two or three independent results, except, 
perhaps, reciprocal observations were made exactly at the Same 
time, The very great difference in the observed elevations of St. 
Ann's Hill, proves that no dependance can be placed on single ob- 
wrvations. But that was not the only instance ; for, at the station 
on Rook's Will, we found the depression of the ground at Chanc- 
tonbury Ring, vary from 1' 41" to s' go". The observations, how- 
ever, on which the tables are founded, were made in clow cloudy . 
days, or toward the evenings, when the tremulous motion in the 
air is aornmonly the least. 

It has been conjectured, that the variations in terrestrial refrac- 
tion, depend on the changes in the atmosphere iiidicRtd by the 
barometer and thermometer: this, however, cannot be the case 
when the mga of light pass near the earth's surfkce for any m i -  
derable distance, M. De la h n d e ,  it1 his Astronomy (Art. T4mwc. 



Ref.), remarks, that the mountains in Corsica are sometimes seen 
from the coasts of Genoa and Provence, but a t  other hours on the 
same days, they totally disappear, or are lost as it were in the sea. 
And the late General Roy frequently mentioned an instance of 
extraordinary refraction, which himself and Colonel Calderwood 
observed on Hounslow Heath, when they were tracing out the base. 
Their levelling telescope at Khg’s Arbour was directed towards 
Hampton Poorhouse, where a flagstaff was erected at the end of 
the base ; this for a long time they endeavoured in vain to disco- 
ver, till at last, very unexpectedly, it suddenly started up into view, 
and so high it seemed to be lifted, that the surface of the ground 
where it stood became visible. This will appear the more extra- 
ordinary, when it is considered, that n right line drawn from the 
eye at King’s Arbour to the other end of the base, would pass 8 or 
y feet below the surfitce of the iiiterinediate ground near the Duke 
of St. Alban’s Park. The following is still more singular. 66 I ob- 
<‘ served,” says Mr. DaSby, <( what seemed to me a very uncom- 
6‘ mon effect of terrestrial refraction, in April, 1793, as I went from 
“Freshwater Gate, in the Isle of Wight, towards the Needles. 
“ Soon after you leave Freshwater Gate,you get on a straight and 
‘6 easy ascent, which extends e or 3 miles; a mile, or perhaps a 
66 mile and an half beyond this to the  westward, is a rising ground, 
6‘ or hill ; and it is to be remarked, that its top and the aforesaid 
6‘ straight ascent, are nearly in the same plane : now ia walking 
66 towards this hill, I observed that its top (the only part visible) 
1‘ seemed to dance u p  and down in a very extraordinary manner ; 
66  which unusual appearance, however,evidently arose from unequal 
‘6 refraction, and the up-and-down moiiori i i i  walking ; but when 
‘4 the eye was brought to about B f‘ect from the ground, the top of 
‘6 the hill appeared totally detached, or lifted up from the lower 
4‘ part, for the sky was s e a l  under it, This phaenornenon I re- 
‘‘ peatedly observed. There was much dew, aiid the sun rather 

’ 



(6 warm for the season, consequently 8 great evaporation tool; place 
6' at that time." Here, and also on Houiislow Heath, the rays of 
light passed near the earth's surface a great way before they arrived 
at the eye; and it is more than probable, that moist vapours were 
the principal cause of the very unusual refractions : the truth of 
which conjecture seems to be verified by the following circum- 
stance. In measuring the base on Hounslow Heath, we had driven 
into the ground, at the distance of 100 feet froin each other, about 
30 pickets, so that their heads appeared through the boning tele- 
scope to be in a right line : this was done in  the afternoon, The 
following morning proved uncommonly dewy, and the sun shone 
bright ; when having occasion to replace the telescope, we re- 
marked that the heads of the pickets exhibited a curve, concave 
upwards, the farthermost pickets rising the highest ; and we con- 
cluded they were not properly driven, till in the afternoon, when 
we found that the curve appearance was lost, and the ebullition in 
the air had subsided. 

The new raised earth about the gun at King's Arbour, prevented 
a very accurate measurement of the height of the instrument above 
the point of commencertient of the base; and therefore two oppor- 
tunities only presented themselves for determining the actual ter- 
restrial refraction ; namely, at the ends of the base of verification. 
From the dcpressioii take11 at Beacon Hill, the refraction waB 38"; 
but the elevation of Beacon Hill, observed at the lower end, near 
Old Sarum, gives 50". These deductions, perhaps, canriot be 
deemed very conclusive ; because, as they depend on the difference 
in the vertical heights of the ends of the base, every B inches of 
error in that difference will produce an error of about 1" in the 
computed refraction. We shall close this article with the data 
whence those refractions were obtained. 

At Beacon Hill, the top of the flagstaff iiear Old Sarum WRS de- 
pressed 49' 6". 
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At the other end of the base, near Old Sarum, the top of the 

flagstaff at Beacon Hill was elevated 98' 4m". 
The axis of the telescope at Beacon Hill was 15 inches above, 

and the top of the Aagstaffgi inches above the point where the 
mensuration began. Near Old Sarum it was s8 inches higher, and 
the top of that flagstaff 95 inches above where the base terminated. 
This end (109.) is 4~9.48 feet lower than the other. Lastly, the 
value of the base is 6' of a degree very-nearly. 

N. B. In the plan of the triangles (Pl. XX.), the line from the 
station near the Four Mile-stone to Old Sarurn, is drawn a little 
out of its true position, otherwise it would very nearly coincide 
with that which joins the former station and Dean Hill. 
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AN 

A C C O U N T ,  &c 

Particulars' relating to tbe Operations Of -tbe rear I 795. 

i$e, IN an early part of this season, from'the necessity which 
existed of completing the Map of Kent for the Board of Ordtirmce, 
by order of the Master General, we had conceivd that our former 
intentions, of continuing the Survey towards the west, would for 
the present be relinquished : ~9 it was not imagined that the tele- 
scope of the small circular instrument, then in the hands of Mr, 
Ramsden, could be applied, with good effect, in observiiig sta& 
erected on very distant stations. 
From the obvious importance, however, of adhering to the first 

resolution, it was determined that a trial should be made of the 
excellence of this instrument, in the construction of which extra- 
ordinary pains had been taken, by operating with it in Kent, and 
wing it for those purposes to which, if the object before spoken of 
had not been in view, the great theodolite would have been ne- 
cerwarily applied. 
This smaller theodolite, therefore, as a SUbStitUte, waa in May 

tabn into Kent by Mr, Dalby, and Mr. Gardner chief draughts- 
man in the Tower ; the former being acquainted with the stations 
in the serbs of 1787. 

On a refereiice to the account of 1794, it will be seen, that a 
z z  $2 
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station was chosen near Lulworth, and observed both from Nine 
Barrow Down and Black Down. It  was also intended to be ob- 
served from Bull Barrow ; by which means, instead of the great 
triangle formed by the stations Black Down, Nine Barrow Down, 
and Bull Barrow, we should have had two smaller ones. This, 
however, it was now found qu ld  not be done, as a signal hou'se 
had been erected near the station at Lulworth, subsequent to the 
operations in 1794, which prevented that spot from being after- 
wards seen at Bull Barrow : but no consequences very injurious can 
have arisen from the impracticability of making use of this station 
in the manner originally proposed, since the stations formerly 
chosen in Portland, with which that of Lulworth was also intended 
to connect, have not been visited with the instrument. The stations 

t island were selected with a view of observing from them, 
and Charton Common, some point in the vicinity of Torbay, which 
might be a proper station in the series intended to be carried along 
the coast. Such a situation, however, could not be'conveniently 
found, as the view of Devonshire from Charton Common is much 
intercepted by trees and other obstacles ; and it would have been 
highly improper to shorten the side between Pilsden Hill and the 
coast, by choosing a station more remote from the latter than 
Charton Common. 

As from an inspection of the plan of the triangles annexed to 
this account, a doubt may be entertained as to the propriety of 
carrying an so very extensive a series from the short side oonnect- 
ing the statiolfs on Black Down and Mintern Will ; it must be 
observed that, admitting the necessity of adopting Bull Barrow 
for a station, those on Pilsden and Mintern Hills w&e naturally 
chosen ; the first, because it 'connected with Dumpdon (a station 
that could not be dispensed with) ; and the second, because it was 
the point I most remote from Black Down, being an the brow of 
the high land overlooking the general surface of Sanenetshire. 
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To coniiect with the station formerly chosen near Maiden Brad 

ley, two others were selected whilst the party were at Bull Bar- 
row ; one on Ash Beacon near Sherborne, and the other on the 
Quantock Hills. Both these have very commanding views, and 
will hereafter easily unite with any stations which may be chosen 
to the northward. .~ 

From Bull Barrow, the instrument was successively taken to the 
following stations, before any other new ones were chosen, wiz. 
Mintern, Pilsden, and Charton Common; and whilst the party 
were at the latter, nearly all the stations were selected in Devon- 
shire. In the.ct.roice of these, much dlfffculty bccurred, as the face of 
this county is particularly unfavourable for operations of this kind. 
Around Honiton and Chard, there are several sinal1 ranges of 
hills, .nearly of an q u a l  height, running in parallel directions. 
Near the former are three thus circumstaiiwd; vi%. Hembury 
Fort, Comb Raleigh, and Dumpdon. From the first slid second 
of these, the station on Charton CornrnQn is not visible ; and it is 
from the last only, that both Pilsden and the Quantock Hills can 
be seen.. This station, however, has a disadvantage: Combc 
Raleigh, whkh is to the west of it, takes off all view round Tiver- 
ton and Silferton ; so that it became indisperisibly necessary to 
select a spot on the norther'n extremity of Dartmoor, called Caw- 
mcl Beacon. 
TO those who are acquainted with the interior of Dartmoor, it 

will be unnecessary to assign the reason for not having chosen any 
station towards its centre. It may be suffiCiunt to observe, that 
two spots were found on its circumference, which render the want 
of it trifling in its consequences. 

Independent of the stations to which, as we have before observed, 
, the instrument was taken this year, the following were visited, viz, 

Dumpdon, Little Haldon, Furland, and Butterton. From the lat- 
ter, the party returned to London in the month of October. 



1.53. Angles taken in tbe Year 1798. 

At Bull Burrow. 
Mean. Bet ween 0 I II 

Mintern Hill and Black Down - - 46 ti4 83 
3* * %}ii 
34 

94 } 9 3 w  Black Rown and Nine Barrow Down - 84 31 9 e . q  

* Nine Bitwow Down and Wiiigreen 

At Mintern Hill. 
Bull Barrow and Black Down 101 89 30 }so,5 

31% 
Black Down and Pilsden - = 68 3O 45*75},@5 

47 
On Cbarton Common. 

51.25 51.95 
Little Hatdon and Dumpdon - - 68 12 49-75 

5s-75 I 
Dumpdon and Pilsden .. .. 

Pilsden and Black Down - 47 39 17.5 }lB,$ 
1945 

On Pilsdm Hill. 
44 87 51.5 Min’krn and Black Down - .. 

54-95 
5505 

Black Down and Charton Common = io$ 5 9 7 . 7 ~  
96 Is6 
e6 J 



c 861 3 
Betw.een 
Chs;rton Common and Dumpdon 

At Dumpdon. 

Charton Common and Little €iddon'' 

Little Holdon and Cawsand Beacon 

Pilsden and Charton Common L, 

At Little Haldon. .. .. Furland and Rippin Tdr 

Rippin Tor and Cawsand Beacon 

Dumpdon and Charton Common - 
- 

Dumpdon and Furland 0 

At firland. 
TFe Bolt Head and Butterton m 



Between ; 

Buttertotr and s p p h  Tor - . I  

Rippin Tor and Little Halcloii m 

Rippin. Tor and Furland 

Furland and the Bolt Head 

The Bolt Hkad and .Kit Hilt 

Maker Heights and Kit Hill 

Maker Heights and Carraton Hill I 

43 $8 9 } L 4.5 !! ' i I 

39 =4 36*75}9,,p5 
59% 

37.75 

98.75 28.75 
s5 so 99.75 e8 I 

Particulars relating to tbe Operations of tbe Tear 1796. 
154. By referring to Art. 109, it will be perceived that stones 

were sunk in the ground at the extremities of the base of veri- 
fication an Salisbury Plain.. To render these points 'permanent, 
two iron cannon (selected from among the unserviceable ordnance 
in Woolwich Warren) were, towards the end ol February, sent. to 
Salisbury, arid in the beginning of March inserted at the ends of 
the base. The same methods were adopted for the purpose of fix- 
ing these cannon in their proper pasitions, as those made use of 
when fiirnilar termini were sunk in the ground on Houndow Heath. 
This operation having been completed on the loth of March: the 



lnstrttrnent was shortly after carried to Kit Hill, in Cornwall; a 
station, like that on Bindown, chosen rather for the purpose of a 
secondary, than a principal place of observation. 

It  would be tedious, and perhaps unnecessary, to enumerate the 
names of all the stations aelected this year, as many of them do 
not form any part of the series now given to the public. We shall, 
therefore, confine ourselves to such remarks on the subject as may 
wrve to abridge this article, 

We have before stated, that a station was chosen on Cawsand 
Beacon, the northern extremity Qf Dartmoor, for the purpose of 
connetting with Dumpdoa. It should have been observed, that 
to the westward of the former eminence, and near it, there is a hill 
considerably higher, which, in point of situation, has many advan- 
tages, but which cannot be made use of 011 account of the rug- 
gedness of its surface, which seems to render the carrying of the 
itistrument to its top almost impossible. From this circumstance, 
and similar impediments, which the high lands remote from the 
cireumfereiice of Dartmoor offer to our operations, it results, that 
the body of this moor cannot have any great triangles carried 
over it: such stations were therefore selected this year as may 
serve, in conjtinction with others, to include this tract of country 
in a polygon of a small number of sides. 

To make observations for the purpose of hereafter determining 
the longitude and latitude of the Lizard, was 8 principal object in 
this year’s operations ; and as this headland seeins to offer itself 
as very convenient for a station, it will be right to assign our 
reamis for not having chosen one upon it. 
As no other spot but Hensbarrow Beacon could be found in that 

part of Cornwall proper for R station, it became necessary to fix 
on the Deadman, or Dodman, for another point in the series. 
From this place no part of the lalid within four milcs of the Lizard 
can be seen, as the high ground about Black Head, which is to the 

$ A  
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eastward of the latter, is nearly in a line between them, and b also 
much higher than both. It will be perceived, however, that no evjl 
can result from the want of such a station, a9 the light-houses and 
the naval-signal-staff at the Lizard, have been intersected from 
several stations. The precise spot on which Mr. Bradley made his 
observations in the year 1769, for ascertaining the longitude arid 
latitude of this headland, was pointed out by the persoil having 
the care of the light-houses, who well remembered the common 
particulars relating to his operations : such measurements were 
made from the light-houses to this spot, as may enable us, at a 
future period, to compare the results from the data afforded by 
the trigonometrical operation, with those deduced from the astro- 
nomical observatioris made by the above gentleman. It may be 
also mentioned, that angles were at the same time taken at the 
western light-house and signal-staff, for the purpose of firiding the 
situation ,of the Lizard Point. 

We are now to speak of the most important business performed 
this year ; that of making observations to determine the distance 
of the Scilly Isles from the Land’s End. 

T o  do this as accurately as possible, it became necessary to find 
stations affording the longest base. The hill near Rosemergy, 
called the Wutcb, and the station near St. Buryan, are certainly 
the most advantageous places, because all the islands can be seen 
from both ; but we could not avail ourselves of the former, as dif- 
ficulties almost insuperabIe would have attended an attempt to 
get the instrument upon it. Another station was therefore selected 
on Karnminnis, near St.  Ives ; a spot as well situated as the place 
spoken of, provided all the islands could be seer1 : this, however, 
does not prove to be the case, St. Martin’s Day-.Mark being the 
only object in the Scilly Islands visible from Karnminnis. 

From the stations near the Land’s End (Sennen and Pertiniiey), 
as well as that above meiitioned (St. Buryan), St. Agnes’ Light- 



house, and two objects in St. Mary’s, were observed ; and as the 
means by which all their distances are determined, except those of 
the Day-Mark, from the shortness of the bases (which were, how- 
ever, the longest that could be found) are exceptionable, it will be 
right to mention, that while we wereengaged in that part of the 
operation now spoken of, the air was so unusually clear, that we 
could sometimes, with the telescope of the great theodolite, dis- 
cover {he soldiers at exercise in St. Mary’s Island. 

Under this article, it will be convenient to state, that we have 
endeavoured to find some spot to the westward, on which a base 
might be measured. Had we been fortunate in this respect, it UII- 

doubtedly would be eminently advantageous : as those triangles, 
now extended to the Land’s End, would, in that case, be verified 
in some part of the new series. In Devonshire and Cornwall, 
however, no place has been discovered by any means fit for the 
purpose ; so that our communicating this work, under the circum- 
stances attending it, is a matter of necessity. 

in the present and former seasons, such stations were selected 
and observed, as were judged to be proper for the future use of 
the small instrument; and 8s we had experienced, in the early 
stage of this Survey, much delay and disappointment from the 
white lights not being always seen when fired on distant stations, 
we have since substituted lamps and staffs in their stead. The 
operations of the present year were contiiiued till October, when 
the party returned to London. . 

155. Angles taken in tbe Year 1796. 

At Kit Hill. 
Mean. Between 0 I N 

Butterton and Maker Heights - 48 96 45 }& 
47.75 



c 966 3 
Mean. Between I It 

Maker Heights and Bindown 
- 50 45 3' Carraton Hill and Bindown 

It 53 91 13.75 - 
- 

On Maker Heigbts. 

48 39 54*75)54*75 -. Lansallos and Carraton Hill 
54.75 

-. Carraton and Butterton 11% 18 7.75 
cJ.,j') w 5  

45 54 35.75}31 0 Butterton and the Bolt Head 
38 5 

e8 ee 50.75 
$1 eg 90.5 

94.5 

0 Bindown and Carraton Hill 
Bindown and K i t  Hill 

}=*5 
- 0 

Kit Hill and Butterton - I - 89 11 39e5}Y4.75 
236 

At tbe Bott Head. 

48 39 94.5 194.75 
Maker Heights and Butterton - 

94.75 
Butterton and Furland - 69 56 g6.5 

At R$pin Tor. 

118 
Cawsand Beacon and Little Haldon 194 59 19.75 

13.5 
L Little Haldon and Furland 

Furland and Butterton - .. 61 59 59.e5}59,5 
59.5 

On Cawsand Beacon. 

Dumpdon and Little Haldon - - 45 '4 eo }91.9$ 
99.5 

}I3975 
Little Haldon and Rippin Tor - - 95 30 39.5 

43-95 



On Catraton Hill. 
Mean Between a t It 

Maker Heights and Lansallos .. 67 'I= =Q.95)8;.75 
98.5 

).. Lansallos and W m i n  Down 

>58 
Lansallos and Hensbarrow Beacon - 37 98 57.75 

$8 

h a  39 11 e%$ 
e$-5 

Butterton and Maker Heights ..) 

91 45 9 9 4  - c Kit Hill and Bindown 
38 58 38.5 Maker Heights and Bindown - 

On Bindown, 

119 9 36.95 Lansallos and Carraton Hill c 

Carratoil Hill and Ki t  W i l l  - - 37 99 5.75 
Kit Hill and Maker Heights 75 9 94.5 .. 

At Lansallos, or Polvinton Famc. 
Deadman and Henobarrow 3eacon - $9 34 s 1 

Hensbarrow Beacon and Bodmin Down 45 1**75},,.,5 
e-75 

Bodmin Down and Carraton Will  - $4 57 43.95 
44 75 b4 

Carraton Hill and Bindown - - 39 36 43.95 
Carsaton ail1 and Maker Heights - 64 7 43.5 

43-75] 4 ~ 5  
45.75 

On Bodmin Down. 
Carraton Hill and' Lansallos - - 

40 58.5 
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Mean. 

0 I I1 Bet ween 
Lansallos and Hensbarrow Beacon - 67 59 97.5 )ej,,$ 

28 

On Hensbarrow Beacon. 
Carraton Hill and Lansallos - 42 3% 8.5 
Bodmin Down and Lansallos 

35.5 

Lansallos and Deadman - - 

Deadman and St. Agnes’ Beacon - 
31.5 

On St. Agnes’ Beacon. 
Hensbarrow Beacon and Deadman - 

93 * 

Deadman and Karnbonellis - - 75 5* 53 p3.95 
53.75 

57 46 s1 1g1.25 

} 0.95 

Karnbonellis and Karnminnis - 
31.5 

On Karnminnis. 
St. Agnes’ Beacon and Karnbonellis 32 go 0.25 

0. e5 

111 53 15.5 
16.5 

- Karnbonellis and St. Buryan 

St. Buryan and Pertinney - - 

At St. Buryan. 
- Karnminnis and Karnbonellis 

45 
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Between 
Pertinney and Karnminnis - - 
Sennen and Pertinney - .. - 

At Smnen. 
Pertinney and St. Buryan - .II 

On Pertinney. 
Karnminnis and St. Buryan - - 
St. Buryan and Sennen - - 

At Karnbonellis. 
St. Buryan and Karnminnis - - 
Karnminnis and St. Agnes’ Beacon - 

St. Agnes’ Beacon and the Deadman 

re 

tI6 19-05 }18.75 

}59*95 
536 ee 59.05 

59.5 

On tbc Deadman, or Dodman Point. 
Karnbonellis and St. Agnes’ Beacon - e5 51 94.5 )P~. ,~ 

94.75 

>IS 

)@W 

St. Agnes’ Beacon and Hensbarrow Beacon 68 8 12.5 

Hensbarrow Beacon and Lansallos - 56 1s 84.5 

13.75 

se.75. 



156. Situations of the Stations. 

Mintern or Revel’s Hill. This station is in Dorsetshire, and 
situated on Revel’s Hill, which is not far from Mintern. I t  is 17 
feet N. E. from the corner of the hedge. 

This station is also in Dorsetshire, and near Broad- 
windsor. The  point is on the s. E. corner of rhe old parapet. 

The station is in the field adjoining to, and 
also to the westward of the Common, and is about two miles from 
Lyme : it is 50 yards from the eastern hedge,tand may be ensily 
found, as Black Down is only visible from that spot, being seen 
between two trees. 

Dumpdon; about three miles N, E. of Honitoii. The station 
is i o  feet northward of the hedge of the plantation, and nearly on 
the highest part of the hill. 

Little Haldon ; near Teignmouth, in Devonshire. T h e  station 
is 80 yards from the Direction Post, and in a h e  with it and the 
Obelisk on Great Haldon. 

Cawsand Beacon ; near South Zeal, The station is about 200 

feet north of the Karn, or great heap of stohea 
Rlppin Tor.  This station is also on Dartmoor, and about 5 

miles from Ashburton. The point is mid-way between the two 
heaps of stones. 

Furland; a field near the turnpike-gate between Brixen and 
Dartmouth. The station is near the stone, erected in the middle 
of the field. 

The station is 45 feet S. W. of the Karn on the 
hillcalled by this name, and about 1 mile from Ivy Bridge. 

The station is on the spot called White Sow, 
above the Bolt ; it  is 95 feet in the lirie produced northward from 

Pilsden. 

Cbarton Common. 

Butterton. 

The Bolt Head. 



c 37' 1 
the west side of the signal-house, and about go feet from the 
nearest corner of it. 

Maker Heights. This spot is near Cawsand, and the station is 
45 feet from the great flag-staff, in the line produced from Statten 
Battery passing by the side of the staff: 

Kit HiZZ, near Callington. The station is on the S. W. bastion 
of a work similar to an Indian fortification. 

Carraton HZZ. This station is about 4 miles north of Liskeard ; 
and the point 150 yards south of the highest Karn on the top of 
the hill. 

Bindown, near Looe. The station is about 50 yards eastward of 
the barrow on this hill. 

Lansallos. The station, is in a field belonging to Polwinton 
Farm, which is near that town. The point is 159 feet from the 
western bank, and go+ from the southern one. 

The station i e o  yards south of the high 
road, and about a quarter of a mile east of the turnpike gate. The 
point is in the centre of a remarkable ring. 

Hensbarrow Beacon, near St. Roach. The station is on the top 
of the barrow. 

Tbe Deadman, or Dodman Head. The station is about 40 feet 
south of the bank, and nearly loo yards to the east ofthc entrance 
into the inclosure. 

The station is on the southern brow of the 
beacon, and about 80 yards from the tower. 

The station is go yards south of the northern 
Karn, or heap of stones. The hill called Karnbonellis is iiear 
Porcillis. 

The station is in the middle of the ring on its top. 
This hill is about e tnileseastward of St. Just. 

This station is in the north-west corner of a field be- 
longing to Mr. Williams. The field may be easily found, as there 

On Bodmin Down. 

St. Agnes' Beacon. 

Karnbonellis. 

Pertinney. 

Sennen. 

3 B  
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is no other spot near the town of Sennen, from which the Long 
ship's Light-house, Pertinney, and St. Buryan, can be seen. 

may be found from the following measurements : 
Karnminnis, near St. Ives. The station on the top of this hill, 

Feet In. 

moor-stones, south of the 11 o - north stones. 
the hedge. 14 1 -- 

St. Buryan. Tlie station is in a field adjoining the town, and by 
the side of the Penzance road. It is 84+ feet from the stile, and @ 
feet from a large stone in the northern hedge. This stone is 81 
feet from the stile ; the Station, this stone, and Chapel Karnhury, 
being in a right line. 

1 The station from 3 large 8 8 from the south 

west 

Spheri- 

anglea. cxccu. 

No. of triangles. Nnmcc of the ctations. observed Diff, cal Error. 

- -------- 
/ I  It 

XLIII. Wingreen - 5; z b  35.5 2 . 4  
Bull Barrow - 93 33 0.25 -0.91 
NineBarrow Down 31 57 25.5 -0.4 ---- 

180 o 2.25 1-72 +0.53 -- -- 
Wingreen - 

from { Nine Barrow Down 
XLIV . Black Down - 56 30 18 .75  -0.53 

Nine BarrowDown 38 58 19.25 -0.89 
Bull Barrow - 84 3 1  23.25 -0.57 

180 o 1.25 '199 -0.74 
----- 

-__c--c- 

* Nine Barrow Down Black Down from Bull Barrow - 

$57. Calculation of the Sides of tbe great Triangles, carried on from tbe Termi- 
nation of the former Series, along the Cousts of Dorsetsbire, Devonshire, and 
Cornwall, to tbe Land's End. PI. XXI.  

Distance from Wingreen to Nine Barrow Down, 130224.4 Feet (Triang. XXVI. Art. I 17.) 

Angler corrected 

calculation. 
for Disturcer. 

Feet. 
5; i p  38 
93 32 59 
3 1  57 25 

--- ' 49058 

56 30 18.5 
38 58 '9 

- - - 106213 

84 31 22.5 

- - - 1,6782 - - - 80103.8 
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Angler corrccte 

Diff. for Error. 
calculation. 1 

24 37 S i - Z i  1-0*29 
Mintern Hill 8 30 4 .5 -0.36 
Black Down - 66 5 1  21.25 -0.36 

oOb;ed 
mgler. 

4 ,, f 
Names of the atationc. - -- --.-.IIc--.II- 

XLV. Mintern I O I  39 $0.5 -0.36 1;1 3; 316 
Bull Barrow - 46 54 34 -o,og 46 s4 3g.5 

Minter' from { Black DowI1 - --- 

Black Down - 3 1  25  57.5 - 0 . 1 1  3 1  2s 5 -5 - --- 
180 o i 0.s9 +le41 --. I__- 

Bull Barrow - - --  
68 30 46. 

- 
44 37 53 I 66 5 1  2 1  

XLVI. Pilsden - 

-I- --- 

1;; lt* -0.60 'OS 5 a s 4  --- 
'79 59 58 .5  0.88 - 2  38 

Bhck Down - 
Pilsdrn - 1 Charton Common from { - _ _  - .~ - . 

38 3 3  22.Z! 

93 i4 36.7! 
47 32 1 

----- 
0.66 $0.59 -- -I -- 

IItvl11. Dumpion - 38 33  22.75 - 0 . 1 2  
47 3 2  1.25 -0.14 
93 54 37 25 -0.36 

180 0 1.25 

l'ilsdeii - - 
Charton Corninon 

- 
Dtinipdon - 1 Charton Common from -/ Pilsde,l ' 

180 o I 

Charton Common --- 
Dllmr,doll - I --- Little Haldon from [ 

-- 
180 o 2.25 3.12 -0 8 j  
-e- -- --- Dumprtol~ - - 

Cawwnd Beacon from Little Waldo,, I --- 

Dictrncei. 

Feet. 

78177 
79' 10.7 

0334s 
9106.3 

363s3 
2683 I 

8'338 
0650 , 

This angle ( 104.) is considered to be nearly z" in defect, and has been au metired for cal- 
culation accordingly : it wag observed under circumstances less favourable, t a an those which 
attended the observations made on Pilsdcri, and Charton Common. 

3 B  



I 8 0  0 1.25 
--I-'- { Kippin Tor - Butterton from Fur,dnd 

LIV. Bolt Head - 62 56 365 -0.41 
Furland - - 53 15 35 -0.38 
Butterton - 63 47 50.75 -0 43 

- - 

---- 
180 o 2.251 1 1.23 +I oz 
---_I_- 

Bolt Head from Furland - 

Buttertort 

1.29 -I 79 ---- '79 59 59 5 - 

180 0 0.5 

Butterton - 
Maker Hei hts Carraton Hill from - 

Feet. 

64020.5 
55988.7_ 

72776 
87851 

62951 
80547.8 

81 152 
7;479.8 

100591 
75768.8 

'31576 
82600.3 
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LX. 

Lxl .  

m g l o  correctec 
for 

calculation. 

-------- { Maker Heights - Bindown from Kit Hill 

Cat ratoii Hill - 91 45 22 5 
K:t Hill - 50 4s 31 
Biiidown - 37 29 5.7s 

'79 59 59 25 

,-_I_-- 

0.42  -1.17 ------ 
Kit Hill - - Carraton Hill from Bindown 

Latieallus - 3r 36 43 2s 
Bindown - 119 9 36.25 
Carraton Hill - 28 13 43.25 -- --- 

180 0 2-75 0.33 +2.42 - --- 
Larisallos from Bindown - - 

Dictanccr. 

- 
Feet. 

84631.4 
68929.7 

By the latter trian le we get the distance from Lanrnllos to Cmaton  Hill 689a9.7 feet ; 
rhrch being obtaine d from the leust number of trianiles, we shdll m.ikt. use of in the calcula. 
iotis of the sides farther to the westw,wd. T h e  s3mc conclusioii, however, is nearly obtained 
ly mdking the c ,mputa$ions pass through the triangles coiinccted with Kit Hill arid thc 
tation on Billdown. 

-- 
180 o o 1.21 -1.21 -- 

Kit Hill troin b-,iker - - -  
0 

I I 7s 9 2t.25 
M 

I 
LIX. Bindown - I 75 9 24.5 )-o.t8I 

--- 
--I 

91 45 23 
50 45 31 
37 29  6 

--- --- 

- 

100969 
67822.3 

56294, 
54902.7 

33427 
ja541.4. 

3733593 
By the last triangle we get the distance from L a n s a h  to Carraton 68931 feet. We shall 

iowevcr, a3 before observed, use the distance between tlmc strtioiis as derived from the L V I  I 

ri iiigle. 



1 
Angler corrected 

for Dirtaneea. 
t:$8, 

Name# of the stationr. 
CXCCH. calculation. - 

Feet. 
;4 ;7 k 
56 21  17 

BodminDown 68 $0 59 

0.8 2 -0.8 z 

Carraton Hil l  - - - 60582.7 

66 59 22.25 

45 1 11 
67 59 16.75 

pp-7- 

0.63 + 2.12'  
----I 
1180 0 2-75 

47337.9 

By this last triangle, the distance from Hensbarrow Beacon to  Lansallos is found to IC 

LXII. Lansallos - 
Carraton Hill 

180 0 0 

I Lansallos - 1 - - 61597.1 
LXIZL. Hensbarrow Beacon 66 59 23.25 -0.23 

Bodmin Down 67 sg 27.75 -0.21 
Lansallos - 45 I 1 1 . 7 5  -0.19 

Hensbarrow Beacon from Bodmin Down - - - 
62044.8 feet, and by the following triangle 

42 32 8 
37 2 8  57.5 

Lansallos - 99 58 54.5 

' LXfV.  HensbarrowBeacon 

180 o 2.25 

56 1 2  22.5 

Lansdlos - - 52  34 2'5 
Henslyarrow Beacon 71 ' 3  35 

Carraton Hill 

Hensbarrow Beacon from Carraton Hill - - - 100416 
W e  get 62044.7 feet for the same distance. 

L X V . .  Deadman - 56 1 2  

- 
180 o I 0.82 + 0.113 

fixvI. 

1-1---1-l I 
34 

767s 

HensbarrowBeacon - - - 
St. Agnes' Beacon from Deadmar, --- 

LXVII. St. Agno'Beacoii 75 5 1  5 3 . 7 5  -0.40 75 5' 53.5 
Deadman - 25 5 1  24.75 -0.30 25 5 '  25.25 
Karribonellls - 78 16 4 1  -0.40 78 16 41.25 

179 59 59.5 1.06 -1.56 
-I_ -e- - - 

Deadmari - - - - rot084 
Karnbonellis c- from{ Sr. Agnes' Beacon I_ -. 4546's 

- 

70686.8 
59284.2 

97084.8 
02066 
I___ 



No. of Ohiervcd DiE. 
angle,. ,rirngle,. Namei of the itations. -- -. 

0 1  a ,XVIII. Karnminnis - 32 3 0  0.25 -"".zz 
St. A nes' Beacon 57 46 31.25 -0.35 
Karnfonellis - 89 43 29 - 0 . 5 3  ----- 

180 o 0.5 . - -- 
St.Agiies' Beacon Karnminnis from Knr,lbo,,ellis - 

41 43 4s.25 
26 zz 59.a5 

41 43 45 5 - 0 . 0 3  
26 22 59.25  -0.09 

I 
E X l X .  st. Buryan 

i I I 53 16 -0.65 ' I *  53  15.5 
Karribonellis I 

Sphcri- Error. Angles correctcc 
for calculation. CXCCI8. 

a 0 t 1  ' 32 30 0.25 
57 46 3' 
89 43 28-75 

0.77 -0.27 - 

I 
LXX. Pertinmy - 

Katnminnis - 
St. Buryan - i 

e -  - -  
40 '5 
48 18 
3' 17 

Diitanccr. 

Fcet. 

846 I 0.6 
71578.3 

99786 1 1 8 6 . 7  

41407.7 
rr45Q-t 

19300.8 
201994 

Terrestrial Refractions, and Heigbts of tbe Stutions. 

158.' Elevutions and Repressiorts. 

At Wingreen. 
The ground at Bull Barrow - - 

At Nine Barrow Down. 

e #  

depressed 6 3 

The ground at Black Down - .I +r. 3 sg 
at Bull Barrow - - - elevated 1 e$ 



At BlackDown. . 
I II 

depr. 13 36 The ground at Nine Barrow Down 
at Charton Common - I depr, 15 11 
at Mintern Hill 0 - - 0 0  

at Bull Barrow - 0 - - depr. 1 16 
at Pilsden .. - I Jepr. o 50 

At Pilsden Hill. 

depr. 11 o 
depr. e8 39 at Charton Common 

at 6 P. M. in a S. E. direction, nearly, depr. eg q 

- 0 The ground at Black Down 

The horizon of the sea on the 6th of June, 

- 
- - 

At Bull Barrow. 

The ground at Wingreen 0 &pro 4 53 
at Mintern 0 - depr, 6 5 
at Black Down - - depr. IO ~9 

On Charton Common. 
The ground at Black Down I .. 1 0 0  

at Pilsden - 0 - .. elev. eo 37 
d!Pr* 3 33 at Haldon I 

- I )  

At Dumpdon. 

The ground at Pilsden - - L dePr. 3 45 
at Charton - - - depr. ee 19 

on a level with the axis of the telescope) on 
The bottom of the Karn, or heap of stones, (nearly 

* sand Beacon - 
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At €€aldon. 

The ground at Charton - I) 

at Cawsand Beacon - - elm. eq! g 
at Rippin Tor - .I elev. 40 a 
at Furland - ... I depr. 16 6 

at 6 P. M. in a S. W. direction, nearly, depr. 07 94 
The horizon of the sea on the 97th of July, 

On Cawsand Beucon. 

depr. 17 49 

The lamp at Dumpdon - 0 - depr. eg g6 
N. B. The lamp was about 3:- feet from the ground. 

The ground at Rippin Tor - - 
JePr’. 38 57 at Haldon - - - 

On RipP;t Tor. 

depr. 98 g8 - elev. 8 3 
- 0 The ground at Butterton - 

at Cawsand Beacon - 
at Haldon - - 

dePr* 49 31 0 - 
At Furlarid. 

The ground at Haldon ..) .. - e l m  5 e7 
at Butterton .. - elm. eo 15 

At Butterton. 

The ground at Kit Hill - ..) - depr. 10 
at Carraton - - - de#. g o 
at Maker Heights - - 41 48 
at the Bolt Head - - - d+r. 41 48 
at Furland - - - depr. gs 18 
at RippinTor ” - - clew. 13 54 

3c  



On Maker Heights. 
The grottml at Lansallos - - 

at Bindown - - * 

at Carraton Hill I .. 
at Kit Hili - - - 
at Butterton .I ... 
at the Bolt Head - I 

At tbe Bolt Head. 
- *  - The ground at Maker .. - .. at Butterton 

At Kit- Hill. 

The ground at Butterton - - .. .. 
at Maker Heights - L .. 
at Bindown I - I 

at Carraton Hill - - I 

On Carraton Hill. 
* r 0 The ground at Lansallos - 
I) .II at Hensbarrow. 

at Bindown - 
at Butterton 
at Kit Hill 

at Maker Heights .. II 

- m .. 
I) .I - 
I - - 

On Bindown, 
The ground at Maker Heights LI ..I 

I .. at Carraton Hill - 

elm. 11 8% 
elev. e7 g6 
elew. eg 45 
elev, go 35 
dep* 5 47 

depr. 7 4e 
elev. 31 6 

depr. 1 4s 

depr. 31 o 
elev. g $3 

dePr* 57 38 

depr. 41 18 
depr. 18 e7 
depr. @g 30 

depr. g 48 
depr. 15 rg 

&Pro 47 48 

depr. rg 41 
I ekw. 41 eo 



The ground at Lansallos - -. w .. depr. ;6%4 
at Hensbarrow I .I elm. 7 10 

w (.. elm. %st 51 at Kit Hill I 

At Lansaltos. 

The ground at Carraton Hill - - - clew. 80 18 
at Bindown I .. - elev. IO 46 
at Kit Hill - L ... - elm. 15 97 
at Bodmin Down .I e l m .  e 56 
at Hensbarrow I - - elev. 93 57 
at the Deadman - - depr. i i  39 
at Maker Heights - .. depr. io 30 

On Bodmin Down. 
The ground at Hensbarrow (.. - 

).. 0 - at Lansallos 

Ota Hensbarrow Beacon. 

The ground at Carraton - 1 - - dtpr. o 36 
dePr* 3s =3 at Lansallos 

at the Deadman ” .I ‘depr. 4% 8 - depr. e i  53 - depr. 91 er at Bodmin Down - .. 

- - -. 

at St. Agnes’ Beacon - 

At tbe Deadman. 

* ctev. 7 g r  
elev. o 19 

elev. $8 80 
clew, 1 

The ground at Karnbonellis - - 
at St. Agnes’ Beacon .. I) 

at Hensbarrow - I) .. 
at Lsnsallos - 0 - 9 
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At St, Agnes’ Beacon. 

The ground at Karnminnis - - I dev. e 11 
at Karnbonellis - - - elev. 1st 45 
at Hensbarrow - I elev. 8 8 
at the Deadman .I depr. 14 15 

I ## 

On Karnbonellis. 

The ground at St. Agnes’ Beacon - - depr. 19 51 
at Karnminnis - - depr. 5 51 
at St. Buryan - - - - depr. eo 56 
at theDeadman - - .. depr. 9% 18 

On Karnminnis. 

The ground at St. Buryan - m dapr. ge g 
at Karnbonellis - .. . depr. ~pl 80 
at St. Agnes’ Beacon - .. depr. 14 10 
at Pertinney Hill - - depr. g 14 

At St. Buryan. 

T h e  ground at Karnminnis - L elm, e 4  39 
at Karnbonellis - w - elew. 6 50 

N .  B. The axis of the telescope was about 53 feet from the 
ground at all the above stations. Also, 6” must be applied as is 
directed in Art. 146. 

159. Terrestrial Rcfractions. 

Betweeh Mtan Refraction. 
Maker and Kit Hill - - +. of the contained arc. 
Butterton and Kit Hill - I 

-5 



Between Mean Refraction. 

Bindown and Lansallos I $ of the contained an. 
NineBarrow Down and Black Down * Maker and Lansallos - - 

* Maker and the Bolt Head 
Carraton Hill and Bindown - $ i f  

Karnbonellis and St. Buryan - 3% * Maker and Bindown - .. 
Hensbarrow and the Deadman - *. 
St. Agnes’ Beacon and the Deadman 
St. Agnes’ Beacon and Karnminnis A 
Dumpdon and Cawsand Beacon - $r 

Haldon and Cawsand Beacon - 4s 
Kit Hill and Bindown - - * 
Carraton Hill and Hensbamow - -fr 
Lansallos and the Deadman .. 4s 
Hensbarrow and St. Agnes’ Beacon 
Karnbonellis and Karnminnis - i% 

Furland and Haldon - I 7s 
‘ T i  Butterton and Maker - 

Butterton and Carraton Hill - * 
s$ Maker and Carraton Hill - 

Karnbonellis and the Deadman - ?; 
Karnbonellis and St. Agnes” Beacon ;r 
Karnminnis and St. Buryan - fr 
Hensbarrow and BodminDown - 7T 

ri Lansallos and Bodmin II 0 

Butterton and the Bolt Head - * 
Haldon andcharton Common - pr 
Rippin Tor and Cawsand Beacon 
Black Down and Bull Barrow 
Black Down and Pilsden Hill, - ‘pp 

- 

- 

I 

A 
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. Between Mean Refraction. 

fllilck Down and Charton Common - .p"s of the contained arc. 
Lansallos and Hensbarrow 
Rippin Tor and Hsrldon 
Butterton and Furland = 

Butterton and RippipTor - - T r  
Kit Hill and CarratQn 0 

Pilsden Hill and Charton Common 3z 
Wingreen and Bull Barrow 
Lansallos and Carraton Hill 

€ 

I 
Y'B 

?-§ 

TV 

.- 

0 

I 

I 

L 

1 

I 

t 
3 1  

r 
3 4  

x II 

- - 
-7 0 

Haldon and the Horizon of the Sea. . f;; 
Pilsden Hili and the Horizon. of the Sea -& 

160. Table containing the Heigbts ofthc Stations. 

Stations. Heights. 
Black Down - I 817 feet. 
Charton Common - - 58% 
Little Haldon - - 8 18 

154@ Rippin Tor I .. 
Furland .- - - $89 
Butterton 
Maker Heights - 
Bull Barrow - 
Mintern Hill - 
Pilsden Hill - 
Dumpdon I 

Cawsand Beacon 
Bolt Head - - 
Kit Hill - - 
Bindown - 



Stations. 

Carraton Hill 
Laiisallos I 

BodminDown - 
Hens barrow Beacon 
The Deadman - 
St. Agnes' Beacon 
Karnbonellis I 

Karnminnis - 
St. Buryan I, . 

Heigh ti. 

1908 feet. 

Remarks, &c. on tbe foregoing Table. 

361. The height of the ground at the station on Maker Heights 
40% feet, was determined by levelliiig down to low-water mark, 
near the passage-house, below Mount Edgcumbe, on April 15, 
1796. This, hawever, had been done several years before, by 
some officers of the Royal Engineers, who found it to be 401 feet. 
The height of the station near Dunnose, in  the Isle of Wight, was 
also found by Levelling ; of which an sccgunt is give11 in Art. 147. 
It therefore may be considered as the least exceptionable mode of 
procedure, to deduce the intermediate heights from both those 
stations,; for which purpose, the following comparison was made, 
exhibiting the height of the statim on Charton Common, both 
ways. 

,Feat. 

Height of Nine Barrow Down (149.) 0 - 642 
of Black Down - - - - - 825 
of Charton Common, deduced from tbe begkt of 

597 
of Butterton - m - - 

'$45 

.. - - Dunnose I .. 
1901 

of Rippin Tor - .I - I 
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- $85 Height of Furland - - - - .I 

- m I I.I - 811 of Haldon - 
of Charton Common, deduced from tbe beigbt of 

Maker - - - - 568 
deducedfrom tbat ofDunnose 597 - 

d#erence eg 
Those are the heights resulting directly from the observations. 

Now, supposing the difference, or the errors, to arise from the 
mean refractions, and those errors to be nearly the same between 
every two stations, we shall obtain the corrected heights in the 
following manner : 

Feet. 
Nine Barrow Down 64% - 4 = 638 

Charton Common 697 - 15 = 589 
Black Down 

Rippin Tor - 1545 + 4 = 1549 

Charton Common 468 + 14 = 58% 

Butterton - asin thetable, 

Haldon - 811+ 7 =  8181 

From those Corrected heights, the others to the northward have 
been deduced. The heights to the westward of Butterton were 
determined from that of Maker. A mean of two or three results, 
by using& of the contained arcs for refraction, is taken for 
the height of the station on Mintern Hill. 
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r6e. Secondary Triangles, in wbicb #wo Angles only bave been observed. 
Tbe first tbree intersected places were selected for interior Stations, 
on account of tbcir commanding situations. 

I 
Triangles. Angler Distances of the stations from the 

observed. intersected objects. - I- 
Charton Common - ~ 

1_- 

94199 
leg 1% gr l5 19 Mnypowder 86496 

, 
Stourhead House %31s 88 ** 31 14 ‘ I  . 660$ 



Triangles. Angles 
obgervcd, ’ I 

h . -- 
Bull Barrow - .& i 5  49 

- 97 48 51 

Nine Barrow Down e7 44 1 
M. .Fmpton’s Obe- 

Bull Bafrow 
Mintqn - 58- ~ ’L 14 
Mere SteeBle - 

i 

98 54 15 
Lvme Cobb 

Distances of the stations fram the 
intqrsccied objectr. 

I Feet. 

}Frampton;s Ob. { 6666e I 56980 

‘1 

34909 
44%5 }Thornhill’s Ob. { 

54088 
44’07 

8899 

}Milborne-pott 

}Warren House { 49085 

}Lambert’s Castle { 1 :;;$ 



I 9 8 9  1 

Distances of the stations from the 



Triangles. 

Dumpdon - - 
'Little Haldon - 
Funnel on Sir R. Palk's 

T m e r ,  Haldon 
Cawsand Beacon 
Little Haldon - 

D Nortb Bowey Steeple 
Little Haldon - 
Eastern Karn, or beap 

of stones, on the b@ 
round near Moreton 
ampstead 

Rippin Tor - - 

- fi 
Rippin Tor - - 
Western Karn, near 

Moreton Harnpstead 
Little Haldon " 

Na wal- Signal-staf at 
West Down Beacon 

Little Haldon - 
Rippin Tor - - 
Mr. Woodley's Summer 

Little Haldon - 
Naval- Sknal-sta 

Little Haldon - 
Brixen Steeple 

Rippin Tor - 

House 

Rippin Tor - - 
Berry Head, P orbay 

Rippin Tor - - 

Angles Distances of the stations fiom the 
observed. intersected objects. -- - 

Feet. 

'7 " 53 }Pa$k's Tower 63 7 37 

NorthBovey 

, 59099 
66 14 e3 . 31944 

r 

10 38 19 

34 * " )Eastern Karn 

37 '4 5 Western Karll ,f 54751 
69 eq( 80 35595 

154 35 99 \Signal-staff - 46~68 
11 e8 37 J 

~ 997'5 

.* 5546s 
5598 

Sumrner~ouse 81 44 eo 

gg 46 e Signalmstar - 
4% 35 e4 3 

- -- 
66070 91 5% 49 

48 37 47 - { 87993 
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Triangles. I A n g I e ~ l  Dlstances of the stations fram the 
observed. intersecttd objects. 

I I 
--- 

I 
Little Haldon - 6; 
Rippin Tor - 44 - 
Ipplepen Steeple 
Little Haldon - 90 

Rippin Tor - 125 
Tbrec Barrow Tor, Dart-  

Furland - - 
Little Haldon - 
Ruins on Brent Beacon 
Butterton - 0 '' * " }Chudleigh - 
Cbudleigb Steeple 

Furland - 0 

Naval - Signal - staf at 
Cdetm, near Froward 
Point 

- 

%v 
I mor 

83180 
Brent Beacon 

{ ",:;: 
Butterton - I 3 $7 )Signal-staff - { 873'14 

Rippin Tor - - 196 e7 46 

140 5 47 859s 

1 

Butterton - - 39 '5 )Signal-staff - { 57561, 89199 
i 8  96 47 Furland - 

Naval-S&nal-staf, Start 

Butterton - " 55 )Marlborough - 
Furland - 0 48 18 e5 
Marlborougk Steeple Devon. 
3utterton - - - '3 40 8* }Signal-staff - { 

53 534 17 Furland - 
Vaval-Si nnl-staf,  near 

Point 

g:tti 
tbe Bo t Head 

6e7e8 
95QlS 

P 
Mewstone - 

Higbest Part oftbc Mew- 
stone I I I 
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Butterton - - 
Cupola of the Royal Hos- 

pital, P4ymauth 
Butterton - - 
St. ?oh's Steeple 

Maker Heights - 

Maker Heights - 

Maker Heights - 
Senlee Beacon 

Angles I observed. 
Triangles. 

8 A e; 
44 49 37 

8 58 35 
129 49 11 

19 46 39 
75 36' 95 

5 96 20 
96 23 55 

Ply in stock Sf eeple 
Butterton - 48 3 55 .Kit Hill - - 
Statten Barn 
Butterton - - 41 56' 57 

37 8 33 Kit Hill - L 

Mount Bat ton 
.Butterton - 39 56' 31 

34 45 1% Kit Hill - - 
Fla staf in Plymouth 

I 
35 25 31 

&arrison 

; 

37 e1 55 Butterton - - 
.K i t  Hill - 33 0 38 
Nm Cburcb Steeple at 

Plvmoutb 

54 3 59 
}Old Church Steep. { 

I Plymoutb 

65081 
59fie4 

Distances of the stations from the 
intersected objects. 

1 Feet. 

Cupola, R. Hosp. 

- 

}St. John's - 

in Penlee Beacon 

Statten Barn 

Mount Batton 

-J----ps New Churchsteep. 
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Maker owet r' 

l e  4O %9 :Chestow - - . Butterton - - 
Kit Hill - - 138 e i  13 

Flu staf in St. Nicbolas' I h n n d  

Distances of the stations from the 
intcrsected objects. 

{ }Governor's House 

}Chnpel, Ply. Dock I 

}Flagstaff$t.Ni.Isl. i 
_ _  _. 

Buttertan - - 3' 40 39 L 

Kit Hill - - 452 48 eo 
Obelisk at Crimbill Pas- 

s a p  
Butterton - - 40 e9 e8 } ~ o u n t  ~ d g .   use 

494Q 3 Kit Hill - c. 

\East Pittnacle on Mount 

- 
Feet. 

66558 
60479 
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39 80 40 

Triangles. 

I 

, c 

-~ ~ 

Butterton - - 
Carraton Hill - - 
Stonehouse Steeple 
Butterton - - 
Carraton Hill - 
Dbelisk at Puslinch 

. 

Butterton - - 
Carraton Hill - 
Rame Head 
Kit Hill - - 
Maker Heights - 
Brent Tor, near Zydford 
Kit Hill - - 
Maker Heights - 
Flag-staf of the Bloc1 

House. near Dock 
Kit Hill - - 3 42 
Maker Heights - 141 4 23 
Rame Steeple 

I 

}Rsme - 

Distances of the stations fbm the I intersected objects. 
Angles 

observed. 

16 *8 41 52 16 }Puslinch Obelisk ,A 

c 

Maker Heights - 
Stee le of tbe Chapel ii 

t B e Turd, Plymouti 
Dock 

Carraton Hill - - 
Maker Heights - 
Windmill at Plymouth 

Camton Hill - - 
Maker Heights - 
Battery on Statten 

Kit Hill - - 
Carraton Hill - - 
St. Stephen’s Steeple 

Dock 

Heigbts 

71 99 55 

Statten Battery 

log 89 }St. Stephen’s - 
43 47 30 

near Saltasb. 

WJF 
87594 

434Ql 
95419 - 
57984 
15979 

74547 
8403 

11974 

79778 
11080 

974138 
17199 
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Triangles. I Angles I Distances of the stations from the 
observed. intersected objects. 
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-- - 
Carraton Hill - 
Bindown - - 
Cheese Rings 

Distances of the stations from the 
intersected objects. 

Triangles. Angles I observed. - 1 
t 

Feet. 

1;s 4% 49 Cheese Rings 9773 7 21 53 

- 
Naval-Signal-staf at  

Nealand, near Pol- 
parrow 

I 
1 
I 
1 

Carraton Hill - '$ 53 jBocorinock - 
3s 41 57 Lansallos - - 

Bocon noc k Steeple 
Carraton H ~ l l  - 2* * l o  1Boconnock Ob, 
Lansallos - - 41 27 47 
Obelisk at Boconnock, 

( I, o T d Ca tn elfa r d 's ) 
'Carraton Hill - 
Roucb Rock 
Carratoii Hill - 
Lansallos - 
Roach Steeple 

41 '9 lo lRoach Rock - 
Lansallos - - 94 48 353 J 

Iioac h - 

a 1502 
13806 

47177 
53376 

36'203 
714'3 

446'079 
33495 
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Triunglcr. 

Lansallos - 
Hensbarrow Beacon 
Helrnen Tor 
Lansallos - 
Hensbarrow Beacon 
Mr. Tremaine's Sum. 

mer House 
Laiisallos - 
Hensbarrow Beacon 
Gorran Steeple 
La 11 sal1 os - 
Hensbarrow Beacon 
Na Val-&'& a1 -st aff 07 

the Deadman 
Latisallos - 
€hisbarrow Beacon 
Gwineas Rocks 

Angles 
observed. 

45 34 
72 3 99 

52 43 "5 
71 e8 $1 

51 "1 9 
60 17 "7 

97 e l  30 
39 $7 45 

Distances of the stations from the 
intersected objects. 

)Helmen Tor - i 
-__ .I- 

{ Summer House 

y w i n e a s  Kocks, ofl 
Mevagissy 

}Hendellion - 
Stonc,St. BraegD. 1 

- 

]SI. Dennis - { 
Larisallos - 

61 105 

SS%S1 

6'66'94 
50008 

ZfE- 
69955 

)St. Veep - - 
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D 

Triangles. 

Gerrans Steeple 
Hensbarrow Beacon 
Deadman - 
St. Michael Carba ye 

}Carhayes - .{ 
DJ Steeple 

" 

(Hens barrow Beacon 

I 

Deadman - 
Naval-Si nal-Staf ci 

Hensbarrow Beacon 
Deadman - 
WindmiZZ near Fowej 

Black a ead 

Angles 
observed. 

33 51 19 

3' 24 9% 
e8 53 5" 

$6 1 0  33 
86 e4 e9 

60 28 523 
49 IO 

Distances of the stations from the 
intersected objects. 

I I 

)Gerrans - i 

}Menabilly - 

/J \ 

i 

4f3309 
17001 

- 
45036' 
55677 

35991 
49300 

4750'1 
54749 

98759 
56717 



Triangles. Angles 

Peranzabulo - 

Distances of the stations h m  the 



- 
Triangles. Angles I obsedved. 

t 1 - -  _.- 

St. Agnes' Beacon 
Xarnminnis 
Lord de Dunstanville's 

40 30 44 

Mr. Kneil's Obelisk, 
near St. Ives 

St. Agpes' Beacon 

Itigbest of the Rocks 
cqltqd tbe: Cow and Cal 

t. Agnes' Beacon 94 43 5 
Karn bQnellis 43 84 
St.  Erme Steeple 
St. gncs Beacon 98 19 5s: 

141 53 34 
Karnqinnis - 2o 9 34 

-5 

A . , - 
Karnbonellis - 35 41 11 

'05 49 41 
L u d p a n  Steeple 
Karnminnis - 4 1 di ,s,<) 
Karnbonellis - . 95 31 ea 
Windmill near the Li 

Karnbonellis 1co 2 5  15 

Karnminnis - 3s 3% 97 
-- _. Grade Steeple 

Karnbonellis - 97 30 19 
Ruan Major Steeple 

--.. 

Distances of the stations from the 
intersected objects. 

{ 
Dunstanville 1 House - 

{ )Gw inear - 

}Mr. Kneil's Ob. { 

{ 
Cow and Calf 1 Rocks -. 

{ >"t. Erme - 

}St. Allen - 

}Grade - 

}Ruan Major - { 
I 

'044'3 
6'9440 

1 10769 
79566 



Triangles. - 
Karnminnis - 
Karnbotiellis - 
,St. Hilary Steeple 
Karnrninkis - 1 0  0 $2 
Karnbonellis - 7% ' 8  5s  
Cash Dennis (Mr. 

Rogers's Tower) 
Karn bonellis - 9 32 41 
St. Buryan - 85 51 95 

St. Buryan - 75 36 7 
Ycrtiiiiiey - 67 3' 4 
Naval- S i p  al-stof, 

St. Leven's Point 
St. Buryati - 69 e t  IO 
Pert i nncy - 68 58 0 
Senti en St cep le 



t 

Triangks. Angles Distances of the stations from the 
observed. intersected objects. - ---- - 

Feet. 

Stone, Land's End 7 15 3 %  

Semen - 
Stone near tbt Land$ 
Pertinney - - 

End" 

163, Triangles for ascertaining th,e Distances of tbe Eddystone Ligbt- 
bouse, from the Flagstaf of Plymoutb Garrison, and tbe Rame-bead. 

Butterton - - 66 46' b~ 
Kit Hill - - 6'4 97 46 
Eddystone Light-bouse 
Butterton - - 60 /j 3' 
Carraton Hill - 55 5% 41 
Eddystone Lipbt-house 

The ball on the lantern of the Light-house was observed from the 
stations on Butterton, Kit Hill, and Carraton Hill ; and as much un- 
certainty has heretofore existed, with respect to a knowledge of its 
true distance from any point in  the neighbourhood of Plymouth, 
observations were made on various arcs of the circle of the instru- 
ment at the two first stations. 

The triangles are the following. 

Triangles. Angles I observed. 

I I- 
Distance# of the stntians from the 

intersected objects. 

---rFeet. -- 

A large rough stonc,on the right hand, near the path, about 300 yards before you 
get down to the rocks at the Land's End. 
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With the distance of the Eddystone Light-house from Kit Hill, 

and also that of the Flagstaff in Plymouth garrison from the same 
station, we find the distance from the Light-house to the Flagstaff 
= 73061 feet ;* the observed angle being ego 49' 34@: and, comput- 
ing with the data obtained from the. last triangle, and the third 
in page 394, with the observed angle at Carraton Hill = 16" SP' I", 

we get 49435 feet for the distance of the Eddystone Light-house 
from the building on Rame-head. It may be proper to observe, 
that the Eddystone Light-house is nearer to the Rame-head than to 
any other point on the coast. 

164. Triangles for  ascertaining tbe Situations of the Lizard Ltgbt- 
bouses, and tbe Lizard Poitit. 

Distance from Karnboncllis to Pertinney 101474 feet. 

Triangles. Angles Distanccs of the stations from the 
obsr rved. intersected objects. 

Karn bonellis - f8 & 48 )E";;:; Light- 
Pertinney - - 4% 56 51 
Eastern Ligbt-house 

Western Light- Karn bonellis 

Western Ligbt-house i Pertinney - - 43 * 53 house - 

On referring to the late Mr. Smeaton's Narrative of the Building of thc Eddystonc 
Light-house, i t  will be found, that, from a trigonornetrid process, fouaded on two 

3 F  
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From the two last triangles we obtain 79640 feet for the mean 

distance between the Lizard Signal-staff and the station on Karn- 
bonellis. Computiiig with this distance, and also that from the 
Western Light-house to the same station, with the observed angle 
0" 31' a", we get 1857 feet for the distance between those objects. 

For the purpose of ascertaining the situation of the Lizard Point, 
two angles in the following triangle were observed with a sextant, 
vix. 

Naval-Signal-staff - 707 i 
Western Light-house - 60 50 
Lixard Point. 

These, with the computed distance from the Signal-staff to 
the Light-house, give the distance of the Lizard Point from 

feet. Hence, the distance of the point Signal-staff 2419 
[Light-house 2700 

the < 
from the station on Karnbonellis is 81085 feet, the angle at that 
station, between the Lizard Point and Western Light-house, being 
10 58' 4 y .  With respect to the means by which the situation of 
the spot on which Mr. Bradley erected his observatory in 1769, 
may hereafter be determined, it will be readily understood from 
the following diagram ; where E is the Eastern Light-house, W 
the Western Light-house, F the Signal-staff, P the Lizard Point, 

F 

bases measured on the Hoe, among other deductions, he concluded the distance between 
the above objects wau 73464 feet: being 403 greater than the distance found by the 
above computation. 



c 405 1 
and 0 the place of the Observatory. The distance between the 
spot 0, and M,* the place where his meridian mark was fixed, 
we measured and found = 590 feet ; M being e4 feet north of the 
line joining the centres of the Light-houses. 

165. Distances of tbe Day-Mark, St. Agnes’ Light-bouse, and otber 
Objects in tbe Scilly Isles, from particular Stations in tbe West of 
Cornwall. P1. XXI. f- 

Observations made at Karnminnis. 
Mean. Between . # #I 

The station at St. Buryan aiid the Day-Mark 

At St. Buryan. 

>= Karnminnis and the Day-Mark - - 129 59 Q9 
eef 

Pertinney and St. Agnes’ Light-house - 83 59 51+)51 
50 

Flagstaff of the Fort in St. Mary’s and Karn- - }I34 39 45tlu+ iniiinis a - - 
45 J 

Windmill in St. Mary’s aiid Pertinney 

At Pertinney. 

St. Agnes’ Light-house and Karnminnis 

* The person spoken of in Art. 154. as having the care of thc Light-houses, pointed 

t The triangles for this purpose are laid down in a detached position, to shorten the 
out this spat. 

plan. 

3F 
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Between 

Day-Mark and Karnminnis I 

Flagstaff in St. Mary's and St. Buryan 
Windmill in St. Mary's and St, Buryan 

At Sennen. 
Day-Mark and Pertinney - I 

St. Agnes' Light-house and Pertinney 

Observed angles 
corrected. -- 

Mean. 
0 t It 

Distances of the stations from the 
intersected objects. 

'From those observations, result the following triangles, when the 
necessary corrections are applied for reducing the observed angles to 
those formed by the chords, vix. 

. 

Triangles. 

Karnminnis - 
St. Bur an - - 
Day- Myark 
Karnmiiinis I 

Pertinney - - 

Day-Mark - { 
129 5% 19 

Sennen 

Feet. 

156,96 190985 

Pertinney - - 

Pertinney - - 
Day-Mark 
Sennen - - 
St. Agnes' or tbe &illy 

Light-house 
St. Buryan - 
'St. Agnes' Lkht-house 
Pertinney - - 

I 

Scilly Light-house 92 6 ee 
I I 



Triangles. 

_I-- I Observed angles 
corrected. 

Dirtances of the stations from the 
intersected objects. 

-1 Feet. 
St. Buryan - 8; 94 i 3  

9% 96 38 Pertinney - - 
Windntill in St. Mary’s 
St. Buryan - 8% 8 18 

93 47 ‘8 Pcrtinney - - 
Fla staf of the fort in A. luary’s 

The distance from the Day-Mark to Karnminnis, as obtained from 
the first triangle, is 190985 feet, and by the smotld, igo@g feet, 
which differs only 4 feet from the forrncr ; and by the second and 
third triangles, the difference of the distances from the same object, 
to the station on Pcrtinney, is 17 feet ; which, allowing for the 
shortness of the bases, must be considcred as trifling. We may pre- 
sume, therefore, that had not the Day-Mark been seen from Karn- 
minnis, but from Senneii and Pertiiiney alonc, the observations from 
which the angles of the third triangle are derived, would have afford- 
ed the means of computing the distance with suficient precision. 
In  like manner the fourth and fifth trianglcs seein to prove, that the 
observations made to St. Agnes’ Light-house were sufficiently accu- 
rate, as there is a difference only of 16 feet between the distaiices of 
the Light-house from Pcrtinney. The ball on the top of the Light- 
house was the object always obscrvcd; and the Day-Mark being 
pyramidical, we had the means of making the observatiolls at the 
difkreiit stations to the same point of that building. 
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266. Distances ofthe Objects in the Scilly Isles, (intersected from 
the Stations in the West of Cornwall) from Sennen Steeple; tbe 
Stone near the Land’s End ; and the Longship’s Llght-house. 

AS the observations made to the Day-Mark, and St. Agnes’ 
Light-house, may be supposed sufficiently accurate ; and the ball 
on the top of the Longship’s Light-house was also observed under 
favourable circumstances, it will be proper to npply the correc- 
tions to the horizontal angles, in order to obtain those formed by 
the chords. Taking, therefore, Pertinney as the angular point, 
and computing with the following data,  vix. 

’ 

Da -Mark - 
Longship’s Light-house = 27883 

Station on Pertinney from - J S d y  Gght-house 

the angle at Pertinney, the Day-Mark for calculation, betweeii stilly Light-housc 
ship’s Light-house and - C 

the Longship’s Light- the Day-Mark - - = 127446 feet = 24.14 Miles, 
housefrom - { Scilly Light-house - = 154219 feet = 29.06 1 
Calculating also, with the distances of the two other objects in 

the Scilly Isles, and likewise those of Sennen Steeple, and the Stone 
near the Land’s End from Pertinney, with the included angles at 

the same station, we get Feet. Miles. 
..) - - lggg91 = 86.43 

Sennen Steeple - = 166255 = 31.49 
from - Flagstaffin S t .  Mary’s = 1,57912 = 29.95 

= 1,55299 = 29.41 [Windinill in St. Mary’s 
Da -Mark - = q5343 = 96.63 
Sci ly Li ht-house - = 162100 3 30.7 [ 7 Land’s Flagsta in St. Mary’s = 153744 = eg.11 

from - [Wiadrnill il l  St. Mary’s = 151138 = 08.63 
P 

Stone near the 

Of the Scilly IsIcs, Menawthen is the nearest to the Land’s End, 
being about I& miles eastward of the Day-Mark ; and the cluster 
of rocks, called the Bishop and his Clerks, the most remote, being 
3-3- miles west of St. Agnes’ Light-house. Combining, therefore, 
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the above particulars with those distaiices, we may conclude, that 
the nearest part of the Scilly Isles is about 94.7 miles froin the 
Land’s End, and the farthest nearly $4. 

Account Ofa Trigonometrical Suwey carried on in Kent,  in tbc Tears 
1795, and 1796, with the small circular ?miruntent. P1. XXII. 

167. Particulars respecting tbe Instrument. 

The instrument used in this Survey was made by Mr. Ramsdeii ; 
and is about half the size of his large theodolite, or circular iiistru- 
ment, with which we take the horizontal angles, but nearly similar 
to it in all its parts ; consequently a very brief description will be 
sufficient. 

The most material variations in the construction are, 
1. The levelling or feet screws. These are below that hori- 

zontal niovement which serves to direct the lower telescope to any 
particular object. By this position of the screws, the horizontal 
circle being once made level, the whole instrument may be moved 
round without disturbing its horizontality ; the levelliiig screws 
remaining stationary during that operation, which cannot be done 
in the large instrument, because the screws are carried round 
with it. 

e. The diameter of the horizontal circle being only half that OF 
the larger one, it follows, that the space between any two dots on 
the limb, gives double the number of minutes that are contained in 
the same space on the greater circle : on this account, each revo- 
lution in the micrometer Screw in  the microscope answers to B’ ; 
and the circle on the microscopic micrometer being divided into 60 
parts, each division beconies equal to e”, but for the cowenience 
of notation, they are numbered at every $11, with IO, go, &e. to 
3 9  ro the 60th being marked 1, to denote 1’: the iiiiinbcr of scconds 



then commencing as before, the whole revolution becomes a’. The 
revolutions are counted by means of notches on one side of the field 
in the microscop, in the same manner as in those of the large in- 
st rument. 
3. This instrument not being intended for determining the 

direction of the meridian, a vertical semicircle for directing the 
telescope to the pole star became unnecessary ; yet some appa- 
ratus was required, whereby small elevations or depressions from 
the horizon might be ascertained with a tolerable degree of preci- 
sion. For this purpose, a moveable index, of about four iiiches 
long, is made to turn on the horizontal axis of the upper telescope, 
and so constructed, that by means of a finger screw, it can be fixed 
firmly in any position. The lower end of this index is furnished 
with a steel micrometer screw, having a circle on its head, divided 
into 100 parts, for shewing the fractional parts of a revolution, 
while other divisions, on a chamfered edge of the index which 
inarks the fractional parts, give the number of revolutions made by 
the micrometer screw. 

The method of finding the value of a revolution of the micro- 
meter head in parts of a degree, &c. was as follows : 

A rod, 14 or 16 feet long, was placed horizontally about three 
quarters of a mile 0% and the angle subtended by its ends measured 
with the instrument in the usual way: the rod was then Rt  UP 
perpendicular at the same place, and the cross wires in the tele- 
scope directed to one of its extremities: the telescope was then 
moved in the vertical plane, by means of the micrometer screw, 
till the cross wires coincided with the other extremity. In this 
manner, by counting the number of revolutions, &c. necessary to 
move the telescope from one position to the other, an angle was 
ineasured vertically with the micrometer screw, equal to the former 
horizontal angle. From repeated trials, the value of a revolution 
was found equal to IO’ 97‘’. 



This instrument, on account of its portable size, may very 
readily be taken to the tops of steeples, towers, &e. arid is, there- 
fore, extremely well adapted to the uses for which it was intended. 

Stations. 1795. 

168. FoZKstone Turnpike, the station in 1787. 
Huwkinge, about three quarters of a mile from Folkstone Turn- 

pike. This station was chosen for the purpose of having a view of 
the Belvidere in Waldershare Park, which cannot be seen from the 
station of 1787. 

Dover Castle. 
Paddlesworib ; about 400 feet from the station of 1787. This 

new spot was selected, because Hardres Steeple is nc,t visible from 
the old station. 

Kzldersbare ; on the Belvidere ill the Earl of Guilford's Park. 
On iiingswold, or Kingswould Steeple. 
On a sand hill tiear the sea shore, between Dm1 and Ramsgate : 

Near Mount Pleasant House, Isle of Thanet. 
011 a rising ground near Wit~gb~m.  
On Chislet Steeple. 
111 Beverley Park, near Canterbury. 
On Upper IJardres Steeple. 

this station is dcnorniiiatcd Shore. 

Triangles for  deterniining Ibe Distances of tbe Stations. 

169. As the station 011 the Keep of Dover Castle! in 1787, W R ~  

directly over thc steps of the Turret, a new point was chosen about 
63 feet from the former, where the instrutncnt could stand cotwe- 
niently : this new point is about 2.8 feet farther from Folkstone 

S G  



Dover Castle ."3 49 
Folkstone Turnpike 36 6 31 
Haw kinge - 140 4 16 

180 0 3 - 

N. B. In all the followitig triangles, the angles at the stations, 
or objects, denoted in italics, are supplemental, or were not observ- 
ed. And it is also to be remarked, that whenever Paddlesworth is 
mentioned hereafter, the new station is to be understood. 

3 49 '5),for compu- 
36 6 901 tation, 
140 4 15 
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Names of stations. Dirknca. 
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170, Secondary Triangles. 

Walderstiare - - 
Ringswold - - 
Upper Deal Windmill 
WafderTh&e - - 
Ringswold - - 
Upper Deal Chapel 
Waldershare - 

Triangles. 

17 10 7 
102 11 7 
I_ 

23 20 10 
LOO gfl 27 

'9 31 

Angles 
observed. 

Distances of the stations fr0.v the 
intersected objects. -- 

Feet. 
379% 
346'28 

Paddleeswort h - 
Waldershare - 
Barbam Windmill 

70 22 e4 

16'1CJ6' 
18160 }Abbey - - {  

Dover - - 
Waldershare - - 
St.  Radigund's Abbey 
Dover - - 
Waldershare - - 
Hougbam Steeple 
Dover - - 
Waldershare - - 
Gunston Steeide 

)Hougham - {  
Q l l l  

16'193 { }Gu nston - 

1 4444 
968 17 

Dover - - 
Waldershare - 
St. Murguret's Steeple - - 
ZZcE:sEre *- I 

Elham Windmill 
Dover - - 
South Foreland Light- 
Ringswold - - 

house 

19081 
i640g 

39 48 39 
et) 8 7 }Light-house - { 

Ql.870 
8718 

)Deal Chapel - { 

31""o' 
10857 Ringswold - - 

Lower Deal Windmill 
1 1 0  a1 1y 

Waldershare 19 28 27 
Ringswold ~ 7 2 ; ;  

Deal Castle 
}Deal Castle - { 



Triangles. 1 Ariglcs 
I ohserved. --- 

- { } Walmer 

Ringswold - - 
No I *  bourn Win din ill 

e9491 
700'9 

Wa I ders Lire - 
Ringswold - - 
Watc*/J-kouse mar tL 

sea shore 
aldershare - 

Ringswold - - 
Smdowrt Castle 
Wdldershdre - 
Hin swold - - 
W ~ I  mer Sleeple 
Wddershark - -I- Ringswold - - 

Rin swold - 
- wiifters/ia re st ccple 
Waldersharc - - 
Shore - - 
Eastry Stpi$e 
Waldbrshare - - - Shore - 
Asb Steeblc 

I 

Waldershurc - - 
Shore - - 

57 41 19, 

S horc - j7 "4 I l9 

- 
Woard Sietple 

1_1-- Wixldersliarc - - IT? 55 3' 

Distances of the stations fom the 
intersected objects. 

I Fcct. 
9 3  109 }Wind m i 11 

}Waldershnre - { 

}Eastry - - {  

}Ash - - {  

- I  
1 }Mi lister 

}Woard - - {  

e&og 
6947 

,55788 
9784' 



Triangles. I 
R ingswold - 

Ringswold - - 

Ringswold - - 

Shore - - 
Mongebam Steeple 

Shore - - 
No rbou rn Steep1 e 

Shore - - 
Woodnessborougk Steeplt 
Shore - - 
Mount Pleasant - 
Rainrgate Windmill 
Shore - - 
Mount Pleasant - 
St. Lawrence Steeple 
WZEiGghaE- - - 
Mount Pleasant - 
Wingham Steeple 
Waldershare - - 
Mount Pleasant - 
Goodneston Steeple 
Mount Pleasant - 
Chislet - - 

-I 

Angles 
observed. 

35 9 0 
25 59 e 

33 7 44 
77 48 16' 

41 io 35- 
47 47 97 

31 '19 40 
17 58 39 

77 19 0 
22 1 0  4 

' UirAin,yton SterpIe 
Mount Pleasant - 19 36 3 
Chislet - - 2 1  1y 41 
St. Nicholas Steeple 
Mount Pleasant - 1 6  56 56 
Chislet - 33 29 54 
1st orm o u t b Steeple 
MOU tlt Eileasa 11 t - 22 14 40 
Chislet - 81 14 5y 
Reculver Win dm ill 

- 
_ _  - __ _- 

- 

Distances of the stations from the 
intersected objects. 

)Norbourn - {  
{ } Woodnessborough 

- {  1 Windmill 

I 
1 

1st. Lawrence 

1st. Nicholas - J 
1 

]Stormouth - i 
~ I 

1. 
1 KeculvcrWilidm. 
J 

-- 
Feet. 

11379 
e log8 
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Angles 
obscrvcd. I Triangles. I 

-- Preston Steeple I 
Wingham - - so 449 94 
Hardres - - 1118 yo 8 

1 Shot t enden Windmill I 

Distitnces of the stations from the 
i t i  tcrsected objects. 

' l--zr 
]South Reculver 

}Windmill 436'69 

IBlean - - {  
)Wickham - { 

{ } Ickham - 
\Bridge Windmill I 'I 

c 
- [  

}Windmill - 

Prestoii 1 



Triangles. 

Hardres - 
Beverley Park - 
St. Martin's Windmill 
Hardres - 
Beverley Park - 
Harbledown Steeple 
Hard res - 
Beverley Park - 
Sturry SLeeple 
Waldershare - 
Hardres 
Canterbury Cathedral 
Hard r e s 
Paddlesworth - 
Wtst-Stone-Street Wind, 

Hardres - 
Paddlesworth - 
Stelling Windmill 

____- mill 

" ~ ~ __  _.. 

Angles 
observed. 

Distances of the stations from the 
intersected objects. - - 

I Feet. 

}St. Martin's Wind.{ '3:; 

} St urry 

}Canterbury Cath. { 54897 
"3597 

)Stelling Windmill { 14081 
97994 

I -1 

Triangles carried over another part of Kent in 1795. 

171. On account of the high woody lands to the westward of 
Hardres and Paddlcsworth, the triangles could not be extended in 
that direction, and therefore the following may be considered as a 
detached part of the Survey this year. 

The Stations were, 
Westwell Down, 
W'e'Down, 
Rrabmrn Down, 
Allington or Aldington Knoll, the station in 1787. 



Allington Knoll from Tenterden Steeple (triang. XIX. p. 144), 
is 617773 feet, The centre of the top of Tenterden Steeple is 
about 4 or 4+ feet farther from Allington Knoll than the point 
mairking the station in 1787 ; therefore the distance of the centre 
from Allington Knoll will be 6178% feet, which is used in the 
following computations ; because, as a flagstaff of moderateheight 
cannot be easily distinguished among the pinnacles at any consi- 
derable distance, it was thought it might be sufficiently accurate 
for the present purpose, to intersect the steeple itself. 

~~~ 

Angles. - S rations. 

Allirigtoii Knoll fioi 37 q;16' 
Westwell Down 68 o 16' 
;Ten t P r d c  11 

Mlington Knoll :34 57 37 
Westwell Down 45 5% ig 

180 0 1 

5 0  21 58 

wye now11 - 99 e8 5-4 -- 

179. Triangles for detcrtniniug the Distances of the Stations 

Distatircs. 
-_II 

Feet. 
Westwell D. r 'lkn terden 58699 

from 1Alliiigton K, 51310' 

[Allington K .  37$3 
l-\Vestwell D. 2gtj62 



17 3. Secondary Triangles. 

Wye Down - 
Westwell Down - 

i t 

Brook Steeple 
WyeDown - 
Westwell Down - 
Willesborougb Steeple 

Westwell Down - 
Willesborough Windwill 
Wye Down - 
Westwell Down - 
- Kingsnorth Steeple 

Wye Down - 

Wye Down - 

Angles I observed. 
Triangles. I 

Westwell Down - 
Shadoxburst Steeple 

Westwell Down - 
Kennington Steeple 

Allinnton Knoll - 

Wye Down - 

W j Z i i G w n  - _I _I _ - ~  

SreLCbart Steeple 
Wve Oown - 
. J -  

Allington Knoll - 
Westwell Sleeple 
Westwell Down - 
Alliitgton Knoll - 
Pluckley Steeple 
Westwell Down - 
Allington Knoll - 
Eastwell Steeple 

0 I I1 

49 20 58 
53 35 53 

86 44 28 
15 18 49 

60 6 18 
45 28 "9 

58 2 28 
4' 37 0 

$8 20 46 
6'5 40 7 

- 

Distances of the stations from the 
intersected objects. 

Feet. 

eooeg 

7983 {I 30131 )Brook - 

} Willesborough {I- 
95443 

]Kingsnorth - \ Se498 Q0363 

Windmill 

- 
Shadoxhurst - (1 44' 34966' 18 

85 50 e 

!I I J 



t 4=1 3 

}Charing - { 

r I 

loel 1 
60085 

Angles 
observed. I Triangles. 

}Lymne - - { 

- { } Mersham 

Q * I  

Westwell Down - 146 ee eg 

Allitigton Knoll 57 84 51 

Allitigton Knoll - 75 59 1% 

Allirigton Steeple 
Brabourii Steeple - 54 50 49 

L mne Steeple 
Brabourn Down 

45 9 ' 9  

e 7445 
16161 

19196 
'4784 

Distances of the stations fiom the 
intersected objects, 

I Feet. 

}Monks Horton {I:;$: 
I 

Operations in 1796, witb tbe small circular Instrument. 

174. Stations, 
L dd Stee le 
J ington knoll 1 
High Nook 

J 
Fairli ht Down 
Goud a urst Steeple 
Tenterden Steeple 

Stations in 1787. 

(near the centre of the roof). 
Westwell Down, the station in 1795. 
Silver Hill, xiear Robertsbridge. 

Bougbton Malbrrb Steeple. 

The station is 09 yards SFV. 
of the Windmill. 
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Boughtoii Mal herb 
Westwell Down - 
Tetrterden - - 

175. Triangles for finning the Distances of the Stations. 

$1 j ,  g 
63 44 8 
34 20 43 

Triargles. I 

GOU d h ur s t 
Bough ton Malhcrb 
Ttnterden - - 

- 

Angles. Distances. 

o I n  

52 5 44 
53 54 20 
73 59 56 

Feet. Goudhurst - gs 29 '7 
Silver Hill - 70 32 26 Silver Hill from Coudhurst 40043 
Tenterden - 43 58 27 

Fairlight Down from Tenterden 71637.9 feet, (p. 144.) 
Iq'airlight Down 4fj 34 

~h+€~~ 1 1 ,!3; 2: 
Silver Mill from Fairlight D. 56174 

we get 33405 feet for the distance between the same stations: 
hence the mean, 33407 feet, may be taken for the true distance 
between Boughton Malhcrb and Westwell Down. From this lat- 
ter triangle also, we obtain the distance from Boughton Malherb 
to Tenterden 53og7.e feet. 

I,---- I 

--- I i--I I 



By the two last triaiigles, we get 59479, and 59481 feet, for the dis- 
tances of Tenterden from Silver Hill ; the mean of which, 5~476.5, 
we shall hereafter use in determining the distances of the objects in- 
tersected from those stations. 

For the distalices of the stations in 1787, made use of in the fol- 
lowiug triangles, see Art. 57. The point marking the station on 
Tenterden Steeple in  1787, is considered as being too near the centre 
to make any red~ictions necessary for these computations. The 
greatest uncertainty in any of the distances, on this account, can be 
only about 3 or 4 feet. 

- Coudh iirst - 
l'enterden - 
Bidenden Steeple 
tiioud hurst - - 

- 
- 

176. During the operation of this year, the iiistrument WRS also 
taken to the following stations, o ix .  

Bidenden Steeple, 
Wart r idge, 
Warehorn Steeple, 
Stone Crouch, 
Idcn Steeple, 
Brede Steeple. 

To determine the distances between these objects, and the stations 
from whence they were observed, we have the following triangles. 

Fect. P I  u 
18 1 6  4 lu. 

J 
idenden - 40 0 re 

Triwgles. 1 Angles 1 Distan~es of the stations from the 
o1,served. intersected objects. 
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Triangles. -- 
qllingtoii Knoll - 
Stone Crouch 
.Wington Knoll - 
Stone Crouch - 
Cy, reho m Steep le 
Tenterden - - 
Fairli h t  Down - 

Lydd - - 

Iden !? teeale 
lden - - - 
Fairlight Down - 
Winchelsea Si eeple 
Brede Steeple - 
Fairlight Down - 
Winchelsea Steede 

Angles 
observed. 

Distances of the stations from the 
intersected objects. 

i 57 O /}Winchelsea - 
17 5 40 

I 
67 e6 o I 

177. Secondary Triangles. 

Gaud hurst - - 
Tenterden - - 
Ulcomb Steeple 
Gaud hurst - - 
Tenterden - - 
Sutton Windmill 
Gaud 11 u rs t - - 
Tenterden - - 
Chart Sutton Steeple 
Goudhurst - - A_-__ .- -- 

Tenterden - - 
Lititon Steeplc 
eoudhurst - - 
Tenterden - - 
Headcorn Windmill 

59 47 4 
61 44 12 

65 36 50 
59 13 49 

}Ulcorn b - 1 I 

- i  \Windmill 
I 

}Chart Sutton - { 
Linton - - 

- 
Feet. 

51580 
376'27 

e8107 
e5696 

38939 
4548s 

9 1755 
Q6'373 

- 
48610 
$6'009 

4062 i 
4146'8 



Triangles. 

Soudhurst - - - 
Hartridge - 
Cranbrook Steeple 

I Angles Distances of the stations fmm the 
ohserved. intersected objects. - 

& 70 1 0  '8 b) 0 Cranbrook T9- 

Goudhurst - 
Marden Steeple 
Bought on Ma% er b - 
Goudhurst - 
Frittenden Steeple 
Tenterden - - 
Silver Hill - - 
Brasses Winddl  
reliterden - - 
Silver Hill - - 
Hawk bu rst St eeple 
Silver Hill - I 

Sandkurst Steeple 
Silver Hill - - 
Fairlight Down - 
Whit ters bain Steeple 
Silver Hill - - 
Peasemarsh Steeple 
Silver Hill - 
Fairlight Down - 
Rolwenderz Steeple 

- 

Fairlight Down - 

Fairlight Down - 

70 4* 33 j 

'7 '4 %J 10 4' 0 }Frittenden - 

Windmill - 90 46 0 

76 45 59 

* '  * }Hawkhurst - 
454 17 30 

7s 37 }Sandliurst - 
17 1 95 

@ 27 50861 SWhittersham - 
$6 lo J 

35602 
:j8 4.9 4 
59 39 33 

36 e8 o ' 4 }Kolvenden - 



Triangles. 

- 

Silver Hill - - 
Fairlight Down - 
Bec kley Steep !E 

Allington Knoll - 
New Cburch Steeple 
Allington Ktioll - 
Ivy Church Steeple 
Allingtoii Knoll - 

High Nook - - 

High Nook - - 

- 
'I'en terden - - 

Playden Steeple 
Brede Steeple 
!Fairlight Down - 

Lydd - - 

Ickles/-;am Steeple 
Stone Crouch - -Î _ .-- - 

Allington Knoll - 
Woodcburcb Steegle 

Allington Knoll - 
Old Romney Steeple 
Stone Crouch - 
Allington Knoll - 
New Romney SrPeple 
Stone Crouch - 
Allinqton Ki~oll - 
Brookland Steefiie 

__-- -_-- i- Stone Crouch - 
-.I- -I-_ l__l - 

Angles 
observed. -- 

O f  I 

49 30 35 
35 36 7 

46 3 7 
36 41 43 

5" 3 5s 
76 5 e6 

27 e1 0 
80 5 0 

34 33 5 
34 35 48 

56 0 0 

55 1 

55 9 34 

41 36 38 
85 $9 89 

~- 

Distances of the stations from the 
intersected objects. 

}Beckley - - { 
}New Church - 

}Ivy Church - { 

}Playden - { 

I 
I I 

- 1  Brookland 

Feet. 
33419 
88790 

- G x  
16828 

e86el 
93956 

23989 
11165 

40904 
40158 

'9094 
19321 

e8098 
49357 

40957 
311544 



F -  

Triangles. Angles 
obrerved, 

Stone Crouch - 6; I$ i6 

2 2 ~ i ~ i . r t i  sieeple 
Stone Crouch - 
Lvdd - - e8 e 7 

94 46 59 - .. 
5,s 4 

I *5 87 
S;;argale Steepit? I 
=ne Crouch - 

ington Kno - 36 36 96 
'%;~twell DO:: - 68 $5 44 

I Boughton Malherb 
Egwton Steeple 
Westwell Down - 
Boughton Malherb 
Turret on Romden 

Westwell Do wn - 
Boughton Malherb 
Smarden Steeble 

Stables 

Dirtances of the stations fram the 
intersected objects. 

I 

}Appledore - { 

{ }Bethersden - 

{ )High Halden -* 

}Lenham - { 

I 

m 
11699 

11016 

w395 

55807 
44793 

30494 
10101 

'1 Romdeii Stables 



Bearhgs of tbe Objects intersectfd in tbe Survey witb tbe small circular 
Instrument, from tbe Parallels to the Meridian of Greenwicb ; also 
tbeir Distances frgpn tbat Meridiah and its Perpendicular. 

178. At Folkstone Turnpike, the bearing of the station on Dovep 
Castle in 1787, from the parallel to the Meridian of Greenwich is 
65" 5%' 46" NE. The new point on the Keep is 64 feet north-east.. 
ward from the old one, which will subtend an angle at Folkstone 
Turnpike of about 38"; therefore the new station bears 6.5'59' 8" 
NE. The bearing of the centre of Tenterden Steeple from Allingw 
ton Knoll, is nearly the same as that of: the station in 1787, od 
85O 47'95/' SW. See page 153, for the bearings and distances 
whence those in the three following Articles have been derived4 
But it may be proper to remark, that some of the bearings (and 
consequerltly the distances from the meridian and perpebdicuhr) 
which depend on Goudhurst and Tenterden, will differ a little when 
obtained from different routes, because the stations in 1787 w m  
not at the centres of the roofs of the steeples. These variations, 
however, are of little consequence, as the computed latitudes and 
longitudes which fo'llow, are generally put down to the newest 
second only. 
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Beorkrgs from the Parallel8 to the Meridian of Greenwich. 

At Wddmbare. 

- 

At Mount Pleasant, 

8 16 15 SW 
08 56 58 NW 

18 io  37 NW 
519 59 37 sw 
77 3 93 NW 

7 

Dirtanccs 
:ram tnerid. 

Feet, 
- 
805777 
~76609 

e69osi 
ego1 11 

3'5780 

8 1754s 
3-713 
e79530 
s48r 77 

979915 

9447057 
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Bearings frm the Pnrallels to the Meridian of Greenwich. Distances -- 
Feet. At Allington Knoll. I II 

Fenterden - - 8; 47 95 sw 
39 34 49 NW 19e3oo Westwell Down - 

WyeDown - - e e 48 NE 921967 
t3rabourn Down I ee 37 5 NE egoroo ii,@34( 

Dis tanees 
from perp. 

Feet. 
-I 

100795 
106699 

180. Interior Objects. 

At Dover. 
3t, Radigund's Abbey - 
Zougharn Steeple - 
Sunston Steeple - 
3t. Margaret's Steeple 
joslth Foreland Light- 

House - - 
At Waldersbare. 

3arham Windmill - 
Elham Windmill - 
Jpper Deal Chapel - 
Dealcastle - - 
Watch-house near the Shorc 
sandown Castle - 
Walmer Steeple - 
Tipple Steeple - 
flaldershare Steeple - 
Eastry Steeple - 
Ish Steeple - - 
Minster Steeple - 
floard Steeple - 
hndwich highest Steeple 
Wingham Steeple - 
foddneston Steeple - 
3ttlebourn Steeple - 
Zanterhurv Cathedral - 

88 5 4 N W  
68 ig me SW 
343 9 N W  
51 64 43 NE 

70 io 31 NE 

61 o A N W  
io 14 36 sw 
63 '7 33 NE 
66 Q 16' NE 
85 37 SE 

70 150 NE 
64 59 20 NE 

11 e 4  56 NE 

e6 ig 14 NE 
eo 6 36 N W  
1.9 16 9 1  NW 

55 51 56 NE 
73 8 30 NE 

93 30 46 NE 
4 44 29 EJE 

34 11 33 NE 

987590 
288398 
303 186 
315145 

31514% 

268570 
984427 
3 1 7053 
39 1 839 
39131 1 
32 1718 
818335 
goe864& 
29599% 
300390 
e93066 
301 la59 
308964 
307184 
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Bearings from the Parallels to the Meridian of Greenwich. 

Near the Shore. 
msgate Windniill - 
Lawrence Steeple - 

Windmill - 

est Stone-street Windmil 
Iling Windinill - 
On Westwell Down. 

Q I It 

91 30 94-NW 
g i  59 N W  
eg 51 eg N W  

90 17 ie N W  
78 o g N W  
65 26 5% sw 

8 3 1 5 N W  
84 59 1 1  NW 
76 41 1 1  N W  
77 91 44 NW 
$5 e l  3 sw 
6g eg 17 SW 
e8 o 30 SE 
5 6 13 NW 

83 42 1 SW 
89 44 57 s w  

14 ifi o N W  
15 96' 36 NE 
8.5 46 534 sw 
a6 1 1 0  sw 

94 53 15 SE 
63 i o  25 SE 

le 49 1 SE 
38 O 39 SE 



Bearings from thc Parallels to the Meridian of Gmw!ch .  

Allington Steeple - 
Monk's-Horton Steede 

L mne Steeple I.. 

Jmtmrn Steeple - .- 

5% ei 16 NW 
31 @4Q NW 
53 97 50 NW 
95 17 49 NW 
97 58 49 NW 
25 o e NE 
81 e3 44 SE 
9% 3% 14 NVV 
46 e3 19 NE 

At Allin ton Knoll. 

Warehorn Steeple - - Stone Crow a - 

- 
Distances 
iom merid. 

Feet. 
-- 
1878~8 
eo4867 

190570 
194Qd 
178509 
"00943 
189956 
ee 1 g49 
e35919 
0145167 
937603 

57 3 93 sw 
7% 50 14 SW 

- 
Dictsnces 
From perp. 

Feet. 

1511934 
iiiimg 

is1387 
ioe508 
109639 
103856 
96675 
141015 

re7909 

I 8 1. Bearings and Distances of tbc Stations, and Interior Ubjccls, I intersected in 1796. 

- 
-. 

At FairEigbt Down. 
Silver Hill - - 
Iden Steeple - - 
Brede Steeple - 

159397 
147464 

167948 
157837 

176646 
193078 
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$andburst Steeple - - 
Winchelsea Steeple - 
kcklesham Steeple = 

At Allington Knoll. 
Bet hersden - - 
Hi h Halden - - 
Or f eston Steeple - 
;Woodchurch Steeple - 
Brookland Steeple - 
Old Romney Steeple - 
New Romney Steeple - 
Brenzet - 0 c 

At Botgbton Malberb. 
Benenden Steeple - 

At Silver Hill. 
Brasses Windmill - - 

Interior Objects. 

Bcariwgs from the Padlals to tht Meridian of Greenwich. - 1 '  

69 11 15 N W  
81 47 1 NW 
86 50 e i  SW 
8y 57 ee NW 

4 41 50 SW 

49 19 2 SW 
31 3 44 sw 

4% 44 3s sw 

e5 14 14 SW 

40 7 40 SI3 

- 
DiS8WUXE 
from perp. 

Feet. 
1 

1 e3083 

95Q3 

9 4 w  
11lOog 
116180 

9Wg 

9617% 

1384499 

'155977 
179838 
it3640 i 
169710 
1676'18 
20 1230 

9039 '3 

'96377 
136058 
14539' 
144004 
1 74Q5 7 

168 163 

150198 

180'658 

'7670'5 
1 $34644 

I 
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Names of objects. 

TheBelviderein WaldersharePark 
Ringswold,or Kingswould Steeple 

C hislet Steeple - - 
Houghain Steeple - - 
Sunston Steeple - L - 
st, Margaret's SteepIe - - 
south Foreland Light-House - 
3arham Windmill - - 

Upper Hardres Steeple - - 
3t. Radigund's Abbey - - 

- 
Bearings from the Parallels to the Meridian of Greenwich. 

--- 7 

Longitude east from 

In degrees. In time. 

m. s. 

Latitude. Greenwich. 

-- 
51. 1; & 1" ii 39 5 9.6 
51 11 8 1 ee eo 5 99.: 
51 18 1 1 4 45 4 19 
51 eo 4 1 1 1  94 4 45.6 

$1 6 50 1 15 4 5 0.8 
51 g 18 1 ig o 5 16 
$1 g 14 1 22 7 5 98.5 
51 8 26 1 ee 6 5 98.4 

51 7 56 1 14 44 4 58.9 

$1 l e  $4 1 10 5 4 w-Q 

At Higb Nook. 
rTew Church Steeple - 
:vy Church Steeple - 
jt. Mary's Steeple 7 

Playden Steep At Lfdd* e - 
At Westwell. 

Lenham Steeple - 
jmarden Steeple - 
rurret on Romden Stables 

3gerton Steeple - - 

At Stone Crouch. 
Ippledore Steeple - 
have  Steeple - - 
jnargate Steeple - 
East Guilford Steeple 

0 I I I  

57 43 31 NW 
8% 52 46 S W  
78 53 re SW 

85 3 o N W  

63 25 45 NW 
86 38 14 SW 
61 47 14 S W  
56 18 54 SW 

- 
Distances 

from merid. 

Feet. 
4~ 14095 
905177 
2 175497 

169937 

165089 
167621 
157849 
1634s 1 

18ee47 
eo0830 
193072 
74750 

Distances 
from p:rp. 

Feet. 
15669% 
16856 1 

167830 

187936 

87186 

1 ige8 1 
109945 

1'9Y78 

169601 

160997 
164973 
187754 

18%. Latitudes and Longitudes of Objects intersected in 1795. 
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Names of Objects. 

Slham Windmill - - 
Jpper Deal Chapel - - 
Deal Castle - 
Nntch-house near the sea shore 
Sandown Castle - - 
Walmer Steeple - - 
iipple Steeple - - 
Valdershare Steeple - - 
ish Steeple - - - 
Koard Steeple - - 
Ningham Steeple - .- 
3oodneston Steeple - - 
Atlebourn Steeple - - 
>ant er bu ry Cat lied r il l  
dongellam Steeple - - 

rough Steeple - - - 
lamsgate Windmill - - 
it. Lawrence Steeple - - 
lirchington Steeble - - 
it. Nicholas Steeple - - 
Itourmouth, or Stormouth Steeple 
?he South Woculver - - 
Iearnc Windmill - - 
!lean Steeple - - 
Nickham Steeple - - 
ckham Steeple - - 
)ridge Wiiidrnill - - 
Jackington Steeple - 
1 h illelidon Wind in i 11 
'reston Steeple - - 
i hotteudeti Windmill - 

Zastry Steeple - 
vlinster Steeple - 
iandwich highest Steeple - 

- 
Jorbourn, or Northboiirii Steeple 
Noodnessborough, or Woodnesbo. 

- 

3 K  

Latitude. 
Longitude east from 

Greeriwich. 
In degrees. 



Names of Objects. 

Karbledown Steeple - - 
Sturry Steeple - - 
West-Stone-street Windmill - 
Stelling Windmill - - 
Ashford Steeple - - 
Brook Steeple - 
Willesborough Steeple - 
Kingsnorth Steeple - - 
Shadoxtiurst Stecople - .. 
Kennington Steeple - - 
Great Chart Steeple - a 

Pluckley Steeple - - 
Eastcvtll Steeple -- - 
Charing Steeple - - 
Lymne Steeple - - 
Mersharn Steeple - - 
Monks Horton Steeple - 

Westwell Steeple - 

Allington, or Aldington Steeple 

Longitude east from 
Greenwich. 

In degrecs. In rime. 

183. Latitudes and Longitudes OJ' Otgects intersected in 1796. 
- _ _  - - . - - - -_ _-. - __-- - - - Linton Steeple - .- 

Su t t on Wind m i 11 - - 
Chart Silt ton Steeple - 
Lenham Steeple - - 
Komden Stables - - 
Smarden Steeple - - 
Bethersden Steeple - - 
Rolvendcn Steeple - - 
Ucckley Steeple - - 
Bidenden Steeple .- - 
Ulcomb Steeple - - 
Staplehurst Steeple - - 
Hcadcorn Windmill - 
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-~ - 

N'imes of Objects. 

Craii brook Steeple - 
Egerton Steeple - - 
Frittetiden Steeple - - 
Sniirgate Steeple - - 
Snnve Steeple - - 
Waretiorti Stceple - - 
Orlestoii Steeple - - -  
W i iic helsea Steeple 
Sandhurst Steeple - - 
Whitters1i;im Steeple - 
New Church Steeple - - 
Ivy Church Steeple - - 
St. Mitry's Steeple - - 
East Guilford Steeple - - 
Appledore Steeple - - 
Old Romney Steeple - - 
N e w  Itoniiiey Steeple - 
Playden Steeple - .- 
Brookland Steeple - - 
[deli Steeple " 

Brede Steeple - - 
Betiendeli Steeple - - 
Brasses Windmill - 
Ickleshain Steeple - - 
Boughton Malhcrb Steeple - 
Peasemarsh Steeple - - 
Woodchurch Steeple - - 
High Htilden Steeple - 
Bren ze t Steeple - 

- 

- 

- 

- 
._c -..I__ -- 1_- 

. __- 
Imigitude east frorll 

G rccnwich. 
Iri dcgrees. 





of the Cliein . 
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I H. 

Toy or rlir Cnrd Stand. 

Apparatus for f i e  
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. 
Arrangement of the Poit~ fbr e a c h  Spare  of' i o o  Yards, or Length of 3 ('hains. 
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Portable Scaffold 

/ '''-.'4 
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Tripod Ladder 

'c 

1 P 

Portable Crane 

Tri 1' o d 
fcw White I.ights 
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