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DEPARTMENT OF THE INTERIOR,
ToPOGRAPHICAL SURVEYS BrancH, :
Orrawa, 12th February, 1892,

Sir,~—The surveys performed under the Topographical Surveys Branch of the
Department of the Interior have been of varied character. The primary object has
been the division of land for the purpose of settlement, and hence the bulk of the
work has consisted of block, township outline, and township subdivision surveys,
together with surveys of parishes and town plots. Other surveys have from time to
time, in connection with these, become necessary, such as trail surveys, surveys of
Indian reserves, exploratory and micrometer surveys, triangulation and photo-
topographical surveys, determinations of latitndes and longitudes, &e. .

Altogether a very large amount of work has been performed, and although
much of the information concerning it is contained in the reports of the Depart-
ment of the Interior published yearly, yet the necesgity of a general report of all
the operations, for use as a book of reference, has become apparent.

With the hope of supplying this want, we have the honour to submit herewith

the first two sections of such report, The first section contains a historical narrative
of the surveys, with schedules showing the names of all surveyors employed, to-
gether with the work performed by each, also all trail surveys, reserves for the
Hudson’s Bay Company, Indian reserves surveyed under the Department of the

. Interior, micrometer and exploratory surveys, correction of resurveys, acreage of

the yearly surveys, and all surveys of parishes, town plots and other miscellaneous
work. It also contains a list of all Dominion land and topographical surveyors.
The second section treats of the theory of the Dominion lands system of survey,

and contains a number of geodetic tables useful in calculations connected with sur- |
N Iveys_

_ em; and-an explanation of the method of using them.
We have prepared this report in the hope that it will be found useful as a book
of reference in all matters connected with the surveys, and to that end we have
made it as eomplete as possible in the lines indicated. .

It is proposed to supplement the information herein contained by the issue from
time to time of additional sections giving fuller détails of the various operations,

: We have the honour to be, Sir,
Your obedient servants,

W. F. KING, .
~ Ohief Astronomer.
J. S, DENNIS,

Chief Inspector of Surveys.
E. DEvILLE, Raq.,
Surveyor General,

Topographical Surveys Branch.
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SECTION II.
THEORY OF THE SYSTEM OF SURVEY OF DOMINION LANDS.

CHAPTER I.—GENERAL DESORIPTION OF THE SYSTEM.
Size of the Township.

In the Dominion Lands surveys, the township contains thirty-six sections, each
approximately one mile square, together with certain allowances for roads, and
measures on each side six miles plus the road allowances.

Governing Lines—Initial Meridians and Base Lines,

The lines upon which the surveys are based are -certain Principal or Initial
Meridians which run from the International Boundary, or 49th parallel of latitude,
northward indefinitely. ‘

Along these meridians are placed the monuments marking the section and town-

ship corners in regular order northward from the boundary, from which also the

townships are numbered. » .
There are also certain lines, called- base lines, which run- westward or eastward

from the Initial Meridians, starting from them at distances apart of four townships ;

80 that, the International Boundary Line being the first base line, the second base

“line lies between townships 4 and 5, the third between townships 8 and 9, and so on.

These base lines are surveyed as chords of the latitude circles which pass
through their intersections with the Initial Meridian. The chords are one township
(six miles together with the roads) in length, and hence an angle occurs on the base
line-at-eneh-township-corner:- the-base-lines; itial-Meridi
sectiou and township corner monuments are placed at their regular distances,

Meridian Boundaries,

The eastern and western boundaries of townships are true meridians which start
from the base line and are continued on each side thereof for two townships, when
they encounter the meridians drawn in the same way from the next base line, but

do not meet them exactly, since, on account of the convergence and divergence of

meridians, the extremity of the line drawn south from the northerly base line passes
to-the west of that drawn north from the southerly base line. :

Correction Lines.

Hence a “jog” occurs on that township line which lies midway between the
base lines. This township line is called a correction liue, for on it not only the jogs
due to the system itself, but also all errors in survey, whether in the chainage or in

" the azimuth of the lines, are allowed to fall and are so prevented from accumulating

to such an extent as to deform other townships except those on whose outlines they
oceur,

" Northern and Southern Boundaries of Townships.

The northern and southern boundaries of townships are straight lines (or great
circles of the sphere) joining the corresponding points on the east and west meridian

. boundaries. .

Form and Dimensions of Townships.

Townships are therefore quadrilaterals, having their east and west sides true
meridians, and in length equal to six “sections ” gbhat is six miles together with the
roads), and having their north and south sides inclined at equal angles to these meri-
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dians, while the northern boundary is somewhat shorter than the southern bounday ,
these lengths varying from 480 chains plus the roads on the base line to about 180
links more on the next correction line south, and about 180 links less on the next
one to the north. The angles of the township differ from 90° by about 4’ only.
These are the theoretical dimensions and form of the township. Of course, the

lengths of the lines and the magnitude of the angles may differ from theory from
the effect of errors in surveying, but the closings on correction lines cut out these
ei']rors and prevent them from so accumulating as to materially deform the town-
ships.

p’,I‘ownships are designated by their numbers counting north from the 49th
parallel with the number of the *Range” in which they lie, these ranges being
counted east or west from tho Initial Meridian.

Different Systems of Survey.

Since the surveys in Manitoba and the Western Territories of Canada were
initiated in 1870, changes have been made from time to time in the system, as regards
the number and width of the road allowances, as well as in the manner of surveying
townships and sections. There have thus been three systems of survey, generally
called the first, second and third systems from their order in time.

Distinctions between the Systems.

In the first and second systems the roads are one and a half chajns wide, and
are placed between all sections on both north and south, and east and west lines.

In the third system, which covers the entire area of Manitoba and the Western
Territories, except the comparatively small area previously surveyed under the first
and second systems, the roads are only one chain wide, and are placed along each
alternate east and west section line, and along each north and south line.

So the townships of the first and second gystems are 489 chains each way, while
those of the third system are 483 chains from north to south, and 486 from east to
west (these widths being, as above explained, subject to increase or decrease from
divergence or.convergence of meridians). . )

The second system differs from the first in the manner of sybdividing the town-
ship into sections. In the first system, the interior lines forming the eastern
boundaries of sections are drawn parallel to'the eastern boundary of the township,
so that all the deficiency or surplus caused by convergence of meridians, is left inthe
tier of quarter sections adjoining the western boundary of the township.

In the second system the eastern boundaries of sections are trus meridians,

In the third system also the interior lines are true meridians. '

In all three systems the northern and southern boundaries of sectionsare straight
lines connécting points on the eastern or western boundaries, which have been estab-
lished by chuinage.

In all the systems the sections in a township are designated by numbers from %
to 36, beginning with 1 at the south-east corner of the township and counting west
and east alternately across the township to 36 in the north-east corner,

Position of Posts with regard to the Road Allowances.

The posts for section corners are placed on the south and west sides of the road
allowance, each section post governing the corner of four sections, except on correc-
tion lines, where posts stand on the north side of the road to mark the boundaries
of sections on the north side of the road. Also on the lines between different systems
of survey, posts are placed on both sides of the road allowance. .

But, in general, the post marks the south or west side of a road allowance, or
in other words, stands at the north-east corner of a section. The quantities given in
the appended tables always refer, unless otherwise stated, to the northern and eastern
boundaries of sections or townships,
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Fourth System of Survey.

There is a fourth system of survey, which is in force in the Canadian Pacific Rail-
way belt in British Columbia. This system is exactly similar to the third system,
as to the manner of surveying townships, and the townships are of ihe same
dimensions; but the roads are thrown into the sections, so that every section measures
80°50 chains from north to south, and 81 from east to west, subject to deficiency or

- surplus from converging or diverging meridians.

Thus in the fourth system the quarter section and section posts on a base line,
beginning at the easterly corner of a township and going west, stand at distances
4050, 40'50, 40-50, 40-50, &c., while in the third system they stand at 40, 41, 40, 41,
&c., the only difference being in the position of the quarter section posts. On the
meridian outline of a township, in the fourth system, beginning at the southerly corner
and going north, the posts stand at 40-25, 40-25, 4025, 40-25, &c., while in the third
system they stand at 41, 40, 40, 40, &c. Here there is a difference in the position
of the quarter section corners, and each alternate section corner. The greatest dif-
ference in the position of any post is 75 links. ''he tables made for the third
system, therefore, answer for the fourth also, except the tables of latitudes and

longitndes, which will require correction in cases where the highest degree of ac-
curacy is desired. '

Fifth System of Survey.

This system is applied to the survey of certain townships in the lower valley of
the Fraser River in British Columbia. There are no roads. Each section is 80
chains square, and the townships, of 36 sections each, are based upon the 49th par-
allel and an Initial Meridian called the Coast Meridian.

Advantages of the Dominion Lands System of Survey.

Some of the advantages of the Dominion Lands

The boundaries of townships are straight lines (that is, great circles or sur-
veyors’ transit lines), and the interior lines also-are straight for the greatest pos-
sible distance. The straightness of lines greatly facilitates the picking up of a line
and its re-establishment when some of the posts have been removed or destroyed.

Directions of analogous lines in two ‘townships or two sections are the same, or
nearly so. This simplifies the original survey and facilitates resurvey. Lines are
also referred to the astromomic meridian, thereby avoiding the confusions and
errors arising in many of the older settled parts of the Dominion from the use of
the variable magnetic meridian,

The- parcels of land are, as nearly as possible, equal in area and similar in form,
and permit of a simple system of numbering, by which descriptions are facilitated.
The parcels of land are also square, or nearly so—the shape most suitable, on the
whole, for farms, .

The surveys of different townships and different parts of the country are inde-
pendent, or nearly so. Errors are cut out, and not carried forward throughout the
system, and the survey of an isolated tract may be made without waiting for the
complete survey of all the country intervening between it and the initial point of

the system, and without fear of a gore or overlap, when the intermediate district is
surveyed, - :

Tables,

Another result from the similarity of townships to each other is the simplicity
of the tables giving the azimuths and lengths of lines. Such tables are indispensable
in surveys to be made on a very large scale and by a great number of surveyors.

Tables of azimuths and lengths of lines were calculated by the writer, and
published as an appendix in the Annual Report of the Minister of Interior for 1879,
These tables were calculated for the first and second systems of survey.

system of eurvey (especially

L
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In 1881 the change in the system of Burvey necessitated a recalculation, so that

* . the tables might serve for the third system of survey. The new tables were-printed

in the Manual of Surveys issued by direction of the Minister of Interior in 1881 (a
second edition in 1883), ..

Since the tracts of country set aside for the first and second Systems have not
yet been completely surveyed, it -has been deemed advisable to reprint here the
tables for the first and second systems along with those of the third system for the
sake of ready reference. The tables in the appended collection have been carefully
checked. Table I, the general geodetic table, not referring to any particular system
of survey, has been carefully recomputed, and has been extended so as to cover the
whole of Canada from its most southerly point, Point Pelee, in Lake Erie, in latitude
42°, to latitude 70°.

Limits of the Different Systems of Survey.

The operation of the first system of survey is restricted to the area bounded ag
follows, viz, :— : ‘ :
_ To the south by the International Boundary Line; to the west by the Second
Meridian as far as the eighth correction line; by said correction line as far as the
merjdian between Ranges 28 and 29 west of the Principal Meridian ; by said meridian,
between Ranges 28 and 29, as far as theseventh correction line ; by 8aid correction
line as far as the meridian between Ranges 7 and 8, east of Principal Meridian; by
said meridian, between Ranges 7 and 8, as far as the north boundary of Township 19;
by the north boundary of Township 19, in Ranges 8, 9 and 10, east of the Principal
Meridian as far as the meridian between Ranges 10 and 11, east of the Principal
Meridian; by said meridian, between Ranges 10 and 11, as far as the third correction
line; by said correction line as far as the eastern boundary of the Province of
Manitoba; by said eastern boundary as far as the International Boundary Line.

Also Townships 44, R, 21; Tp. 45, R. 21, 22, 27, 28; Tps. 46 and 47, R. 25, 26,
27 and 28; Tp. 47, R.24, and Tp. 48, R. 24, 25,26 and 27, west of the Second Meridian.

Townships 42 to 47 inclusive, R. 1; and Tps. 43 and 44, R. 2 and 3, west of the
Third Meridian. _ ' :

The second system of survey is similar in all respects to the first system, except
in regard to the deficiency or surplus from converging or diverging meridians which-
is distributed equally between all quarter sections as in the actual system,

The operation of the second system of survey is restricted to Tps. 1 and 2,R. 1
to 8 inclusive; Tps. 19 to 30, R. 1 to 12 inclusive; and Tps. 27 to 30, R. 13 to 16
inclusive; the above ranges being all west of the Second Meridian.

The fourth system includes the belt twenty miles on each side of the Canadian
Pucific Railway, west of the summit of the Rocky Mountains, .

The fifth system, as already stated, applies to a few townships only in south-
western British Columbia, -

The third system is applied to all Dominion lands not included in the first,
second, fourth and fifth systems. ‘ ’

—_——

CHAPTER II,
CONSTRUCTION AND USE OF THE TABLES,
' TaBLe 1.
Length of Arcs of Meridians, Parallel, &c., in Différént Latitudes.

According to Col. A. R. Clarke, R.E,, in his « Comparison of Standards of
Length " (1866), the spheroid of revolution most nearly approaching the form of the
earth has for its major or equatorial semi-axis 20926082 feet, and for its minor or
polar semi-axis 20855121 feet,
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- of the meridian

Representing the major and minor axis by @ and b respectively, we have for the

a—b
a 29498
. a2 — bZ
. 4z .
The unit of measure in the Dominion Lands surveys is the Gunter’s, or sixty-

six feot chain. The equatorial semi-axis in chains is 317061 -545 +

Representing by ¢ the geographical latitude of a place, or the angle which its
vertical line males with the plane of the equator, we have for the radiug of curvature

compressiou, C= and the eccentricity e is given by the formula

1
e?—= =148 nearly.

RBR—_2 (1—e?)

v —= — 21

. (1—e? sin? P)7

for the length of the normal to the meridian terminated by the minor axis
' a

Ne——7v
(1—e?sin? @)z

and for the radius of the parallel of latitude @
P = Ncos o
The length in chains of one second of latitude is equal to Bsin 1”7; one second
of the great circle perpendicular to the meridiau is equal to Vsin-1”; and one second
of longitade is equal'to P sin 1”. The logarithms of these quantities are placed in
the second, third and fourth eolumns of Table 1. They have been calculated by
means of the logarithmic expansions of R and . '

a—bwehave
a-+b ’

Thus putting n for

] . 3n2
log (B sin 1”)=log a + log sin 1" — M (n—l— —2_)

: 2
where M is the modulus of the common system of logarithms, and powers of n higher
than the second are neglected as being insensible in the eighth decimal place.

" Substituting the value of a in chains, as given above, and taking
a—b 1
) a—b ~ 58396’ :

log (R sin 17) = 018597916 — 0-00221218 cos 29 - 0-00000188 cos 4 4.

In calculating the two last terms by logarithms five places are sufficient.

For IV sin 1”7 we have .

log (N sin 17) =} log (R sin 1”) 4-§ {log a + log sin 1”7 4 2 Mn}
=3 log ("R sin 1) +0-12546215.

For P sin 17; log P sin 17 =log (I sin 1”) + log cos 9, .

The calculation has been made to eight places of decimals to ensure aceuracy
in the seventh place. In tabulating, the eighth figure has been dropped.

The caleulation of the logarithms of R sin 1”7 and IV sin 17 has also been made
directly from the formulw for &£ and IV, by the use of a subsidiary angle.

Thus, finding an angle P such that sin P =e¢sin ¢ we have ‘

Rsin 17=a (1 —e?) sec® ¢ sin 1" :
Nsin 1” = a sec P sin 17,

Seven figure logarithms were used, and consequently the results could rot be
depended upon to the seventh figure, but they have been serviceable as a check upon -
the series computation. ’ R

Log Nsin 1, log P sin 1” and ‘log B sin 1” are given in the table for every
10' of latitude from 42° to 70°. Their values for intermediate latitudes can be
obtained by simple interpolation, Where, however, log P sin 1”7 is required with
accuracy for an intermediate latitude, it is better first to obtain log Vsin 1” for
that latitude by interpolation from the table and then to add log cos &.

n— we geb .

T
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|R win 17
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If, for any purpose, it is desired to use these values, Table I can be corrected by means
of Table II, which has been computed thus:

. Differentiating the formulse, _ '
log BRsin 1”=1loga-+logsin 1" —- M (n+4$n?) —3 Mn cos 204 § Mn? cos4 .

log NVsin 1”7 =log a -}- log sin 1”7 + M(n—’f_‘:)—Mn cos20 4 } Mn? cos 49
and putting % —p, we have '
d (log B sin 1")= M%a' + Mn? dp -}- 3 Mn? cos 2 Pdp

d(log Nsin1")y— .M@ — Mn? dp + Mn? cos 2 ddp
: a

M being the modulus of the common system of logarithms. Terms involving
the cubes and higher powers of n are insensible and may be neglected.
To change Clarke's earlier to his later values, we have :
' da = 4 140 (feet)
dp=—303
a = 20926062 (feet)
1 :

. " =896

and M — 043429448
whence d log (R sin 17) = — 00800089 — -00001138 cos 29
d log (I sin 17) = - 00000670 — ‘00000379 cos 20
These quantities are tabulated in Table II, with the proper signs of application
to log R sin 1” and log &V sin 1” in Table L. ]

: TABI;E I11.

Latitudes of Base and Correction Lines and Lengths of Arcs of Meridian, Parallel, &c.,
for First and Second Systems of Survey.

. This table is constructed for the first and second systems of survey only. WIt
accordingly stops at the 13th Base, Township 48, north of which there are no surveys
.under these systems. s
Each township measuring 489 chains each way, the 1st correction line’is 978
chains north of the 49th paraliel.
978

The latitude 'of the 1st correction line is therefore 49° | TSl

Here R sin 1” must be taken from Table I for the middle latitude between the
1st base and the 1st correction line. For accuraey it is therefore necessary tn com-
pute an approximate difference of latitude, using an approximate value of E sin 17,
For instance R sin 1” may be taken from the table for latitude 49°.

The approximate difference oflatitude being thus determined, the middle latitude
is found from it (this being a sufficiently close approximation), and the final & sin 17
is taken from Table I for that latitude. Then dividing 978 by this we have a very
f,_lose approximation to the difference of latitude between the base and the correction

ine. :
From the latitude thus obtained of the 1st correction line, that of the 2nd base
line is found by a similar process, and so on in succession as far as the table extends.

The table is checked by applying the same process to a longer distance than 978
chains, For example the latitude of the 6th base can be directly determined from
that of the first by using 9,780 chains instead of 978, - When long distances are thus
taken, a second approximation to the middle latitude may become necessary.

The columns'log IV sin 1” and log R sin 1” are taken from Table I by interpola-
tion, and log P sin 1” is found by adding log cos @ to log &V sin 17,
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The width of a township along a base line is 489 chains. The longitude corres-
ponding to this length measured along the parallel of latitude is given in the column
headed “ Longitude covered by 489 chains westing,” not only for the base lines but
also for the correction lines,

The longitude for 489 chains, along a base line, is the longitude covered by one
range of townships. Along a correction line it does not correspond to the longitude
covered by a range, since the width of a township along a correction line is greater
or less than 489 chains according as the township north or south of the correction
line is considered. The tabulated quantity however for correction lines can be used
to calculate the narrowing or widening of sections at the correction lines,

The township width 489 chains is measured along the base line which has
such azimuth that it terminal point falls in the same latitude as it8 initial point.

Thus every township corner along a base line has the same latitude, and the
base line is & succession of chords of the latitude circle,

The difference of longitude between one township corner and the next is given
by the formula B

486

B=FinT”

It is assumed here that the chord of the are of the latitude circle is equal to the
arc. That the difference between the chord and the arc is inappreciable may be
shown thus:

By spherical trigonometry

chord . di
sin N — sin —g~ €os ]

whence chord = N cos #d2 — IV cos # sin? q’%

di?
— arc¢-—arc¢ ;(T';— sin? @

So that the difference between the chord and the arc is equal to
i2

are X 74 sin2 @

d2 being in a circular measure, _ .
For a chord of 489 chains this amounts to less than one-hundredth of a link.
The chord always lies north of the arc. The distance between them is greatest
at their middle points; amounting there to about 10 links. Hence, at the Interna-
tional boundary line, which is the first base line, since the actual territorial boundary
is the curve, and the base line a series of chords, the road allowance which lies along
the north side of this base is increased in width by 10 links at the middle of the
chords.
The non-coincidence of the chord and are also has the effect of increasing and
decreasing tho widths of roads on correction lines. This will be referred to again,
In the first column of Table III are given, for convenience, the numbers of the
townships corresponding to the several base and correction lines. Thus the sixth
base is the northern boundary of Township 20, and so on.

TasrLE IV, |
Latitudes of Base and Correction Lines, &e., for 3rd and 4th Systems of Survey.

This is exactly similar to Table I1I, except that it is made for the third system
of survey, where the widths of townships are 486 instead of 489 chains, and their
depths, 1n a north and south direction, 483 instead of 489 chains, .

This table also applies, without change, to the fourth system ( British Columbia).

In this table, as well as in Table III, the latitudes given are those of the line of
Posts on the south side of the road allowance. To get the latitude of the posts north

P
-
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of the road on correction lines, the latitude of the correction line, as given in the
table, must be corrected by adding the equivalent in latitude of the width of the
road, i.e., one chain and a-half for the first and second systems (Table III), and one
chain for the third system (Table IV).

_ TasLe V.,
Chord Azimuths, &c., for Base Lines, First and Second Systems of Survey.

The extremities of the township chord, as above stated, are in the same lati- .

tude. Hence the chord is equally inclined to .the meridians passing through its
terminal points, and its azimuth, east or west of north, is equal to the complement
of half the change in azimuth, that is, of half the “ convergence of meridians.”

Let dA represent the change in azimuth or convergence of meridians, d the
difference of longitude, and ¢ the latitude.

Then, by spherical irigonometry,

. tan 4 dA — tan 4 dA sin @,
whence, by expansion of the tangents in terms of the ares,
. 3

ai
dA —=dlsin ® 4 ETH sin @ cos’ @
or, if 4 and dA be expressed in seconds,
AS
dA = d\sin @ + % sin @ cos? @ sin? 17,

The second term is inappreciable, amounting in latitude 51° to less than one

ten-thousandth of a second, B ,
. dA =dAsin 9. S

The convergence or * deflection” (d4), given in Table 'V, is thus caleulated
from the difference of longitude (d4) in Table III.

The * chord azimuth ™ is the complement of half the deflection. )

The chord azimuth and the deflection are given in the table in degrees, minutes
and seconds, as well as in decimals of a degree, for sexagesimally and decimally

divided instruments respectively,

Tu the survey of a base line, the surveyor, when he arrives at a township corner,
deflects his line to the north through an angle equal to the ‘ deflection,” and thus
establishes in azimuth the chord across the next range of townships.

This deflection. angle may be turned with the instrument, but more readily by
the use of the “deflection offsets” in the table., The tabulated offset is the linear
distance in inches between one of the chords and the prolongation of the other, at
one chain from the township corner. _

Their distance apart at any point is found by multiplying the tabulated offset
by the distance, expressed in chains, of the point from the township corner. :

For example, if the instrument is standing on the prolongation of the first chord
at 5 chains past the cormer, and the back picket be 15 chaius on the other side of,
that is, behind ‘the corner, then the instrument must be moved north five times,
and the back picket south fifteen times, the * deflection offset for one chain.” The
line of the instrument and picket is now in the correct bearing for the prolongation
of the base line.

The angle is thus turned as accurately as a straight line ean be produced with
the instrument, and much more accurately than the angle can be measured with the
graduated are, while the setting of the instrument at the corner (which may be in
low ground, unsuitable for accurate line production) is rendered unnecessary.

“ TLongitude covered by one range " in the seventh column is merely the longi-
tude in the seventh column of Table 1IT, reduced to time by dividing by 15. This

"gives the number of seconds which a watch will gain or lose on local time in being
carried across a range. The gain or loss in travelling over any other distance along
is proportional to the distance. The column is added for astronomical purposes,
especially the determination of azimuth by observation of Polaris at any hour angle.

This Table V applies to the first and second systems of survey.
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TasLe VI.
Chord Azimuths, &c., for Base Lines, 3rd and 4th Systems of Survey.

This table is exactly similar to Table V, but is made for the third system of
survey.

The calculation is made by the same formule®, changing only the width of the
range, which is 486, instead of 489 chains, and using the latitudes of the base lines
from Table IV, instead of those from Table IIL

486 .
A = d4d = di &,
=T dA sin

This table also applies to the fourth system.

TasLe VII,
Chord Azimuths, Jogs, &e., for Correction Lines, 1st and 2nd Systems of Survey.

This table gives quantities for correction lines similar to those given in Table
TII for base lines. This table applies to the first and second systems of survey.

The correction lines are posted on both sides of the road. The chord azimuths
.and deflections are given for the south side of the road, which is that side for which
the latitudes of correction lines are given in Table IIT,

The calculation of the chord azimuth for correctlon lines is somewhat different
from that for base lines.

For the base lines we have

489
P sin 1”7
deflection — di sin @,

For the correction lines, one range is not 489 chains, but the distance between meri-
dians which include 489 chains on the nearest base line.

Hence in the formule—

dl =

489

A= _ 7
P sin 17

and deflection = dA sin @ =__ 89 gin o we must take P sin1” for the next base
P sin 17 .

line south of the correction line, if the difference of longitude and the deflection for

the south side of the correction line road are required ; while for the north side of

that road we must take P in 1” for the next base line north. @, of course, is the
latitude of the corvection line itself.

The length of one range on the correction line is dA % P sin 17

If, then, P, and P, represent the radius of parallel for the base lines next
north and south, respectively, P that for the correction line itself

489
= P sin 17

489
™ P, sin 1”
and we have for the length of one range on the correction line

. 489 L
North side — ﬂu—l‘rx Psinl

dA

489

South side — Poon 17

X P sin 17
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The values of these quantities are tabulated in the seventh and eighth columns
of Table VII. - : )

For extreme accuracy P sin 1”7 for the north side of the road should be taken
out for a latitude greater by 1'50 chains, or 0”98 greater than that tabulated in
Table III; but the difference in the result would be almost inappreciable.

The difference of length of the township lines north and south of the correction
line road gives the overlap or jog.

The jog for one range is given in the ninth colamn of the table.
occurs in each range of townships, its value at any range is the product of the jog
for one range by the number of ranges. » ’

The excess of the length of the north side over, or the defect of the south side
from 489 chains, is the linear divergence or convergence of the township lines,
Sinee there are twelve half sections in a township side, the convergence or diver-
gence for one-half section is one-twelfth of the convergence .or divergence for the
township, or one-twenty-fourth of the jog, the excess of the north side and the defect
of the svuth side being very nearly, though not quite, equal.

This convergence or divergence for one half section is entered in the tenth
column of the table. It is used in the sccond system, where the surplus or
deficiency caused by the convergence of meridians is divided equally among all the
quarter-sections. Hence, in surveying a correction line under the second system,
the width of each quarter section (exclusive of the roads) is forty chains plus or
minus this tabulated quantity. The surplus or deficiency on the township line mid-
way between the base and the correction line is half of that on the correction line.

In the first system the whole of the surplus or deficiency is thrown into the
western tier of guarter sections. This surplus or deficiency is the difference be-
tween 489 chains and the. quantities in the seventh and eighth columns of Table
VII. For example, o1 the north side of the road on the 1st correction line the
surplus is 1*75 chains, and the westerly quarter section of the township is therefore
4175, all the others being 40 chains.

It is to be observed that in all cases the whole divergence or convergence is

or 1} chains, with the exception of the roads on correction lines, which are subject

to a widening or narrowing as hereinafter explained.

TasLe VIII.

Chord Azimutlis, Jogs, dc., for Oarrectz'on‘ Lines, Third and Fourth Systems of
Survey.

This table gives for the third and fourth systems the same quantities as are
.given in Table VII for the first and second systems.

The surplus or deficiency is in all cases divided equally among all the quarter
-Sections, oo

TI_LBLE IX.

Latitudes, and Widths in Chains, of Northern Boundaries of Sections in First and
Second Systems of Survey. :

This table gives the latitudes in degrees and decimals of a degree for the
‘northern boundaries of all sections in the first and second systems. -

The sections numbered in the second column are those adjacent to the eastern
boundary. of the township, The latitudes of interior sections lying west of these are
the same, Thus the northern boundaries of sections 14, 15, 16, 17 and 18 have the
same latitude as the north boundary of 13, and so for the other east and west tiers
-of sections.

These latitudes are computed by converting the latitudes given in Table IIT
into degrees and decimals, and interpolating for the intermediate lines.

As this jog '
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The logarithmic secant and tangent of the latitude are given in the table for
use in caleulation of azimuth observations.

In the last column of the table are given the widths of the north boundaries of
the quarter sections (in the secoud system of survey). These are calculated for the

correction lines in the manner explained under Table VII, and for the intermediate
lines by interpolation, : '

Tasre X,

Latitudes and Widths in Chains of Northern Boundaries of Sections in Third and
: Fourth Systems of Survey,

This tuble gives for the third System the same quantities as are given in Table
IX for the first and second.

The table may also be applied to the fourth system by correcting the latitudes
of the alternate section’ lines, viz., the north boundaries of sections 1, 13 and 25 in
each township, by sublracting therefrom (° *0001, the equivalent in arc of 50 links,

The change "in “the logarithmic secant and tangent is inappreciable, as these

logarithms are given to only five places of decimals. The widths of quarter sectiong
in the last column must be increased by 50 links, *

TasLe XI,
To Reduce Ohains to Decimals of a Township Side.

This is a short table giving the equivalents of chained distances in terms of g

township side, for township sides of the first and second systems (489
chains), for east and west lings of the third and fourth systems (486 chains) and
tor north and south lines of these last systems (483 chains). The table is useful in
calculating the difference in azimuth of an east or west line hetween a township
corner and any other point upon it, and for similar purposes,

TaeLe XII,

Correction to Widths of Roads on Correction Lines on Account of Curvature,

The township corners on the north and so
correction lines lie on two circles of latitude, which are one and a-half chains apart
in the first and second systems, and one chain apart in the third system. The town-
ship sides are chords of these cireles, and therefore lie north of them,

Hence, since on account of the Jog the township corners north and south of the
road are not.opposite to one another, the township side south of the road will pass
the township corner north of the road at a distance less than the theoretical one
chain; while the township side north i
road at a distance greater than one ‘chain,

The correction to the width of the road on this account for various lengths of

the jog, is given in the table. The width of the road at points other than the town-
ship corners, varies in proportion to the distance,

This table may be used where it is required to e
a correction line, by offsets from the other side.
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g 1 l

first system the correction line is surveyed across dtwo tlan%;alse ::ni: cg:;

ino, and i yds corrected to the trueline; and in the third sys ;mth  correctior

Hioinpe lafterwa: ed across one range at a time, and as a trial lm'e. n these sy X
Pl:]ei-;?'ozg,ytl?: Ziguth used in the survey is of little importance.

TasLe XIIIT.

,- ) tion and Quarte
; 't tween Township Corners and Sec :
Difference of Latitude betw oot o

This table is used when it is required to find accurately the latitude of any point -
is ta

i i y ically deter-
ithin a township, as when it is desired by connectllpg with an astronomically
mined lati i rror of the survey lines, ) .
e pf)lptff tlo Sz'zli(xintllﬁx G:)f the township chord, 41 its azm.mth i‘lt al.. dx;tlartllcl:g
IfAﬂ})e:(g‘e;;rlx‘l ;? the township, ¢ the latitude of the township corner,
iz;tfi'l;z?lle ofea point on the chord distant 2 from the corner.

Then by spherical t:rigonomg(t‘;:ydj'1 sind

cos ®  sin Al
. A o )
whence ol — g tan o1 L 0 tan A1 ~ A cotA ;_
tan 3 3
putting

= —0
Tt §Camp

1 -
Whele [ and 01 are explessed 1n clrculal me&s“le, and are verv Smal-’ 80 thab bhe]r

1 v .]
b ay be neglected, Also 1 — ¢ is very small, and ¢! _4- ¢ is very near y
cubes m .
equal to 29.

g0 —0 0% 01 P2 =017 oto
Then ¢! — @ — N —

cot P —
2 kS

d .8 — econvergence of meridians for one townshipchord;. ... ... .. . .

S= l_ff tan 2, ¢ being the length of the chord,

3 s d(c—2x)x
0, _¢—28  henco 02——0%_—(—202
and 7 ¢ ) - P X
Therefore

c—zx)x
!l)l—fP:—\( SV tan @

or difference of latitud; i;(lzhau;; i - oo s) ne
T/ T o N
The computation has been made for the first system of survey, but may be use
e

for any system without sensible error.

CHAPTER III,
ProBLEMS CONNECTED WITH THE SYSTEM OF SURVEY.
Correction for Height above Sea Level,

The tables have been calculated from the dimensions of the 'earth surface at
e

1 level
son Jove. ip si \ lly measured on surfaces elevated above sea ,
’Illxhe tf%v:: ig;pd?&izgégsagﬁ:ti{ude and longitude _ﬁalculated from the tables are
gﬁga:e: Ii':(laxan those actually covered by the township sides.
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Any measured distance may be reduced to sea level by subtracting the cor-
rection L x, - being the distance, h the elevation above sea level, and r the radius
r

of curvature of the line under consideration. .
In general IV (see Table I) can be used instead of r. '
‘Base lines when the system of survey is exactly followed are estabhahed by
direct measurement from the 49th parallel, northward along an initial meridian,
Hence tho latitnde of a base line should be less than that given in table by

(¢ — 49°) T where % is the mean elevation of the initial meridian between the

49th parallel and the base under consideration,

Many base lines, however, have been established, not by this direct measure-
ment, but by the survey of townshxp meridians exterior from other bases, If tho
actual latitudes of these base lines are required, account must be taken. of the eleva-
tions of all the north and south lines through which the connection with the 49th
parallel has been made. Tt is obvious, howev_e1 that the average elevation of the
country above the sea will give a suﬁiciently accurate result, since the small errors
due to difference of elevation are masked by errors of survey.

On the base lines the effect of elevation above sea level is to decrease the dif-
ference of longitude covered by one range, and this must be allowed for in establish-
ing an initial meridian by means of chainage along a base line, or in estimating the
accuracy of measurement of a base line by its closmg on an initial meridian, since
the initial meridians, except the first, have been placed on even degrees of longx-
tude (every fourth decxee)

Tbe correction for elevation above sea level is, in latitude 51°, 0-00382 chains
for one mile distance at an elevation of 1,000 feet, and varies dlreot]y as the elevation
and distance. It changes somewhat with the lautude but slightly, and the correc-
tion in any particular case may be taken as the same as that for latitude 51°. If

extreme accuracy be required, the formula given above, % x may be used.

The error in the length of township chords of course involves an error in deflec-
tion angles and azimuths, but this is too small to be appreciable.

LaTiTUDES AND LONGITUDES OF POINTS IN THE SYSTEM.

By ¢ points in the system” I mean the corners of specified sections, or points
referred to them by connecting lines. In the lalter case the lines, if short, may be
reduced to latitude and longitude by means of ‘latitude and departure” from a
traverse table, and by using Table XVIII.

Thus, the problem is reduced to the determination of the latitude and longltude
of any section corner.

Latitude.

The latitude of the section corner can be at once found by interpolation from
Table IIL ot Table IV, according as the section is in the first, second or third system.

Tt must he remembered that in the first and second systems the section posts on
1 meridian are 81-50 chains apart and that in the third system they are alternately
81 and 80 chains.

The latitude can also be taken directly from Table IX or X to the fourth decimal
place of degrees.

Since the section corners are presumed to be at distances of even sections from
the north and south boundaries of the township, being established by-survey from
those boundaries, the latitude found as above must, when the section corner is not
.on the meridian outline of the township, be incroased by the correction given by
Table XTII.

In the first system the sections are not measured on meridians from the north
or south boundary of the township, but on lines parallel to the eastern boundary of
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the township. Hence, theoretically the difference of latitude between the given
corner and the township outline should be decreased in the ratio of cosine azimuth
of the section line 10 unity; but this correction’is practically insignificant. The cor-
rection for séa level may. also be applied.

. Longitude, Third System,

In the second .and third systems the section lines are true meridians from the
base line north and south two townships. Hence the longitude of a section corner
is the same as that of the corresponding corner on the base line from which the
township has been surveyed. .

Then it d2 be the longitude covered by one range on that base line, and if » be
the number of the range in which the section lies, m the number of sections lying
between the given section and the eastern boundary of the township, the number of

- ranges which intervene between -the initial meridian and the eastern boundary of

the given section is n — 1 4+ %, and the difference in longitude between it and the

initial meridian s’ (n-— 1 —}-%" d’. This added to the longitude of the initial me-

ridian gives the longitude of the eastern boundary of the section.

The longitude of the Principal or First Meridian is 97° 27/ 08”4,

The longitudes of the Second, Third, Fourth, &c., Meridians are 102°, 108<,
110°, 114°, &c., subject to certain errors of survey, which cannot be discussed at

resent,
P The difference of longitude should be corrected for height above sea if Pprecision is
required. This ecan be done by multiplying it by (1 —jh_v)
For example:
system of survey). Here n—17, m=3, and the township is surveyed from the Tth
base, for which we find from Table IV di—8' 227-411 —502”-411. Therefore
longitude of the section line
==110° 4--(502"-411 X 168) —112° 18’ 09”78,

"The corner is three sections, i.e., 242 chains north of the 5th correction line, and

its latitude is therefore (from Table IV)

'50° 34’ 20777 + 10" 28”88 x% =50° 34’ 20"77 4 15755 = 50° 36’ 58-32",

Longitude, First System.

In the first system the procedure for the longitude is a little different. The
section lines are drawn parallel to the east side of the township, so that the difference
of longitude between the section line and the east boundary of the township is not

the same as on the base line, but is equal to the actual disfance from the boundary

of the township divided by P sin 1”, P sin” being taken from Table I for the actual

latitude of the section post. Thus using the same notation as before

81-50 X m d1 beine
Pgin17’ >

taken from Table III.(1st system) for the governing base line, or it may be calcu-

lated by the equivalent formula

. 0 .

iff, itude=(n—1 +"Ydi + % _
diff. of longitude n—1 4;6) + Pemi”

Diff. of longitude from initial meridian = (n —1) di +

- where @ =2 m (40— w), w being the width of quarter sections as taken from the
“ last column of Table IX.

13—8}
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Longitude, Second and Fourth Systems.

Longitudes in the 2nd system are calculated in the same way as those in the
3rd, taking d2 from Table I1I instead of Table IV, In the 4th system the process
is the same, as for the 3rd system, and the same table is used—Table IV,

Effect of Brrors of Survey.

An error in the latitude of the base line, or an error in the longitude of the
initial meridian, of course increases or decreases by the amount of the error the
latitude or longitude of the section corner. Similarly a chainage error on the base
line affects the longitude directly, In the computation all known errors of this kind
must be allowed for. . :

An error in the latitude of the base line also affects the longitude covered by
486 chains (or 489) chains measured along the base line, since 486 chains covers less
longitude if the base line be moved north. The mannper in which the effect of an
error of this kind may be estimated will be best shown by an example.

Suppose the 6th base line (3rd system) to be placed 10 chains too far north, we
find from Table IV :

dl, for 6th base line — 498662
d for 6th correction line— 500-527

The 6th correction line is two townships, i.e., 366 chains north of the 6th base
line, and the difference .in di for these lines is 1”:865. Therefore, diA for the
actual position of the 6th base line, 10 chains north of its theoretical position, is

498”662 4 1”865 X %: 498”681

The eorrection, in the case supposed, to di for one range is 07019, and in
29 ranges, (about the distance apart of two initial meridians) it amounts to
07:019 X 29 ==07"55, or 54 links.

G1VEN THE LATITUDE AND LONGITUDE OF A POINT, TO FIND ITS POSITION WITH -REGARD
TO THE SURVEY SYSTEM, (.e., t0 find in what section it is, and the township and range.
and its distance from the N. E. corner of the section.

.Second, Third and Fourth Systems.

This is the converse of the preceding problem.. The first step is to find, in the
manner explained above, the latitude of the section line next north of the given
latitude. The difference between these two latitudes is reduced to chains by Table I.
This gives the distance () in chains to be measured from the point to find the
north boundary of the section.

The number of sections by which the section line is north of the southern
boundary of the township in which it lies is to be noted. Call this number a, and
the number of the township £,

We also know the number of the nearcst base line, i.e. the bhase line on which
depends the survey of township . From table IV we take out dA for this base lino.

From the given longitude of the point subtract the longitude of the initial
meridian, Divide the difference by di, with quotient n and remainder r. Divide r

by % with quotient b and remainder s. S reduced from seconds of longitude to

chains by Table I, with argument, latitude of the given point, gives the distance (y)
to be measured east from the point to find the eastern line of the’section,

We now know that the given point is x chains south and y chains west of the
north-east angle of somesection in township No. ¢ and range No. (n + 1) west of the .
initial meridian; and also that the northern boundary of the section is a sections
north of the southern boundary of the township, and that the eastern boundary is b
sections west of the eastern boundary of the township.

Tt R T S
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It is now easy by means of a skeleton township diagram to determine the
numbers of the gection; e.g. if a—=2>5, b =3, the section is 28. .

Without a township diagram, the section number can be found from the
formula ‘

No, of section =% { 12a —5--(26 —5)

The upper sign being taken when a is odd, and the lower when a is even. These
two rules are comprised in the general formula
No. of section =} g (124 —5) — (— 1)a (2b—5) }

The calcdlgtion for the second system is the same as above, using the proper
tables for that system, It is also the same for the fourth system.

In this manner have been computed the positions of a great many section
corners in British Columbia (g)m-th system of survey) with reference to points
along the line of the Canadian Pacific Railway, the latitudes and longitudes of these
points having been first determined by a traverse survey. :

First System of Survey.

The procedure in this system is the same as above, except that the total differ-
ence of longitade from the eastern boundary of the township (instead of the nearest
section line) must be reduced to chains, and from the chain distance must be sub-
tracted the nearest multiple of 81-50. :

FraoTiONAL TownNsHIP OR RANGE EETWEEN PARTS OF THE COUNTRY SURVEYED UNDER
: DIFFERENT SYSTEMS OF SURVEY.

Townships of the first and second systems. adjoin each other without overlap or-
deficiency, since the townships in these two systems are of the same dimensions.
Similarly of the third and fourth systems.

But where townships surveyed under the latter systems abut on townships of

" the first or second system, a fractional township of Tangé 6ccurs,  I1tis only neces- = ™~

sary to consider the case of the third system abutting on the first or second, since
the fourth does not occur in juxtaposition with these latter systems.

Fractional Township.

Townships of the third system are 6 chains shorter, measured ndrth and south
than the others. The townships in both cases are measured north from the 49th
parallel, and hence the third system falls short of the other by 6 chains for each
township, and the northern boundary of a township of the third system is therefore
south of the northern boundary of the same township of the first or second system
by 6 chains multiplied by the number of the township. ,

Thus the 5th correction line (Tp. 18), as surveyed under the third system, is
6X18=108 chains south of its position under the second system. For twelve
ranges west of the Second Meridian, the territory from the 5th correction line north-
ward to the 8th correction line was surveyed under the second system, while the
country south of the former line has been surveyed under the third system. There
is therefore an additional township (measuring 108 chains from north to south)
lying between Township 18 of the third system and Township 19 of the second sys-
tem. (This fractional township is called Township 19A, and is subdivided according
to the third system. See Manual of Surveys.)

Fractional Range,

Townships of the third system are 3 chains narrower (measured east and west
along the base line) than those of the first and second systems. The overlap of the
latter systems over the third, however, is not equal to 3 chains multiplied by the
number of ranges, but exceeds this, since the widths are laid off along base lines
which lie in different latitudes, and hence the convergence of meridians comes into

play.

: I
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The readiest method of caleulating this overlap is as follows :—

Let di, be the longitude covered by one range of the baso-line in the first or
second system as found from Table I1I. B _ .

Let dA be the same quantity for the base line of the third system (from Table
Iv)

Then di, — di is the difference of the longitude between the exterior meridians
of range one, as surveyed under the two systems, S :
The difference of longitude at the eastern boundary of the nth range will be
(n — 1) (d4, — d2) :
This reduced to chains is ‘
. (n—1) (d2, — d2) P sin 1”
P sin 1”7 being taken from the proper table for the latitude of the base or section
line on which the overlap is required.

Ezample.

The meridian outline between Ranges 12 and 13, west of the 2nd Meridian,
from Township 19 to Township 22, inclusive, is the western boundary of a tract
of country surveyed under the second system of survey. Required the width of
Range 13, as surveyed under the third system, on the northern- boundaries of Town-
ships 19, 20, 21 and 22. , ’

The base line on which this meridian outline is based, is the 6th base line, or
northern boundary of Township 20, _

From Table III, di, = &’ 217-972
do - IV,dr =8 187662
whence di; — di = 37-310
and at the eastern boundary of the thirteenth range, the difference of longitude is
3:310 x 12 == 39772, :
We have then for the northern boundary of Township 19 (third system) :

Log. 39-712 = 1:5990092

Table IV, Log. P sin 1” = 9-9896352

—————

15886444
Nat. number = 38783
For the northern boundary of Township 20 :
. Log. 3972 = 15990092
‘Log. P sin 1” = 99888297
1-5878389
Nat. number == 38711
For the northern boundary of Township 21 :
: ' Log. 3972 = 1-5990092
Log. P sin 1” — 9-9880192
1-5870284
) Nat. number — . 33'639
For the northern boundary of Township 22 :
Tog. 39712 = 15990092
Log. P sin 1”7 — 99872086
15862178
Nat. number 38-567 ’

Hence the north boundaries of Townshipé'w, 20, 21 and 22, surveyed under the
third system in Range 13, have their eastern tiers of section narrowed by 38483,
38711, 38439 and 38,567, respectively.

"
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Now, the full widths of these sections when regular is got from ‘I'able X, by
multiplying the ¢ width of quarter section ” by 2.

Thus, the width of the eastern tier of sections in Range 13 are:

For Township 19, 8015 — 3878 — 41:37 chains.
do 20, 80 — 3871 =4129 do
do 21,79-85 — 3864 = 41’21 do
do 22,7970 — 3857 = 41'13 do

These widths must be increased by one chain for road, if the widths from post
to post are required. '

For the township lines to the north of the correction line, viz.: 23, 24, 25 and
26, the width of Range 13 may be found in the same way, using the di from Tables
Il and IV for the seventh base instead of the sixth.

If the width of the section on the north side of the 6th correction line is
required, that is, the south boundary of Township 28, it must be remembered that
here, on atcount of the correction line being throwun south, from the less depth of the
townehips of the new system, the southern boundary of Township 23 of the third
system, which is brought from the 7th base, intersects the second system south of
the correction ling, i. e. on a line brought from the 6th base. : '

Therefore we have

For the second system, Table I11, di, 6th base == &' 21" 972

- third . do do IV, d2 Tth do =8 22" 411
_ o dh—di="— 439
and for twelve rahges 12 (di,—di) = — 5" 268
With the difference of longitude 5” ‘268 and the Psin 1” for the 6th correction line,

tveyed under the
>wed by 38783,

It will be noticed that the overplus is negative, i. ¢. there is a surplus. e AR chs
Al B
- - : Tp.-24
The heavy lines represent the secondg B——5 . 2,3 F
.system, the dotted ones the-third. The { ot F
line A1B! is the one which we have just' B | C T p. 2
considered; it falls to the east of AB, but R
to the west of CD. ' :
D Tp. 21 G
! fe2
DI

The lines in the figure are all township lines. Thus it will be seen that there
is a small piece of lund, Bl C, which is in fact a township of itself. Its designation
would be Township 23 A, Range 12,

Second Example.

Required the depth, north and south, of Township 27, Range 19, west of the
Principal Meridian, :

The north boundary of Township 26 is the northern boundary of a tract of
counfry surveyed under the first system. . :

Since each township of the third system is 6 chains shorter north and south
than one of the first system, the northern boundary of Township 26 in the third
system is 6 x 26 — 156 chains south of the same boundary vnder the first system.

Therefore the distance from the north boundary of Township 26, first system, to
the north-east angle of Section 12, Township 27, third system, is 161 — 156 — 5 chains,

Since 150 chains must be allowed for road 3:50 chains is the available width of

'_the strip of land.

g

[

i

fif
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FrACTIONAL SECTIONS ADJOINING AN INITIAL MERIDIAN.,

The lbngitude of the Principal Meridian is 97° 27" 08”4,
That of the 2nd Initial Meridian 102° 00’ 00”

“ " 3rd 106° 00 00”
“  4th « 110° 00’ 00”
“  5th 3 114° 00/ 00”
“«  §th « 118° 00’ 00"
“«  qth « 122° 00’ 00”

: These longitudes are subject to correction for errors of survey, of which it is
intended to treat in a future paper. :
" For the present purpose we shall use the above longitudes.

The difference of longitude between the first meridian and the second is
4° 32’ 51”6 =16371"-6, and between the others successively 4° — 144007,

The width of the last range in seconds on a given base line is got by subtracting
from 1637176 or 14400 the nearest integral multiple of 44 as given by Table III or
IV (according to which system of survey is used). Thus for the width of the last
range on the 5th base line between the 2nd and 3rd Initial Meridians (third system of
survey) we have from Table IV dl — 494”988 and we find, by dividing 14400 by
494-988, a quotient 29 with remainder 45-348. That is, the width of Range 30 on the
5th base, or the difference of longitude between the 3rd Imitial Meridian and the
meridian forming the eastern boundary of Townships 15, 16, 17 and 18, Range 30,
west of the second Initial Meridian is 457-348, This can be converted into chains by
multiplying by log P sin-1”, taken from Table IV for the section liné whose length
is required—whether the southern boundary of Township 15, or the northern boun-
dary of Townships 15, 16, 17 or 18, or any of the intermediate section lines,

If the width of the last broken section be required, and if the remainder, after
tracting the integral multiple of diis greater than one sixth of di, integral multi-
ples of 1 dA (difference of longitude covered by one section on the base line) must
be subtracted until the remainder is less than 1 di, This remainder may then be
converted to chains by multiplying by P sin 1” taken out of the Table for the lati-
tude of the line under comsideration. The reason for this is that the widths in
seconds of longitude are the same for all sections from the base to the correction
line (in the third system). _

The result thus found should be corrected for the mean height of the base line-
above sea level, and also for any error in the positions of the 2nd and 3rd Meridians,
relative to each other..

CHAPTER 1V.
SOLUTIONS OF SOME PROBLEMS IN PRACTICAL GEODESY.

GIVEN THE LATITUDE AND LONGITUDE OF A POINT ON THE EARTH'S SURFACE, AND
THE DISTANCE AND AZIMUTH THEREFROM OF A SECOND POINT, required the latitude and
longitude of the second point and the azimuth of the first point as seen from the second.

The earth being considered a sphere, with radius equal to the normal at the

place (IV), the distance (K) may be reducedK to arc by the formula '
"___ :
A "~ Nsinl”

Then we have a spherical triangle formed by the two points and the north (or south)
pole of the earth, the sides being the coiatitudes of the points (90° — @ and 90° — ¢*)
and u”; and the angles being the azimuths counted from the north of the points from
one another, and the difference of longitude. Any three of these parts being given,
the triangle may be solved by the usual formulw of spheric trigonometry.

Since, however, the side %" is very small compared with the radius of the sphere,
and therefore the triangle cannot be accurately solved without logarithms of many,
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decimal places, a more practical solution can be obtained by expanding the difference
of latitude, &c., in series:— :
We then have for distances not much exceeding 20 miles
¢ —¢@ + u' cos A— (¥ sin 4)? sin 1" tan @
X =2 — (u’ sin 4) sec ¢
A'=180° + A + (u’ sin A) sec @' sin } (2 + &)
‘Where @ and 1 are the latitnde and longitude respectively of the first point
¢ and A' those of the second point :
A the azimuth of the second as seen from the first
4’ do first do - second :
Longitudes being counted towards the west, and azimuths from the north through east
from 0° to 360°.

Correction for Spheroidal Figure.

The above formulie are derived on the-assumption that the earth is a sphere.
The solution for the spheroid can be obtained by applying a correction to the differ-
ence of latitude. There is no correction necessary, to the order of approximation of
the formul® given above, to either the difference of longitude or the difference of
azimuth. '

The spherical solution being made on a sphere whose radius is equal to the
normal (V) at the place, which is the radius of the great circle perpendicular to
the meridian, while the latitude is measured along the meridian, whose radius of

curvature is R, the difference of latitude found as above must be multiplied by%,r :

=1 +e2 cos? @ nearly, or in othér words ¢’ -—~& must be numerically increased by
e? cos? ¢ (9’ —d). ’ :
The spheroidai formule then become .
=@ + u cos A— (u'sin 4)?sin 1" tan ¢
Fercost Uiu Cos A — (@ Sim A)?Ein 1" tamr v}~ S
¥ =21—(u"sin 4) sec & :
A —180° + A+ (u sin A) sec 9" sin§ (¢ +9)
The values of ¢2 cos? ¢ for different latitudes, are :—

— m— —

¢? cos? @

000376 *000305 * 000235
- 43 365 49 293 55 224 61 160 67 104

44 "853 50 282 56 213 62 160 68 096
45 341 51 270 57 202 63 140 69 088
46- 329 52 258 58 191 64 131 70 080
47 317 53 247 59 . 181 65 122

More Accurate Formulee for Long Distances.

The-above formul® serve for distances not greater than say twenty miles, For
longer distances, up to one hundred miles, the formule are (see “Lee’s Table and
Formulz, Professional Papers of the United States’ Engineers; and United States’
Coast and Geodetic Survey, 1875,” Appendix No. 19)—

: ¢— d—=KBcos A— K2 (Osin2 4—(§9)2 D 4 K2h Esin? 4,
V= Ksin 4 ’
N sin 17 coy ¢’

A =180° + A— (X — 1)

sin (@ + @)

wy@—o T
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Where K = the distance

B=_1_for the latitude of the initial point,

R sin 17
’ tan o
¢= 2 VR sin 17 do
D 3 e? gin @ cos P gin 1”
(1—e?sin2¢) 3 i
1+3tan2d
—__ e e " d
E - 6 V2 . 0. .
b— KB cos A or the first term of the expression for difference of lati-
tude. . :
d ¢ is an approximate value of ¢ — &, computed from the first and second
terms of the expression.
V' sin 1” is taken for the latitude of the terminal point.
log F, for latitude 45° = 7-840; for latitude 50° == 7-792; for latitude
55° — 7-1723. o
log e? = 7-8305006
log sin 1" — 4-6855749 . _

The computation can be made by means of Table I, but more conveniently b
means of the tables of the values of B, C, D and E, which are given in the Uhnited
States Coast Survey Appendix above named. )

It is to be noted that in the formul® given in that appendix, the azimuth is
counted from the south through west, while in those I have given for the shorter
" distances it is counted from north through east, conformably to the general practice
in Dominion Land surveys. Hence as 4 is increased by 180°, the sign of cos 4 and
sin Ais changed. ' - ‘

do

Formule in Terms of Rectangular Co-ordinates.

Suppose the latitade and longitude (#-and 1) of one point to be known, and the
second point to be referred to the first by rectangular co-ordinates, y in direction of
the meridian and x perpendicular to it, y being positive when measured north from
the first point, and x positive when measured west.

’ y o x  \* Nsin1”
Then ¢' =& 4 H—-37 — % sin 1” tan ¢/ (Nsin 17) Rsin 17+

’ z /
A=A+ (m,) sec @
[ ) . b : o
A'=180° 4+ 4 (m tan
The expression for #” contains @', the quantity soughf, in the last term, The
value of @’ to be used in computing this term is the approximate value of ¢ obtained
_y .
R sinl”
These formule may be used for differences of latitude and longitude on a traverse
survey consisting of a number of short lines,
The co-ordinates with reference to the meridian of one of the points may be
computed by summing the “latitudes and departures ” taken from an ordinary trav-
erse table for the several courses.

G1vEN THE LATITUDES AND LONGITUDES OF TWO POINTS, to find the length and
direction of their joining line. .
Let ¢ and ¢ be the latitudes.
2 and 4’ be the longitudes.
Then (¢ — #) multiplied by the factor ¢2 cos? @ given in the table on page —
18 the correction to the latitude to reduce it from the spheroid to the sphere, Haﬁ'

from the first two terms ¢ +
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of this correction is to be applied to each latitude, in such direction as to bring them

nearer together. -
We then have, calling these corrected latitudes fand ', and (¢' — &) 2 cos?0 =

B

l=2+5

— (X —4i)cos e

F'—1l—%sin 1" (' —A) cos? I' tan !

i ’ ! B

/= —3

(A — i) cos
sin 4

141
A=180° + A — (¥ — 2) sin 5~ :

N sin'l”l should be taken for the mean latitude l) ;w ; 5o also e® cos? @, al-

tan 4 —

K—=— Nsin 17

though the differences in this latter will be inappreciable uriless the difference of
Iatitude is great.

KnowING THE LATITUDES AND THE AZIMUTH of one point from the other, to find the
distance.

Calculate 8 and I and ¥ as in the last case.

Find the auxiliary angles ¢ and ¢ — « from the equations
tanl
cos A

sin (0—u)—:1rlxlz sin ¢

tan 0 — —

Whence u is known
then K —=u Nsinl".
That value of 8 is to be taken which is léss than 90°, i. e, if tan ¢ be p051twe
(when cos 4 is negative) ¢ will be a positive angle less than 90°, If tan 0 be nega-
tive, 6 will be a negative angle. In the latter case the formula

: X sin [’
’ 0—u) — —(——

| sin ( ) = =
sin 7
sinl

sin 8

becomes sin (¢ + %) = ——-sin ¢. 0 in this last being taken positively..

GIVEN THE LATITUDE OF ONE POINT, THE AZIMUTH FROM THIS TO THE OTHER, AND
THE DIFFERENCE OF LIONGITUDE, o jind the distance.

That is, given @, X' —2, and 4 to find. ¢, 4" and K.

Let di be the difference of longitude. ‘l‘he auxiliary angle 0 is computed by the
formula
tan & — — sin { tan 4.
tan ¢ sin (8 —dX)
sin ¢
= (a’'— D) e? cos2} (a'+P)

o' __a+R l__d)+-‘ ! —=¢ —

and tana’'=—

E=—a2t Neinv.

Sll]
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TRIGONOMETRICAL LEVELLING,

To find the elevation of ome station above another by observation of the apparent
altitude.
Let K represent the distance apart of the two stations, ¢ the angle subtended

by the arc joining the two stations at the earth’s centre (7. e., more properly at the
ceatre of the curvature of the are) :

Let m == the coefficient of refraction.
dh = difference of height of the two stations.
S ==radius of curvature of the arc joining the stations.
E = measured angle of elevation. =~ -

N——
Then 0= ggin 1

i Ksin {E + (3—m) ¢}
" cos gE + (1—m) 0}
M97 S, the radius of curvature of the arc, is found from R and IV, given the azimuth
of the arc, in the manner explained under Table I, but for ordinary purposes
WVsin 1" or R sin 1” may be used instead of § sin 17,
m varies in different places, being greater at the sea.coast than in the interior,
It runs from about -065 to about -080. Where aceuracy is required it must be found

by observation in the locality, by the method of reciprocal zenith distances, or
otherwise. ‘

oi Taking its value at 070, the above formula becomes :
d __K_sin (£ + 043 0)
h=—cs (E + 093 0)

If the angle observed be an angle of depression instead of elevation, we have
calling the observed angle D :

— Ksin (D —043 0)°
cos (D —0930)

ah —

w
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APPENDIX—TABLES.
TaBLe IL—Radii of Curvature of Meridians and Parallels, &c.

Latitude.

log Nsinl”.

log P sin1”.

log Rsinl".

Chains in 1'% Seconds in one EngliisrfxaMiles
’ hain. Degree.

Lat- | Long- | Lat- | Long- Lat- | Long-
itude. | itude. | itude. } itude. | itude.

itude.

0-1873775
3818

3860
3903
3946
3988
4031

5953
5995
6037
6079
6121
6163

6247
6284

0- 0584510

19173
00406838
0°0394430

81949

69396

56768

44067

31292

18442
0°0305517
0° 0292516

79439

66285

53054

39745
26358
00212893
0°0199349
85726

0°0102285
0°0088090
73812
59449
45001
30469
15849
00001143
9-9986351
71470
56501
41444
26296
9-9911058
99895730
80309
64797
49192
33493
17701
99801813
99785830

69750

0°1857461
7589
7717
7845
7973
8101
8230
8358
8487
8615
8744
8872
9001
9129
9258
9387
9515
9644
9773
0°1859901
01860030
0159
0288
0416
0545
0673
0802
0931
1059
1188

1-5360
1-5361
1-5361

1-5362°

1-5362
1-5363
1-5363
1-5363
1-5364
15364

1-1441
1-1411
1-1381
1-1351
1-1320
1-1290
1-1260
1-1229
1°1199
1-1168
11137
1-1106
1-10756
1-1044
1-1013
1 0982
10951
1-0919
1-0888
1-0866
1-0824
1-0793
1-0761
1-0729
10697
1-0665
1'0632
1:0600
10568
1'0535
1-0502
1 0470
1-0437
1-0404

1-0238
1:0205
10171
1-0138
1°0104
1:0070
10037
1-0003
0°9969
0-9935
09900
09866
09832
0-9797
0°9763
0-9728
09693
0-9659
0°9624
0-9589

0- 9554
0°9519
0°9484

0°6520
0°6620
0°6520
0°6520
06519
0°6519
0°6519
0-6519
0-6519
06518
0°6518
06518
0-6518
0°6518
0°6517
0°6517
0-6517
0°6517
06517
0-6516
0-6516
06516
0-6516
0-6516
0°6515
06515
06515
0-6515
0-6516
0-6516
0-6514
0-6514
0 6514

08741
08764
0-8787
08810
0-8834
08857
0-8881
08905
0-8930
08954
078979
0°9004
09029
09054
0-9080
09106
09132
0°9158
09185
0-9211
09238
0°9266
0-9293
0-9321
09349
0-9377
0°9405
09434
0°9463
0-9492
09522
0°955]
0°9581
0-9612

0°9767
0-9799
0-983L
0-9864
0-9897
09930
09964

10031
1-0066
1°0101
1-0136
1-0171
1-0207
1-0243
1-0279
1-0316
1-0353
1-0391
1°0429
1°0467
10506
1°0544

0-9998.

69-14

43-46
43°31
43:15
42-99
42°83
4268
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APPENDI X—TABLES

~—Radii of Curvature of Meridians and Parallels, &e.

log N sin 1”.|log P sin 1”. log R sin1”,

Seconds in one. H:mmﬂrp?—mmm
Chain. Degree.

Lat- | Long- |- Lat- Long-
itude. | itude. | itude, itude.

0°1865252 | 1'5365

0°1869938 | 1-5381
0-1870052 | 1-5382

” — ”

0°6508 | 1-0584

0°6508 | 1-0624

0°6508 | 1-0664

0°6508 | 1-0704

0°6508 | 1-0745
! 0-6507 | 1-0786

0°6507 | 1-0828

0-6507 | 1-0870

0°6507 | 1-0913

0-6507 | 1-0956

06507 | 1-0999

0°6506 | 1-1043

06506 | 1-1n88

06506 | 1-1132

0°6506 | 1-1178

0°6506 | 1-1223

0°6505 | 1-1270

0°6505 | 1-1316

06505 | 1-1363

0-6505 | 1-1411

0°6505 | 1-1459

0-6505 | 1-1508

0-6504 | 1-1557

0:6504 | 1-1607 | 69-19
0°6504 | 1-1657 | 69-19
0°6504 | 1-1708 | 69-19
0°6504 | 1-1759 | 69-19
0-6503 | 1-1811 | 69-19
0°6503 | 1-1863 | 69-20
0-6503 | 1-1916 | 69-20
0-6503 | 1-1970 | 60-20
0°6503 | 1-2024 | 69-20
0°6503 | 1-2079 | 69-20

0°6502
0°6502
06502

0-6502 | 12304 | 69-21
0°6502 | 1-2362 | 69-21
0°6502 | 1-2420 | 69-21
0:6501 { 1-2479 | 69-22
0°6501 | 1-2539 69-22
0°6501 | 1-2600 | 69-22
0°6501 | 1-2661 | 69-22
0-6501 | 1-2723 | g9-22
0°6501 | 1-2786 | 69-23
0-6500 | 1-2849 | 69-23
0°6500 | 1-2913 | 69-23
0-6500 | 1-2978 | 6923
076500 | 1-3044 | 69'23
0-6500 | 1-3110 | 6€9-23

0'6500 | 1-3177 | 69-24
0°6499 | 1-3245 | 69-24
0°6499 | 1-3314 | 69-24
0°6499 | 1-3384 | 6994
0°6499 | 1:3454 | 69-94
0°6499 | 1°3526 | 69-24
0°6499 | 1-3598 | 69-25
0'6498 | 1-3671 | 69-25
0°6498 | 1-3745 | 69-25
0°6498 | 1-3820 | 69-95
06498 1 1°3396 | 6925 3238
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'arallels, &e.

APPENDIX—TABLES.

Tasre I.—Radii of Curvature of Meridians and Parallels, &c.—Concluded.

ds in one.

Engli'sh Miles
Degree.

- Lat-
itude,

.{log P sin 1",

log R sin 1",

Chains in 1",

Long-
itude.

6924
6925
69°25
69°25
69-25
69-25

9-8546982
98522835
9-8498516
74022
49352
9-8424503

9- 8297512

9-8219035
9-8192482
65730
3877

9-8111610
98084240
56659
28862
9°8000850
97972618
44164
9°7915485
9-7836577
57439
97828065
97798454
68602
38506
9-7708163
9°7677568
46718
97615610
9-7584241
52605
97520699
97488520
56064
9°7423324
9-7390298
56983
9-7323371
9-7289460
5544
9-7220719

0 1872368

2474
2579
2684
2780
2893

-0°7077

0-7156
07117

07037
06997
06957
0°6917
0°6877
06837
06797
0-6757
0°6717
06676
-0° 6636
06596
0°6555-
06514 |
06474
06433
0°6392
0°6352
0°6311
0°6270
06229
0°6188
06147
06106
0° 6065
0-6023
.9°5982
"0.5941
05900
05858
05817
0-5776
05734
0°5692
0-5650
05609
05567
05525
0-5483
0-5441
0°5399
05357
0:5315
0°5273

T A oy T " P NI
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TABLE II.

CorrecTioNs to be applied to the logarithms of R sin 1” and N sin 17 in Table I,
for Clarke’s later values of the dimensions of the earth.

Latitude. | & (log R sin1”). | d(log N sin 1”). Latitude. d(log Rsinl”). | d(log N sil_xil”).

—0- 0000021 +0° 0000063 +0°0000034 . +0-0000081
17 64 37 82

TABLE IIL.

Latrrupgs, &e., of Base and Correction Lines. 1st and 2nd Systems of Surveys.

Number of L L Long'itut(iie

umber o . 0g. og. covere:

Line. Latitude. i L i .- by 489 Chains
of westing.

g
2
]
13
b
.
S
zZ

o i o ,

.. ) 49 00 00°00 0°18756572 00045001 0-1862852 8 03°959
Correction 10 36-86 5618 00029573 2989 05-681
2nd Base. 21 13°70 5662 ©0°0014047 3122 07421
Correction 31 50-52 5707 9-9998425 32566 | 09-177
3rd Base 42 27-33 5751 9-9982704 3391 10 951

49 53 04-12 01875797 9°-9966886 0-1863527 12-743
50 03 40-89 5842 9° 9950968 3662 14562
14 17-64 5887 9°9334951 3797 16379
24 5437 5932 9-9918831 3931 18225
35 31°08 5976 99902611 4064 20.089

6th Base. .. .. :| 50 46 07-77 0 18"6021 9-9886289 0°1864198 21-972 -
Correction. ..l . 564444 9+9869863 4331 23°87H
7th Base... ....| 5107 21-09 99853334 4466 25°796
Correction 17 5772 3 9-9836700 : 4599 27°737
8th Base + 28 3433 9+9819961 4733 29-698

8th Correction .1 51 39 10°92 0-1876243 9-9803116 01864867 31678
9th Base. ... 49 47-49 6287 9°9786163 4 33-680
Correction 562 00 2404 6332 9°9769104 35701
10th Base. .., 11 0057 6376 9-9751934 i 37744
it 21 37°08 6420 9° 9734657 ¢ 39-808

52 82 1357 0°1876464 9-9717267 0-1865529 8 41-894
42 5004 6508 99699768 5681 44001
b3 26°49 6552 9-9682156 791 46°130

53 04 02°92 6595 9°9664429 5920 48-282
14 3933 6640 9°9646592 6055 50" 456




[pPAGE vI]

TABLE IV.

LariTopes, &e., of Base and Correction Lines.

. N'sin 1” in Table I,
{Third System of Survey.)

3 earth.

B &
i .
e . Longitude
in1”). | d(log N sin1"). —g E|  Nameof Line. Latitude. | o198, | pLog, | plos, cov%regf by 486
= . 1ns.
z
)Oog; +0-0000081 o v " : ' ’ ”
82 .
41 84 O/lst Base............ . 49 00 00°00 01875572 0°0045001 01862852 8 00°990
45 85 2(Correction....... ...... 10 2905 5617 0°0029764 2987 02681
48 86 4/2nd Base............... 20 58-07 5661 0°0014431 3119 04388
51 87 6/Correction.............. 31 27°08 5705 9-9999003 3251 06112 A
5_5)5 . 88 . 83rd Base .. . . ....... 41 56°08 . b749 9°9983480 3383 07852 8
8 89 8 A
61 90 10(3rd Correction.......... 52 25705 5794 9-9967861 3518 09°610 % "
64 91 12(4th Base ....... 50 02 54'01 5838 9-9952143 3650 11-385 2 A
67 ’ 93 14{Correction.......... .. 13 2296 5883 9-9936329 3786 13:178 B A
70 93 16/5th Base ............. L. 23 5188 5927 9°:9920418 3918 . 14-988 o8
72 94 18|Correction........... . 34 20°77 5971 9°9904407. 4050 ' 16°816 . @ b &
7! 95 . = 4!
78 96 20{6th Base ............. . 44 49°65 6015 9°9888297 4182 18-662 | ;
29|Correction.............. 55 1851 6059 99872086 4314 20-527
24|Tth Base ............... 51 05 47°35 6103 9-9855774 4446 22-411
26/Correction ... .......... 16 16°17 6147 0-9839365 4578 24°313

8thBase ............... 26 4498 9-9822842

ystems of Surveys. 8th Correction...... .| 8r13s 6235 99806224 4842 | 28-17
32i9th Base ............... 47 42°53 6279 9-9789500 4974 30136
34|Correction.............. 58 11'26 6322 9-9772671 5103 32'117
36/10th Base .............. 52 08 39°98 6366 9-9755737 5235 34-118
. 19 08-69 9° 9738694 .
. Longitude
40, covered 29 3737 9-9721545 '
iin 1% by 489 Chains 49 40 0604 6497 89704288 . 5628 40°245
of westing. 44 50 3469 6540 9°9686921 87567 42329
461C 53 01 0331 6582 99669442 5883 44-436 -
48 11 31°92 6626 99651856 6015 46:564
‘ . 50/13th Correction......... 22 00°52 6670 9° 9634156 6147 48:714
1862852 8 03-959 52|14th Base .............. 32 29°09 §712 9°9616342 6273 50887
2989 05681 54]Correction........... .. 42 b7°65 6756 9-9598417 6405 53083
3122 07-421 56/15th Base ............. 53 2619 6799 9-9580375 6534 55302
3256 | . 09-177 58/Correction....... ..... 54 03 5471 . 6841 9-9562218 6660 b7:545
3391 10 951 60|16th Base .............. 14 2321 6884 995423945 6789 8 59°811
1863527 8 12-743 62|Correction............ . 24 51-69 6927 99525554 9918 . 9 02°102
3662 14-552 64/17th Base .............. 35 20°16 6969 9-9507044 7044 04417
3797 16°379 66(Correction.. ........... 45 48°59 7012 9-9488415 7173 06758
3931 18-225 68[18th Base ........ . 56 17°0L 7064 99469665 7298 09-123
4064 20.08% 70[18th Correction. ........ 55 06 45-32 ;ggg g'gg({;gg 7;%; }?l"glg
‘972 - ~ 79/19th Base ........ ..... 17 13'82 ‘ 7 ‘93
Lseggsli 8 %g:% ' ' 74|Correction....... e 27 42°20 7181 9-9412680 7679 16°378
4466 95796 76/20th Base «............. 38 10°65 7223 9-9393487 7805 18847
4599 27737 78{Correction.............. 48 3889 7264 9:9374066 7928 21345
4783 29°6%8 80[21st Base.. ........... 59 0720 7905 | 99304569 051 23671
K 67 82|Correction........ . .. 56 09 35°49 7. 9 7 1424
ssiggg 8 g%-gég §4/29nd Base. . . 20 0377 7390 9-9315192 8306 29-006
5131 35-701 86{Correction . 30 32°03 7431 9-9295307 84?9 381-618
5264 | - 37744 88|123rd Base .............. 41 00°28 7472 99275290 - 8552 34°258
5395 39-808 . =1 oa- . o .
90{23rd Correction. . ... .. . 51 28°51 ;géz g gggiéég g% g gg ggg
' 92(24th Base ............ 57 01 5670 Q97 630
86223? s :ﬂ gg% 94iCorrection........ .... 12 2489 75956 9-9214436 8921 42°362
5791 46°130 96/25th Base .............. 22 5307 7637 9-9193880 9047 45°125
5920 | 48282 98|Correction.............. ! 33 21°22 7678 9-9173186 9170 47'919
6055 50456 100126th Bage . ............. 43 49°36 7718 9-9152851 9290 50747
102/Correction.......... .. 54 1748 | 7709 9-9131376 9413 53607
104/27th Base ........ ... .58 04 45°57 7799 99110259 9533 56500
13—9 :




[ParT vI]

TABLE 1V —Concluded.
Larirupg, &c., of Base and Correction Lines—Concluded.

(Third System of Survey.)

Longitude
covered by 486
Chuins.

Log.

H.OW..
i R sin

Latitude. N min 17

Name of Line. 1

Township.

Number of

. . ”

13°66 01877830 900889983 01869653 9 59427
41°73 7879 9-9067591 977 10 02- 389

09°78 7919 05. 386
37-81 7959 08418
05°83 7999 11-487
8039 14-593
8078 17736

8117 20-917
8157 24°136
8196 27396
0-1878235 30195

Correction..
28th Base

99046039 0°1869893
9-9024339 0°1870013
99002490 0133
98980490 0253
9-8958337 0370

0487
0607
0724
0-1870840

28th Correction. .
29th Base
Correction.

30th Base .. ..
Correction... .

9°8936029
98913568
9-8390948
0- 8868170

31st Base. .
Correction.. ....
32nd Base
Correction.

o1 o=y

TABLE V..
Cuorp Azutas, Deflections, Deflection Offsets, &c., for Base Lines.

(First and Second Systems of Survey.)

Chord
Azimuth.

Base Line.

Chord
Azimuth.

Deflection.

Deflection.

Deflection
Offset for 1
Chain

Distance.

Longitude
covered
by
1 Range.

Township.

Number of
Number of

-

Inches.

w

89 56 57-4
: 551
528
504
480

89 56 45°6
431
406
381
355
89 56 329

30°2
275

SVWRID O W

899493
9436
9480
‘0473
0467

59°9460
9453
19446
*9439
‘9432

§9°9425

[=+]

WO
A

[=~]
5388 .

CRDLHP DML

e
o

01014
1027
1040
1053
1067

0-1080
*1094
"1108
*1122
1136

0-1151
1165
1180

i el e sl e i e ed o

WLWOGIW O oL oo
CtOrc0 b a8 L NN

MR GNS-Ig pd-imed

08 0 &9




~Coneluded.

Longitude

R WNM.H\\ covered by 486

i ' Chains.

01869653 9 59-427
9773 10 02-389
0°18693893 05.386
0°1870013 08-418
0133 11-487
0253 14°593
0370 17°736
0187 20-917
0607 24-136
0724 27396
0°1870840 10 307695

for Base Lines.

etion | Longitude 8 ‘m
for 1| covered | %8
ain by 2 m
ance. 1 Range. mmm
4
aches, s, H
.+402 32-3 0
."420 325 4
.~438 327 8
.- 456 330 12
474 332 16
" 493 335 20
.'512 337 24
.°531 340 28
. B51 34-2 32
570 34°5 36
591 388 40
~611 351 44
632 354 48

i

[PART VvI]

TABLE VI

Cuorp AzimuTHs, Deflections, Deflection Offsets, &e., for Base Lines,

(Third System of Survey.)

< =)
.5 Deflection . s ..m
8's | Chord Azimuth| Chord Azimuth | Deflection | Deflection | Offset for 1 Hﬁwwmﬂu—%ou. 5 w.
m % Sexagesimal. Decimal. Sexagesimal [ Decimal. Chain co Rea Nm% 2 e
5A ) : ) Distance. e g
4 z
s e o ¢ Inches. s.
1 89 56 585 89°9496 6 030 0°1008 1-394 321 1]
2 56-3 '9490 07°5 . +1021 1-411 323 4
3 540 "0483 120 *102, 1-429 325 8
4 617 0477 16°6 "1046 1-447 328 12
5 49-4 0471 21-3 *1059 1465 330 16
6 470 0464 26-1 -1072 1-483 332 20
7 46 0457 30°9 1086 1501 336 24
8 42'1 0450 35°8 1099 1-520 33°7 28
9 39°6 0443 40°8 *1113 1539 240 32
10 371 9436 459 1127 1558 343 36
11 345 9429 510 1142 1'578 34D 40
12 319 19423 562 1156 1-598 *34°8 44
13 293 9415 7015 1171 1:619 351 48
14 266 9407 069 *1186 1639 354 52
15 23-8 9399 12-4 1201 1660 357 56
16 210 -9392 18:0 1217 1-682 36 0 60
7 182 9384 237 *1232 1-704 36'3 64
18 153 19376 29°4 *1248 1726 36°6 68
19 124 *9368 353 *1265 1-749 369 72
20 09-4 -9359 41-3 1281 1-772 37°3 76
21 06-3 -9351 474 *1298 1:795 37°6 80
22 03-2 '9342 536 "1316 1'819 37°9 84
23 00 1 9335 59°§ 1333 1-843 383 88
24 89 55 56°9 -9325 8 06'3 "1351 1-867 38°6 92
25 536 *9316 12-8 * 1364 1-892 390 96
26 503 -9306 19°5 1387 1-918 394 100
7 468 -9207 263 " 1406 1-944 398 104
28 434 9287 333 1426 1-971 40°2 108
29 399 ‘9277 40-3 ‘1445 2°998 40°6 112
30 362 9267 47°6 *1465 2°026 410 116
31 32°6 9267 549 -1486 2054 414 120
32 238 9247 9024 *1507 2083 418 124
13—93
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[paRT VvI]

TABLE VIL

Caorp Azmmuras, Deflections, Deflection Offsets, Jogs, &c., for Correction Liues,

(First and Second Systems of Survey.)

. .8 . g
L ©.8 . 5§ .
Sg &8 LENGTH OF ONE S
o3 ) . . ©© _ | RaNek oN CorrEc- m 8.2 . B
°g| Chord | Chora | § 5 | Be8 TION Lixk. Tog. | B88 | 54
32 | Azimuth. !Azimuth.| 5 5 £0o4 | | V98- g o | B8
£3 < & 2 5.2 North side{South side’ mD......mm mTo
= BL . 5
Z m “mv De of Road. | of Road. ~_ nnw P
e ° ron ° in inches | chains. | chains. | chains. | links,
1| 8966569 89°9491 16062 (01017 ) 1°406 | 490°751 | 487°266 | 3485 | 145 | 9
2 546 | -9485 | 108 | 1030 | 1-424 773 2440 529 17| 6
3 52'3 9479 | 15°5 | 1043 | 1-442 796 ‘2221 574 149 10
4 499 9472 | 202 ‘1056 | 1-460 818 ‘200 [ 618 | 151 14
5 47°5| 9465 | 25°0| ‘1069 | 1'478 841 77| 664 | 1623 18
6 | 89 56 45°1 89-9459 | 6 29°8 | 0-1083 1-497 490°865 | 487154 3711 15°5 [ 22
7 42°7 -9452 347 1096 1-516 888 ‘131 758 157 | 26
8 40-2 9445 397 1110 1-535 913 107 *806 15°9 | 30
9 37°6 9438 448 *1124 1-564 937 083 854 1671 34
10 350 9430 500 1139 1-574 962 058 ‘904 16-3 | 38
11 | 89 56 324 89-9423 | 6 35°2 | 0-1153 1594 | 490-987 487°034 3-953 16°5 | 42
12 29°7 ‘9416 | 7 00°6 ‘1168 1615 | 491'012 008 4°004 16°7 | 46
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[parT vI]

~-Continued.

srence
or
hains,

Quarter
Section.

TABLE IX—Continued. .

LaTtiTupg, with Logarithms of Secant and Tangent, &e.—Continued.

-
e
%
&

ﬁ 39-846

013
40000

39987
974
961
948
935
922

909
846
883
870
857
39844
40°157

Township.

Section.

Latitude ¢

Sec ¢.

Difference
for
10 Chains.

Tan @.

Difference
for
10 Chains.

Quarter
Section.

N
-~

30

41
42

44

45

46

51°-3141
3288
3436
3583
3730
3878

4025
4172
4320
4467
4614
4762

4909
5056
5204
5351
5498
5646

5793
5940
6088
6235
6382

51-6530.

526255

6402
6549
6697
6844
6991

7139

8023

8170
8317
3465
8612
8759
8907

9054
9201
9349
9496
9643
9791

9938
530085
0233
0380

0°204 09

@
[
0-000 02

w0
oW
0°000 02

0096 51

0°099 02

25
48
71
94
0°100 17
40

0116 99
0°117 22

0°000 03

0°000 03

908
804
881
868
855

30°842

39-918

138
124
111
097
083

069
056
042
028
014
40°000

39-986
972
958
945
931
917

903
890
876
862

ar

& e,




[ParT 4.&

TABLE IX—Concluded.

Latirope, with Logarithms of Secant and Tangent, &c.—Concluded.

—

Difference Difference Quarter

Section.| Latitude ®. for for Section

|
|

10 Chains. 10 Chains.

Township.

53°- 0527 0221 07, 0123 71
0675 21

0822 36
0969 51
1117 66
1264 81
1411 95

1559 0:222 11

170

1353
2001
2148
2295
2443

TABLE X,

LaTiTupE, with Logarithms of Secant and Tangent for the north boundary of each
Section, and width of Quarter Sections on such boundaries.

(Third System of Survey.)

Difference Difference :
Section.| Latitude ©, Sec ¢, for Tan ¢. for MW_%MMMH
10 Chains. 10 Chains, & - "% .

Township.

4970000 0183 06 0-060 84

0147 19 0°061 06
0291 . 31 28
0438 11
0582 b7
0729 : 65
0874 82 0062

95
08
20
33
16

0-000 02
0000 03

0°065 08
30

a3 TS
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Section, and

width of

Difference
for
10 Chains.

Quarter
Section.

0°000 03

40012
000

39-988

963
951

926

914
902
890
877
865
39-853
40-149

137
124
112
099
087
074

062
050
037
025
012
000

39-988
975
963
950
940
925

913
901
888
876
863
39851
40150

138
125
113
100
088
075

063
050
038
025
013
000

39-987
975

[ParT VI]

141

Latitupg, with Logarithm

TABLE X—Continued.
s of Secant and Tangent for each Section and width of
Quarter Sections—Continued.

p .
.‘m ’ a Sec ® U:wmnounm Tan ¢ Ummmmnmuom Quarter.
& |Section.| Latitude 7. Sec ¢, or an 9. or el
W 10 Chains. 10 Chains. Section.
13
13 50°° 7909 0°199 18 0°088 39 39962
24 8054 31 62 950
25 8200 45 84 waq
36 8345 58 0°089 07 925
22 1 8491 72 29 912
12 8636 86 52 899
13 8782 99 3 74 = 887
24 8927 0-200 13 o 97 o 874
25 9073 26 8 0-020 20 1= 39 MMV»M
T S -849
[~] <
36 .wmum 40 42 10152
23 1 9365 53 65 140
12 9509 67 87 127
13 9656 81 0°091 10 114
24 9800 94 32 102
25 9747 0°201 08 .55 089
36 5100091 21 77 076
24 1 0238 35 0°092 00 064
12 0383 49 ’ 22 051
13 0529 63 45 038
24 0674 76 68 025
26 0820 90 90 013
36 0965 0°202 03 0°093 13 000
.25 1 1111 17 35 39-987
12 1256 a1 58 975
13 1402 44 81 962
24 1547 58 0-094 03 949
25 1694 72 26 936
36 1838 58 48 924
26 1 1985 99 71 . 911
12 2129 0°203 13 93 898
13 2276 27 0095 16 885
24 2420 40 39 873
25 2567 54 61 39 me
36 2712 68 84 10-154
27 1 28568 82 0-096 07 141
12 3003 95 29 129
13 3149 0-204 09 Q 52 116
24 3294 28 = 74 =2 “103
25 3440 37 =3 97 o 090
36 3585 51 o 0-097 19 =3 077
<
28 1 731 64 42 064
12 3876 78 65 051
13 4023 92 87 039
24 4167 0°205 06 0°098 10 026
25 4314 20 33 013
36 4458 33 55 000
29 1 4605 47 78 39-987
12 4749 61 0°099 00 . 974
13 4896 75 29 962
24 5040 89 46 949
25 5187 0°206 03 69 936
36 5832 17 91 9933
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LaTiTupE, with bo..ma;r—:m of Secant and Tangent for each

TABLE X—Contcnued. o

Quarter mS.:o:m|Q§a§§&

Section, and width of

Ummﬁmunm,
for |
10 Chains.

Quarter
Section.

o
=3
>
=
=1
o

143
130
17
104
091
078

065
052,

039
026

909
896
883 -
869
856
39°843
40°158

145
132

...lw. Difference  Difference Quarter
& |Section.| Latitude ¥. Sec +. for Tan *. for e
m Section w 10 Chains. 10 Chains. Section.
T —_—
! 5 2°- 3046 0213 63 | 0°211 96 8556
wo. 5 ° !.w ! . 115 { 89-841
36 3191 T 0112 18 1 40160
39 1 3337 92 a2 41 = 147
12 3432 0-214 06 it 64 S 134
! 13 3628 20 2 87 =4 me
21 3773 34 o 0-113 09 & 107
2 3919 49 32 093
36 .moa.m G3 55 080
I~ ) .
40| 1 4210 7 78 067
12 355 92 0°114 01 053
13 4501 0°215 06 . 24 o.uw
24 4646 20 46 027

41

43

‘44

45

46

8430

8576
8721
8867
9012
91568
9303

53° 0031
0176

0°219 11
25

40
55
69
84

98
0-220. 13
28

0°000 02

432
57
71

0-115-15
38
61
83
0-116 06
29

52
L]
98

0-117 21
44

66

89
0-118 12
35
58
81
0-119 04

27

0-123 16

0-000 03

39987
973
960
916
owo

906

081
068

Pl e ghn 43 58 i
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[PART vI]

TABLE X—Continued.

LATITUﬁE; with iogarithms of Secant and Tangent for each Section, and width of
Quarter Sections—Continued.,

w——

Difference Dlﬁf%rrence Quarter

Section.| " Latitude ¢. or r
10 Chains. 10 Chains. Section.

Township.

54° 5454 0°147 46 |
5508 69
5745 93

5889 0:148 16

6036 . ' 39
6180 30 63

0°000 02

84
0°242 00
16
31
47
63

79

95
0°243 11
: 26
42
58

74




[PART 4&

Bbmb.m X —Continued.

H:E.Haquu with Logarithms of Secant and Tangent for each Section, and width of
Quarter Sections—Continued,

1 Section, and width of

N i
Difference ) - Difference _ Difference -
for Quarter < . . 1 : Quarter
. Section.| Latitude ®. Sec @. for Tan ¢. for h
10 Chasins, Section. m 10 Chains. i 10 Chains. Section.
= _
40°043 73 1 55°-3018 0244 69 0:159 65 39-985
029 12 3163 85 89 970 .
014 13 3309 0-245 01 0-160 12 956 Pd
000 24 3454 17 36 941 ]
2 3600 33 59 926 :
wmw 36 3744 49 | 83 911 ;
\ .
97 74 1 3891 65 _ 0°161 07 896
942 12 4086 s1 | 30 881
928 13 4182 o7 54 867
913 24 4326 0°246 13 7 852
2 4473 29 0-162 01 837
899 c . 39-822
881 36 461 45 24 40-130 :
_ 870 : : ”
_ 855 75 1 4764 61 ; 48 165 :
R4l 12 4908 7 : 72 150
39827 13 5054 93 9% 135 :
40°175 24 5199 0" 247 09 0163 19 120
25 5345 2% 43 105
161 36 5490 41 66 090
146
1B . 76 1 5636 57 90 075
17 12 5781 73 0-164 13 060
102 13 5927 90 37 045
088 24 6072 0.248 06 61 030
o738 % 6218 ww 85 %w
% o 36 6363 0-165 08
g 044 7 1 6509 54 o 32 o 39-985
S 029 - 12 6654 70 o 55 - 970
o 015 13 6800 86 s 79 = 955 .
000 24 6944 0-249 02 3 0°166 03 S 940
. 2 7091 19 . o7 . 925
39985 36 7936 35 50 910
971 )
256 78 1 7382 51 ;T4 895
M1 12 7526 67 ! o8 880
927 13 7672 83 0°167 21 865
912 24 7817 0°250 00 45 -850
2% 7963 16 69 835
e 36 2 o 39820
883 8108 2 92 40-182
868 !
854 79 1 8254 | 43 0°168 16 167
839 12 8399 i 64 10 152
89-824 St 8545 81 64| . 137
40177 24 8690 97 87 122
25 8836 0-251 13 0169 11 106
163 36 8981 30 35 091 .
148 ’ :
133 80 1 9127 46 ) 59 076 i
g 12 9272 62 _ 82 061 m
104 13
089
40°074
059
044 &
030 3
015 i
000 :




[ParT VI]

TABLE X—Concluded.

LATITUDE with Logarithms of Secant and Tangent for each Section, and width of
Quarter Sections—Coneluded,

Difference Difference Quarter

Section. | Latitude ®, . for . for x
10 Chains. 10 Chains, | Section.

56°- 0581 0-253 09 : 39°924
0726 26 ' 909

0872 ) ' 893
1017 .
1163

1308
1454 0254 08

1599 24

TABLE XI.

To Convert Chains into Decimals of a Townslnfp Side.

Equivalent Decimal of a Township Side. Equivalent Decimal of a Township Side.

Side = 489¢, | Side =186c. | Side = 483¢. ’ Side =489¢. | Side=486c. | Side — 483c.

a
g
3
]
[&]

0°00204 : 000207 0-06135 0-06173 o 06211
*00409 ' 00414 - 08180 *08230 ' 08282
00613 : *00621 10225 *10288 10352
00818 . 00828 12270 12346 12422
01022 ' 01035 '14315 '14403 14493
01227 : 101242 - ‘16360 16461 16563
01431 : 01449 18405 18519 18634
01636 . 01656 ' 20450 20576 20704
01840 : 01863 40900 *41152 41408
02045 ' 02070 *61350 61728 62112
04090 ’ ‘04141 -81800 *82305 82816

COOMITOT I QOBDD =

& =

e S R A e ket




Section, and width of

Difference

for Quarter
10 Chains.

Section.

40°185

Side.

1al of a Township Side.

1}

e=48bC, | Side = 483c.
0-06173 0°06211
08230 08282
*10288 10352
-12346 -12492
-14403 14493
*16461 16563
~18519 18634
20576 920704
41152 -41408
*61728 -62112
* 82305 82816

|PART VI]

TABLE XII.

CorrEcTIONS to be applied to the tabular quantities in Table No, VII when the north
side of the road allowance on Correction Lines is run insiead of thesouth; also - -
correction to road allowance on account of curvature. ’ i

\ = Y&
5o | =% | 58T .
8_5 | S o E Correction to width of road allowance on account of curvature.
. a .
g ] 28>, X X . 3 X X . N . N
=p o5 :q: B Jog Jog Jog jog | Jog jog Jog Jog jog Jog
gg f:o:.:: E882 [=30|=40|=50| =60 =70|=80| =90 = 100 | = 110 [ = 120
7 R oC OQ @0 chs. | chs. | chs. | chs. | chs. | chs. | chs. chs.’ chs. chs.
" inches. Iks, | Iks, | lks. | lks. | lks. | lks. | lks. Iks. 1ks. 1ks.

58| 64 70 7'b 79
79 85 89

1st .- . o -1'3
weh..| -17
2'.151:.... C =22
31st.....[ —-2°9

+0010 | 25| 32| 39| 46; 52
40013 28] 37| 45 -5 2) 60| 67| 73
+0°017{ 32| 42| 62| 60| 69 77| 84 91 98 10°4
+0022( 37| 48| 89 69| 79} 88| 96 104 1-2 11'9

TABLE XIII.
SHowiNG the difference of Latitnde between Township Corners and Section and
Quarter Section Posts on a Township Chord. :
T
;7
de de de de de de 5
: For } sec. | Forlsec. | For 1} sec. | For 2 secs. | For 24 secs. | For 3 secs.
Number of Line. from from from from from from
Corner. Corner. Corner. Corner. Cor{ner. Corner.
” ”n ” ” " "
stBase......c.coovvunenn. 002 0°04 005 0-06 007 0:07
1ks. ks, 1ks. Iks. lks. lks.
do . e 32 5"9 80 . 9B 10°3 101'8
11th Base ........ 0°02 0°04 0-06 0-07 0°08 008
lks. ks, lks. 1ks. 1ks. 1ks.
e (o 3'6 6-7 91 10°8 11:8 12,'1
21st Base..:....... ...... 0-03 0°05 0-07 0-08 0-09 0-09
lks. lks. lks. Tks. Tks. lks. -
do P 42 77 103 12-3 13-3 13'8
3lstBase... ...... .. ...

10



