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Duavenrs and SURVEYS of the Sea-Coasr, 

"O Wu of practical Geometry Ke been ſo little cadres 
by Men of Science as Maritim Surveying. This Subject has 

never been particularly treated of by any Author, nor taught by a 

Maſter; nor have Surveyors given any Account of their O perations 
and Procedure in ſuch Surveys. To this Reſerve of Writers, and 
Silence of Practitioners, it may be aſcribed, that an Art of ſuch 
great Importance in Navigation has hitherto received ſo little Im- 
provement; that in Practice little or no Diſtinction is made between 

Land- ſurveying and Coaſt-ſurveying, though they differ eſſentially 
from each other in their Nature and Circumſtances; that ſo few 

Draughts are found to anſwer the End propoſed by them ; and that 

the Merits of the Draughts to which Seamen truſt their Lives and. : 
Fortunes, are ſeldom judged of by any other Rules than the Re- 
cency of the Publication, the Neatneſs of the Engraving, the Au- 
thority under which the Survey was executed ; or, ſometimes, by the 

Rank and Reputation of the Perſons to whom they are inſeribed. 
Had Coalt-ſurveying been conſidered with the Attention it deſerves, 
the various Sorts of Draughts which are often indifcriminately made 
uſe & at 'Sea, would, before now, have been characteriſtleally diſ-- 

. ae 

— 
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tinguiſhed from one another ; the Particulars. of which. a complete 
Draught conſiſts would have been ſufficiently known; the ſeveral 
Methods of ſurveying compared. together, and the moſt perfect Man- 

ner pointed out and explained.. As yet, whoever undertakes a Sur- 

vey of the Sea- coaſt is under the Neceſſity of deviſing a Plan of Pro. 
cedure for himſelf, and performing moſt of the Operations by his 
own Ingenuity and Skill in the Principles, without the Advantage of 
the Speculations and Experience of others to aſſiſt him. This Want 
of previous Inſtructions, and the Difficulty and Trouble of frequent 
Inveſtigation, ſeem to be the chief Reaſons that Coaſt-ſurveyors com- 
monly follow that Method which their antecedent Buſineſs or Ap- 
plications ſuggeſt, rather than. that which a thorough. Knowledge of 

the Theory, and ſtrict Attention to the Nature and Circumſtances of 
the Coaſt would have directed. The Navigator, or experienced Sca- 
man, conſtructs his Charts chiefly from Sea-journals of Courſes and 
Diſtances: the Engineer and Land-meaſurer,, by a continued Men- 

ſuration of Sides and Angles ;. or by a connected Chain of Friangles: 
Some meaſure their Diſtances: with a Wheel, ſome with a Chain, 
and others with a Rope: one takes his Angles with a Needle, one 
with a Theodolite, and a third with a common. Compaſs: the Way 
in which one proceeds in a Survey, neceſſarily reſtricts his Performance 
within narrow Bounds : another takes a Method, by which he. ſur- 

veys more Coaft in one Year, than he could travel over in three; 
furveying a little himſelf, and copying a great deal from others, with- 
out diſtinguiſhing the certain from the uncertain. N 

Wherever the Safety of Shipping is 3 the Publio — 
Right to ſome gatisfaction with reſpect to the Nature and Grounds. 

of the Publication. It is net ſufficient. to ſay, in the Title, that it is 
an actual Survey ; or, a new and accurate Survey: it ought to be ac- 

| companied with, at leaſt, a ſhort Account of the fundamental Ope- 
m and Manner in which the e was + copdufted, "This 

| Tons would 

| 
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a enable Seamen to form ſome Notion of the Merits of the 
Draughts they were truſting their Lives to, and to judge in what 0 
Circumſtances they might be depended on, and in what Circum; 1 
ſtances a Dependance on them would be imprudent. A faithful An- : 
ſwer to the following Queſtions would be ſufficient for this Purpoſe, 
and „ en ſubjoined to the Title of any Draught. 885 

1. How ng Was +be ; fundamental Baſe-line ? Where, and bow l Was | 1 

4 1 4 | we . 4 

2. In * Manner was the Survey carried on from Af Baſe-line? * 

Ad with what Inflruments Were the _ taken? 4 £89 

46 if the different Sorts of Draughw were claſſed dhe different 
Heads, with Epithets, or Appellations, ſignificant of the Manner 
in which each was done, and publiſhed with that Epithet, or under 
that Appellation, only; this would in a great Meaſure anſwer the 
ſame End, and point out readily the Nature and Peculiarities of the 

ſeveral Draughts. Such a Capitulary is attempted in the following 
Enumeration of Draughts and Surveys; and will ſerve to explain 

> 

what i is here propeed. . | * ON ee 1 
:; 

4 GENERAL, or NAUTICAL, Curr, is commonly'con- 
pot and drawn by ſome experienced Seaman from his own Ob- 
ſervations and Journals of the Courſes and Diſtances from Head- 
land to Head-land, and Point to Point; with the intermediate 

Spaces filled up from ſuch Charts or Maps as are at Hand, or are in 
moſt Repute. Sometimes on the Margin of the Chart are added 
larger Sketches of ſome of the moſt noted Harbours he is acquainted 
with, drawn from his own Memory, or copied from others. Theſe 

Charts are always done by a very ſmall Scale, fo as to comprehend * 
large Extent of Land and Sea. Rocks and Shoals are ſeldom, or 

or e, . examined, but laid down according to their ap- 
„ . parent 
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parent Diſtance from a noted Head-land, or by the Ship's Reckon- 
ing, which is looked ng as a rere eee for eee 

them. 7, uit, beate as 

In theſe Charts, as all hb Diſtances are either taken Hs the Eys, 
the Log-line, or the Ship's Traverſe, without any certain Allowance 
for the lnfluence of Tides and Currents ; ; and the Courſes, for the 

moſt part, deduced from the Reckoning, or ſoinetimes taken at Sea 
by a Compaſs ; great Exactneſs is not to be expected: and as the 
Scale is very ſmall, no ſtriking Reſemblance of any Part of the Coaſt 
can be expreſſed i in the Draught, to point out with Certainty where 
Shoals or Harbours lie. Notwithſtanding theſe Diſadvantages, ſuch 

general Charts are neceſſary to Navigation: and ſome. take the 
Charge of conducting Ships who have no better Draughts to rely on: 

but then, if they are not particularly acquainted with the Places they 
are bound to, they ought always to carry a Pilot, who knows them ;, 
and never to truſt to loch Charts. Ons than. for. general Courſes. at, y 
free Sea. LS 

Wnen theſe general Draughts are corrected by Latitudes and Lon- 
gitudes carefully obſerved ; and when the Publiſher is fo juſt" to himſelf 
and others, as to diſtinguiſh ſuch Courſes, Diſtances, and Tracts of 

Navigation as are delineated from his own repeated Obſervations. and 
Experience, from thoſe which he has copied, or taken on Truſt from 
others; then they become. very ſerviceable in failing from Land to. 
Land, or along an open Coaſt ; but near the Shore, where the Dan 
ger is greateſt; and in bad Weather, when a Ship is under the Ne- 

ceſſity of running for a Harbour, or ſheltering in a Bay, theſe ge- 
neral Charts are of little or no Service. In ſuch Circumſtances, 

larger and more particular Draughts, or a Kilful Pilot, are indif= 

r e. RESET 3 
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2 Demo this. Sort will not be brought wy their utmoſt Perfec- 

tion, till ſkilful Perſons are ſent on purpoſe, with good Inſtruments, 
to obſerve, on Land, or near it, the Latitudes and Longitudes of. 

the moſt remarkable Points and Promontories which Ships have moſt = 
frequent. Occaſion. to fail along, or to mate, when they approach 

the Land. If this ſhall ever be done, diſtant Views of the Land 

ought alſo to be taken; and each Obſervation, with its ſeveral Cir- _ =_ 
cumſtances, ſhould be preferved and publiſhed along with the Chart 5 
conſtructed from them. A few Years, perhaps, would be ſufficient 

to accompliſh this on both Sides of the Atlantic Ocean z or of the 

erman, or North Sea: and would produce arr accurate and laſting 
Chart of theſe Parts, which would never after need Correction. 

When a proper Manner of Surveying is more generally underſtood 
by ſeafaring Gentlemen, the intermediate Parts might be ſurveyed in 
a particular and complete Manner; which (excepting ſome Banks 

and Channels that. are of a variable Nature) would be as permanent — 

as the other. If, by the Aſſiduity of Theoriſts, or the Ingenuity 4; 
of Artiſts, that important Problem of finding a Ship's Longitude at {3 

Sea, ſhall become eaſy to ordinary Seamen, ſuch a Chart will be 

neceſſary to render that Diſcovery fully ſerviceable to Na avigation. 5 

* 1 

ABBREVTIATED Corlxerioxs or Diavenrd, as they | 
R a great deal of Coaſt in a ſmall "Compaſs, | are of the 
ſame Nature with the nautical Chart laſt mentioned, and can ſerve 
for no other Purpoſes in Navigation but to direct Ship s Courſes from 
Land to Land, or from Promontory to Promontory along a Coaſt. 
Theſe : are. commonly the Chamber- performances of Map-ſellers and 

Drawers,. who perhaps. never ſaw any of the Places they delineate, . 
and, for that Reaſon,” cannot 'be*ſuppoſed capable of making a pro- 
per Choice of the Draughts they abridge. Beſides, in contracting a 

Diverſity of Scales and Draughts into one, by the utmoſt Care they 
can hardly. ayoid — new Errors, or or ſpaccuracies, over and 

e above 
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| ies what might have b en in the Originals before. By the Dimi- 

nution of the Figure, the Diſtinctneſs that was in the Originals will 
certainly be loſt in the Abbreviation. Theſe miniature Collections 
often do more Prejudice than Service to Navigation: for, on account 

of the comparative Lowneſs of the Price, and the Names and ſpe- 

cious Authorities annexed to the Title, many are inconfiderately led 
to purchaſe and preſerve them; while the Originals, that would 
have been of much more en are as W . e 

3. A 1 13 is, 2 3 — of - 2 gt 
or any Part of a Coaſt, from the e l without en or 
immediate Sight. 7 BOT IG, 

When ſuch. a Sketch is made * one IM has Ka: often i in the 
Place, or who has viewed it with particular Attention, it may con- 

vey a general Idea of a Bay, Harbour, or Iſland, fit to gratify Cu- 
riofity, or enlarge Geography, by ſhewing that ſome ſuch Places 
are there: but as every Part of the Sketch was at firſt by Gueſs, 
and that Gueſs delineated by Recollection only, the whole muſt be 
very uncertain, and of little Service to Shipping; farther than to 

| admoniſh Sailors to keep a Look-out when they fail that Way. It 
is likely that moſt of the Iſlands in the Eg, Indies, Africa, the 
South-Sea, and on the Coaſt of Norway, have been drawn and in- 
ſerted i in our Draughts after this Manner. "SH We OD 

A * 8 

X RA 

* An Erz-Skrren is, a Delineation X' any Harbour, or 
Part of a Coaſt, done by the Eye at one Station, without meaſur- 
ing Diſtances; and 0 to the 11 ae and Di- | 
mentions of the Land. e 

Though bee neither Bearings | Diſtances, the Fi gure of the 
Land, nor the Poſitith of Rocks or Shoals, can. be exact; ; yet's 

EE % 
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good Dai may make ſuch a Sketch convey a ſuffilent Notion of 
a ſmall Bay, Harbour, or Iſland, to be ſerviceable on ſome Occa- 

fions ; and in moderate Weather, with the Help of the Lead, to 
direct a Veſſel to the ſafeſt Channel and ordinary Anchorage. A 
oreat deal of the Benefit of ſuch a Draught depends on chuſing an 

| advantageous Station to take it from, ſo that the principal Parts of 
the Harbour, or Bay, may not be too far from the Eye; ſor the re- 

moteſt Parts will always be moſt unlike. It is likewiſe of Advantage 
to chuſe the Station near the Sea, on that Side of the Bay, or Har- 
bour,, which is next the common Channel; becauſe remarkable 
Parts on that Side of the Bay and Channel may then be delineated 
according to their true Bearings, by a Compaſs. Such a Sketch is 
ſoon made by one moderately ſkilled in Drawing : and if ſea- faring 
Gentlemen, when they are in Places unknown, or not ſurveyed, 
would be at Pains to take ſuch Sketches, it would be of ſome Ser- 
vice both to Dea Mai and Ys 

. An . 8 is made by Walking along 

the Shore, taking the Bearings from Point to Point with a Compaſs, 
eſtimating their Diſtances by the Eye, and ſketching the Fi igure of 
the Coaſt between them. If to this, remarkable Objects on Land 
are added, and ſuch Rocks, Shoals, and Ledges as are viſible at 

low Water, or by Breakers, with the Depths in the principal Chan- 

nel, and in the Anchorage, the Draught will be a diſtinct Repre- 

ſentation of any fingle Bay, or Harbour, and prove ſerviceable to 

| Veſſels on ſeveral Occaſions. But if it is continued for ſome 

Leagues on an irregular Coaſt, the erroneous Diſtances will affect 
the Bearings, and alſo the Figure and Dimenſions of the whole 

Draught: groſs Errors i in the more conſiderable Parts muſt then be 
corrected by making the leſs conſiderable Parts more erroneous ; 

till at length the whole will become too evidently diſtorted and out of 

keen to admit of farther eee then of Neceſſity 

| . 
4640 — 
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the Survey muſt be diſoontinued. It is likely that moſt of che par- 
ticular Draughts uſed by Seamen have bite made i in this Manner. 

ar. 

Wien ck Draughts are Aten to mall Parts « 1 a Coaſt, or to 

ſingle Bays, or Harbours, the Errors in them are leſs ſenſible ; and 

they become ſerviceable, by exhibiting plainly what Kind of Bays 
and Harbours are to be met with on that Coaſt : and, -when Rocks, 
Shoals, and Soundings are inſerted, they will be found a pretty good 
Direction for Veſſels that may happen to fall in. with them, provided 
at the ſame Time they are ſure what Harbour it is which they have 
fallen inwith: but toStrangers, and ſuch as are not well acquainted with 
the Land before, ſeparate Draughts of Harbours will not be found 
of great Uſe, eſpecially in bad Weather, when a Direction is moſt | 
needed; becauſe of the Difficulty of finding where a particular Har- 
bour lies, and the Danger of a Miſtake in running for it. A Ship 
muſt be off the Mouth of the Harbour before ſuch a Draught can 

be of Uſe ; and the Pilot that is — to bring her thither, may 
likewiſe carry her 1 in. 

When one makes a of a Bey or abe in this Manner, 
at the ſame Time that he goes along the firſt Side delineating it, the 
magnetic Direction of the ſeveral Points and Heads on the other 
Side ſhould be drawn out on the Paper, and their Pofitions limited 
to that Direction, which will render the Bearings right, however 
erroneous the Diſtances may be: if this. is neglected, both the Diſ- 
tances and oppoſite. ge * be . and the W unlike in 
every Reſpect. 

None of the three 88 Ferien ought to go under 
the Name of Surveys, becauſe there is no Menſuration of Diſtances 
in them, nor any Thing 1g determined i in a N Manner. 

46. A Driquncr' Survey 1 is, when the Harbours, Bays, or 
Idands i in any Country, are each ſurveyed A in a geometrical 

Manner. 
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"Manners. Or, Sha one, or more, ſtraight Lee are meaſured on a 
Level Plane in each Harbour, Bay, or Iſland; the An gles taken with 
a good Inſtrument, and the Diſtances of the ſeveral Places deter- 
mined from thence a e 'E 6 

Tn this Survey, all the Rocks, Shoals and | Channels are S fp ts. 
1 carefully examined, and diſtinctly delineated, by a large Scale; and 

the Buoys, Beacons, Land- marks, remarkable Hills, Groves of Trees, 
Churches and Buildings, neceſſary for directing Veſſels on any Occaſion, 
inſerted in their proper Places and miniature Forms; the various Di- 

verſities of the Sea-coaſt, and of the Rocks, Shoals and Sand-banks 

along it, repreſented ſo as theſe Varieties may be readily known by 
inſpecting the Draught. Such a Draught will be a minute and exact 
Repreſentation of each Place, as far as relates to Shipping ; and is, 
or ought to be, the moſt complete of any, within the Limits of the 
Bay, Harbour, or Iſland ſurveyed. There i is, however, one material 

Defect not to be avoided in Draughts of this Sort; which is, that 
Rocks, Shoals and Sand- banks that lie off the Harbour, or Coaſt, 
can ſeldom be laid down either in their juſt Dimenſions, or in their 
proper Places; nor can interſecting Bearings be given for finding 
them out; nor Land-marks for avoiding them on all Sides. The 
Reaſon is, each Draught comprehends ſo ſmall an Extent of Coaſt, 
that Objects properly ſituated for theſe P urpoſes cannot be included 
in it. Lewis Morris, in his Draughts of the Harbours of Wales, 
and Captain Collins, in his more diſtin Draughts of Harbours in 
Britain and Ireland, very ſeldom give any Deſcription of the Rocks 
and Shoals they repreſent, nor Ditections for avoiding them on all 
Sides : and theſe they [deſcribe are fo ſuperficially done, that it is 
not without much Trouble and Searching that the Shoal can be 

found at all: the Nature of their Surveys would not admit of being 

ſo particular as that requires. Detached Draughts of ſmall Extent, 
though never ſo exactly done, will not be found of much more Ser= 

vice to 828 n than the ambul: * e 5 

Mo 1 Tu 
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| for neither of them are of Uſe till a Valle!" is in the Mouth 6 4 the 

Harbour; and then, the apparent Similitude between the amibüla- 

| tory Dravght and the Land, will direct her to the proper Anchorage 

as well as an exact Similarity in the geometrical Draught; for in 

failing along, the Eye cannot pereeive the Difference. No one that 

was not acquainted with the Coaſt, ever ventured to run for a Har- 

bour by the detached Draughts that are to be ſeen on the Margins | 

of * Maps and Charts; nor by thoſe done by Collins, or Morris, 

though there is a general Chart along with them. However, diſ- 

junct Draughts, when well executed, give great Satisfaction, by 
making the Nature and Capacity of Bays and Harbours. exactly and 

diſtinctiy known, and are good Remembrancers to theſe who have 

been in theſe Harbours, and are ſo well acquainted as to know the 

Land at ſome Diſtance: but a Stranger to the Coaſt can receive 
very little Benefit by them, * that HRT may prove a PIE 
on unſkilful Pilots. 

<p, 7 LiNEANGULAR Survey is, e the Coaſt is meaſured 
all along with a Cham, or Wheel, and the Angles taken at each 

Point and Turn of the Land with * x Theodolite, or magnente a 
Needle 

5 Some fow Bays, that happen to be bordered with ane Mark, 
may be ſuited to ſuch Operations; and then, if great Care is taken 
a pretty exact Survey may be made, But, it is only a ſmall Part 

of any Coaſt that is level and ſmooth enough to admit of a conti- 
nued Menſuration with any tolerable Degree of Exactneſs. And, when 

it is conſidered that every Error, or Inaccuracy, in any one meaſured 
Diſtance, occaſions a proportional Error in all the other ſubkquent = 
Diſtances ;- that every Inaccuracy in the Angles affects all the 3 
ſubſequent Angles — Sides ; that, among ſuch a Number of Angles, 
' Inaccuracies, perhaps Miſtakes, are hardly to be avoided ;. and when 
they happen, harder to be found out, ſo as. to be properly. cor- 
* ; when theſe Things + are conſidered, it will not be ine 2 

. Pn a, Nn 
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2 Paradox to affirm, that an irregular Coaſt may be ſurveyed by the 
Eye and a Compaſs, as exactly as in the lineangular Manner. A 

r will eaſily be ſatisfied of this, if he has ever tried to ſurvey 

an irregular Field, or r ſmall Iſland, by meaſuring all the Sides, and 
obſerving the Angles b IK them: by his Field-book their Circum- 
ferences will never meet on the Paper: That Reproach of Surveyors . 

is not to be wiped. off by ſuch a Procedure. Surveys taken in this 
Way are tedious, troubleſome, and require many Hands conſtantly: 
imployed : the Diſtances by the Draught, and by obſerved Ldtitudes, 

differ widely from each other; and the whole will come out larger 

than the Truth; except Errors in the Angles ſhall happen to coun- 

teract the Errors in the Sides; and in that Caſe, particular Parts 

muſt be very much out of Proportion. If the Diſtances are mea- 
ſured with a Wheel, inſtead of a Chain; or the Angles taken with 

a2 Needle, inſtead of a 1 heodolite; then the whole, and particular 

Parts, will be ſtill more erroneous. Lineingular Surveys that are 

continued beyond the Limits of a ſmall Bay or Harbour, are in no 

Caſe to be depended on: and very few even of theſe, can be exactly 
done in that Manner. This, however, ſeems to be the moſt c com- 

mon Method of geometrical Surveying 8: | a 

8. A TRIGONOCATENARY Survey is vom one long Baſe- 
line is carefully meaſured on a level Plane, the Angles taken with a 
good Inſtrument, and from that Baſe- line a connected Series of Tri- 

angles carried on along the whole Coaſt, by which: the Diſtances of 
the ſeveral Heads, Points and Dae of the Shere are r 
trigonometrically. 

By this Procedure, one une of Error i in. the FPG Method is 
avoided, viz. that which. ariſes from a continued Menſuration : but 

the other, perhaps no leſs conſiderable, which is found, by conſtantt 
Experience, to flow from a long Chain of Triangles all dependi ng: 
on one WRT, ſtill remains to affect the mutual Bearings and Diſ- 

e ances | 
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ances of the Places. This Manner of ſurveying is liable to much 
the ſame Inaccuracies and Imperfections as the lineingular, only not 

to fo great a Degree. When Objects, ſharp enough for forming 
the angular Points with Preciſion, are rarely to be met with (which 

is the Caſe on every Coaſt) Errors in Angles muſt neceſſarily ariſe : 
one Error cauſes another, that a third, and ſo on; each increaſing 

the Inaccuracies of the ſubſequent Triangles : and, after they have 

inſenſibly run through a few trigonal Links of the Chain, their 

Source becomes indiſcoverable ; and, at length, the Error of the 

whole too great to be corrected in the material Parts, without mak- 

ing very groſs Errors in other Parts: the Survey muſt then of Ne- 

ceſſity be er broke off, or continued with very ſtriking 2 . : 

fections. e 

5 a Coaſt happens to be ſo eee e that ie Plonin may 

be met with on it at proper Diſtances from each other, and new 
Baſe-lines are meaſured on theſe Planes; and if Poles, or Signals, 

are ſet up forming T riangles all along the Coaſt ; then, with great 
Care, the Angles may be taken, and the Survey continued-with, 
ſufficient Exactneſs. But, ſuch a Procedure would be extremely 
tedious: a Life-time would hardly be ſufficient to ſarvey the Coaſt 
of one Kingdom in this Manner, with the Care it requires. But 
as Planes of a ſufficient Length and Smoothneſs are ſeldom to be 
found on any. Coaſt, whoever carries on an extenſive Survey this. 
Way, will be often under the Neceſſity of makin g random Altera- 

tions in the Draught, at leaſt at every new Baſe- line; that the ſeve- 
ral Parts may connect with one another, and that the whole may 

agree better with obſerved Latitudes. And, after the whole is put 
together one Way or another, the original Scale muſt be chan ged, and 

a different one ſubſtituted in its Place, that is better adapted to the 
Latitudes, and to the Dimenſions of the whole: that is, a Survey 
taken in, this 7 muſt be anne, before the Scale that ſuits it is 
known, | 
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ON DRAUGH TS AND SURVEYS. xxi 
" An OROMETRIC Survey is, when one long Baſe-line is ex- 
actly meaſured, and the Diſtance of the Summits of two, or more, 

high Mountains in the Neighbourhood found from thence trigono- 
metrically: then, by Angles taken on theſe Summits, the Diſtances 

of all the Points, Heads, Turns and other viſible Objects on the 

Coaſt are aſcertained; and from them the Poſitions of other inter- 

mediate Objects and Places. From theſe Mountains likewiſe, the 
Diſtances of other Mountains, farther along, are found; which ſerve 
in the ſame Manner as the firſt, for determining Diſtances along 

| that Part of the Coaſt which is adjacent to them. 

By this Way of ſurveying a Coaſt, when the Foundation is care- 

fully laid, the Errors which all the fore-mentioned Methods are. 

liable to, are in 2 great Meaſure guarded againſt : for, the Error, 

or Inaccuracy, of any one Diſtance, or Angle, is not communicated. 

to the reſt, but confined to that Diſtance, or Angle alone, or per- 

haps to an adjacent Point or two beſides, which are not of great 

Conſequence 1 in the Draught, nor affect the Poſitions of other Parts. 
Therefore, in a mountainous Country, where the fundamental Tri- 

angles are few, and the Nature of the Coaſt otherwiſe favourable, a 
Survey may be continued a great Length, without any Error conſi- 
derable enough to affect the Extent of the whole together. But. 

then Shores are generally ſo low, and of ſuch. a Nature, that parti- 
cular Parts can ſeldom be perceived from the Tops of two remote 
and high Mountains; even large Buildings are not often to be ſeen. 
from thence: and though Points and Promontories, in Groſs, may 

be perceived from both, yet it is ſcarce poſſible ta diſtinguiſh the 
ſame Part of them from each Mountain. This will render the 
Angles, and of Conſequence, the Diſtances. inaccurate; and cauſe 
the obſerved Points and Heads in the Draught to extend more, or 
leſs, from the reſt of the Coaſt than they ought: and other Diſtances 

and Bearings that depend on them will participate of their Error. 
Ie; if a- moderate Degree of Care is taken, theſe Errors-will: 

| not. 4 
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not be A and the D Draught, i in general, may Aren dug 
ciently with obſerved Latitudes and Longitudes. Though by this 

Method an extenſive Survey, may be carried on with more Certainty 

and Exactneſs than by any of thoſe before - mentioned, yet there is 

Ground to believe that it has ſeldom been put in Practice. 

10. A . SURVEY is, when. the W 1 Diſtances 

of three, or more, proper Objects are carefully meaſured ; and by 
Means of theſe Objects, the Poſition and Diſtance of all Stations along the Coaſt determined trigonometrically, each at its reſpective 8 

Station alone, independent of one another. 
ö | 

By this. Manner of Surveying, the Errors which all the Gier 
Methods are liable to are avoided : for, the Diſtances along the Coaſt 

depending intirely on the Diſtances of three Objects choſen at Plea- 
ſure, the moſt proper may be ſelected for that Purpoſe : or, if 
proper Objects are not to be had, others may be adapted to it by 
Signals, and their mutual Diſtances previouſly determined to any 
Degree of Exactneſs. And if, by Overſight, an Error ſhall happen 

in any Part, it is confined to that Part alone, without affecting other 

Parts; and may be corrected at any Time independent of the reſt. 
This Way of carrying on a geometrical Survey, whether inland or 
maritim, will appear evidently to be much more perfect than thoſe + 

commonly practiſed ; and to ſurpaſs. them, not only in Accuracy, 
but in Expedition 3 and is the only. Method from which an exact 

extenſive Survey is ta be expected. Other Methods of ſurveying are 
defective either in their Foundation, or their Procedure, or in both: 

and their Errors, generally, ſlip inſenſibly into all the Parts of a 
Sutyey, increaſing as it goes on. Thence it is, that ſo few Surveys 
have been continued beyond the Extent. of a large Bay, or River; 
that the Errors of former Draughts are not to be corrected without 
an intire new. Survey ; that ſome Places. have. been. ſurveyed. again 

and again, yet in Proceſs. of Time are found to require it anew:; 
and that ſo few. — are to be met with that anſwer e 

N or 
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for which they
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without a Pilot. The Deſign of the following $1 
and f recommend. to more general Practic the 

of farveying 3 to render future Draughts-of the 

 _ - plete and Terviceable than 
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©, 2 

blic; and to direct ſea-faring Gentlemen, 1 

' a Courſe of Navigation, how to make uſeful Draughts of ſuch Bays. © 
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The Dutch League of 18000 Rhinland Feet. 6186 
The common German Mile of 22800 Rhinland Feet 782, 666 
The League of Sweden 30000 Rhinland Feet 10310 

_ Engliſh Miles 

A of the Meridian in Bricain | „ 
A Degree at the Equatoer 67,75 
A Degree at the Pole - | 70, 1 
The Ghord of one N * of the Meridian | 69,150 
The Chord of half a Degree: 34,960 
The Diamoter of the Earth - 7910, or, 41798117 Feet 

| The Sun's Semidiameter about the Equinoxes i 5 AS 
About the Middle of Summer is - I5', 45” 
About the Middle of Winter is 156, 15, 
e „„ „ 42 20, 95 

Geometrical Miles in a Degree of Longitude. : 1 

Deg. of Lat. | © | "1 10 18 20 | 2530 
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Ci mae the geometrical. Pris ci iples nd other. Pre- 
eee of ee "odors 

1.4 

Crap. 1. Of the Principles and Pre-requiſites | in general, 2. Tri- 
gonometrical Solutions. 3. Longimetrical Operations and Pro- 
blems. 4. Examination of Inſtruments. 8 Meridional Problems, 
and the Variation of the Needle: 

ad the "na TIRE _ other Ferit of Survging In general, 

will be found of Advantage to have learned Drawing; at leaſt ſo 
a of it as to be capable of ſhading with Indian-ink, or etching with a 
Pen, Hills, Rocks, Cliffs, miniature Buildings, and the Coaſt-line of a Map ; 

of ſketching, from Nature, the Out-lines of them ; and of taking diſtant 
Views of the Land, from Sea. This can only be attained by long Practice, 
together with a few Inſtructions from a Drawing- maſter. A Surveyor who 
is not capable of ſketching readily, and ſhading with Rue Neatneſs, "ought 
to have a Drawer along with him for that . N 

He ſhould alſo be acquainted with the Eleriients of Gee a and Aſtro- 
nomy; at leaſt with as much as is taught in a common Courſe of Navigation; . 

ſo as to be ready in P Lines and Angles, and OR the Caſes 
DB” = *&4 

EFORE one under a eee Survey of the . wit it 
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2 MARITIM SURVEYING. Part 1. 

of plain and ſpherical Trigonometry by logarithmic Tables, whe en the Pro- 
portions are ſtated; and applying the former to the Menſuration of Dif- 
tances, and the latter to thar of ſpherical Arcs and Angles ; of taking the 
Altitude of the Sun, or a Star, with a Quadrant on Sea and Land, and 
from thence finding the Latitude of a Place; and of knowing by the Bee 
a few of the fixt Stars, eſpecially ſuck as are near the elevated Pole. 

| He ſhould alſo make himſelf acquainted 8 che Structure of the prin- 
cipal inſtruments uſed in ſurveying ; ſuch as the Theodolite, the aſtronomical 
Quadrant, and Hadley's Octant, or Sextant; and underſtand how to ex- - 
amin, adjuſt, and obſerve with them. If he 1 is defective in any of the above 
Particulars, his Operations and Obſervations will be tedious and i en 
er his Draughts void of Neatneſs and Elegance. 

* 

E H A . II. 

7 rigonometrical Salwins. 

T2 Caſes in plain Trigonometry that, occur in furveying a are us 
four following. 

— Hering two Angles of a Triangle, and a Side 3 to one of chem, 
to find another Side; uſe the following Proportion. JT. - 
As, the Sine af the Angle oppoſite to the Side given, 

Is. to, the Sine, of, the Angie pelt te the, Karel, 
So is the Side given, 

88 Te. the Side. Fea Oe. 

2, Having two Sides, 5 an Angle appoſite w0, one of hem. to, Anda. 
other. Angle; uſe the following Proportion, | 

As the Side oppoſite to the dongle gioen, 
1s to the Side oppoſite to the Angle required ; 

$9.45 the Sine-of the Angle rien. 
 Ta.the Sine of the Angle requir d. 



Cap. 2. MARITIM SURVEYING 
In the above Caſes, It will aſſiſt the Memory to bferve, that when a Side 

ts wanted, the Proportion muſt begin wih un _— and Ne an . 
.is W it muſt begin with a Side, 

3. — ewo Sides of 's : Tangle, and the included Angle, to find the 
other Angles, and Side; uſe the following Proportion. 

As the Sum of the two given Sides, 
Is to their Difference, 
So is the Taugent of batf the Sum if he / Wo pale, ale 
To the Tangent of half their Difference. | 

Then half their Pifference 7 mane) $990 to half their Gums will be 

eee Side. if the third de i is re it may be forind by Solution I. 
255 two Angles : are known, and a Side a to one of them. 

+ + ͤ #8 © 

bo The three Si 5 of a Trian gle being. given, from thence. to find the 

Angles ; proceed by the plowing Steps and Proportions.- 

PLATE . FiG. 1. 

1. Let ABC be the Triangle: make the 1 Side A B the Baſe: 
Fry C, the Angle oppoſite to the Baſe, let fall the Perpendicular. CD, o 

* — 1 

AB; which will divide the Baſe 3 into two Sen AD and D B., Tins 
D518 $3% 

4. Find the Differeince « of fA D and D'B, . the foll hd Proportion, - | | 

As the Baſe A B, 
I. io the Sum of the ther Sides (A > + Ec) 
$6 is the Difference of the Sides (KC —BCY 

GFothe Difference of the Segments of the Baſe (A 82 5 B.) 

22. 4 — * * 4 5 * : E : 

hy the Differente' of theſe Se Segments (thus, fou nd) added ts 2 . wy ; 
A B, gives the * "RM AD; or W eaves ; the 8 DB. 

* ue T 0 E. bs 10 4. Bid che Aug ad POLY Kd 
„ eie Þ is opealls1 

#4 —ͤ— 

one of them. i Then, ONS 
| B 2 5 

3 

two 
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Part 1. M An TTM iS U RVE v IN 8. 

-£ In the Triangle AB C, you have! two Sides A B and B C, and the 

A at A- oppoſite to one ee e re- "Iv pre OBI 

Angles C and B oh 2281 bi” 1 

0 H A P. III. 

— 0 perations and Problems. 

V 
How to "proceed i in meaſuring . a Braight Line. ay hong 

yEFORE any Diſtance can be meaſured trigonometrically, the Lengeh 
of one ſtraight Line, or Diſtance, muſt be firſt found mechanically, 

| by meaſuring it on a Plane with a Pole or Chain. And as this Menſuration 

is more or lefs exact, fo will all the other Diſtances be that are deduced from 
The utmoſt care therefore 'ought to be taken in meaſuring this firſt 
Du or fundamental Baſe-line, exactly; z. and all Sources of Error i in 

the Operation guarded againft, as much as poſſible. The following Di- 
rections will be found ſufficiently exact * any urn 

1 A 
1. Prepare a Meaſuring-pole 20 or 30 Feet long, preciſely meaſured, 

Grab at one End, and a firm oblong Ring at the other; or a Chain 60 Feet 
long : thtee Poles, each ro Feet long, with white, or dark-coloured F lags, 
to be tied to their Tops, according as they may appear on the Land, or be- 

tween you 2 and the Sky: 12, Poles, each 5 or 6 6. Feet long, with a ſmall Flag 

on every fourth Pole: oe ob Rocks and Stakes, ſuch, as Gardners uſe, 
with about 200 Yards of ſmall Cord to each Reel: 20 cylindrical Pins for 

counting the Number of Poles, c or, Chains, as vou are meaſuring, each about 
8 Inches long, and ſharpeged at the | Foint for piercing the Ground ealilx: 
two wide mouth d Canvas- Pockets to carry the Pins in, with due; fer 
tying, one e of them round the Middle of each of the Meaſurers, MIN 

71 2 1329.57 6s 140 n — S 4 * 

2. Pitch on a level Plane, as long as can be bad; ſuch as a fnooths L 

Ti 9 ; . SEL © + x. ® 

In this Plane chuſe wen a Direction tbr ue Line to be a as 9 

a Salt. marſh, or (which is by far the, beſt) a frozep. Lake. 

the g prive el Objetts whoſe" Diſtances are required, * from both 
x | its 



: 

its Extremities; and that the gresteſt Angle any of theſe Objects make-with- 
it, may not be too oblique (or not above 140 Degrees :) and, if convenient 
otherwiſe, let one End of this Line run directly on ſome remarkable Part of 

a remote Object; ſo that, at the other End, its Direction ts be er 
d de at N Wan by that pgs er 1 

13. At _ End of the Line to be W get up oo Pole, with A 
white Flag flying at the Top of that which. appears on the Land; or a dark 
Flag on that which appears between you and the Sky, or on white Sand; ſo 
that they may be eaſily ſeen from each other: about the Middle between 
theſe two ſet up the other long Pole, exactly in. a Line with them: and in a. 
right Line between theſe three ſer up ſhorter Poles all. along, about 200 
Tards ae with a F lag at the Top of wy fourth or fifth DOE: 

8. Sipeach- 4 8 er N from Pole to Pole, rouching che fame, Side 

of each Pole as it paſſes them. rigs * 1 Fü on 15; 

6. Immediately before you begin Pa de along theſe 3 try the | 
Length of your Meaſuring-pole, or Chain, with a Six-foot mahogany Rod 
divided into Feet; one of the Feet into Inches and Tenths of an Inch; the 

Thickneſs of the Wire of the Ring at the End of the Meaſuring-pole is 
not to be included in its Lengeh:: Count alſo the Pins, put them in the 
Canvas- pocket, and give them all to the Lade. or e Man, that 
e e X10 ME 

N 1 the Meafuring-pole 2 — the 3 withe 5 Ring at the 
Part you begin the Meaſurement from, and i its Square-end foremoſt; at the 
Square- end, juſt touching it in the Middle, the Leader is to ſet down a 

Pin, and to go on with the Pole until the Follower (or he who carries the 
Ring · end) comes up to that Pin, and puts the Ring round it; then the 
Leader laying the Pole exactly along the Cord, muſt thruſt down another 
Ein at the Square: end. When that is done, he calls to the Follower, who 

muſt take up the Pin in the Ring, put it into. the Canvas- pocket which is 
tied round his Middle, and go on to the next Pin, putting the Ring round 
it; and when the Leader has put down another Pin, and called, then the 

| vole: muſt take his Pin VPs put it in the Pocket, and 80 on to the next, 
as 

Fo 35 | ; 
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6 MARITIM SURVEYING: Pan 1. 
as before; proceeding in this manner till all the Pins ore put down by one, 

and taken up by tbe other. Then leaving the Meaſuring · pole exactly 
placed along the Cord, without a Pin at any of its Ends, let the Pins be 

counted over, to be ſure that none are wanting, and the Number marked 
down on Paper, and all of them given back to the Leader, to begin anewy 
by placing a Pin at his End of the Pole, as it lies along the Line, which 

Follower is to put his Ring round, has he _ a eve 
the whole pen en is an 8 | 

The Uf of ue un es Mad es e Pole, inflead of wn e Bol - 
at the End of another, is, to confine the Meaſuters to more aa 

which will e nary Precaution . 5 * 

A Chain i is not fo exact for e with, when great ' Precifion i is re- 
quired, as a Pole; but is much more conveniently carried; and, when 
Care is taken to lay it ſtraight, and to prevent the Links from riding on one 
mother, it will be found fuffciently exact on moſt Occaſions, | 

a 1 dhe Sand — FOY a: ſenſible ad Salus“ Decliviey; WET ES : 

High- water Mark to Low-water, then the Length meaſured may be reduced 
to the horizontal Diſtance (which is the proper Diſtance) by making the 
perpendicular Riſe of the Tide, one Side of. a right - angled Triangle, the 

Diſtance meaſured: along the Sand the Hypothenuſe, and from thence finding 
the other Side trigonometrically, or by Protraction on Paper, whick wilt be 
the true Length of the Baſe- line. If the Plane meaſured is on the dry Land, 
and there is a ſenſible Declivity there, the Height of the Deſcent muſt be 
taken by a Spirit-level, or by a i and that youne the firms room 

cular Side of the Triangle; | 

x, in.a Bay, one ſtraight: Line of eee Es 
let two, or three Lines, forming Angles with each other, like the Sides of a 
Polygon, be meaſured on the Sand along the Circuit of the; Bay: theſs: 
Angles: carefully taken with a Theodolite, and exactiy protracted or oalcu—- 
lated, will give the ſtraight Diſtance between the two farcheſt Entremities = 
the firſt and laſt Line. In taking the Angles, let the Center of the Theode- 
lite 6 „„ — IIRNE: renn. 

3 : 



Ends of the two Sides that form the Angle: for a ſmall Error in the Angle, 

GN from it. 

ame n meaſure their Diſtances by a Wheel But as a | Wheel — 

a ſmall ſerpentine Motion from Side to Side, occaſioned by the Steps of the, 
Perſon that leads it; and beſides, traces all the little Inequalities of the Ground, 
which, however ſmooth to Appearance, no. Plane (if it is not ſmooth Ice) 
is quite free from; this way of meaſuring cannot be reckoned. ſufficiently 

cxact for a fundamental Baſe- line. Much leſs is any Diſtance meaſured by 
a Line, or Rope, to be eſteemed ſufficiently exact: for that will lengthen 

Moiſture in the eh or on the Plane meaſured. 

| OPER ATION II. 

How to meaſure a Hug. Line on the Surface of the Sen. 

Firſt, prepare a Meaſuring-line. of "TEAS Cord, two or ads Bande 
Yards in Length, with ſmall Pieces of Cork of equal Thickneſs made faſt 

ta it at: ſmall Diſtances, all along, like a Fiſhing-net, ſo that it may float. 
ſtraight on the Surface of the Water: if the Line has been well ſtretched, or 

much uſed before, it is the better : alſo prepare two Ropes ſomewhat longer 

the Middle to one End of each Rope, that when it is at the Bottom it may be 
able to anchor a Boat, and bear to be ſtretched: ſtraight without ſhifting the. 
Place ofithe Anchor. Let the Meaſuring · line be thoroughly wet immediately 
before you begin to uſe it, and then ſtretched on the Water cloſe by the Shore, 

ta be meaſured, take two remarkable ſharp Objects on the Land in a Line, 
one near the Shore, the other as far up in the Country as you can: if ſuch- 

. * 3 

£2 * a * 

5 * 

* 

=. * i } . 
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met, or by dropping a Stone down; and let Poles be fer t
te 

_ eſpecially in the firſt, will i often make a en. Error i in * Diſtance 

more, or leſs, by the Strength applied in ftretehing it along the Ground z 
and likewiſe lengthens, or ſhortens, by the various Degrees of 18 = 

* 

. 
* 

7 

W 

1 

4 T2 

* 

- N 7 

1 

* 

1 

Iron Ballaſt.(which» we ſhall call an Anchor) 50 or 60 Pounds- weight, tied by. 

and iter Length meaſured there with a Pole. Then, in the Direction intended 

axe not to: ba had, place Buoys on the Water at proper Diſtances- in that 
* 
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V ticularly here: and that is, by heaving the Log over a Ship's Stern while 
ſhe is under fail, and obſerving how many Knots of the Log-line runs out 

2. Take the Objects, or Buoys, in a Line, and holding one End of the 
Meaſuring-line faſt on the Shore, carry out the other in a Boat, in that Di- 
rection, till it is ſtretehed ſtraight at its full Length by one Man in the Boat, 
and exactly at the End of the Line let another Man drop the Anchor, which | 
will mark one Length of it. There keep the Boat, and the End of the 

Meaſuring-line, cloſe to the Anchor- rope, drawn. right up and down, till an- 

other Boat takes in the other End which was on the Shore, and rows farther 

on, and lays it ſtraight in the Direction of the Land- marks, or Buoys, and 
there drops another Anchor, which will mark the ſecond Length of the 

Meaſuring- line. Go on thus till the whole propoſed Diſtance 1 is meaſured; | 
and immediately after let the Meaſuring-line be again meaſured with a Pole 

on the Water near the Shore, as at firſt, and if the Lengths differ, take the 
mean between them for the true Length. It is obvious, that to meaſure 
with any Exactneſs this way, the Sea muſt not only be ſmooth, but void 

of a Swell, and of all Stream of Tide; either of which will hinder the 
Line to lie ſtraight. This Method of meaſuring a ſtraight Line may be 
convenient on ſome Occaſions ; and if Care is taken to keep the Anchor- 

rope right up and down when the Meaſuring-line } is applied to it, will be 
found ſufficiently exact for many Purpoſes, but not for a pon Baſe- 
Une from which other Diſtances are to be deduced. 

There is wither way of Seeg a ſtraight Line, ately; on the 
Sea, which is ſo well known to Seamen, that it is needleſs to deſcribe it par- 

in half a Minute; for the Line is ſo divided that the Ship will run (or, is 
ſuppoſed to run) ſo many miles in an Hour, in a ſtraight Courſe; and twice 
as much in two Hours, and ſo on. But this Concluſion is founded on three 
Suppoſitions, neither of which are certain, viz. That the Log remains in the 
ſame Place during the whole half Minute that the Line is running out from 
the Ship's Stern; that the Ship continues to ſail with the ſame Velocity, and 
alſo in the ſame Direction, during an Hour, or two, that ſne did during "a - 
half Minute: the contrary of which is more likely 1 in moſt Caſes. For the 
Log: line may ſhrink, or ſtretch, while it is running out; or may drag after 
the Veſſel by the Weight of the Line, or by not running eaſily: and OE 

of the Reel; z the Swell of the Sea may alter the Place of the 1 

3 N Currents | 



Chap. 3. 

rection, or Celerity of the Ship's Motion; for neither of which can any cer- 
| tain Allowance be made. This way, therefore, of meaſuring a ſtraight 
Line, or Diſtance, is not to be depended on as exact: but is mentioned here, 
becauſe Rocks, Shoals, or Iſlands ſometimes lie ſo far from the Coaſt, that 
there is no other way of forming any Notion of their Diſtance. If any ſuch 
Diſtance is to be meaſured after this manner, let the Log-line be thoroughly 
wet when it is meaſured ; let the Length between each Knot be 51 Feet, 
which is the Hundred-and-twenticth Part of a geometrical Mile, as half a 
Minute is rvth Part of an Hour; chuſe Neap-Tide, as much flack Water 
as can be got, and a moderate Breeze of following Wind; let the Line be 

run off the Reel ſo as never to be ſtretched quite ſtraight; and if the Half- 
minute is meaſured by a Watch that ſhews Seconds, rather than by a Glaſs, 

it will generally be more exact. Perhaps one Second ſhould be allowed for 
the Loſs of Time in calling out at the Beginning, and ſtopping it at the End 
of the Time; except the Perſon who holds the Watch can contrive to ob- 
ſerve the going out of the red Rag at the Beginning, and alſo to ſtop the 
Line himſelf at the End of the Time; which auen not ſeem a difficult 

Matter. 

0 OPERATION III. 

To find the Diſtance of rwo Places, by the Flaſh and Regore of « a Gun. 

Stand in one of he Places with a Stop - watch in your Hand; the Watch 
ſtopt with the Second-hand at 60, and your Finger at the Stopper: let a Gun 
be fired at the other Place, at an appointed time. When you ſce the Flaſh, 
or Smoke, that inſtant ſet the Watch agoing; and immediately as you hear 

the Report, ſtop it; and it will ſhew the Number of Seconds of Time be- 
tween the Flaſh and Report. By that Number multiply 1142, and the 

Produ& will be the Diſtance of the two de 65h: in Feet: for Sound i is found 

to move 1 142 Feet in a Second. 9 

This Operation ſhould be repeated two or e three Times, f for more Certainty ; ; 

and the xa of them, if it is * known, ined) on for the true Time: 
o 

MARITIM SURVEYING. 9 

Currents or Streams of Tide, ſtronger or weaker below the Surface than at 
it, an unſteady Helm, Lee-way, and varying Winds may change the Di- 
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46 - MAR J. 1 1M 85 Ge FAN u. Part 1. 
7 or a Mean of all, if no Diſtinction cam be made. It mould alſd be per- 
. formed when there is little Wind; for a Breeze of Wind, with or againſt the 

ſound, is found. to quicken or retard it a little. It is likely that ſome ſmall 
Vattidon may 'Ufo + ariſe from different Degrees of Denſity, and Elaſticity i in 

* the Air; the former retarding, and the latter accelerating Sound. But this 
. bas not yet been aſcertained by Experiments: 10 

22 F 
1 

* 8 

By this way of meafuring Diſtances, ſuch as are not more than two Miles 
cannot be reckoned exact; becauſe of the Difficulty of ſetting the Watch 
agoing, and ſtopping it at the preciſe Times; Which may cauſe an Error of, 
at leaſt, one Quarter of a Second or 90 Yards, Which is too much in ſo 

mort a Diſtance. If the Diſtance is four Miles, or more, it may be reckoned 
ſufßcientliy exact for ordinary Rnd + I incline to think, if half s a Second 

E738 &13 

Ix 3 "* NOT, jaw HY wo S : 75 75 

ments 2 determining the Velocity of Sound- were : made. 
wy * LS 40 4 SF C 

It is to be wiſhed that uſe Experiments were veal als An by 
ſome careful Perſon, who would attend to the ſeveral Circumſtances of the 

Air and Wind that might affect the Celerity of Sound, and publiſn the 
Effect of each, for the e of Surveyors, and the farther Satisfaction 
of the SIN. | _ 
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Wich a \ Theodolite, or H adley s „Quadrant, at one End of the B ale lie 5 
* take the Angles YXA, XB, XC; at the other End T, take the 

. Angles 
| 4 



. MARTIN SURVEYING ur 
Angles X Y A, X B, X YC, and write them down in a Book. Then 
draw a Line on the Paper of a WY er and i in a convenient Poſition: 

pitch on any convenient Part of that Line for the Point X; and taking the 
Length. of X.Y. from a "Scale © of. Nan Ae Jet it off from X to X; at at & 

draw the obe rved Angle X * A; and at, the other / End. Y, "Ti the 
_ obſerved Angle X ET A, and the Interſection of theſe two Lines will 

be the Point A; and X A, meaſured: on the Scale from which X Y was 

taken, will be the Diſtance of A from X. In the ſame manner the Points 

B, or C, may be determined; and the Length of A By on B C, meaſured on 
the Scale, will give the Diſtance of A from B, or B from C: and ſo for 

any other Points whoſe Diſtances are e Whether they lie on one Side 
of the Baſe-line or the other. 1 

magnetic Direction, Ihen os Points A, B, and C, wil likewiſe —_ in thei 
magnetic; Nr ta from * d Y, and from each other. 14 no bas 

1 — * 
y 1 =_ * ry 

To render peniſes Diſances" more esd, the L of the Baſe-line 
ſhould not be leſs than one ſeventh, or- one eighth Part, of the Diſtance of 
the fartheſt Object; none of the Angles ſhould be too oblique, or above 140 
Degrees; the Protractor ſhould de at leaſt 12 Inches Diameter, and each 

Degrve ſubdivided into four Parts ; or more minutely by an er with a 2 
vernier Scale on it. 5 

LO ” 

BY CALCULATION. 

In the Triangle X YL A there are given the ad Side X F. 100 the 

obſerved Angles Y X A and X X A, and therefore the Angle Y A X, their 
Compliment to 180; that is, two Angles and a Side oppoſite to one of 

them: therefore, (by Trigon. Sol. 1. Page 2.) the Side X A may be found. 
In the ſame manner, in the Triangle XI B,. may XB or YB be found. 

Then, in the Triangle A X B, there are given the two Sides X A and X B, 
and the included Angle (the Difference of the obſerved Angles Y XA and 
LXB)) hence AB Wy be found, by Trigon. Sol, . We . 
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| To find the EI 7 two a his the FENG OY * Bearing h the 

d.. eee 

PEATE I. FIG. In. 

IT PROTRACTION. 

1. esd Linn XA right up a and down on the Paper for the magnetic | 

Meridian. | 

2. Pitch on a convenient Point X ĩ in that Line, to 1 * 
Places; and at the Point X make the Angle A X B equal to the Variation, 
and on the Eaſt- ſide of X A, if the Variation is Weſt ; but on the Weſt· ſide 
of it, if the Variation is Eaft ; and XB will be the true Meridian. 

3. Ge Sb the Angle AX Y equal to the magnetic Bearing of the 
other Place from X. 

. Take from a Scale of equal Parts the Difference of Latitude of the 
two Places in 3 Miles, and fet 1 it off on the true Meridian n 
X to B. 

Gs At B raiſe a Perpendicular BY cutting X L in V; and the Point Y 
will be the other Place; and X Y, WW will be u Di 
tance of the two Places in geometrical Miles. 

If their Diſtance is wanted in Engliſh Miles, fay, 3 is J 
their Diſtance in geometrical Miles, to their Diſtance in Engliſh Mes; for 
69 and a half Engliſh Miles make 60 geometrical Miles. 11 

BY CALCULATION. 

In the right-angled Triangle BX, eee in 
this Cafe, equal to the Bearing of Y and Variation of che Needle together; 

4 



Chap: 3. MARITIMOSURVEYING:/ ö 
and tbetefote the Angie dt T ü Al Known; and the Side x B oppoſite to 
one of them: hence (by ann Sol. 1.) XI. is und. | 

In this Problem; hi greater the Differcnce of 1 0 of FR two Places 

is, and the nearer they are to the ſame Meridian, their Diſtance will come 
out the more exact. For, an Error of half a Minute can hardly be avoided 
in the Latitudes, though taken with the beſt portable Quadrant; nor an 

Error of 15 Minutes, ſometimes, in the Bearing of. Y from X, though taken 
with the beſt Needle : more eſpecially as the Polarity of Needles is found to 
vary, in the ſame Place, above 20 Minutes in a Day, according to the State 
of the Atmoſphere, as is thought. To be ſufficiently exact, therefore, the 
Difference of Latitude of the Places ſhould be no leſs than 1 5 Miles, and 
the Angle B X Y no greater than 45 Degrees: | 

The Accuracy of this Problem depends chiefly. on the Accuracy of: the 
two Latitudes : for ſuppoſi ng the Needle to be twenty Minutes wrong, it 
will not occaſion an- Error of a Quarter of a Mile in a Diſtance of thirty 
Miles, if the Interſection of the Bearings is not oblique : and therefore, if 

the Quadrant with which: the Latitudes are found, and the Obſervations. 
hkewiſe, are not known to be good, the Diſtance deduced from them is not 
to be depended on as exact. In calculating the Latitudes by the Sun's. Me- 
ridian Altitude, remember to make the proper Allowance for the Sun's Semi- 
diameter, (at a Medium 169 as in the Table, Page 17, the Refraction, Va- 
riation of, the Sun's Declination for the Time between your Meridian and the 
Meridian: of the. Tables; and if the Altitude is taken with Hadley's Qua- 
drant, by the viſible Horizon, make Allowance alſo for the Depreſſion of the 
Horizon, or Altitude of the Eye above the Surface of the Sea; 1 ane 
to the — Page 18. 

Here it may be obſerwed, that the Diſtance WELLES X and Y; © al 
found, is the Length of. an Arc of a great Circle. of the Earth between 
theſe two Stations, and not the ſtraight. Line, or ſhorteſt, Diſtance. The 
Chord. of that Arc. is the true Diſtance to be uſed in Surveying. . Therefore 
inſtead. of, X X meaſured by two Latidudes, take its Chord, which is twice 
the Sine of half the Arc. The Proportions between the following. Arcs. 
and their Chords were found by, the. Tables of. ar el Sines 7 ſaying,. 1 

the 
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MARITIMSURVEYI NG, Part 2. 
the Radius of the Tables, i; to the natural Sine of half the given Arc, fo. is 
the Radius of the Barth to 'a fourth. Number; which doubled, is the 

Chord required. If X Y therefore is found by two Latitudes to be 69z 
Engliſh Miles, the Chord of that Are; or ſhorteſt Diſtanee between X and 
Yi jOdiily: 69 Miles and 1 30 Tards: if the Arc is 341 Miles, its Chord is 
24+ Miles and 80 Vards: if the Arc is 20 Miles, its Chord will be 29+ 
Miles and 264 Yards nearly. If the Arc meaſured is leſs than! entry 
_ 92 "my SE x hada ado: JON, We Are: - 1 to 

If, in I Er it ſhall — — that Y cannot be ſeen fram X; ; or that, | 
becauſe of their Diſtance, both Points cannot be. included in the ſame 

Draught; in theſe Caſes, to avoid the Trouble and Loſs of Time in finding 

the Latitude of another Place inſtead of X, pitch on ſome other Station 
nearer Y, as S, whoſe Diſtance and Direction from X is determined on the 

— and where Y can be ſeen: find its Latitude, by letting fall the 
Perpendicular S b on the true Meridian drawn through X; and b X mea- 
ſured on the Scale and reduced to geometrical Miles, will be the Difference 
of Latitude between X and S: which added to, or ſubtracted from, the 

Latitude of X (as S is northward or ſouthward of it) will be the Latitude of 
8. * wg e 8 the Hammer of S and of Y, bog their Oe: as be- 

r 
$ — 

To 6. 8 hay the Sun  Declination, at any Place, 4 er from the 
.  Declination in the {RIS 

{ 

ae, as near as you can, hw atis Difference of Lillie is, in Time, 
between the Place of Obſervation, and the Place for which the Table of De- 
clination is calculated. Then, ſubtract the Declination for the Day of Ob- 
ſervation, and for the Day next following, from each other, and the Re- 
mainder will be the Variation of Declination for one Day, or 24 Hours; 

and allow a twenty- fourth Part of that Variation for every Hour between 
your Meridian and the Meridian of the Table of Declination. For Example: 
ſuppoſe the Variation of the Sun's Declination in 24 Hours, is found by the 

Table to be ten Minu tes; and the Longitude of. the Place of Obſervation, 

from the Place for which the Table of Declination is 5 Calc, ulated, is 4 4 197 

grees, or 3 Hours; then ſtate the Proportion thus ae Fog Hong 



ch 3. MARITIM SURVEYING: 2 
s 24 Hours: is % 107 :: N J Hours 100 4 42 Which 13 5 150% 

1 bo be added 10, or ſubtracded fromthe N in the Fable —_— 
to the Circumſtatices following. 
* 2. 0 | 331% "4 ng 1 JK: 7 Net ct 's| 1919 4 D. 1 

. When the Sun's Declination is increaſing. af 99 of ” Me- 
„ine of the Table, the Remainder muſt be ſubtracted from the Declina - 
tion in the Table: but if you are weſtward of the Meridian of the Table, 

it muſt be added, * Sine wy Sund Declination at the Ears of 2 
CSF > 4 1 F * 7 * 

7.2 421 i * 1A. Peel ' FS ; 

I ben the Sun (EL Declination is, decreafen ug.: * Jou are 1 of t | 

Meridian of the Table, t the Remainder mutt be added to the Declingtion, in che 

Table: if you are weſtward, it muſt eee ine to. give: the De: 
alte e Place of Obſervati od 5 A : ftv 0; cl 
10 not. 51 
Within three, « or r four, Days of the Solſtices, : an Frcs of 39, or 40 Degrees 

in the Longitude of. the Places, will make no ſenſible Error in the Sun' s 

Declination : but when the Sun is within 10 Degrees of the Equinoxes, to be 
ſafficiently exact in the Declination, the Longitude ſhould be known to half 

R 

an Hour, or 8 W 11H OAH 

Pg 

5 - * * — * - Ws 
1 1 3 4 1 : x » : » 

W L 4 7 * i ve oe 1 She! * 5 5 Ii Au W. 

% 4 * ne EE 

4 Jes an {ren Way ay to PO a the Su ſy W or Zenith Difavce: 

2 _ to # ad or abtrulted, to rodice e Latitude. 11 2 

on „ dub 10 01651 ub mod" rdoifder! 95: MAA9DvYNnOD z go 1 Ader 

Eetꝭ it be -dbfenderh that if the Sun's:Blavwitr has Bchigtic i trackferred 

tothe Rarth, org marked hy a Point oncthe Merifliam of a Place; then, the 

Sun's Meridian Zenith Diſtance, obtained by the Quadrant, is lequal to the 

Diſtance of that Point from the Place of Obſervation: and therefore, when 

| the Diſtance of the Sun {orthe Point which repreſents it!) 4 from the Equator, 

? i known, the Diſtanlce of the Plats df Obſervation from the EFquiiteri will. 

lkewiſe be KNOWN. 5 3211395 * A gin 27: 

PLAT E IL. FIG. Iv. 

If therefore a Circle N E P Qis made by Hand, repreſenting a Meridian 
on the Earth, and a Line E Q, for the Equator, drawn through the Middle: 
*of kc; the a Point 8, repreſenting the Sun's Place, marked by Gueſs on the 

Circle; 
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- Circle; but on the North, or South Side of che Equator-line, as the Sun's 

 Declination is North or South; and another Point Z, for the Place of Ob- 
ſervation, North from 8, if the Sun is South at Mid · day; but South of 8. if 
the Sun is North at Mid-day : then by inſpecting that Figure, it will be eaſy 
to ſee whether the Declination, or Zenith Diſtance, is to be added or ſub- 
tracted from each other, to give Z E, the Latitude, or Diſtance of the 
Place from the Equator. In this Caſe, it is obvious, that the Declination 
S E muſt be added to Z S the Zenith Diſtance, to give Z E the Diſtance of 
the Place from the Equator. Again, let s be the Sun's Place, then E s is 
the Zenith Diſtance, from which s E muſt be ſubtracted to give Z E the 

| Diſtance from the Equator. Again, if s is the Sun's Place, and 2 the Place 
of Obſervation, the Sun being ſuppoſed North at Mid-day; then 2 s is the 

| Zenith Diſtance, to which s E, the Declination, muſt be added, to give 2 E, 

the Diſtance of 2 from the Equator. If 2 falls between s and E, then the 
Zenith Diſtance mult be ſubtracted from the Declination to give the Latitude: 
— will de manifeſt by . che Points properly on the Fi igure. 

p RO B. III. 

To find the Latitude of 4 Place which is inaceeibe 

"Firſt find the Variation of the Needle then, by. the Dire&ion of the 
Needle, pitch on a convenient Place which bears due Eaſt, or due Weſt, 
from the inacceſſible Place whoſe Latitude is required; there find the Lati- 
tude, and that will be the Latitude of the other likewiſe. for both are in the 
en. | TIS 

| The nearer the Place of Obſervation 3 is to the other, the more OY wHl 
_- the Latitudes agree; becauſe un e e 

the Bearing by the Needle. 
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PROB. IV. 

Hobi the Diſtances of — e A, B and C; cali" in 4 — Line, 

or forming a Triangle; at amy Station S, withour. the- e riangle, to find its 
un N theſe Points. £ | 

PLATE 1. FIG. Ve 

B * RO TR ACTION. 

At 8, with a Theodolite, or Hadley's Sextant, take the "Sal A SC 
and CS B: then, making A B (the Side which ſubtends the greateſt 
Angle, and is oppoſite to the middiemoſt Point) the Baſe , at B, make the 
Angle A B. D equal to the Angle A S C, and lying on that Side of A B 
which is fartheſt from 8; and at A, make the Angle B A D equal to 
O8 B, * ADinD; draw a 2 paſſing through the three 

0 | | Points 
/ 
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Points A, D, B, and it will alſo paſs through S: raw out the Line by D, 
and it will cut the Circle 1 in 8, the ein of Station W 

3 The Angles A 8 D and A B D are A for hop 
ſtand in the ſame Segment A'S B D (Eucl. B. III. Prop. 21.) ASD is 
therefore equal tocthe firſt obſerved Angle. In the ſame manner, BSD 
and B A D are equal; for they ſtand in the ſame Segment D A'S B; and 
DS is therefore equal to the other obſerved Angle; and 8 the Point of 
Station, and:S-A,.S 8 5 8 gk the Diſtances 2 85 

BY CALCULATION. 

1. In the Triangle ABC, the Sides being e che Angles are 
found by Trig. Sol. 4. Page 3. | 

2. In the Triangle ABD, the Side A B is given by Suppoſition; and 

the Angles DAB and D B A equal, reſpectively, to the correſponding 

obſerved Angles; therefore the Angle at D is alſo Known: from thence (by 

Trig. Sol. e AT ne TR ON, | , 

3. 9 che Triangle C A D, the Sides 0 A and A D are known; and the 
included Angle C A D (which is what B A D wants of B'A 105 from thence oe 
(by Trig-S0k 5.) nile CDs Then, = 

4. In the Triangle AS C, two Angles A SC and AC 8, and the Side 
AC oppoſite to one of them, are known; from thence (by Trig. Sol. 1.) A 8 
tn. mne S Bor e 

If the Point C is on the other Side of A B, towards 8 or in the Line 
A B, it is obvious that S may be found in the ſame manner; the ſame Pro- 
traction, and Calculation, ſerving for each of theſe Caſes. 

F 16. VL 

If it men happen that the Points C and P fall fo near each other, that 
in protracting, C D is produced with Uncertainty, which.” will. happen 

* 
n 
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_ when the Point C lies beyond A B; and. the obſervecl Angle A SC is nearly 
equal to the Angle A B C, and the other obſerved Angle CSB is nearly 

Part 1. 

equal to the Angle C A B. In which Caſe take the Point C on the Side of 
A B which is next to 8, as at K: or, ſhift your Station nearer to, or farther 

from C, and find the Poſition ef that Station, and then its Diſtance from S. 
Or, on CB, make the Angle CB D equal to the obſerved: Angle 

ASC, and the Angle B C D. equal to the Supplement to 180* of both 
| the: obſerved Angles. ASB; then the Interſection of theſe Sides will. be 
the Point D: draw a Circle paſſing though. the Paints B, C, D, and AD 
produced, will cut that Circle in 8, the Point of Station required. For, 

BS DC being a quadrilateral Figure inſcribed in a Circle, BS D is the 
Supplement of BCD to.1809 (by Eucl. B. III. Prop. 22.), and by Con- 
ſtruction equal to the two obſerved Angles: and A S C and DB C being: 
equal, as ſtanding on the ſame Arc DC; ASC mult be the firſt obſerved 

Angle, and CSB (the Remainder of ASB) the other; and 8 therefore 
4 the Point of Station. 

Here it may be obſerved, that the Diſtance of an Object found in. chic 
manner by Hadley's Sextant, is the real aerial Diſtance in a ſtraight Line 
from the Eye to the Object; but it is the level. Diſtance that is neceſſary. i in 
ſarveying, If the Object therefore is on a Hill, or Eminence, that is near,. 
and of conſiderable Height, it will be greater than is required in ſurveying, as 
the Hypothenuſe of a right-angled Triangle is greater than the Baſe. To 
find the level Diſtance, or Diſtance of a Point within the Baſe of the Hill, 

right below the Object on the Top of it; pitch on ſome remarkable thing 
that lies below, and in a Line with the Object, and take the — with that 
inſtead For Ws i Onan on the Hill. 

PRO 
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1 tp Þ 5 

| Koving the Diftances of Arie Points A, B and C, that fi a7; angle at any 
Station 8, in the Direction of one of the Sides, ta find its Diſtance from 

theſe Points. ws Soda 

F 1 G. vn. 

BY PROTRACTION. 

Sn 

Tale the Angle ASB with an Inftroinent 1 fſubtract that Ae 
from C AB, and the Remainder will be the Angle A B S; for C A B is 
the external Angle of the Triangle A B S, and therefore (by Eucl. B. I. 
Prop. 32.) is equal to A S B and AB S taken together. Then, at B, on 

the Side B A, draw the Angle A B S; produce C A, and it will interſect 

B S in 8, the Point of Station; and SA, SC, S B will be the Diſtances 
N 

'BY CALCULATION. 

In the Triangle AB 8, the Angle at S is found by Obſervatiod ; the | 
Angle B AS is the Supplement of C A B to 1809, and therefore the Angle 
ABS is alſo known: that is, in the Triangle A BS, all the Angles and a 
Side are known; from thence the other. two Sides SAandSB are found. 
by Trig. Sol, 1. 

PROB. VI. 

Having the Diſtances of three Paints A, B and C, forming a T. riangle; at any 

Station 8, within the Triangle, to find its Diſtance from theſe Points.. 

FIG VIII 

BY PROTRACTION. 

Make any one of the Sides, ſappaſe AB, the Baſe : take with an: Inflrd-- 
ment W and C S B, which the two ather Sides ſubtend: at 

| . BR 5 B make 
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B make the Angle A B D (lying without the Baſe of the Triangle) equal to 

the Supplement of ASC to 180 and the Angle BAD equal to the 
Supplement of C S B: theſe Sides produced, will interſe& in D. Draw a 
Circle paſſing through the three Points A, D and B; join C D, and it will 
interſect the Circle in 8, the Point of Station: and 8 A. SC, 8 B. will be 
the Diſtances required. 0 

Demonſtration. The Angles AS D and A B D are equal, for 1 ſtand 
in the ſame Segment ASB D (Eucl. B. III. Prop. 21.) therefare A S C, 

the Supplement of A S D, is alſo the Supplement of AB D; and, by Con- 
ſtruction equal to the firſt obſerved Angle. Again, BS D and BAD 
are equal; for they ſtand in the ſame Segment BS AD; and B S C, the 

Supplement of B 8 D, is alſo the Supplement of BAD; and therefore, by 
Conſtruction, equal to the other obſerved Angle; and S the Point of Station; 

and.S A, 8 B. 8 C, the Diſtances required. hw, 

1 CALCULATION: 

1. In the Triangle, A. BD, the Angles B A D and ABD are known, . 
being reſpectively Supplements of the obſerved Angles ASC and BSC, 

and therefore their Supplement A D B is known ; and the Side A B oppo- 

ſite to one of them: from, chenpe.(hy. ig, 8-40 Gag! the: Se Are 

| Then, | 

2. In the Triangle C AD, the Sides AC and A D are
 knowh, 0 che in- 

cluded Angle C A D (equal to C A B and BAD nes from thenee find” 
the Angle A C D, by Trig. Sol. 5. 

3. In the Triangle A C S, the Angles at C and 8 are law and the 
Side A C, oppoſite to one. of them ; From thence : (by We 1.) * 
A 2 and C S. 

PLATE; I FIG. IX. 

If the Point of Station, i is in any of the Sides, as at S in 4 B; 
take the Angle which one of the other Sides, ſuppoſe A C, ſubtends there; 
and on any Part of A B, as D, make the Angle A D E equal to the ob- 
ſerved N ASC: through C, draw the Line C 5 parallel to DE. 

| , 

on „ Wy rey * . 
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cutting A B in 8, and 8 will be the Point 6f Station. For * 8 and DE 

being parallel, the Angles A'S C and AD E are equal (Euel. B. iF: Prop. 29. ) 
| ASCis therefore the obſerved Angle, and S the Point of Station. 

8 ::On account of che great Utility of theſe at Proline in dene I 

mall ſhew-a-general, and more ready Method, of finding, by Protraction, 
the Point of Station 8, in the three principal Caſes foregoing; communicated 
by Capt. John e of ls Majeſty 8 Navy. 

1. When the n Angle A 8 B is ts than 90 n From the Points 
A and B draw the Angles B A m and A B M, lying towards 8, each equal 

to the Complement of the obſerved Angle AS B, and the Interſection of 

the Lines Am, B M, will be the Center m of the Circle A S B. From, 
the Extremities of either of the other Sides of* the Triangle ABC, as 

B C, draw the Angles BC n and C BN, each equal to the Complement of 
the obſerved Angle C S B, and the Lines C n, B N, will intbrſect each 

other in n, the Center of the Circle CSB; and the Point of Interſection of 
_ two Circles thall be the E Station S. F or, 

The Angle A'S B being lefs than a Right-Angle, the Line A B will d. 
vide the Circle A M S B into two unequal Segments, in the greateſt of which 

(AMS B) 8 muſt ſtand (Eucl. B. III. Prop. 31.) and therefore the Center, m, 
which is always in the greateſt Segment, will be on the ſame Side of A B that s 
is. Alſo, in the Triangle m. A B, the Angles A BmandB AM together, are 

the Supplement of the Angle A m B to two Right-Angles; but A B mand 

B A m are (by Conſtruction) the Supplement of twice A S B to two Right- 
Angles; Am B is therefore double the Angle A S B; and ſtanding on the 

ſiame Arc (by Eucl. B. III. Prop. 30.) 8 muſt be in the Circumference of 

the Circle A 8 B. ih 5 

* the ſame Manner it may be 05 that S is in the Circumference of 
the Circle C S B, and therefore i it muſt be in. their Interſection. 5 

1 When the obſerved Auęle A 8B (Fi i. T%Y is more than go Degrees: 
Then ſubtract go from it, and make the Angles at A and B each equal to 
the Remainder ; and to lie on the Side of A B, which is fartheſt from SB; 

| „ Fo LS 
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and m, the Point of Interſection of theſe two Lines will be Fl Center of a 

Circle, which will paſs through A, B and S. For, the Angle A S B being 
more than 9⁰ Degrees, the Line A B will divide the Circle into two unequal 

Segments, in the leaſt of which (A S B) the Point of Station S muſt bez 
and the Center m, therefore, on the Side of A B oppoſite to S. Alſo, the 
Angle m A B = mB AS (by Conſtruction): to the difference between A 8 B 

and a Right-Angle : alſo the AnglenCB=nBC= eee ee 

8 The Print of Station S found infromentaly 

. TS Point I may be readily laid down on a Draught, * Cine: on a 
loofe tranſparent Paper indefinite Right-lines SA, SB, S C, at Angles 
equal to thoſe obſerved; which being placed on the Draught. fo as each 
Line may paſs over, or coincide. with, its reſpective Object, the angular 
Point S will then coincide with the Place of Obſervation. Or, .. 8 

Provide a g graduated Semicircle of Braſs, about 6 Inches in Diameter, 

having three Rady with chamfered Edges, each about 20 Inches long, 

| (or as long as it may be judged the Diſtance. of the Stations from the three 

given Objects may require) one of which Rady to be a Continuation of the 
Diameter that paſſes. through: the Beginning of the Degrees on the Semi- 

circle, but immoveably fixed to it, the other two moveable round the Center, 
ſo as to be ſet and ſcrewed faſt to the Semicircle at any Angle. In the Center 

let there be a ſmall Socket, or Hole, to admit a Pin for marking the central 

Point on the Draught. When the ſloped Edges of the two moveable Radij 
are ſet and ſcrewed faſt to the Semicircle, at the reſpective Degrees and 
Minutes of the two obſerved Angles, and the whole Inſtrument moved on 
the Draught until the Edges of the three Radij are made to lie along the 

three ſtaſimetric Points, each touching its reſpective Point, the Center of 
the Semicircle will then be in the Point of Station 8; which may be marked 
on the Draught, through the Socket, with a Pin. Such an Inſtrument as 
this may be called a Station. pointer; and would be found convenient for 

finding the Point of Station readily and accurately, except when the given £ 
Objects were near; when the Breadth of the Arch, of the Radij, and of the 
Braſs about the Center of the Semicircle might hinder the Points to be ſeen, | 
or the Radi to be 2 ſo as to comprehend a FAT ſmall Angle Ore j 
them. 

OM | PROB, 
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PROB. vil. 

Having tbe Diane and Poition of two Points A and B ; at Py 8 

8 and s, to find the Diſtance of theſe Stations from each anal. «nd Ce the 
given Points. 

PLATE 1. FIG. xX. 

1. At 8, cakes the Algen A 8 5 and BS 83 and at 6 ke the Angler 
AsSandBsS. ES 

2. Making Ss any length, ſuppoſe 10, take it b a Scale of l 
parts, and draw it on Paper: and at S and s, protract the reſpective ob- 

ſerved Angles, and the Points A and B will be determined in Proportion 5 
to the aſſumed Length of S s. Then, taking the e Length of 
AB from the Scale, ſay, 

As the protrafted Length of A B, 
1s to the aſſumed Length of S s, 
So is the true Length of A B, 

To the true Diſtance of S and s. 1 1 

3. The Diſtance Ss being thus found: and the Angles at 8 RED $ obſerved? 
the Diſtances. S A, SBands A, s B, may be taken from the proper 
Sola, en a new. Erotragaen s or calculared, as in Prob. 33 | 

RGI. _— 

mae the + Difana and magnetic Bearing of two Points, A and B 1 3 
at any Station 8, (not very oblique to A 991 10 _ 115 Diftance _ 4. 
Points, by the Needle. 

(PLATE L F16. XL. 

At S, with a good magnetic Needle, take the 8 of A and B, in 

. and Parts . a * then, from theſe Points draw out their 
| E Og __ 
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reſpective Bearings i in the oppoſite Direction, towards S : that | is, if A bears: 
exactly North; draw a Line from the Point A exactly South; if it bears 

| Eaſt 10, or 20 Degrees ſouthward, draw the Line Weſt 10, or 20 Degrees 
northward, and ſo for any other Bearing. Draw the oppoſite Bearing of B in 
the' fame manner; and 8, the Interſection of theſe two VALE will be the 

PoinCof Station ; and S A, 'SB, the Diſtances required... 5 - +2 

This is an KY and Ay way of frding the Diſtante of any Station, from- 
two. Places whoſe Diſtance has been accurately determined before; and will 
be found convenient very often in the Courſe of a Survey; and ſufficiently” 
exact on moſt Occaſions provided the Places, A and B, are not very re- 

mote from the Station, nor the Interſection of their Bearings too oblique. 
If the Needle is good, a Diſtance of 20 Miles is not to be reckoned too far,. 
when the Angle ſubtended by the two Flaces i is not leſs chan 50 Degrees, 
ROT more than 144. 

, — t * 
* * . 19 ” i . % 4 k 4 

4 - ai” * * 3 £ 4A * 5 15 4 0 - 4 * i 

\ 

> ENS „ 
Of the Examination of Serving nim 

HE Accuracy of geometrical Menſuration depends ſo mah on the 
Accuracy of the Inſtruments made uſe of in it, that it is a very ne- 

eeffity Qualification in a Surveyor to be capable of examining and adjuſting 
them. Some Inſtruments are made in fuch a Manner, without any Neceſſity, 
and as if it were om purpoſe; that it is very troubleſome to find whether 
all their Parts are exact or not; and for that Keaſon Surveyors are too 
apt to take them on Truſt, without Examination: but this often creates 

| more Trouble in their Buſineſs, and occaſions Errors which they can neither 
= account far; nor correct. If Sy 
1 eee eee 8 ade 

E- ps; How i xanin he am of «Thais. PA 

S | ES PLATE I. FIG. XII. 

| 3: On a Levet om a Mile or ew long, fach as the 
2 & the fi. bags Mark along a wel-theltcred Sand, wheti the Sea has 

. 

Margin of a Lakes 
has been 
ſmooth 

t 62 
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ſmooth a little before, ſet three en Pales* A, B, © exaly in a Line; | 
and about half a Mile, or a Mile from each other. If it can e ** 
the Line run n on ſome remarkable Bart of a diſtant ws 
85 

2. Set The Theodolice horizontal, with its 5 Center right over the Hole . 
cs the middle Pole ſtood: ſer the Index at o Degrees, and turn the 
Theodolite till, through the Teleſcope, you ſee the Poke A at the vertical 
Wire ; then ſcrew the Inſtrument faſt in that Poſition, Next turn the In- 

dex to go, and remark ſome diſtant Object exactly at the vertical Wire of 
the Telefcope : if no ſuch Object is to be ſeen, ſet up a Pole D in that 
Direction half a Mile off, or as far is it can be ſeen, e as 

3. Then ſet the Index * Deg. in, ad tar che Taſlrackenc till you 
ſee the Pole C, through the Teleſcope exactly at the vertical Wire: ſcrew 
the Inſtrument faſt in that Poſition; turn the Index to 90 look through 
the Teleſcope ; and if the Object, or Pole, D, is exactly et the vertical 
Wire, then is the Index right centered, and the graduated Circle exactly 
divided into four Quadrants ; for the Line D B, ſtanding on the right Line 
AC, makes the Angles on each Side, A BD and C B P, equal. But, if 
the Object is not ſeen exactly at the vertical Wire, obſerve how much it is 
over, or falls ſhort of it, and half that Difference is * Error of che Diviſion | 
at 90 T. 

& To find "I im Graduations of ok 3 are Bake Au the 
Beginning of the Diviſions of the vernier Scale, to the Beginning of each 
Degree of the Theodolite; and if the End of the Diviſions of the Vernier 
reaches the reſpective Degree preciſely i in each Application, then the Gradua · 
tions of the Theodolite are right; otherwiſe one, or more, are wrong. If 
each Degree is ſubdivided, theſe Subdiviſions may be examined in the ſame 
manner. This is a very eaſy and nice way of examining the Graduations 
of any [nftrumenc that has a vernier Scale on it. 5 

* To place a Pole aa, up with 8 cloſe as pat ane « End of 
the Pole between your Toes, and take the other up _ you Breaſt and Chin, and in that * 
Poſture preſs it down with both Hands till it ſtands firm. 
+ By a proper Application of the above Principles, thi” Graduation of Inſtruments, large 

or ſmall, may bo rendered as accurate, as the Materials made yſe of will admit, and the leaſt 
Degree K wb in them e as den e n were WG 
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ns MARITIM SURVEYING: | Pat x. 
To find if the Wire of the Teleſcope is exactly vertical: FRIES up 2 
Plumb-kne at ſome Diſtance; ſet the Theodolite level; look through the 

Teleſcope to the Plumb-line when at reſt, and if the upright Wire moves 
exactly along the Plumb-line when the Teleſcope is elevated or depreſſed, 
then is the Wire exactly vertical. If the Wire croſſes the Plumb-line | in 19 0 
Part, turn it by the proper Screws, or Puts, till 5 get it ge 

* Coutions i in taking PO with 4 T Beodalite. 

% 4 en the Legs chat ſupport it pretty wide, and thruſt them fem in 
the Ground, eſpecially on Sand, or ſoft Ground; that they may not ot yields 
or ſink unequally during the Obſervations. . 

2. Set it level; otherwiſe the Angles will not by Win | 

. Serew che Ball firm in the Socket, that in turning the Index, the 
De of the Theodolite may not vary from the Object it. was directed 
to; which, without Care in the Obſerver, or in the Structure of the Inſtru- 
** will happen frequently. 

4 The Angles ſhould be taken twice oven, and gon off 1 differen 
Perſons. ; * 

S. It would often prevent Miſtakes in Coos and contribute to „ Dipacrk, | 
if a Theodolite was provided with two Teleſcopes, one above its Plane, and 
the other below it; the lower one to move round only when the Circum- 
ference of the T heodolite was turned ; by which Means it would be readily 
ſeen through this Teleſcope when the Diameter ſhifted from the Direction of 
the Object it was fixed at. Alſo if theſe Teleſcopes ſhewed Objects erect; 

and in their natural Pofition, inſtead of being reverſed and inverted; and 
if the Teleſcopes magnified more than they commonly do. It would like- 
wiſe be an Advantage if the Vernier was made to, give every Minute of a 
Degree, in Place of four or five, a in moſt Theodolites. e 

1 a 

„„ r 
This 1 be uſed with great Advantage in ; Muitim Serre 
on moſt Occaſions; being more Portable, more . applied to the taking 
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of Angles, and generally more accurately and minutely divided than Theods- 
tes are: an Obſerver is leſs liable to Miſtakes with it; and, which is a 
very material Advantage, he can take Angles with it at Sea, as well as on 
Land. There are two Inconveniences attencligg the Uſe of it; one is, that 
ſmall, or obſcure Objects, eſpecially if the Ground riſes beyond them, can- 

not be eaſily perceived in the Glaſſes : the other is, that no Angle above 
120 Vegrees can be taken by it at once, and that ſometimes hive: are not 

proper interyening Objects for dividing a larger Angle into two *. 

A Braſs Sextant of nine Inches. Radius, though it does not admit of 
Back-obſervations, will be found as convenient a Size as any for a Surveyor. 
It ſhould be provided with a ſmall Teleſcope, that. can. be taken off and put 
on at Pleaſure, for obſerving celeſtial Bodies; and with a Tube for ter- 

reſtrial Objects, which is better than a thin Plate of Braſs with Holes in it. 
There ſhould. likewiſe be a Screw at the End of the Index, to bring the two. 

Objects exactly to ane another, after they have been firſt brought near by the 
Hand; and if a Staff with a Ball and Socket is fitted to it, 105 a Belt to ſup- 
port the whole, it will be found a great Eaſe to the Obſerver. The Te- 

leſcope and Tube ſhould be fo contrived, as to be raiſed occaſionally as high 
as the Middle of the tranſparent Part of the Horizon- glaſs, for obſerving 
W chat are bright enough to 28 ſeen by Reflection from 1 . 

Each of the Glaſſes belonging to the Sextant ſhould have 1 its two Surfaces 
perfect Planes, and parallel to one another; and the Index and Horizon- 
glaſſes ſhould ſtand perpendicular to the Plane of the Inſtrument. Theſe 

Particulars of the Glafſes ought to be carefully attended to, and adj uſted 
by the Inſtrument · maker, before he gives the Sextant out of his Hand: for 

though Defects in the Glaſſes may be detected by proper Examination, yet 
the want of Paralleliſm and Plainneſs cannot be corrected without new 

Glaſſes; , and, to adjuſt t the Inclination, is troubleſome to young Practitioners. 
The firſt thing however which a Beginner ſhould learn is, the eaſieſt way of 

holding: the Sextant for making Obſervations, and of bringing the reflected 

=S Any Angle. may be pot by the Back- obſervation, by one experienced i in this manner of 

5 obſerving; z but the Back- obſervation is too difficult and troubleſome to be recommended in ge- 

neral to all Practitioners; and requires a Sextant or Octant of at leaſt 16 Inches Radius, to have. 
ſiuſfficient Room for the Back-vanes, which is an inconvenient Size for Land Surveys. 

Image 
1 
* 
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mage and Objekt near each other by moving the Index Tho? this requires 

| Practice mote than n the cloning Barden vin 10 found An 2 

able at firſt. 85 | nn Io SOON s 

Flow to bold 2 Sextant for ling Angles, "ot ws , 

Whether the Sextant is to be held vertically, of horifontatly with its Fav 
uppermoſt, it ſhould be ſupported chiefly with the Right-hand, and the Tn- 
dex governed by the Left, in the following Manner. For horizontal Angles; 
hold the Inſtrument horizontally, with the Face uppermoſt, and place the 
Thumb of the Right-hand againſt the Edge of the curved Part on which 

| the Sight-vane ſtands, but ſo as not to l the Index when it is ſet at o, 
or the ] Beginning of the Degrees ; ; and extend your Fingers acroſs the Back 

of the Inſtrument, ſo as to lay hold of the oppoſite Edge of the additional 
Part on which the Horizon-glaſs ſtands, placing the F ore-finger on ons 
Side, the two next Fingers on the other Side of the greateſt Swelling, and ; 
the Point of the lictle Fi inger againſt the Back of the Inſtrument. When 
there is no Staff and Belt, horizontal Angles are eaſieſt taken ſitting with the 
right Ancle on the leftKnee, and the right? Elbow ſupported by the right Knee, 
The Index may be managed by placing the Thumb of the left Hand againſt 
the outer Edge of the graduated Arch, and keeping the End of the Index 

| betwixt the two firſt Fingers: or by taking the End of the Index between 
the Fore-finger and Thumb, and reſting the other Fingers againſt the middle 
Bar, or againſt the F ar- ſde of the Inſtrument, as a Fog oy. pas al 

For taking vertical Angles : : hold the Sextant in a vere Potion, with 
the Thumb and Fingers of the Right- hand, as before, for horizontal Angles; 
or as the Form of the Swelling at the Horizon-vane enables you to take the 
ſureſt Hold; reſt the Extremity of the Arch againſt your Breaſt, and that 
will enable you to manage the Index more eafily with your: W Hals 

When Angles are to be taken with the Wein inverted; 42 the 
Face below, then it muſt be held and ſupported chiefly by the Left-hand, 
and the Right reſerved for governing the Index, in the following Manner, 
Hold the Sextant horizontal, with its Face downward :- place the Thumb of 
your Left- hand on the Center-plate at the Back of the Index-glaſsy the 
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three firſt Fingers above the Center-part, and the Inſide of the little Finger N 

againſt the Edge of it; and hen the Eye is applied to the Sight - vane, preſs. 
the Edge of that Side againſt your Forehead: take care that the little Fi in 

. by ines lows. Jars not n rhe Sight of any of che Objects. 
* 

"Is all Oberoiients he Sextant mould 0 held in a Hans paſſing ee 
the Eye of the Deer and the two en whoſe angular Diſtance i is to. 
be found... | | 

How to examine the G aſſes of a Sextant. 

o o find whether the two Stk of any one of the reflecting Glaffes are 
parallel: apply your Eye at one End of it, and obſerve the Image of ſome: 

diſtant Object reflected very obliquely from it; if that Image appears ſingle 
and well defined about the Edges, it is a Proof that the Surfaces are parallel: 
on the contrary, if the Edge of the reflected Image appears miſted, as if it 
threw a Shadow from it, or ſeparated like two dow. it is a Proof that the 

two Surfaces of the Glaſs are inclined to each other. If the Image in the 
Speculum, particularly the Sun, is viewed through a ſmall Taeſeope, 

che Examination will be more perfect. 5 

To find whether the Surkpce of a reflecting Glaſs i is a 100 Plane. Chuſe 
two diſtant Objects as nearly on a Level as can be had: hold the Sextant 

horizontal, with your Eye at the Sight-vane, view the Left-hand. Object 
directly through the tranſparent Part of the Horizon--glaſs, and move the 
Index till the reflected Image of the other is ſeen. below it in the ſilvered 
Part; make the two Images unite juſt at the Line of Separation: then 
turn the Sextant round lowly + in its own Plane, ſo as to make the united 
Images move along the Line of Separation of the Horizon-glafs : if the 
Images continue united, without receding from each other, or varying their 
2 Poſition, the To Sar is. then ſufficiently plane. 

0 find if the reflefting Glaſſes are perpendicular to the Plane of this 
Sextant. Move the Index near the Middle of the Arch. of the Sex- 
tant; apply your Eye obliquely near one End of the reflecting Glaſs, fo as. 
ta ſee Part of the Arch of the Sextant by Reflection, and Part of it by di- 
wot Viſion if the . Arch form one uniform Cure, without. 

4 E pearing "ub 
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appearing in the leaſt above or below each other, then is the Glaſs perpen- 

dicular to the Plane of the Sextant. If the Image of the Arch ſeen by Re- 

flection is higher than the Arch ſeen directly, then the Glaſs inclines for- 

ward; in which Caſe, llacken the fore-adjuſting Screw of the Glaſs, and 

ſcrew in the back one. If that Part of the Arch ſeen directly is higher than 

its Image ſeen by Reflection, then the Glaſs leans' backward, and the back- 

adjuſting Screw muſt be ſlackened, and the fore one ſcrewed in. Be careful, 

in all Caſes where one Screw draws, or puſhes againſt nchen, to ſlacken one 

of them before you ſcrew up the other. 
* 

To find if the two 8 of a red or darkening Glaſs, are parallel and 
perfectly plane. This muſt be done by means of the Sun when it is near 
the Meridian, in the following Manner. Hold the Sextant vertically, and 
direct the Sight to ſome Object i in the Horizon, or between you and the Sky, 
under the Sun; turn down the red Glaſs, and moye the Index. till the re- 

fleted Image of the Sun is in Contact with the Object ſeen dire&tly : fix then . 

the Index, and turn the red Glaſs round in its ſquare Frame ; view the Sun's 

Image and Object immediately, and if the Sun's Image is neither raiſed nor 
depreſſed, but continues in Contact with the Object below, as before, then 
the Surfaces of the darkening Glaſs are true. 

How to dfervs the W Angle, or angular Diſtance, vetween tbo 0%; eas. 

Firſt adjuſt the Sextant, and if the Objects are not ſmall, pitch on a ſharp 
Top, or Corner, or ſome {mall diſtinct Part in each to obſerve; then having 
ſet the Index to o Deg. hold the Sextant horizontally, as above directed, and 
as nearly in a Plane paſſing through the two Objects as you can; direct the 
Sight through the Tube to the Left- hand Object, till it is ſeen directly 
through the tranſparent Part of the Horizon-glaſs : keeping that Object ſtill in 
Sight there, move the Index till the other Object is ſeen by Reflection i in the. 

ſilvered Part of the Horizon-glaſs ; then bring both Objects together by the 
Index, and by the Inclination of the Plane of the Sextant when neceſſary, 
till they unite as one, or appear to join in one vertical Line, in the Middle 
af the Line which divides the tranſparent and reflecting Parts of the Ho- 
rizon-glaſs : the two Objects thus coinciding, or one appearing directly be- 
low the other, ON Inn the Angle which the two 

3 | Objects 
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Objects ſubtend at the naked Eye. This Angle is always double 1 In- 
elination of the Planes of the two reflecting Glaſſes to one anather; and 

therefore every Degree and Minute the Index is guualy moved from o, to 
bring the two Objects together, the Angle ſubtended by them at the Eye 
will be twice that Number of Pegrees and Minutes; and is accordingly 
numbered ſo on the Arch of the Sextant; which is really an Arc of 60 De- 
grees only, but gradyated into 1207. As this has been demonſtrated in ſe- 
veral — and Famphlets, it is en to inſiſt on it here. 

The Angle found in this Manner between two Objects that are near the 
Obſerver, is not preciſe ; and may be reckoned exact only when the Objects 
are above half a Mile off. For, to get the Angle truly exact, the Objects 
ſhould be viewed from the Center of the Index- glaſs, and not where the 
Sight-vane is placed; therefore, except the Objects are ſo remote that the 
Diftance between the Index- glaſs and Sight-vanc vaniſhes, or is as nothing 
compared to it, the Angle will not be quite exact. This Inaccuracy in the 

Angle between near Objects is called the Paralax of the Inſtrument; and is 
the Angle which the Diſtance between the Index-glaſs and Sight-vane ſub- 
tends at any near Odject. It is ſo ſmall, that a Surveyor will ſeldom have 
Occaſion to regard it: but if it ſhall happen that great Accuracy is required, 
let him chuſe a diſtant Object exactly in a Line with each of the near ones, 
and take the Angles between them and that will be the true Angle between 
the near Objects. Or, obſerve the Angle between near Objects, when the 
Sextant has been firſt properly adjuſted by a diſtant Object; then adjuſt it 
by the Left-hand Object, which will bring the Index on the Arch of Exceſs 
beyond o Degrees: add that Exceſs to the Angle found between the Ob- 
gets, and the Sum will be the true Angle between them. If one of the Ob- 

jects is near, and the other diſtant, and no remote Object to be found in a 
Line with the near one; adjuſt the Sextant to the near Object, and then 
take the Angle between them, and the: Error of Paralax will be . | 

How to obſerve the Altitude of che Sun on the V er on Sr at the Eage if 
the Ses. 3 

Aduſt the Sextant by the Horizon (as is e directed: ) raiſe the 
. or 858 as high as the Middle of the * Part of the 

F SD Horizon 
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Horizon-glaſs; ſet the Index to o Degrees; turn in the darkening - glaſſes, 
or only one of them if the Sun is not very bright; turn your Face directly 

to the Sun; hold the Sextant in a vertical Poſition, with its Plane paſſing 
as near through the Sun's Center and the neareſt Part of the Horizon as you - 
can, and Are the Sight to that Part of the Horizon ; then move the In- 

dex from o on the Limb, till you ſee the red Image of the Sun come down 
toward the Horizon. If there is any Difficulty in finding that red Image, 
it is either becauſe the Sun is obſcured by a Cloud, or becauſe the Sextant 
is not in a vertical Plane that paſſes through the Sun, which muſt be diſ- 
covered by glancing at the Sun with your naked Eye, and in the latter Caſe, 
by turning your Body more directly to the Sun. Having brought the Sun's 
Image almoſt down to the Horizon, then, with your Left-hand, ſwing the 
Sextant backward and forward, from one Hand to the other, and the Image 

of the Sun will ſeem to deſcribe the Arch of a Circle convex to the Hori- 

zon: move the Index till the lower Edge of the Image juſt grazes on the 

Horizon; when it is at the loweſt Point of the Arch apparently deſcribed, 

then ſtop the Index, and mark down the Degrees and Minutes ſhewn on the 
Limb; which call The obſerved Altitude, When this is corrected by the 
Sun's Semidiameter, the Dip of the Horizon, the Refraction, and the In- 

dex- error, if there is any, it will give the true Altitude of the Sun's Center. 

How to take an bori zontal aus en two Objects with the Sextant inverted. 

To obſerve in this Manner: ſet 4 Index at o, and hold the Inſtrument 

as above directed; direct the Sight to the Left-hand Object till it is ſeen 
through the tranſparent Part of the Horizon-glaſs, and you will likewiſe 

perceive its reflected Image in the ſilvered Part: then advance the Index, 

and at the ſame time keep the reflected Image in Sight, by turning your 
Body and the Sextant toward the Right-hand, till you ſee the other Object 
through the tranſparent Part; make them join in the Middle of the Line of 
Separation of the Hanne at, and the ore, will wer the e on the 
Limb. 

This Method of 8 will be often convenient, becauſe, after a little 

e an Angle may be 1 more readily this war than with the F ace 
| | of 
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could not be ſo eaſily found by Reflection. . ave 1967 484.4; 

* * 

1 to * uſt the 22 for N by a borizontal Line. 

W --1 adjuſt the Horizon-glaſs' is, to make i it parallel to the Index- glas 
when the Pointer of the Vernier! is placed at o, or the Beginning of the De- 

grees. This is the moſt i important Adjuſtment of all for an Obſerver; and 
ſhould be done every Time one begins to make any Obſervations. The ho- 
rizontal Lines fitteſt for this Operation are, the Horizon of the Sea, which 

zs the leaſt; and the Roof, or upper Part of the Wall of a large well-built 
Houſe above half a Mile diſtant. | 

| "Fo 7 uſt by the we of the Sea, © or any other horizontal Line: turn 
the Index, till the Pointer of the Vernier ſtands exactly at o on the Limb, 

and fix the Index there: hold the Sextant in a vertical Poſition, and obſerve 

whether the Edge of the Sea-horizon (or other horizontal Line) ſeen in the 
ſilvered Part of the Glaſs, makes one continued Line with the Edge of the 
Sea ſeen in the tranſparent Part: if it does not, and the Line appears broken, 

or one Part of it above the other, bring them into one ſtraight Line by turn- 
ing the adjuſting Lever at the Back of the Horizon- glaſs; then fix the Le- 

ver by the Button- ſcrew in the Middle of it, and the Horizon. glaſs : 18 ad. 

juſted, or parallel to the Index-glaſe. 

1 7 find the Error o this Adiuftment :. move the Index a little — 0 its 
Place; hold the Sextant in a vertical Poſition as before, and turn the Index 

till the Line of the Sea- horizon (or other horizontal Line) ſeen in the ſilvered 
Part of the Horizon-glaſs joins exactly in one ſtraight Line with the Edge of 
the Sea ſeen through the tranſparent Part : then the Number of Minutes by 
which o on the Vernier differs from o on the Limb is the Error of the Ad- 
juſtment ; and muſt be allowed for in all the Angles taken with this Ad- 
juſtment, in the following Manner. If the Pointer, or o on the Vernier, 
ſtands on the quadrantal Arch, or to the Left-hand of o on the Limb, then 
this er is to * ſubtracted from the Angle ſhewn on the Limb by the 

F 2 Index; 

of the Sextant uppermoſt 3 and alſo becauſe the fainteſt Object may 1 be 
found by direct viſion t through the tranſparent Part of the Tſe. when jt 
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Index; but if o on the Vernier ſeands en the Arch of Exceſs, or to che 

Right of o on the Limb, eee eee fe AIAN 
e ee e ee mob _ l ne" 5 

To verify the Error of Adjuſtment found by this, or any other Method : 
ſet the Index fo as to ſhtw the exact Error found, and to ſhew it on the qua- 
drantal Arch, if that Error is to be ſubtracted, but on the Arch of Exceſs, 
if the Error is to be added. Then fix the Index, and directing the Sight 
to ſome diſtant Object, take notice whether the direct and reflected Images 
perfectly coincide or not: if they do, the Index Error is truly determined; 
if not, it muſt be corrected by the Method proper for it. 

When the Index is n from you, to bring an Image and Object toge- 

ther, it will give a different Angle from that fame Angle taken by moving 

the, Index towards you. This, probably, is occaſioned by the Index bend- 
ing or ſtarting a little by the Preſſure of the Hand. To correct this, when 
great Accuracy i is required, take -the Angles two or three times over each 
Way, and the Medium of all will be the true Angle. 

How to adiuſ the Horizon-glaſs by a fraight vertical Line. 

The Lines fitteſt for this are, the upright Corner £4 a Houſe, or a Pote 
et upright i in the Ground, at leaſt half a Mile off. 

Bring the Painter of the Vernier to o on the Limb; held the: Plate of 
the Sextant horizontal; view the vertical Line in the Middle of the tranſ- 
parent Part of the Horizsd-Flafß, and its Image in the reflecting Part, and 
turn the Lever till both make one continued Line, neither appearing to the 
Left, or Right of the other; then ow pg Horizon-lever faſt, and the 
Horizon-glaſs | 18 adjuſted. | 

© To find the Error of mis Adjuſtment: dere be lidew' cur ef it Blace * 
then ſet the Vernier again to o on the Limb; hold the Plane of the Sextant 

Horizontal; view the vertical Line directiy through the tranſparent Part of 
the Horizbn af, and its Image in the reflecting Part: if they make one 
dontinued Line, there is no Error; if they do not make one continued Line, 

move 
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move. the Index a little: to one Side or the other till they do ſo, and the 
Number of Minutes by which che Pointen of the Vernier differs from o on 
the Limb, is the Error of this Adjuſtment; which is to be ſubtracted from 
each Angle taken, if the Pointer ſtands on the quadrantal Arch, and added 
when.it is on the Arch of Exceſs, In reading off the Minutes on the Arch 
of Exceſs, remember to er en ee bp 10 in Place of what whe 
Vernicr ſhews. 

To 5 the Heis gb b the Sur. 

Set the Pointer of the Vernier to o on the Limb ; hold the Sextant hori- 
vontal; raiſe the Teleſcope, or Tube, as high as the Middle of the tranſpa- 

rent Part of the Horizon-glaſs; uſc a ſmoked, or red Glaſs to defend the 

= 1 and ſlip:a Screen of Paſthoard nine Inches ſquare, with a Hole in the 
Middle, over the End of the Teleſcope, to keep the Face from being ſcorched; 

then view: the Sun and its Image both through the tranſparent Part of the 

Horizon · glaſs, and by:the:Lever make them over each other.exattly, fo as. 
to appear as one — ſcre w * faſt, * is 

adjuſted. 

The Adjuſtment may * made in the ſame Manger by the Moon, or a 
Star, without a Darkening-glaſs. or Screen. 

Fo Ball the Erden of this Adjiliient; Mons be M a Miche from its 
former Place at o; then, by the Index, make the two Images cover one 
another: exactly as beforè; and the Number of Minutes by which the Pointer 
of the Vernier differs from o on che Limb, is the Error of Adjuſtment, and. 

- _ be allowed, for as above. i 

1 aud rat hen a nicer, Manner of adjuſting by the. Sun. 5 

"Set the Pointer *. the Vernier to o on the Limb; ;. hold the Quadrant! ho- 

rizontally, with the darkening .Glaſs,;and Screen to defend your Eye and 
Face; meaſure the Diameter; of the Sun, firſt on. the quadrantal Arch, and 

| Next on the Arch of Exceſs ;, or with the, Index, firſt, on the. Vr hand. of 1 

3. 1 
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38 MARITIM 8URVEYING. Party, 
on the Limb, and then on the Right of it. If theſe two Diameters are 
equal, then is the Horizon-glaſs adjuſted: if the Diameters are unequal, 
turn the Horizon-lever a little one way or the other, till upon- meaſuring 
them again they are found equal: or, which is equivalent, and often more 
convenient, when the Error is ſmall ; mark the Difference between the two 

Diameters, and make Allowance of half that Difference in each Angle ob- 

ſerved on the Limb, adding or ſubtracting it as before directed. In reading 
off the odd Minutes on the Arch of Exceſs,» remember to take the Compli- 

The Diameter of the Sun is meaſured thus. Set the Pointer of the 
Vernier at o; hold the Sextant horizontally ; by the Index bring the re- 

flected Image in external Contact with the direct Image; note the De- 
grees and Minutes of the Pointer from o; then bring them in Contact on 

the oppoſite Side of the direct Image, and note the Degree and Minutes; 
ſee whether the Diameter on the quadrantal Arch, or the Diameter on the 

Arch of Exceſs, is greateſt; mark the Difference, and reſerve the mn of 
it for Uſe, if you do not correct the Error by the Lever. 

The Adjuſtment may be made pretty exact by taking two Diameters of a 

Airaight-ſided Land-obyec&t 1 in the ſame Manner. 

y How to adjuſt the Sextant by any 3 Land object at 4 Nee 

It will often happen on a Survey, that no fraight Line, either 1 or 
horizontal, nor no celeſtial Body, can be ſeen to adjuſt by. In this Caſe, 
pitch on ſome ſmall remarkable Object at a Diſtance, as the tapering Top of 
a Hill, or Rock, or a ſmall Hummoc, or Chimney-head, or detached 
Branch of a Tree, for this Purpoſe. To adjuſt by ſuch an Object, ſet the 
Index to o; hold the Sextant horizontal; view the Object through the tranſ- 

parent Part, and its Image in the reflecting Part, of the Horizon-glaſs ; 
and by the Lever, bring the Image directly below the Object in the Middle 

of the Line of Separatipn, ſo as neither appears to one Hand of the other, 
but that if a vertical Line is imagined to be drawn through any Point of 
the Image, it would paſs through that ſame Point of the Obje& ; then ſcrew 

12 de 
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the Lever faſt, and the Horizon-glaſs is adjuſted. This Method of adjuſt- 
ing may be ſufficient for common Purpoſes, but! is not ſo very N as the 
other Methods. | 

Hine: to examine the Angle of the Sextant.. 

The Angie of the Sextant, meaſured by the Arc of the Limb compre- 
hended between o and 120 may be verified, firſt, by adjuſting the Glaſſes 

as before directed, and then. taking, at one Station, five or ſix horizontal 

Angles, comprehending a whole Circle round ; add theſe Angles together, 
and if their Sum amounts to 360 Degrees exactly, the Angle of the Sextant 
and its Graduations may be concluded to be exact. The Objects that form 
theſe Angles muſt be very remarkable and ſharp, and all of the ſame appa- 
rent Height, to prevent Miſtakes in taking them; otherwiſe- Jnaccuracy i in 

the Obſerver may be * to the Inſtrument. — 

Another way of examining the Angle of the Sextant is, by . perpen- 
dicular in a level Ground three Pie or Staves, between four and five Feet 

high, with Flags flying at each, ſo as to form a Triangle, whoſe greateſt 
Angle is leſs than 120 Degrees ; let the Diſtance of the Poles from one an- 
other be half a Mile, or as much farther as they can be ſeen diſtinctly. Af 

ter adjuſting the Sextant, take the three Angles of the Triangle very exactly, 
keeping the Center of the Sextant exactly on the Center of the Staff you ob- 

. ferve at; and if the Sum of the Angles amounts preciſely to 180 Degrees, the 
Sextant may be con cluded to be good. The ſeveralGraduations, and their Sub- 
diviſions, may be examined by oo * as directed for the Theodolite. 

4 

How to. examine the Accuracy ad the two quadrantal Radi 7 of an atrononical 
| Quadrant. 

PLATE I. FIG. XIII. 

1. On a level Line ſet two Poles, A and B, 5 in tlie Ground; 
about a Mile, or more, from one another; let a Flag fly at the Top of 
each, to render them more conſpicuous ; and let the Poles appear on ſome re- 
markable ſharp Part (C) of a. remote Obje&; the farther the I. is, the 

4; Fus 

; 
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2. Put the Quadrant on its Stand at B, wich its Plane ſet horizontal, 

either by a ſpirit Level laid on it, ot by a Carpenter's Level, and its Center 
right above the Hole where the Pole ſtood, and in the Poſition as at b. If 
the Stand cannot ſupport it horizontally, lay the Quadrant ſteady on a firm 

Table. Then, with the Index at © Deg, look through the Teleſcope, and 
turn the Quadrant till you ſee the Object C exactly at the Interſection of the 
Wires. Let the Quadrant be kept firm in that Poſition, and turn the Index 
to go, and obſerve through the Teleſcope what Object the Interſection of the 
Wires bears on: if it bears on nothing remarkable, ſer up a Fole and "IM D, 
in chat Direction, as far off as can be ſeen. 

3. With the. lakes at go, turn the Quadrant on its Center a Quarter 
round, till it is in the Poſition a, ſo that you ſee the Pole A through the Te- 

leſcope at the Interſection of the Wires. Then keeping the Quadrant firm 
in that Poſition, turn the Index to o Deg. and if through the Teleſcope you 

ſee the Object D, exactly at the Interſection of the Wires, then the two 

Radij of the Quadrant, drawn through o and 90, are preciſely at right 
Angles, and the Axis of the Teleſcope parallel to the Radius it is faſtened 
to. If the Object D, does not appear exactly at the Interſection of the 
Wires, but on one Side of it; then half its Diſtance from the Interſection is 
the Error of the Quadrant; and is either in the Angle of the two Radij, or 
in the Axis of the Teleſcope, which is a Line ſuppoſed drawn through the 
Center of the Eye-glaſs and the Interſection of the Croſs-wires, It is much 
more likely to be in the Teleſcope than in the quadrantal Radij; and there- 

fore to correct it, the Wires in the Teleſcope mult be ſhifted by their proper 
Screws, half the Diſtance between the Object and Interſection of the Wires ; 
and the Quadrant examined over again as before. If it is not right on this 

ſecond Examination, 'corre& the Wire over again by the Screws, and ex- 
amin the Quadrant a third Time; and if the Object D, and the Interſection 
of the Wires ſtill diſagree, conclude the Error to be in the Angle of the 
Radij between o and 90. Mark how much that Error is, and by it cor- 
rect all future Obſervations. This Method is liable to a little Inaccuracy, 
if the Plane of the Quadrant is not made . horizontal. 
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How to examine ad adj uſt « an abrononical dune. 

34 Set up the 3 on the N of a Tbs. 40500 to che Edge of 

the Water, ſo that the Center of the Quadrant is juſt over the Water: (or, in 
a well-ſheltered Bay when the Sea is ſmooth, right over the High-water 
Mark) ſet one Side of the Quadrant perpendicular by the Plummet; and 
meaſure the Height of the Center of the Teleſcope above the Surface of 
of the Water (or above the High- water Mark) in Inches and Parts of an 
Inch. 

2. About half a Mile off (but not above a Mile) ſet a Pole fraight up in 
in the Edge of the Lake (or on the High- water Mark) with a conſpicuous 
ſliding Croſs- piece on it: let one Edge of the Croſs-piece be ſet as high above 
the Surface of the Water (or High-water Mark) as the Center of the Teleſcope 
was, and about 2 Inches higher, if the Diſtance: of the Stations is half a 

Mile; 4+ Inches higher if 4 of a Mile, and 8 Inches higher if their Diſtance 
is one Mile; for the Height of the Tangent above the Surface of the Earth 

| in theſe Arcs *, 

3. Set the Index of the Quadrant to o Degrees, or exactly to the hori- 
zontal Radius, and direct the Teleſcope to the Pole: if, while the vertical 
Wire runs along the Pole, the horizontal Wire runs exactly along that Edge 
of the Croſs- piece which was ſet as high as the Center of the Teleſcope, the 
Quadrant and Teleſcope are right. If the horizontal Wire does not coincide 

. The Height of a Tangent to the vs of any ſmall Arc above the other WED" 
df that Arc, is a third Proportional to the Diameter of the Earth and the Length of the Arc. 

For, imagine a Diameter drawn to one End of the Arc, and produced till it meets a Tangent 
drawn to the other End; then, by Eucl. B. III. Prop. 36. the Rectangle of the Diameter (in 

this Caſe the ſame with the Secant) and produced Part is equal to the Square of the Tangent. 
If the Diameter is called d, the produced Part p, the Tangent t, and the Are a; the two equal 

Rectangles will be expreſſed thus d Xp = tx't: and becauſe a {mall Arc and its Tangent are 
ſo nearly equal, that one may be aſſumed for the other; in place of t x t, ſubſtitute a x a, and 
it will be d x p=a Xa. When two Rectangles are equal, their Sides are reciprocally pro- 
portional (Eucl. B. VI. Prop. 14.) therefore d: a: : a: p; that is, as the Diameter is to any 
ſmall Arc, ſuppoſe one Minute, ſo is that Arc to the Height of the Tangent above it. By this 
Proportion the Numbers in the Text were found, Thppotig | the Diameter of the Earth to be 
41798117 Feet, 
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42 MARITIM SURVEYING. Part z. 

in that Sia ſhift it by the proper Screws till it does ſo, and the qua- 
drantal Angle and Axis of the . will then be right. 8 | 

Fe Screws [for filing the Wires are on the Teleſcope, at the common 
Focus of the Object and Eye-glaſs. If you ſee the Edge of the Croſs- piece 

below the horizontal Wire, eaſe the upper Screw, and ſcrew in the lower 
one ; if the Edge of the Croſs- piece appears above the horizontal Wire, 
eaſe the lower Screw, and ſcrew in the upper one, till the horizontal Wire 
coincides with the Edge of the C . and the Axis of the Te * 
is then right. 

This Adjuſtment may be verified, by placing the Quadrant where the 
Pole ſtood, and the Pole where the Center of the Quadrant was, and the 
Axis of the Teleſcope, and the Edge of the Croſs- piece, at the ſame Height 
above the Surface of the Water as at firſt ; then make the Radius of the 
Quadrant perpendicular by the Plummet, ſet the Index to o Degrees, look 
through the Teleſcope, and if the horizontal Wire and Edge of the Croſs- 
piece coincide again, the Angle of the Quadrant and Axis of the Teleſcope 
are certainly'right. If any Difference 1s perceived, move the horizontal 
Wire, by its Screws, half that Difference, and it will be rectified. 

The Graduations of a Quadrant may be examined in the ſame Manner as 
thoſe of the Theodolite above mentioned, by Pphing the Verner to the ſe- 
veral Degrees, and Parts of a Degree. 

How to 497 Bird's twelve-inch Quadrant, as . owe the Year 1 , Ir. 

For performing this, there are three Fa CAE Parts to.be adjuſted, 1. The. 
Pillar is to be ſet perpendicular to the Horizon. 2. One Side of the Qua- 
drant is to be ſet perpendicular. 3. The Axis of the Teleſcope, or Line 
of Sight, is to be made Parallel to the horizontal Radius of the Quadrant. 7 

- hs the Teleſcope inverts Otjece, what appears below the kerizontal Wire is really above 
it, and therefore, ſcrewing in the lower Serew, which puſhes up the Wire, wall non: it nearer 
the 3 The vomrary is true of the upper Screw. 
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1. To 2 the Pillar pergendictr. 
4 

x. Set the Braſs Pedeſtal on a firm Support. An iron bound Caſk, with 
a Free-ſtone, or thick Slate, kept on Purpoſe to cover the Top of it, is as 
good and convenient for a Surveyor as any thing. Then hang the Qua- 
drant on the Pillar, and by the Spirit-level and Screws in the Feet, the Pillar 

may be ſet perpendicular i in the following Manner. Turn the Quadrant till 
the upper Side is parallel to two oppoſite Feet, and with one Hand unſcrew 
that Screw of the Foot toward which the Buble inclines, and, at the ſame 

time, with the other Hand ſcrew in the oppoſite Screw, till the Buble reſts 
_ equally between the two Marks, or Scratches, on the glaſs Tube: then 
turn the Quadrant, horizontally, half round; and if the Buble does not 
reſt exactly between the Scratches as before, by. unſcrewing that Screw to- 

wards which the Buble inclines, and at the ſame ſcrewing in the other, make 

the Buble move over half the Space in the Tube by which they differ, and 
remember toward which End it inclines. Then turn the Quadrant one 
Quarter round, till its upper Side is parallel to the other two Feet; and if 
the Buble does not reſt in the ſame Place, with reſpect to the Scratches, as it 
did before, make it do ſo by the Screws in the Feet; and then bring it equally 

between the Scratches, by lowering that End. of the Tube toward which 

the Buble ſtood, or raiſing the other End. For doing this, there are three 
Screws at each End of the Tube. To lower one End, ſlacken the right 

and left, or puſhing, Screws, and ſcrew i in the Middle Screw, till the Buble | 
reſts equally between the two Scratches: then the Pillar and Level are right, 
or nearly ſo. To prove if they are exact, or to make them ſo, if they are 
not ; begin the ſame Proceſs over again, by firſt turning the Quadrant half 
round, and if the Buble reſts not equally between the Scratches, move it 

half the Difference by the Screws in the Feet; and then quarter round, 
and adjuſting the Level firſt ſo far by the Screws in the Feet, and next by 
raiſing or lowering one End of the Tube as before directed; till you get the 
Buble to ſtand in the ſame Part of the Glaſs when the Quadrant is turned 
half round and e round; and the Pillar and Level will then be rights. 

7 . 

Let it be adverted here, that in turning the Screws of the Feet, the Fe cet | 
chemſelves will be apt to fbift inſenſibly on the Support; which, if not pre- 
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44 MARITIM SURVEYING. 
" Part 1. 

vented, will render this Part of the Adjuſtment troubleſome and tedious. 
To guard againſt this, {mall Grooves, or Furrows, the Width of the Screw- 

ends ſhould be ſunk a little in the Stone, or Support, and the Screws placed 

in theſe Grooves; or ſome oa equivalent Contrivance to keep the Feet 
from W 

2. To make one Side of the Quadrant perpendicular 

This is done by Fs the Plumb-line hang firſt over the fine Point at 
the Arrow-head, on the Center . ; and next to cover * other fine Point 
on the Arch below. 

11 is made to hang over the upper Point, by ſcrewing the elaſtic Bit of 
Braſs (over which the Wire of the Plummet goes) out, or in, by its upper 
Screw-nail. It is made to hang over the lower Point, by the adjuſting 
Screw within the Quadrant, which is turned by a round brotched Braſs- 

button on its Head. 

The Plummet ſhould be made to hang in a ſmall Cup, or Veſſel, filled; 
with Water, to make it more ſteady, and reſt ſooner : and if the Veſſel is. 

faſtened by an Arm to the Pillar of the Pedeſtal, fo as to move round along 
with the Quadrant, it will be the more convenient. 3 

The Plumb- line mould be made to "700 very 1 near the Plane of the Qua- 
drant, at the lower Arrow, but not to touch it: which is done by preſſing 

with the 1 the elaftic Bit of Braſs before mentioned a üittle backward. 

or b " | 
** 

3. 7 0 adjuſt the T eleſcope, or to make its Aris borizontas, when the Index i js at 
8 90 Degrees. 5 775 

Set the Index to go, Keeping the Plummet and Level right: then direct 
the Teleſcope to ſome diſtant Object above a Mile off, (but the farther the 
better) till you ſee a remarkable Part of it exactly at the horizontal Wire: 
then take off the Quadrant from the Pillar, by unſcrewing the two large 

Iron-ſcrews ; and Invert 1. Quadrant, by ſcrewing it on again with the 
| : e Arch 

* 
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Arch uppermoſt: then ſcrew to a Arch of the Quadrant a crooked Bit of 
Braſs, with a Notch in it, as near the Arrow as you can, and hang the Plum- 
met over that Bit of Braſs, moving it to one Side or the other, till the Line 

covers the Point on the Arch; and if it does not then cover the Point on the 

Center-plate alſo, make it do ſo by the Screws in the Feet: then look 
through the Teleſcope; and if the horizontal Wire cuts the ſame Part of 

the Object it did before Inverſion, the Teleſcopè is right. If the Object ap- 

pears higher or lower, the Wire in the Teleſcope muſt be moved half the 
Difference, by the two Steel-ſcrews near the Eye-end of the Teleſcope : if 
the Object appears higher than the horizontal Wire, eaſe the lower Screw, 

and ſcrew in the upper one; if the Object appears below, eaſe the upper 

Screw, and ſcrew in the lower one; till the horizontal Wire cuts the diſtant. 

Object at half the Difference it did before inverting it: then it is adjuſted 
for Obſervation. _ 

The Wire in the Teleſcope. that-is applied to the Limb of the Sun, in. 

taking its Altitude, ought to be exactly horizontal when the Plane of the 

Quadrant is perpendicular. To find if it is ſo: adjuſt the Quadrant by the 
Level and Plummet, as before directed; then point rhe Teleſcope to ſome 
ſmall diſtin& Object at a Diſtance, as the Top of a Rock, a Chimney-head, 
&c. and remark a particular Part of it which the Wire croſſes : turn the 

Quadrant a little about gently, towards one Side; and if all Parts of the 
Wire paſs over the ſame Part of the Object, the Wire is truly horizontal. 
But if one End of the Wire croſſes the Object higher, or lower, than the 
other, preſs the two ſmall Screws that govern the Wire between your Fin- 
ger and Thumb, and at the ſame Time turn them ſide-wiſe, but in oppoſite 
Directions, till, upon. looking again, and turning the Quadrant, you find all 

Parts. of the Wire paſs over the ſame Part of the Object; then it is truly 
horizontal. 

Theſe Adjuſtments may ſeem difficult and tedious at firſt; but they are 
neceſſary: and by practiſing two or three Times within Doors, till a right 
way of handling the ſeveral Parts of the Quadrant becomes familiar, they 
will be found much eaſier than * at firſt be imagined. 

When 
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When a Quadrant of this Sort, made by a good Artiſt, has been firſt veri- 

fied and adjuſted, the ſimpleſt and eaſieſt way of examining a Theodolite or 

Hadley's Quadrant is, firſt to take an Angle between any two ſmart Objects 

with the verified Quadrant, and then with the Inſtrument under Examina- 

tion; and if Eng differ, to aſcribe it to Y GE latter. | 

How to examine a magnetic N eedle 

Firſt ſet the Box level; by raiſing, or lowering, one Side of it, till each 

End of the Needle, when it plays from Side to Side, runs along the Cir- 

cumference of the graduated Circle in the Box; and both Ends of the 
Needle, when at reſt, point equally, high on it. Then turn the Box gently, 

till one End of the Needle reſts at the Beginning of the Graduations exactly, 
and if the other End points exactly to 1809, the oppoſite Graduation, the 

Needle is ſo far right centered. Next turn the Box go Degrees round, and 
if the Ends of the Needle then point preciſely to the oppoſite Degrees, then 
the Needle is truly centered. Each Degree may be tried in the ſame 
Manner. | 

| Obſerve likewiſe if the Cap in the Center of the Needle is ſmall and taper- 
ing in the Inſide, or large and ſpherical: if it is a Portion of a large Sphere, 
the Point of the Steeple will be apt to reſt on different Parts of it, and by | 

that Means vary the Center of the N edle, and cauſe it to ant wrong. | 

CHAP, 
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fe e 
Meridional Problems by the Stars; and Variation of he magnetic 

Needle 44 the Sun. 
\ 

How to fix a ; meridian Line by a „ — 85 it can :be 1 at its 1s great 
Elongation on each Side «of the Pole. 

ROVIDE. two Plummets. Let one hang from a fixt Point: let the 
other hang over a Rod, ſupported horizontally about 5 or 8 Feet above 

the Ground, or Floor in a Houſe, and ſo as to ſlide occaſionally along the 
Rod : let the moveable Plummet hang four or five Feet northward of the 
fixt one. Some time before the Star is at its greateſt Elongation, follow it, in 
its Motion, with the moveable Plummet, fo as a Perſon a little behind the fixt 
Plummet may always ſee both in one, and juſt touching the Star. When the Star 
becomes ſtationary, or moves not beyond the moveable Plummet, ſet up a 
Light on a Staff, by Signals, about half a Mile off, preciſely in the Di- 

rection of both the Plummets. Near twelve Hours. afterwards, when the 

Star comes towards its greateſt Elongation on the other Side of the Pole, 

with your Eye a Foot or two behind the fixt Plummet, follow it with the 
moveable Plummet, till you perceive it ſtationary as before : mark the Di- 
rection of the Plummets then by a Light put up preciſely in that Line: 
take the Angle between the Places of the two Lights with Hadley's Qua- 
1 3 70 or a good Theodolite, the Center of the Inſtrument at the fixt Plum- 

et; and a Pole ſet up in Day-light, biſſecting that Angle, 10 be exactly 
in 1 Meridian ſeen from the fixt Plummet. 

This Obſervation will be more accurate if the Eye is ſteadied by view- 
ing the Plumb-lines and Star through a ſmall Slit in a Plate of Braſs ſtuck 
upright on a Stool, or on the Top of a Chair- back. 

This Problem depends on no former Obſervations whatever: and. as there 

is. nothing in. the Operation, or Inſtruments, to affect its Accuracy, but 
what any one may eaſily, guard againſt, it may be reckoned the ſureſt Foun- 

dation for all ſubſequent celeſtial Obſervations that require an exact Me- 
ridian Line. The only, Diſadvantage is, that it cannot be performed but in 
Winter, and when the Stars may be ſeen for 12 Hours together 5 which the - 
quires the Night to be about. 15 Hours Jong. > oy”; 
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Hew to o fir 4 Meridian-line by two e Stars on bave the ſame * 

| aſcenſion”; or " differ preciſely 180 Degrees. 135 

pitch on two Stars what do not ſet, and whoſe Right-aſcenſions are the 
ſame, or exactly 180 Degrees different; take them in the ſame vertical 

Circle by a Plumb-line, and at the ſame Time let a Light be ſet up in that 

Direction, half a Mile, or a Mile off, and the Light and Plummer will be 

exactly in the Meridian. 

In order to place a altant Light exadtly 1 in the Direction of the Plumb- 

line and Stars, proceed in the following Manner. Any Night before the 

Obſervation is to be made, when the two Stars appear to the Eye to be in a 

vertical Poſition, ſet up a Staff in the Place near which you would have the 

Plummet to hang; and placing your Eye at that Staff, direct an Aſſiſtant to 

ſet another Staff upright in the Ground, 30 or 40 Yards off, as near in a 
Line with the Stars as you can. Next Day, ſet the two Staffs in the ſame 
Places; and in their Direction, at the Diſtance of a Mile, or half a Mile 

northward, cut a ſmall Hole in the Ground, for the Place where the Light 
is to ſtand at Night; and mark the Hole ſo, that a Perſon ſent there at 
Night may, find 1t. 

Then chuſe a calm Night, if the Obſervation is to be made without Doors; 
(er it is Moon- light, ſo much the better) and half an Hour before the Stars 
appear near the ſame Vertical, have a lighted Lanthorn ready tied to tlie 
Top of a Pole, and ſet upright in the diſtant Hole marked for it the Night 
before; and the Light will then be very near the Meridian, ſeen from the 
Place marked for the Plummet. At the ſame Time, let another Pole, or 
Rod, 6 or 8 Feet long, be ſupported horizontally where the Plummet is to 
hang, ſix or ſeven Feet from the Ground, and hang the Plumb line over 

tit, fo as to ſlip eaſily along it either to one Hand or the other, as there may 
be Occaſion (or tie a Staff firmly acroſs the Top of a Pole ſix or ſeven Feet 
long; fix the Pole in the Ground, and make the Plumb-line hang over the 

|  Croſs-ſtaff.) Let the Weight at the End of the Line be pretty heavy, and 
ſwing in a Tub of. Water, ſo as it may not ſhake by a ſmall Motion of the 
Air. Then ſhift the Plumb- line to one Hand, or the other, till one Side of 

* . the” 
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the Line, ben at Reſt, cuts the Star which is neareſt the Pole of the World, 

and the Middle of the Light together: as that Star moves, continue moving 
the Plumb⸗ line along the Rod, ſo, as to keep it always. on the Light and Star, 

till the othen Star comes to the ſame Side of. the Plumb-line alſo, and then 
wt 

d Light will, be cxabtly i m the Meridian. a 5 * 444 4 

* here are not t two remarkable. 8 Stars near the North Pole, with the ſame 

Right-aſcenſion preciſely, or Juſt; a  Semicircle' 8 Difference : but there are 
three Stars that are very nearly ſo, viz. the Pole-ſtar, « in Urſa Major, and 

„ in Caſiopeia. If either of the two. laſt, particularly e, are taken in the ſame 

Vertical with the Pole-ſtar, they will then be ſo very near the Meridian, that 

no greater Exactneſs need be deſired for any Purpoſe in Surveying. At Lon- 
don y is about 1/ Weſt of the Meridian then; and « much nearer it, on the 
Weſt Side likewiſe. Stars towards the S. Pole proper for this Obſervation 
are, 9, in the Head of the Croſs; a, in the Foot of the Croſs; and a, in the 

Head of the Phenix. | 

How to find a Meridian-lin by a Fircumpolar Stor, wen it is at its greatef 
Elongation from the Pole. 

1. F ind the Latitude of the Place in which Ii. are to obſerve the Star. | | 

2. Pitch on a Star whole Declination is Kilo, and calculate its Azimuth 

from the North (or elevated Pole) when its Elongation from the Pole is 
greateſt, | 

3. Find at what Time it will be on the Meridian the Kfiernaki you are. to 

obſerve; and fix Hours after that, it will be at its greateſt n BED 

4. At that Tine, as near as you can, by a Plummer, as before directed, 
ſet up a Light half a Mile, or a Mile off, in the Direction of the Plumb- line 
and Star, and mark the Place of the Light in the Ground, and alſo of the 

Thy Plumb-line, 1 | 
* 

5. Next Day ſet up a Fele e " Light 9 b a Flag A at it. 
Then with 4 Theodolite, or Hadley's Quadrant, ſet the Index to'the Degree 

H and 
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and Minute of the Stars Azirnuth from 'the North, found before z direct, 

by waving to one Hand or the ocher, an Aſſiſtant to t up a Staff on the 
ſame Side of the Pole with a Flag: as the Pole of the World was from it, ſo 
as at the Plumb-line theſe two Lines may make an Angle equal to the Azi- 
muth of the Star, and the Plamb-line and Staff will them be in the Meridian. 

| When any Star ! is deſcending, I it is on the Weſt: ſide of the Pole of the 
World; while it aſcends, it is on the Eaſt fide of Ln 

The Pole of the World i is always [MOEA the Pole-ſtar 44 Un mszor: ſo 
that when Urſa- major is W. or E. of the e the Pole of the World is 
W. or E. of it likewiſe. | 

- 

To find the 3 55 A Star from the olrvated Pole, when 1 it is at 1 
greateſt Elongation, uſe the following 6 

As Radias | 
I to the Co-fine of the Latitude of the Place, 

So is the Co-tangent of the Stars Diſtance from the Pole, 
To the Co-tangent of its Azimuth from be Meridian. 

On the N. Side of the Equator, the Pole-ſtar i is the moſt convenient for 
this Obſervation ; for the Time when it“ is at its greateſt Elongation from 

. _ the Pole, may be known ſufficiently near by the Eye; by obſerving when 
in Urſa-major and y in Caſiopeia appear to be in a horizontal Line, or pa- 
rallel to the Horizon; for that is the Time. Or, the Time may be found 
more preciſely by making faſt a ſmall Piece of Wood along the Plumb- line 
when extended, with a Croſß· piece at right Angles to the Top of the upright 
Piece, like the Letter T; when the Plummet is at Reſt, and both Stars are 

1 touching the upper * of the Croſs· piece, then they are both horizon- 
tal. It is another Convenleney- in making uſe of this Star, that it changes 

its Azimuth much ſlower than other n and therefore affards 0 Time 
to take its Direction exact. | | 

On the South · ſde of the W the Head of the Croſs is Fa moſt con- | 
venient for this Obſervation, being neareſt to the S. Pole; and the Time of 
"ity 3 * when en a horizontal Line with the Foot pf 
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the Grobs, or the Head of the Phenix; ES Pile of the World i is between it 
and the laſt of theſe — v 

J 0 find when any Stat vill come to the Meridian, either in the South © or 
Nong Find the Star's right Aſcenſion, in Time, from the moſt correct 
Tables, alſo the Sun's right Aſcenſion for the Day and Place propoſed ; 
their Difference will ſhew the Difference between their Times of coming on 
the Meridian in the South, or South of the Pole; which will be after Noon 
If the Sun's right ADH i is leaſt, but before Noon if greateſt, | Eleven 
Hours 58 Minutes after the Star has been on the Meridian South of the 
Pole, it will come to the Meridian North «& 1 or below the aan 

Given the Latitude if the 8 and the Declinatio; Ons ond righe Alcenfums of tu 
Stars in the ſame vertical Line; to find the horizontal Diſtance of that Verti- 

cal from the Meridian; the Time one of the Stars will take to come from 7he 
J Aare to the Meridian and the preciſe Time of the Objervatios. 3 

CASE I. 
inen the two Stars are northward of the Zenith. 

PLATE 1. EAG. xv. 

Let 2 P O be a Meridian, Z the Place of Obſervation, 1 O its Horizon, 

and Z'V a vertical Circle paſſing through two known Stars, s and 8; P 
the Pole, E Q- the Equator, Ps D and PS d Circles of Declination (or 

tight Aſcenſion) paſſing through theſe Stars: then is Z P the co. latitude of 
the Place, Pes and P'S: the co. declination of the two Stars reſpectively, and 

the Angle s PS the neareſt Diſtance of their Circles of right Aſcenſion; 
V O che Arc of the Horizon between the vertical Circle and the Meridian 1 

and d Q the Arc of the Equator between the Star S and the Meridian. 
When, in the Triangle P Z s, the Angles P Z s and s P Z (meaſured by the 
wks VO and d * N the Froblem is ſolved, 

fs SOLUTION, 
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1. Begin with the oblique-angled Triangle P's 8; in which are given.two 

Side P's and P'S, the co. declinations of the two Stars reſpeively,. and 
the included Angle 8 Ps; which Angle is the Difference of their right 

Aſcenſions when it is leſs than 180 Degrees; but if their Difference i is more 

than 1800, then the Angle S P s is equal to the leſſer Right- aſcenſion; added 
to what the greater wants of 360 Degrees. | F rom geen the Angle 

Sy P by the following Kae eee eee 15382 en ee eee 25 ee! 
As Radius FRODY * WD 3.10 07103 d 1011974 Kt 03 DOS LW If A. 

Is to the co. fre of the given Angle (S PS) 

So is the Tan. of the Side oppoſite the . e A F Wy 

— 8 the Tan. F an Aigle. ich cal M. 2 189998 

M. is like the Side ook ite the Angle ſought, if de siven Angle i 
acute; but unlike that Side, if the given ns. is obtuſe © 

Take the Difference between the ; Side ( s) adjacent the . 
Angle and M; call it N. Then, 

Sine N: Sine M: Tia ef the given Angle (SPS): Tan. of the re- 
quired Angle (S s P) which is like the given Angle if M is leſs than the 
Side (P s) "aGjacent to the required Angle; but unlike the ann Angle if 

WTO Ef e 5 LIC) 18 n . 
x, w» 1471 . * 4 

- Next i in the obnque angled Triavele Pp: 8 2 he a two ter 
P 2 the co. latitude of the Place of Obſervation; P s, the co. declination, of 

the Star s and the Angle Ps Z oppoſitè to one of them, which is the Sup- 
plement of P s 8 (laft found) to 180. from. thence find the Angle, LE fied - 
pe, the other Side, by the following Proportio. As 

++ Sine P 6 2. Sin P Z. 80 Arber acute 2 
— 45 12 5 + 14 . To * 7 

. 21 

This Augle P Z 8 meaſured by: the Arge of. the > RY F 0.5 is therefore 
_ to the horizontal Niftance. of the Vertical « of . tlie two Stars from t the 

f 2312 

Two Arcs, or Angles, are ſaid to be like, or of the ſame Kind, when both are leſs than 
90, or both more than 90%: but are ſaid to be unlike, when one is greater and the other leſs 

1 and are made like, or unlike, to another, by taking the Supplement to 1809 of the 
Arc, or Angle, produced in the — in place of what the Proportion brings out. | 

PE ih Meridian, 

* 
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Meridian. Let the Direction of the Vertical be then by a Plumb-line and. 
diſtant Light, as before directed, or by two Plumb-lines, and marked on 
the Ground. Next Day, the Degrees and Minutes in the Arc * 0 may be 
added to it by Hadlzy's Quadrant, and a Pole ſet up rare which will be in. 
babar party the Meridian, from the Pumb- line. 1 

* Laſt, in "oe fine Triangle PZ, find 
the Angle J P 2 berween the : 

RE 7112 a 

given Sides, by the following Propartions. © e e 
A Radius * Hewi. Town | 

| + 4s to:the Tan. of the given Augle (P's ZY = 
Sao ig the co. g. of the djgcent Side (P, I 
Tuo ube co. i. YM. f 

Mi 18 acute, if the, given Angle, and is adjacent Side are Uke; but obe. 

if the given Angle and the adjacent Side are unlike. © A 
As the co. t. of the Side adjacent to the given Angle (P's) 
'& o the co. t. of the other Side (P 227 off} Het 51% 595 o in 

$9 is the co. . M aa b nd ads ads tener 

To the co. $1: of an Angle, which EN + 7 1 
N is like the Side oppoſite the given Angle, 1 that Angle is | Acute; bor 

zunlike the Side ale the gi ven Angles, if that Angle i is  oby ile. 

bet Then the required Angle 35 Zi 18 either equal. to the Sum ore Difference 
4 * Na 1 12 * Sa bbs and N, as the given Sides a are like or Unlike. 3355 x 

The Angle. 8 P 4 thus found; added to „PS, and their Sum ſub- 
ſtracted from 1809 will leave che Angle d P'Q, or the Are d-Qcthat meaſures 
it, which is the Arc of the Equator the Star S muſt paſs over in coming from 
the Vertical, Z V, to the Meridian. Which converted into Time, and. 
meaſured by a Clock, or Watch, beginning to reckon the-pretile- Moment 
that a Plumb. line cuts. both Stars, will ſhew' the Ton: Minute, and Se- 

i ai} T1530 — 28e e 44 11 1 * 
ord that Nis on the Meridian. 

Find, by the right Aſcetifion of the Star and Sun, Ae Tine dos Star 
mould come to the Meridian in the North the Night of the Obſervationʒ 
ſubtract from it the Time the Star takes from the Vertical to the Meridian, 

and the Remainder, corrected by the Sun's Equation, will be the Time when 
the two Stars were in the ſame Vertical. 

The 

* 2 > 

. vo | e741 if) H fi] 27 
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| "The loweſt of the cb Stars bins Tochsſt ts the Metidlan below the 
Pole ; the higheſt of chem cries belt to 5 that Puke of the yl which 

| is 5 above | the Pole. cg 

he nearer in Time one "IP the Kos is to: Meridikn win the 8 

tion is made, it is the better; for then an ordinary Watch will ſerve to 

meaſure the Time ſufficiently exact. It is fall x more ddvBitageons fe one 2 
— 7 

them is above the Pole when the other 18 below i it. 

The nearer one of the Stun 1 is to the Pole, and tho bar tlie other is 

from it, the more exact will this Obſervation Be; becauſe rhe Change of the 
Vertical will be the ſooner perceived. For this Reaſon, ih North Latitudes, 
Stars northward of the Zenith ate preferable to thoſe that are ſouthward 
of it, 

If the two Stars are pak as Meridian when theyre abGreed in the ſame 
Vertical, then the Arc d Q gives the Time S took to come from the Meri- 
dian to the Vertical; and muſt be added to the Time when that Star was on 
the Meridian to give the Time '6f the Obſervation: and the Arc of tlie 
Horizon V O muſt be marked on the Ground on the Side of the Vertical 
contrary to what it would have been in the foregoing . that is, 

caſtward below the Pole, and weſtward above it. 

When two Stars come to the vertical Line near the Mardin, i it may be 
difficult to judge on which Side of it they are at that Time; for determining 
2 the following Rules may ſerve. - 

| Theright Aſcenſion of. two Stars may be eber alt ub, de ch mire 
than 180 Degrees, or one more and the other tefs. 

When the right Aſcenſion of each of the Stirs is kither Teſs; or more, thun 
180 Degrees, they will come to the ſame Vertical on the Zaſt de of the 
n i the low; but on 
ad e eee 

5 
12 2 

f 

+ ? * 
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* 

15 2 7 the 7 ie e At 22 of. one of the Stars is 1 more than 1 80 Degre
es ond 

| that of the other 44. a Pg 

f the right aſcenſion of the higheſt is leſs hs 180?, but greater than 
the Exceſs of the other 8 right Aſcenſion above 1809, then they come to the 
Vertical on the Eaſ Side of the Meridian. But if the right Aſcenſion of 
the higher Star is leſs than that Excess, they come to the Wee on the 
Weſt Side of the Meridian. .. 

If the right Aſcenſion of the TV Star is more than 180 Degrees, and 
that Exceſs is /e/s than the right Aſcenſion of the lower Star, then they 
come to the Vertical on the Veſt Side of the Meridian ; but if the Exceſs of 
the higher Star's right Aſcenſion above 1809 is wore than the right Aſcen- 

fion of the lower Star, then they come to the ſame Vertical on the Eaſt 
ors of the Meridian. | 

CASE H. | 

When the two Stars are in the Jame Vertical N of the Zenith: 

PLATE I. FIG. XVI. 
When two Stars are obſerved in the ſame vertical Line 8 of the 

Zenith (or toward the depreſſed Pole) the Operations and Solutions are 
nearly the ſame as in Caſe Fs For let pP 2. 0 be a Meridian, 2 the Place 

of Obſervation, .Q H its: Horizon, 2. V a vertical Circle paſſing through, 
the two Stars S and s; P the Pole, QE the Equator, P D and P d two. 
Circles of Declination (or right Aſcenſion) paſſing through | the two Stars, | 

reſpectively: then is Z P the co. latitude of the Place, P S and Ps the co. 
. declination. of the two. Stars reſpeRtively,. the Angle S Ps the Difference of 
their right Aſcenſions, the Angle S Z Q (or O V the Arc of the Horizon. 
which meaſures it) the Diſtance of the Vertical from the Meridian; the 

Angle s P Z (or d Q which. meaſures. it) the Arc of the Equator, which s. 

muſt paſs over from the Vertical to the Meridian, which converted into 
NaN and ann by ee den when.s is on the, 

= 
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and ſubtracted from the calculated Time that the Star ſnould come to the 

Meridian, will (when corrected by the Sun's Equation) give the true Time 
of the Obſervation: 8 P s is tlie Triangle to begin the Solution with; and 
in the Triangle $ PZ, \ngles 8 P 2 and.s Z P, when found, will give 
the Solution of the Probl; „ AS in Caſe Is. For or the Supplement of s Z 4 

to 180? is the Angle W 2 0 (or its Meaſure 0 V) the horizontal Diſtance 
of the Vertical from the Meridian; ; the Angle s P Z (or its Meaſure d Q) is 

the equatorial Diſtance of the Vertical from the Meridian : for all which the 
Solution 1 in Caſe 1. properly applied, will ſerve. 

| on the South Side of the Zenith, . the big beſt of the 1 two Stars 1 
the leaſt right Aſcenſion, they come to the ſame Vertical on the Eaſt Side of 
the Merigian ; but when the higheſt Star has the greateſt right Aſcenſion, 
they come to the ſame N on the Weſt Side of the Meridian 

How to 1 4a Meridian- line by the Equality * the Tim ime of Aſcent and Deſcent of 
a circumpolar Star toward the Meridian. 

For performing this Problem it is neceſſary to have a good Clock, or a 
good Watch, in the Room where the Obſervation is made, or in a Room 

adjoining to it. The Clock-caſe ſhould. be ſet perpendicular by a Plummet, 
and the Back of it ſcrewed firm to wooden Wedges, or to Holdfaſts of Iron, 

driven tight in a Brick, or Stone Wall; or to an upright maſſy Poſt, or 
Beam, ſer two or three Feet into the Ground below, and ſupported higher 
up by inclining Stays on two or three Sides: for if a Clock is not fixed firm, 

but ſer up againſt an ordinary Wainſcoting, or is liable to any Shake by 
Perſons walking on the Floor, it will never be made to go exactly. There 
ſhould likewiſe be ſome Contrivance to prevent the lengthening or ſhortening 

of the Pendulum by Heat and Cold. When the Clock has been placed 
perpendicular and immoveable, then it muſt be exactly Fate to "_— 
equal Time, which _ be done in the following Manner. 

Take notice of any Star that will be hid from your Sight, any Time of | 
the Night, by a Chimney-head, the Corner of a Houſe, or a Poſt ſet firm 
in the Ground for that Purpoſe. Make a ſmall Hole in a Window-ſhutter, 
or a Door, or in a thin Plate of Metal fixed in either of them, through 

| which 



Chap./s: MARITIM SURVEYING. 57 

which the Star may be ſeen. A little before the Star will be hid, ſtop 
Jour Clock, or Watch, with the Second · hand at 60; write down the Hour 

and Minute at which it was ſtopt ; continue looking to the Star through the 
Hole; and the Inſtant the Star diſappears behind the Chimney-head, or 
other Object, ſet the Clock or Watch agoing. If a Watch is made uſe of, 
it may | be held in your own Hand, with your Finger at the Stopper, while 

you look to the Star through the Hole. If it is a Clock, you muſt have 
an Aſſiſtant ready to let go the Pendulum the Moment you call out, Now. 

Next Night, about the ſame Time, look through the ſame Hole, and watch 
the coming of the ſame Star toward the ſame Object, and the Moment it 
diſappears, ſtop the Clock, or Watch, till you write down the Hour, Mi- 

nute, and Second at which it was ſtopt ; and if the Time between the two 

Obſervations ſhewn by it, amounts preciſely to 23 Hours, 56 Minutes, 4. 

Seconds, the Clock, or Watch has kept Time exactly. If the Time ſhewn 
by it is more than that, then it goes fo much faſter in a Day than it ought 
to do: if the Time ſhewn: is leſs than that, then it goes ſo much flower than 

it ſhould do to keep equal Time: and the Error in a Day ſhould be noted 
down, fo as to be allowed for afterwards, in caſe the Clock or Watch can- 

not be brought preciſely to equal Time, but may fall ſhort, or exceed it, by 
a certain Number of Seconds each Day. If there is Time-enough, it is better 
to let ſeveral Days, or a Week, intervene between the two Obſervations, and 

for each Day elapſed, to allow 3 Minutes 56 Seconds for the Acceleration of 

the Star's Revolution. That is, if the Clock or Watch goes equally, the 
Star will diſappear behind the Object 3 Minutes 56 Seconds ſooner the ſe- 

cond Night, or in one Day, than it did the firſt ; in two Days, it will diſ- 
appear 7 Minutes 52 Seconds ſooner ; the fourth Night (or in three Days) 
11 Minutes 48 Seconds ſooner by the Clock or Watch than the firſt Night; 
and fo in Proportion for any Number of Days; or, a little more ae 
ann to the nnn Toble, | | 
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53 MARITIM SURVEYING, part 1. 
When the Clock has been exactly regulated to go 

equal Time, then pitch on a Star which does not ſet, 

- and is neither very near the Pole, nor too far from it. 
If it is very near, it will change its Vertical ſtowly, 

and the preciſe Time of its coming to it will not be 
ſo eaſily diſtinguiſhed : if it is too far from the Pole, 
it will come to the higheſt Part of its diurnal Circle, 

too near the Zenith to be obſerved accurately at the 
Plumb-line. Some Star in the great Bear may be the 
moſt convenient. Hang two Plummets with heavy 

Bobs, ſwinging in Water, near a large open Window, | 

or Door, facing the North, and as nearly in the Direction of a Meridian 

as you can ; let the Plumb- line next your Eye be fixt, and the other move- 
able at pleaſure from one Hand to the other. The Eye ſhould not be too 
near the fixt Line, nor the fartheſt Line cf too ſmall a Size; for then they 

will appear miſted, tranſparent and ill-defined, and the preciſe Time of the 
Star's Appulſe will not be known; but the Diſtance of the Eye and the 

* Thickneſs of the Lines ſhould, by orevious Trial, be ſuited to diſtin& Viſion. 
Stop the Clock at any Hour, with the Minute and Seeond Hands at 60, and 
write down the Hour they point out. Near the Time that the Star comes in the 

Direction of both Plumb-lines, let an Aſſiſtant hold back the Pendulum of the 
Clock, fo as to be ready to let it go when you call to him: keep both Plumb- 
lines in one from your Eye, and the Moment the Star touches one Side of them, 
call out, Now; that your Aſſiſtant may immediately let go the Pendulum of 

the Clock. Take care the Plummets be not ſhifted in the leaſt; and, near 

twelve Hours afterward, when the Star next approaches near to the Direction 
of the Plumb- lines, take them in one from your Eye, and let your Aſſiſtant 
watch the Second-hand of the Clock, counting each Second audibly by the 

Beats; and the Moment you ſee the Star at the ſame Side of the Plumb- 

lines as in the firſt Obſervation, call out, Now: your Aſſiſtant muſt imme- 
diately call out the laſt ſecond he counted, ſo as you may know it and mark 

' it down, while he looks to the Minute and notes it down; then write down 

the Hour, Minutes and Seconds all together. In the ſame Manner, near 
"twelve Hours thereafter, when the Star approaches near to the Plumb- 

lines on the other Side of its diurnal Circle, take the Plumb-lines in one 
with your Eye; let your Aſſiſtant count the Seconds by the Beats of the 
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"ir „ MARITIM SURVEYING. OY 
Clock, and the Moment the Star touches the ſame Side of the Plumb-line 
as before, call out, New; that he may repeat, audibly, the Second he 
counted Jaſt, which you muſt note down, while he looks the Minute-, 

and notes it down. If the Time of the Star's Aſcent on one Side of 
tte Plumb-lifies is exactly equal to the Time of its Deſcent on the other, 

then the Plumb-lines hang preciſely in the Meridian. If theſe Times are 
unequal, ſhift the moveable Plummet a little toward. that Side where the 
Star took the longeſt Time; and begin the ſame Operations again, and con- 
tinue them till you &nd the Star takes equal Time on each Side of the Plumb- 

lines. 

In Obſervations of this kind, where the Time is required to be known, it 

may be managed without an Aſſiſtant, after ſome Practice. For one may 

catch the Second from the Clock by his Eye a little before the Time of Ob- 
ſervation, and continue counting the Seconds or Beats ty the Ear, while his 
Eye watches the Star; and the Inſtant it is hid, he ſhould repeat the laſt Se- 

cond till he ſees the Minute on the Clock, and then write down both together. 

Or, begin to count the Seconds by the Ear from the Moment of the Ob- 

ſervation, till you can ſee the Time ſhewn by the Clock, from which ſubtract 
the Number of Seconds you counted, and you will have the Tame of the Ob- 

n according to the Clock. 

If 3 the Clock is contrived to keep of an equal Length, 
notwithſtanding the Variations of Heat and Cold; if it is not wuond up be- 

tween the Obſervations, or does not ſtop in the Time of winding; and if it 

is well regulated immediately before the Obſervations begin, and again veri- 
fied by the diurnal Revolution of a Star when they are over; a very exact 
Meridian Line may be found this way. But ſuch Clocks are rarely to be 
met with; the Operation is often tedious ; and 1s practicable only in Winter, 

and when the Sun does not ſet later than about half an Hour after four; 
for the Stars are ſeldom ſeen in Winter diſtinetly, till the Sun is near an 
* and a half ſet. 1 

In this Operation, a Watch is managed much in the bine Manner as a 
Clock; only, when it is to be ſtopt during the Obſervation, the Obſerver 

may do it himſelf, by holding the Watch in both * with his Finger at 
Te . 
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& MARITIM SURVEYING. Part 1. 
the Stopper. When the Time is to be noted without ſtopping the Watch, 
then, near the Appulſe of the Star to the Plumb- lines, an Aſſiſtant muſt 
count the Seconds by the Motion of the Second-hand; and, when the Ob- 
ſerver calls out, Now, mult repeat audibly the laſt. Second. he counted, that 
the Obſerver may note it down, while the Aſſiſtant looks tõ and notes the. 
Minute. 

Though other Methods of Alg a Meridian · line thian thoſe ad except. 
the laſt, have been generally practiſed and recommended by Aſtronomers, 

yet it will be evident to Theoriſts, eſpecially ſuch as are accuſtomed to ce- 

leſtial Obſervations, that when the Places of the Stars are exactly known, 

this important Problem may be performed more eaſily, and with more Cer- 
tainty, by means of a Plummet, which adjuſts itſelf, than by any other In- 
ſtruments, or Obſervations whatever on the Sun. For it is well known, that 

in ſolar Obſervations, the Air, the Object, the Inſtruments, the Obſerver, 
may each occaſion. ſome Inaccuracy, which the moſt. Expert cannot altoge-- 
ther avoid ; but they are either quite removed, or eaſily n in our 
way, by the moſt inexperienced Performer. vg 

"The polar Diftances and right Aſcenſions of theſe fix Stars in 1770, 
were as follows : + ſignifies increaſing, — gecfrerfün g. 

o Vears. Degrees 10 Yan Time. 10 Sh 

Northern Stars. D. . Sj” I b. M. s. H. M. 8.“ " 

5 e e e e e Han) 5 
Pole Star e . 59 317 10. 44. Of25, © | o, 42. 566 3. 1 
Firſt in Tail of the G. Bear. 2 32. 47. O3. 17½90. 45, 5| 7. © 12.43. oo A, 

9. © | 0.41.48] ©. 35 Middle of Caſiopeia's Chair). 330. 32. 20—3. 17] 10. 27. 16 8 
30 | 

Southern Stars. | F | ba by 

Head of the Croſs . . . h. 2 19. 9. 3. 18 37 29. x 5 2. 19. 0 0. 404 2 8 
Foot of the Croſs .. . . 4a. 128. 10. 2 2083. 29, of 8. 5 12. 14. O0] o. 32 

ad of the Phenix . . |. 2 of 35. AT 3-20] 3-43-15] 7. 30 0.15. of o. 300 

3 | P R O R. 

b . . ne. td get es 



Chap. 3. MARITIM SURVEYING. 6r 

' How 10 _ the Sun's  Ampli tude at Rifng, or Setting, and from thenes the 2 
riation of the ee N eedle. 

Make the Needle level with the . C ks 5 in the Box. Then, 
when the Sun's lower Edge is a Semidiameter above the Horizon, take 
the Bearing of its Center (from the N. or S. which ever is nea reſt ) 
through the Sights, making the Thread biſſect the Sun's Diſk, and that ſub- 
tracted from go, will be the Sun's magnetic Amplitude, or Diſtance from 
we E. or W. Points by the Needle. 

Near, calculate the Sun“ s true Amplitude for that Day, by the following 
Proportion. 

As the co. ſine of the Ls, 
Is to Radius, 

; So is the Sine of the Sun's Declination at Setting or Ring, 
To the Sine of his Amplitude from the W. or E. 

Which will be N. or S. as the Sun's Declination is N. or S: and the 1 Dif- 
tance in Degrees and Minutes between the true E. or W. and the magnetic, 
is the Variation of the Needle. 

An eaſy and ſure way to prevent Miſtakes, which the Unexperienced are 
liable to in this Calculation is, to draw a Circle by Hand, repreſenting the 
viſible Boundary of the Horizon, and on it to mark the ſeveral Data by 
Gueſs; then by inſpecting the Figure it will eaſily appear how the Variation. 
is to be found, whether by Addition or Subtraction, and on which Side of 
the North it lies. For Example: 

PLATE L FIG. XIV. 

Suppoſe the- Variation was ſought at Sun-ſetting. Draw by Hand a: 
Circle NW SE, to repreſent your viſible Horizon: in the Middle of ir. 
mark the Point C, for your Station: from C, draw the Line C W, to re- 
preſent the true Weſt; then on the North or South Side of that Line, ac- 
cording as the Sun ſet northward or of the. true Weſt, draw the 

Line 
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65 MARITIM SURVEYING. | Part l. 
Line Co, repreſenting the Direction of the Sun's Center at ſetting, and 

another Line C w, for the magnetic Weſt, either on the North or South 

Side of ©, as it was obſerved to be, and at its judged Diſtance. Then by 
obſerving the Situation of theſe Lines it will eaſily occur whether the mag- 

netic Amplitude and true Amplitude are to be added, or ſubtracted, to give 

the Variation; and on which Side of the true North the Variation lies. In 
the preſent Suppoſition, W © is the magnetic Amplitude, and © W the true 
Amplitude; © W therefore muſt be ſubtracted from © to give W W the 

Diſtance of the one from the other: and n, the magnetic N. go Deg. from 
w, muſt be weſtward of N, the true North. 

This Method is ſufficiently exact for finding the Variation; but it is not 
exact enough for fixing a preciſe meridian Line: becauſe of the Uncertainty 
of the Refraction, and of the Sun's Center: but if the Sun aſcends, or de- 

W with little Obliquity, the Error * will be very little. 

How to ud the Sun's Azimuth, and 1 thence to find the Variation 75 the 
| Needle. 

PFirſt let the 3 of the Place be exactly found. Next let the G 

drant be carefully adjuſted for Obſervation. Then, two or three Hours be- 

fore or after Mid-day, take the Altitude of the Sun's Center as exactly as 

poſſible, making the vertical Wire of the Teleſcope biſſect the Sun's D. ſæ; 

and, without altering the Plane of the Quadrant in the leaſt, move the 

Teleſcope vertically till you ſee ſome diſtant ſharp Object on the Land, ex- 

actly at the vertical Wire; and that Object will be in the Direction of the 
Snn's Azimuth when the Altitude of its Center was taken. If no ſuch Ob- 

Jeet is to be ſeen, let a Pole be ſet up in that Direction, about half a Mile 
off, or as far as can be ſeen eaſily. 

Next calculate the Sun $ Azimuth by the following Rule. 

Add the Complement of che Latitude, the Complement of the 3 
and the Complement of the Sun's Declination to 90® together, and take the 
half of that Sum, and note it down: ſubtract the Complement of the De- 
clination from the half Sum, and take the Remainder; then take the Com- 

plement 

r ͤ . — We ae * 



Chap. 35. MARITIM SURVEYING. '. 63 
plement arithmetical * of the Sines of the Complement of the Altitude, and 
of the Complement of the Latitude, and add them together, and to them 

add the Sines of the forementioned half Sum and Remainder: half the Sum 

of theſe four Logarithms is the co. fine of half the Azimuth required. There- 

fore find by the Tables what Angle that co. ſine anſwers to; e that 
Angle, * that n be the Sun's Azimuth from 8 » 7 

. A 

4 

If the. Sun's Declination i is S. in 1 8 or N. in South . 5 

in place of taking the Complement of the Declination t to 0 90%, add 905 to 

=, e l 252 Es n 

In South Latitudes the Azimuth is food in the ſame Manner ; only, 
the Sun' s Azimuth is found from the S. 

Then, to find the W place * Needle below the Center of the 
Quadrant, ſet it level, and find how many Degrees the Pole, or Object, in 

the Sun's Azimuth, bears from the North by the Needle; and the Difference 

between that and the Azimuth and by Calculation, i is the Variation of the 
Needle ſought. 

If the Sun aſcends, or deſcends with little Obliquity, a Meridian Line 
may be fixed. pretty exactly this way, becauſe a ſmall Inaccuracy in the Al- ; 

titude of the Sun's Center will not be ſenſible in the Azimuth. But when. 

the Sun does not riſe high on the Meridian, this Method. is not to be relied: 

on when great Exactneſs is neceſſary ; for then every Inaccuracy in Latitude: 

Altitude, and Refraction, occaſions. ſeverally a greater Error in the Azi- 
muth. To mark the Meridian- line on the Ground, place the Center of a. 
Theodolite, or Hadly's Quadrant, where the Center of the Quadrant was. 
When the Sun's Altitude was taken, and putting the Index to the Degree- | 
and Minute of the Azimuth, direct (by waving your Hat towards one 
Side, or the other) a Pole to be ſet up, making an Angle with the formen 
Pole placed in the Azimuth, equal to. the Sun s Azimuth found; and that: 

1 The POLE arithmetical of a Logarithm is found thus: begin at che Left-hagd, of. 
the Logarithm, and ſubtract each Figure from g, and the laſt Figure from 10, ſetting down the. 
ſeveral Remainders in . Lane; z and that Number will be the arjchmetical Cemple ment re- 
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6 MARITIM SURVEYING, Parti. 
laſt-placed Pole will be in the Meridien ſeen from the 23 of che 
Quadrant, | 

N. B. The Sun's Declination | in the Tables ak 1. by the Va- 
riation ariſing from the Difference of the Time between your Meridian and 
that of the Tables ; and alſo for the Variation of Declination for the Hours 
before, or after Noon, at which the Sun's Altitude was taken. 

The two laſt Problems are conſtructed and explained | in every Treatiſe of 
— ; it is therefore needleſs to be more particular here. 
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PART 0 

of the Procediire and Operations in Jileayin 2 Sea-coafts, 
according 10 eheir various eee, wg fi 

CH Ar. 1. A Stalimetric Scheme. 2. "-Provedure i in n ſarveying Coaſts, 
under ordinary Circumſtances. | 3. In ſurveying Coaſts unfavour- 
ably circumſtanced. +4. Rocks and Shoals ; Tides and Sound- 
ings; Deſcriptions; copying and reducing Draughts ; Inftru- 
ments. 5 Nu e 3: oomtinping a Meridian Line. 

— 

"CHAP. L 

Hou ow to form a ; ha metric Scheme of Points, by which the Dipances cy: tn 
n * * be determined. 

ad | 

TN 6." Bay to 3 a Bay, ee 8 or any "i of. = Sea- i 

coaſt, with ſufficient Accuracy and Expedition, three principal things 

are requiſite. The firſt is, to meaſure a fundamental Baſe- line: the ſecond, 
to form a ſtaſimetric Scheme of Points, by which other Diſtances along che 

Coaſt may be determined: the third is, to delineate on Paper à Figure 
ſimilar to the propoſed Coaſt. The ſeveral Methods of finding the Length of 
a Baſe-line having been explained in Part 1. Chap. 3. the next is, how! to 

»2 

form the  ſtaſtmerric Scheme, wh may be done! in 1 the OY. Man anner. 55 
* ＋ 

- » tag % N * v9 + 4 

} 4 4 = s * 

PLATE . 

1. Having firſt taken a general View of the Place "row Ra "ITT, an 
* in order to find out proper Odiects for 2 Scheme, and to plan 

. : in 

42 
* 



66 MARITIM SURVEYING. Part 2. 
in your des Proczdire of the Survey; pitch on the ſmooth Sand X X 
for a fundamental Baſe- line, as near the Middle of the Harbour, or Part to- 
be furveyed, hid. conehiently : bn it meaſure the ſtraight Line 
XI wit e e Ty we 5 ain, as directed p. 4;. mark its Extremittes'on the 
Ground,. and. write the Number of Poles, or and in a Field-book pre 
pared for the Purpoſe. 1 

W 
2. At X, with a Theodolite, take the Angles, that ſome: of the moſt 

conſpicuous. and. ſharpeſt, Objects (ſuch as: Steeples, Towers, temark able 
Tops of Hills, &c. ) on each Side of the Bay, make with the Baſe-line; as. 
1 A., YTE TEC P XD: and 1s many other Parts along the Coaſt. 

as are diſtinctly ſeen, and may be judged convenient. If there are no re- 
matkable Objects to be ſeen that are ſmall enough, cauſe: Turrets, or Signals, 
of Stone or Turf, to be built. for that Purpoſe, on the moſt. convenient. 
Hills or Eminences. | Alſo, at Y, take the Angles X TA X Y B, &c. 
then take the Bearing of X from * with a good magnetic Needle and. 
Sights: write theſe Angles diſtinctiy in che Field-book, together with the 
Name, or Defcription, of eack Ohje, and the Part of it which- you 6b- 
ſerve, ſo that they may be known again when needed, or when you go to. 
them: write down: likewiſe, on-which Side of the Baſe-line each Object lies, 

whether on the right or left,, when you look. en the fartheſt End. of it. 
5 4 

3- Nor the Middle of a Wes eee there may bs cls 
for laying the Protractor, and drawing out the Angles) draw the magnetic 
Meridian right up and down. In a convenient Part of that Line, mark a. 
Point X, to repreſent one Extremity of the Baſe- line; and at X, make an 
Angle with the Meridian equal to the Bearing of Y from it. On that Bear- 
ing ſet off the Length of X Dann ates fon. 6 
Scale of equal Parts, not leſs than an Inch to Mile. | + Rao 3 

4 From X and Y on the Paz per, protract carefully, with a 1 br i 
tractor, the ſeveral Angles written in the Field-book ;. and alſo. calculate: 
trigonometrically the molt material Diſtances : judge of the Accuracy of the 

Protraction by its Agreement with the Calculation; and if any of them, 
differ, protract, or calculate theſe again till the Error is corrected, and the 
Points repreſenting the ſeveral Objects are marked in their Proper: Poſitions 
and Diſtances on the a 

. To 0 | 



"wy" 1. 

. To verify theſe protracted Diſtances, go/t6-any of the Objects, D, 
take the Bearing of X and Y, tô find if they agree with the Protraction; if 
ſo, then take the Angle X P F, add it to the £wg other Angles of that Tri- 
angle, and if their Sum is 180 preciſely, then is the Poſition of D exact: 
chere alſo take the Bearings, by the Needle, of the ether Ohjects; ahd-if 
their Bearings from you agree with their B from D on the Paper, 
then your ſeveral Operations have been rightly performed, and the ſtaſime- 
tric Scheme is exact. If the Bearing of any of the Objects by the Needle 

differs from that of its repreſentative ] Point on the Paper, take the Angles 
of that Object again from the two Extremities of the Baſe-lme, and protfact 
them anew, till you difcover the Error, and find all agree: then, and no 

| ſooner, ſhould you proceed to delineate the Coaſt- line on the Paper. 

Note 1. Very high Mountains, whoſe Tops ate often hid in Clouds, are 
vn that account not ſo convenient Objects for a ſtaſimetric Scheme, as 
Hills of a more moderate Height, which may be ſeen more frequently. 

Note 2. As the Uſe of this ſtaſimetric Scheme is for finding the Diſtances 
of other Parts along the Coaſt, by one or other of the longimetrical Problems 
in Part 1. therefore great Care. ought to be taken to get the Diſtances and 
Poſitions of the Points in it exact: wherefare.if any o the Objects lies too 
oblique to the Baſe-line, or is too far from it, to have its Diſtance deter- 
mined preciſely ; let one of the Angles only be taken at the Baſe-line, and 

the other from one of the Objects Abc ite is aſcertained. and makcs 
a more direct Interſection with | i. 

Note 3. If no level Sand can de had within the Bay, or 8 for a 
Baſe- line; then a ſmooth Plane near it, on either Side, may be meaſured, 

and the Diſtances of the Vaan” on. each Side of the Bay Ae trigono- 
metrically from thence, 

I 

Note 4. 1 755 Plane fe bor 9 is in, or near, the Harbour to be 
ſarveyed, and if it is but a few Miles in Extent ; then the Diſtance of Ob- 
jects properly ſituated may be meaſured by the Velocity of Sound (as above 
directed) and that Diſtance made a ** une, vu which the ſtaſimetric 
Scheme may be Aan. 8706 

Ss 
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„ | MARITIM SURVEYING. Part a. 
Weote 5. If the Bay, or River is above eight Miles in Extent, and no ſuf- 

kicient Plane in, or near it; then take the Latitudes of two remarkable 

Hills, or Objects, at leaſt 25 Miles aſunder, and not above 45 Degrees 
from the Meridian; from thence find their Diſtance in Miles and Parts of a 
Mile (by Prob, 2. page 12.) make that the Baſe- line, and from thence. cab 

culate and pron the Diſtances 1 in the ſtaſimetrie Scheme. 1 289) Ho © 

"The Form 7. but l 

Meaſured in a Rage Line on the. Sand on the S. Side of che Entry of 
Great-Harbour, from X (at the High-water Mark of White- point) to X 

(at the Edge of the Graſs on Green - point) 416 Chains, 25 Links; each, 
Chain 60 Feet long, and each Link one Foot; enen to 4 Miles * 

408 Yards more. 

At X, (by the Needle) Y bears — 1 1810 N. 

Angles taken at X, on the Side XY. I bearing W. 18:9. N. 

; | Deg.. Min.. 
a Signal « on. Flat-hill - — LS: CS im 23 24. 

. b — le of New-church, and Point of a Clay- . 
Right Side. about a Mile beyond it -' - - 36 15. 
N £7 J Sharp Rock on Black-head, and north End of a | 

g Spring-tide Rock near the Middle of the Bay 41 48 
3 Caſtle- ſtrong, W. Corner - - . 

Left Side. f Ty rocky Point N. of that Caſtle „ > he? is 

ks aken ut v. on the Side X T, X bearing E 157 8 
bDieg. Min. 

Signat on Flahill = - - = - |= - el oh: 
-Left Side. b 15 le of New-church <- - - - - 357 22 

C Sharp Rock On Black- head „ in, Lis ig 5a 9 5 16 

Hillock near Sandy. point, and Point of a high ; 
rocky Cliff, ſup poked thee dale 380 27 

IW. Gabel of Cal hanks - - - - -- 134, 18. 
Right Side. 7 > Caſtle-ſtrong, "Vi Corner - 5 „ „ % 0 16. 

E. Gavel of W RR - ----> "8 42 
11 Hill, the weſtmoſt and moſt taperin | 

LY a los brking dad boese 3 

In 



cheap. a. MARITIM SURV/EY.IN G. 69 . 
In taking the Angles at Y, take the ſame Part of each Object 2 was 
done at X ; and before protracting, prefix the ſame. ſmall Letters to the 
Names of the ſame Places, or Objects. Theſe Letters ſerve to mark the 

ſeveral Directions of the Angles in protracting, ſo that the Interſection of 
the ere may be more al, found on the . 3 

\ 8 CH A P. 1. | „ 8 —— 

N of the Procedure in ſurveying e, under wn moſt 
common Circumſtances. | : TOP + 

EXAMPLE L 

He 4 e 4 Bay, Harbour, or River, and to. diate the Cu ue 
on Feen. | 

— 

PLATE II. FIG. E. 

N this Operation it will ſave much Time and Trouble, if the th | 
has been accuſtomed to eſtimate, by the Eye, ſmall. Diſtances, ſuch as a 

Mile, half a Mile, a Quarter, and 200 Yards, ſomething near the Truth. 

This Dexterity may be acquired, ſufficiently exact for the Purpoſe it 
is to ſerve, by frequently viewing with Attention ſuch Diſtances when actu- 
ally meaſured, and comparing other Diſtances with the Ideas of theſe in the 
Memory; eſpecially when the Nature of the Ground compared, and the 

| Darkneſs, or Clearneſs of the Weather, are nearly. the ſame... 3 | 

Firſt, form a gab metrie bene of Poines, as: * es delineated WP that 
the Points may be more diſtinct, and the Paper not incumbered with a 
Number of unneceſſary Lines, transfer the magnetic Meridian, and the ſe- 

veral aſcertained Points in the Scheme, to a convenient Part of a large Sheet 
of clean Paper (or of ſeveral Sheets paſted together) ſo as there may be 
Room on it to contain and protract the reſt of the Coaſt: then draw a ſmall. 
Black- lead Circle, or Dots, round each of theſe Points to render them more 

apparent, and write near each the Name of the Object it repreſents. Next, 
divide the Paper all over into ſmall Squares, by Black. lead Lines about an. 
Inch * drawn ** and „ the. e Meridian. 

3 Theſe 



drawn. If one Direction only of any other ſharp Object has been 

* 
vhs. 

9 _MANFOIM SURVEYING: Parts. 
Theft Parabel ſerve for laying the Protractor North or South, Eaſt or Weſt 
by the Eye readily, in any Point "from whence a magnetic Bearing is to be 

draw it out likewiſe from the Station at which it was obſerved; and 
write its Name along that Line, with a (D:) before it, to ſignify that it is 
the Direction of that Object; or an (L.:) if it is the Limit of any Head, 
or Point. If Fig. 1. is the Harbour, the 'new mn Scheme will then 

look as in Plate Il. 1 

in the next Plice; With this Scherne.of Points and e Directions. | 
go to any Station on the Shore whoſe Place is marked on the Paper, as X, 

and there, with a good magnetic Needle, take the Bearing of a from it; 
draw it on the Scheme from X, the correſponding Point there, and judge 
its Diſtance as near as you can; take that Diſtance in your Compaſſes from 

the ſame Scale of equal Parts by which X Y was laid down; mark its Ex- 
tent from X on the Bearing · line, and trace with the Point of your Com- 
paſſes on the Paper the Curvature of the Coaſt between X and a, as exactly 
as you can: take alſo the Bearing of b from X, and draw it on the Paper. 
Next go to Y ; at it take by the Needle the Direction of b, draw it on the 
Paper, and it will interſect the other Direction taken at X in b; trace the 
apparent Curvature between Y and b: take alſo the Bearing of a, and that 
drawn out will interſect its former Direction from X i in the true Place of a; 
A eee eee a and by and black - lead the whole from Y to 
X. which will finiſh that Part of the Caaſt-line. Next take the Bearing of 
c from Y, draw it out on the Scheme, and on that Line mark its judged 
Diſtance, and with your Compaſſes trace on the Paper the Curvature of the 
Coaſt between them. At c interſect that Bearing by the Bearing of C, or D, 
and correct that Part of the Curvature which is next c, and pencil the 
Tracing between c and V: then take the Bearing of d, draw it on the 

Scheme, mark its judged Diftance on that Bearing, and trace the Curvature 
between c and d with your Compaſſes: take alſo the Bearing af g, draw, 

it on the Paper, and mark it ſo as to be found again when you come to g. 
At d take the Bearing of D, to interſect the former Bearing from cind; 
correct the Curvature between them, and pencil it. Take alſo the Bearing 
of c, mark its judged Diſtance, and trace the Curve between them: at e, 

by the Bearing of D, interſect its Bearing from d, correct the Curvature, 
- _—— before. — a 12 Interſections 

; | the 



Chap z. MARTIN 8URVERTING.: Tr 
the Points f and g. and trace the Curvature; and Windings of the Coaſt, 

between them. But becauſe the Point h is more in the Way of Ships, E 
failing up the Bay,than any. of the former Parts between c and h, its Poſi- 

from thence (by Longim. Prob. 3.) find the Point of Station h; which 
will give its true Place independent of the former Stations. Next draw 
the magnetic Bearings of the Points i, k, I. m, n; interſect theſe Lines 
by the Bearing of C taken at each of them; delineate the Curvatures. be- 
tween them, and the Coaſt-line of the Bay will be ſo far finiſhed. In this. 

Manner proceed along the whole Shore of the Harbour, firſt. fixing the 
Place you ſtand. on. by. Interſections of the Needle; but at proper Diſtances, 
and Parts that are of Conſequence to Navigation, let theſe be determined 

by two Angles taken more accurately, and Protracted by one or other of * 

on longimetrical Problems in Part I. 

"i all the Stations Jong a Coat a are determined by mag netic Me- 
tions, the natural Defects of the Needle will, in Time, dere ſenſible 
Errors. If all the Stations are determined by the Angles betwren three 
Objects (according to z Longim. Prob. in Part 1.) though that in Strittneſs 
is the moſt exact Way, yet it would be much more tedious, confuſe the 
Draught with a Multitude ef interſecting Lines and Arches, and anſwer 
no Purpoſe in Navigation better, nor in any Reſpett render a Draught more 
ferviceable than if only ſome of the moſt material Stations, and Principal . 
Projections of che Coaſt here: and there, were ſo determined, and the 1 inter- 
me diate FOR found ” Interſections of the Needle. 

Ax, — Part of the Contra on chang ok the 4 Rafimerric Ob- | 
jefts cannot he ſeen, becauſe, of interpoſing Hills; or are not in a convenient 
Poſition for determining the Station wanted; go to ſome Eminence near 
chat Station, from whence the Objects may be ſeen more advantageouſly, 
find the Point of Station on that Eminence by one of the longimetrical 

Problems in Part 1. protract it on the Paper, and by it, with i one or wo- 
of the other Objetts, find the Station wanted on che Coaſt. 

4 ** 21 2 WE 

f at any Station, the Asgie been n or Objetts, 1 am 
bur interpoſing Eminences, or other Objects, hinder: one of them to be 

3. 

tion ſhould be determined in the exacteſt Manner. Therefore at h, with, © 
a Theodelite, or Hadley 's Quadrang, take the Angles A h B, B h C, and 

ben; in e Gul b. 8 . Top, eb de rare Eminence al you. 



72 MANI TIM SURVEYING. Patt 2. 

ſee the Hil and Station from it, and exactly in a Line with them ſet up 
two Poles; and the Angle between any of the Poles and the other Object, 
or Hill, taken at the Station, will be the ſame with the Angle betw-een 

the two Hills. Thus may the Angle, or Bearing of any Objects, be found 
from a Place where they cannot ern e * ve NE" or con- 

venient on _ Occaſions. 8 

Mountains, Rocks, and Stehe arc je Wenden 8 wich a a ee 
cal Quality, which diſturbs the Polarity of a Needle, and, if not adverted 
to, will create much Trouble. To prevent this, it is neceſſary to carry tw W 

Needles always along with yon, and to ſet both down at each Station, be- 

yond the Reach of each others Influence ; if they both agree in the Bearing 
of the ſame remote Object, it way be concluded chat 1555 are not RAGE 
by Magnetiſm. 

e 

At every 1 take Care to inſert, and to diſtinguiſh in the * AY 
| the Appearances, and Nature of the neighbouring Parts, of the Coaſt, fuch 
as rocky-Cliffs, graſſy Cliffs, ſandy Shores, rocky Shores, &c. and remark- 
able Hills, Houſes, Trees, &c. but eſpecialy ſuch as may ſerve for Land- 

marks to direct Ships through Channels, or to avoid Rocks and Shoals. 
The Hills and Houſes ought to be repreſented in ſuch Proſpects as will 

enable Sailors to know them when they are ſeen from the Sea, without re- 

garding much the Diverſity of Perſpective which this will occaſion in the 
ſame Draught; for U viformity ought always to. give Place to Uli. 

It the Survey | is to be carried on without the Harbour, along the Coal 
on each Side, it may be continued on the Foundation laid before, and by 
the ſame Procedure, to as great a Diſtance as the ſtafimetric Objects can be 
eaſily ſeen, and while the Angles they ſubtend are not too acute to be relied 
on, or protracted with Certainty. Before this happens, it will be neceſſary 
to pitch on other ſtaſimetric Objects as you go along the Coaſt, to determine 
their Diſtances carefully by one of the longimetric Problems, and make theſe 
ſupply the Places of ſuch of the former as are too remote; and by theſe laſt; 
others ſtill farther along, may be determined, to ferve the ſame Purpoſe to a 

greater Extent. But let it be adverted here, that if too long a Series of Tri- 
9 . of In- 

ſtrumenis, 
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ſtruments, Obſervations, and Protraction, will, in Time, produce very ſen- 
ſible Errors: therefore it is adviſable to break off the Series at proper Diſ- 

tances, and to lay a new Foundation by meaſuring. another Baſe-line, and 
proceeding by it as at firſt. When this is done, remember that two Objects, 
'or Points, in the firſt Draught, at a proper Diſtance and- Poſition, be like- 
wiſe included in the ſecond; that by theſe Points the'two Draughts may be 
cally * together, and make one Map when it is needful. 3 

When the Coaſt of a Bay, Harbour, or River is ſurveyed, or any conſi- 
derable Part of it, then find the Diſtance and Extent of all the Rocks, 

Sand- banks and Shoals that lie near it; obſerve Leading marks to them; 

and Land-marks for avoiding them; ſound the Depth o the Water to, 
round, ard from each ; and alſo along the Shore, as near to it as Veſſels 
can, or cught to to ſail. Alſo ſound particularly the ſeveral Places of An- 

chorage, and take Land-marks, or Bearings for finding them, and inſert an 

Anchor in the proper Part of the Draught. for pointing them out more 
readily. Inſert alſo the Time of High-water on tie Days of new and full 
Moon, the ordinary Riſe of ſpring and neap Tides, the Direction of the 
Stream of Flood, and what Irregularities may be obſerved | in theſe, both 
within and without the Harbour, 

EXAMPLE I. 

How 10 furvey an Hand. 

8 I. i * Nand bas Eee conſpicuous Hills in it firſt date 3 

Baſe- line on a Plane, or by two Latitudes. 2. On that Baſe- line form a 
ſtaſimetric Scheme of Points, as was explained in Part II. Chap. 1. § 3. 
Survey and delineate the Coaſt of the Iſland as directed for a Harbour in 
che laſt Example. 

PLATE HI. FIG. I 

Can 2. Tf the Nand is but 4 few Miles long, and has but one remarkable 

Hill, or Object in it; as A, which may be ſeen from all, or moſt Parts of 
the Coaſt : by one of the longimetrical Problems in Part I. find the Diſ- 

L ä tance 
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tance of any of the Points, or Heads, in the Iſland (ſuppoſe B) from A. 
At B, take the magnetic Bearing of A, in Degrees and Parts of a Degree; 
lay down that Diſtance on Paper according to the Bearing obſerved; and 

draw black-lead Lines all over the Paper, parallel and perpendicular 
to the magnetic Meridian, about an Inch from one another. At B, with a 

Theodolite, or Hadley's Quadrant, take the Angles A B. C and A B F; 

write them down firſt in your Field- book, and then draw them out from 
the Point B: alſo take the Bearing of a and b by the Needle; judge of 
their Diſtances from B; draw them, and ſketch the Curve of the Coaſt be- 

tween you and them. Then g0 to C; there take the Angles AC B,. ACD, 

write them down; add AB C and A CB together, ſubtract their Sum or 

180, and the Remainder will be the Angle BAC; draw that Angle from. 

the Point A, and it will interſect the Side BC in the Point of Station C. 

ACC. take the Bearing of a, and that will interſect its former Bearing from 

B in the corrected Place of a: then ſketch the Curvature between C 408 B, 

and pencil it. Next draw the Angle ACD; at D, take the Angles ADC, 
ADE; the former added to A C D and ſubtracted from 180 will leave the 

Angle C A D; draw that Angle, and it will interſect the Side C D in the 
Station D : ſketch and pencil the Curve between C and D. Then draw the 
Angle ADE, and the Bearing D c; fix the Point E by the Angle at E, 

and finiſh the Bay between D and E as before. Go on in this Way from 
Point to- Point round the Hand, till the whole is finiſhed, | remembering to. 

inſert remarkable C liffs, e or other Objects at each Station. 

If at any Point, as G, or H, A cannot be ſeen; take the Direction of A 
from that Point, by ſetting two Poles exactly in a Line between them, as 
mentioned in Page 72, and take the Angle between one of the Poles and the 
other viſible Object. By ſuch a Procedure as this, the Circumference of any 
Iſland will be found to meet on Paper, without e Alterations. 

When an Iſland is ſmall, 1 great Exactneſs Wert ry ; if the Grſt Diſ- 
tance, or Baſe- line, is true, and long enough, all the other Diſtances may 
be got ſufficiently exact by Interſections of, a good * without oy 
other Inſtrument to take the Angles, | 

| When 
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When one Side, or Part, of. the Iſland is delineated on the Paper, then 

| Bod the Diſtance and Dimenſions of the ſeveral Rocks, Sand-banks, Shoals 

and Ledges along it ; ſound the Depth of the Water towards and round 
each of them, and take Leading- marks on them, and Land- marks for — 4 | 

ing them: ſound alſo along each Part of the Coaſt after it is delineated, | as 
near the Shore as Veſſels can, or ought to ſail; and when the whole Coaſt is; 
finiſhed, anne round it a Mile, or more, from the Land. 

EXAMPLE W. ee e 

How to proceed i in N an auß we Coaft Sn > | 

CAsE 1. I the Coaſt extends. cbs or 13 take, carefully, 
the Latitudes of two remarkable Hills, or Promontories along the Coaſt, as 

near the true Meridian as they .can be found, and as far PEP each other as 

can. be ſeen diſtinctly: ſuppoſe 20, go, or 40 Miles. From their Difference 

of Latitude, Bearings and Variation of the Needle, find their Diſtance in 
Miles and Parts of a Mile (by longim. Prob. 2. Pp. 12.) make the Chord of 

that Arc, or Diſtance, the Baſe- line, and by 1 it form a ſtaſimetric Scheme of 

Points; one, or two of them, repreſenting remarkable and ſharp. Objects. 
If one, or more, of the Objects lie off the Coaſt at Sea, it will be a Conve- 

niency ;. for there will be fewer Objects to intercept the Sight of theſe. 
When the ſtaſimetric Scheme is verified, and transferred to, ſome, Sheets of 

clean Paper, and a Number of magnetic Meridians, and eaſt-and-weſt Lines, 
drawn over it, then begin. to en and, mee the e Coal AS. directed i in 

* 

Example 5 ; | Kip: > ws FA... 
X * 1 - 4 * —_ 

. 
' F * 4 * f — „ 1 @ 

4 . - 1 28 

It will Fun ho 3 1 no one proper Object is to 5 ſeen from 

| both Ends of ſo long a Baſe-line, with which to form a ſtaſimetric Scheme; 
but if any remarkable intermediate Object, properly ſituated, i is ſeen at one 
End of che Baſe-line, and the other End ſeen at that Object, its Diſtance 
may be found with equal, or rather more Accuracy, by taking one Angle 
of the Triangle, formed by the Baſe-line and Object, at that End of the 
Baſe- line where it is ſeen, and the other Angle at the Object; thence the 
third Angle is found; and the Diſtance of the Object. Theſe three deter- 
mined Diſtances will be ſufficient for finding all other Diſtances between 
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the bd Extremitics of the Baſe-line ; and alſo for determining other ſtaſi- 

metric Objects ec for N 5775 F The pa theſe Ex- 

tremities. 2 4% 5 

Fo it de COMPY Akad if the os wich which the Latirudes of bs 

two Places were found, and the Obſervations, are good, a Baſe-line of 30, 

or 40 Miles meaſured in that Manner, is more to be relied on than ſuch Aa 

Diſtance determined by a Baſe-line of three or four Miles meaſured on a 

Plane: becauſe it is rare to find Planes fo long without ſome ſenſible Irre- 

gularities in them; and more rare to meet with two ſo remote Objects 

ſharp enough for taking the Angles at each End of ſuch a Baſe- line with 
Preciſion. Theſe two Sources of Inaccuracy may occaſion a greater Error 
in a Diſtance of 20, or 30 Miles, than can be ſuppoſed when the Latitrdes 
are carefully taken with a good Quadrant. 

| © When the dünbey has been continued by a Train of ſtaſimetric Triangles 
a conſiderable Length beyond the Baſe-line, it will then be proper to diſcon- 
tinue the Procedure on that Foundation, and to meaſure a new Baſe-line ; 

either on a level Plane, or by two Latitudes, as before; raking Care to have 
two determined Points common to both Drau ghts, for cometh 4 them 
anto One. | 

If the "IO with which the Angles are taken doen not t give them 
minutely enough; or if the Objects that form the ſtaſimetric Triangles are 
not ſharp enough, Errors may be expected, and will undoubtedly become 
ſenſible in a long continued Series of Triangles. How far they have actually 
taken Place im the Draught may be diſcovered by comparing the obſerved 
Bearings of diſtant Hills or Head-lands, whoſe Poſitions have been deter- 
mined by former Obſervations, with their Bearings in the Draught : or, by 
comparing ſuch moderate Diſtances as one can judge of by the Eye, with 
their protracted Diſtances on the Paper. 

When a conſiderabl Web of the Coaſt has the eye the $ Sovdd- 
ings marked near it, and all the Rocks, Shoals, Banks, remarkable Hills, 
Buildings, Groves of Trees, and other Diſtinctions of the Coaſt inſerted and 
expreſſed in the Draught ; then fail along it, fix, eight or ten Leagues from ] 

3 _- „ 
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the Land, according as it can be ſeen diſtinctly; ſound the Depth of the 
Water, obſerve the Setting of Tides and Currents, and ſketch Views of the 

Coaſt as you fail, inſerting in them the Names of the moſt material Hills, 
Heads, Entries of Rivers, Harbours, &c. ſo that Seamen may know, by 
the Eye, where the PENS Places on the Coaſt lie, and how to ſteer for 
them. 

Cask 2. If the Coaſt to be ſurveyed * ar or 3 chuſe 
à remarkable Hill, or Head, near the Coaſt, and another Hill, or remarkable 
Object up the Country, northward or ſouthward ; find their Diſtance by 
meaſuring a Plane, or by the Latitudes, and make that Diſtance the Baſe- 

line; from thence form a ſtaſimetric Scheme of Points; and with it pro- 
oed to ſurvey nr delicnte the Coaſt as before directed. 11 

* 

if any Part * a 0 2 that A eaſtward or ward 3 is ſo circum- 

ſtanced, as neither to have in it a level Plane fit to be meaſured, nor any 
Hill or remarkable Object up the Country, or lying off the Coaſt, far - 
enough diſtant to become a Baſe-line by taking their Latitudes : in that Caſe, 
build a Wall or Turret, of Earth or Stone, on the moſt conſpicuous Part 
of the Shore; and another Turret three or four Miles from it up the Coun- 
try, arid fo large as to be ſeen five or ſix Miles off, or farther : meaſure the 
Diſtance of the two Turrets by the Velocity of Sound, and make' that a 
Baſe-line from whence to determine trigonometrically the Diſtance of the 

other Stations and Signals ſet up along the Coaſt for that Purpoſe : from 
theſe laſt, find other Diſtances : then, if you meet with no Plane fit to be 
meaſured, nor any remarkable Hill or Object, at a ſufficient Diſtance and 

Poſition for determining a new Baſe-line by the Latitudes ; meaſure a new 
Bafe-line by Sound, and proceed as before. Such a Caſe as this is very rare; 
but when it happens, a good portable Teleſcope, or Spy-glaſs, will be found _ 

| convenient, and ſhould be provided Ty 

That the maritim n Survey of a Kingdom, or large Tract of Continene, may 
be carried on with Expedition and Accuracy together, it is neceſſary one 
Superintendant, or. Head- ſurveyor, expert in Theory and Praftice, ſhould 
have two Aſſiſtants under him, who are capable of executing his Orders. 
Thzir Duty is, to conform to his Directions diligently and faithfully, as far 
as can be done; z to omit no Part of the Coaſt, nor neglect any Rocks, 

8 
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Shoals, Channels, Ties,” or neceſſary Soundings; to be at Pains to get In 

formation concerning them from the Inhabitants, or Pilots, wherever they 

come, but to inſert nothing in their Draughts but what has been actually 

examined by themſelves; to keep a daily Journal of their Operations, Ob- 
ſervations, and likewiſe of what Informations they may receive from others 
that have not been examined dls themſelves. 

The Head:furveyer Duty is, to plan and direct the Procedure of the 

whole Survey; to order the Veſſel, Boats and Men on the Service when and 

where he ſees it neceſſary; to chuſe proper Planes and Diſtances for mea- 

ſuring fundamental Baſe· lines; to ſee the Menſuration, or celeſtial Obſerva- 

tions "himſelf; to pitch on proper Objects for the ſtaſimetric Scheme; and 
ſee the Angles taken that determine their Diſtances; to inſpect the Calcula- 

tions and Protraction; to verify the Scheme when protracted ; to cauſe a 
clean Copy of it to be made out for himſelf, and one for each of the Aſſiſ- 
rants; to ſend one of them ro ſurvey on one Side, or towards one End of 
the Bate-line ; another on the other Side or End of it, and himſelf to remain 

with the Veſſel that attends the Survey, and to ſurvey in that N eighbour-, 
hood; to examine their ſeveral Performances when they return to the Veſſel; 
to compare the moſt material Diſtances i in their Draughts with the Obſerva- 
tions by which they were determined; to point out Miſtakes, or Defects, 
and cauſe them to be corrected; to inſert the ſeveral Obſeryations, Meaſure- 

ments, Deſcriptions, and Sailing- directions regularly 1 in a Book; to join the 

ſeveral Parts of the Coaſt, as they are compleated, into one Draught; and 

when that is of a ſufficient Extent, to cauſe a clean, diſtinct Copy to be 
made of it aboard: then to ſail in the Veſſel to the next ſtationary Harbour; 3 

to cauſe Soundings, and uſeful Views of the Coaſt to be taken by the Way, 
and ſuch remarkable Objects on Land to be inſerted i in the Draught, as. may 

have been omitted by the Aſſiſtants, There will be no great Advantage in 
having more than two Aſſiſtants under one Superintendant; for this would 
often occaſion either Delays 'in waiting for one or other of them before the 
Scene of Operation could be ſhifted ; or elſe a re Inſpection of their 
Performances. 

Toward the End of Harveſt, when the Days are turning ſhort, ny bad. 
Weather may be expected more frequently, a Survey will be ſooner dif-. 
patched, if the Examination of Shoals and oh that lic at a Diſtance 

| from 
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from the Land, is poſtponed till the End of the following Spring ; and the 

Survey of the Coaſt only, and the Soundings near it, or of Rivers and nar- 
e Arms of the Sea, are taken in the Winter and Spring 

Seaſons, * 

Though i in general it is better that a conſiderable Part of a Coaſt be fs - 
veyed Dee the Soundings are taken near it, yet often both may be diſ- | 

patched together with ſufficient Exactneſs; by making an Eye-ſketch of the 
{mall Bays. "and Windings of the Coaſt as you go from Point to Point in a 
Boat to determine their Diſtances, taking the Soundiags by the Way, and 
inſerting them in the correſponding Parts of the Sketch as near as you can 

judge; and at the ſame Time marking down the Direction of the Boat, or 
on what Object her Head is kept, in failing or rowing from Place to Place; 
and the Bearing of one or two. Objects when the principal Soundings were 
taken: when chat Part of the Coaſt is ſurveyed, theſe Soundings may then 
be transferred to the Draught by the Bearings, and by the e e in 

which the Boat was ſteered. If any Shoals are met with, take Marks on 
them, or two contiguous Angles by Hadley's Quadrant, and examine them 

-more particularly afterward, when the Survey of the adjacent Part of the 

Coaſt is ae. 

EXAMPLE IV. 
How to proceed in ſurveying a 51. Cluſter of Nandi. 

die 

Pitch on two remarkable tapering Hills, Rocks or He Objects at:a 

competent Diſtance, as A and B, as near North, or South, of each other 
as you can; and if a Line connecting them runs about the Middle of the 

_ Cluſter it is the better. Find the Diſtance of A and B, either by meaſuring 

a ſtraight Line on a Plane, or by their Latitudes, and make that the Baſe- 

line: ſelect amongſt the other Iſlands one, or more, remarkable Objects on 

each Side of the 1 as C and D; of theſe form and verify a ſtaſi- 
metric Scheme, as before directed. Wich this Seheme go to one of the 
Iſlands, and by longim. Prob. 4, or 7, find the Diſtance of two proper Parts, 
or Points in it ; make that a Baſe-line for ſurveying 1 it, as explained in Ex- 

ample 2. Do the ſame for each Iſland, ſounding the Channels between them, 
and obſerving the Setting and S vs 5 che 1 Streams of. Tide as 

3 10 2 TM 4 
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you paſs and re-paſs, taking Notes of all and inſerting them in the Draught 
at the Time they are obſerved, When all the Iſlands are furveyed and 
Channels ſounded, and every neceſſary Particular is inſerted in the Draught, 
then ſail round the whole, between four and ten Leagues from the Land, 
and ſound the Depth at that 3 and draw Views of the Land as you 

If the Idande extend northward and fakmard in a narrow Chain, ( b in 
Fig. 3.) and are ſo ſmall, or ſo uneven, that no ſufficient Baſe-line, for the 
whole, can be meaſured on either of them; then find by their Latitudes the 

Diſtance of two of the moſt conſpicuous Hills, or Rocks, that are ſituated 
along one Side of the Cluſter, and at a ſufficient Diſtance from each other, 
as A and B. At A and B with Hadley's Sextant, or a Theodolite, take the 
Angles BAC, BAD, ABC, ABD, and from thence and the Side A B, 
find the Places of C and D any two remarkable Objects on the other Side of 
the Cluſter of Iſlands, which may make the Angle BAC and A BD as near 
to right Angles as may be conveniently had. From any three of theſe Points 
the Poſition of a Place on any of the Iſlands may be found; or by Interſec- 
tions of the Needle from wo epventageoully - and each Iſland 

neated ., as before directed. 

CHAP. UI. 

Examples of the Procedure in PIR . under unfovoar= 
able nn. | 

EXAMPLE E 

| How 15 108 ſmall Hande that extend ban Wb in a lng narrew Train. 

PLATE ur. Big. 1, 

F the IOands 3 are ſmall, and extend eaſtward or-weſtward in a long narrow 
1 Train, as Fig. 4. then no ſufficient Baſe- line will be found either by 

| meaſuring a Plane; or by the Latitudes of any two Iſlands : in that Caſe, if 
' the wholk Extent of the INands is not above 12 or 15 Miles, a Baſe- line 

8 my 



from thence for determining the Diſthnets of the ſeveral Iſlands from one 
another, and each ſurveyed ſeparately, as before directed. But if the Iſlands 
extend above 13 Miles in Length, ſuch a Procedure will not be found ſuffi- 
ciently exact, becauſe a Diſtance cannot be meaſured by Sound with Preci- 
fion : then the following Method 1 is more to be relied « on. 

Puch on the moſt remarkable Head, Hill, or Object chat is to be found 
acks the: Middle of the Range of Iſlands, as X. find its Latitude, and the 

Variation of the Needle: there. Then five or ſix Leagues noxthward, or 
fouthward of X, anchor a Veſſel, as at V : on a prefixed Day, let the La- 
titude of the Veſſel be taken aboard with Hadley s Quadrant, as exactly as 
poſſible : and at the ſame Time, while the Veſſel remains ſteady in the fame 

Place, let the Angles X VC, X V'D, be alſo taken with Hadley's Sextant, 
and as many more Angles between them as there are remarkable Objects to 
be ſeen. About Mid-day, while the Sun's Altitude is taking on board, let 
one Affiſtant at X find the magnetic Bearing of the Veſſel from thence; and 

alſo ſet up à Pole half a Mite, or a Quarter of a Mile from ir, exactly in 
the Direction of the Veſſel; and let the Place of the Pole be marked on the 

Ground, for future Uſe. Let two other Aſſiſtants be ſtationed one at A, 

and the other at B, four or five Miles on each Side. of X, and, there mark. 
the Direction of the Veſſel from them at Mid-day, by Poles, in the Ground 

as was done at X, ſo that the Angles V.X A, VNXB. and K BV, XA V. 
may be taken afterwards at Leiſure, though the Veſſel is removed. Find the 

iftance. of XV {by longim. Prob. 2.) make that the Baſe-line ; on it pro- 
watt the ſeveral Angles obſerved on Shore, and aboard, and form a ſtaſune- 
tric Scheme of Points; in which the Stations X. V, A, B, will be deter- 

mined; and alſo one Direction of C and D, and of the other Objects ob- 
ſerved at V. From the Angles which toro, or three of theſe Objects ſubtend, 
the Diſtances of the other Iſlands, or of any Senn! in them, may be found, 

and each Iſland ſurveyed krach. Ds: 
oy 

a 4 £E 

8 

5 If the whole Extent of the Tad: eme be — in PRI taken 
ar V, the fame Operations muſt be begun again chere the former ended; and: 
tlie reft he log age furveyed in the ſame e 99! 7340 t KJ int 
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may be meaſured by the Velocity of Sound, a ſtaſimetric Scheme protracted 5 
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How to proceed Mg 4 Ceof al with Wood, o or „ Buben 40 that 1 

en Oe _ Ozjetts cannot be ſeen from the ne 7 

rn MM re 

Cn 1. If it is 4 River, Bay, or Hubbur; find ſtaſimettic 8 the 
Side oppoſite to that which you are to delineate, and by theſe determine your 
a. Diſtances os two IEEE or 4 5 r of the Os | 

| e 

by 2. * it is an open +. that has 3 a to. it near ad. 
1. Meaſure a Baſe- line on a Plane, or by two Latitudes, and from thence 

find the Diſtances of three remarkable in- land Hills, or Objects, as Y, R, W, 
that may be ſeen from a Boat at Sea, over the Trees; and protract a ſtaſi- 
metric Scheme on Paper including theſe three Objects. If three remarkable 
Objects cannot be had; two conveniently ER for magnetic Interſections 

Jong the: Cant wall ſerve, : pls TR 

2. Prepare eight Poles, each with a flag an at its is Top we Signats; | 
two of the Flags white, two red, two yellow, or ſtriped, and two black: 
the white to repreſent one of the ſtaſimetric Objects, the red another, the 
yellow or ſtriped a third, as ſhall. be agreed. on between the Surveyor and 
his Aſſiſtant; the black any new ſlaſimetric Object, whoſe. Place may be 
found neceſſary to be determined as the Survey goes on. Let theſe Colours be 
written on the ſtaſimetric Scheme, each at the Point, or Object, ſignified by 
it; and a. Copy of the Scheme given to the Aſſiſtant to direct him, and pre- 
cd e, eee . eee e 
che ocher four are to be carried along with the Surveyor. | Wk 

3. At the firſt Point, or Station on Shote, ' whoſe Diſtance is to be de- 
termined, as A, let the Surveyor ſet up a Signal of a Colour indicating what 
ſtaſimetric Object is to be firſt obſerved, as Y, or yellow. Then the Aſ- 
ſiſtane muſt go off in a Boat to X, as far from the Shore as to ſee the ſtaſi- 
metric Objects over the Trees, and take that Signal in a Line with the Ob- 
JWT 



/ 

up a Signal of the ſame, Colour with the Surveyor's, to ſignify that the Boat 
is then in the right Place. Let the Surveyor then take exactly the magnetic 
Direction of the Signal X in the Boat; which will alſo be the Direction 
his Station B from the indicated ſtaſimetric Object Y. Let it be drawn out 
on. the Paper from its proper Point Y, and a Signal of another Colour R, 
ſet up in the Place of the former, to fignify to the Aſſiſtant to move the Boat 
till he takes that Signal in a Line with the Object R it repreſents; and 

ce. Mel SURMBYING, % 

there let the Aſliſtant, when ready, put up the like Signal at Z, and keep 4 

| the Boat at reſt till the Surveyor has taken its magnetic Direction, and drawn 

it on the Paper; ; Which will interſect the former carat in ne Point of 
: Station A, on the Shore, * 

ions £2 100 T5 2 i | y « : $4.54 1 

% Le this Sutveyot ca eld magnetic ; Dirdftion of "Ow next Point 
of Land B, alomg the Shore; draw it on the Paper; eſtimate its Diſtance 
by the Eye; mark that Diſtance on the Line of Direction; ſkerch with the 

' Point of his Cotmpaſſes the Figure of the Curvature of the Coaſt between 
the two Points A and B; take down his Signal and wave tp 1 a eee to 
the Boat to move towards the next Point B, on the Coaſt. |; 

5 When = Surveyor comes to that Point, let him put up a a Signal W. 
or White, intimating what ſtaſimetrie Object the Aſſiſtant is to take in a Line 

wich it; which when he has done, let the Aſſiſtant ſer up the like Signal in 
the Boar, and keepardteady at Anchor till its Bearing is taken on the Shore 5 
which will interſect the Line of Direction taken at A the firſt Station, in 

the corrected Diſtance of B the ſecond Station: let the Curve of the Coaſt 
between them be alſo coftected, and drawn with . and the Coaſt» 
line between "theſe td Points of L Land will be finiſhed. 4 V:G63581 ad 

- 2 A 16% 19012 5 "£3453 1-C5 (335 3 K 1 28 8 2 4275 T 

Loet the Diſtance of the next Point c ns 1 a 8 Coat. — - 

deetekea, in the ſame Manner; and go on thus till the ſtaſimetrit Objects 

can be Toe EY nd da tg on x Shores when there will be no We 1 
8 % _ $7 

; . x { ; 3 y a” 

'S 8 8 = 
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l an ef the. ſtafimetric Qbject 11 5 Fa ak 
ſiſtant's Sight by interpoſing Hills; he muſt then firſt ſet up the - Suryeyor's 

Signal, and above it {ct up that Colour which. points out ſame othet Fakme- 
trie Object . is ſeen: which when the Surveyor obſerves, he muſt ſet vp 
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5 ' be*trip)oyet ar the ſirhe Tine; each muſt Have the ſame” 1 
Ac they Mut take the Sutye) 

. W Tm. 88 — n | 

hen ge 

Hole, ar obl ique, for 

Point of Station, in the © oppoſite 5 Wi be one | TEN; of. "Os 

Signal 3 till, by Agreement, it ſhall be, changed for another Colont, thas 

9 

Er ere 

ATEN U ANN r 
A bf the fime Colour above his former one; and den take the 
the Sightats ii the Boat; "hich wilt be the DireRidn'oP his Sta 

by the uppermoſt Colour.” 13.20 Qt] 
ibn gels mort Gi. CEP 

altes Ohrs! begins to digppeaf, ot to be too re. 
Accur; oy ky then, when 'the Surveyor is at a 'pfope 

| er 
30 8 * 

Os Fe the, Af ſtant muſt ſet up the ons Signal; to lig uty that the Place N 
rig Object is to be deterr bun, r. 

np 1 when the Boat is at Reſt, and drawn out from the Surveyor's 

ef þ 18 C - 4 

+ new. ſtafimetric Object. When the Surveyor comes to another Station p pro- 

per for another Interſettian. the black Signal, muſt be. ſeunp again by the 
Aſſiſtant: and hen the Boat is at Reſt, the Surveygr is ton its magnetic 
Direction, which will interſett the former in the Place of che new ſtaſimettig 
Object? wich muſt contione; 30: be peinted out thereafter) by the black 

the black Colour may be again reſerve for another aN ws: in 8 

1 iy 0 £4 , Nin Tok 2717 fi * 7 * - is: ee andiiegin Sehe in dhe Boats homey: ar, 3heifecs 
Time ſound the Depths of -the Water; and mark. them on an Bye- ech of 
the Coaſt; or inſert anni Bender: the Stations, and other re. 

e een e idw 
LEE. - _» E = s + (l 22 10 34: 

. 1 of 1 8 4 the Aſſiſtant ſhould 
be tolerably acquainted with the Buſineſs, that he may be, capable. of making 
a k proper. Chaves of Objects, and Stations for mier their Diſtances. 

= 24K 1 161 (1 2d 1 31 

This Method of as eG Laminate enen and though 
hot fo exact as when the Angles can be taken with 2 Theodulite, or Haus 
Quadrant; yet when the ſtaſimetric Objects are advantageouſly ſituated, 
and the Coaſt ſo ſurveyed is not very extenſive, it will be found ſufficiently 
act fot” che Purpoſes of Navigation.” H any particular Part of ſuch a 

equites great Exactnefs, then three Aſſiſtants, and three Boats, muſt 

ae PR * 1 e Otjects 



. 
Objects at once by which Means he may take the Algles between them 
by a Theodolite, or by Haul s Quadrant, which will be the fame! witlr the 
Angles between the three ſtafimetric Objects; 10 an | 
gn of Station preciſely, by Wi Prob. 4. 2 wid em Ea 

N WRTD 3 255; 0: rin © D SARI ene 2& 

lf thera is any &tream of Tide, or, Breeze of 3 Wind, whe: the . liest 
n will not be kept ieady brone Aachor only, hut muſt he Wade to Fidelbu 
bro, in order to continue in che ſame __ wle the Surveyor: Makes, hit 
eee on Shore. / 06 dale ee 62h 2 062 VOY en en 25 ,j˖ 
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There are fore Coaſts where it is impracticable to land for a continued 

Swell and Surf on the Shore; and 01 ere the Barbarity,of cheInha- 
bitants renders it unfafez the Survey of fuch & be made A 
N Sea; and may | be done in eee „ ons HC Dan 

Car . If the Coat 6 end nori ned « r ED 

1 Find the Varfrtiol of "the Cortipali,”” n enn 0 e x 
git 36 een e e e ci 570 nf POR 205 0 540 mem 

. Chu two remarkable tapering Eins, os crher dp Obe, 20 O 
30. Miles aſunder, and as near the ſame Meridian as they cat be had j but ſo 

fituated, that by filing along the Coaſt ur into n Bay, of River, one 66 
them may be taken in a Line with the other; ſo chat their m 

en, 1 ends ri 7 oft yl n bars 
101 39% 110 Hie 3} 1:37} 59 1 11 275 e 2 

"3. The Varian being dard, ing a Ship. an Anchof right Ef 
Weſt, from each Hill or Object, on different Days, and there gbſerve their, 
Latitudes with Hadley 8 . ; which will be the rr of the two 
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6% An "1 I . Part 2. 

N eben 3 ry in modderste Weather go as 

near to ſome remarkable prq̃ecting Point, or Fromontory, as you can with 
Safety ; there anchor your Boat, and with an amplitude Compaſs, con- 
ſtructed and balanced fo as to be as little affected by the Motion of the Boat 
as poſſible, take the Bearing of the two ſtaſimetric Objects; draw theſe out 
froih their vbrreſponding Points on the Scheme, in the bppofite Direction, 
and their Interſection will be the Place of the Boat. Take che Bearing of 
forme remarkable Furt of che Point, or Promontory next you; judge its 
Diſtance as near as you can; draw that Bearing on the Paper from the Point 
found! for the Boat's Place; and on it mark the eſtimated Diſtance of the 

| obſerved Part of the Point or Promontory ; which will be one Point in the 
Coaſt to be ſurveyed, and ſufficiently exact for the Purpoſes of Navigation; 

the Error being only what may ariſe e 
err n & 

£5430. & IL Pas CN D 5 en 1381 1 L 

6. In the Boat, take the Bearing er F ihe xe ret dung be Coat, fro 
the Point'6r F ry determined; draw'it on the Paper; mark its eſti- 

mated Diſtance on that Line; and with the Point of your Compaſſes trace 
on the * the F. . 555 of 4b Coaſt between wee two. Foes of Land. 

* * * 3 | 
AY # AY * 1 8 * 

7. Go to the Point laſt obſerved, as. near as you can; take its Bearing 
2 one of the ſtaſimetric Objects, which will interſect the Line of Direc- 
tion from the firſt Place of: Anchorage in the cotrbcted Diſtance of the ſe- 
ann Faint along the Coaſt; correct alſo the Figure of the Coaſt, and pen- 
ci it and, laſtiy inſett remarkable Objects on the Land, and Driwerſities of 
de. Coat between the Points, together witli the: Rocks obſerved;;and Sound- 
ings taken by the Way. Take the Bearing of the third Point, inark its eſti- 
mated Diſtance, ſketch the Curye of the Coaſt, and correct both when you 

are at that Point 8 before Land 225 in thiy Wanger Fi Fort to oi, Y 
0 PANTADO 10 HINT flog mort 705) 

OW? vil; T0 1 913 2d. live Soul eee 8 fiir brite 

*. hough this Method of Surveying i is leſs perfect than any'of 4 
. e TR if 7 rd of the Comput ſs mag made to Rehe at Reſt Gp 
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Chiap/'2. MARITIM SURVEYING: 

Shipping, either along che Coaſt. or into theſe Bays or Harbours. 

Cask 2. If the Coaſt extends. eaſtward and WE 
tric Objects muſt be choſen, which lie about N E or 83 

and alſo their Bearing and Latitudes found, in order to find their Diſtance, 
and form a ſtaſimetric ko for _— an the n in the ſame Man- 
ner as s before. : 

EXAMPLE 1: Sale hos ied 0 
From a ; 7 at Anchor i in the Mouth BE a ; Harbour, how to fletch ihe Harbour 

Baal, as for as can be ſen. 1 
a e Fig ig. 6. in Plate iii. is the Harbour, and the Veſſel at v: tale 
the Bearing of any remarkable Part D, right up the Harbour; gueſs as 
near as you can to its Diſtance ; draw out the Bearing on Paper, and by a 
convenient Scale mark on it that judged Diſtance. In the ſame. Manner, 

mark a Point for the Bearing and judged Diſtance of C: then draw. between ; 

C and D on the Paper, the Curvature, or Windings of the Coaſt, As they 

appear to the Eye. Next take the Bearings and judged Diſtance of the 
Point B, and draw the Irregularities of the Coaſt from B to C, and to F. i 

Do the other Side of the Harbour from A to D and to G in the ſame Man- 
ner, and the Figure on the Paper will have an apparent Reſemblance to the 

Harbour, exhibit. its Dimenſions ſomething near the Truth, and ſhew the 

true Courſe into it, if there are no unperceived Rocks or Shoals in the Way. 

Next, inſert in the Draught the moſt remarkable Appearances of the Coaſt, 
the Houſes, Hills, Trees, Forts, &c. and ſuch Rocks or Shoals as can be 

In' failing to or from the Harbour, the Lay - ſeen while you remain there. 
of the Coaſt, on one, or both Sides of the Entry; and within the Slathour 
bv ark: nen ene een 

This Method of gerching a Days: or Harbour, though far from being crack. 
wil give ſuch an Idea of it as may be of Service on ſome Occaſions ; and 
therefore ſhould not be nen when chere e 

_ Mmoreexattly, | 2 
E. X A M. 

will give 3 diſtinct Notion of thew; and prove a pretty good DireRion to 

each other, 
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How 1s mats a prot pan, of Horhouy „ a arri. o — 
ne n e 

ene gend, 283 5, BL ATE u. 510. * 

So to ſome Eminence where the whole, or a great Pate; of the Haber 
may be ſeen, and ſelect twa conſpicuous ſharp Objects, as tapering Hills, 
Steeples, Chimney- heads, &c. as A and C, at a competent Diſtance from 
each other, and conveniently ſituated for a baſe Line; (if no ſuch ſharp 
Objects are to be found, put up Signals on the Hills, or Eminences ;) take 
their Bearing in Degrees, and Parts of a Degree by the Needle, or Compaſs, 

_ which ſhould” be provided with Sights, and graduated for that Purpoſe; 
and eſtimate by the Eye the Diſtance of C from A, as near as you can 

Ar A and C take the Bearing of B, and of any other remarkable 
Obyect D, on the other Side of the Harbour; and from theſe Data protract 

a ſtaſimetric Scheme on Paper, wherein the Points A, B, C, D, will have the 
fame . Directions and proportional Diſtances as the 25 825 re- 

Wich this Scheme g go. to. apy adjacent Point of Land in the 3 as 
X; there ſet down your Compaſa, or Needle; take the magnetic Directions 
ef two of the ſtaſimetric Objects that are meſt advantageouſly ſituated; 

ſectien wilt be the Point of Station X. At X take the Bearing, of the next 
Point Y ; gueſs its Diſtance from you; take that Diſtance: fnam the Scale; 

Commpaſſts the Curve of the Coaſt between X and V; take alſo the Bearing 
of a and b, and of ſuch Rocks and Shoals as may be ſeen along the Coaſt, 
and draw them on the Paper. Then go to Y; there take the Bearing of A, 

or of any other of the ſtaſimetric Objects that may make a more direct Inter- 
Schon; dvate out its Direction, and its Interſection with X Y will be the 

Se ded Piece of L. By the Bearing of b and) of a, comet likewiſe their 
Pofitions.;_ then the Curve of the Coaſt between X and Y may be tracech 
with Black-lead more e exactly, and remarkable * * &c. inſerted, 

1 . and 



MARETIM SURVEYING, Chap. 3. 

ſame Manner from Point to Point till the whole Coaſt-line of the Harbour 
is delineated. If any more ſtaſimetric Objects become neceſſary, let their 

Places be determined by Acne Interſections drawn from two of the former 8 
Objects. 5 

- Next, by Interſcktions of the Needle taken on Land, or of the Compaks 
banks in and near the Harbour, take Marks for avoiding them, and ſound 
the Depth of the Water round them, and in other Parts of the Harbour; 
and mark the beſt Anchorage. 15 

Such a Draught as this of a Bay « or - Flarbibur! neither requires . Skill 
| nor Time to execute; and though not exact in the Diſtances, exhibits a;juſt 
| Repreſentation of the Place; and will be found ſufficient for 2 el 
| {es in nd out without a Pilot, if the Channel 1 is not very intricate, | 

EXAMPLE VI. 

How to Heetch a Coaſt in {ailing a it. 
e rr.ͥ A enen 

I. Pa} a Sheet of large Paper, with parallel Black-lead Lines and 
Perpendiculars croſſing them all over, as in a ſtaſunetric Scheme. Prepare 
alſo, in a Book, an Obſervation Table, in which is to be wrote diſtinctly And re- 

gularly, the ſeveral celeſtial Obſervations, Bearings, Diſtances meaſured by 

the Log: line, Rocks, Shoals, Soundings, Overfalls, Races of Tide, and 
other Remarks that, may be made along the Coaſt, The Table may conſiſt 
of ſeven or WF Columns, 8 in the following Order. 

4 * ; o 4 "> 

* 1 * 

GSssERVA- 
5 5 * 4 * 

5 . 1 Ky . 

5 
and the Diverſities of the Coaſt between X and 1 marked. Proceed in the 

on Sea, find the Places and Extent of the ſeveral Rocks, Shoals and Sand. 
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SKETCH 5 

Fron - int , Being Miles miafured by the 
„ buik 2. arenen dene to II. wo or 

* 
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8 W 2 

. [Bearings at {Time and Bearings and e blk i on the 
Station I. Diſtances [Soundings taken nk; and their eſti- Tides, and on the. 
| [failed [at theſe Diſ- |jr ated Diſtances, when inſ{Nature and Di. 

*. 

- 

1 from St. I. tances. la” mentions of, the]. 
CCC Hea 's n | 
NS. HE 14 Anchorage. 

= —— | — ey 

Ir. M. Mi Fati|[Points and Heads 4 
f HITS —  dygenceobnGmcctng | 

AW. 17 N. 1 20 ol ,andRock. w. 7 N. Tini. Rock Irie 
ia W. 22 S.] [11 45 | ,and Hill. S. 199W, lat low Water, and > 

| 3 | ſeemed 100 Yards: 
| * in Length from 
; | * i ading-mark 6 
F | | t is, 77 
5 | x 
3 a 

E 2. Let hit expert Perſons be appointed one to > take the Bidrings' « EX= 
actly with. an Amplitude Compats ; one to dverſte the Running. out of the 

Log line, and to keep an Account of the Ship s Way, ſo as to be able readily 

d tell the Diſtance ſhe has run, when required; the third to attend the heav- 
ing of the Lead, to write down the Sdundings, and the Bearirigs of one or 
two Heads, Points, or remarkable Parts of the Coaft taken at each Depth : 
the fourth, a Drauglitſman, to draw out the neceſſary Bearings and Diſ- 

tances, and to delineate the Figure and Windings of the Coaſt at the ſeveral. 
Stations, and to correct their E orms and Dimenſions while the, Ship i is ling: 
along the * 

e 

ma 

3. Begin to take the Sketch, if it can be. done, off ſome remarkable Pro- 
Geer, or Point, that extends farther out. than the reſt of the Coaſt, and. 
may OO and turn off che UE Stream bas Tide, ſo that there may 

be. 
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be little Stream where the Ship's Way i is to be firſt meaſured by the Log. 
Bring the Ship as near the Point as can be done with Safety; there drop 

Anchor, if the Depth of the Water and the Ground are proper for it; if Oy 
are not, maler the Ship lie to as ſteadily as poſſible. LTC bs 

4. On a convenient Part of the prepared Paper make a Dot to repreſent 
the Place of the Ship; draw a ſmall. Black- lead Circle round the Dot to 
make it more conſpicuous, and mark it with Ne I. for the firſt Station. 
Then take the Bearing of the Point, or Promontory you lie off; draw it out 
with a Protractor from the Dot; eſtimate its Diſtance by the Eye as ex- 

actly as you can; take that Diſtance from a proper Scale of equal Parts, 
mark it on the Bearing- line with a Dot, and with the capital Letter A. | 

Next take the Bearing of the fartheſt Point, or Promontory, which is ſeen 

diſtinctly, and is intended for the Limit of the firſt Sketch; draw it out 

from No 1; eſtimate its Diſtance by the Eye; take it from the Scale, and 
mark it on the Bearing-line with a Dot and with the capital Letter B. Take 
alſo the Bearings, and eſtimate the Diſtances, of all the Points, Heads, In- 
lets of Rivers or Harbours, Rocks, Corners or Heads of Bays, that are 
ſeen between the two Points A and B; draw them out and mark them with 
the ſmall Letters a, b, c, &c. as far as they are ſeen with any. Diſtinctneſs. 

8. Sketch faintly (ſo as it may be eaſily rubbed out when it is to be cor- 

rected afterward) the Figure of the Coaſt between the ſeveral Dots; as from 
A to a, from a to b, from b to c, &c. as far as two or three Miles; or 
only as far toward B as you have a diſtinct Sight of the Bays, Irregularities, 
and Dimenſions of the ſeveral Parts of the Coaſt, and let the reſt be ſketched 
as you ſail paſt them, after their Dirne have been corrected by the Ship's 
Run meaſured by the Log. 

; 6. Look for ſome conſpicuous tapering Hi, Building, | Dale, or ors 
_ of Trees, up the Country, and ſeveral Miles diſtant From the Shore, and 

fituated as far along the Coaſt toward B, or beyond it, as can be found; 
take the Bearing of that Hill, or Object exactly, draw it on the Paper; and 
when another Bearing of it is taken at a proper known Diſtance from the 
Station I, its Poſition will then be determined on the Draught by the Inter- 

ſection of theſe two Bearings, and will ſerve for correcting, or determining 

the Diſtances of rann Promontories, Bays, &c. along the Coaſt. 
N 2 . 7: While 
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7. While the Ship lies at Station I. off A, let the Latitude be obſerved, 

if -there is an Opportunity. either by the Sun or Stars. Then get the 
Ship under Way, and fail in à ſtraight Line for the ſecond Station off B; 
meaſure the Ship's Run carefully by the Log, and keep an Account of the 
Time by a Watch as you ſail; that when you are off any of the Heads, 
Points or Openings marked with the ſmall alphabetical Letters, their Diſ- 

tance may be known more exactly and corrected: Correct alſo, by the Way, 
the Figures and Dimenſions of thoſe Parts of the Coaſt which were imper- 
fectly ſeen and ſketched at Ne I. Alſo, ſound the Depth of the Water by 
the Way, and at each Sounding take the Bearing of the firſt Point A, or of 

the laſt Point B, and of one or more of the Heads, or Points on the Coaft;; 
and likewiſe of the inland Hill, or other Object, in order to determine af- 

terward the Places of the ſeveral Soundings, and to diſcover whether the 
Ship is carvied out of the ſtraight Courſe by Streams of Tide, Currents, or 
Lee-way, and to correct that Deviation. Let ſuch Rocks, Shoals, Overfalls, 

or remarkable Streams of Tide as are met with, have two or three Bearings 
taken of them when they appear in a Line with any of the Points, Heads, or 
Iſlands in the Draught, and their Extent eſtimated by the Eye; and all 
wrote in a Book, to be inſerted in the Draught more correctly afterward ;. 
and if there is an Opportunity, to be more particularly examined another 
Time. 

8. When the Ship has got to the Head, or Point B, the Limit of the firſt 
Sketch, drop Anchor; or bring the Veſſel to, as at No I; write at the 
Top of the Obſervation Table the Diſtance between A and B, as meaſured 
by the Log; and write in the Table all the intermediate Diſtances ſo mea- 

ſured; and likewiſe the Obſervations, Bearings, Times of them, Diſtances, 
Soundings, and Remarks; all of which muſt be e for future Uſe, 
when the Sketch undergoes another Correction. | 

9. At Station II. take the Bearing of the FI) 4 Hy, or Object, one. 
Diction of which was drawn out from the firſt Station, and theſe two Bear- 

ings will interſect in the Place of the Hill; which will then ſerve to correct 
the = Poſition of ſome Parts between the firſt and ſecond Stations, and to de- 
termine by Interſections the Poſition of Heads, "Oh and other Parts of 
the ' Coaſt between the ſecond and third Station ; and verify, or correct, 
their Poſitions 9 by the ws. 

: Take 
| 1 
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Take allo the Bearing of the Top of ſome other conſpievous intand Hill, 

or Object, fituated farther along the Coaſt, the Poſition of which muſt be 
determined afterward by another Bearing taken at a proper Diſtance; and 

that Hill will then ſerve for the ſame Uſe between Station III. and IV. as 

the other Hill does between Station II. and III. Then take the Bearing of 
the Point, or Head, B, next you; eſtimate its Diſtance, and mark it on the 5 

Paper in the Bearing: line with a Dot, and No II. for the ſecond Station, ar 
Beginning of the ſecond Sketch; alſo the Bearing of a diſtant Point or Pro- 

montory, for the other End of it; eſtimate its Diſtance by the Eye, draw 
it out from No II, and mark it with a Dot and the capital Letter C. Then 
take Bearings of all the Heads, Points, Inlets, &c. between B and C, eſti- 
mate their Diſtances, and mark them on the Bearings, and ſketch the Figure 

of the Coaſt between the Points, and proceed as was directed at Station ; 
till the whole is finiſhed in the ſame Manner. This however is but a rough 

imperfect Sketch, and muſt be corrected at more Leiſure, by drawing the 
whole anew on clean Paper from the Diſtances and - Obſervations in the 
Obſervation. Table. 

: 16. 1-the Coulh les tonliward'and futreurds chfirre the Elativodeoler 
me ll Heads, Points, or Inlets, at every 20 or 30 Miles Diſtance, if it can be 
done; and by theſe let the principal Diſtances be a ſecond Time corrected. 
If the Coaſt lies nearly Eaſt and Weſt, the Diſtance cannot be corrected by 
Latitudes, and therefore frequent Obſervations of the Sun are oor, | 

11, When you are obliged to avs: off the Work for want of Day-light, 
or by bad Weather, do it as near ſome Head, or remarkable Part of the 
Coaſt as you can; take Bearings, or Marks, on the Place you left off as, 
that | it may be calily found when you want to begin again. 

72. If the Coaſt navigated is a Strait, or the Mouth of a win where 
the Land on each Side can be ſeen ; at each Station on one Side, take the 

Bearings of temarkable Heads, Points, Iſlands, Hills, &c. on the oppoſite 
Side, and let that be one Direction by which their Poſitions and Diſtances. 
are determined. 5 9 i 

A Cats herehed in tbs adove b 8 
* which are not to * If there is an 

| | nn, > 
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portunity, the Ship ſhould 
go into ſome of them, un

til n 

mate of them, and the Entrance ſounded in and out; W 

nnn chad. Toy = 

: 

CHAP. "IE: 

Rocks * Shoals determine and deferived. Tides nl Soundings. 

Tides deſcribed. Harbours deſcribed. Copying 5 and reducing 

| — N W Inſtrumenis. | | 

SECTION. &: 

ꝶꝙ) 1 os A ks Ds, Shoals g 
Hing off a Coaſt that hes been ſurveyed ; and how to . them e Pe 
— proximating Angle. pts + 

O determine their Diſtance; anchor a Veſt ; at one End of the Rock, 

Sand-bank, or Shoal; and in the Veſſel, with Hadley's Quadrant, 
2 the Angles between three Objects on Shore, whoſe Diſtances from one 

another are known, and (by longim. Prob. Page 18.) find the Diſtance of 
the Veſſel from theſe ae men will give that End of the Rock or 
Shoal. ö 

JJ A e 
Angles on Shore from two Stations whoſe Diſtance is haven, and (by 
longim. Prob. Page 10.) find the Diſtance of the Boat. 

To find the Extent of the Rock, Sand-bank or Shoal; if its Extent is 
ſmall, it may be eſtimated by the Eye ſufficiently near: if large, the other 
Extremity muſt be determined in the ſame Manner, by the Angles taken on 
Shore; or rather, by one Angle taken on Shore, and that n Wr 
. eat oateaaaona ane Le 

When a Coaſt has 1 firſt carefully ſurveyed, the Diſtance of Rocks, 
Shoals, and Sand-banks may be found with ſufficient Exactneſs by two 
Bearings of ſome diftin& Part of them taken on Shore * | 
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Needle; provided the Stations are not at ſuch a Diſtance, or, * from 
aach other as to make too oblique an Interſection. < 

If the Shoal lies ſo far from the Coaſt eaſtward or di that the Land: 
cannot be ſeen at it; in moderate Weather, anchor a Veſſel at the Shoal, arid 
two Boats with their Sails looſe at a proper Diſtance and Poſition from each 
other, between the Shoal and: Land, and fo as the Boats may be ſeen from 
the Shoal, and the Land ſeen from the Boats. Let an Obſerver in each 

Boat take the Angles between three known Objects on Land with Hadley's 
Quadrant; and another Obſerver in the Veſſel at the Shoal, take the Bearing 
of the two Boats as exactly as poſſible with a Compaſs. By the firſt Angles 
the Diſtance of the Boats from the Land, and from each other, will be found 3. 

and by the Bearings,. the Diſtance of the Shoal from the ET, 150 of Con- 
1 from the Land, will likewiſe be determined 

The Diſtance of the Shoal Ram any one * che Boats may likewife 1 

ſis the by the Velocity of Sound, by appointing two or three Guns to be 
fired from the Veſſel when a. Signal. is made, as directed in Long. Oper. 3. 

6; Boats, or tall Veſſels, ande anchor wihin Sight of the Land, and, 

at the ſame Time, be ſeen at the Shoal ; then ail from the Shoal towards 

the Land with a leading Wind, meaſure the Ship's Run carefully with a 
Log-line, and. when. the Land is ſeen diſtinctly, there drop anchor ;. and 
find your Diſtance from it by Hadley s Quadrant z and the Diſtance run from 
the · Shoal, added to the Diſtance of the Land (and. reduced to one Direction, 

if neceſſary) will give the Diſtance and Poſition of the Shoal from the Land 
nearly. If the Shoal lies North or South from the Coaſt, its Diſtance may 
be found by the Latitude, and: \the Ar 8. Courſe. i in Giling towards the 
Land. | 8 | | 

At every Rock, Shoal: ce Nn denk, en be taken on thi. 
Land, for avoiding them. In doing this, chuſe ſuch Objects only as are re- 

markable. and ſtriking, which a ranger to the. Coaſt may readily diftmguiſh 
and not ſuch as are ſmall, or faint, which none but a Perſon particularly ac- 
quainted in the Place can find out. If no ſach diſtin Land- marks. can be 
found for directing Veſſels paſt them; then they may be avoided by the Ap= 
Praximating Angle, taken in the following Manner. On the Out: ſide of ſuch. 
dad or Shoal, with Hadley « Sextantt. . the Angle which two 

remarkable 
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bewerkable Objekts s on the Land, at a proper Diſtance Aa
len _ 

tend ; take alſo their Bearings by the Compaſs and write all down for future 

Uſe. And while at any other Time, in failing towards that Shoal, the Angle 

between theſe two Objects is found leſs than the approximating Angle, you 

e certainly without the Shoal z and alſo without all Rocks or Shoals lying 
within a Circle that may be ſuppoſed to paſs through the two Objects on 

Land, and the Point where. the approximating Angle was taken. For all 

Angles in the Periphery of that Circle, which the two Objects ſubtend, are 
equal; the Angles within the Periphery, greater than theſe; and the Angles 
without it, leſs. Euc. iti. 21. The g manga whe wa are a mo- 

gerate Diſtance- from it on either Side. 4 

7 0 fad out Shoals that * 3s along any coat: in + ni Weather, go. 10 
the Top of a Hill, CITY, or Eminence, and obſerve where the Sea appears 

rougher, or the Waves break more, than in other Parts, for there the Water 
is ſhalloweſt except the Roughneſs ariſes from a Stream of Tide going 

the Wind; or two Streams meeting each other. Take Land-marks, 
or the Bearing of the Breakers, from one, or two, remarkable Places, and 
that will direct you to the Shoal in a Boat afterwards, when the Weather i is 
moderate. 2 

Or, in a Calm, Aire file POR dE: where a grey e 0 or 
Ripple on the Surface, firſt begins; and at the' Tmooth Edge 50 that pe 
the ſhalloweft Water will be found. 

Breakers are often ſeen in calm Weather, before A Gale of Wikd. vets 

the Water is ſhallower than in the neighbouring Parts) Z __ there any 
be a ſufficient B where the Breakers riſe. 

SECTION IL 
chu. to be rakes Notice of i in aux Rocks, Shook and See, 

It may not be unneceſhty firſt to caution a Surveyor againſt taking his 
Pan of Rocks, Shoals, Tides, or Harbours, ſolely from the Informa- 

tion of others, without examining them himſelf: for there are feu to be met 
with who have been careful and circumſtantial enough in their Obſervations, 

and 
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what is Go 4 vague Opinion Wi, entertalhed on uncertain Authority: 
Eveh profeſſed Pitors ate often fitisfied with Knowing how to avoid Dangers 
By keepitg at a ſufficient Diftance from them, ot in the Common Channel, 

tate your own Search and Examination, In Uoleribing Rocks, Banks, 4 
Shoals, „„ K 

+. Take Notice bew far they lie from ne remarkable Head, Fi Pa] of 
thi neareſt Land; and how they bear from. that and from fore other canſþ# 
cuous Part of the Coaſt. 

+ How fat they extend in Length, and in what Direction. 

3. What Land- marks lead direfy on then. 

4. At whit Time of the rue they begin o dry o are covered 2 

5. The leaſt Water on the Shoal. 

6. How they are to be avoided on each Side. | 

bound. 

SECTION om 

2 of Tides relative to the — 

the petpendicular Riſe of ſpring and neap Tides varies ſenſibly ac- 
eording to the Diſtance and Poſition: of the Moon with Reſpect to the Earth; 

and Weather; the Depths of the Water proper to be inſerted in Draughts - 
of the Sea · coaſt, ſeem to be ſuch only. as are taken at low Water in ordinary 
Spring- tides; and not ſuch as are found when the Tides are affected by ex- 
traordinary Cauſes: Ordinary) Spring: tides may be reckoned; ſuch as happen 
in moderate Weather, on the third Day after new of full Mooti, when the is | 

* her mean Diſtance from che Earth, and the Sum not near the Equinoxes. 
- - It 

# 

without troubling thettiſelves about farther Particulars. Infor: nation Houtd 5 
be made Uſe of, but only as a Direction fot farther Inquiry, and to facili? 

7. The ee ede if diſtinct Land- marke 9 are) not to be 
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It would be. extremely tedious to wait for low Water Spring- ide, to take all 
the neceſſary Soundings. Therefore, that the Depths proper to be marked 

be the * to be inſerted in the Draught. 

MARITIM SURVEYING. 15 Part 2, 

may be known, whatever. Time they are taken, let the | icular Riſe, 

or Fall, of the Water, in moderate Weather, « on the third, or fourth Day 

after Full or. Change, and after Quarter Moon, be firſt found by Experi- 
ment; and then the Depth at low Water ordinary Spring- tide may be known 

cken near, by making the following, Allowances at the Time each 
Depth is taken. Wa 

If the Depth is taken at + a Spring-tide, then deduct the full 
Riſe of ordinary. Spring-tide from the Depth and and. l er will, 

- 

| | 2d Hour before and after High- water, deduct + | of the full 
Spring-tide, | 3d Hour before and after High- water, dedu& + \ Riſe of or- 

at the 4th Hour before and after High- water, deduct 4 dinary 
- 1 5th Hour before and after High- water, deduct 2. * 
(eth Hour, or about Low-water, ded uct. o. 

„ iſt Hour before and after High- water, deduct 75 10 5 

If the Depth is taken at High-water Neap-tide, from each Depth d deduct 
*ths of the full Riſe of Spring- Ble, or the whole Riſe except one fifth Part. 

' (iſt Hour before and after High-water, deduct 1 
| 24 Hour before and after High- water, deduct 7 1 of + full 

Neap-tide, } 3d Hour before and after High-water, deduct I Riſ 4 R 5 
at the } 4th Hour before and after High-water, deduct 4 ts : Si de 

1 ;th Hour before and after High- water, deduct + 7 P ring-ti e. 
Loth ne or about L, deduct. . x J 

— 

Theſe Allowances are not given as quite preciſe, for they vil varx a little 
from ſeveral Cauſes; but as a general Rule, which will be found ſufficiently* | 
exact on moſt Occaſions. Shoals and Channels that have leſs than four Fa- 
thorns, and are much in the Way af Shipping, require to be ſounded at low 
Water Spring- tide, chat the rn 1 the Water there . be more e 

That the Depths to be Fe wor may be known with, more Een let i it. 
be obſerved, that when the Moon is in the Perigea, or Jeaſt Diſtance from 

: the : Earth, then the perpendicular Riſe of fpring and neap. Tides a are about. 
2 3 on one 
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one eighth more than ordinary; and that about the Equinoxes, the full Riſe 
is about one tenth; more; from tliat Cauſe alſo: that when the Moon is in 
the Apogea, or at her greateſt Diſtance from the Earth, then the Tides are 
proportionally leſs than ordinary: ſo that ſometimes the greateſt neap: Tides © 
may riſe as high as the leaſt ſpring Tides. But theſe. and other Affections 
of the Tides have not yet been fo minutely inquired into as they deſerve. 

Hard Gales of Wind in any Place, eſpecially if it blows in the Direction of the 
Flood, ſwells the Tide to an uncommon Height: Storms at a Diſtance, are 
found ſometimes to occaſion an extraordinary Riſe of the Water i in Flaces 
where the Gale is not felt: and two Streams of Tide running round an 

| Iſland, make the Tide rife higher near their Meeting than! it "Goes 1 in other 
| W Parts. ; 

Where che Depth at low Water 16 above five F: athoms, there a Foot or 
two, more or leſs, is of no great Conſequence; ; and therefore 1 it is ſafficient 

if the Deduction from the Riſe of ſpring Tide is in Proportion to the Time 
of the Tide: that is, at high Water, deduct the full Riſe ; at quarter Ebb, 
three Quarters ;. at half Ebb, or Flood, half the Riſe ; and at three Quar- 

ters Ebb, or one Quarter Flood, deduct one e of che * Riſe from 
each ah ans of 1 0 C 

The beſt Way t to > lind the pe Time oy =o Water on the full and 
change Days is, in moderate Weather, when the Sea is ſmooth; then, about 
three Hours before high Water, mark the Place on the Shore to which the 
Tide reaches, and write down the Hour and Minute you obſerved it: on the 
Ebb, watch till the Tide falls to the ſame Mark on the Shore, and ſee what 

Hour and Minute it is then; and to the Time between the two Obſervations 
add two Minutes for each Hour, on Account of the Acceleration of the 

Tide, and half that Sum, added to the Time, of the firſt Obſervation, n 
be the true Time of high Water that Day. be | 

S Eder 0 N. 7 

6 to be taken N orice of in deſeriding 75 Ti "IP 

x. Obſerve the Time of high water on the full of change Day A the 
Moon. Let it be * in Hours and Minutes, not as is e 

O2 3 dove 
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% MARITIM SURVEYING. Part 2 
n Hop the Bearing of the Moon, which ſerves teouliel-Doapals Mb 
ever, but always ee e ee pen, vg ee per ene 
eee eee $1341 | * 122 

0 1 
"435% 2 #3 * 1 

«Ss: Obſerve 4 cnn way Riſe of the Tide. on \ the. hk. or fourth. 

Day, after new or full Moon; and at different Seaſons of the Four, and 
when the Motatsjp.che Pariget and ee Tio) bughkl 

3 Obſerve. the Direction of the Streams of F lood and Ebb, near the 
Coaſt, and at a Diſtance from it; the Irregularities, or Variations of their 
Direction; and at what Time of the T ide o on the, Shore, the Stream | in the. 
— begins to turn. 

« l 1 L 

4. Obſerve the greateſt velocity of the Stream at ſpring 1 neap Tides, 
off the Coaſt, and in Channels; _ meaſured by a Log-line heaved from a Boat. 

5 or Ship at Anchor; or 3 driving with the Stream, it in 4 Calm, a Wantz 
Diſtance. 

In ſpeaking of Beh Tides, do not 1 it * Bains 6, een 
* ebbs 3, or 4 (as is often done) when you mean only, that the Stream. 

runs q, or 8 Hours one Way, and 3, or 4 the other; for that creates Con- 
fuſion, and ſometimes Miſtakes, While the Tide riſes, and then only, it is 

25 Flood; and only while it falls, is it Ebb; in whatever Direction theſe: 
Streams run. Therefore always expreſs ſuch an regularity in the Seq, 
RRR cs de e l 

1 

SECTION v. e ee 

clan to ble talen Notice of its ane Aue 

1. Obſerve if they are well ſheltered, or, on what Dauer = are: 
expoſed. a 

2. The Depth of the Water, and Nature of the Ground in the Anchorage. 

3. What Number ß Ships they are capable of containing: x: and of 
what We, or Draught ot of Water. 

r In what Pert to anchors an he Landmarks, op Bearings at i. | 
. 3 1a How 

RY 
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i How the Entry may be png =. 9 Diſtance, or how wo fall in 

with it _ from Sea. 

6. How to avoid Rocks ww Shoals in the Way to a Harbour or failing 
to the Anchorage. 

J. If there is a Sufficiency of freſh Water, and where it is; and WT 
Proviſions the Place affords. 'P 

g. In unknown Places, öbierve what Forts, or Maes are in them; 
what their Strength is ;, and how near a large Ship may get to them: ory in; 
what Parts of. the Harte, Forts, on Batteries, may be Lao uae 

| wected. either for Defence, or Attack. 

SECTION. VI. 

Bow ta copy a Dranght exaBly. 

Pin . W the Draught to be copied, * 1ey 

with. a black. lead Pencil, and afterwards with Ink. 
3 

Or, rub the Back of the Draught, or as much of i it as may be dare, 
over with Charcoal; lay the rubbed Side on clean Paper, and pin them toge- 
ther, and lay: both: on a Table, the Draught uppermoſt, and with a ſmooth- 
pointed Tracer, of: Braſs, Ivory or. Steel, not very ſharp, trace exactly all. 
the Coaſt-line firſt, and then other Parts, and the Under-paper will retain. 
the Impreſſion diſtinctly. If the Chareoal ſtains other Parts of the Under- 

Papers it will: rub out "wy the Crumb. of rims after the Trazing i is. 

E. in che Crppy you want dle denn Meridian che inns Meth 

Paper, inſtead of the Magnetic: draw che true Meridian firſt on the Middle 
oß che original Draught; then in a proper Part of the clean Paper (before 
it is pinned to the other) draw a Line right up and down; and pin them. 
* ſo, chat the Line a e exactly. under, or 

9 | 

may not wift: 1 
hang, or hold, them up before a Window, or the Glaſs of a Chariot, and 
the Drawing will appear through the clean Paper, and may be traced on it | 
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bag 

over (according to the Manner of copying) the true Meridian craun e on che 
Original; W other. 8 e 

11 
ry "x" mY 5 * 

8 E 0 T I 0 N vi. 

Hou to reduce a Draught to a nal Scale. 

A nc is by far the eaſieſt and moſt ER Inſtrument for” 
diminiſhing Draughts with Accuracy: but, when one of a ſufficient Size il 
large Draughts cannot be got, either of the following Methods will ſerve. 

With Black lead draw the large Draught all over with Croſs lines, form. 
ing exact Squares: draw the clean Paper for the Copy alſo over with the 
ſame Number of Squares; but their Sides ſmaller, in Proportion to the in- 
tended Size of the Scale; ſuch as one half, one fourth, &c. of the Length 

of the other: diſtinguiſh, by a ſtronger Line, and mark with a Figure, every 
fifth or fixth Row of Squares in both, ſo that the ſeveral correſponding 
Squares may be more readily perecived: then, in each of the ſmall Squares, 
draw, by the Eye, a Curve fimilar to mt which | is in the e 
larger Square, ul the whale 1 is 1 19 8 Ito 

6 © > & 

Or; draw a Black. lead Links 28 End to End of the * e in 
any Direction, as A B (Plate III. Fig 7.) by its proper Scale divide that 

Line into any Number of Miles, or half Miles; at each Diviſion raiſe Per- 

pendiculars, e e en . n * I, 2, 3. | 
Kc. at each End. . 8 90 

on 2 proper Part of the e fi he - ſmall n Draught, Fang a Black-lead 1 
Line right up and down on the Paper, for the Meridian; and another Line 
making the ſame Angle with it, as the divided Line in the large Draught. 
does with its Meridian, and in the ſame Poſition as a b (Fig. 8.) make a b 
the half, the fourth, &c. of A B, according to the intended Diminution of 

the Scale; divide it into the ſame Number of Miles, or half Miles, by its 
proper Scale, as the other is; at each Diviſion raiſe Perpendiculars, draw - 
. and mark them at each End, , 2, 3, &c. as 
in the other, ths th comelponing Prepndieulars may be f b 1 

Meaſure 
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- Meaſure-on-its/proper Scale the Length of the firſt Perpendicular on AB, 

in Mites and Parts of a Mile: take the ſame Number of Miles and Parts 
from the ſmall Scale, and ſet i it from I to 1, in the ſmall Figure, and mark 
it with a Dot: do the ſame in every other Perpendicular, and ſo many 
TIO of the Coaſt i in. the _ Fi igure will be found. N 

Then, besten every two extreme Dots in the ſmall Fi igure, ſketch by he 
Eye the correſponding Curve of the large Coaſt, and both Figures will be 
ſimilar in every Reſpect. Hills, Rocks and other Objects may be drawn in 
the ſame Manner. JJC 

There are proportional Chmpative and Condi with three Logs mie; 
by which ſmall Draughts may be diminiſhed but they do not anſwer ſo 
conveniently for very large nia. xe 

em ane VIII. 

ee 125 other N. ae 1 takin . : m 
p oh 3 . | 

99 & 8 5 

#& — 

3 a Pin of fine Silver-wire for the Plummet. 5 22 

WP Hadley 8 Octant, 18 Inches Radius. 

* Hadley 8 Siler of Braſs, 9 Inches Ridin: 4 2 

A Bell-metal Theodolite, with a ſpirit Level, Needle and t two Teleſcopes : 
* Objects to be ſeen direct throu Sh. the T h not inverted. _ 

A Caſe of good — 

A Braſs-ſcale 3- Feet: long, with various Lines of. equal Parts on it. 

A. Wooden-ruler 5 F. eet long. 

+, beam- compaſs of Wood two Feet wy and 7 Bog: divided om the: 
Ces Point along a chamfered Edge into Inches and eights of an Inch. 

A Canter, s Scale 2 Feet long; and one a Foot long. 

05 

A . 

* 5 * 22 1 „ + — 5 
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5 that may be joined Ge any e and taken aſunder at Pleaſure. 

A freight Matagetagald preciſe 
Inches; the two extreme Feet into Decimals of an Inch. 

T Iron- chains, each 60 Feet long; each Link a Foot, and the Thick 

| vels of a Quill; with braſs Marks at every tenth Link. 2 

3 Four Iron-Reels, with Stakes ple Lines, ſuch as Gardeners uſe. 

Three wooden Poles, each 10 Feet long, and 14 Inches Dinar; 12 
| Poles, each 6 Feet long and one Inch Diameter: all pointed with Iron on a 
Socket, to 2g.0o, peerce the r ceply and ſtand firm in it. 

12 Ground at the End of each Chain, or Meaſuring-pole ; each about 8 Inches 
long and half an Inch Diameter. 

Two Canvals-pockets for holding v theſe Pins, with Seng for tying _ 
round the Waſte of the Meaſurers. 

1 good amplitude Compaſs. K. 

A magnetic Needle, with an agat Cape, Braſs graduated Citele, and a 

* 

Lever, in a ſquare wooden Bok, 2 . within the Box 
when ſhut. 

A — Ag an agat Cape. 

A Ship! s-compals, for taking Bearings in the Boat; the « Depth of Go | 
Box equal to the Diameter of the Card, ſo as not to touch the Glaſs above, 
nor the Bottom below with F W 
Right-angle. | 

0 A.ggod porable ating Telelcope, of Dolend's Conſtrudtion. 

wm WMAUYTIM EVRVEYING Pars. 
A Braſs circular Protrafior 1 12 Inches Dameter. with an Inder and Pricker = 

Another 5 Inches Diameter and another femicircalr 5 inches Diameter. * 

A meaſuring Pole n e bins Fm: a0 confiiing of evo - 

J 16 Fe long, divided inte Feet * 

Thirty cylindrical Iron-pins, ſharpened at one End, for piercing the 

A Caſe 

Tx 
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. A Caſe of Leather, divided. Length-ways by Paſteboard into two A part- 

ments, 2 Feet 1 Inch long, and 18 Inches broad; for holding the original 
Draught, ſpare Paper, Scales and Protractors, and ſecuring them from Rain 
and Salt-water : alſo a ſmall Drawing - broad, the Size of the Caſe, with Lea- 
ther Straps and Buckles, for carrying both together over a Man's Shoulder. 

A Draught: cover, 2 Feet long , and 18 Inches broad, made of Paſte- 
board covered with Oil-cloth, like the Cover'of a Book, for laying the ori- 

ginal Draught in, chat it may ſlip eaſily i in and out of the LEST: Caſe 
without Injury, . 

A good Gag en that ſhews Seconds. 

A Two-foot OS Teleſcope, for obſerving Eclipſes © of 1 8 Sa 
tellites, or of the Moon, when neceſſary to find the Longitude. . 

A large Drawing-table, 7 Feet long, and 5 Feet broad, with a round 
Moulding along the Edge of one Side ad one End, to keep the Paper ſmooth 
when drawn over the Table to reach the Top of the Draught. The Board, 
when not in Ule, to come aſunder in two Leaves, one of the Leaves 15 

Inch broader than the other: when in Uſe, to be faſtened together on the 
under Side by two Hooks, one near each End; and to be ſupported by a 
Frame, or by a long three-legged Stool at each End; with a looſe Poſt, 

or Pillar, under that Side where the Drawer commonly ſits, that the Board 

may not warp, or bend, by his Weight when leaning on it: the Parts of 
the Frame, or Stools, to be made and marked fo as to be eaſily taken ta 

PROG, or joined, occakionally. ZH 

A Folio Obſervntion- bock of 4 Quires medium Paper, ruled at the Top 

for a running Title; and for a local Title; a two-inch Margin on the left 

Side of each Page; and and two Columns on the Right : the firſt half an 
Inch, for Da and Minutes, the other one Inch, for magnetic Bearings. 

A F alia n of 3 Quires 3 Paper, rates. at the Top; 

with a two-inch Margin, and a {mall Column for the Days of the 1 

on the left Side of each Page. 

* Ko 39,4 7... oh Te" 
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I View-book, of half a Quire imperial Paper, opening Led wah to 
the Extent of two Sheets, and twelve Inches 1 ho Leaves SJ and 
guarded 1 in the Middle. 

Memorcndum-books, each f 6 Sheets L + Demy-paper with 5 Leather 
EC overs. 

Faſt Juli! or ſuch other large pages for the origin Draughts; that 
may bear to be often folded without cutting, 

Imperial Paper for the Draughts. 

Tranſparent Paper, for copying k Parts of a Draught readily for occafionat 
Service. 

WII ring Paper. 

- | Canridge Paper, for covering D a clean Dravght ahile 5 1 ; making yy 

' Quits, C row-quills : RE Indian-ink ; Hair-pencils, ſome of the 

ſmalleſt, and ſome of a middling Size; Black. lead Pencils, ſome of which 
fat z Charcoal, for copying a Draught by ti tracing it on a Table; Penknives. 

0 Survey-boat, or fix-oar'd Cutter, 24 Feet PO Stem to Stern, 7 Feet 
3 Inches broad, and 2 Feet Ir Inches deep, with Waſh-boards, Maſts, Sails, 
&c. and two Graplings, a larger and a leſs ; the larger to have a Block 
made faſt to the Ring for running 40 or -50 Fathoms of Rope through, in 
order to moor the Cutter off the Shore or Rocks, and haul her in or out at 

Pleaſure. Alſo an Awning of painted Canvaſs to fleep under where it is not 
ſafe landing. Such a Boat will carry, of King's Allowance, one Week's 

| Beer, and two Weeks Proviſions (Water and F wing excpted) of all other 
Kinds for eight Perſons ; together with a Tent, Bed-cloths and "_ 

Veſſels; and is fir for rowing as well as failing, 1 made ligt. 

A Captain's Tent and Marki, with 2 . a0 er ta rv we 
Perſons. © $I L 7 

A Veſſel about 120 Tons Burden, pretty broad in the Wag and full 3 in 
be Bous, and of ſuch a Mould as to draw Kttle Water, and to take the Ground 

3 * 5 
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caſily; with a Cabbin 12 Feet in the Floor, well lighted, and fit to hold 
the above-mentioned Drawing · table. Her Complement of Men (beſides the 
Surveyor, his Aſſiſtant and two Servants) to be a Maſter, a Purſer, a Mate, 
4 Midſhipman, a Carpenter, a Sail; maker, a. Boatſwain, a Cook, fourteen 

able Seamen belore the Maſt, and a Pilot for the Coaſt. A larger Veſſel 
cannot go into. ſmall Creeks, which will often retard the Service, and be 
found very inconvenient. on a Survey: a Veſſel much leſs, cannot keep Sea 

well, nor carry Proviſions and other Stores ſufficient for the Seaſon z which 

is likewiſe a Diſadvantage. In hot ſickly Climates, and Countries where 
Seamen cannot be got eaſily, a greater Number of Hands will be neceſſary, 
and likewiſe a Surgeon. If the Surveyor has two Aſſiſtants under his Di- 

rection, that both may be employed at the ſame Time, another | fix-oar'd 
Cutter, with ſix Hands more, will be neceſſary : and, if the Coaſt has many 

Shoals, Sand-banks, or Bar-harbours along it, or few Harbours that are ac- 

ceſſible at all Times of the Tide, a Pilot for each Boat, who is minutely 

acquainted with the Coaſt, will alſo be neceſſary, to guard againſt Mis for- 

| Tunes, and 172 finding out the Shoals and Channels r more e readily, 

c N A P. 

Fog 1. To find the Longitude by an. Fes of one of Jupiter's 
| Satellites. 2. To continue a Meridian through a Kingdom. 3. To 

trace a Parallel of Latitude through a Kingdom. 1 7 

SECTION 1. 

. 2 obſerve an Eclipſe of Jupiter 8 Satellites, in order to fad the Longitude 
* tbe Place of pare 

\HE * exact er of a Coaſt cannot be reckoned complete, 
till its Longitude from ſome other noted Place is known : and the 

molt careful Surveys, if they extend far eaſtward, or weſtward, will require. 

to be corrected by an Obſervation-of the Longirude, It is therefore a neceſ- 
ſary Part of a Surveyor's Buſineſs to underſtand how this Ten . is to be. 
1 

© © Ss 772 war 
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For determining the [Longitude of one Place from another on Land, 

Eclipſes of Jupiter's Satellites,” eſpecially of the firſt, are found to be the 

moſt advantageous celeſtial Appearance. - If the Hour, Minute and Se- 

cond when any ſuch Eclipſe happens is obſerved in two Places, the Dif- 18 

ference of theſe Times, converted into Degrees, Minutes and Seconds of a 

Circle, will give the Diſtance of their Meridians, or the Longitude of one 

Place from the other. Or, if the preciſe Time of an Immerſion, or Emer- 

fion at one Place is known by Calculation, and found by Obſervation at any 

other, their Difference of Longitude will then be known. There are Tables 

publiſhed annually, in the nautical Almanack, of the Time at Greenwich, 

when Jupiter's Satellites will be eclipſed : if therefore the Time in another 
Place, when ſuch Eclipſe happens, eſpecially of the firſt Satellite, is found 
by Obſervation, ; their Difference of Longitude will be then known. 

To find the preciſe Time of the Day at which an Immerſion, or Empriion 
of a Satellite is obſerved, four principal Operations are neceſſary. 1. To 
find an exact? Meridian-line, fo that by it a Clock, or Watch, may be ſet 
either to apparent or to mean Time at the Place of Obſervation. 2. To re- 

gulate the Clock or Watch, ſo as they may keep equal Time: or, to find the 
Error of their Going, that proper Allowance may be made for it. 3. To ſet 
Ibe Clock, or Watch, to mean or equal Time by the Meridian-line. 4. K. 0 obſerve, 
und nw; the preciſe Moment when the Eclipſe begins, or ends. 

1. To find an exact Arien FIR For doing this, ſee 3 Ways by the 
Stars (Part 1. Beginning at Page 47.) which are more to be depended on 
than any Obſervations of the Sun, if the Obſerver is not provided with we 

..* a Inſtruments and a convenient Obſervatory. | 

2. To regulate 4 Clock, or Watch, /o that they may beep e Time; or to 
find how much they go faſt or ſlow, that Allowance may be made for it. 
The moſt ſimple and certain Teſt of equal Time is, the diurnal Rotation of 

the Earth on its Axis: or, which reſults from it, the apparent daily Revo-— 
lution of the fixt Stars round the Axis of the Earth. By that, therefore, 

let your nee or A, be —_—_ as e in Ts Prob. Page 56. 

_ 6 p > 

3. When { | 
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the Meridian line, in the following Manner, 

In a Room with a large Door, Window, or Opening towards the North, 

from whence your Meridian-line northward may be ſeen (if the Meridian has. 
been marked toward the North) and another Door, Window, or Opening 

towards the South, right oppoſite to the other, through which the Sun may 

be ſeen at Mid-day; hang up two Plumb-lines exactly in the Meridian, as 
far aſunder as conveniently may be; let the Plummets, or Weights, be 0 
heavy as the Lines will eaſily bear; and make them ſwing in Water, to pre- 
vent ſhaking by the Motion of the Air. Stop the C oc or Watch, pre- 

ciſely ſo many Minutes and Seconds before, or after twelve, as are equal to 
the Sun's Equation that Day, which may be found in Equation Tables; and 
with a ſmoked or tinged Glaſs before your Eye, obſerve when the Center of 
the Sun comes exactly in a Line with the two Plumb-lines, and that Moment 

call out, New ; that your Aſſiſtant may ſet the Clock, or Watch, agoing im- 
mediately. Or, which perhaps is more accurate, ſtop the Clock as many 
Minutes and Seconds before the Time pointed out by the Equation, as the 
Center of the Sun takes to move the Length. of his Semi-diameter that Day 
(which may be found in the nautical Atmariack) and when the weſtern Edge 
of the Sun juſt touches the Plumb-line, ſet the Clock, or Watch, agoing, 
and they will then be ſet to mean or true Time. In moſt Places it will be 
neceſſary to have a fmall temporary Room, for an Obſervatory, built on. 
purpole z with an Opening toward the North, and another toward the South, 
that may be ſhur at Pleaſure, to keep out 11 Draught of Air which would. 

3 the Plumb-lines. 

* Mean, or equal Time is, the Time ſhewn by a Clock that is ſet right, and goes exactly 
ual. Or, it is the Time ſhewn by the Sun, corrected by the Equation-; or When e 

is made for che Inequality of the Sun's Motion. 
Apparent Time is, the Time ſhewn by the Sun (whether in the Meridian or not) ee P 

making any Allowance for the Inequality of the Sun's Motion: this is the Time ſhewn by a 
good Sun-dial ; or found by an Azimuth or Amplitude of the Sun. 

Equation of Time is, the Acceleration, or Retardation, of the Sun's Motion; 3 or how. 
much the Sun is too faſt, or too flow, of equal Time.. . 

4. Ta 

9 7 

W When the Clock, or Watch, is regulated to go e er 

een Going is found ; rhen ler them be ſet to the mean Time * of the Day * | 
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4. To ohſerve, and note, the preciſe Time of "the Immerſion, or Emerſon, of a 

Satellite: Two or three Days preceding the Night of the Eclipſe, ſet your 

Clock, or Watch, to mean Time by the Sun and the Meridian; and, if it 

can be done, examine its Accuracy, the Day of the Eclipſe alſo; but with- 

out altering the Clock, though it has not gone quite exact; for Clocks and 

Watches often go irregular a little after they have been ſet back or forward: 

only, note how much it is leſs, or more than the mean Time each Day, that 

proper Allowance may be made in ſettling the true Time of the Eclipſe. 
| Gueſs as near as you can to your Longitude from Greenwich, and from 

thence find at what Time the Eclipſe may be expected with you: if you are 

eaſtward of Greenwich, the nominal Time it will happen with you will be 

ſd much later than at Greenwich; if you are weſtward of Greenwich, the 
Time with you will be ſo much ſooner, according to the Longitude. An 
Hour before it is expected, adjuſt the Teleſcope *® to your Sight, fo as, 
to ſee Jupiter's Belts diſtintly, A Quarter of an Hour before the Eclipſe 

is expecttd (or more, if your Longitude is very uncertain, or if it is any Sa- 
rellite but the firſt) fit down to your Teleſcope; and if it is an Emerſion, 

keep looking towards that Part of Jupiter's Diſk on which you, find, by the. 
nautical Almanack, it is to happen. But obſerve, that if your Teleſcope 
inverts Objects, the Eclipſe will happen on that Part of Jupiter's Diſk which, 
is diametrically oppoſite to that in the Almanack. While you are watching 
the Appearance of the Satellite, let your Aſſiſtant count every Second au- 
dibly, by the Beats of the Clock, or by the Motion of the Second-hand of 
the Watch; and the Inſtant the Satellite appears, if an Emerſion; or the 
Inſtant it diſappears, if an Immerſion, call out, Stop : and immediately, the 
Aſſiſtant ſhould repeat the laſt Second he counted, which the Obſerver ſhould. 
note down directly, while the. Aſſiſtant looks to the Minute, and notes it 

down. Write down likewiſe what Sort of Teleſcope you obſerved with, 
and its length and magnifying Power : for Eclipſes will be perceived ſome- 
what ſooner by a good Teleſcope than Wy one of a worſe kind, 

. Teleſcopes proper for obſerving the kept 'of Jupiter's Satellites are, common re- 
fracting Teleſcopes, from 15 to 20 Feet; reflecting Teleſcopes of 18 Inches or two Feet; and 

Teleſcopes of Mr. Dollona's Conſtruction, with two Object-glaſſes, from 5 to 10 Feet: or, 
which are ſtil] more convenient, thoſe of 34 Feet, which he has conſtructed with three Object- 

_ glaſſes. 

An 
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An experienced Obſerver may count the Seconds by the Beats of the 
Clock, without an Aſſiſtant; but one unaccuſtomed to theſe Obſervations, 
by attending to the Time and Satellite together, will be liable to a Miſtake 

in one, or to Inaccuracy 1 in the other. 

If i it is the apparent Time of an ab en or Emerſion, that is obſerved, 
(which | is found by ſetting the Clock to Twelve, when the Sun's Center is on 
the Meridian) it muſt be corrected by the Equation anſwering to the Time 
of the obſerved Eclipſe, to reduce it to mean Time, to which Eclipſes are 
calculated in the Almanack; and the Difference between the calculated Time 
at Greenwich and the equated obſerved Time of the Eclipſe, converted into 
Degrees and Minutes, will be the Longitude from Greenwich. To convert 
Time into Degrees and Minutes of a Circle: for every Hour allow 15 De- 

grees; for every Minute of Time over the Hours, 1 5 Minutes of a Degree; 

and for every Second of Time over the Minutes, 15 Seconds of a Degree. 

Emerſions are viſible only from the Time of Jupiter's Oppoſition to the 

Sun, to the Time of his Conjunction: during which Time, he riſes after 

the Sun ſets. Immerſions are viſible only from his Conjunction to his Oppe- 
ſition; during which Time, he riſes before the Sun ſets. | 

To find when Jupiter is above the Horizon, and to diſtinguiſh him amongſt 
the Stars; the eaſieſt and readieſt Way is by a celeſtial Globe, as follows. 

Find his Place in the Ecliptic from an Ephemeris for the Day propoſed ; 
alſo his Latitude, or Diſtance South or North of the Ecliptic ; mark that 

Diſtance on the Globe on a Circle of celeſtial Latitude paſſing through his 
Place in the Ecliptic. Rectify the Globe for the Latitude of the Place 

yon are in, and for the Sun's Place at Noon, and ſet the Hour Index 
to 12; turn the Globe till the Hour Index points out the Hour propoſed; 
lay a Quadrant of Altitude from the Zenith over the Point marked on the 
Globe for his Place, and it will ſhew his Height above the Horizon, and 
likewiſe his Azimuth at that Hour: allow for the Variation of the magnetic 
Needle, and you will have his Bearing by the Compaſs. By the Altitude 
and Bearing Jupiter will be eaſily found among the Stars, for he is the 

ſt to Appearance of the Stars and re except he who 4 i Uke- 
| vi Uitle Faber than . 

| Though 
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Though an Eclipſe of Jupiter's firſt Satellite is much more to be relied on 

> Gian the reſt, becauſe the Irregularities of its Motion are better known; yet 

Eclipſes of the other Satellites ought not to be neglected when there is an Op- 

portunity of obſerving them: becauſe ſuch Eclipfes may be obſerved in ſome 
other Place ; by which the Difference of Longitude of theſe two Places will 
be as exactly known as by an Eclipſe of the firſt Satellite; and if the Ob- 
ſervations and e are good. is more to be E F on than any Cal- 

cCulation. 

If che Part of Jupiter's Diſk, and the Diſtance from it, at which 0 

Emerſion of a Satellite will happen, are known, that ſeems preferable to an 

Immerſion; becauſe the Appearance of any luminous body is more inſtanta- 

neous than its Diſappearance. g 

| To Find the Longitude of a Place by an Eclipſe of the Moon ; a : Meri. 
dian Line muſt be firſt found; then a Clock, or Watch, regulated to keep 
equal Time, then ſet to mean or true Time by the Sun in the Meridian, as 
before directed. Then the preciſe Time noted by a Clock, or Watch, when 
the Moon's. eaſtern Limb touches the Earth's Shadow; alſo the Time when 
the Shadaw touches ſome remarkable Spots i in the Moon's Diſc; and when 

the Moon's weſtern Kdge touches the Shadow at its going off, when the 

Eclipſe is juſt over: theſe ſeveral Times, compared with correſponding Ob- 
ſervations in other Places, or with a Calculation, will give the Longitude 
between theſe Places. But Eclipſes of the Moon are not to be relied on 
nearer than to three or four Minutes of Time; chiefly from the Difficuly 
of diſtinguiſhing the Edge of the Shadow preciſely : and therefore Eclipſes 
of Jupiter's Satellites are to be preferred to lunar Eclipls, for —_— 
che LEN of any Place. | | 

8 E C T 10 N II. 

How 1 to continue a Meridian Line through a 1252 or large c | 

PLATE UI. FIG. IX. 

"Firſt chuſe fore remarkable Place from whence to begin the Meridian as 
a noted Obſervatory, Church, Caſtle, Hill, &c ; if it is near the Middle of 
e Ly 1 e the 

e 
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che Kingdom, ſo that the Meridian may be continued northward and ſouth- 

ward from it, it is the better. Then provide a fkilful and faithful Aſſiſtant, 

with two Sets of Inſtruments, one Set for yourfelf, and one for him; and 

fix Men, at leaſt, to attend each. Provide alſo two convenient Tents, one 
for lodging you, and your Attendants and Inſtruments, the other for him, 
his. Attendants and Inſtruments. The Tents will ſerve likewiſt for Signals, 
and for making Obſervations in, and ſhould therefore be ſo contrived, that 

2 Breadth, or two, of the Cloth at each End, from Top to Bottom, may be 
laid open occafionally for obſerving the Stars. The neceſſary Inſtruments are, 
two Sextants of two Feet Radke, graduated ſo as to be capable of taking N 

horizontal Angles to Parts of a Minute; with a ſpirit Level, and two good 
Teleſcopes to each, with Croſs-wires in the common Focus of the Glaſſes, 
and a ſteady Stand to ſupport the Inſtruments horizontally: two good mag- 
netic Needles with Sights; four Plumb-lines, each fix Feet long, and two 

Stands for them, one to ſupport two together, about four Feet aſunder; 
fix ſtraight ſpiked Poles, each twenty Feet long, with black and white Flags 

for their Tops, to render them conſpicuous, as they happen to bear on the 
Sky, or on dark Land ; and 4 Line drawn on one ſquare

 Side of each, right 

up and down, for a Plumb-line to be applied to, in order to ſet them per- 
pendicular : if the Plumb- line is hung in a Box, to ſcreen it from the Wind 
when applied, it would be an Advantage. A Borer, or ſome ſuch Inſtru- 
ment, for readily making a Hoke in hard Ground for the. Poles to ſtand in 
firmly: in Wind, theſe Poles will need to be ſupported by Ropes from the 

Top, like a Tent-pole, or by three ſpreading Legs like a Theodolite: 
twenty ſpiked Poles, each fix Feet long; à meaſuring Pole, or Chain, with 

Reels and Lines on them, for meſurigg a We Line on the Ground. 

At the Place where the Meridian s to begin, find an exact Meridian 
Line, by one of che moſt accurate Methods explained in Part 1. (beginning 
Page 45.) mark its Extremity by a long Pole ſet perpendicular in the Ground, 
and a Flag at Top. Continue the Direction of that Part of the Meridian 

farther, if neceſſary, by taking that Pole, and the Pole or Object yeu be- 

gan at in a Line; or by ſetting other upright Poles in the ſame Direction. 

till you come to the Summit of a Hill, or Eminence, where there is an ex- 
tenſive View. beyond it; there mark a Point in the continued Meridian, by 
Pin driven in the 9 and pitch your Tent over it, ſo that the two 

N i Tent- 
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Tent-poles may ſtand parallel to the Meridian, at about the Diſtance of 4 

Foot from it, and not hinder your ſeeing any Objects that are in the Conti- 

nuation of it. Within the Tent (that your Obſervation may not be diſ- | 

turbed by the Wind) hang. two Plumb-lines on their Stand; and when at 
Reſt, make them hang exactly in the Meridian backward, or toward the N 

Beginning of the Meridian, by cutting the Object you began at, and one or 
more of the Poles which continued the Meridian. Stand next behind the 

other Plumb- line, and, when both are at Reſt, obſerve if they cut any ſmall | 
remarkable Part of a diſtant Object which may be preciſely known when 

you go to the Object; if ſo, then is that Part of the Object in the Meri- 

dian; which may be continued from it as before, by taking it and the Mid- 
dle of the Tent in a Line, till you come to ſome neighbouring Hill, or 

Eminence, convenient for pitching the Tent on, and making Obſervations. 
But if the Plumb- lines do not cut ſuch a ſmall diſtinguiſhable Part of an 
Object (which indeed will r ſeldom e chen proceed in 85 e 
Manner. 

F ind out ſome Hill. or eee on one "Side of the Direction of "ok 

- Plumb-lines*(the nearer to it the better) and ſo far off as that your Aſſiſtant, 
at that Eminence, may ſee your Tent, and you may ſee his, when it is 
pitched on it: if they can juſt be perceived by the naked Eye, it is ſuffi- 
cient; for then they will be diſtinctly ſeen through the Teleſcopes on the 
Sextants. Let your Aſſiſtant take the Bearing of the Hill, and of the Di-- 

rection of the Plumb-lines with the magnetic Needle, and note them down, 
and theſe will ſerve to dire& him nearly to the Hill and Meridian : ſend your, 
Aſſiſtant to the Hill propoſed, with, his Tent, Servants and Inſtruments, and 
let him pitch his Tent on a convenient Part of the Hill, or the neighbour- 
hood of it, where he can ſee your Tent, and you his; and, at the Door of 
his Tent, ſet up a long Pole, with a conſpicuous Flag at the Top of it, 
for a Signal to be obſerved through your Teleſcope: ſet you up ſuch an- 
other Signal in the Direction of the Meridian, near the Door of your Tent, 

to be obſerved by him. As ſoon as his Signal is up, ſet your Sextant level, 
with the Center of it at the Place of the Signal, and take the Angle which 
his Signal makes with the Meridian, or Direction of the Plumb-lines : 
write © it down, and | ſend a dn tei it to nd ee en pen have 

„ 
111 x ? 3 * 4 as done.

 | f 

1 | 
1 



 Qhaps's MARITIM: SURVEYING. #2 ad 
8 done, ſet up your Signal i in its Share, with another Flag have the former, 
to ſignify that you have finiſhed your Obſervation; and let them remain ſo 

1 . 69 eee ee Tehm au tawen down. e ee | . a 

: When the Afiſtant — Gs up y ob Signal, - he muſt go as near the 7 0 
reign of the Meridian as he can, by its magnetic Bearing which was taken 

at the Principal's Tent, and, in that Neighbourhood, find out ſome Emi- 

nence, or convenient Place, for the next Station, where his own Tent and 

the Principal's can be ſeen: there let him ſet up a large Pole and Flag, and 
two, or more, ſmaller, in a ſtraight Line between it and the Signal at his 

Tent. Then, at bis Tent-ſignal, let him take the Angle with the Sextant, 
formed by the Line of Poles croſſing the Meridian and the Direction of the 
Principal's Signal, and write that down. This Angle, and that ſent by the 
Principal, added together, and ſubtracted from 180* will leave the third 
Angle of the Triangle. Let him keep in the Direction of the Line of Poles, 
till he finds by the magnetic Bearing that he is in, or near the Meridian; 
then let him ſet up the Sextant, and obſerve the Angle between the two 
Tent- ſignals; if it is equal to the forementioned Remainder, the Center of 
the Sextant is in the continued Meridian: if the Angle obſerved is greater 
than that Remainder, the continued Meridian is farther from the Aſſiſtant's 

Tent than the Center of the Inſtrument ; if the obſerved Angle is leſs, the 
Continuation of the Meridian is between the Inſtrument and the Aſſiſtant's 
Tent, and the Sextant muſt be ſhifted either one Way or the other, but al- 
ways in the Direction of the Line of Poles, till this obſerved Angle, and 
the two formerly obſerved at the Tents, make exactly two Right-angles 3 
then the Point directly below the Center of the Sextant is to be marked by 
a Pin driven into the Ground, and that will be another Point in the Meri- 

dian continued from the firſt Station. If this Place is not convenient for a 
new Station, he muſt continue the Direction of the Meridian by Poles till 
he comes to an Eminence, or Place more convenient; there he is to mark a 
Point with a Pole, and ſetting up another perpendicular Pole at a Diſtance, 
in a Line with the Principal's Signal, let him order his Tent to be taken 
down, as a Signal for the Ptincipal to take down his, and to come away 
with it and with all his other Things. Then, over the Direction of the Me- 
fidian found by the Aſſiſtant the Principal muſt pitch his Tent, hang two 
Plumb- lines within i it on the e ang provend as e to continue it 
farther. es 

Qe oe ]ĩ;́—5nñ 
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8 I z Town, Wood, Building, high Wall, or other Obſtacle; ſhall happen 
in the Way, ſo as to hinder the Continuation of the meridian Line, as the 
Wood X in Plate III. Fig. 9. then, before you reach ſuch Obſtacle, on a 
ſmooth Plane mark off with the Sextant A B a Perpendicular to - the 
Meridian, and meaſure in that Line as great a Length as will extend beyond 
the Obſtacle, ſo that the Perpendicular B C raiſed « on the End of the Mea- 
ſurement may fall on one Side of the Obſtacle; and continue B C, if neceſſary, 
with upright Poles, till you find a ſmooth Plane extending perpendiculatly 

eroſs the Direction of the Meridian; on that Plane make CD perpendi- 
cular to BC, and meaſure from C to D a Diſtance equal to A B, and D 

will be a Point in the Meridian continued from A. Then a Perpendicular 
DE, on the Line C D, will be a Continuation of the original Meridian: by 
upright Poles placed in theſe two Points, and other Poles 1 in n a pere 

3 an be continued farther at CAA | n 

If AB, the 3 cannot be am a beraule 4 4 
Unevenneſs of the Ground, mark a Line in another Direction, where the 
Ground is level, as A F, or A G, and take the Angle MA F, or MAG; 
at F, make the Angle AFC MAF; and F C will be parallel to M A 
or at G, if chat is the Direttion choſen, make the Angle AGC=EMAG, 
and G C will be parallel to MA. Then in the right-angled.'T riangle ABF, 
ot A B G, having the Hypothenuſe A F, or AG; and, in the firſt, the 

Angle A F B, equal to the Supplement of A F C, or, in the other, the 
Angle A GB = MAG, thence, by Protraction, or Calculation, find the 
Pe AB, and note it down. At C mark CD a Perpendicular to 
CB; on ie meaſure the Length of A B, and it will terminate in D, a Point 
IEA continued. - 92 En 

if a Perpendicular E 8 be . 4 AY . W out A 
Line on either Side of it where the Ground is level, as CH, or CI; tO 
the Angle BC H, or B C IL, according to the Direction aſſumed, and from 

hence, having the Length of the Perpendicular C D = A B, and the Angle 
DCH=BCH— go", or the Angle DCI = go — BCI, the Hypo- 
thenuſe C H, or CI, may be found: 3 that on the Ground, and it 
Will terminate in H, or L. a Point in the Meridian MA continued. At H, 

en CH, make the Angle CHE MAF; or, at the Point I, the Angle 
CIE = MAG, and E will be another Point. in the Meridian M A conti- 

3 | \ N nued, 

- 
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nucd. Place perpendicular Poles in theſe two Points, and by them continue 
the Meridian to ſome Eminence where a diſtant View foreward may be had; 
there pitch your Tent over the meridian Line, hang up the Plumb-lines in 
it, and examine your Meridian by the Stars before you proceed farther, in 
Cale the meaſuring ſhould have occaſioned any Inaccuracy; correct the 
Error, if there is any, and then proceed as before, by taking the magnetic 
Bearing of the Meridian, and of ſome diſtant Eminence on one Side of it, 
and ſending your Aſſiſtant to pitch his Tent on that Eminence, in order to 
make the neceſſary Obſervations there, and find out the Direction of the 
Meridian ; and continue the ſame Proceſs till ates reach the End of the Ter- 
_— don | 

The F oundation of the foregoing Operations, i in getting over Obſtructions, 
is ſo obvious from the Properties of parallel Lines, that it needs no Expla- 
nation to one who is acquainted with the firſt Book of Euclid's Elements. 
It may however be proper to obſerve, that, if the Meaſurements are not 
made on ſmooth Planes, with great Care, and the Angles taken and ſet off 
on the Ground with great Exactneſs, it may make a ſenſible Deviation in 

dhe Meridian: and that therefore, after ſuch an Operation, it will generally 
be expedient to find the Meridian anew by the Stars, and proceed to con- 

tinue the Direction of it as before. But whether ſuch Obſtructions are met 5 

with or not, it will be prudent, every 80, or 100 Miles, to examine the 

Meridian by the Stars, that if any ſmall Oy has * it may not 

* the dba Parts of it. 

SECTION WL. 

© How to trace a Ponal of Latitude through a Kingdom. 

3 a on heath Inftrungens for taking the meridian Altitude of 
the Sun, or a Star, to Parts of a Minute. A Sextant of three Feet. Radius, 
with a convenient Stand to ſupport it, may be ſufficient. 

"As the Place whoſe Parallel is to be LES find the Latitüde, ahl At 
exact meridian Line: ſet off, by Poles placed upright in the Ground, a Per- 
e to the Meridian, and continue 155 Line about one Degree of 

Longitude, 
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MARITIM: SURVEYING. Part 2. 
Longitude, Tfappoſe 30 or 40 Miles) till you come to a level Plane Extends" 
ing about one Mile northward, or toward the elevated Pole; there find the 

Latitude and a meridian Line: on that meridian Line continued through the 

Plane, meaſure a Diſtance equal to the Difference of the firſt and laſt Lati- 

- rude (Which will be leſs than one Mile) and it will terminate in a Point of 

the Parallel required. Another Point in it may be marked about the Middle. 
of the Perpendicular to the firſt Meridian: for the Taten of inci a De- 

gree Fails very little without the Arc. 1 

At the firſt- den Point in the Parallel,. mark off ak es! 4 

Perpendicular to the Meridian as before; continue it 30 or 40 Miles 
forward :ill you find another level Plare; there obſerve the Latitude and 
find a meridian Line: on that Meridian meaſüre the Difference of the 

firſt and laſt Latitudes, and that Meaſurement will terminate in another Point 

of the Parallel: and the Middle of the Perpendicular to the former Meri - 
dian will be a fourth Point. Proceed in the ſame Manner to find other 
Points as far eaſtward, or weſtward as is neceſſary, and ſtraight Lines on 

| the Ground joining theſe ſeveral Points will mark out on the Ground the 

Parallel of Latitude of the Seca pat
 or more e a "Polygon nor : 

ſenſibly differing from it. 

The Polygon will be ſtill nearer a C ircle, if a Kare is con- 

tinned Eaſt and Weſt from each of the Meridians, and two Points of 

the Parallel are marked in each of theſe Perpendiculars, one on one Side 
of the croſſing Meridian, the other on the other Side, and one one third 
of a degree of Longitude from it. 

If it ſhall happen that a ſmooth Plane is not to be had for meaſuring 
the Difference of the two Latitudes along the Meridian, meaſure a ſtraight 
Line in any other Direction making an Angle with the Meridian; find that 
Angle by the Sextant, and you will then have two Sides of a Triangle (the 
Difference of Latitude and the meaſured Line) and the Angle comprehended 
between them, to find another Angle, which ſecond Angle obſerved and 
marked off by a Pole in the Ground will determine the Direction of the 
third Side; and where it interſects the Meridian wall be a ak in the Pa- 
rallel of Latitude mm 



4 * 

with which the &ver 
be carefully ad 

x 

22 

taken: the Sextant, there- 
ore each Obſervation. 

al/Latitudes are 

* a Q 

FRO N 0 * O Ss = 

4 * 
— 

* 

* * 

. 

* 

- ry 

4 

y * 

, 

* \ 

* 

* 

* 
. * 

. 6 

« * 
* 

0 . 0 _ 
* 

* 

* - 

* 
= 

P * 
* * 

2 © — o » 

- 

* 

— > * * 7 — 923 * * 
þ CD ; . 

7 + 

4 n . 
* 

£ 1 x 

* 4 * 
& > " o * * — * + * * EX . * 9 

4 * ' 9 * 

. ud - o_ = * 
e * . * - , : 7 : * * 2 4 WE 

% * 
{ - 

* 

* o * * ? * a I » * 4 

„ o . be * 4 * 

1 

7 — TFT 15 « — — -_» * oy * 4 A a 

4 2 F — 3 + + : - # 3 * — * . 

» ey — 5 
co * ? * 7 * 

\ * 4 o x * dy C4 a” * 1 o 

. * " ; N . an \ . 
For 5 

” » « _— o * 4 - 91 7 
# ; J 1 0 —ů 4 

— 5 1 5 * 23 is > MN * - * 

* * . 

» 

4 

0 

* 

* 

. 

x 

— 

0 \ 

* 

0 & 

* 

* 

* 

1 

* k 
x 

1 
\ 

* 

w Us 

p 

- 

« 
uw. 

* A 

\ * 

1 ys, 

« 

* 

4 * 
* 

* 

F 1 * 

* 

N * 

* 

* 

* 

\ 

» » * 

Fr ite * 1. 
AN 

oy 

* * 

* 

— 

2 age, 7 

_- 4 OO 

n 

TR. v y 

- 

" r 8 8 d CCC 

2 — bs — 

* 

4B 
1 1 

1 
a 

* 
"= 

— 
7. J 

2 

4 1 

K 

il 

1 
9 

- 4 
1 

4 

yn 
© 
133 
" 1 

1 

* 
— 

* V 

oy G& 

4 

Is 
a 

: = 

i 
1 
is 

71 

1 
N 

| 

. 

3 

. bs 

* 
* 

14 
»y 

4 £ 

a 
* 

— 

7 
4 

* 

* 

F 

1 
2 

4 

= | 

, 
o 

>. 

ll " * 6 g 

4 

4A a { 

v9 
1 4 

1 
Ll » * N 

* 42 

* 

4 

"4 

ly 

8 * 2 



* 8 6 3 e SJ. 9 "0 

%# uy Dug W E 

. v 
= 4 

3 

— F 

— 5 \ 83 
* 

* PEN 4 = 3 

Ee S — OOO % Af <4 25 4 r 
2 * 140 128 Jas 

"mx 4 © 1 FL he. © . * 4 % 
, * So wt en» 1 a 

* 

7 a * + * 

4 5 * nn Ez : nnn ene gina = 
1 2 we « FP 8 2 9 7 p 

* 4% » . 

f7 n N 1 ; * 

* * 
* . — ** mY 

. . 25 

f 8 80 ; 
* 

& - . 

8 * 
* = 4m ad # 

S — 
* 

k - 
- 

» - 

--_ * 
®. 

— . 

0 x ” 

* 1 

9 * 0 1 

* 

* — 

3 f 1 4 

* * 

* * 

* 

” ». Is. 

as » F 7 % 

5; * X 4 _ * — * 1 3 

* 

. Y 
* - * 

oF: N 

ELITE RNS. 
o f % 

A 

Page 19. Line 22, after towards 8, read as at k.—p. 23. I. 8, after ASB, read (Fig. 17 and 
18.) — p- oe * Frag Pales, read Poles. — p. 34. 1. 16, for Horizon, read Horizons. p. 36. 
I. 16, after true 5 read To prevent it, the Index ſhould be of a Subſtance-not apt to 1— 1 
and as — oli can conveniently admit of; it ſhould move quite eaſy round the Cen 
ter ; cena zag and ſcrew ſhould compreſs the Arch of the Inſtrument with req 
fite Firmneſs, es > Ap ny wb ra it when moved. p. 55. I. laft but two, for fr dQ, 
read D Ep. 59. I. 22, fer wuond, read wound. — p. 88. , 16, for Obj » read Objects. 

Fi 

* % 

* 

„ 

- 

* 

: R = 

1 . 

* 

* 

! 
= 

F ? ry a, 

* 3 

. +71 
4 n 

* 

1 

» . % 
. * * 

F ＋ 

3 \ 

: by * 
. - 

- i 

, "_ 

- * 

* 
- \ 

* 

< £ o 
* 

- : * 
* a p * 

* 

- / 

* / | 

. «4 * 
# F , : 

* 8 

- 

5 ' 
— % - 

. 
* * 

# b 

5 

Cl 

— 

. 

- 

* 

* o 
i — — — ——. 



* 14 . 

f 0 * 

f " * l 4 

Tay — — — 1 — : * A N " 
wv _ 3 0 » 

\ N } | 
— 

. n ” \ 

N . : % 4 L 

L E. 1 : ; F * eB N ” 0 y þ 

o * „ - by : 4 4 F F 
4 

a « : 

: 
bk q 1 4 

/ 
— 2 = * 1 . 

, = 
N * _ 4 = y 

5 

1 

we? © 
Fi 

1 * 

36 

* 

N. * 2 o - 

* 

A 14 * 4 — 

Js Ne 4 N i oth» 5, ME | 9 

TOA» ——1j ĩ 1 

8 

boy wo gs: 

WP f 
» be 4 > e F RY MOL MEL. Ty 

m 3 — S e Le 

23 

* 

* 1 

: i 4 

. p = « 

N 2 8 

1 - * 4 1 e 
* — 5 % * Fs 5 

"X 4274 * 

* n > avs If 4 4 

of . _ 1 7 5 * — — 

* pl * +# hs 3 A 14 &- 7% 

A - : 2 * — — 

— 4 * = » 1 « "1 Xx Wa a es 

* * ' "0 . , 

* 

. 

7 gt 

N 72 

PS s 4 

22 

3 

* 2 4 4 . 4 2 771 

FW. * 7 — 
W. + 3-8 4 8 2 * 2 

4 | "bl 

4 + See =» * ; - os y : * 25 we. 5 

- 

WT 

EA 2 

7 4 

Y 
4 2 

* » ae ST... 
a | | | £ ; | | ; | 


