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ADVERTISEMENT.

IV this Edition the Reader will find

Sfeveral Alterations and Additions
which were not in the former, though
in general we had the old Plan flil] in
View. The firft Chapter is entirely
New; and we hope, that the Altera-
tions which have been made in the others
will be approved of. We bhave [pared
no Pains to perfett our Defign, which
was to render the Whole more intelli-
gfﬁle and ufeful to the Prattical Sur-
veyor.  The Plan of the Work will beff
appear from the following Table of Con-
tents, and therefore any Account of it
bere will be fuperfluous. But we will
venture 10 addy that, if the young Artift
will take as much Pains in reading as
we bave taken in writing this Treatife,
be will become a complere Mafler of ths
Art of Surveying.
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Practical SURVE Y OR.

—

CoobliaA B0

Containing fuch Definitions and Pro-
blems, as are very necellary for Be-
ginners before they enter upon Sur-
veying.

8 B Qo i, Definitions.

LU U PR CLE,

 CIRCLE is aplain Figure con-
tained under ene Line called the
Circumfcrence, unto - which all

rom the Center, are equal one to
| 24 the other. A Right Line drawn
through the Center and contained on both Sides to

the Circumference, is called a Digmeter : And half
- #he Diameter, or any Line drawn from the Center

D to




3 The Prodtical Surveyor, Chap. I.
the Circumference, is called Radius. Thus, the
Fig. 1. CADBFis a Circles of which the outward
%i’n_: ADBEF is the Circumference 5 thie middle Point
> is the Center 5 thic Straight Line AB is a Diameter,
and either of the Lines gB, CA, CE, orCD. drawn
from the Center to the Circumference, is a Radius.
The Diameter as AB divides the Circle into two
equal Parts, CADB, CAFB, each of which is
called a Semicircle : And the fourth Part of a Cir-
cle, as CAD, or CBD, is called a Quadrant. An
Areh of a Circle is any Part or Portion of the Cir-
cumference, as AE or ED, EDB, &.
~ The Circumferences of all Circles, whether they
be large or imall, are commonly underftood to be
divided into 360 equal Parts, called Degrees : And
each of thefe Degrees are again fuppofed to be fub-
divided into 60 equal Parts, called Minutes. So
that half the Circumference contains 180 Degrees :
a Quadrantis go Degrees ; and the Bignefs of every
Arch, or the Proportion which it bears to the whole
Circle, is exprefled by the Number of Degrees and
Minutes it contains. And fince all Circles are di-
vided alike, a Degree is not to be accounted a
Quantity of any determinate Length, as fo many
Inches or Feet, &Jc. but is always to be reckoned
as being the 360th Part of the Circumference of any
Circle, without regarding in the leaft the Bignefs of
* the Diameter or Radius of that Circle : And if the
Arch AE contains 50 Degrecs, the little Arch a e
contains juft as many ; for each of thefe Arches have
exaétly the fame Proportion to their refpective Cir-
cles, on¢ with the other,
Note, Degrees and Minutes are often exprefied
by placing an ° ” over the refpetive Numbers, thus
24° 30’ is 24 Degrees and 30 Minutes.

1. Of
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II. Ofarn ANGLE,

When two ftraight Lines incline to one another
and meet in a Point, they form what is called an
ANGLE: the Point where the Lines meet, is
«alled the Angular Point y and the two Lines which
include the Angle, are called the Legs, or the con-
faining Sides of the faid Angle. Thus, in Fig. 2.
the Lines AC, BC form an Angle at C ; and the
faid Point C where the Lines meet is called the 4u-
gular Point. : | ’

The Meafure of an Angle is an Arch of a Circle
defcribed from the Angular Point, and which is in-
tercepted betwixt its Legs : thus, the Arch D Eor
deis the Meafure of the Angle made by the twa
Lines CA, CB. An Angle is efteemed greater or
lefs according to the Aperture of its Legs, or as
the Arch intercepted between them contains more or
fewer Degrees. And hence it may be obferved, that
the Bignefs of an Angle doth not any ways depend
upon the Length of the including Sides 3 for if the
LinesC A, C B, one or both be preduced ever fo
far, orcut off ever fo thort, the Angle C would not
thereby fuffer any Change, or be made cither big-
ger or lefs; nor is it material whether it be mer-
fured by the Arch D Eor d e : for all Arches de-
fcribed from the PointC, and intercepted between
the Lines CA, CB, contain exactly the {ame Num-
ber of Degrees and Minutes.

Note, When more than two Lines meet the
fame Point, in order to fpecify particularly any one
of the Angles formed thereby, itis neceffary itfhould
be exprefled by three Letters, whereof that at the

lar Point is ufually placed in the middle:

Thus, in Fig. 3. the Angle formed by the Lines

AC, EC, is exprefled by faying the Angle ACF ;

and the Angle formed by EC and DC, is fxprfaﬁ
B3 e



4 The Praétical Surveyor. Chap. L

fed ECD or DCE : (for it is not material which
Letter be placed firft, fo thatatthe Angular Point
‘be placed in the Middle. ) - But when there are only
two Lines meeting at the fame Point, the Angle
may be expreﬂ‘ﬂd by a fingle Letter, as the Angle
e of | il B

Nai’ Inftead of the Word Aﬂgc’:, this Charaéter
£ is often ufed. Anglesare dl[tmgmfhed into Right,
Acute, and Obrufe.

A Right Angleis that which contains go De-trre:es,
‘asthe £ DCA or DCBin Fig. 1. and Fig. 3. 'An
Acute ¢ is that which is lefs that go Degrees,  as
ACE, ECD. An Obtufe Angle is greater thana
right Angle, as ECB.

Note, Both Acute and Obtufe Angles are fome-
times called in general Ferms Oblique Angles with-
out farther Diftinétion,

III. of Parpma’rm&;r and Parallel Lines.

" A Line is faid to be Perpendicular to annthcr

when it formsan £ with it of go Degrees, or when
it ftands uprightly upon it'without leaning more to
one Side than the other; ‘as in Fig. 1. and Fig. 3.
the Line DC is perpendicularto A B alfo the Lines
CB, CA, are each of them perpendicular to CD.
A Perpendicular is the fhorteft Line that can be
drawn froman affigned Point to a: given Line ; fo
"DCis the fhorteft Line that can be drawn from the
Point D to touch the Line AB. :
 Parallel Lines, arefuch as are every where equi-

diltant one from the other ; andif infinitely. pro-
duced on either Side, would never meet ; as the
Lines AB, CD. Fig. 4

Lines are faid to be Obligue, when they are nei-

ther Parallel nor Perpendicular to each other.

IV. Of
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A Triancire is a Figure comprehended within
three Right Lines, called Sides. If a Triangle hath |
all its Sides equal, itis called an Equilateral Trian-
gle 5 if only two Sides are equal, it is called an
Ifofecles 5 and if all the three Sides are unequal, it is
called a Scalene Triangle. Alfo a Triangle having
one of its Angles right, is called Right- Angled ;
and all others are called Obligue Angled Triangles.
But thefe Diftinétiens need not be regarded by a
Practical Surveyor. |

V. Of Quadrilateral oy Four-fided Figures.

A Quadrilateral Figure having it oppofite Sides
parallel (and confequently equal) is called a Pa-
RALLELOGRAM, as [ig. 5, 6,and 7. If the Sides
are all equal, and all the Angles right, as in Fig. 5.
it is particularly called a Square. When the Angles
are all right, and only the oppofite Sides equal, as
in Fig. 6. it is called a Right-Angled Parallelogram
and when the Angles are oblique, asin Fig. 7. itis
called an Obligue-Angled Parallelogram.

Aright Line (as CB. Fig. 5, and 6, and A D.
Fig. 7.) drawn in a Parallelogram between two op-
pofite Angles, is called a Diagonal; and this Dia-
gonal divides the Parallelogram into two Triangles
which are exaétly equal one to the other, 7. e. the
Triangle ABC is equal to the Triangle BCD,
Fig. 5, and 6 ; and the Triangle ACD is equal ta
ABD. Fp. 7.

All Quadrilateral Figures, which are not Paral-
lelograms, are called Trapezia.

B 3 SECT.
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C; aLine CA drawn thro’ the Pointof Interfection
C, is the Perpendicular required. This Method
may be readily put in prattice by a Ruler and a
Pair of Compafies, without defcribing any Arch
for, having taken any Extent, and laid it fomewhere
from A to &, keep fixed that Foot which is in &,
and turn the other about until it falls upon the given
Line, as at 2 : the Compafiés refting in this Pofition,
apply a Ruler clofe to its Legs, and keep it fixed
while you turn the Foot which is in g, until it
touches the Ruler in C; a Line drawn from C to
A, will be the Perpendicular required, as before.

I. From a Point given C, to let fall a Perpendicular
upon a given Line B D. Fig. 11.

From C defcribe an Arch that fhall cut the given
Line in two Places, asin ¢ and 4 ; then from the
Points a, b, delcribe two Arches interfeting each
other ind ; a Ruler being laid from C to 4, by the
Edge thereof draw the right Line C D, which will
be the Perpendicular required.

Or, from the Point given C, Fig. 10. draw any
right Line C @, which bife&t in 4, then with the
Extent b ¢ or b & defcribe an Arch interfecting the
given Line B D asin A ; then C A is the Perpen-
dicular required.

Note, A Perpendicular, from any affigned Point,
may be drawn without ufing Compafles, by the
Help of a fmall Square of Brafs, in the Form of a
Carpenter’s Square ; or by a Scale in a Cafe of In-
ftruments, that hath a right Angle, &¢. Thus,
if you apply one Side of the Square clofe to the
given Line, fo as the other Side (or the Corner of
it when the Point is given in the Line) may touch
the given Point ; a Line drawn by this Side of the
Square, will be the Perpendicular required.

B 4 If
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time, &¢. till it reaches the Point C, and draw the
Line C D as before ; but great Care is neceflary in
this Operation.

The Parallel Line C D may be drawn without
the Help of a Parallel Ruler ; thus,

From the given Point C, take, with a Pair of
Compaffes, the neareft Diftance (asC a) to the
given Line AB; then with that Extent from fome
Point as 4, near the End of the given Line defcribe
an Arch : a right Line CD drawn thro’ the Point

C, fo as to touch that Arch, will be the Parallel
Line required. ‘

IV. Of the ProTrRACTOR ; and bow to make or
meafure an Angle of any Number of Degrees.

The Protraflor is ufually made of Brafs, and it
may be either a whole Circle, or a Semicircle, The
awhole Circle is divided into 360 Degrees, all which
are numbered the fame Way ; vide Frontifpiece.
The Semicircular Protrafior, 1think, is the beft for
common Ufe ; aud this is divided into 180 De-
grees, which are numbered both Ways, as in the
outer and innermoft Scale of Number, Fig. 12. the
Divifions on the Limb ferving equally for both.
Between thefe, there is another Scale of Numbers,
reaching from 180° to 360° : This middlemoft
Scale is placed entirely for the Sake of Surveyors,
butat prefent we fhall have no Ufe for it, nor isit
ufually placed upon common Protrattors: alfo
when this is placed, the innermoft is commonly
omitted : but that the Inftrument may be fit for all
Purpoles, itis beft to have all three. Protra&ors
are made of different Sizes, but thofe for Surveyors
fhould be at leaft of fix or feven Inches Diameter.

o
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: To make ap Angle of any given Number cof
; Degrees.

Lay the Center of the Protractor to the Angular
Point, and bring the fiducial Edge (or the Edge
paffing through the Center)clofe to the given Line 3
then trom that End of the Protractor which cuts
this Line, count the given Number of Degrees and
Minutes in the Limb, and there make a Point ;
a Line drawn through this Point will form the £
required.

Lxample, 1f it be required to make an £ at the
Point C, (Fig. 12.) taken inthe Line C A, of 45
Degrees ; lay the Center of the Protractor to the
Angular Point C, fo that the Edge 4 C lies all the
‘Way clofe to the given Line AC; then from this
Line count 45 Degrees, and there make a Mark
(with the Point of a Needle) and through this Mark
draw the Line CD, which forms the £ required :
this Line forms, with the Line C B, an £ of 135
Degrees, as is (hewn by the inner Scale of Numbers.
In like Manner, to make an Angle at C with the
Line C B, for Inftance of 34°, or 40/ : Having
reGtified the Protraétor as before directed, count 34
Degrees (now in the innermolt Scale) and for the
40 Minutes eftimate as near as you can two thirds of
a Degree more, and there make a Prick or Point : a
Line CE drawn through this Point makes the An-
gle BCE 34° 40’ ; whence the 2 ACE is 145°%
20’, as is fhewn by the outermoft Scale,

Nate, If the given Line fhould not be fo long as
the Radius of the Protractor, it will be neceffary to
continue it farther ; and then having placed the Cen-
ter of the Inftrument exactly to the Angular Point,
turn it about till the Beginning of the Divifions cut
the given Line. By this Means the Protractor may
~be adjufted more accurately than it can by trufting

altogether
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altogether to the fiducial Edge ; and remember al-
ways to count the Degrees in that Scale which be-
ginson the fame Side of the Angular Point that the
given Line is of,

How to find the Number of Degrees contained
in an Angle already made is felf-evident ; for, hav-
ing adjufted the Protractor to the Center and to one
of the Legs of the given Angle, the other Leg
(produced if need be) will cut the Degrees which
the & contains. Thus, in Fig. 12. the £ ACD
contains 45 Degrees, BCD 135 Degrees, BC E
24 Degrees 43 Minutes, and A CE 145 Degrees
20 Minutes.

Of the ProTTING-SCALE.

# The Sides of all right-lined plain Figures may
be meafured and laid down upon Paper, according
to the Proportion which they bear to one another,
by the Help of right Lines divided into equal Parts :
Thefe Lines are called Seales of equal Parts 3 and a
Ruler having feveral of thefe placed upon it, is u-
fually called a Plosting-Seale.  Thefe Scales are
made of different Sizes, and we ufe either of them
indifferently, according to’ what Dimenfions we
would have our Plan or Figure be of, upon the Pa-
per. Thefe Scales are divided firft into large Divi-
fions, which are numbered o, 10, 20, 30, &', Fig.
13. the firft of thefe between o and the End, is again
fubdivided into ten equal Parts, and this ferves for a
common Divifion for all the reft.  The {fmall Divi-
fions may either ftand for Units, and then thelarge
ones will be Zens, according to the Numbers 5 or
the fmall ones may be Tens or Tenths, &Fc. and then
the large Divifions will accordingly be Hundreds or
Units, &c. They may alfo ftand for Feet, Yards,
Miles, &c. accarding to the different Purpofes they

are
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are applied to. A Builder would confider them as
Feet 3 a Land-Surveyor as Chains or Perches : and a
Sailor would make them ftand for Miles or Leagues.
Moft Scales are numbered at the End, which Num-
bers fhew how many Parts of the refpective Scales
are contained in an Jnch : As in the Scales A, B,
and C, the Numbers 20, 30, 40. fhew that fo
many Parts of thefe Scales reipeltively are contained
in an Inch.

To take any Extent upen the Scale which may reprefent
any given Number 5 for Example, 56.

Set one Foot of the Compafles in 50,and extend
the other to 6, reckoning from o towards the End,
and that Extent will be 56, which may fignify 56
Fect, or 56 Perches; &c.  Note, The Divifion for
5 is always drawn out a little longer than the reft,
for eafe in counting, Let it be required again . to
take off 456; fet one Foot of the Compafles in 40,
whichin this Cafe ftands for 4c0, (and confequently
the {mall Divifions at the End are each of them 10)
and extend the other as near as you can eftimate to
- of the Diftance between 5 and 6, which Point is
56, and therefore the whole Extent between the
Compafies is 4.56.

N. B. The Manner of-ufing all thefe Scales is
the fame, and you may chufe either of them indif-
ferently, as it beft fuits your Purpofe ; but you
muft remember always to ufe the fame Scale in
laying down or meafuring the Sides of the fame
Figure, and the Figures that are in the fame Plan
or Draught.

When the fmall Divifions at the End are ac-
counted fo many Tens, a Number may be taken
oft more accurately by fuch a Scale as D, called a
5. _ Diagonal
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Diagonal Scale.  Thus, for Example, to take off the
Number 4 50.

Set one Foot of the Compafles in 4, on the Side
of the Scale, which in this Cafe ftands for 400,
and carry it in that Line until you come tothe 6th
Parallel Line, reckoning upwards from ¢ towards
a; then extend the” Compafles from that Peint to
the Point of Inter[etion of the forefaid Parallel 6,
and the Diagonal 50, (reckoning the Divifions a
the End of thefe Diagonals from 4 to ¢, each of
them 10) and that Extent is 456 ; this may alfo
fignify 457> OF 42355 4560, (e

If a Line be given, to find bow many Parts it contains,
according to any affigned Scale.

Take the faid Liine between the Compafies, and
apply that Extentto the Scale, fo that one Foot be-
ing placed in one-of the large Divifions, the other
may fall among the fmall ones; the Number con-
‘tained between the Feet of the Compafles, thews
the Length of the Line according to thar Scale.
Thus a Line which meafures 36 upon the Scale 20,
will meafure 54 upon the Scale 30, and 72 upen
40 ; and fo upon any other Scale more or lefs ac-
cording to the Proportion which.- it bears to thofe
above mentioned.

If the Diagenal Scale be ufed, fet one Foot of the
Compafies in fuch a one of the large Divifions, that
the other may fall among the Diagonals at the End ;
then carry both Feet parallel to the Side of the Scale,
until that which is at the Top interfeéts one of the
Diagonals, and the Number between the Compaiies
(being rightly ‘counted according to the Direétions
above given) will be the Length required.

By the Scale 20, the Side A B of the Triangle
A BC, Fig. 14. meafures 335, AC 276, and BC
204.: And by the Scale 40, the Sides ad, a¢, b a

Q-
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of the Triangle 4 4 ¢, will meafure each refpeétively,
the fame with the Sides of the Triangle ABC: fo
that each of thefe Triangles may réprefent the fame
Quantity of Superficies, as fuppofe Acres of Land ;
though one upon the Paper is fcur times bigger
than the other.

It may not be amifs here to thew, how with three
given right Lines to make a Triangle; for Example,
Let there be given thefe three Numbers 335, 276,
and 204. Having drawn a right Line, take 335
off fome Scale (fuppofe that of 20) and lay that
Extent from A to B ; then having took 276 from
the fame Scale, fet one Foot of the Compafles in A,
and with the other defcribe an Arch at C ; from B,
with 204 between the Compafies, defcribe another
Acrch interfecting the former, and to this Point of
Interfeétion draw the Lines AC, B C,

st Sl e v

Shewing how to find the Area or fuperficial Con-
tent of any plain right-lined Frgure.

Mﬂgﬁiﬁﬂdﬁ are diftinguithed into Lines, Super-
Jicies and Solids : And every Magnitude is
meafurable by {fome other Magnitude ot the fame
Kind, taken asa Standard ; as a Line by a Lineal
Foot, e, a Superficies, by a Square Foot, ¢, and
a Solid by a Solid Foot, &¢c. But our Bulinefs here
is only to meafure Superficies ; and the Quantity
or Content of any Superficies 1scalled its AREA,

L. 90 find the Area of a right-angled Parallelogram.

Multiply the Length by the Breadth, and the Pro-
duét will be the Area or Content. Thus, if in
Fig. 15. the Side A B be five Feet,and A C 2 Feet,

the Area or Contents of the right-angled Parallelo-
gram



= ———
m—— _—

Hate 1.

-

i e R

Ags s
B 7 Fy -
Cdo| |

2

110

'; |
D &

S

Masnas

HlES S g i







Se&t. 3. The Praétical Surveyor. 15

gram A BCD is ten fquare Feet : Alfoif AB in
Fig. 16.be 10 Feer, and  AC 10 Feet, the Con-
tent of the Square ABDC is 100 fquare Feet. If
the Dimenfions of the Sides be Inches, or Perches,
7¢. the Products will be accordingly fquare Inches,
or fquare Perches, &, '

The right-angled Parallelogram is the original
Figure, from whence we learn to meafure all plain
right-lined Figures. = Burt before we proceed any
farther, it may be proper to premife the following

Lemma. !
Lemma 1.

Fig. 17. Parallelograms ABDC, ABFE, which
are upon the fame Bafe A B, and between the fame
Parallels AB, CF, are equal one to the otber,
Euclid. Lib. 1 Prop. 3s.

Forthe Triangle BDF, which is added to one,
is equal to the Triangle ACE which is left out of
the other. Wherefore, becaufe the Product of AB
multiplied by BD, gives the Area of the Parallelo-
gram ABDC ; this Productwill alfo give the Area
of the Parallelogram ABFE. Hence we learn,

II. To find the Area of any Obligue- Angled Paral-

lelogram.

‘Let fall a Perpendicular from one of the Angles
upon the oppofite Side, and multiply this Side by
the faid Perpendicular ; the Product will be the
Area required. | ;

Fig. 18. Let the Perpendicular E ¢ let fall upon
the Bafe AB be 27 Feet, and let the faid Bale be
34 Feet 5 then the Area of the Parallelogram
ABEF will be 918 fquare Fect.

It would be the fame Thing if the Perpendicular
be let fall from any other of the Angles, asfrom
F upon AB produced 5 but then the ﬁerpendicular

Fp
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Triangle, which it will always do, if it be drawn
upon the longefl Side: Alfo in acute-angled Trian-
gles, a Perpendicular drawn from "either of the
Angles will always fall within the Triangle. '

Note, You need not aétually draw the Perpen-
dicular, but only take with your Compafles the
neareft Diftance from any Angle to the oppofite
Side, which muft be produced, if the Angle at the
End of the Bafe be nbtufe Note'alfo, when the
Perpendicular falls without the Triangle, as E(d or
A b, you muft take for your Bafe only the Side of
the Trlangle AC or BC, and not the whole conti-
nued Lines A d or Bé.

IV. Taﬁnd:badrm of a ?I’rapazmm, a.rAB CD.
Fig. 31, it |

Draw a Diagonal, as BC, betwéen two tif' the
oppofite Angles,and this will dnrlde: the Figure into
two Triangles, each of which may | be ‘meafured
feparately by the foregoing Article ; and thefe i-#o
Areas will be the Areq of the ﬂ"rczpezmm a5

Note, You fhould always draw the Dla ona ) be—
tween two fuch Angles, that the Pﬂrpendiculars
drawn upon it from the two other Angles may fall
within the F;gur& -And inftead of meafuring the
Triangles feparately, it is beft to add the  two
Perpendiculars together ; then half this' Sum mul-
tiplied by the Diagonal, or the Sum of the two
Perpendiculars by half the Diagonal, will be the

Area required.

& - ‘Thus,
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CH'AP II

Shewing éaw:z."; .ﬁﬂﬁﬁifﬂ any Piece of
Land by the Chain and the Plain-
Table.

o2 N Acre of Land is appointed’ (by the
W9 Statute of 33 Ed. 1) to contain 160
of fquare Perches or Poles; thereis no Mat-
@70k ter what Form it lies in, fo ithat it con-
tains 160 fquarc Poles. But before'the Plan of any
Piece of Land can be laid down; or protracted up-
on Paper, in order to find the Ar¢a'or Quantity of
Acres it contains, we muft firft 'knu:wf ¢ Length
and Pofition of the feveral Lines which bound the
fame. In order to find the Pofition of the{Hedges,
Fences, or Boundaries, which inclofe a F ield, feve-
ral Kinds of Inftruments have been invented ; but in
this Chapter we fhall confider only the Plan Table,
as being the fimpleft and eafieft for Beginners.
For meafuring the Lengths of Lines in the
Surveyor s make ufe of Gunter’s . Chains—which is .
certainly the beft adapted for that Purpofe-that can
be. This Chain conﬁa_iﬂ_ﬂﬂ Length four' Polds "ot *
66 Feet, and fishdivided into lapﬁi{;.lal iParts oL
Links, each Link being theréfore 7 4% Inches, - So ¢

thag. on?&f;q uare Chain-goprains 16 quarg; Peiches,

._-r_

., and ten {{uare Chajns make-exaltly one-Acre :-that,.,

s, a right-angled Piralléloprany,” being one Chain

in Breadth  and-ten ‘in"Eengrh; -or twar tir Breadeh ™
and five in Lensthpss exactdy anh Acre.  Sce the

. following Tables... - . ,

Cz ¥. Tan
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of every tenth Link is faftened a Piece of Brafs, in
order to count the odd Links the more readily :
That which is in the Middle is a plain Piece, bug
the others are diftinguithed by Holes or Notches :
the firft from either End of the Chain having one
Hole or Notch, the fecond two Holes or two
Notches, &Fc. until they meet in the Middle, which
is 2 plain Piece without any Mark as aforefaid : the
greateft Number of Marks being four, each of
which being counted from the neareft End of the
Chain fignifies 10 Links; thus, ¢ne Mark is 10,
two 20, three 30, &c. But when you have got be-
yond the Middle or 50, then four fignifies 60 Links,
tbree 70, twe 80, and one go. Alfo you may tie
a large red Rag at 50 Links, and others of a lighter
Colour at 25, from each End of the Chain, efpe-
cially when the Grafs is long.

But becaufe of Furze, Water, Bruthwood, &
we are generally forced to meafure the Station Lines
in the Field, at fome Diftance from the Fedges or
Fences; and thercfore the Breadth berween the fta-
tion Line and the Fence we meafure by a Staff of
the exact Length of ro Links or 6% Feet. This
is called an Off-fes Steff, and is divided into 10 equal
Parts, which are called Links, becaufe their Ufe
1s the fame with the Links of the Chain,

You muft alfo provide two {traight Staffs of about
5 Feeteach, and 9 Airows of {mall Sricks above a
Foort long each ;i thefe you may mark at the Top
with Bits of red Cloth, and at the Bottom you may
put fmall Iron Ferrils, pointed fharp at the End,
that you may ftick them eafily into the Ground.

Note, Before you make ufe of the Chain, you
fhould examine its Length with the Off-fet Staff,
ftretching it on level Ground, after the fame Man-
ner as when you meafure with it.  Alfo a Surveyor
fhould have by him fome few odd Links, fome Rings
and a Pair of Pliers, that in Cafe of the Chain’s
breaking, he may be able readily to mend it.

Direllions
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Direions for meafuring with the Chain.

Having fet up an upright Staff at each of the Sta-
tions, betwixt which you are to meafure, let the
Leader of the Chain take the nine Arrows in his
Hand, and one of the five-feet Staffs; let him al-
ways draw the Chain tight, and let the Follower,
ftanding at the firft Station, direét him to place his
Staff at the Chain’s End in a right Line with the
two Stations, and there let him ftick one of his Ar-
rows, and then go on. . .

Let the Follower, being come to the Arrow,
take it up, and put his Staff in the Place thereof,
and dire¢t the Leader to place his Staff as before ;
then let the Leader, ftanding at his Staff, look back
towards the laft Scation, and he will fee the two
Staffs and theStation in one right Line, if they have
diretted right ; but if not, the Leader muft move
fideways till he brings his own Staff, the Follower’s
and the Station-Staffinto a right Line ; and {fo muft
each direct the other, till the two Staffs and two Sta-
tions are in one right Line. And you muft be al-
ways careful, that they who carry the Chain. de-
viate not from a ftraight Line ; otherwife neither
the Form nor Content of the Plot can be true.

Let them thus proceed till they have meafured
to the Station, or till the Leader is nearer the Sta-
tion than one Chain’s Length ; then will the Num-
ber of whole Chains meafured be exprefled by the
Number of Arrows pricked down, fuppofe 7; and
the Leader holding the End of the Chain to the
Station, the Follower will fee how many Links
are contained between the Station and laft Arrow,,
fuppofe 6o.

Now enter in the Field-Book, the Chains and
Links without any Diftin¢tion between them, and

C 4 they
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Of the Prain TABLE : And now by that
Infirument to take a Plan of one or feveral
Fields, by placing it at oné or more Stations
about the Middle, from whence the Angles
may be feen.

H E Plsin Table is a fmooth Board made in

the Form and about the Bignefs of a com-
mon Sheet of writing Paper : Sometimes they are
made large enough to hold an imperial Sheet. For
faftening and keeping the Paper clofe down, a
wooden Frame is fitted round the Edge of the Table,
This Frame ought to be fitted {o as to keep the Pa-
per tight down, and likewife fo as it may be eafily
put on and taken off 5 and to prevent tearing the
Paper in faftening it on, the upper Edge of the Ta-
ble and the lower Edge of the Frame fhould be a
little obtufe, and not {quare ; and if it be neceffary
the Frame may be faftened underneath, by Pinsor
Screws going through the Table. The Frame is
ufually divided into Degrees an{wering to a certain
Point in the Table, taken as a Center; but this
is. of little or no Ufe, and quite foreign to the
Defign of the Plain Table. There is commonly an-
nexed to this Inftrument a Compafs Box with a
Needle in it touched with a Load-ftone ; but this
alfo is of no great Ufe : for the Bearing of any
Line may be found (which is the only Ufe here of
the Needle) fufficiently exact by a little Pocket
Compafs.

The Plain Table isufually made fo as to be taken
to Pieces, I fuppofe for the Conveniency of Car-
rrage, but, laying afide that Confideration, it would
be much better in one entire Board, and then alfo
it would ferve asa very good Drawing- Board.

There
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There is alfo belonging to the Plain Table an /-
dex, having a plain Sight fixed upright at each End :
In the lower Part of one Sight is a vertical Slit, and
in the correfponding Part of the other is a wide
Opening, having in the Middle of it a vertical Hair
or String, to cut the Object when you look through
the Slit in the other Sight ; and for the Conveniency
of looking backwards without turning the Index,
over the wide Cpening in one Sight, is a fine Slit,
and over-the narrow Sht in the other is an ()pemng
with a vertical Thread in the Middie as before de-
fcribed of the other Sight. INote, The vertical
Threads and Slits ou ht to ftand exactly over the
fiducial Edge of the %nd-tx (which 1s always filed
floping from above) if produced through the Bot-
tom of both Sights.

The Index is commonly made two Feet long,
but the exact Length need not be regarded, if it be
but convenient according to the Bignefs of the Ta-
ble. The outward Edge of the Index is commoniy
divided into Inches, and on the Surface betwixt the
Line of Inches, and the fiducial Edge, is a diagonal
Scale ; and alfo fometimes Lines of artificial Num-
bers, Sines and Tangents: But thefe Lines might,
with as much Propriety, be drawn upon the Off-fet
Staff. Inftead of all thefe, it would be better to
have Scalesof equal Parts of different Dimenfions,
and then you would always have at Hand fuch a
Scale as would beft fuit your Purpole.

Underneath the Table is faftened a Brafs Socket,
which fits a Brals Pin fixed in the Head of a three-
legged Staff. This Staff fupports the Table at a
proper Height, and the Table is faftened to it by
a Screw in the forementioned Socket.

Note, You fhould always take Care that the Ta-
ble, when you ufe it. qe pretty nearly horizontal
or level ; which you may know by applying to

It
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it a little Square, having a Line and Plummet
faftened to the upright Side ; then by drawing out
or in, one or more of the Legs of the Staff, as you
fee Occalion, you may rectify the Table fufficiently
near for your Purpofe. Sometimes to the Head of
the Staff is faftened a Ball and Socket , but this is
rather a Detriment than of any real ,Ufe, for the
Ball is fubje&t to fhake or turn horizontally ; and as
there is no other Way of moving it, butby the im-
mediate Application of the Hand, the fame End

will be obtained as foon and as well by moving the
Legs of the Staff.

Diredlions for ufing the Plain Table.

Let Fig. 23. be fuppofed to reprefent two Fields
or Enclofures, a Plotof which is defired ; and fcft -
of the Field a / m o &.

Having put your Plain Table in order, and ob-
ferved the Needle to play well. (if you make Ufe of
one) put a Sheetof fair Paper thercon, and prefs
down the Frame, fo that the Paper lies {mooth ;
then you may imagine the Paper on the Table to re-
prefent the Surface of the Land, and the Lines you
thall draw thereon, to be the Boundaries of the re-
{pective Fields or Enclofures in fome Proportion or
other. If you make an Inch long on the Paper, to
reprefent the Length of one Chain onthe Land;
and if 5 Chains in Length, and 2 in Breadth, con-
tain the Quantity of one Acre on the Land ; then
Inches in Length, and 2 in Breadth, fhall alfo
contain the Quantity of one Acre on the Paper.

"This being premifed, we will proceed to lay down
upon the Paper, the Lines which enclofe thefe two
Fields, according to their juft Length and Pofition;
which therefore fhall include the fame Quantity of
Superficies as thofe on the Field, in Proportion as
the Square of' 1 Inch to the Square of 1 Chain.

But
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planted the Table ; alfo lay the Edge of the Index
I:D the Line © ¢, and if then the Halr in the Sights
cuts the Mark at 4, and the Needle hangs over the
{ame Point as at firft, you may conclude the Table
hath not been moved out of its firft Pofition, which
is carﬁﬁllly to be obferved.

Inthe next Piacc we proceed to meafure the Lines
©4, 0/, . Thus, apply the Ring at the End of
the Chain to the Hole under the Table, and let the
Chain be ftretched at ‘Length towards one of the
Anigles as at @ ; and when you have meafured up
theretﬂ, (obferving the Directions before laid down
for “meafuring with ‘the Chain) you 'will find the
Length of the Line ©4 to contain 3 Chmns 60"
Links, which note in a Bitof Paper :

a‘b’;nﬂr meafured the Line © zon the G“uund.
take the Len th'‘thereof, viz. 360 Links from the’
Scale of equai Parts (which you judge is moft con-’
vement for yourPurpoft) and lay the'{ame (on its
Reprefentative upon the Paper} from © 10 @, * After"
the ‘fathe Manner meafure with the Chain the"
Lerigfh of the feveral Lines-o7Z ‘om, 6o, 063’
then” transfer ‘the Length of each ‘Line on' the’
Ground to its RePrefentatl?e on the Paper, making
Marks where th!: End of cach Lmt falls, 'as’ ara,
2, 'm, o, &;; : 4
“Laftly, join thc Points , f m, 0, &, with Ink’
Lines, becaufe "they fthould not“rub off, (and ‘for’
this Purpofe a° BmmnmPen i requifite) as the’
Lines s::? Im, mo, ob and éa, which r:onftitu*c l:ht
Boundaries of the Field, 2/ 0 4. -
Note, Itis generally the moft: expeditious Way to
meafure one Line from the Inftrumient to an Angle,’
and the next from the Angle ro the In&mmﬁnt s and’
fo'backwards and forwards till all'are finithed, note-
ing down as you meafure them, the Length of each’
Line on a Piece of Paper ; they Dbfﬁrving whichLiine’
you began with, fer on its true Lengeh on the Pabcr
on’
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on theTable, and the reft of the Lines in their Order.

A young Beginner may take the Pdins to meafure
a-crofs fome Part of the Plot on the Paper, as the
Diftance from a to o, or from a to &, with his Scale’
and Compafies ; then meafuring the fame Diftance
on the Ground with the Chain, he will find them
both exatly to agree, if the I-‘lﬂt be truly 1a1d

dDwn

Having finifhed this Field, caufe a Staff to be fet
up with a Paper thereon in the next, in a Plax:e._
from whence you can view all the Angles ; but if,
fuch a Station cannot be found, chuie the _moft
convenient, as at © 2. i

The Table ftanding at @ 1, in the Field 4 fm 0 b
in the fame Polfition as. at firt, (which it muft; do,
ar the Plot of the next Ficld cannot be truly. laid.
down in refpect of the laft) lay the Index to the
Point ©, and turn it about thereon, till the Hair.
in the Sights cuts the Staff or Mark in the next Field,
ato 2 ; and holding the Index faft in that Pofition,,
draw a Line by the Edge thereof from @ 1, mwards,
© 2 in the next Field, and take care to continue.it,
long enough : then remove the Table, and place. ®
Staff with a Mark thereon, in the Hole over which.;
the Center of the Table was placed, and mﬂafqrc
with the Chain the neareft Diftance: between o 1, 4n
the Field @ /m 0 4,and @ 2 in the next Field (draw-|
ing the Chain thmugh the Hedge in a ftraight Line) .
and fet on the Diftance 621 (bg the Help of the;
Scale and Compafles) fromo 1 to@ 2.

Now take away the Staff, and plant the Center o
the Table over the Hole, in which the Staff ftood at,
© 2, and fticking two Pins, or the Points of twWQ..
fmall Needles in © 1,and © 2: apply the Edge of the,
Index thereto, fo that it may lie exactly on the Line ;
@1, 023 and keeping itin this Pofition, turn the;
Table about till the Hair. or Thread in the Sights ,

cuts the Staff or Mark in the laft Field ; then {Crew®
the
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the Table faft that it ftir nétout of its Pofition, till
you have finithed the Obfervations in this Field :
. (But obferve to turn that Part of the'Table marked
with @ 1, towards its Reprefentative in the laftkield. )
When the Needle hath fettled, and is at reft, ob~
ferve whether it hangs over the Flower-de-Luce or
{fame Divifion in the Box, as at© 1 in the laft Field 5
which it will do'if you have made your Obfervation
juftly; and the Needle be good ; and if yon were.
to move the Table to never fo many Stations, the
Needle will fhill point to the fame Divifion in the
Box, which you fhould carefully obferve; becaufe
the removing the Table from one Station to another
is the greateft Difficulty in this Way of Surveying. -
Having caufed Marks to be fet up in'fo many of
the Angles in this Field, as you :can conveniently
fee, from the prefent Station, as at &, 4, b, g, lay
the Index to the Point @2, and direétthe Sights to
k, i, b, g, drawing Lines by the Edge of the Index
towards ‘every one of sthem ; then meafuring the
Lengthof the feveral Lines 0 £, @7, 104, 0 g, withi
the Chain; fet on'the feveral Lengths of thefe Lines
on the refpective Linescon the Papen (as before di=
rected ) marking the Points £, z, b Jg, where the Ends
of the. Lines fall frome ; laftly, join’ the Points
Ik, ki, b, and b g, with: Ink Lines, and they will
be the Roundersof fo much of the prefent Field, as
you can conveniently {ee from this Station.
. But there is no Occafion to meafure; to the An-
gles /or m with the Chain, except that it may be
fome Satisfaction, as aforefaid, to. fee the Lines on
the Paper and thofe on the Ground to agree.

Obferving the former Directions for removing the
Table, let it be placedin its true Pofition at ©3
in this Field; then direct the Sights to the Angles
/> & d, c,and when the feveral Diftances from @ 3,
to f, ¢; dand ¢, are fet on the Paper, join the

| Points
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Points g f, fe, ed, dcand ¢ &, with Link Lines ; fo
is the true Plot of thefe two Fields ¢/ m 0 4, and
lkibgfedclom,laid downon thePapermfuch
Proportion as the Scale you made ufe of is to the
Chain.

But obferve that if the Hedge 2 , had been fo
thick, that from ©3, you could not have feen the
Angle d, or other Obftruction had hindered your
Sight or Meafuring thereto. you muft have re-
moved the Table to another Station ; but when you
can (as commonly you may) by holdmg afide the
Boughs or otherwife, fec the Mark, and by draw-
ing the Chain through the Hedge, mcafurc th: Line
from ©4, to the Angle 4 ; it is better not to re-
move the Table : For the fewer Stations you make,
the Work will be t:a.ﬁf:r done, and alfo more truly
laid down...

It would be net:d]efs to give Diretions how to
furvey a Field fiom a Station taken in any Angle
thereof, from whence the reft may be feen ; as if
it had been more convenient,. in the Field 2/ m o0 &,
to haveplanted the Table at the Angle 4, the Sights
muft have been direted from: thence to the reft of
the Angles /, m, 0, 4 5 and: the Lines meafured on
the Ground, -frhm.af tb l, m, 0and b, whofe Length
laid down' on the Paper! from a would give the
fame. Points 4, m, 0, b; as if the Station had been
in the Middleof the Field ; and the Bounders be-
ing drawn, they would be in the fnmc Pﬂf tion as
before.

If you would draw a Meridian, or a Nurch and
Sout‘h Line through the Plot ; turn the Table a-
bout, till the Needle hangs over " the Flower-de-luce
in the Card, and laying the Indéx at right Angles
to the long Sides of the Table, draw a Line clofe by
the Edge, which fhall be a Meridian Line ; and if
you crofs this Line by another at right Angles, that
fhall fhew the Eaft and Weft Points.

. Note,
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Natr:, Havmg rarnm'td the Table to a hew Sm—
tion, if the Index be laid clofe to' the: Liné drawn
betwixt that Station and jthe laft, the Table may
be thereby rectified fo a greater Exactnéfs than can
be done by the Needle, which at beft is uncertain
and liable to be out of ‘order ; and, as before inti-
mated, the Needle is: not pmpcriy an Appendage of
the: Plain Table, fhuugh ‘we have ‘here all along
fuppofed it annexed. to'this Inftr um&nt{ for. ’:he Sakﬂ

of mmplymg with' Cuﬁom - Jlswol ad: |
, T af s1arlt ..t :
o SEC ) i IH .
Eﬂ%‘?xﬂm ﬁ?r f@?&'ﬁg z.r&b the Concnt. af’ di@' 1?’E E'c‘l.'l
| ’ Land., _

. | i )

Y Ll I-.
Jid ""’ d

5 B H E next Thmg that. lies; Befu@rus s, §h¢
- &~ Manger of calgulating  the, Quantity of | the
Supcrﬁ,ﬁcs, or. the. drea, ‘enclofed by-the Lings on
the Paper,, as, they  reprefent the Bou ndaries in the
Field ., thatis to fay,, how manyAdses. andi Pasty
Ufﬂl;l, ﬂcrg are Cﬁﬂtﬂlﬂ'ﬂd L ﬂrﬂlﬂg T atd1 ave!l 03 9o
The Manner of fAnding the dn@" @d&ﬁ@ﬁf @é
any plain righe:lined Flgurg hash  been, already Jaid

down in Szet. 3. of Cuar. 1. oIt hath been.alio,
ﬂacwad that the. Mt;[h G,fﬁﬂdmg the Contentoff

all plain right- lined Figures is; deduced  from the,
right-angled Parallelogram, the Areaof: wbicrh is;
found by multiplying the Lﬂﬂg-th hy-the Breadth .
Wherefarp becaufe 10 fquarﬂ Chains make 1 Acre;
if the Side A B of the right-angled. Paa llelogram:
ABCD (Fig. 15.) be 5.Chatus, and AC 3Chiains,
the Area of ABCD is jult 1 dere.  Alfoif the Sides
of the Square ABCD, Fig. 16. be each 1o Chairis;.
the Contert of the faid Figure will be 100! Iquarmi
Chains, or o Acres. = '

D : Bu
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But becaufe almoft all Fields to be met with in -
Suiveying are irregular, and bounded- with feveral
unequal Lines, we muft firft take the Plot thereof
by fome Inftrument, and lay it down on Paper;
then, by drawing diagonal Lines, we may reduce
the Figureinto Triangles, . Vide Fig. 242000
- The Lengths of the feveral Lines in the Field are
ufually fer down in Links, without diltinguithing
them into Chains and Links, as 6 Chains 54 Links
is |Writ 654, which fignifies 654 Links ;. for asa
Link is the loweft Denomination, and the onlyone
ufed, there is no Neceflity for writing down the
‘Word Links. And as a Chain contains in length 100
Links, thereforein 1 fquare Chain there are 10,000
fquare Lin]q:s, and 100,000 fquare Linkswin, an
Acre. ‘Wherefore having the Content of a Field
given in fquare Links, if we cut off 5 Figures to
the right Hand, what is left on the ﬂthtrTSide i‘(if
there be any) will be Acres. Thus,' if a Field
contains 1654321 {quare Links, the Area thereof
will be 16 Acres and ;¢35 Parts of an Acre, 'or
16.54321 Acres: The' Chain is made 66 Eeet “in
Length, and divided into roo equal Parts on Pur:
pofe, to fave the Trouble of Divifien in computing
the Number of ‘Statute Acres. 4
* Note, The Content of every Field is ufually fet
down in Acres, Roods and Perches.  An Acre con-.
tains'4 Roods, and one Rood 40 fquare Poles or Per-
cbes.  Wherefore, - the Content of a Field being
given in fquare Links, and having found the Num-
ber of “Acres contained thefein as above, multiply
the 5 Figures, which were cut off by 4, and from
~ this Produ& cut off again 5 Figures, what is left
will be Roods ; then-the Remaindet fo cut ofi being
multi plied by 40, from this laft Product alfo cuc
off 5 Figures, and thofe on the left Side will be
Perches, which is the loweft Denomination ufually

fer down of the Contents of Land.
U i To
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Acres Roods Poles Parts of a Pole.

- EORROY s WO, ¢ TN L E

- The Bafe / o, multiplied byjthe Perpendicular s y,
produces 166320, which is double the Content of
the Triangle / m 0 in fquare Links. Alfo the Per-
~ pendicular ¢ ¥, added to the Perpendicular o3,

makes the Sum of both 562, which multiplied by
800, the commion Bafe to both Perpendiculars, pro-
duces 449600, which is double the Content of the
Trapezia / ¢ b 2in fquare Links.

Therefore (for avoiding Frations) the double
Content of the Triangle /m o 166320, added to the
double Content of the Trapezia /obda 449600,
gives 615920 thedouble Content of the Field z/m o
in fquare Links, the half of which (viz.) 307960 is
the true Content of the Field a/moé in Iquare
Links, which reduced inte Acres, £9¢c. as before
diretted, gives 3 Acres, 12 Poles, and a little above
half a Pole, for the true Content of the Field a/mebd ;
but the Parts of a Pole are feldom regarded.

In the fame Manner the Field bedefghikimo,
Fig, 24. being divided into Trapezias and Trian-
gles, add both the Perpendiculars of each Trapezia
together, and by that Sum multply the Diagonal
or Bafe: Alfo multiply the Bafe of each Triangle
by the Perpendicular, and fet the Produét of each
Trapezia and Triangle in an orderly Manner, one
under another, and add them altogether into one
‘Sum, the haif of which Sum will be the Content of
the Field in {quare Links, which reduce into Acres,
&J¢. as aforefaid.

But remember to meafure the Bafes and Perpen-
diculars by the fame Scale that the Plot was laid
down by, and contrive to reduce the Field into as
large Trapezias and T'riangles as pofiible 5 for the
fewer you make, the exatter will the Work be caft

D3 up ;
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>Tis therefore beft to plant the Inftrument at the
moft remarkable Angles, and meafure round the
Field ; for by this Method all Sorts of Land may '
be meafured (fo the Plan be not too large for one
Sheet of Paper) either within or without the Plot,
as Convenience fhall determine.

Note, This Mark o always reprefents a Station,
a prick Line reprefents the Station Line,

and =——— a black Line the Boundary.

Let Fig. 25. reprefent a Field to be plotted by -
the Plain Table.

Firft, fet up a Mark at ¢, and draw a Line on the
Table, to reprefent ¢ 4 in the Field ; then mea-
{fure the Diftance to the Hedge from @ 20 Links,
which fet from @ tof; alfo meafure the Diftance
from © a, to ®, 840 Links, which fet on the
Line a 4.

Having drawn the Line ¢ 4, place the Table at
&, and lay the Edge of the Index clofe to the Line
a b, and turn the Table abour till you fee the Mark
at a, and there fcrew it faft; then turn the Index
about on &, till you fee a Mark at ¢, and draw 4 ¢,
with the Point of the Compafles, or a black-lead
Pencil ; alfo direét the Sights to the Barn, and
draw the obfcure Line & 2, not regarding its Length
fo it be but long enough.

When the Needle hath fettled, take Notice what
Divifion in the Box it points to, fﬂr to that Divifion
it will point at every Station through the Plot, if
your Work be true, and the Needle good, as afore-
faid ; but becaufe itis not convenient to truft to the
Needle when wecan do without it ; I fhall here lay
down a furer Way to correct an Error, before it is
communicated to the following Part of the Work.

In the next Place, meafure the Diftance from @ &'
to the Hedge 17 Links, which fetfrom o to g, and
draw the Boundary fz; alfo meafure the Diftance

Doy from
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from © to &, which fet on the Papcr from ®to b,
and continue the Bounder f g, ui a ftrmt Lmuf.:, as
you fe¢ in the Field. | !
~Remove the Table fmm B, ant] fet up a Slaff
with Paper thereon.in the Hulc, aver which the
Center of the Table. ftood, -according to“former
Direttions, and meafure with the Chain from & to-
wards ¢ 3 but whenyou come over-againft the Bend
in the Hedge at 7, meafure the Diftances from the
Chain Line &4¢ to that Bend 7 Links, which fet
from the Chain Linc & ¢ to 73 and draw the Boun-
dary i b, through &, till it cuts the Boundary f g,
cﬂnihtutlng that Corner of the Field. Meaﬁlre on
to ¢ 620 Links, which fet from dto ¢. '

. The Reafon why we made the Station &, fo far
from the Corner, is to avoid planting the Inftru-
ment too often ;3 for if we had continued the Station
Line @ 4 into the Corner, we muit have made a-
nother Station at 7, otherwife we could not fee ta
the Angle atc¢; for the fewer Stations we make,
the exaéter will be the Work, as aforefaid.

«Now in arder to examine the Length of 4 ¢, and
alfo its Pofition in refpeét of ¢ &, do thus: Plant
the Inftrument at ¢, and lay the Index on the Line
b ¢, and by turning the Inflrument about,  direét
the Sights to 4, and there fcrew ic faft ; then turn
about the Index on the Point ¢, towards the Mark
at the Angle ¢, 'in the Field, ‘and if the Edge does
not cut the Point ¢ in the Table, the Line & ¢ is
falfe, either in Pofition or Length, and therefore
muft be corrected before you proceed.

The Line & ¢ being truly laid down , and the
Table ftanding at ¢, in rhe fame Pofition, lay the
Index to the Point ¢, and turnit about thereon, till
the Hair in the Sights cuts the Mark atd, and draw
the Linecd 5 alo direlt the Sights to the Middle
uf [hc Barn, the Index being ‘turned about on the

fame
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{fame Point ¢, and'draw the obfcure Line ¢ ¥, crof-
fing the other obfcure Line & 2 5 {o fhall the Point
of Interfetion determine the Situation of the Barn-
in'the Middle of the Field, which you may prove
by meafuring on the Ground thereto, from any Part
of the Field.

Next meafure the Diftance from the 9 at¢ tothe
Hedge 6 Links, which fet from © to, and draw
the Boundary 7 £, continuing the Line through# ;
alfo meafure the Diftance to the other Hedge ¢ /,
from '@ ¢, 1 5 Links, which fet off to/.

- Remove the Table frome¢, and place a Mark
there, and meafure the Diftance from ¢ tod, 481
Links, which Diftance fet on the Line ¢ 4 ; then
plant the Table at d, and having laid the Index on
¢ d, turn the Table about till you fee the Mark at ¢,
and then fcrew the Inftrument faft. .

“/Next examine the Length and Pofition of ¢ 4, in
refpect of b ¢, as before diretted; then turning the
Index about on d, direct the Sights to ¢, and draw
the Lined ¢ 5 fer off the Diftance from © 4 to the
Hedge at m 10 Links, and from m draw the bound-
ing Line m /, continuing it ftrait through /, till it
crofies i b, as you fee it do in the Field.
~ Leave a Mark at 4, and plant the Table ate,
having firft meafured the Liength of d ¢ 364 Links,
which fet on its proper Line from d to ¢; on which
Line d ¢ lay the Index, and, turning the Table a-
bout till you fee the Mark atd, there fcrew it faft;
and having proved the Line d ¢ to be truly laid down
in refpect of cd, turn the Index about on e till you
fee the Mark aig, and draw the Line ¢ 4, which
will cut through the Point at ¢ : Alfo diret the
Sights to the Angle p, and draw © p : and to g,
drawing © ¢ on the Paper.

Then
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Then meafure with the Chain’ the Diftances o
and ©¢, fetting thole Diftances on their proper |
Lines, and draw the Boundary g ¢, and g p.

. Now meafure on the Lineea, and when you
come againft the Bend in the Hedge at#, meafure
the Diftance from the Chain Line ¢ 2 to that Bend
8 Links; which fet on. the Paper to r, and draw
the Boundary g 7.

Inthe fame Manner meafuring on the Line ¢ 4, -
fet off the Diftances from the Chain Line to the
Angles in the Bounder s and #, and draw the Boun-
daries 75, s ¢, and? f, which crofies the Line gf,
nearf; and when you have meafured the Linecea,
on the Ground, you will find it of the fame Length
as that before drawn on the Paper,

- If the Diftance from the Station to the Bends in
the Hedge be great, ’tis the fafeft Way to plant the
Center of the T'able over the Station Line, as at w ;
and, laying the Index on the.Line ¢ 4, diret the
Sights to ¢, ora, by turning the Table about, and
in that Poficion fcrew itfaft ; then diret the Sights
to the Bends in the Hedge, as, to s, or ¢, drawing
Lines towards them, and fetting off the Diltances
in the fame Manner as is done from @ e.

In order to examine the Lengths and Pofitions of
each Line before you proceed on to the next, if you
do not think it convenient to leave Marks at all the
Stations round the Field; if you turn about the In-
dex on the Point, reprefenting the prefent Station,
till you fee any one of the Marks before laid down,
and if the Edge of the Index cuts that Point on the
Paper, your Work is right 3 fo you might have left
a Mark at the firft Station 4, and by that prove the
Lengths and Pofitions of all the other Lines, as.
well as by the laft but one you paffed by.

But
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But if you could not fee the Mark ata, at all the
other Stations, you may make ufe of any other
Mark, as fome Part of the Barn ; or you may fet
up a Mark in fome convenient Place, from whence
you can fee all the Angles.

But if the Mark you laft ufed is at too great a
Diftance from you, or lies almoft in a ftrait Line
with that you laft laid down ; then ufe fome other
Mark in its Stead, whofe Pofition you have before
found at one of the foregoing Stations,

Or, inftead of a Mark thus {et up, you may ufe
any remarkable Tree, Steeple, {F¢. that is not at
too great a Diftance from you, whether it be in thﬂ:
Land you are then furveying or not.

How to meafire an f?f:?fnﬁtt‘fﬁ Diflance.

Laftly, in the fame Manner as you found the
Pofition of the Barn in the Middle of the Field,
Fig. 25, you may meafure any other inacceffible
Diftance ; fo if the Barn was fo fituated that you
could not come nearer thereto, by reafon of Water,
or other Impediments, than the Line 4 ¢, yet you
would know its Diftance from & or ¢.

The Inftrument being planted at 4, and the Sights
directed to a Mark at ¢, and alfo to the Barn; and
the Lines 4 2z, and 4 ¢, drawn on the Paper as before
direfted ; then the Inftrument being removed from
b, and planted ate¢, and the Sights directed to a Mark
left at 5, and alfo to the Barn ; and the Linec¢ x,
alfo drawn on the Paper, cutting the other Line 2 2z :
Then fhall the Point of Interfection determine the
Diftance of the Ba:n from & or ¢, which you ma -
find by meafuring from & ore¢, orany other Partc
the Line 4 ¢, by the fame Scale with which you lai
down the Lineé e.

But it is convenient to make the Stations & and ¢
at fuch a Diftance from one another, that the Anglc

al
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at the Point of Interfection may not be too Acute,
left you be not able to diftinguith nicely the Pom;
of Inmﬁ:&mn

~ If Fig. 25. was a Wood, fo that you could not
meafure the Station Lines within, you may as well
make them on the Outfide ; for the Plot will be
the fame, only the fmall Pieces of Ground between
the Station Lines and Boundaries are excluded by
the Boundaries from being any Part of the Plot.
Particular Directions in this Cafe are needlefs ; Jee
the Figure.

When you are about to meafure a Plot of Land,
and in doubt whether it will lie on one Sheet of Pa-
per, you may place a Line or two crofs the Plot, as
you walk aboutto chufe the moft convenient Sta-
tions (reckoning fo many Steps to a Chain, as you
find by Experience carries you a Chain’s Length)
and thereby guefs what Scale to make ufe of.

It is alfo convenient to make a particular Remark
at the firlt Station in each Field, that yvou may rea-
dily find ic when you come round to it again, inor-
der to clole the Plot.

Alfo as foon as you have drawn the Plot of a
Field, itis neceffary to write the Name fomewhere
in thc Middle thereof.

There is another Way of Plotting a Ficld by the
Plain Table (though {carce ficfor Practice) by mea-
furing one Line only, which in fhort is this :

- Plant the Table at a, Fig. 26. and dirett the
Sights to the feveral Angles round the Field, keeping
the Index clofe to the Point 4, and by the Edge
thereof draw a Line towards every Angle; then place
a Staff at'@, and plant the Table at the other Sta-
tion &, meafuring the Diftance between the two Sta-
tions, which Diftancefet on the Line 2 23 lay the In-
dex on the Line & @, and turn the Table about till
jlou fee the Mark at ¢, and fix there the In! °crumrint
Then
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Then lay the Index to the Point 2, and turn jt
about thercon, direéting the Sights to the feveral
Angles round the Pmld as before at 4, and towards
every one of them draw a Line, which will interfect
‘the Lines before drawn at @ ; fo fhall the Points of
Interfection determine the Place of all the Angles
round the Field, and Lines drawn from Point to
Point fhall give the Boundaries of that Field. -

- =1 But if you be notvery exa& and curious in dmﬁ-
ing the Lmes, and alfo if the Stations are not E.":rn..
trived in fuch Manner as may prevent the Linés i rn_
terfecting one another at very ‘acuté ﬁngifa, }mu
‘may ‘commit grofs Miftakes.

And here it “may be obferved in ‘this as w.:ﬂ as
any other Cafe of the like Nature, that all T‘hmns
‘that/are to be “determined by the Inretfe&ion of
'-ﬂght Lines, ‘are beft: determined ‘when thofe f[_,mes _
interfect each éther ‘neareft r‘ln'"ht “An g!t‘s Agd
therefore when Triangles‘aré lalti ‘ddwn from. one
“given Side, and the’ Length or Pofition of the other
two, and thele 'two make with éach “ocher 4 fmall
~Angle, it is difficult’to detérmine tLhe Point whcm
thﬂ'y mterfe& fo exa&ly as it {}Dﬂ"ht ‘Eﬁ bt %

o E Eyproatyiie ooy, 1 A

f Sbewwg ba-w fe::r mesfﬁﬂ‘f Hf{}' Pifc‘f‘f ?f Lﬂﬂ@ é}’
= - the C’bﬂm aﬂx_x’}' v 10

T HOS E Whﬂ are not pruvuled wuh,m:h;::in-
ftruments, may make a Shift to meafuré. a

‘Piece of Land. by the Chain oaly, after the follow-
: mﬁ: Manncr, thaugh it be Famt:what laborious- and
- tedious, | |

2

L
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. ] HET | 0odT

Let Fig. 22, repiefent a Field, whofe Content in Aeres
is defired without any Plst thereof. =~ 1

- Firft, Set up Marks (or upnght &tftks) at the
fevcralﬁnglesﬁ B,C, D, E, ¥, G, H, 1; and ob-
Aerve as you go alun betwixt whu:h &ng!cs it will
be moft convenient tﬂ s diagonal or bafe Line,
as the Line A E ; fo that a Perpendicular from the
_oppofite Angles as B and I, may fall upon this Dig-
_gonal or BHJE in a convenient. Manner :. And Note,
it is beft to make the Ba/z the longeft dmgﬂr;al Line
in‘a Trapezium. or the longeft Side of a Triangle;
for then the Perpcndicuiars will be thortet, which
_in this Method of Surveymg is'an Advantage, ;.
~ Having a Sheet of Paper in Readinefs, on which
_to draw an Eya—draught of the whole Work, make
- fome Mark near the ﬂngle at Ay.and lay the Chain
 thereto, ftretching it in a ftrait Line towards the.op-
" pofite Angle E; then draw a ftrait Line on  the
- Paper to reprefent the Lide A E, which you are
_about to meafure ; and pmcetd with the Cham to-
“ wards the Angle E. | i yord
When you have meafured 4 Chams on the Line
A E, you will perceive yourfelf almoft over-againft
the Angle B; therefore having laid the Chain a fifth
Time, fet down an Arrowat the End of the Chain
“ next E and let it lie on the Ground in the Direction
of AE ; then endeavouring to find a Point in the
Bafe A E from which a right Line drawn from the
-tAngle B, may ftand at rlght ﬁnglts upon, the Bafc
cAE
Fur this - Purpoﬁ: provide a fmall Br“l.ﬁ‘a Crc:ri's,
Lmth four plain Sights thereon, 'havinga Socket on
the Backfide, which put on the Head of a fhort Staff,
and fec the Staff in thf: Ground clofe to the Chain 3
then fet two of the Sights in the Direction of A E
o by looking backwards and forwards thruué,hsth;:rfc
' 1Z1LS
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Sights till you can fee the Mark'in each Angle A
and E ; fo (hall the Mark in the Angle B be feen
thrnugh the other two Sights, if the Staff be fetin a
Perpendicular from B ; ‘but if'not, moeve ‘the Staff
backwards and f{]f*wards y the Side of the Ch;lln,
in the Line AL, dll Ihmugh two of the Sighty’

fee A and E, and through the othér two thed k
at B'; then wﬂl the Staﬂ be fet'in the Pointe. ' ©7

But, if you have not fuch a.Crofs, geta F'u: of
Board made exaltly fquare, in form of a 4 Ltarq.:
‘Trencher, and from Corner- to Corner draw ftrait
Lines thereon ; then ftick a Pin faft and upright in
the Line near every Corner, and make an Hole ‘in
the Middle of the Board, fo that you'may turn it
on the Head of a'Staff ; th-s for once, ma;.r fupply
the Want of the Crofs.

Having found the Pointa in the Line' A B, there
fet down 4 Staff, and take Notice how fnan}' (,hams
and Links it is diftant from A, vz 418 ;''therefore
apply aSeale to'the right Line on your F}fe draught’
and near 418 ‘make 2 Mark ata ;' but you need nqi
regard whether’it be exact or not; 1o it be  wichid
go-or 30 Links, becaufe the true LcngchSﬂf car:ﬁ.
me are m-.a{ured on the Ground.

“Thén meafurs on the Ground, in a {’crau: Lmt,
z’he neareft Diftance berween ¢ and B 600 Linls, and
erect a Perpendmular on the Point ¢ on the' Pape:rr, as
near'as you can guefs, by applying the End'of a
Scale to the Line a-A ; and by the Edoe théreof
draw the Line ¢ B, fettmﬂ' clofe rh-.':rem 600 Links,
the Length of the Perpendmu}ar ; but you aeed
not regard whether the Line 4 B on the Paper be
made of its juft Length or not; but only that the
Form of thc Eye-draught m:iy be fomething 'like
that of the Field, a Rclumbl ance thereof being all
that is requifite in this Cafe.

* Next return to the Arrow, and meafure forwards
on the Line AL till you are near againft the An-

[ o
SJH
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gleI; and by a few Trials you will find the Poing
¢ at the Dxﬁance of 616 Links from A. Then mea-
fure the Perpendicular ¢ I, and fet the true Length
thereof 368, clofe to its Rtprtftntmwe on the Eye-
draught,

Now look towalds the Fencr:s A B and ﬁf
and becaufe they are ftrait Lines, draw B A, A,
on the Eye-draught, , fo is that Side of the. F'ejd
finifhed.

From ¢ pmc:f:ed with the Chain in a flrait L:H'Iﬁ F )
E, and you will find the whole Length from A to
'E to be 1345 Links : Then make that right Ling
on the Paper nearly the Length of 1375, and draw
the right Lines E B and E I, cutting the Ends of
the Perpendiculars ¢ Bandel: So fhail the greateft
Part of the Field be expreficd on the Pape;, by {hf;
Trapezium A B E I.

_ From E meafure in a ftrait Line tﬂwards C and
when you come:to s, meafure : the Perpandtcuiaf
4D 6o Links ; then s out the Line EC to
C 80e Links, and.draw the Sides £ D, D C, on
thE: Eye- dra.ught, to the Extremity of the Perpendi-
cula.r b D. Naw’numb&r the Angles round the Ficld,
and if you can fee the Marks at, eachy comparg
them '.lnth thofe on the Eye-draught, and.thereby
difcover what Part of the Field, you have alrcas;iy
mealured, and what remains to be dene. . - "oy,

10 thefame Manner as you meafured the Tri
E D C, meafure the Ttiangles EF G and G H 13
then:if there be fo many Angles expreffed on thie
Eye-draught,” as there are Marks at, each Angle
mund the, Field, and if the true Ltngr.h of ea.ch
Bafe and Perpendicular, as meafured in the Field,
be jexprefled on the Reprefentative -of the Eye-
draught, you may proceed to caft up the ’Wﬂrk. b

The fame Lines in the Field, Fig. 22. are meas
fured on the Land with the Cham, as we thould ‘l;a-. @

. ; ong
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‘done on the Paper, with the Scale; if the true Plot
of the fame Field had been firft made by the Plain
Table or other ftanding Inftrument; and therefore
muft be caft up in the fame Manner, for you have
the true Length of each Bafe and Perpendicular

iven on the Eye-draught : So the Sum of the two

Perpendiculars s B, and T, multiplied by the Bafe
‘A E ; alfo the Bafes and Perpendrt:UIars m"the other
“three Triangles multiplied together, thefe four Pro-
ducts added into one Sum, the Half thereof will
be the Content of the Field, Fig. 22, in fquare
Links, which reduce into Acres, &c. as direéted
in ‘SECE. 3.

This Method of meafuring a Field by the Chain
is only proper for plain, level Gn}und and {mall
" Enclofures : But even then, if the Fences are very .
irregular, it is better to go round and meafure the
“Angles ; taking Off-fets from the Station lines to
the Fences.

Indeed if the Fences be tolerably regular (but
~ there are many Fields, -whofe Sides are not fo ftraic
" as Pig. 22.) you may make a Plot thereof tolerably
well, by obferving at how many Chains and Links
the Perpendiculars join the Bafe of the Triangles or
- Trapezias, and eretting Lines on thofe Points per-
pendicular to the Bafe ; which bemg made of their
- true Lengths, as meafured on the Ground, theSides
- of the Field may be drawn from the Extremities of
" the Bafe to the End of each Perpendictlar. - “Alfo
obferve, if any of thefe Bafes be more than 10
Chains, leave a Staff at the tenth, and take the Di-
rection ‘of the Line by that Staff, becaule the Starion
will be at too great a Diftance ; and, if the Length
be 20, fet up another Staff, and fo on.

Or, you may make a Plot of the Field, Fig. 22.
without meafuringthe Perpendiculars, after the fol-
lowing Manner ; which Itake to be abetter Method
(at leaftin many Cafes) than the preceding,

E L. Mea-
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sants about him, we fhall have Objeftions enough
to induce any Perfon to make ufe of fitter lnﬂru-
ments.

L LT B N )
The Defeription of the Theodolite.

'H Ufe of furveying Inftruments, by what
Name foever they are called, is to meafure

horizontal Angles ; and for this Purpofe the fimpler
they are made the better, as being eafier managed,
and lefs liable to be outof Order : Befides the Plan
Table (whole Ufe is properly no more that what may
be performed by a Joint-Stool having an Index to
turn it upon, though may be not fo re*tdﬂy} {feveral
Kinds of Inftruments have been made for furveying ;
as the Semicircle, Perambulator, and fome others
with hard Names which I cannot at prefent recol-
lect ;3 but all thefe are contained either in the Theo-
dolite, or differ from it only in Name. Alfo the
Theodolite itfelf, notwithftanding the Simplicity of
that Inftrument in its own Nature, hath undergone
various Alterations, which ftill were called new Im-
provements : It would be needlefs to attempt enu-
merating all thefe ; it will be fufficient here to de-
fcribe fuch an Inftrument as may be moft fimple
and fit for Pratice.

The TuroporLiTE is 2 Circle of Brafs divided
into Degrees, which are all numbered one Way (and
commonly from the Left to the Right, fuppofing

yourfelf to ftand in the Center) to 360°, vide Fig.27.
An Angle cannot properly be fo great as 180 Deg,
But the Limb of the Theodolite is ‘umbered to 360,
that it may readily exprefs the Arch within® tlju.:
Field that reaches from any two adjacent Sides one
to the other ; by which Means the Diftinction of
E 3 what
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what is called in thefe Cafes external and internal
Angles is avoided. As at the Angle g Fig. 28. the
Arch, reaching between the two Sides forming that
Angle, contains within the Field 233 Degrees. I
have feen fome of thefe Inftruments of various Sizes,
from 4 Inches Diameter to 20 or24. But about
g or 10 Inches Diameter I take to be a good Size,
This is big enough for the Purpofe of Surveying,
and 1s likewife portable. Upon the Center of the
Inftrument is a moveable Index, having on the
Middle a Compafs Box, with a Needle of about 4 or 5
Inches in Length, which is covered with Glafs to
preferve it from being difturbed by the Air. Within
this Box is a Brafs Ring divided into Degrees, which
are always numbered the contrary Way to the De-
grees on the Limb of the Inftrument, The Index
reaches as far as the Divifions on the Limb, having
on the Fnd of it a fine Line to cut the faid Divi-
fions ; alfothe End of the Indexis ufually fo di-
‘vided as to point out on the Limb every Minute of
a Degree, which is near enough for the Purpofe of
Surveying. Sometimes there is a Linedrawn on the
oppolite End of the Index, which may ferve to exa-
mine the Inftrument by, and whether the Index
~ turns exally round the Center, Upon the Index
are ufually fixed two upright Plain Sights, like thofe
defcribed in Sefz: 2. Chap. 2. as belonging to the
Index of the Plain Table ; alfo underneath the In-
ftrument are fixed two other Sights, exaétly like the
former, at the Points of 360 and 180. But thefe
laft are needlefs ; alfo, inftead of Plain Sights, I
think it much better to have a Telefcope over the
Index, having in it a vertical Hair to cut the Ob-
ject.  The 'lﬂ]efcn e muft have fome Motion up
‘and down ; and it had beft turn upon an Axis fixed
atright Angles tait. Alfo in meafuring hilly Lands
it would be ufefu) to have an Arch with Degrees,
fhew ing the Elevation or Depreffion of the Index ;

' But

P ..
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But this ought to be done in as fimple a Manner as
pofiible, without embarrafling the Inftrument with
unneceflary Work.

The Index ought to move eafily and without
thaking ; alfo the whole Inftrument fhould be firm
and fteady.

The whole Inftrument is fixed upon a three-leg-
ged Staff, after the fame Mannerwith the Plain Ta-
ble : Alfo there is commonly (if not always) an-
nexed to it a Ball and Socket. The Head of the
Staff had beft be of Brafs, becaufe Wood is liable
to fink and fwell, and by that Means to fhake.
The Inftrument when it is ufed ought always to be
pretty nearly horizontal ; otherwile the Angles
meafured by it will not be true ; bur it is difficule
to judge when it lies in this Pofition, efpecially when
it ftands upon uneven Ground. Therefore fome
Kind of Level ought to be annexed to the Inftru-
ment; a fhort Plumb-line fixed properly under-
neath may do very well, for here no great Exactnefs
is required; or there may be two fhort Bubbles fixed
inthe Compafs-Box at right Angles to one another ;
but then there muft be fome other Methed for ad-
jufting the Inftrument, than by opening the Legs.
This may be done very well by what the Inftrument
Makers call a Rack ; but the two Plates, with a
Ball and Socket between them, fixed to the Head of
the Staff, is a better Way. = In the upper Plate are
four adjulting Screws, bearing upon the lower one,
by which the Inftrument may be readily braught to
its right Pofition.

The Inftrument ought to turn eafily upon the
Staff; and without fhaking, and alfo there ought to
be fome Contrivance to faften it readily in any Poli-
tion, without twifting it to one Side. . The common
Way of a Screw turning againft the middle Pin is
not a good Method, and by the new improved Way
(as it is called) of drawing it down upon a Cane,:a

E 4 fmall
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In working with the Theodolite we Dnly mea-
fure the Length of the Lines, and (.}yanuw of the
Angles in the Field, which wenote in a Field-Book
for that Purpofe ; and by thefe Direétions we may
draw the exalt Plan of the Land, which is called
Protratting.

Provide a Field-Book ruled with three Columns,
in the middle Column infert the Quantity of the
Angles, and Length of the Station Lines ; in the
outer Columns the Off-{ets from the Station Lines
to the Boundaries, and on each Side note the Re-
marks which you meet with in the Survey.

SRRV E T,

Shewing the Ufe of the Theodolite in meafuring a
Field, by mémg the RQuantity of the Angles

- which the Fences or Boundaries make with each
otber.

H E Theodolite, as before mentioned, is ufu-
, ally numbered on the Limb, from the Left to
the Right, and the Box from the Rlﬁht to the Left;
and therefore the Circuit is moft mnvﬂmently rnade
(according to the common Phrale) contra folem, 1. e.
with the Fences on the right Hand.

Let Fig. 28. _rtpreffnt a Field of which a Plot is
defired : Firft chufe fome convenient Place therein
to begin the Work, as at © « near the Corner of
the Field ; and fet up a Staff with a Mark thereon,
as a Piece of Paper, or a white Rag, fo that you
may plainly fee it at the next Station ; then lay the
Chain in a ftrait Line from & towards &, having firft
fet up a Staff at 4.

The Chain lying in this Dire&tion on the Ground,
meafure with the Off-fet Staff from © 4 the Diftance

. to
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to the Hedge 56 Links, and enter in the middle Co-
lumn of the Field-Book o, and in the right Hand
Column 56, denoting an Off-fet laid off from @ «,
56 Links to the right Hand of theStation Line.

Meafure forwards on the Station Line & 4, till
you come againft the next Bend in the Hedge, then
let the Chain lie on the Ground in a right Line be-
tween the Stations ¢ and &, and with the Off-fet
Staff umeafure the Diftance from the Chain to that
Bend in the Hedge 140 Links.

Take Notice at what Length of the Station Line
each Off-fet is laid off ; as here at the Length of 540
Links on the Station Lme I lay an Onfet of 140
Links ; therefore in the middle Cﬂlumn of the Field-
Book enter 540, and againft it in the Column on
the right Hand write 140 denoting that at the
Length of 5 Chains 40 Links, in the Station Line,
you laid an Off-fet to the right of 140 Links.

Alfo take Notice that thefe Off-fets are to be
meafured from the Station Line to the Hedge or
Boundary in fuch Manner that the Line reprefent-
ing the Off-fet may ftand at right Angles with the
Chain or Station Line,

. Here I would advife a young Beginner not only
to enter thefe Obfervations in the Field-Book, but
alfo on a Piece of wafte Paper to draw firft a Line
that fhall reprefent the prefent Station Line, and then
upon that to fer the Off-fets as he meafures them in
the Field, drawing the Boundaries as he goes along,
not regarding the Length of any Line ; a Refem-
blance of each Line being fufficient, becauf& the
true Lengths are entered in. the Field-Book : For
laying this Sketch before him, when he protracts
bis-Work, he will find it an ufeful Inftruction, in
drawing his Angles, and laying the Corners of the
Field in their true Pofition, with other little Difh-
culties to be met with in Praétice; but, when he is

ac-
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- accuftomed to a right Method of keeping the Ficld-
Book, this Tmuble may be fpared.

Now proceed to meafure on the Station Line to
the next Bend in the Hedge, and there take an Off-
fet at 8 Chains 26 Links ; therefore againft 826 in
the middle Column of the Field-Book write, in the
next Column on the Right, 36 Links the Length
of the Off-fet.

The Hedge continuing ftrait to © 2, meafure u
thereto, and enter the Length in the Field-Book
1120, and meafure the Diftance to the Hedge 36 -
Links, which enter in the Column of Off-fets againft
1120, and draw a Line crofs the Field-Book,

Now remove the Staff from &, and caufe it to be
fet up in a convenient Place, as at ¢ 5 then plant the
Center of the Theodolite exactly over the Hole, in
which the Staff ftood at 4, (by the Help of a String
and Plummet, which you may faften under the
Middle of the Inftrument) making the three-legged
Staff which fupports the Inftrument to ftand irm
on the Ground. Then bring the Index to 360 on
the Limb, and turn the whole Inftrument about till
the Hair in the Sights cuts the Staff at ¢, and there
ficrew it faft that the Motion of the Index may not
caufe it to ftir from this Pofition 3 then turn the In-
dex about till the Hair in the Telefcope cuts the
Staff at ¢, fo fhall the Index on the LLimb thew the
Quantity of the Angle 4 & ¢, viz. 102 Deg. 20 Min.
which note in the Field-Book.

Now, that you may be {ure you meafured this
Angle right, turn the Telefcope back to the Staff
at @, and, if the Hair cuts it, you are right ; other-
wife not.

Having meafured this Angle, let the Staff be
brought from e, and place it'in the Hole, over
which the Center of the Inftrument ftood at 4 ; but
leave fome Mark at @, that you may find it again

when you come round the Field to clofe the Plot

La}r
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Lay the Chain from 4 towards ¢; and at ® meafure
the Off-fet to the Hedge 20 Links; at 236 in the
Station Line, lay the Off-fet 36; at 428 in the

Station Line, the Off-fetis g2; and at%¢6 the End

of the Line, the Off-fet is 30 to the Corner ; there-
fore againft 30 in the Column of Off-fets write
Corner, denoting that the Off-fet laid "off at right
Angles from the Station Line reached the Corner of
the Hedge.

Place the Inftrumentat ¢, and as before directed,
meafure the Angle b¢d 110 Deg. 40 Min. which
note in the Field-Book for the Quantity of the An-
gle at c.

When you have meafured the Angles, and made
the neceflary Obfervations at each Station, draw
a Line crofs the Field-Book, as you will fee in the
Form thereof ; alfo take Notice, that the Minutes
are eftimated by the Help of Noaus’s Invention,
which cannot be fo well defcribed as by the Sight
of the Inftrument ; only this may be faid, that we
can thereby eftimate the Quantity of an Angle to 1
Minute, which is as exact as they can be laid down
on Paper by the Protractor.

Bring the Staff from 2, and fet it as upright as
you can at ¢ ; allo fend another forwards tod ; then
meafure on the Line ¢/, and lay the Off-fet to the
Corner at 434, againft which Off-fet write Corner
in the Field-Book ; then meafure up to d, entering
the Length 468 in the Field-Book.

Flant the Inftrument at 4, and bring the Index
to 360 op the Limb ; then turn it about till the
Hair in the Telefcope cuts the Staff'at ¢, and there
fix the Inftrument ; then dire the Telefcope to e,
and note the Quantity of the Angle at 4, which the
Index cuts on the Limb, viz. 230 Deg. 50 Min.
which accordingly note in the Field-Book.

In the fame Manner proceed with the reft of the
Lines and Angles round the Field, till you come to

Station

B
.
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Beginners, 'it ' thould be numbered intc 260 Deg..
the fame Way with the Limb of the Theodolite ¢
only with this Difference; that the Numbers upor the
Protrador, thould. ftand {o as to be read from the
Center. Sometimes 1n the middle Bar isa Shit about
an *Inch long, having onc Edge z lictle {loping ;
this [idge is divided tnto 12 Pares, each of whick
ftands for 5 Min.  The Foint denoting 6 Min. is in
-the Diameter pafling through o or 360 Deg.and 180
Deg. - A Line pafling from the Center through the
Point denoting 60 Min. upon the faid Edge makeg
an 2 with the Diameter of 1 Deg. {o that if the Center
of the Protractor be put to a Point in a given Line;
and the Inftyument be tuined about its Center, until
5’5 10, 15/, 20’, 30, or 40’, &c. cut the faid Lineg
the Diameter of the Protractor will accerdingly form
therewith the Angles 5”, 10, 15/, 2o, or 3/, &5e
refpectively ; then the whole Degrees may be pricked
off by the Limb. Thus, if I was to make anz of 52°
35’ : Having put the Center of the Protraétor to the
angular Point; I turn the Protractor about till 35
Min. cuts the given Line, thenI will make a Prick
or: Point in the Paper exactly againft 52 Deg. a Line
drawn through this Point will forin, with the given
Line, thezrequired. Thefe Inftruments, I think,
are called by the Makers Diggenal Protradiors ; but
I believe they are feldom uled by practical -Sur-
veyors, becaufe the Operation by them is fomewhat
tedious. |

Inftead of the common Scales, you may have oné
divided all the Way at the Fdge, like that in the
Frontifpiece. This is ufeful and expeditious, efpe-
cially for finding the Points in the Station Lines
where the Off-fets come. If your Protratter is a
-Semi-circle, you may have fuch a Scale cut on the

outward Edge of the diametrical Bar.
Provide a Skin of Parchment, if the Plot is de-
fired to be on Parchment, according to the Large-
| o | nefd
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nefs of the Work you are about to lay down ; or if
on Paper, let it be large enough to hold all yeur
Work ; the {trong Cartridge Paper for this Purpofe
is accounted beft by fome Surveyors.

- Having confidered which Way the Plot will ex-
tenid, draw an obfcure Line on the Paper to repre-
fent the firft Station Line, and mark the End there-
of with® a (Fig. 28.) {o fhall that Point reprefent
the firft Station in the Field : Lay the Edge of your
Plotting-Scale clofe to this obfcure Line, the Be-
ginning of the Numbers coinciding with ® 4, and
encrealing towards the next Sration ; then lay the
Field Book open before you, and becaufe the Off-
{fets in the firft Length are taken at the Diftances
0, 5490, 826, 1120 ; therefore againft thefe Num-
bers on the Scale, make Marks in the obfcure Line,
clofe to the Edge of the Scale.

This done, turn the Scale perpendicular to the
obfcure Line, fo that the feveral Off-fets may ftand
thereon at right Angles as aforefaid 5 and apply-it
fucceffively to thefe feveral Points, and there prick
off the Length of the feveral Off-fets on the fame
Side of the obfcure Line as noted in the Field-Book;
{o at @ prick off 56 ; at 540, the next Length, prick
off 1403 at the next Point, which is at the Length
‘826, prick off 36 ; and at 1120, the End of the
‘Line, prick off 36 ; or thefe Off-fets may be taken
with the Compafies,from a common Scale.

Now if L.ines are drawn from Point to Point,
they fhall reprefent the Boundaries of this Side of the
Field; and becaufe the Hedges, efpecially in old
Inclofures, are generally in the Form of a Curve ra-
ther than ftrait Lines ; therefore if you draw the
Boundaries from Point to Point with a Quill Pen
“with your Hand only, they will be more naturally
“expreffed, than if you lay a ftrait Ruler from Point
to Point, (except the Diftances are very long, or
you take'a Multitude of Off-fets;) andto be exadt,

tis



Se&. 3. = Tke Prattical Surveyor. 67

’tis fometimes neceflary to exprefs the Nature of

thefe little Irregularities in the Fences, by a Sketch

on one Side of the Field-Book.

" The Length of the firft Station Line being1 1204
mark that Diftance from ¢4, withe s ; and let

the obfcure Line be produced each Way as long as

the Radius of the Protractor.

Lay the Center of the Protractor to the Point
@ b, and turn it about thereon, till the Diameter
lies on the Linea &, the Beginning of the Numbers
on the Protractor being laid towards@a, contrary
to the Theodolite in the Field.

Hold the Protra&or clofe down to the Papf:r in
this Pofition, and becaufe the Angle at 4 is 102
Deg. 20 Min. therefore with a prﬂtra&mg Pin or
Needle, make a Mark agamft 102 Deg. 20 Min.
clofe to the Limb of the Protractor, through which
Mark from &, draw the obfcure Line & c.

So is the Station Line & ¢, laid down in the fame
Direétion as in the Field, and the Angle ¢ 2 the
fame.

Lay the Plotting-Scale to the obfcure Line & ¢
the Beginning of the Numbers coinciding with the
prefent Station, and the Numbers encrealing towards
‘the next; then clofe to the Edge thereof, againit o,
236, 428, 796, the Lengths where the Off-fets were
taken, make Marks with the protratting Pin ; and
turn the Scale perpendicular to the obfcure Line,
and prick off the feveral Off-fets, 20, 36, 92, 30.

And now if Lines are continued from the Fences
before drawn to thefe Off-fets, they fhall reprefent
the Boundaries on this Side of the Flr:]d

The Off-fet at the End of the fecond Station Line,
at ¢, reaches into the Corner ; but thofe at & muft
be continued till they meet one another, and this
might be exprefled in the Field-Book or Sketch,
that you may, not miftake the Corner of the Field.

F 2 !Lay
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Lay the Center of the Protraétor to ¢, the Dia-
meter bemg held clofe to the Line b, and againft
110 Deg. 40 Min. on the Limb of the Protrattor,
make a Mark, through which draw the Line ¢ 4.

At the Length 434, in this Line lay the Off-fet

30 Links, to which continue the Boundaries before
drawn s {o is this Side of the Field finifhed.

Note, The nextzat d being 230° 50/, fubtraét
this Number from 360, and note the Remainder

29° 10’3 then turn the Protraltor the contrary
Way, wiz. fo that the Arch may be to the outfide of
the held and counting from ¢, make a Point at
229° 1/, thrmlrrh which Point draw the Line de.

Or if the Protwra&or be numbered to 360, on a
Circle concentric to the outwatrd Circle, and the
Numbers on both encreafe the fame Way, (as the
Limb of the Theodolite) then, the Protractor being

turned reverfely as above, the Angle 230 Deg. 50
Min. may be pncked off from the inner Circle.

But if you ufe a circular Protrattor, it may be
laid always one Way, viz. the Beginning of the
Numbers towards the laft Station, contrary to the
‘Theodolite in the Field ; and this in my Opinion is
the beft Way

But if you ufe a (emicircular Protractor, obferve
to lay the Diameter on that Line which brought you
to the prefent Station ; and to lay the Beginning of
the Degrees of the Protraétor towards the laft Sra-
tion when the Angleis lefs than 180 Degrees; but
the contrary Way when the Angle is more.

Soatd lay the Diameter of the Protraftor on the
Line cd, the Beginning of the Numbers being laid
the contrary Way toc; and againft 230 Deg. 50
Min. on the inner Circle of the Protrator, make a
Mark, through which draw the Line de.

In the {ame Manner lay down the Angle at e, and
draw-the Lire ¢f, continuing the Boundaries as be-
fore directed.

R "-.",'!';jn,
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- When you have marked the Angle at f, let the
‘Protraftor lie in the fame Pofition, and make a |
‘Mark againft 38 Deg. 30 Miz. as noted in the Field-
Book for the Bear.ng of the T'ree from that Station,
and through that Mark draw an obfcure Line
Afrom /.

Do the fame at g, continuing the obfcure Line
from thence till it crofies that drawn from f, fo fhall
the Interfection of thefe two Lines determine the
“Situation of the Tree in the Middle of the Field.

In the fame Manner may any other inacceffible
Diftance be ineafured by the Theodolite.

When you have marked the Angle at g, and
drawn the Line g o, it will cut thmugh the Point 4,
and the Length of the Line g 4 will be the fame as
that noted in the Field-Book, which proves the
Plot to be truly laid down. But if the laft Line
had not pafied through @, or was not of the fame
Length on the Papu as that noted in the Field-
Book, fome Error muft have been committed in
the Kield, or in Protracting.

0T B e 4t 8

How to meafure Angles by the Chain.

O R this Purpofe provide three round Station-
Staffs fouror five Feet long a-apiece; and alfo
take Care that the Ring in the Middle of the Chain,
and alfo thofe at each tenth Link, be at their due
Dlﬁant‘c from the Chain’s End
. In order to meafure the Angled o ¢, Fig. 29.
fet one of your Station-Staffs as upright as you can
at o ; and puiting the Ring at one End of the Chain
gver it, letone of your Afliftants take the other End
| F 3 in
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in his Hand, and ftretch out the Chain towards d ;
whillt you ftanding at o, direct him to move fide-
ways til] the Station-Staff which he has in his Hand,
be brought into one right Line with g, d, as at’ a
and there let him leave the Staff.

Then let him with the End of the Cham in his
Hand, move towards ¢y and, as before, direct h:m
to plant the third Staff uprt-:rht in the Line o ¢, at .

Meafure the Diflance 2 4 in Links and tenth Parts,
if lefs than one Chain, and enter them in the Field-
Book 884.

Whcn you plot this Angle, take with a Pair of
Campa{’es from a large Scale, the Diftance of one
Chain ; and having drawn a Right Line 4 o, fet one
Foort of the Compafies in o, and with the other de-
{eribe an Arch a ¢ 5 then from the fame Scale take
881 Links ; and fetting one Foot of the Compafies
at @, let the other fall in the Arch 2 ¢, and make a
Mark at &: Laftly, through this Mark, from o
draw the Line 0 ¢, conftituting the Angle 4 o ¢.

Obferve to plot your Angles by a large Scale, as
an Inch, or two Inches, and the Length of the Sides
by a {maller, as 2 Quarrer oy half an Inch: Alfo
obferve, that when the Length of the Chord a4 is
longer than one Chain, thenit is beft to Jay out a
Sextant, or two Sextants, in the following Manner

The Manner of meafuring Angles with the Chain,
by laying off Sextants, is deduced from this knnwn
Property of the Circle; wiz. The Radius of every
Czrcfe is equat to the Chord of one fixth Pr.zr! (or a Sex-

tant) of its Peripbery.

2. Let it be required to meafure the Angle 4 4,
Fig. 30: Firft, fet up a Staff at ¢, and lay the
Cham ftrait in the Direction of 2 4 to 4, and at 50
Links fet down an Arrow at ¢ ; then let your ﬂ{'
fiftants hold the Ends of the Chain at o, :mcli ]‘R

Will
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whilft you with the Middle in your Hand, ftretch-
ing both Halves ftrait, fet down an Arrow at e,
conftituting the equilateral Triangle o g ¢ 3 fo have
you laid out the Anglé o 2 ¢, a Sextant.

But if you have two Chains, you may (which is
better) lay out the Sextants, {fo that each Side of
the equilateral Triangie be one Chain.

Now the Chain’s End being ftill held at ¢, ftretch
it through the Point ¢ #o 4, where alfo fet down an
Arrow : Laftly, meafure the Diftance from the Ar-
row at 4, to a Staff fet up one Chain’s Length from
a at #; fothall the Diftance 4 # be 76 Links, and
four Tenths of a Link ; therefore enter in the
Field-Book 1°. 764". implying 1 Sextant and 764
Parts, | |

In order to plot this Angle b 2 ¢ thus meafured,
chufe fome Line divided into 1000 Parts, and ma-
king this Line Radius, fet one Foot of the Com-
pafles in 4, and with the other defcribe the Archiz;
the Compafies continuing at the fame Extent, fet
one Foot in 7, and with the other crofs the Arch "at
d, and there make a Mark. T

Then take 764 Parts from the fame Line, di-
vided into 1000 Parts, which you make Radius ;
and fetring one Foot of the Compafies in the Mark
at d, let the other crofs the Arch at #, and there
makea Mark : Laftly, from a4, draw a Line thro’
the Mark at #, and you will conftruct the Angle
required.
~ If you have not a Line (which is beft) actually
divided into 1000 Parts, ufe the largeft diagonal
Scale you have ; fo you may take off ;6 Parts ex-
actly 5 and the four Tenths you muft guefs at by
moving the Compafles near half Way in the Diago-
nal towards 74 ; alfo obferve, the 1oth of a Link
is meafured on the Land by the Off-fet Sraff, hav-
ing a Link or two thercon, divided into ten Parts,

F 4 3. If
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3. If the Angle be more than two Sexran;s, 5 m
Fig. 31 ; then having, as “before, laid off the Sex-
pant ¢ 0 o, let your Affiftants hold the Ends of the
Chain at'a and ¢, while you with the Middle in- your
Hand, fec dowh an_ Arrow. atx, Cﬂﬁﬁl[ﬂ[m"ﬂ' ano-
ther Sextant ¢4 .

Then the Chain bejng hf:]d at g, lay._ it through
%, and at_the otht:r End d fer .down an. ﬁrrﬂw :
Laftly, meafure d 4, which fuppofeto be 42 Links
and 5 Renthy . therefore enter in the Field- Bmk .

2', 425", fignifying 2 Sextants and 425 Parts. .

" If you would protract the Angle of Fig, 314

with the Length of the Llnp dividifd‘mtu 1000
arts, defcride the Arch 7y, and thercﬂn lay inmnd,

each equal to the Radiusor divided Line ; and af—

terwards lay 42 5 equal. Parts from 4 to #, arrd draw

a 4 ; which gives the ﬂnglc required.

‘ Obﬁ:rve, if you were about to meafure the An-
le, Fig. 31. and had fet up one of your three Staffs
where the Station-Lines meet in the angular Poing

a, another at zg and the other at #, in the Lines ab,

a ¢; before you proceed to meafure the Ang}e iauy,

you muft be fure that the Staffs at a, 7, and & are

ﬂxa&ly in the fame ﬂ:ralt Line 3 and alfo the.Staffs
at 4, u, and the Mark at ¢, in another ftrait Line,

So when the Staff at ¢ is planted as nearly per-
pendicular as you can, move yourfelf backwards ;
the farther the better, - till you fee the Staff at a,
and that at 7, in one ftrait Line with the Mark at
b ; there ft.;md and direct your Affiftant to place
his Staff, fo that the Staff at. ¢ exadtly cover that
at i, from the Top to the Bottom.

Note, You muit take Care that the Staffs are up-
p-:rht, fo as to lie in the fame Planr:

. 1f an Angle be external, and fo contain more
than three Sextants, a5 4 2 ¢, Fig. 32. put the ng, at
Ehlf.‘. End Gf the Cham over the Staf" at a, and taking

Ehf.‘
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the other End in your Hand, ftretch out the Chain
-at length towards. d, and move f(ideways, till you
perceive yourfelf in'a Right-Line with ¢ 4, and
there at the End of the Chain fet down an Arrow
at d, fo that 4, @, & are in the fame right Line ;
;hcn fet down the other Staff at ¢, at the End of
one Chain alfo ; fo that the Staffs at 2 and ¢ be in
the fame Plane with the Mark ate. Now meafure
the Angle 4 a ¢, in the {fame Manner as aforefaid,

and ro it add the Sextant s, fo will the Sum be the
Meafure of the external Angle d a c.

Soif the Angle d 2 ¢, be 947, then will the ex-
ternal Angle b a ¢, be 3 Sextants, g4 Parts; and
1f the Angle da ¢, be 1’. 947, th::n b a ¢ will be 4°,
947, &c.
~ When you protract the external Angle bae, firft
continue the Line g a; then from the Angle fub-
tract 3 Sextants, ‘and make the Anglc d ae, equal
to the Remaindecr. :
~ But if you go on the Outfide of a Field o Wooed,
you may then work as though you were within the
‘Wood, by meafuring the Angle vertically oppofite
to thofe that are internal : So in Fig. 33. if you
meafure the Angle 0 a %, inftead of 4 a¢, it will do
your Bufinefs ‘when you come to protialt, as well
as if you had meafured & ¢ on the Infide ; for, if
two nght Lines crofs one another, the cnntrary or
vertical Angles are equal. FEuclid, 15. 1.

Angles meafured by the Chain, may bc laid down
by a Protractor made on Purpofe, having Sextants
and Links divided thereon ; and then to be ufed in
the {fame Manner as other Pmtra&urs

~ The Manner of keeping the Field- Book, isin all
Refpects the {fame as that ufed in the 2d SeZ. of this
C,bap except that when the Angles are meafured by
the Theodolite, you note the Quantity of each by
Denrees and Minutes : In this Cafe, when mealured

by ‘the Chain, you note the annn:ty by Sextants
and Parts. So
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So if you were to meafure the Field, Fig. 28. by
the Chain; inftead of noting 102° 20’, for the
Quantity of the Angle 4, you mufl note 1 Sextant
234 Parts 5 and inftead of 2 30° 50, for the external
Anu]e d, you mult note 3 Sextants, 886 Parts ;
but the Station Lines, Off-fets, &c. will fill be
the fame.

There are other Ways of working with the Chain ;
burt thefe bcfnre mentioned are the beft and exa&eit,
and contain as much Variety as any one will com-
monly put in Practice : You may alfo thereby mea-
fure an 1inacceflible Diftance, and do feveral other
Things ;5 but thefe are only for a Shift, when we
have no other Infiruments © And the fame may be
faid of meafuring Angles,

i R S L
Of the C frmmﬁrmfﬂr.

T H E Circumferentor is only a Compafs-Box
and Needle, havmn' two plain Sights perpen-
dicular in the meridian Line of the Box ; or, in-
ftead " of the plain Sights, a Telefcope may be
mounted over the Box, {o that it may be elevated
or deprefled to an Object as there fhall be Occafion.
This Inftrument is fupported by a three-legged Staff,
like the Theodolite and the Plain Table. If the
Index of the Theodolite be taken off, and fitted to
a three-legged Staff, it will then be a perfet Cir-
cumferentor: So that he who hath the former of
thefe Inftruments, hath the other alfo contained in
1t. .
In furveying Harbours, Sea-coafts, Counties or
large Commons, where the Lines are very long;
or thtck overgrown Woods, where we may be
torced to make a Multitude of Angles, and the Sight
of the two Lines conftrudting the Angle, may be
hindred
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hindred by the Bruth or Underwood ; in thefe and
{uch Cafes, where no great Exactnefs is required,
the Angles may be meafured by the Needle only ;
and this Method, it muft be owned, is very expedi-
tious, becaufe the Trouble of obferving the back
Stations is faved. Yet in furveying Lordfhips, In-
clofures, or plain Pafture Land, (a fmall Piece of
which got or loft is of a confiderable Value, and
each particular Field ought to clofe exattly ) the An-
gles are,without doubt, more furely meafured by the
L.imb of the Theodolite ; becaufe the Degrees in
the Box cannot be {o nearly eftimated, and the
Needle is liable to be drawn afide by fome hidden
magnetic Power.

The Pofition or Bearing of a Line obferved by
the Needle is exprefied by fuch a Number of Degrees
and Minutes as it is diftant from, or Quantity of the
Angle, which that Line makes with the Meridian.

It a Perfon wholly unacquainted with the Ufe of
this Inftrument, will take the Pains to try this fol-
lowing Method, it may be an Help to conceive the
Manner of ufing it in the Field. '

Upon a Sheet of Paper let there be drawn right
Lines parallel one to another at any Diftance, and
upon a Table let there be fixed a Pin with a Point
upwards ; let the Pin fo fixed be run through one
of the Lines on the Paper ; upon the Point of the
Pin, let there be put a magnetic Needle, and let it
traverfe about till it refts of itfelf; then turn the
Paper about on the Table till the Needle hangs di-
rectly over the Line, in whijch the Pin is placed,
which is difcovered by fixing the Eye over its Cen-
ter ; then with fealing Wax faften the Paper to the
Table by the four Corners ; fo may the Paper be
fuppofed to reprefent the Surface of the Earth, and
the Lines the magnetic Meridian, (which mark at
the Top with North, and at the Bottom with South. )

If
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If the Pin be removed into any other of the
Lines, and the Needle be made to traverfe thereon,
it will, when at reft, hang direttly over the Line
in which the Pin is placed, if the faid Line be drawn
parallel to the firft Lire, over which the Needle
hung when the Paper was fixed.

The Needle then points always to, or lies in the
Direction of the Meridian, by virtueof the magne-
tic Power 3 {o if I had faftened to the Table a Sheet
of blank Paper, and had laid a Ruler in the fame
Diretion with the Needle when at reft, and had
drawn a meridian Line, and then removed the Nee-
dle to another Part of the blank Paper, and drawn
another fuch a Line by the Direction of the Needle,
that Line would have been parallel to the former.

_ When we take an Angle in the Field by the Nee-

dle, the meridian Line is always one Side of the An-
gle and the Hedge, Wall or Fence along which
the Telefcope is directed, is the other Side of the
Angle, and they are fuppofed to meet at the Center
of the Inftrument.

Set one Foot of a Pair of Compafies in fome one
of the Meridians on the Paper, and defcribe a Cir-
cle, then the faid meridian Line is its Diameter :
Divide this Circle into 360 Degrees, which is eafily
done by the Protractor, and let the Numbers begin
at N. or North, and encreafe to the left, towards E.
of Batl, s~
- Then this Circle reprefents the Box of the Inftru-
ment in the Field, and the Line N, S. reprefents
the Needle.

From the Center of the Circle, draw a long Line
any Way at Pleafure, and let this Line rz:preit:nt an
Hedgt or Station-Line in the Field ; and to find its
Bearing or Angle that it makes wu:h the Meridian,
look what Degree, &c. it cuts on the Circle ; and
that will be thr: Qjanmj’ of the Angle or Bearing

fmm the Meridian.
Se
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- So the Needle ufed in the Field points out the
magnetic Meridian, and the Divifions jn the Bogx
moved under it meafure the Angle, that any Line
in the Pield makes with that Meridian.

The Box of the Circumferentor is commonly
numbered from the right to the left ; the Numbers
beginning at N. or North, which is marked alfo
with a Flower-de-luce, encreafing towards E. or
Eaft ; and the Diretion is to be taken from the
North End of the Needle.

The Ufe of the Circumferentor in Surveying Land.

- Let it be required to obferve the Bearing of the
{feveral Station-Lines which incompafs the Wood,
Fig: 34. e

»  Firft plant the Circumferentor at fome convenient

Station, as at @ ; the Flower-de-luce in the Box be-
ing from you, direct the Sights to a Mark at the
next Station &, and note the Divifion which the
North End of the Needle points to in the Box when
at reft, which is 260 Deg, 30 Min. therefore note
this Number 260 Deg. 30 Min. in the Field-Book,
for the Bearing of the Line « /.

Obferving former Diretions for removing the
Theodolite from one Station to another, and mea-
furing the Station-L.ines and Off-fets from thence to
the Boundaries as you pafs along the Station-Lines,
let the Inftrument be removed from 4, and planted
at b, the next Station 3 then keeping the Flower-de-~
luce in the Box from you, turn the Inftrument
abourt till the Hair in the Sights cuts a Mark at the.
next Station ¢ ; then will the North End of the
Needle point to 292 Deg. 12 Min. which nete in the.
Field-Book for the Bearing of the Line&c.

- The Inftrument being planted at ¢, and the Sights
diretted to d, the Bearing of that Line ¢4 will be
331 Dep. 45 Min,

In
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In the fame Manner proceed to take the Bearing
of other Lines round the Woced, obferving this ge-
neral Rule, viz. Keep the Flower-de-luce in the Box

from you, and take the Bearing of each Line from the

North End of the Needle.

The Numbers in the Card of fome of thefe Cir-
cumferentors are made to encreafe towards the right,
but that before-mentioned is beft ; for when you
turn your Inftrument to the Eaftward, the Needle
will hang over ‘the Weltward Divifion on the con-
trary Side.

Inftead of planting the Circumferentor at every
Station in the Field, the Bzarings of the feveral Lines
may be taken if it be planted only at every other
Station. ; '

So if the Inftrument had been planted at 4, and
the Flower-de-luce in the Box kept towards you
when you look back to the Station «, and from you
when you look forwards to the Station ¢, the Bear-
ings of the Lines 2 4, and &4 ¢, would be the fame as
before obferved : Alfo the Bearings of the Lines ¢ 4,
and d ¢, might be obferved at d; ande f, and fa,
atf ; fo that inftead of planting the Inftrument 6
Times, you need in this Cafe plant it but 3 Times,
which faves fome Labour.

But fince you muft go along every Station-Line,
to meafure it or fee it meafured, the Trouble of fet-
ting down the Inftrumentis not very great, and then
alfo you may examine the Bearing of each Line as
you go along ; and if you fufpect an Error in the
Work by the Needle’s being ated upon by fome
hidden magpnetic Power, or from your own Miftake,
in obferving the Degrees that the Needle points to,
you may correct fuch Error at the next Station be-
fore you proceed.

As when the Inftrument was planted at 2, and
the Sights directed to 4, the Flower-de-luce from

you,

¥ ! -
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You, the North End of the Needle pointed to 260
Deg. 30" Min. now being come to 4, direct the Sight
back to a Mark at 4, keeping the Flower-de: luce
towards you : So fhall the North End of the Needle
point to 260 Deg. 30 Min. as before at 4, and then
you may be fure the Bearing of the Line a & is truly
obferved.

But if the Needle doth not point to the fame
Number of Degrees, &c. there hath been fome Er-
ror in that Obfervation, which muft be correéted
before you proceed.

If you have a Sufpicion that the Needle doth not
play well, when the Inftrument is planted at any
Station, as at 2, direct the Sights to the Mark at b,
and note the Degrees, {J¢. pointed at by the Nee-
dle in a Piece of walte Paper; then with a clean
Knife, Key, or any Bitof polifhed Steel, move the
Needle by applyingit to the Box, and examine when
it hath fettled again what Degrees it then points at,
the Sights being ftill directed to the preceding Mark
at b ; and if the Degrees are thefame, they may be
entered in the Field-Book ; butif not, the Cap and
Pin muft be cleanfed with fome brown Paper and a
little Putty, and thereby freed from fuch Duft or
Dampnefs that hath gotten to it. If after all the
Needle does not play freely, place in the Box ano-
ther Pin, or ufe another Needle, or do both, and
thefe Neceffaries a Surveyor ought to have in his
Pocket while he is in the Field.

If you would meafure the Quantity of any Angle
by the Needle, place the Inftrument at the angular.
Point, and take the Bearing of the two Lines con-
ftructing that Angle, and {ubtracting the leffer out
of the greater, the Remainder is the Quantity of
that Angle, if lefs than 180 Degrees 3 but if the
Remainder is greater than 180 Degrees, “fubtratt it
out of 360 Degrees, and that laft Remainder is the
Angle. | -

The
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“traétor, lay the Diameter upon, or parallel to thofe

North and South Lines; the Beginning of the
Numbers on the Protrattor towards that Part of
the Line marked with N. or Northwards, when the
Degrees are fewer than 180, but Southwards when
more : The Protrattor being thus placed, look in
the Field-Book for the Br::armfr of th{f firt L”IE a by
which is 260 Dep. 30 Min. therefore with ‘the Bea
gmnmg of the Numbers on the Protractor tcwards
Jiclofe to the Limb againft 260 Dez 306 Min. make
a Mark ; and through that Mark imm an affigned
Point at ¢, drawa Line ¢ 4, on which Line fet 12
Chains 42 Links, as noted in the Field Book.

.So will the Line ¢ 4, on the Paper, have a Bear-
ing like to that which you obferved the Line &
to have in the Field, in refpeét to the Meridian :
But the Protrdctor, to lay down thefe Obfervations,

‘muft be numbered contrary to the Box of the Cir-
cumferentor ; and if it be a Semicirtle it muft be
numbered, firft to 180, and then on the inner Cir=
cle, whefe Numbers muft increafe the fame Way as
the outer Circle to 360 ; the Bearings greater than
180 are pricked off from this inner Circle, and the
Beginning of the Numbers muft be laid Northwird
or Southward as the Degrees of Bearing are lefs or
mofte than 180. If your Protrattor be a whole Cir-
cle, the Beginning of the Numbers may be kept
~ always one Way, as the Numbersof the Circumfe-

rentors were in the Field ; but the Diameter muft
bedlways laid upon a Parallel to the Meridian Lines,
ind may be marked with N. S. at the Ends as a
Direttion to keep it 1n its true Pofition.

Having made the Line @ & of its true Length and
Pofition, the next Thmg to be done is to lay the Off-
fets therefrom, which gives the Boundary of that
Side of the Wood, Fig. 34.

Lay the Center of the Protraétor to the Point &,
and. becaufe the Bearing of the Line & ¢ is more than

G 180
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180; lay the Beginning of the Numbers of the
Sf‘.:t'l'll circular Prutra&ur towards S ; and againft
292 Deg. 12 Min. make a Mark, thruugh which
Mark from &, draw the Line & ¢, fetting the Off-
fets therefrom, and draw the Boundary of that Side
of the Wood. : ,

In the fame Manner lay down the other Lines
cd, de,ef, and f a; fo will the Linef z cut thro’
the Point 4, and be of the fame Length on the
Plot as that meafured in the Field, if the Obferva-
tions be truly made.

Then if you drew the Station-Lines, and Off-
fets, with a black-lead Pencil, and the Boundaries
with [nk, you may witha Piece of Bread rub off
thofe LII'IES._. fo fhall the Boundaries of the Wood
only remain, which gives the exat Figure thereof.

5AE. G 5 Vi

The Manner of cafting up the [mall irregular
. Pieces of Ground, *wbrfb lie  between the
Station-Lines and Hedges.

T very rarely happens that the Sides of a Field
are all ftrait Lines, and therefore any Method for
meafuring them from one or mere Stations in the
Middle, can feldom be put in Pratice ; the beft
Way being to go round, and meafure the feveral
Angles from Stations near the Boundaries, buc at
{uch a Diftance from thence that we may fee ciearly
from one Station to another, and have plain Ground
to meafure the Diftances free from the Incumb:ance
of Bruthwood, Trees, (Je. So thali the gieateft
Quantity of l:he Land be included between the regu-
lar Station-Lines, which is caft up as before dhu_t-
ed, by dividing [hE fameinto the largelt Trapezias
and Triangles puﬁiblea and mt:ai'uring the Bales
and
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and Perpendiculars by ‘the fame Scale that the Plog
was laid down by,

Butin order to caft up the fmall irregular Pieces
comprehended between the Station-Lines and Boun-
daries ; if you reduce them inro Triangles, (¢, as
they will be a great many in Number, fo you
commit very confiderable Errors in laying of themt
down firft, and taking them off afterwards, efpe-
cially if the Scale you protract by be very {mall.
For the Removal of this Inconveniencey I fhall here
fhew 2 Way whereby you may caft up thefe {mall
Quantities, however fmall the Scale may be, as ex-
actly as any of the greater Partsof the Field.

Suppole the fmall irregular Pieces between thé
Station-Lines and Boundaries, Fig. 28. were to be
caft up.

Firft lay the Field-Book before you; where you
will find the Length of the firft Off-fet (as meafured
in the Field with your Off-fet Staff ) from @ 1 at 4,
to be 56 Links, and the fecond at 540 in the Chain-
Line, 140, forming the {mall Trapezium 4., Vide
Fig. 35.

Now;, if you add the Off-fet 56 to the next 140,
the Sum will be 196, the Half of which is 98, the
equated Breadth ; multiply the Length 540 by 8;

-the Product is 52920, the Content of the Trapes
zium 4, in {quare Links.

Add 140 to 36, the Sum is 146, the half Sum

88 ; fubtract 540 from 826, the Remainder is 286,
the Length of the Trapezium &; therefore multiply
286 by 88, the Product is 25168, the Content of
the fmall Trapézipm 2. _
- Subtract 826 from 1120, the Remainderis 294,
the Length of ¢ § and becaufe both the Off-fets are
alike, multiply 294 by 36, che Length of the per-
pendicular Off-fet, the Product is 10584, the Cons=
tent of the fmall Piece ¢. :

G 2 in
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G AR Ve

Shewing the Ule of the Theodolite in
Surveying Land, by the Help of
the Needle and Limb together.

SizEanCi Tk

o2y N this Method of Surveying Land, the

- g:, Angle which every Line makes with
Z the Meridian is meafured by the Limb
3 of the Theodolite, and therefore much

AR prﬂfﬂrable to that before-mentioned
in the preceding Chapter by the Needle only
becaufe the Degrees and Minutes are = better
eftimated on the Limb of the Inftrument than ’tis
pofiible they thould be in the Box of the Circumfe-
rentor; andthls gives the Theodolite the Preference
to any other Inftrument, becaufe we can work by
the Limb only, without regarding the Needle at
all : but if it be more convenient to make ufe of the
Needlf:, we may do it in the following Manner, be-
ing the ufual Method for furveying large and fpa-
cious Tracts of Land.

+ The Needle being obferved to pldy well when it
hath {fettled in the Direction of the Mendlan and is
at reft, the Box may be moved round the fixed Cen-
ter by turning the Index on the Limb and the Point
marked with 360 in the Box, brought diretly:
againttthe North End of the Needle, with greater
Exactnefs than a Dﬁgree, and 1ts Parts can be efti-

G 3 mateg
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mated in any other Partof the Box ; befides, we have
this Advantage, which is very confideiable, that we
can make Ule of a fhort light Needle, whofe Friction
Leing lefs, plays better than a longer and heavier.

Let the Linesoa, b¢, de, ef, in Fig, 36. re-
prefent the Station-Lines near the Boundaries of a
Iheid 5 then the Angle which each mizkes with the
Meiidian, may be oblerved in the tollowing Mans
ner.

Firft, having fet up a Mark at®, meafure for-
wards with the Chain on the Line@ato ¢ 600
Links.

Plant the Inftrument at 4, and bring the Index
to 360 on the Limb, and turn the whole Inftru-
ment about (whilt the Needle hangs in the Direc-
tion of the Meridian) till 360 in the Box is brought
directly againit the North-End of the Needle, and
there fix the Inftrument ; then is the Telefcope fet
in the Direétion of the Meridian alfo , and in this
Pofition js the Inftrument to be planted at every
Station.

Now tyrn about the Index till the Hair.in the
Telefcope cuts the Mark left at®, and note in the

Field-Book the Degrees and Minutes which the In-
dex cuts on the Limb. viz. 207 Deg. 20 Min. being
the Quantity of the Angle which the Line s
makes with the Meridian.

Remove the Inftrument from 4, leaving a Mark
at thar Station, and proceed with the Chain to 4,
and there plant the Inftrument ;5 then bring the In-
dex to 360 on the Limb, and 360 in the Box exaétly
to the North End of the Needle as aforefaid, and
dire&t the Telefcope to the Mark left ac 4, and note
the Degrees and Minutes cut on the Limb by the In-
dex, vix. 285 Deg. 10 Min. which is the Bearing

of 4 a or Quantity of the Angle which that Line

makes wi ththe Meridian,
I
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It would be needlefs to repeat the Manner of
meafuring the other Lines and Angles in this Fi-
glire ; but obferve that when the Inftrument is fixed
in the Direction of the Meridian, we frequently ob-
ferve the Needle by moving it from the Point at 360
with a Knife, &¢. then if it fwings backward and
forward freely without jogging or ftopping, and
fettles again to 260 exaltly, we may conclude the
Inftrument is right in the Dire€tion of the Meridian
to make an Ob%i:rvatiﬂn.

If you fufpect the Needle to be afted upon by
fome hidden magnetic Power, as when you are fur-
veying in mountainous Lands,- where there may
pofiibiy be Iron Minesin the Earth, which will at-
tract the Needle, you may oblerve whether or no it
be drawn afide in the following Manner. _

As when the Inftrument was planted at e, the
Nerth End of the Needle pointing to 360 in the
Box ; after the Bearing of ¢ d was noted, direét the
Telefcope forwards to f, and note the Angle which
the Index cuts on the Limb, v72z. 200° 50”: Then
the Inftrument being planted at £, becaule the Bear-
ing of ¢f, obferved at ¢, is more than 18¢°; fub-
tratt 180 therefrom, and to the Remainder 20° 50’
fec the Index on the Limb : But, if the Bearing of
¢ f had been lefs than 180, add 180 therero, and
to that Number bring the Index on the Limb.
Now turn about the whole Inftrument till the Hair
cuts the Statt left at ¢, and then, if the North End
of the Needle points to 360, as at the laft Station,
the Bearing of that Line is truly obferved.

For, the magnetic Power that ateralts the Needle
being fuppofed at a great Diftance, the DireCtion on
fuch a Piece of Land as is commonly furveyed by
the Theodolite, will be the fame : But if the attrac-
tive Power be near the Inftrument, the Needle will |

incline thereto.

G 4 The
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the Limb of the: Protractor, make a Mark with:
the. protracting Pin .or Needle, and ‘clofe to thar
Mark write 2 with. a-black-lead Pencil. -

Hold the Protraor in the fame Pofition, and a-
gainlt 285 Deg. 10 Min. the Bearing of the next
Line b a, makea Mark with the protraéting Pin,
and clofe to that Mark fet /. ;

In the fame Manner, keeping the Diameter of the
Protractor clofe to the Meridian as it was at firft
laid ; make a Prick with the protraéting Pin, clofe-
to the Limb of the Protractor, againft the Bearing -
of cach refpective Line as roted in the Ficld-Book,
and clofe to each Prick fet the Letter or Number of
that Line ; fo againft 190 Deg. the Bearing at ¢,
make a P.u:k and write ¢3 againft 91 Deg. 55 Min,

wiite 4 3 againit 125 Deg. 20 Min. write e, é9¢.
Vide Fig. 30. 1

Haw g 1narl~.ed the Bearing of each Line round
the Protractor, lay it afide, and apply the Edge of
your plotting Scale to © at the Center, and 2 marked.
by the Limb of the Protractor ; the Beginning of:-
the Numbers coinciding with © , and increafing to-'
wards a3 and prick off 6 Chains the Length of the
Line © ¢, and with Ink draw the Lineo g a.

Lay the parallel Ruler to the pricked Line:
20O br, fothat the Edge cuts the central Point
at @ and the Pointat 4, as marked by the Limb of
the Protractor ; and move it parallel till the Edge
cuts the Point at ¢ in the Line p ¢ 47, and with the
Point of your Compafies draw the occult Line pabr
by the Edge of the parallel Ruler; then becaufe the
Length of the Line a b is 5 Chmns, lay the plnttmg
Scale to @, and prick off 5 Chains,, and draw the
Line a b. :

"When you had drawn the occult Lme pabd 7y
through the Point @, you rmuht fet a b thereon to-
watds p as well as towards 75 but if you ebferve
;r} what Direétion the Lettcr& as marked by the

Limb
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Limb of the Protraétor, ftands from the central
Point ®, in the fame Diretion muft the Line 2 &
be fet from the Station Point 5 alfo when the Ru-
ler is laid to the Station 4, you cannot be at a 1.ofs
whether you fhould draw the Line & ¢ upwards or
downwards, if you obferve in what Direétion the
Letter ¢ ftands from the central Point @ 5 therefore
in the fame Direétion draw & ¢ from £.

Lay the parallel Ruler to the central Point @ and
the Mark at ¢, and move it parallel in that Direction,
till the Edge cuts the Point 4 at the Knd of the l_.me:
a by and by the Edge of the parallel Ruler draw
an occult Line, fctuncr thereon from & 1o Chains,
and draw the Line & ¢.

Again lay the Edge of the parallel Ruler to the
Point at the Center © and to the Mark at 4, and
move it up to ¢, and draw ¢ 4.

In thefame M*mnf:r deal with the other Lines and
Angles, fo fhall the laft Line focut through the
Pointo, and its Length be 5 Chains, as noted in
the Field-Book, wh}c.h gmvcs the Plot to be truly
laid down. .

In thefe Obfervations the Station-Lines only are
inferted 1 the Off-fets from thence to the Bounda-
ries are omitted, becaufe the Manner of plntung
them hath been laid down before.

When the Roundaries of the Field are drawn,
and the Name thereof entered in the Middle of the
Plor, you may  with a Piese of Bread rub off the
Marks that were made with thﬂ Pencil round the
Edge of the Protradtor and meridian Line, fo will
the Plot be rc¢ady for cafting up.

-~ But, if feveral Ficldsare to be plotted together,
you muft draw a Line through the firft Station
Point in each, paraliel to the Meridian in the firft
Plot, from which the Plot of each Field may be
liai?d down in thl.‘: fame Manner as Fig. 36.

Obferve,
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Obferve, neither the Circle nor Figures, expref-
fing the Angle which each Line makes with! the
Meridian, 'are ufed in Practice, though inferted in
the Scheme to demonftrate the Nacure of theWork,
Note alfo, if you lay the Edge of the thin plottin
Scaie clofe to the Edge of the parallel Ruler, ang
move it forwards on the Paper with the parailel
Ruler, till the Edge of the Scale cuts the Point at 2,
and bring the Beginning of ‘the Numbers on the
Scale to tie Pont &, you may draw the Line 2 & by
the Edgce of the Scale held in that Pofition to 500
the L ength of the Line, withoutdrawing any cther
but the Station-Line itfelf. Or, the faid Scale ma
be drawn on the Edge of the parallel Ruler itfelf.

o BCT, “1H.

An expeditions Method of calculating or cafl-
ing up the Area of a Plot of Land in Acres,

Ccording to the Rules before-mentioned in
Ckap. 2. the whole Plot muft be reduced in-

to Trapezias and Triangles, and the Length of
each Bale and Perpendicular meafured by the Scales
but fince it is often neceflury to lay down the Plot
by a fmall one, as £ of an Inch or lefs 5 if you err
8 or 10 Links in taking off the Length of the Bafes
and Perpendiculars (which may eafily happen, if the
Lines be not drawn very neat and {mall ) and there
being feveral fuch Bafes and Perpendiculars, the
rror may be confiderable in the whole Plot : and
then alfo the Bafe and Perpendiculir of each cf
thefe Triangles muft be multiplied together feve-
rally, and their Products added together for the
whole Content, "

Whereag
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+Lay'the Rulér to the Points } and #, :and . move:
itto-¢, then makea Prick intheBdle avz. o, o7

‘Lay the Ruler to.zthe - Points.i.and ¢, and move;
it to 4, and make a:Mark in the; Baie.at £. ' .,

- Laftly, draw the:L.me % ¢ {odball this fﬂven-ﬁdcd
Figure be reducéd to:a; three-fidedone whole Areas:
are equal ; fo may the Thiangle f.¢ & be caft up by:
one Multiplication only.

But note, inftead of laying the Ruler to the Points
7 and e, if you had ladit o d f, ‘and moved it up to
e, and drawn gahe luiinerz d the Triangle zd i
Wbulﬂ havf: cantmhhd t'ﬁe 1amc Areﬂ. asf ek ; and
reduced Triangie bemrr extended tm long, and ma-

king the Angles thereof too acure.

Apply the fame S¢ale by which the Plot was 1ajd
down to' the Balk; arid meafare.itsi«Length, alfo
meafure the Length of the, Pespendiculars, mfultiply
thefe' tivo ‘Numbers: together, ithe fHalf of their
Produét will -be.the Content-of the. Piot in:fquare
Links; whmh rf:dut-::ﬂnm ﬂ.creﬂ, Esﬂﬂu 2 before. di-
redted. Miw 2t Las

Alfo abferve that e mmmﬂnly t:zhfiﬁ: fﬂvExtcnd
one'of the (horteft Sides.af the Rlotdor, the Bafe of
the Triangle, as the Side fo, which we draw with
a black-lead Pencil, asw £, s well-asrke, #d,lor 2 d,
and: rub them off again with a, Plece .ufBread,,m
Aoon as the, Content of the Field is Ent-aft:d with: zts

‘Name in the Maiddle thereof... [ |
- (/If in-ufing the: ‘parallel Rulerat, the ﬁrﬂ: Tnals
~you find it apt to {lip on the Paper, which you may
«do ifiyou be notivery.careful to hold it elefe down to
the.Surface, that:Inconvenience may be prevented,
-if you make Ufe of three fmall Pins or Néedie, thus :
Stick the three Pinsin the three firft Angles, as at
“0, aand 4, then apply one of the inner Edges of the
parallel Ruler to the firft and third ¢ and b, and
- move the other inner Edges to the fecond ata ; take

Qut
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out the Pin at the fecond, and put it in the Bafe or
Line extended where the Ruiler cotsitat ¢4 again,
lay-the Ruler to this Pin at g, and to another at the
fcnurth Angle at ¢, and move the Ruler to the fifch
Angle at d ; take out the ‘Pim ac d, and ftick it in
the Bafe at J) and proceed in this Manncr wich the
reft till che Plot is reduced.

".“.I-

£ L s i

Ebewmg bow ta reduce the i regular Boundaries
gf a Field to firait Lines, in erder to find the
- Area thereof.

W ETabedefghik, Fig. 39. reprefent the
3 Boundariesofa Field, whefe Content is defirec.
F irft, produce fome one of the longeft Sides, as;k,

thcn lav_y the parallel’ Ruler from the Angle ito.g,

the next, butone, and move it up tothe Point b,

andt where it cots thie Line produced; make a. Mark

at7, and draw the ftrait Liner g, and it will reduce
that Side of the Figure, bounded by the two Lines

#b and ;Erg, to. anuther bounded by » g one Lmﬂ

unl].r
In like Mannar # g being produced, and the pa-

vallel Ruler laid from gtoe, and moved up to the

“Angle f, the Edge cuts the extended Liner g aty

2dly, lay the Ruler from yto 4, and moveitup to

‘¢, and it will cut the extended Line g at z5 3dly,

lay' the Ruler from z to¢, and move itup to-d,

‘and where it cuts the extended Line rg, make a

Mark atx ; laftly, draw the ftrait Lineyec, fo

fhall the Side g ¢ which confifted of the four Lines

£f; fe, ed, and de¢, be reduced to the Side ye,

't@nﬁﬂ.‘mgnf one Line onlyy and in like Manne.r

might we proceed, if the Lines were never {o many :

So 1 may the-ten-fided tigure be reduced to a four-

z- fided

td
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fided one, and then to a Triangle which may be caft
up by one Multiplication only.

Thls is the {fame Metnod with that before laid
down for reducing a many-fided Figure to a Trian-
gle ; butif you have nota parallel Rulerdo thus :

Havmg produced the Side £ 4, lay the Edge of
a ftrait Ruler from 7 to g, then take wu:h a Pair of
Compaffes the Diftance from b to the Edge of the
Ruler, and with this Diftance let one Point of the
Compafles move gently clofe to the Ruler, while
the other traces out a Line parallel to it, and crofies
kiatr, and draw r g as before.

In the fame Manner deal with the other Sides,
ufing the Compafits, as here directed, inftead of a
parallel Ruler.
~ Or you may get a Plate of thin Brafs in Form of
an Arch, near whofe Ends let there be drilled fmall
Holes, thro® which ftring it with a very fine Hair 3
and then if an Hedge, as g ¢, Fig. 39. bends in and
out in feveral Places, and thofe Bends contain very
fmall Spaces, lay the Hair over it lengthways; fo
that the Quantities cut off from the Figure thereby
may be equal to thofe added to it, and with a pro~
tracting Pin near the Ends of the Hair make two
Marks, through which draw a ftrait Line, and fo
will this irregular Side be reduced to a regular one :
And hereit may be obferved, that in very {mall
Bends, you may judge by the Eye as near as you
can come with the parallel Ruler.

But, if Hedges confift of large Curvatures, chufe
out fuch Pmnts, and fo many of them that Right- .
Lines drawn from Point to Point may vary the Area
by fuch Quantities only as may be rejected, and
herein the Hair will be a ready ﬁﬂi{’tance |

SECR
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- vertical Arch the Angle of Elevation 4 20, 25 Deg.
50 Min. both at the fame 11ime; which noie in the
Field-Book one over-againft the other.

The Inftrument being removed from &, and
planted level on the Top of the Hill at 4, dep es the
Teléfcope to the Mark at ¢, and thezot Depref-
fion will be 21 Deg. 34 Min. The Length of ab, as
meafured up the Hili, by the Chain is 1260 L.mks,
and 4 ¢ 1416.

In oider iherefore to plot thefe Obfervations; firft;
draw the right Line 4 4, but do not fet the Lcngth
- 1200 Links thereon, becaufe the Angle of Elevation
is noted lfn the Field-Book againft the horizontal
Ang!es which fhew that this Line is to be reduced
to a Le\re; ; therefore lay the Center of the Protrac-
tor to 4y the Diameter cmnczdcnt with 2 4, and
againft 25 .Deg 50 Min. the Angle of Elevatmn,
make 2 Mark, and through it graw the obfcure
Line a b, {‘Etrmg thereon 1200 Links the Length
of the H}fpﬂthﬁnufﬁ, at the End of thCh rna.kf: a
Mark at b. i

Having drawn the Angle of Elevation & 2 o, take
a {quare Protraétor or any other Square that hath
one right Angle and two ftrait Edges, and apply
one Edge thereof to the right Linea d, whilft the
other Ed é ctits the Point in the obfeure Line s b
and thereby let fall a Perpendicular from the Point
b, which falls on the Line a d at 04 fo fhall the Line
# o be the true horizontal Line which muft be laid
tdown inthe Plot.

In the fame Manner reduce the Hypothenufe & ¢,
: by fcft drawing the Angle of Depreffiondoe, 21°

34/, fetting the Length of the Hypothenufe ¢ 14
Chains 16 Links on the obfcure Line o e, and where
that Length 1416 Links reaches from o, make 2
Mark ate. Laftly, fronre let fall a Pﬁ'rpcndicuiar
on the Line ¢ 4, which falls at ¢; fo fhall the Line
¢ ¢ be the true horizontal Line.
- H Qr
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as a declining Level, and to be meéafured as a level
Ground in regard of the Quantity of Superficies,
through the Side Lines muft be reduced, to make a
regular Plot in refpett of the adjacent Fields that
are level : But if a Piece of Ground be level at one
End, and both Sides, and an Hill rifing up along
the Middle, or if there be feveral Hills in the Mid-
dle, the Superficies thereof will be more than in a
Plain bounded by the fame Limits,

Now Surveyors differ in their Opinion in refpa:&
of cafting up the Content of fuch a Field ; fome
argue on the Tenant’s Behalf, that fince all Vege-
tables ftand in a perpendicular Diretion on the
Earth (chatis, grow itrait upwards) as much will
grow on the horizontal Line as on the Hypothe-
nufe, and therefdre the Lines ought to be all re- -
duced to a Level, and the Content to be deduced
from the Plot o laid down.

Others fay, that there ought to be Marks pliced
on the Top of the moft remarkable Hills, and the
Chain drawn over Hill and Dale, and the flope
Lines laid on the Paper of the fame Length as mea-
fured in the Field, and the true Content in Acres,
{Fe. deduced from thence ; although the Slopes be
reduced afterwards, that the Field may be laid in
its true Situation in refpect of others adjacent in the
fair Plot.

*Tis hard to determine which Way is to be prac-
tifed in all Cafes ; for, though by the laft Method
you will have the true Quantity of Superficies more
nearly given, yet the Allowance in the firft is often
but reafonable, if the Soil of the Hills is not fo pro-
fitable as if the whole Field was fitwated on a Plain
but the Reader may ufe which he fhall think moft
proper,

C-H-AP
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CoH AR V.

Shewing how to [urvey and make a
perfeét Draught of [feveral Pieces of
Land ling together as a Manor,
&c.  Alfo how to compare the Bear-
ings and Angles one with another, at
each Station, as obferved by the Theo-
dolite, in order to correfl any Error
that may arife in meafuring the An-
gles in the Field, as well as protralt-
ing them on Paper.

5 EnC T, 1.

e 2ey AV IN G in the former Chapters laid
) ’J -t { down the beft and moft pra&f:al Me-
S ¢ thods for meafuring any Piece of Land
=22% by the moft proper Inftruments, 1 {hall
ey # here {ubjoin the Manner of furveying
feveral Parcels lyingtogether ; an Example of which
may be taken from the {fmall Tenement or Farm,
Fig. 41,

Firft, I take a View of the Land, confidering at
which Part thereof it will be moft convenient to be-
gin, and proceed with the Work ; and becaule "tig
beft working in a Lane, as often as an Opportunity
H 3 prefent;s
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mealure the Diftance from thence to the Corner of
Turfy-Leafe, which 1 find to be 1 5 Links ; thercfore
in the middle Column reprefenting the Station-Line
I write 20, and againft it in the right Hand Column
of Off-fets 1 enter 15 : " Likewife when I cometo 40
Links in the Chain-Line I am againt the Corner of
Cow-pafiure, therefore Ilay the Off fer Staff to the
C‘hain, and meafure the Diftance from thence to the
Corner of Cow-paflure 80 Links, which I enter in
the left Hand Column of -Off-fet againft 40 in the
middle Column ; denoting, that, at the Length of
40 Links from -:3 t, the Off-fet 8o Links reached
the Corner of Cow- -pafiure on the lefe Side of the
Station- Line.

The Hedges on each Side the Laze running on
very nearly ftrait from thefe Corners, I take no
more Off fetsin this firft Chain’s Length, nor at the
fecond : But when I have laid the Chain a third
Time, and come againft 8o Links, I there take an
Off-fet on the left H'md of the (.ham _ine, becaufe
the Hedge varies its Direction, making a confidera-
ble Bend ;, for, though the Diftance from the Chain
to the Hedge continually varies from the Corner to
this Place, yet I only take Off-fets at each End,
omitring the intermediate Parts 3 fince, when the
Extreams of aright Line are given, that right Line
is alfo given. But when the Hedge runs on with a
{:Dﬂtl[‘]ﬂt‘d but irregular Curvature ; then 1 take
Off-fes atevery Chmn, or half Chain’s Lencrth or
ﬂfEEnEI' as the Thing requires.

In this Manner 1 proceed with the Cham till T
come to the Staffat@2 ; oblerving, as I go along,
the Bends in the Fences on each Side of the Lawne 5
to every one of which I take an Off-fet, and then
write the Length of each on the right or left Side
of the middle Column in the Field- Book, repre-
fenting the Station-Line, accardmfr as they were

laid ofi in the Field.
H 4 Note,
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Note, the Mark @ in the Field-Book denotes a
Station ; B a Bearing ;2 an Angle; cu. the Cutting
of an Hedae by thE Chain ; a g fome remarkable
Objr & on the farcheft Side of the Hedge, as another
anu thooring up thereto ; rez. Return to a former
Station,. &8¢, *

Being come to © 2, 1 there plant the Inftrument,
and fend the Station-Staff forwards in the Lane as
far as I can feeit, asto® 3 ; and then bring the In-
dex to 360 on th-:: Limb, and, turning the whole
Inftrument about, I direct the Teltfm ¢ to the Staff
left at® 1, and there fix the Inﬁrument T hen
having turped about the Index on the leh till
!:hmucrh the Telefcope 1 {ee the Siaff ato 3, I find
that the Nerth End of the Needle points at 338
Deg. and. the Index cuts on the Limb 161 Deg. 50
Mm therefo e under 2, in the middle Column of
the ticld Bo k, I enter 338 Deg. and under that
101 Deg. 50 Min. denoting that at the fecond Station
the qunng of the third from thence is 335 Deg.
;arrd the Angle wiich the Index cuts on the Limb
is 151 Deg. 50 Min,

- The Kule | obferve in meafuring each Angle is
this :

- Fi ft, T bring the Index 1o 360, ard with that Part
of tie Limb towards me, 1 arrcé the felefcope to @
Mork at toelaf Station, and there fix the Injirument
then I trrn about the Index on the Lzmé I:ﬁl I fee the
Hair in the Telejcope cut @ Mark at the next Station
befure me 5 [0 fbail the Needle fhew the Bearing of the
pext Line, and the Index on the Limb fhews the Quan-
jity of the Angle at the prefent Siation.

The Angles and Bearings of the Lines are taken
at once fetting the Index, as eafily and expedi-
tioufly as the Angle itfelf only ; therefore infert
the Bearing of each Line in the Field-Book, as you
fee in the Form thereof ; for then you may prove the

Truth



Se&. 1.  The Praftical Surveyor. 10§

Truh of your Work in the Field at each Station,
betore you leave ic, by one of the following Ruless

If to the prfent Bm:—mg, be .auded 180 Degrecs,
“and from the Sum you futiraél the loff Bearing, then
1.&.-: Remainder will be the prefent Angle.

, if to the prefent cngle you add the loft Bear-
t ing, mm’ [rom the Sum [ubtradt 180, then will the Re-
mainder be the p. efent Bearing.

But, if ‘the Degrees 0 be [ubtrofied are more than
thofe from which they are to be fudiralicd, the latter
muji be encreafed by 360, and then fubiv.&. And, if
the Remeinder be more than 360, then cbate 360, and
the Refult gives the Degrees required.

So at ¢ 2, if to the prefent Bearing 338° oo’
you add 180° the Sum is 5:8°00’; from which
Sum, if you fubtract the 'aft Bearing at © 1, 356°
10/, the Remaiander is 16.1° 50/, ﬂqual to the pre-
fmt Angle.

lecwlﬁe, if to the Bearing at 0 3, 1° 3¢/, you
add 180 Degrees, the Sum is 181° 30", which is
lefs than 334° oc ", the Bearing'of the laft Sration ;

therefore 181° 30" muft be increafed by 360, and
then the Sum is 541° 3¢/, from which if you fub--
tralt 338, the Bearing of the laft Station, the
Remainder will be m’.‘sg“ 30/, equal to the prefent
Angie

In like Manner may any other Angles be examin-
ed, and, if found erroneous, the hn or may be cor-
re&ed before ’tis communicated to the iolluwmg
;Part ut the Work.

Therefore when you have noted the Beannn- of
the prefent Station, write it in one of the outlide
Columns of the F¥ Ieid Book, and adding 180 there-
to, fubtract the Bearmg at the laft Station there-
from; and then, if the Angle thus calculated from
the Bearings agrees with that which the Index
guts on the Limb, you may conclude the Angle is

nfrhtiy
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Station-Line in the Lane, which will be a Proof
that the Work is truly laid down, when I come to
protract it. ;

If upon a Piece of Paper with the Pen only you
make an Lye-draught of the Lare, and that Field
which you have finithed, fetting your Station-Lines
with their Numbers, as you made them in the
Field; you wiil plainly fee your Work as you go
along, and be able to diftinguith which Boundaries
of the prefent Field are already meafured in the pre-
cedent, as well as be diretted, with a great deal of
Eafe, how to proceed with your Work, when you
come to protract it,

Having made all the neceffary Obfervations round
the Stockin, 1 return to @ 9 ;3 and with 360 on the
Limb towards me, I diret the Telefcope to a Mark
at the laft Station before I came to this, viz. © 8,
and fixing the Inftrument there, I next direct the
Telefcope to © 10, and note the Angle and Bearing
at that Station :- Then T lay the Chain through the
Hedge from © g towards © io, and take an Off-fet
to the Fence where each Partition-Line joins it on the
other Side; by the Help of which, together with
the other Off-{ets on the further Side in the Lane,
moft of the inward Fences of the Orchard, Garden,
{Fc. may be drawn.

From o 10 I cannot fee into the very Corner next
the Lane, therefore 1 take an Off-fer thereto 20
Links from the Station-Line, and fo are the Out-
Lines of the Garden, Yard, &c. finifhed.

Then'] return to © 8 in the Stackin; and here 1t
may be obferved, that when I defign to return to
any Station, before I leave it, 1 cut up a Turf with
a little Paddle, which I fix in one End of the Off-fet-
Staff, or make fome fuch Remark that I may be
fure readily to find the Place in which the Station-
Staff betore ftood ; and in the Field-Book to this
Mark @ 1 write refurn. Then planting the Inftru-

ment



Se&@. 1.  The Praétical Surveyor. 109

ment at © 1, I dire¢t the Telefcope to the Mark
leftat @ 7.

Note, 1 make it a general Rule, to ﬂbferve the
Angle with that Line which was meafured imme-
diately before I come to the Station where I took the
Angle the firft Time: So here I obferve the Angle
made with ©7, © 83 and not with any other, as
© 8, ©9; therefore according to this conftant Rule
I diret the Telefcope back to ® 7 in the Srockin,
and, fixing the Inftrument there, I next direct the
Telefcope to © 11 in Home-Clofe, and note the
Angle, &¢. as in the Field-Book.

After | have meafured the Angle, &c. at @ 171,
and am going forwards towards © 12 ; at%6 Links
of the Chain I perceive myfelf over-againft the Fence
that parts Out-Wood from Crabtree-Clofe : 1 there-
fore afk the Follower of the Chain, how many Ar-
rows he hath in his Hand, he anfwers 4 ; therefore
I enter in the middle Column of the Field-Book
4765 and againft that on the left T write 61, the
Length of the Off-fet ; denoting, that at the Length
of 4 Chains 76 Links from © 11, I laid off an Oft-
{et to the left, 61 Links. Then I proceed to ob-~
ferve and enter in the Field-Book the reft of the Oc-
currences round Home-Clofe, clofing it at the End
of the Line from © 12, next the Lane,

Then I return to © 12, and proceed to © 13,
clofing Turfy-Leafe at the Corner 5 to which I took
the firft Off-fer from © 1" Mm Cﬁfﬂ?ffﬂﬂ—ﬁ'ﬁf?ﬂ'

In the fame Manner I proceed round Crabtree-
Clofe, entering the feveral Occurrences as you find
them in the Field-Book.

Being at © 17, I caufe a Staff to be fet up clofe
to the Fence where the Hedges join one another near
© 73 to which Staff I meafure ftrait from © 19
clofing Out-#eod at the Extremity of the Station-
Line, which coincides with the Oﬁ-fﬁt laid off fmm
© 7, in the Stockm,

H a?lng
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S E Gl

The Manner of Protraiting the Obfervations
contained in the preceding Field-Book.

H E Protractor for this Purpofe is beft made

a whole Circle, and marked on the Limb
where the Numbers begin with N. or a Flower-de-
Juce 5 torthen may that Part of the Prrotrattor be
kept always one Way as the Inftrument in the
Field ; and therefore you will be lefs liable to Mif-
take, than if youufe a Semicircle, which muft be
laid upwards or downwards, as the Degrees of the
Bearing are more or lefs than 180: The Diameter
of this Protractor may be laid parallel to the Meri-
dians, by the Help of equal Divifions graved on the
inner Edge thereof ; or by the Degrees on the out-
ward Edge.

Being provided with a Sheet of ftrong Cartridge-
Paper, or (if that is not large enough) a Skin of
Parchment ; or which I reckon better (efpecially for
the fair Plot) if one Sheet of Paper be not big
enough, to have feveral Sheets pafted on Cloth or
Canvas well ftretched and dried in a Frame before
you ufe it ; and this you may have of any Size, as
the Largenels of the Work to be laid down requires.

Or a Prattitioner may have Sheets of large Paper
printed from a Copper-Plate, with fine Meridian
I.ines drawn thereon at exact Diftances 3 and thele
will be very neat and true, and will fave much
‘Trouble in drawing Meridian Lines by a Parallel
Ruler, or otherwile. .

If you have not a Parallel Ruler, you may draw
Lines paralle] to one another, by fetting one Foot of
a Pair of Compafles at or near the End of your given
right Line, and with the other defcribe the Arch of
a Circle ; do the fame at the other End of the Line,

and
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and through the utmoft Convex of thefe two Arches
you may drawa Line parallel to the firft.

Or if you bend the Paper double, fo that the two
Ends coincide, and prick Holes through them
both ; then the Paper being opened, Lines drawn
through the correfpondent Points will be parallel
ons to the other. :

Having drawn parallel right Lines at convenient
Diftances throughout the Paper marked with N. S,
reprefenting Meridian, or North and South Lines ;
1 chufe out fome Place in one of thefe Lines to re-

refent the firft Scation, as at @ 1, Fig. 41, and
Fay the Center of the Protrator on the Pointo 1,
the Diameter being parallel to the Meridian Line,
and the Beginning of the Degrees of the Protractor
towards N. or upwards : And becaule the Bearin
of the firft Station-Line is 356° 107, I make a Mark
with my Protracting Pin again{t that Number, clofe
to the Limb of the Protrattor; to which Mark [
draw an obfcure Line fromo 1, reprefenting the
Chain Line fromo 1 too 2.

Then the Field-Book being open before me, I
fay the Edge of my Plorting-Scale to this obfcure
l.ine@ 1 and® 2 and becaufe I find in the Field-
Book that the Off-fets from this Line were laid off
at 20, 40, 280, 300, and 563 ; therefore making the
Beginning of the Numbers on the Plotting-Scale to
colncide witho 1, I make a Prick againft each of
thefe Numbers clofe to the F.dge of the faid Scale
then turning the Scale perpendicular to the Line, I
apply it fucceflively to thofe feveral Points, and
there prick off the Length of the feveral Of fets on
the relpective Sides of the obfcure Line ; fo againft
the firft Mark in the obfcure Line, 1 prick off 15
Links to the Right, which givesthe Corner of Zur-
fy-Leafe : Allo againft the {fecond Prick in the ob-
fcure Line, I prick off 8o Links to the Ieft, which
gives the Corner of Cow-Paflure 5 at 280, or the

third
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third Mark in the obicure Line, I prick off 10 to
the Left; at 300, 20 to the Right; and at the End
of the Line 563 [ prick off 18 Links to the Left;
laftly, I draw Lines with Ink from Point to Point
on the Outfides of this obfcure Line, thereby con-
ftituting the Boundaries of the Lane {o far.

At the firft and fecond Diftances, 1 was againft
the Corners of Turfy-Leafc and Cow-Pafture; there-
fore, with a Black-Lead Pencil 1 draw two fhort
Lines, cutting the Lane, to denote that the South
Fences come up to the Lane at thofe Corners, and
will hereafter be of Ufe in clofing thefe Plots.

Having thys finifhed my firft Length, I produce
the obfcure Line, if Occafion requires, both Ways,
till it is as long each Way as the Radius of the Pro-
traftor ; then I place the Center of the Protractor
on the Point @ 2, and turn it about thereon, keep-
ing the Beginning of the Degrees towards @ 1, the
laft Sration, till the Diameter coincides with the
Station-Lines ©@ 1,7 © 2 3 then clofe to the Edge of
the Protractor, right againft 161° 50” the Degrees
of the prefent Angle, I make a Mark with my Pro-
tracting-Pin ; and to that Mark from ® 2 draw an
oblcure Line, reprefenting the Station-Line, from
©2t003.

And that I may be fure the Line 02, © 3, is
drawn in its true Pofition, I turn about the Pro-
tractor, the Center ftill coinciding with @2, till the
Dianmeter be parallel with the Meridians ; the Be-
ginning of the Numbers of the Protractor being
towards N. on the Meridian Line, and then will the
Lineo 2, © 3, before drawn, meet the Limb of
the Protraétor againft 338° oo/, the Bearing of the
Line ©2, © 3, which proves the Line ©2, © 3,
to be truly laid down,

And thus may the Plot be laid down by the An-
gles, and examined by the Bearings.

The
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The conftant Rule I obferve in drawing the An-
gle is this : To lay the Diameter of the Protractor
on that Line which brought me to the prefent Sta-
tion, where the Angle about to be laid down was
taken; and to keep the Beginning of the Numbers
on the Protractor towards the-laft Station. And,
in order to prove that each Angle is rtruly laid
down, Iturn about the Center of the Protractor on
the Point, reprefenting the prefent Station, till the
Diameter be parallel to the Meridians, with the
Beginning of the Numbers towards N. on the
Meridian Line ; then will the Line laft drawn, cut
the Number exprefling its Bearing on the Limb of
the Protractor, if that Line be drawn in its true
Pofition.

But there will beno Need of this double Trouble
in protracting, if the Bearings be carefully examin-
ed, and correCted from the Angles, according to
the Diretions given in the laft Section ; it will be
beft then to lay down the Angles on the Plot from
the Bearings in the Field-Book, without at all re-
garding the Angle obferved by the Limb of the
Theodolite.

In like Manner, I lay down the Angles taken at
the 3d, 4th, sthy 6th, #th, 8th, and gth Stations ;
and alfo the correfponding Lengths and Occurren-
ces : I continue the Boundaries to the feveral Off-
fets as I go along, drawing a fhort Line acrofs them
witha Black-Lead Pencil, where the Remarks a2 g,
- {Z¢. are noted in the Field-Book, and I break off
the Fences where there are Gates : So at the laft
Length, from © 9, when I have drawn that Line in
its true Pofirion, and made it of its juft Length, as
noted in the Field-Book, I find its Extremity to coin-
cide with that Point in the Fence, to which 1 laid off
an Off-fet from 388 in the Station-Line © 3, © 4, in
the Lane, which proves that the Angles and Lengths
inclofing the Stockin are truly laid down.

But
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If the Number of the prefent Station doth not
immediately fucceed that of the laft, but is greater
by an Unit than any of the Numbers in the wafte
Paper ; then I lay down the Angle of the prefent
Station with the Line I meafured immediately before
I came to it, and number it as in the Field-Book.

But, if the Number of the prefent Station is
greater than any in the wafte Paper by more than an
Unit, there hath been fome Omiffion in the wafte
Paper, which muit be rectified.

1f I come to a Station, whofe Number is already
entered in the wafte Paper, then I return to that
Station in my Draught, and there lay down thac
Angle with that Line meafured immediately before
I came to this Station the firft Time.

Thus, obferving thefe Directions, may the Plot be
laid down without any Burden at all to the Memo-
ry; and, if it was furveyed by one Man, it may be
plotted by another, provided the Perfon who fur-
veyed it, obferved thefe Rules, and any Method of
keeping a Field-Book, that lays a Burden on the
Memory, is imperfect, and not fit for Practice,

The remaining Part of the Work is referved for
the Exercife of the Reader: The Plan thereof was
here laid down by a Scale of ¢+ of an Inch: Ifome-
times lay down the Plot of each Field by a Scale of
half an Inch or larger, it the Plot will lie on one
Sheet of Paper, and caft up the Content of each fe-
perately by that Scale ; and, for this Purpofe, ths
Sheets, with Meridians ready printed thereon, are
very ferviceable. Afterwards I lay down the whole
Plan together by a Scale of a Quarter of an Inch or
lefs, entering the Content of each Field, as calt up
by the large Scale in the Middle thereof,

SECT
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S;x;ﬁah.; All Parks aﬂd Forefts muft be truly laid
down'in the Map, as'to their true Bounds and Su:u-
ation ; and alfo all remarkable  Lakes of Water :
Your dre likewife to ‘defcribé the Quality of the
County, whethef it be hilly or woody, placing the
Hlills arid Woods in their true Situations.

Lajthy, "Take the true’ Latitude in three or four
Places in the County; which put down on thé
Eidge of your Map accordingly.

S B 0 o TV

General Direitions for taking the Gr&wzd-Pz’ﬁf
of a Cf{y or otber Townn.

HE I‘mfbrmanfc of this Work is very labos
rious, and you mult.be careful to keey the
Field-Book in a plain and regular Manner, other-
wife the Multitude of Obfervations and Of-fets will
be apt to breed Confufionr; but if Care be taken
thﬁrcm, youw’ll find the Wnrk not very. hard to be
done ¢ Ohe that tnderftands the fifth Chapter will
make no Difficulty of this Seétion, for the feverat
Streets, Lanes, ¢, in a City are furnyed and pro-
- tracted in the farhe Manner as the Lane, Fip. 41,
‘I'he feveral Off-féts to the Houles, Churches, &7¢.
all along the Sides of the Strect being: taken from the
- main Station-L.ine, ruming thmugh the Middle
thereof, in firch Sort as the Off-fets are taken from'
the Station- Line to the Hedges, Gates, &, on the
Sides of the Fane, ,
The Infiraments for this Purpofe, are, r. The
T headolite as before deferibed, to meafure the {everal
Anglesmade by your Station-Lines, as they incline
out of one Street into another ; and in this Cafe worle
with' the Limb only, but never truft to'the Needle,
for (befides the Danger of its being attracted) you

wil!


















AP E-ND-EX

Practical SURVEYOR.

CHAP L
Of LEVELLING.

SECC YR T
Of the Spirit-Level and Station-Staffs.

e TE Inftrument, commonly ufed for Le-
~Trﬁ‘r"* velling of Lend, confifts of a Brafs Te-
= lefcope of about two Feer long, in the
AR Focus of which is fixed an horizontal
Hair, to cut the Objeét in Time of Obfervation,:
. Upon the Telelcope is fixed with twd Screws a
{mall Brafs Tube, within which is a Glafs Tube
containing fome Spirizs. This Tube is hermeti-
cally fealed at each End, to prevent the Spirits run-
ning out ; and the Brafs Tube is filed away on the
upper Side, fo that the Glafs Tube, and the Bubble
of Air moving in it from End to End, may be feen.
“This Bubble 15 the Direion for fetting the Inftru-

ment, and is occafioned by the Gldfs not being
- quite filled with Spirits, The Bore of the Tube
and the Length of the Bubble fhould be bigger,

according; to the Degree of Accuracy that is required;
for the bigger thefe are; the Friction will be lefs,
' M 2 and
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A TABLE of the Earth’s Curvature, calcu-
lated to the Thoufandth Part of a Foot, at
the End of every Chain, from 1 Chain fo 40.

Cbain\Dec. FeetyLbains| D. Feet.|Chains | D. Feet.\hains| D. Feet y
000 | 11 [.013 | 21 |.046 | 31].099 |
.000| 12 |.015 | 22 |.050 | 32 | :106
.oorf| 13017123 (.0359] 331 -113
002 | 14 |.020 ] 24 |.060 | 34 |.120
009 | 15 I'ie23 | 25-1 0651 357127 |
004 | 16 1.026 | 26 |.070 | 36 |.134
.005| 171030 { 27 {075 | 37 | :141
0071 18 |.033 | 28 {.081 ] 38 |.149

.008 | 19 |.037 | 29 |.087 | 39| .157
.010| 20 |.041 | 30 [.093 | 40 | .166,

CAD 0o~ Ol - WO 19 -

- .o

Now direct the Telefcope to the Vane thys raifed,
and if the Hair cuts the Middle chereof, whilg
the Bubble refts in the Middle of the Tube, the In-
ftrument is right ; but if not, you mutit raife or de-
prefs the Telefcope till the Hair cuts the Middle of
the Vane ; and then by the Help of the Screws that
fix the Spirit-Tube to the Telefcope, move the Bub-
ble till it refts in the Middle of the faid Tube : So
is the Level adjufted. “

B W W AL

Rules to be obferved in Levelling, in order fo
Jfind the different Height of any two Places ;
being ufeful for conveying Walter, cutting
Sluices, making Soughs, &c.

SUppufe it was required to know whether Wa-
ter may be conveyed in Pipes ar Trenches,
from a Spring-Head to any afligned Place,

M4 o
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-are going to, fuppofe 10, and there fet down the
Inftrument, and then meafure ten Chains forwarder,
and there place the other Station-Staff'; you will
have no Occafion to make any Allowance for the
Curvature of the Earth, becaufe, the Inftrument
being planted in the Middle of the Diftance between
the Station- Staffs, the Errors mutually deftroy each
ather.

Butthis Meafuring of the Diftances with the Chain,
or otherwife, is very tedious, and indeed impracti-
cable in many Cafes, unlefs you make a Multitude
of Stations : So if the Way between the two deter-
mined Places, wholfe different Height you would
knpw, lies ever Hills and Dales, as Fig. 45, you
muft in that Cafe make four or five Stations {other-
wife you will not be able to fee any Part of the Staff,
when the Inftrument is fet horizontal) which might
as well be done at one Station (as in the foregoing
Obfervations) in the following Manner.

ST CT v

How to make Allowance for thbe Curvature
of the Earth, when the Station-Staffs are

planted at unequal Diftances from the Ine
ftrument.

SUppﬂﬂe the Inftrument was planted on the E-
minence between the two Valleys A and B.

Fig. 45. the firft Affiftant with his Station-Staff,
ftanding at C, and the fecond at D; and it is re-

quired to know the different Height of the Hills
C and D.

Firft fet the Inftrument horizontal; and then
direct the Telefcope to the firft Afliftant’s Staff ar
C, and by the adjufting Screw {et the Bubble ex-
act, obferving where the Hair cuts the Staff'; thea

by









Sz’;ewfﬁg the Ufe of the Theodolite,

in drawing Buildings, &c. in Pers

ﬁﬁﬁfﬁﬂ';

mr:r ) the qun:,&ntﬂt:ﬂﬂ of the fe-
veral Objects cught to bedelineated
thereon according to their "Dimen-
- =8 fions and different Situations, in
fuch Manner that the faid Reprefentations may pro-
duce the fame Effects on our Eyes as the Objects
whereof they are the Pictures.

But without mathematical Rul¢s this Reprefen-
tation cannot well be fond ; for when Objects are
drawn by only viewing or lndkmg at them, their
true Reprefentations will often be miffed ; whereas
by the following Method they may a.lwa}rs be ob-
tained.

For all Objets appear fuch as the vifual Angle
under which they are feen; which Angle is taken
at the Eye; where the Lines meet that comp-ife
the Objett ; that is to fay, an Object feen ina great
Angle will appeat great; and another feenin a
little Angle will appear little ; which is the prin-
cipal Thingto be oblerved in Perf] pective.

.So the Wmduws 6, 7, 8; Fig. 46 muft be drawn
cn the Perfpective Plane of different Dimenfions
(altho’ cn the Building one of them is redlly as big
as
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as the other) according to the Angle which the Rays
from their Kxrremities make with the Eye at z.

Objects of equal Bignefs appear greater or lefs,
accordipg to their Diftance from the Beholder’s
Eye; fo the Windows 6 and § are really one as
Big as another on the Geometrical Plane ; but the
Window 6, at the End of the Building, being nearer
the Eye at 2, than the Window 8 on the Front, it
muft be made fo much larger on the Perfpective
Plane, as the Window 6 is nearer than that mark-
ed with 8.

Therefore, if the Angles, under which Objets
appear, be given ; thofe Objets may be drawn on
the Perfpeétive Plane (or Paper) according to their
Dimenfions and different Situations, in the fame
Form as they appear to the Beholder at any Diftance:

The Figures on the Geometrical Plane (or Build-
ing) are compofed either of ftrait Lines, or Curves:
Now, to find the Reprefentation of a ftrait Line,
its Extremes need only be fought: And, to find
~ the Appearance of a Curve, we need only to find the
Place of feveral Points'therein. And hence it fol-
lows, thatthe whole Bufinefs of Perfpective confifts
in finding only the Place of a Point.

But thefe Points cannot be determined, unlefs by
the Interfection of Right Lines. And the Reafon
of thele Sections is, That one Line can determine
nothing : Therefore it is neceflary, ‘that there be
two of them, which divide themfclves, (forming an
Angle) for to have the Place of a Point, as will be
feen in the following Example,

The Inftrumeént referred to in this Chapter, is fuppofed to
take horizontal and vertical Angles, both at the {fame Time;
and the Method here laid down may ferve for an Amufe-
ment, and to thew what Theory alone may do: But I fanc
thofe who are already acquainted with the Rules of Perfpec-
tive, would harly be prevailed upon to make ufc of a Theo-
dolite for this Purpofe ; and for thofe who are not, they had
better make ufe of 2 Camera Objiura. ‘

SECT
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gle on the Limb as at 4, and the Quadrant 8° 3¢/ *
But this Angle of Depreflion muft be marked with
As or fome fuch Mark to diftinguith it from the
Angles of Elevation, that, in protracting that Point,
it may be known to be under the Horizon, or the
Line x y.

When the Inftrument is planted at a confiderable
Diftance from the Building, the Ground there may
be higher or lower than any Part of the Building :
And then all the Points will be above or under the
Horizon 3 and in fuch Cale there will be no Occa-
fion for this Diftinétion,

In the fame Manner I make Obfervation of fo
many Points on the right Side of the Houfe as is
convenient 3 but, when the Telefcope is direfted to
the Point 7 on the left Side, the Index cuts 340° 46"..

Now this Number 340° 40’ muft not be noted
for the horizontal Angle, but its Complement to
360 (wviz.) 19° 20/, by fubtratting 340° 40/, out of
3603 but, if the Degrees be numbered by fmall Fi-
gures from 360, the contrary Way, as 10, 20, 30,
&Fe, to 6o, orfurther, as may conveniently be done,
the Numbers will increafe from g60, both to the
Right and Lefr ; and then the Index will always
cut the Number denoting the horizontal Angle, ia
the fame Manner as the Quadrant.

Having obferved the Point, the Index remain-
ing at the fame Angle on the Limb, 1 deprefs the
Telelcope to the Points, 4, 3, 2, 1, and note the
Degrees, &¢, cut by the Quadrant ; which, when
protraéted, will give the Breadth of the Faces and
their Diftance one from another.

Next | obferve the Points of the Window ¢ 7 #,
in the left Wing of the Building 5 and, becaufe thefe
Remarks are on the left Side of the Building, there-
fore I note them by fuch Names as [ call the feveral
Points I look at (inftead of the Letters 2, &, &¢.)

on the left Side of the Column of Obfervations,
' N ViZ.
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CH A P21,

PROBLEM I

How to find a True Meridian-Line by Obferving
auith the Theodolite.

T HE beft Time to make the Obfervations
is in a clear Day, about 3 or 4 Hours be-
fore and after Noon,

In the Morning, having fet the Inftrument ex-
attly level, move the Index horizontally, and the
Quadrant vertically, till through the Telefcope you
fee the crofs Hairs in the Center of the Sun: Then
obferve what Degrees and Minutes are cut by the
Index, fuppofe 3° 25”3 which note in a Piece of
Paper, as alfo the Angle of Elevation cut by the
Quadrant,

About fo many Hours after Noon, obferve that
the Quadrant be fet exactly to the fame Angle of
Elevation as in the Morning ; and then move the
Index on the Limb till you fee the crofs Hairs cut
the Center of the Sun, as in the Morning ; and note
the Degrees and Minutes which the Index then cuts
on_the Limb, fuppofe 64° 37".

But #ete, ’ Tisconvenient 1n the Morning to make
gor 4 Obfervations 5 or 6 Minutes from one another;
~ becaufe in the Afternoon you muft wait till the Sun
falls into the fame Altitude as it had when you made
the Obfervation in the Morning, (the Quadrant re-
maining at the fame Angle at both) and, if it fhould
happen to be obfcured by Clouds at that Inftant,

your




































