m (T(_ip*?

Serial No. 182

DEPARTMENT OF COMMERCE
U. S. COAST AND GEODETIC SURVEY
E. LESTER JONES, DIRECTOR

PRECISE TRAVERSE AND TRIANGULATION
IN INDIANA e

215

U35

| no. 19
CHARLES A. MOURHESS

Mathamaticlan | ( 192 ;\)

and

"By

JASPER S. BILBY
Signalman

c
Special Publication No} 79

PRICE, 20 CENTS
Sold only by the Superintendent of Documents, Government Printing Office,

Washington, D. C.

WASHINGTON
GOVERNMENT PRINTING OFFICE
1922



National Oceanic and Atmospheric Administration

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the image, such
as:

Discolored pages
Faded or light ink
Binding intrudes into the text

This has been a co-operative project between the NOAA Central Library and the Climate
Database Modernization Program, National Climate Data Center NCDC). To view the
original document, please contact the NOAA Central Library in Silver Spring, MD at
(301) 713-2607 x124 or www.reference@nodc.noaa.gov.

LASON

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
January 1, 2006



Blank page retained for pagination



CONTENTS.

PART I

Page.
8611 7o R 1] () « N 1
Arrangement of subject matter.............. ..o iiiiiiiiiiiiiiii el 2
North American datum, .......ooiieiiiii it ittt ieiaaaeaaad 2

Explanation of positions, lengths, and azimuths, and of the North Ameri-
1eT:3 0 L AT 2
Use of horizontal control data. .........oui ittt iiitoiie it careneenannnnn 6
Explanation of tables. ..............l i i 6
Arrangement of tabulated data.. ... ... ... . L .. 6
Explanation of lengths ............ ... . ... i 7
Azimuth and back azimuth........... .. ... ... .o L. 7
Accuracy of data indicated in tables ........... .. . ..o oiiael. 7
How to find thedata desired.... ... ..o v i, 7
Related publications.... ... 8
Geographic positions. ................l ool 10
ecise triangulation along the thirty-ninth parallel...................... 10
Precise triangulation, thirty-ninth parallel to Louisville, Ky.............. 11
. Precise traverse, North Vernon to South Bend........................... 12
Triangulation by U. 8. Lake Survey, northern Indiana................... 20
Llevations, thirty-ninth parallel....... ... ... ... o i iiiiia... 25
Elevations, U. 8. Lake Survey BtationB....cvveeeernrieenenenennnnennnn... 26
Descriptions of 8tations ....... ... oieit it ei i i 26
Standard notes on the marking of stations................................ 27
Additional notes used in this publication...... ettt 28
Precise triangulation along the thirty-ninth parallel...._............... 28
Precise trisngulation, thirty-ninth parallel to Louisville, Ky.............. 33
Precise traverse, North Vernon to South Bend.............. e 36
U. 8. Lake Survey triangulation, northern Indiang ....................... 54
Conversion 1ables. ... .. o i i iaeaaas 59
FeBt t0 MOteIS. . ..ottt eiiaaaeaaa s 59
Meters to feet. .. it inni ittt ittt 63

PART 11

Goneral Btatement. c ettt et it i ee et e aeiee e nas 67
Cost of the fleld Work...... ..o i i it 67
Organizationof the party ....... ... i il 67
Reconnaissance, signal building, and observing...........c...ocooii. .ol 68
Astronomic 8ziMUthA. . . .. i i i e i et i e 69
Difference between astronomic and geodetic azimuths.................... 70
TAPS MEASUTOIMEGITB. « .. ottt itaent et enneeiieeennsnsontersecsennennnnnns 70
Tapingalong therail.... ... ... ... ... .. i 71
Instruments used in connection with the taping......................... 72
The office COMPULAION . ... cvieei it i et e it ieeeeaaaaenns 74
Loest-squarcs 8djustment. «o.o.... . oiieeiiiii i 74
Discrepancy in geographic position......................... 80
The condition equations................ 80
Tables of corrections...... feereeetias . 82
Table of corrections to horizontal angles 82
Table of corrections to the measured lengths............cccovieeeinn.., 84
Deflections in the prime vertical and in the meridian...........c...c..occoce. 86
Index to Btations. c o ueiie e 87
Sketches.oeeeirieaviiceareceannnnsns L esesereseeseenasenasretsreataannenaann 89

m



v

b o ek pd
W= OOOOT DU W 0=

b
It

S
[

CONTENTS,

ILLUSTRATIONS.

. Standard marks of the U. 8. Coast and Geodetic Survey ............
. Moving the tape forward................ .. ... il
. Placing the tapeon therail............ e e et
. The forward end of the tape and the recorder.........................
. Therearendofthetape..........o.oovii oL,
. Filing a mark on the rail at the end of & kilometer..................
. The tape stretcher at a road crossing........cooveeeeevnnneaeanannen.
. Taping along thesidewalk....... ... ... ... ...l
. Reeling up the tape...ccveeeeueenniiniiini i
. Experimental track sector No. 1..
. New model track level.......coviiiiiiiiiiiiiii .,
. Traverse between the fixed points 1 and 5

. A change of the first angle of a traverse as it affects the position of the

final point....... b e e e et ae e et

. Index map of published triangulation.........c....oooiivviiia..
. Index map of Indiana showing the boundaries of each of the sketches,

figureB 1660 24, .o o e e e et

. 16. Triangulation along the thirty-ninth parallel................. ... ..
. 17.

Triangulation along the thirty-ninth parallel and south to Louis-
ville, Ky .....

. Precise traverse, North Vernon to Franklin..........................
. Precise traverse, Franklin to Noblesville....co...co.cei i altn.
. Precise traverso, Noblesville through Kokomo........ccooovniin. .
. Precise traverse, south of Logansport to Culver......................
. Precise traverse, Culver to South Bend..................o.ooiiai
. U. 8. Lake Survey triangulation, Chicago to South Bend.............
. U. 8. Lako Survey triangulation, South Bend to the eastern boundary

L 0 5T B T Y



PRECISE TRAVERSE AND TRIANGULATION IN INDIANA.

By CaARLES A. MourHESS, Mathematician, and JASPER S. BiLpy, Signalmen, United
States Coast and Gcodetic Survey.

PART I.
INTRODUCTION.

This report contains geographic positions of all the points located
EH: precise triangulation and precise traverse in the State of Indiana.
The precise triangulation across the southern part of the State is a
portion of the transcontinental triangulation along the thirty-ninth
parallel. Extending south from it 1s a small arc which connects
with a base line at Louisville, Ky. A full account of the scientific
features of this triangulation has already been published; conse-
quently all that is given here is for the practical use of the engineer
or surveyor. Connecting with the thirty-ninth parallel triangulation
and extending north from North Vernon to South Bend is a precise
traverse. The field work on this traverse was done in 1920 under
the direction of the authors. As this is the first time that the
results of an arc of precise traverse have been published, both the
field and office work are discussed at length in Part II. At South
Bend the traverse joins the Lake Survey arc of precise triangulation,
which runs along the northern boundary of the State, and by per-
mission of the Chief of Engineers, U. S. Army, the results of this last-
mentioned arc are included in this publication, which is thus a
complete report on the precise horizontal control for the State of
Indiana.

Four different grades of triangulation have recently been pre-
scribed and defined by agreement of representatives of the various
Foderal map-making bureaus. The most accurate of these four
grades is called di}f)rrecise triangulation. The ultimate criterion for
clagsifying the different grades of triangulation is the actual error
in the length of any line. This is indicated to a certain extent by
the discrepancy between the measured length of a base line and its
length as computed throu%h the triangulation from the last preceding
base. In precise triangulation this discrepancy must not exceed 1
part in 25 000.

. To secure this accuracy certain standards are adopted for the field
work, the most important one of which relates to the closing errors of
the triangles or the discrepancy between the sum of the measured
angles of ‘a triangle and 180° plus the spherical excess of the triangle.
In precise triangulation the average closing error of the triangles
must not greatly oxceed 1’ and the maximum error should not be
more than 3"/,

1



2 U. 8. COAST AND GEODETIC SURVEY,

Precise traverse should be of the same relative degree of accuracy
as that required for procise triangulation. The error in closure of
osition should not exceed 1 part in 25 000 of the distance run.
bserved astronomic azimuths used for controlling the geodetic
azimuths of the traverse sh,oluld have an accuracy represented by a

probable error of about 0.5’ and should occur at intervals of 10 or
15 main angle stations.

ARRANGEMENT OF SUBJECT MATTER.

Following a precedent recently established this publication has
been arranged in two parts. Geographic positions, with descriptions
and elevations of the stations, are arranged in tabulated form in
Part I. Here the engineer and surveyor will find the data which
will give him control points for his local surveys. Part II is devoted
to a %rief description of the methods employed in making the observa-
tions and to a discussion of the errors and methods of adjustment.
Tabulations of different factors in the results are given as well as
the condition equations used in making the adjustments. The tri-
angulation has been fully treated in previous publications and so all
discussion of it has been omitted here.

NORTH AMERICAN DATUM.

The North American datum serves as a basis for all the geodetic
results contained in this publication. The explanation which
follows has already been printed in about the same form in most of
the previous reports on geodetic work.

Early in the year 1913 the Superintendent of the United States
Coast and Geodetic Survey was notified by the director of the Com-
isién Geodésica Mexicana and by the chief astronomer of the Dominion
of Canada Astronomical Observatory that the so-called United
States standard datum had been a O’Bted as the datum for the
triangulation of those organizations. They also reported that the
Clarke spheroid of 1866, now used in the United States, would be
used by them.

Owing to the international character of the datum adopted by the
three countries, the Superintendent of the United States Coast and
Geodetic Survey changed its designation from the ‘“United States
standard datum” to the “North erican datum.”

EXPLANATION OF POSITIONS, LENGTHS, AND AZIMUTHS, AND OF THE
NORTH AMERICAN DATUM.

All of the positions and azimuths have been computed upon the
Clarke spheroid of 1866, as expressed in meters, which has been in
use in the Coast and Geodetic Survey for many years.

After a spheroid has been adorte and all the angles and lengths
in a triangulation have been fully fixed, it is still necessary, before
the computation of latitudes, longitudes, and azimuths can be made,
to adopt a standard latitude and longitude for a specified station
and a standard azimuth of a line from that station. For convenience,
the adopted standard position (latitude and longitude) of a given
station, together with the adopted standard azimuth of a line from
that station, is called the geodetic datum.
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The triangulation in the United States was commenced at various
points and existed at first as a number of detached portions in
each of which the geodetic datum was necessarily dependent only
upon the astronomic stations connected with that particular portion.
As examples of such detached {)ortions of triangulation there may
be mentioned the early triangulation in New England and alon,
the Atlantic coast, a detached portion of the transcontinent
triangulation centering on St. Louis and another portion of the same
triangulation in the Rocky Mountain region, and three separate
portions of triangulation in California, in the latitude of San Fran-
cisco, in the vicinity of Santa Barbara Channel, and in the vicinity of
San Diego. With the lapse of time these separate pieces expanded
until they touched or overlapped.

The transcontinental triangulation, the office computation of
which was completed in 1899, joined all of the detached portions men-
tioned and made them one continuous triangulation. As soon as
this took place the logical necessity existed of discarding the old
geodetic data used in these various pieces and substituting one for
the whole country, or at least for as much of the country as is cov-
ered by continuous triangulation. To do this was a very heavy
piece of work, and involved much preliminary study to determine
the best datum to be adopted. On March 13, 1901, the Superin-
tendent adopted what was known from. that time until 1913 as the
United States standard datum, but is now known as the North
American datum (see p. 2), and it was decided to reduce the posi-
tions to that datum as rapidly as possible. The datum adopted was
that formerly in use in New England, and therefore its adoption did
not affect the positions which had been used for geographic purposes
in New England and along the Atlantic coast to North 8urolina
nor those in the States of New York, Pennsylvania, New Jersey, and
Delaware. The adopted datum does not agree, however, with that
used in The Transcontinental Triangulation and in The Eastern
Oblique Arc of the United States, pul%lications which deal primarily
with the purely scientific problem of the determination of the figure
of the earth and which were prepared for publication before the
adoption of the new datum.

As the adoption of such a standard datum was a matter of con-
siderable imporsance, it is in order here to explain the desirability
of this step more fully.

The main objects to be attained by the geodetic operations of the
Coast and Geodetic Survey are, first, the control of the charts pub-
lished by the survey; second, the furnishing of geographic positions
(latitudes and longitudes), accurately determined elevations, dis-
tances, and azimuths, to officers connected with the Coast and Geo-
detic éurvey and to other organizations; third, the determination
of the figure of the earth. For the first and second objects it is not
necessary that the reference spheroid should be accurately that which
most closely fits the geoid within the area covered, nor that the
adopted geodetic datum should be absolutely the best that can be
derived irom the astronomic observations at hand. It is simply
desirable that the reference spheriod and the geodetic datum adopted
shall be, if possible, such a close approximation to the truth that
any correction which may hereafter be derived from the observa-
tions which are now, or may become, available shall not greatly
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exceed the probable errors of such corrections. It is, however, very
desirable that one spheriod and one geodetic datum be used for the
whole country. In fact, this is absolutely necessary if a geodetic
survey is to perform fully the function of accurately coordinating all
surveys within the area which it covers. This is the most important
function of a geodetic survey. To perform this function, it is also
highly desirable that when a certain spheriod and geodetic datum
have been adopted for a country they be rigidly adhered to, without
change, for all time, unless shown to be largely in error.

In striving to attain the third object, the determination of the
figure of the earth, the conditions are decidedly different. This
Froblem concerns itself primarily with astronomic observations of
atitude, longitude, and azimuth, and with the geodetic positions of
the points at which the astronomic observations were made, but is
not concerned with the geodetic positions of other points fixed b
the triangulations. The geodetic positions (latitude and longitudes
of comparatively few points are therefore concerned in this problem.
However, in marked contrast to the statements made in precedin,
paragraphs, it is desirable in dealing with this problem that, wit
each new important accession of data, a new spheroid fitting the
geoid with the greatest possible accuracy, and new values of the
geodetic latitudes, longitudes, and azimuths of the highest degree of
accuracy, should be derived.

The North American datum was adopted with reference to positions
furnished for geographic purposes, but has no reference to the prob-
lem of the determination of the figure of the earth. It was adopted
with reference to the engineer’s problem of furnishing standard posi-
tions and does not affect the scientist’s problem of the determination
of the figure of the earth.

The grinciples which guided in the selection of the datum to be
adopted were: First, that the adopted datum should not differ widely
from the ideal datum for which the sum of the station errors in
latitude, longitude, and azimuth should each be zero; second, it was
desirable that the adopted datum should produce minimum changes
in the publications of the Survey, including its charts; and, third,
it was desirable, other things being equal, to adopt that datum which
allowed the maximum number of positions already in the office
files to remain unchanged, and therefore necessiteted a minimum
amount of new computation. These considerations led to the
adoption, as the standard, of that datum which had been in use for
many years in the northeastern group of States and along the Atlantic
coast as far south as North Carolina.

An examination of the station errors of the astronomic stations so
far reduced, scattered widely over the United States from Maine to
Louisiana and to California, indicated that this datum approaches
closely the ideal with which the algebraic sum of the station errors
of each class would be zero. o

The North American datum, upon which the positions and azi-
muths given in this publication depend, may be defined in terms of the
position of the station Meades Ranch, Kansas, as follows:

-} / 44

¢=30 13 20.086
=08 32 30.500
a to Waldo=75 28 14.52
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Points are then said to be upon the North American datum when
they are connected with the station Meades Ranch by a continuous
triangulation, through which the corresponding latitudes, longi-
tudes, and azimuths have been computed on the Clarke spheroid
of 1866, as expressed in meters, starting from the above data.

USE OF HORIZONTAL CONTROL DATA.

The plan or map for any extensive engineering project, whether or
not map construction is the grimary object, should have all of its
parts properly correlated and should be on the same datum as adjacent
surveys. Federal and State mapping organizations have long been
aware of the necessity for having all surveys based upon a common
datum, but local engineers and surveyors in this country have too
often in the past been content, and in many ceses compelled, to use a
local datum for their surveys. The future economic disadvantage of
such a system is now becoming recognized, with the result that city
and county surveys are being more generally placed upon a permanent
basis by connecting them to stations on the North American -datum.

One other factor must be taken into consideration by the engineer
of to-day. As the States develop industrially they will undoubtedl
follow the lead of one of the Eastern States, Massachusetts, which wit
splendid foresight has extended its triangulation control over the
entire State for the purpose of defining property boundaries in terms
of latitude and longitude. The advantage of such a system is well
stated in the following extracts from the Report on the Maryland
Oyster Survey:

The difficulties of accurately locating and permanently defining the boundaries of a
farmer’s plantation on land, even with the aid of monuments, public roads, streams of
water, and other points of refererice are often great&judging from the disputes fre-
quently arising in connection with boundaries. * *

There is only one point on the earth’s surface at tho intersection of any one parallel
of latitude and any one meridian of longitude, and therefore there can be no dispute
a8 to the meening of such a geographic definition of the location of a point, even though
all the original triangulation station marks used in its determination, together with
the chart on which its position was originally plotted, have been totally destroyed.

In the case of the destruction of an original triangulation station mark, or any other

oint defined by a geographic position, a competent geodetic engineer can reestablish
1ts exact location by means of 4 new system of triangulation connecting with other
distant triangulation marks which have not been destroyed.

In a section of the country covered by adequate geodetic control,
the data are available to the engineer for any of the following opera-
tions, in addition to its possible future use as a basis for cadastral
surveys:

(1) Extensive mapping.—The topographer needs as initial data for
beginning & togog}xl'ap ic survey the girstance and direction between
two points and the geo a%hic position of one of them, in latitude
and longitude, on the North American datum. His local triangula-
tion or traverse, based on this control, will prevent the accumulation
of excessive errors as he carries on his mapping operations. In the
event that the available precise triangulation in that region has lines
of too great length to join to conveniently, he can measure a base
and azimuth at some place visible from a precise or a primary trian-

ulation station and connect his baso to the station by triangulation,
thus obtaining proper geographic positions for his local surveys.
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Instructions for secondary (formerly called tertiary) triangulation,
suitable for the control of local surveys, may be found in U. S. Coast
and Geodetic Survey Special Publication No. 26, which can be had at
a nominal cost from the Superintendent of Documents, Government
Printing Office, Washington, D. C.

(2) Boundary lines.—If it is desired to locate or to delimit
accurately and permanently the boundaries of political subdivisions,
such as States, counties, or cities, the methods indicated in the pre-
ceding paragraph may be followed. Whenever possible, a line of the
adjusted triangulation or traverse should be used as a basis for local
surveys rather than a point, since a line gives the three essentials of
position, length, and direction.

(3) Local intensive surveys.—The necessity for such surveys arises
most frequently in connection with extensive improvements over a
considerable area, or as a basis for city planning, where the needs
of a city are being anticipated for a number of years. Here the
requirements are somewhat different from those in the two preceding
operations, for it is often necessary to extend precise or primary con-
trol in considerable detail over the entire arca aﬁ'ecteg} secondary
triangulation or traverse then being used to furnish additional points
for the survey. In such a control survey the triangulation should
invariably be started from a line of adjusted triangulation or traverse
on the North American datum. .

In local surveys where the area is of limited extent it is usually
desirable to use a system of plane coordinates, the origin being
connected to some point of the precise or primary triangulation
scheme. Tables for computing plane coordinates from geographic

ositions are found in 8 S. Coast and Geodetic Survey %pecial

ublication No. 71.

The U. 8. Coast and Geodetic Survey will be glad to give advice
on any problem arising out of the use of its control points or on any
proposed extension of triangulation or traverse from them.

EXPLANATION OF TABLES.
ARRANGEMENT OF TABULATED DATA.

In the tables of positions the latitude and longitude of each point
are given on the North American datum (see p. 2); also the length
and azimuth of each line observed over, whether in one way or both
ways, to other points of the triangulation. No LENGTHS OR AzI-
MUTHS ARE REPEATED, AND FOR A GIVEN LINE THE LENGTH AND
AZIMUTH WILL BE FOUND OPPOSITE THE POSITION OF ONE OR THE
OTHER OF THE TWO STATIONS INVOLVED.

The distances between stations are given in both meters and feet.
To facilitate further the use of the tables, a column is given of the
logarithms of the lengths in meters. It must be remembered that
it 1s the logarithm of the length in meters which is derived first in the
computation, the lengths in meters given in this table being derived
from the corresponding logarithm and the lengths in feet in turn
derived from the lengths in meters by the aid of the conversion tables
on pages 59-66. Where further work of considerable extent is con-
templated, an accumulation of error in the last two operations can

be avoided by using the logarithm.
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EXPLANATION OF LENGTHS.

The lengths as given in the tables are all reduced to sea level. If
the actuaﬁength of a line simply reduced to the horizontal is desired—
that 1s, its length in its actual elevation on the surface of the earth—
it may be obtained by adding to the sea level length as given in
meters a correction= (length of line as given in meters) times

[mean elevation of the.two onds of the line in meters
6370000 '

The maximum value of this correction does not exceed of
the length of any line of the triangulation here published. The
error introduced by the use of the above approximate formula does
not exceed yggiroy Of the length of any line of the triangulation and
traverse given in this publication.

AZIMUTH AND BACK AZIMUTH.

Because of the convergence of the meridians the azimuth and back
azimuth of a line do not differ by exactly 180°, the amount of the
divergence varying with the latitude and the difference of longitude
of the two points. ~ To illustrate from the tables, page 10, the azimuth
from Tripp to Stout is 340° 41’ 43"/.98, while the gack azimuth, or the
azimuth from Stout to Tripp, is 160° 44’ 11/7.91. ’

The azimuths of the triangulation lines offer a very convenient and
accurate means of testing the error of the magnetic needle on a
surveyor’s transit, and even the azimuth over such short distances
as those between a station mark and its reference mark may be used
for this purpose with fair accuracy, provided the distance 1s greater
than 100 feet. .

ACCURACY OF DATA INDICATED IN TABLES.

The rule followed in this office is to give latitudes and longitudes
to ‘thousandths of seconds for all points, the positions of which are
fixed by fully adjusted triangulation or traverse. Points, the posi-
tions 0{ which are given to hundredths of seconds only, are marked
by footnotes as being without check (observed from orly two sta-
tions) or checked by vertical angles only.

In the columns giving azimuths, distances, and logarithms of
distances, the accuracy is indicated to a certain extent by the number
of decimal places given, it being understood that in each case two
doubtful figures are given. In some cases there is very little doubt
of the correctness of the second figure from the right, while in a few
cases some doubt may be cast on the third figure from the right.

HOW TO FIND THE DATA DESIRED.

Following the index at the back of this publication are 11 maps.
The first is an index map showing all areas in the United States
covered by published triangulation and traverse rigidly computed on
the North American datum. Following this is an index map showing
the boundaries of the areas represented on figures 16 to 24. The rest
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are detailed maps showing the scheme of triangulation or traverse
plotted by latitudes and longitudes. The traverse sketches arc some-
Whalt; distorted in order to show the stations on the proper side of the
track. )

Having found the names of the points desired, the tables may be
conveniently consulted by using the index at the end of this publi-
cation. In the appropriately headed columns opposite the name of
each station are given the pages on which may be found its geographic
position, description, and elevation above sea level, and the number
of the detailed sketch showing the scheme of observed lines from that
station.

RELATED PUBLICATIONS.

Engineers and others using the data given in this report for the
control of maps and surveys will find 1t of help to have Special
Publications Nos. 5, 8, and 71 of the U. S."Coast and Geodetic Survey.
They may be obtained at a nominal cost from the Superintendent
of Documents, Government Printing Office, Washington, D. C.

Special Publication No. 5 is entitled “Tables for a polyconic

rojection of maps based on Clarke’s reference spheroid of 1866.”

his publication contains the necessary explanation of the method
employed in constructing & polyconic projection, and also gives the
values in meters of the degrees, minutes, and seconds of latitude and
longitude for all latitudes. :

Special Publication No. 8 is entitled “ Formuls and tables for the
computation of geodetic positions.” As the title of this publication
implies, the data contained in it will enable one to compute the
spherical coordinates for triangulation where the distances and angles
are known. ‘

Special Publication No. 71 is entitled “Relation between plane
rectangular coordinates and geographic positions.” This book
contains tables which will facilitate tﬁe use by engincers of plane
coordinates for local surveys.

- The principal lists of geographic positions published on the North
American datum throughout the United States, together with
descriptions of stations, are contained in the following publications
of the U. S. Coast and Geodetic Survey and of other organizations:

Appendix 8 of the Relggrt for 1888, positions in Connecticut.

Appendix 8 of the.Report for 1893, positions in Pennsylvania, Delaware, and

Maryland. * .
b Aipendix 6 of the Report for 1901, positions and descriptions in Kansas and Ne-
raska.

ﬁp endix 4 of the Report for 1803, positions and descriptions in Kansas, Oklahoma,
and Texas.

Appendix 9 of the Report for 1004, positions and descriptions in California.

Appendix 5 of the Report for 1905, positions and descriptions in Texas.

Appendix 3 of the Report for 1807, positions and descriptions in California.

Appendix b of the Report for 1910, positions and descriptions in California.

Appendix 4 of the Report for 1911, positions and descriptions in Nebraska, Minne-
sota, North Dakota, and South Dakota,

Appendix 5 of the Report for 1911, positions and descriptions in Texas.

Appendix 6 of the Report for 1911, positions and descriptions in Florida.

Special Publication No. 11, positions and descriptions in Texas, New Mexico,
Arizona, and California.

Special Publication No. 13, positions and descriptions in California, Oregon, and
Washington.

Special Publication No. 16, positions and descriptions in Florida.
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Special Publication No. 17, positions and descriptions in Texas.

Special Publication No. 19, positions and descriptions in Colorado, Utah, Nevada,
Wyoming, Montana, South Dakota, and North Dakota.

gpecia Publication No. 24, positions and descriptions in Alabamsa and Mississippi.

Special Publication No. 30, Jmsit.ions end descriptions in West Virginia, Ohlo,
Kentucky, Indiana, Illinois, and Missouri.

Special Publication No. 31, positions and descriptions in Oregon, Washington, and
California.

Special Publication No. 43, gositions in Georgia.

Special Publication No. 45, descriptions in Georgia.

Special Publication No. 46, positions and descriptions in Maine.

Special Publication No. §4, positions and descriptions in Texaa.

Special Publication No. 62, positions and descriptions in Rhode Island.

Special Publication No. 70, positions and descriptions in Kansas.

Special Publication No. 74, positions and descriptions in Idaho, Oregon, and
Washington.

Special Publication No. 76, positions and descriptions in Massachusetts.

Special Publication No. 78, positions and descriptions in Texas.

Special Publication No. 79, positions and descriptions in Indiana.

Report on triangulation of Greater New York.

Report on a plan of sewerage for the city of Cincinnati.

Appendix EEE, pages 2905-3031, Annual Report of the Chief of Engineers, U. S.
Army, 1802, ?oeit.ions of points on and near the Great Lakes.

Professional Paper No. 24, Corps of Engineers, U. S. Army, descriptions of points
on and near the Great Lakes.

Publications of the Massachusetts (fommission on Waterways and Public Lands.

Various bulletins of the U. 5. Geological Survey. :
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Precise triangulation along the thirty-ninth parallel.

GEOGRAPHIC POSITIONS.

Distance.
Latitude Back
Statfon. ) alr; i Az{muth. azimuth To station. L |
ongitude. . 0g [
(meters) Meters. i Feot.
Prhwlpal po‘m" e ¢+ 1 P Y] o+
Dry Ridge, 1889..| 38 40 41,112
84 34 40,043
Tanner, 1880...... 39 00 (3. 004| 349 48 40.21) 169 51 38.23| Dry Ridge....| 4. 5611169| 36401.30 |110426,6
84 39 06,362 )
Stow, 1890........ 38 61 07.085| 241 01 19.70| 61 14 21,67| Tanner........ 4, 5344508| 34233, 46 [112314.3
84 59 50.905) 207 45 15. 25| 118 01 01.25] Dry Ridge....| 4.6156194| 41268, 57 136395, 3
Relfzin, 1889...... 30 02 53.857| 276 56 47.50( 97 15 14.26| Tanner........| 4.6295020| 42609.07 |139793.3
85 08 24,085} 330 24 08.94| 150 29 31.55| Stow... .| 4.3088884] 25054. 71 | 82200.3
Culbertson, 1800..| 38 40 56.002| 190 51 41,04 10 53 42,22 4,3877016! 24422, 58 | $0126. 4
85 11 35, 485| 262 35 57.60[ 82 43 19,48/ 8 .| 4.2338121f 17132.168 | 56207. 8
287 32 49.66| 107 55 56.50( Dry Ridge....| 4. 7494627 £6164. 60 [184266.7
Correot, 1890......| 39 00 56,607 253 42 58,068] 73 48 22,83| Reizin........ 4.1112545| 12010, 76 | 42387.6
85 16 59.801| 338 569 16.56| 159 02 40, 34| Culbertson....| 4.3388093| 21817.72 | 71580.3
Glasgow, 1890..... 39 06 18 567| 204 51 37.97| 114 57 34.44] Relzin.....,..| 4.1757338) 14987.68 | 49172,0
85 17 49, 592| 363 07 06, 37| 173 07 37.75{ Correct........ 3. 9998039 .56 | 32800.3
Green, 1890....... 39 08 09.779| 269 03 45.17| 89 11 32.25| Glasgow...... 4, 2503224 17796.00 | 58385, 7
856 30 10.134| 296 51 53.32} 117 00 11.33| Correct........ 4. 3286711 21314.30 | 60028, 7
Holton north base,| 39 04 48. 842/ 102 29 14.67| 282 24 17.06| Green......... 4,0037368( 11580, 75 | 37004. 5
1890. 85 22 19. 580| 246 52 50.83| 08 55 41.08| Glasgow...... 3. 8484174' 7053.71 | 23142.0
312 55 24.70| 132 58 46, 15] Correct........ 4. 0214449, 10506, 18 | 84469, 0
Holton south base,| 39 01 50.926| 124 19 50.30] 304 14 49. 62 4.1513323| 14168, 78 | 46485.4
1890. 86 22 03. 204} 175 53 47,07} 355 53 36. 75 3.7404077( 8500, 570| 18046. 45
216 25 54.54] 36 28 34.38 4. 0111958} 10261, 14 | 33685. 1
282 52 41.90] 102 65 52,93 C 3.8743460] 7487,68 | 24566.8
Mud Lick, 1890...| 38 50 52.128| 204 10 08.48 24 13 47.06 4. 3104605 20430.04 | 67057.1
85 22 47.639| 276 01 31.05( 96 08 32.60 ..| 4.2122682| 16303.03 | 53487. 5
Stout, 1890..... ... 38 51 12,501| 193 17 18. 47| 13 20 09. 5| 4.4538273| 28433.30 | 93284.9
85 34 42,121 234 45 33.44] 54 56 11.04 .| 4.4054305] 31292. 23 102064, 6
272 01 34.23] 92 09 02.42 4. 2385493| 17240. 48 | 56583. 1
Tripp, 1890....... 38 69 68, 155( 226 45 04.30] 46 50 23,99 .| 4.2237412| 16730. 45 { 54019.3
85 38 37. 660 340 41 43. 98| 160 44 11,91 .| 4.2348441| 17172,02 | 56341. 5
Miller, 1889....... 38 50 38,473 242 52 48.97| 63 07 35.62 .| 4.5815505| 38165.71 (125182, 5
86 02 08. 848 268 15 14,43| 88 32 27.36 .| 4. 5990736( 39725. 89 [130334,0
Weed Patch, 1889.| 39 10 00.634] 276 21 07.30] 96 48 09.77 ...| 4.7934405| 62149. 90 203003. 5
86 13 00.771( 280 21 27,79} 110 43 08. 55| ..| 4.7239141| 52055.87 {173730. 4
336 20 23, 14| 156 27 13.48 4. 5030291| 39176. 81 |128632, 6
Fountain, 1887....| 38 56 36.824| 187 31 54.46{ 7 33 20.48 .| 4.3980083| 25003, 76 | 82033.2
86 156 17.200( 300 15 02. 24 120 23 17.28) M 4. 3426545 22011, 75 | 72216.9
Rariden, 1887.. ... 38 45 27.708| 227 19 34.73] 47 29 18. 50| 4. 4840548| 30482. 80 {100009. 0
. 86 30 47.909| 2566 55 39.08] 77 13 36,28 Miller......... 4. 6200060 42560. 43 {139633. 7
Leonard, 1887..... 39 08 28 225( 258 40 32,83| 70 04 14. 18| Weed Patch ..} 4. 5336416/ 34169, 73 [112105. 2
86 36 17,122 300 55 43, 03] 121 08 56.31| Fountain..... 4. 5486257| 35369. 24 (116040.8
348 26 25.03| 168 29 51,91| Rariden....... 4. 5984396 39667, 94 (130143.9
Beard, 1887....... 38 58 03.862] 182 17 42.01| 2 17 58.35| Loonard...... 4, 1921666/ 15566, 63 | 51068, 2
80 36 43, 0685 236 50 44.67| 57 14 41,068 Weed Patch ..| 4.6097543] 40714, 99 (133579, 1
274 50 32,87) 95 04 01.206{ Fountain..... 4. 4924204( 31075. 60 (101054, 1
339 48 06, 76| 159 51 49.61] Rariden....... 4. 3050078( 24836, 03 | 81485, 8
Calvary, 1886. ... . 39 04 42, 133| 259 43 22,62 79 51 19.21| Leonard....... 4,2601235| 18456, 40 | 60549, 1
86 48 52,013| 304 54 35.17| 125 02 14.71| Beard.........| 4.3309457 21428.23 | 70205.9
Osborn, 1886...... 38 51 23.456; 192 16 16.78 12 18 36.95( Calvary....... 4. 4015105 25206.38 | 82697.9
88 52 35.794| 241 38 27.97) 61 48 26.41| Deard......... 4.4180477( 26064. 40 | 85513.0
289 02 58,99/ 109 16 38,67/ Rariden....... 4. 5238021) 33408. 89 1109609, 0




TRAVERSE AND TRIANGULATION IN INDIANA.

GEOGRAPHIC POSITIONS—Continued.

Precise triangulation along the thi;-ty-ninth parallel—Continued.

11

Distance.
Latitudo
Station. , midd Azimuth., az}}ngxltfh To station. L
ongitude. ¢ 4
&l (motesy. | Moters. | Foet.
1 |
Principal points— ’
Cogglnxt,xoed. i ;
L] ’ ” o ’ ” L] ’ ”
Stsson, 1885....... 38 568 11,846| 253 25 33,12 73 43 21.71 4.6200193 42561, 74 139638.0
87 17 10.030] 280 23 36.74, 109 39 02,77 .| 4.5761682| 37084.97| 123638.1
Wright, 18886...... 39 07 13.640( 277 57 37.40 98 12 01.11 4. 5210442| 33238, 72| 108050. 7
87 11 42.410( 25 16 32.45 205 13 006.07| S 4.2665127| 18471.95( 60003.4
Summit, 1884..... 38 45 42.538| 107 37 21.29( 17 40 32,63 4,3840008, 24247.15 79550.9
87 22 14.950| 256 05 05.47| 70 23 40. 53 4, 6453835 44190. 05 144000.9
.Merom College, | 30 03 02.714| 256 16 54.24] 76 30 53. 10 4. 5172380 32003, 23] 107050.0
1885. 87 33 53.017| 200 18 06. 40| 110 28 87,74 4. 4106003 25744.85| 84404.6
; 332 16 01,76/ 152 23 20, 18 .| 4. 5580233 36217, 90/ 118824,9
Honey Croek,1884.' 38 66 28.776| 221 57 30.82| 42 03 00,35 Morom Collogo | 4. 27502291 18837, 48| 61802.6
. 87 42 36.781| 301 25 20. 68| 121 38 07.00| Summit....... 4. 5386013 34509. 30| 113416.3
Bollo Alr, 1879. ..., 39 10 30.159| 207 562 55.60| 118 04 20.90| Mecrom Colloge | 4.4743082) 20800.31| 97789.5
i 87 52 08. 058, 333 46 40.11] 153 62 40. 41| Honoy Creck..| 4, 4038454) 31177, 79| 102289.1
Hunt City, 1879.. | 30 03 58.583| 225 55 14.02| 46 00 47.10] Balle Air...... 4.2464700! 17638.84| 57870.1
88 00 50. 552 300 36 51. 41| 120 48 23.45| Honey Creok .| 4,4883121] 30783. 08| 100994, 2
Cleremont, 1879.. .| 38 456 28, 5511 176 57 28,28 356 50 40.75/ Hunt City....[ 4.5350164| 34278.07| 112460.6
87 50 40.884| 233 03 48.88| 53 14 31.16| Honoy Creck..| 4. 4804513 30863.94| 101259.4
209 20 50,60 86 44 22.59. Summit,...... 4.7342291| 54228.08| 177915.3
Supplementary [
points, i
Wolf Hill, 1885....| 38 47 56.220| 202 38 50.5 | 112 43 06.4 u t....... 4.028058 | 10880.5 | 35070
87 20 03.558( 160 01 08.4 | 345 58 08. 5 | Meromn Collego | 4.459540 | 28809.8 | 94520
Vincennes court- | 38 40 35.216( 1056 15 51.8 | 15 17 28.0 | Wolf Hill.. ... 4.140121 | 140006.8 | 46240
house, center | 87 31 37.354( 236 03 21.8 | 5500 13.6 | B | 4.219191 168565.0 | 54347
cupola, 1885.
Vincennes lati- | 38 40 35.70
tude and longi- | 87 31 35.06
tude, 1881
Precise triangulation, thirty-ninth parallel, to Loutsville, Ky.
Principal points.
Blocher, 1014..... 88 43 33.837| 111 35 15.80/ 201 20 55.58| Miller.. 4. 5515578 35608, 84| 116826, 7
85 30 15.877| 206 00 50.02: 25 03 47.52! Stout.. 4.1034153| 15610.45 61215.3
Finley, 1914...... 38 38 07,321 149 58 00. 14| 320 52 13.43! Milloer.. 4, 4204487| 20806, 15| 87585.0
85 52 54.807| 227 22 05.76] 47 33 29.61| Stout.. 4.8540338] 35812.44] 117404.0
242 58 10. 12i 63 06 41.93; Blocher. . 4, 3465086| 22207.96| '72860.6
Summit, 1886..... 38 34 16.852) 135 40 23.82; 315 37 23.01; Finley........ 3.9001021}  0081.41] 32747.3
85 48 08,444/ 216 30 57.45; 36 45 28,81 Blocher....... 4.3310828| 21462.602| 70415.3
Marysvillo, 1914...| 38 35 20.932| 81 32 33,22| 261 20 47.51] Summit....... 4,1325077| 13507.75; 44513.5
85 38 52.075, 104 11 50.22) 284 03 04.32, Finloy... .| 4.3227337| 21024. 89| 68679.2
177 50 00. 87/ 357 49 46.00 Blocher 4.1821210] 15209.71) 40000.5
O0.& M, 184..... 88 29 00.278( 130 15 50. 43| 310 11 00. 59| Summit....... 4. 1780408 15007.79 40434.9
85 40 11.497| 189 18 01.27) O 18 50.75! Marysville....| 4.0753220| 11803.86( 39021.8
Popp, 1914........| 38 25 14.301| 184 03 10.35( 4 03 40.70| SBummit....... 4,2237046; 16740.35 54922.3
85 48 55,348, 217 67 18.13| 38 03 31.72 Marysville. .. .| 4,3754002| 28739.21) 77884.4
241 12 29.15! 61 17 54.01' O. & M....... 4.1610058| 14487.91| 47632.4
Lute, 18%4........ 38 24 $4.310, 95 32 28.19; 275 26 59. 94] Po?é) ......... 4.1007660] 12875.567| 42242.6
85 40 07.062) 179 14 50. 82! 350 14 54.08' O. & M....... 3. 0138871 8201. 67| 26908.0
8ix Mile, 1884..... 38 22 37.953' 178 00 64. 44! 358 08 50.38 Po%? ......... 3.0833558) 4823.43 15824.9
85 48 48, 808| 220 44 20.60 4049 51.14 O. & M....... 4, 2350474) 17216.60| 50484.8
| 254 08 04. 39] 74 13 28.42. Lute.......... 4, 1192500 13160.02 43175.8
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U. S. COAST AND GEODLTIC SURVEY.

GEOGRAPHIC POSITIONS—Continued.

Precise triangulation, thirty-ninth z;arallcl, to Louisville, Ky.—Continued.

Distance.
Latitude Back
8tation. ) M:dd Azimuth. azimuth To station.
ongitude. : T.0g
(moters). Moters. | Foet.
Principal points—
Continued.
° ’ 1” L[] ’ ” L] ’ "
8ims, 1884........ 38 20 35.973| 105 56 13.62| 285 49 35, 53| Six Mile....... 4.1383314/ 13750.91 | 45114. 4
85 39 44.027| 175 39 03. 70| 355 38 49.40| Lutz.......... 3.8074702) 7370.05 | 24179.9
Bangs, 1879....... 38 10 36.717| 212 47 08.868! 32 48 40.88 3.8226878| 60647.95 | 21810.8
86 51 17.115 2683 44 44.40] 83 51 54.29 4. 2287069| 16931.95 | 55550.9

Blind Asylum, | 38 15 24,227 122 11 06.35i 302 05 50. 40 4.1853456] 14633. 41 | 48009.8

1879. 85 42 47.242| 146 44 02.92, 326 40 18.74 .| 4.2041149 15000. 81 | 52492.7
204 50 08.28 24 52 01.83| B 4.0250216( 10593.06 | 34754.1

Willlams, 1879....] 38 10 24.695 106 44 43.75 10 46 54.20{ Bangs......... 4.2498327| 17775.95 | 58319.9
86 54 47.969| 242 09 37. 93| 62 17 03.78| Blind Asylum | 4.2070333| 19816.79 | 65015.6

Cox, 1879......... 38 00 24.220] 98 35 57.29; 278 30 42.69; Williams .| 4.0080701| 12533.44 | 41120.1
85 46 18,845| 159 00 53. 52| 338 57 48.90| Bangs... ..| 4.3060088| 20230, 13 | 68371.7

204 51 50. 71% 24 54 01.59| Blind Asylum | 4.0876324| 12235.80 | 40143.6

Louisville north | 38 13 29,002 320 05 53.97| 146 08 02.74 ..| 3.05806240 9081.26 | 20826.9
base, 1879. 85 49 47.122, 52 12 14.05, 232 09 08.01 .| 3.9660467| 9207.16 | 30404.0

Loulisville south | 38 09 03.583| 109 32 40.77! 289 29 50.75] Willlams...... 3.8741201] 7483.76 | 24553.0
base, 1879, 85 40 58.232| 181 53 28.93; 1 53 35.80) Lo utihsgille 3.9131808| 8188, 057 26863.65

north base.
203 11 18.62| 83 13 32.15 ). S 3.7307253; 5379.20 | 17648.0

Riley, 1879........ 38 05 30.370| 117 28 28.99| 207 21 05.38) Williams...... 4.2046821( 10700. 80 | 64664.6

85 42 49.56506| 1564 43 10.61| 334 37 56. 67 Ban%s ......... 4.4604346| 28860, 19 | 94715.0
180 10 33.87) 0 10 35.30| Blind Asylum | 4.2628876| 18300.07 | 80072.0
Potts, 1880........ 38 08 23.771| 101 48 02.82| 11 48 52.00! Williams...... 3.0767623| ©478.78 | 31008.3
85 56 07.608| 260 190 52.806! 89 28 05.19 Riley......... 4, 2888818| 19448, 31 | 63806.7
Supplementary ]
points. '
Haystack, 1884...| 38 25 14.272| 184 03 53.56' 4 04 24.07, Summit....... 4.2237034| 16741.46 | 54025.9
85 48 55.466) 241 12 37.27| 61 18 03,10 O. & M........ 4.1610039| 14400.856 | 475642.1
Bartle, 1888....... 38 30 21,028 217 08 17.15; 37 08 38.15| Bummit....... 3,9581434] 9081.20 | 20793.9
85 51 52.750| 278 16 20. 068, 08 23 45,55 O. & M.......| 4.2340073| 17175. 42 | 56349.7
335 32 48.60| 155 34 38.98| Haystack..... 4.0166881| 10380. 34 | 34086.7

New Albany Sec- | 38 17 03.78 | 146 53 56 326 52 37 Bangs......... 3.760408 | 5620.9 | 18471
ond Presbyto- | 86 49 10.54 | 182 65 49 2 56 02 Bix Mile....... 4.013663 | 10317.2 | 33849
rian Church, ’

1880.1 .

New Albany | 38 16 53.02 | 165 01 01 845 00 28 .| 3.715608 | 5108.3 | 17048
waterworks | 856 650 21.81 | 192 00 48 12 01 46 .| 4.035249 | 10845.5 | 35582
tower, 1880.2

Jeffersonville, | 388 17 00.20 | 115 50 53 206 46 39 Ban, 11083.1 | 36362
Government | 85 44 26.45 | 148 33 47 328 31 04 Bix 12208.7 | 40055
tower, 1880.1

Precise traverse— North Vernon to South Bend.
Principal points.
Adsms, 1920...... 39 00 23.790( 3 40 10.5 { 183 40 09.2 | Tripp.........| 2.8088008' 792.14 | 2508.9
. 85 38 35.4563 |

North Vernon.| 30 00 25.053( 88 86 45.4 | 268 36 03.5 | Adams........ 3.2046302 1601.91 | 5255.6
1620, 85 37 28. 806 l

Allen, 1820....... 30 00 48.188( 316 37 83.1 | 136 87 50.7 | North Vernon.| 2.0918632  981.44 | 8210.9

86 37 56. 908 ll

Bartholomew,| 30 02 00.724] 317 46 07.4 | 137 47 00.5 | Allen......... 3.4800012 3020.59 | 9910.1

1920. 85 39 21,203 |

1 No chock on this position.




GEOGRAPHIC POSITIONS—Continued.
Precise traverse— North Vernon to South Bend—Continued.

TRAVERSE AND TBIANGULATION IN INDIANA,

18

Distance.
Latitude
Btatfon. ) :R " Azimuth. L
ongitude. 0
(mem%s). Meters. | Feot.
Principal points—
Coggmﬁ%d. * ’, r” L] ’ 1
Benton, 1820...... 39 02 20.086) 322 07 36. 7] 2.8787383  766.38) 24816
86 39 40. 599
Blackfork, 1920...] 39 03 28.081| 310 35 19.4 3.5078543) 3220.73 10560.7
85 41 22, 205|
Boon, 1920........ 30 03 49.041| 309 06 20.4 8.0112017] 1026.13] 3366.6
85 41 85.412
Brown, 1020...,.. 80 07 15.005! 309 00 19.7 4.6088088 10089. 48] 33101.9
85 47 21.528
Corroll, 1020...... 89 00 40.768) 808 50 57.0) 3.8807971) 7598.71) 24933.4
85 51 27.905 .
Cass, 1020......... 39 10 10.662| 309 17 30.9 8.1032561 1436.33; 4777.9
85 52 14. 851
Columbus, 1920...| 39 13 16.805| 308 51 24.6] 3.7601196( 5755.08] 18884.4
85 55 21.578
Clay, 1920........ 30 12 31.588| 357 43 23.9| 2. 6592007 456.25 1406.9
85 56 22.328
Clark, 1920....... 39 13 20,918 320 44 53.9 8.2457576] 1760.99| 5777.5
85 55 59. 306
Clinton, 1920..... 890 18 11.380| 349 83 24, 5| .| 8.0594274| ©108.08| 29882.1
85 57 08,180
Edinburg, 1920...| 80 20 53.815 349 10 08.1 8.7075777]  5100.09] 10732.5
85 57 48.128
Crawford, 1620....| 39 21 35.497| 349 22 59. 4 8.1165479 1307.83] 4200.7
85 57 58.191
Daviess, 1920..... 30 23 01.995/ 330 24 33.2 3.4547681| 2849.48] 9348.7
85 58 40.049 .
Dearborn, 1920....| 89 24 07.204| 339 09 56. 8! 8.8333061] 2154.60{ 7068.90
: 85 59 12.069
Deocature, 1020,...| 39 26 34.574! 335 23 41. 4 8.6985620{ 4096.30| 10387
. 88 00 38. 095
Decalb, 1920...... 80 27 24.856( 335 47 34.9) 8.2201417( 1683.22( 5532.4
86 01 07.887
Delawaro, 1920....| 80 37 88.169| 323 35 23. 6| 2.7287011]  520.80] 1736.5
86 01 20.998
Dubols, 1920...... 80 28 38.463] 310 80 17.7 3,4558304]  2850,53) 9371.8
86 02 51,714
Franklin, 1020....| 39 28 53.707| 325 51 38.8 3.7248079 530.72) 1741.3
86 03 04.176)
Elkhart, 1020..... 80 29 57.723| 343 25 53. 5| 8.8205416] 2091.00, 0863.2
86 03 29, 136
Whiteland, 1820. .| 39 82 81. 343 08 45.8 .| 8.6960026| 4965.95] 163202.5
86 04 29. 306
Fayette, 1920..... 89 3¢ 01.850] 848 23 54.7, 8.4595321] 2880.98| 9451.9
86 05 0. 900,
Floyd, 1920.......| 89 86 10,270 843 00 15.9 3.6478008) 4445,20] 14684.3
86 08 58.022
Greenwood, 1020..| 30 87 22.276[ 343 20 08.8 8.3067035, 2026.72| 6640.8
86 00 23.171

81041°—22——2
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U. S. COAST AND GEODETIC SURVEY.

GEOGRAPHIC POSITIONS—Continued.

Precise traverse— North Vernon to South Bend—Continued.

Distance.
Latitude Back
Station. and Azimuth. azimuth To station.
longitude. muth. Log Moters. | Teot
(metors). g eot.
Principal points—
Cogtmﬁed . ’ 2 L] ’ 1 o ? i’

Fountaln, 1920....| 30 38 45.132( 343 03 47.8 163 04 08.6 Crecnwood....| 3.4266936] 2671.12 8763.5
86 06 54,790 !

Fulton, 1920...... 39 40 40, 108| 343 16 05.9| 163 16 36. 0I Fountain..... 3.5900225 3808.72| 12701.1
86 07 41. 870

Traction, 1920....| 30 42 26,264| 342 66 48.9] 162 67 14.3] Fulton........ 3.5088884 3227.66| 10589, 4
86 08 21, 588

Shelby, 1920...... 30 43 03,546 359 44 00.5; 179 44 00.6) Traction...... 3.0007518] 1160, 14] 3773.4
86 08 21.813

Troy, 1920........ 39 43 22,413] 359 50 26.3| 179 50 26.3| Bhelby........ 2. 7648368 581,88  1909.1
88 08 21,881 '

Kerk, 1920........ 30 43 23.303] 89 01 14.0 269 00 26.9) Troy..... ¢....| 3.2447087] 1756.74! 5763.6
86 07 08,131 t

Sherman, 1920.... 39 43 24.013| 89 16 05.1| 269 15 25.3] Kerk.......... 3.1717654| 1485.100 4872.4
86 08 05, 781

Elevator, 1920. . ..] 30 44 26.921] 359 30 09.8| 179 80 10.3| Sherman...... 3.2878491| 1940.21: 6365.8
80 06 00. 488

Prospect, 1920....1 39 45 08.973| 350 42 45.9| 179 42 46.1] Elevator...... 3.1120171 1206, 03l 4255.0
86 06 00,761

Michigan, 1920....] 39 45 00.250| 88 37 02.7| 288 36 52.9] Prospect...... 2. 5628006 365.43, 1198.9
86 05 51.416

Emerson, 1020....| 30 46 10.108| 88 48 44,1 268 48 10.3| Michigan...... 3.0007402) 1258.200 4127.9
86 04 58.576

Subway, 1920..... 39 45 34,302 019 45.5) 180 19 45.4| Emerson...... 2, 8728350/ 746,17 2448.1
86 04 58, 396

Thoaman, 1920. . .| 39 47 00.663| 359 27 09.0| 179 27 09.7| Subway....... 3.4254672| 2003.59° 8738.8
86 04 69. 465

Pendleton, 1020...] 30 48 48.685] 350 36 24.7| 179 36 25.3) Thoaman..... 3.5226571) 3331.63| 10930.8
86 05 00. 426,

Avenue, 1920. .... 39 49 31.829 359 08 00.4| 179 08 00.9] Pendleton.....| 8.1241077| 1330.78| 4366.1
86 05 01,272

Brightwood, 1920.| 39 49 30.928] 269 13 00.3| 89 13 56.6| Avenue....... 8.3124848| 2053.45| 6737.0
80 06 27,611

Keystone, 1920. . .| 30 40 30.841] 269 52 04.4] 89 52 36.8| Brightwood...| 3.0802203] 1202.87' 3046.4
86 07 18,101 I

Lake, 1920........ 30 50 19,168 359 33 60.9| 179 34 00.2| Keystone......| 3.1733368 1400, 52 4890.1
86 07 18. 065 l

Erfe, 1920......... 30 50 39,604 359 35 19.6{ 179 35 19.6] Lake.......... 2. 7995416 630.29° 2067.9
86 07 18. 856 ;

‘Western, 1020. . ... 39 50 58,310 23 10 20.6[ 203 10 22,9| Erle.......... 2. 7976454 627.55 2058.9
86 07 08. 467

Gibson, 1920...... 39 51 53,805| 41 37 47.1] 221 37 06.1] Western...,.. 3.3507703| 2289.68! 75120
86 00 04. 485

Grant, 1920....... 39 52 23,391] 49 88 356.7| 229 38 00.7) Glbson........ 3.1480280f 1400.06] 4622.0
86 05 19. 309

QGreen, 19020....... 39 §3 31.316( 49 21 28,3 220 20 22.5| Grant......... 8. 6072830, 3215.76| 10550.4
86 03 36.633

Castleton, 1920....| 39 66 46.141} 27 32 46.0| 207 31 47.5| Green......... 3.6711326| 4680,50) 15385.7
86 02 06. 350

Fisher, 1920...... 39 57 42,835] 27 24 33.2{ 207 23 42.8| Castleton...... 3.6078778] 4053, 94| 13300.3
86 00 46. 758




TRAVERSE AND TRIANGULATION IN INDIANA,

GEOGRAPHIC POSITIONS—Continued.

DPrecise traverse—North Vernon to South Bend—Continued.

15

X3
83

Distance.
Latitudo
Station. . 811: a Azimuth. Mﬁgf]'{h To station. L
ongltude. : Of 7
& (moters), | Metors. | TFoot.
Principal points—
rll)tin{)xcd. .
L] ? " L] ’ ” . 7 1"
Frazler, 1920...... 30 58 11,083 23 27 44,3| 203 27 33.7| Fisher........ 2, 9912220 070.99| 3215.2
86 00 30.319
Hamilton, 1620...| 39 59 39.770 359 30 65.4| 170 36 66.9| Frazler........ 3.4325851| 2707.60| 8883.2
88 00 31.085
Hancock, 1920....[ 40 00 02.008| 358 47 18,0] 178 47 18,4/ Hamllton..... 2. 8535692 713.79) 2341.8
88 00 31. 721
Harrison, 1920....| 40 00 56.853| 359 45 20.8| 179 45 20.5| Hancock...... 3.2211022| 1663.80| 5458.7
86 00 32.020
Stake, 1920....... 40 01 07.176| 342 25 83.7| 162 25 38, 4| Harrison...... 2. 5236757, 333.95, 1005.6
86 00 30.272
Stub, 1920........ 40 01 20.988| 327 43 02.2] 147 43 09, 5| Stake......... 2. 7023694 503.02f 1653.3
86 00 47.621
Sub, 1020......... 40 01 32.326] 344 20 12.3| 164 20 14.9( SBtub.......... 2.559808!  302.9 1101
88 00 5£1.714] 126 03 31.6| 300 03 28.0| Fill........... 2. 200108 161.8 531
i, 1020, .. ...... 40 01 85.415| 332 52 40.1] 152 52 46.3( Stub.......... 2. 6989109 490.93| 1640.2
86 00 57.232,
Hendricks, 1920...| 40 03 11,308 351 06 O01.1| 171 06 13.7] Wll........... 3.4761978) 2003.63! 0821.6
86 01.16.76'3!]
Brays, 1920....... 40 04 21.879 009 55.1| 180 00 54.9| Hendricks..... 3.3377813| 2176.61] 7141.1
86 01 16. m’
Fox, 1820......... 40 05 04.207 104 05.2) 181 04 04.5) Brags......... 8.1158548| 1305.73) 4283.9
80 01 15.471
Pralrie, 1920...... 40 05 27.479 6 05 08.3 188 05 06.2| FoxX....uvvn... 2. 8584335 721.83] 2388.2
86 01 12.241
Henry, 1920.......[ 40 07 30.871 0 32 12.5) 186 32 00.6] Prairie........ 8. 5832736/  3830.68] 12567.8
86 00 53.833 ‘
Clcero, 1920....... 40 08 02.372 6 05 03.8) 186 05 01.0| Henry........| 2.9809 977.07] 3205.6
86 00 49.459)
Tucker, 1920...... 40 08 17.307| 362 19 06.0] 172 19 08.¢] Clicero......... 2. 6672670 464.80] 1524.9
86 00 52. 083,
Howard, 1020..... 40 08 39.414] 331.50 28.0{ 151 50 35.9] Tucker........ 2, 8883836, 773.36] 2537.8
86 01 07. 500 .
Kinders, 1620..... 40 00 32.081] 354 50 38.5) 174 50 42.6| Howard....... 8.2108175| 1058.80| 5442.5
86 01 13.798
Arcada, 1920...... 40 11 18,038 3565 21 16.1] 175 21 23.1] Kinders....... 8.40042568] 3158.10{ 10361.2
86 01 24.608)
Cox, 1820. ........ 40 14 48,507 365 20 66.7| 176 30 10.8] Arcads........ 3.8108434| 0604.85] 21868.4
80 01 46.516
Jay, 1020......... 40 18 14.720| 356 18 07.8| 175 18 13.8| Cox..... venenn 3.4262475 2088.38 87845
86 01 §5. :
Jasper, 1020....... gg 16 g;l 349 41 00.1) 160 41 03.7| Jay...........] 2.8628530 720.21  2392.¢
. 02 01.
Tipton, 1920. ..... 40 16 58. 333 24 05.7| 153 24 14.6| Jasper......... 2. 8611495 726.36) 2383.1
86 02 16.
Ressler, 1920...... 40 18 13. 330 12 32.8) 159 12 §0.2| Tipton........ 3. 3014551 2402.95| 8080.6
86 02 52, )
Jackson, 1620, .. .. 40 19 338 b4 48.6| 168 56 19.7| Ressler....... .| 3.4980105| 3154.42] 10349.1
86 03 :
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U. 8. COAST AND GEODETIC SURVEY,

GEOGRAPHIC POSITIONS—Continued.

Precise traverse— North Vernon to South Bend—Continued.

Distance.
Latitude Back
Statfon. 1 gﬁdd Azimuth. azimuth To station. L
ongitude. . Og
(meters). Meters. Feet.
Principal points—
Contmum. o ’ ’” o ’ ” ° ’ ’r”
New Hops, 1020..| 40 20 52.334| 339 10 56.3] 150 11 15.6| Jackson....... 3.3192714( 2085.80] 6843.2
86 04 11.522
Midway, 1920..... 40 21 56.040| 339 08 10.5| 1569 08 31.0| New Hope....{ 3.3227982| 2102.80| 0898.9
86 04 43. 255
8harp, 1920....... 40 23 00.088( 339 20 11.5) 169 20 34.8 Midway.......| 3.88164268) 2407.92| ~7900.0
88 05 19.268,
Jeflerson, 1920....| 40 24 23.5643| 339 10 03,7; 159 10 27.7| Bharp......... 3.3004385| 2467.18) 806L.6
88 05 56.318
Duncan, 1820..... 40 25 51.542! 343 39 11.5| 163 30 33.4| Jefferson...... 3.4516722| 2828.60 9280.2
88 06 30.078|
Jennings, 1020....{ 40 27 30.484 343 30 &7.0{ 163 31 21.8 Duncan....... 3.5027837] 3182.61 10441.6
88 07 08. 390|
Main, 1920........ 40 28 35.628) 332 36 21.4| 152 36 50.0) Jennings...... 3.35403168) 2260.60| 7413.4
88 07 52.515)
Buckeye, 1920....; 40 28 49.160! 347 21 44.7| 167 21 47.3| Maln.......... 2. 6343867 430.91] 1413.7
86 07 56.517|
Kokomo, 1920....) 40 29 30.896| 359 46 11.2] 179 46 11.3| Buckeye...... 3.1006080/ 1287,35. 4223.6
86 07 56.737 .
Penn, 1920........ 40 29 48.057 7 38 21.5 187 36 19.5| Kokomo...... 2.7275533 834,01 1762.0
88 07 53.736]
Lacy, 1920........ 40 30 30.200| 333 28 31.1| 153 28 49.0| Penn.......... 3.1831318] 1455.00| 4776.6
88 08 21.348|
Cassedy, 1920..... 40 33 31.628| 332 55 41.2) 152 67 00.1] Lacy.......... 8.7980265) 6280.97] 20600.8
86 10 22.756
8hope, 1920....... 40 38 08.086] 333 02 35.4| 153 04 35,3] Cassedy....... 3.0800820, ©0504.95 31381.0
86 13 27.057
Bennett, 1920..... 40 38 56.339; 332 43 56,2 152 44 17. 5] Bhope......... 3.2240451| 1675,12| 5495.8
86 13 59.715
Laporte, 1920..... 40 41 18,018 333 06 11.5( 153 07 13.0{ Bonnett....... 3.6901026; 4899.96| 16076.0
86 15 34.061
Anoks, 1920...... 40 43 06.130; 333 00 07.0| 153 00 54.2| Laporte....... 3.5731632; 3742, 51 12278.8
86 16 46.415
Junection, 1820....| 40 43 45.642/ 322 21 58,9 142 22 25.0/ Anoka........ 3.1872267 1538.96| 5049.1
86 17 28. 452
Laurra, 1920...... 40 43 51.938) 280 33 40.1f 106 34 07.3| Junction...... 2, 8332053, 681,18 2234.0
86 17 54,275
Frate, 1020....... 40 44 08.039 279 00 01.8( 0V O1 28,9| Laurra........ 3.5011008, 3170.37[ 10401.5
86 20 07.715
Yarde, 1920....... 40 44 14,707 292 31 62,9 112 32 06.9| Frate......... 2. 73565842, 543.08) 1784.7
88 20 290. 129|
Wabash, 1920..... 40 44 28,412/ 304 19 31.2| 124 19 48,3| Yarde.........| 2.8710099 744.78] 2443,3
88 20 55,341 |
River, 1920. . ..... 40 44 G1.711) 330 56 34.0| 156 66 42.5 Wabash.......[ 2. 8926001 781.07) 2662,6
88 21 08,379
Lagrange, 1920....] 40 45 00.657] 301 40 50.9) 121 41 12, 3| River......... 2. 7204759 525.38) 1723.7
86 21 27.436
Mulborn, 1920....] 40 45 07.304] 202 42 10.7| 112 42 33.3 Lagrange...... 2,7251978 631,13 1742.6
80 21 48,322 .
Logansport, 1920.. gg 4115 M_‘;'cs 253 41 18,8] 73 41 26,1 Mulborn...... 2, 4466422 279, 67 917.6
21 59.764



TRAVERSE AND TRIANGULATION IN INDIANA.

GEOGRAPHIC POSITIONS—Continued.

Precisc traverse—North Vernon to South Bend—Continued.
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Distance.
Latitude Back
Station. ) a;ltdd Azimuth, azimuth To station. L
ongltude. * Of <
(moters). Moters. | Feot.
Principal points—
Continued.

. ! " ° ’ " L ’ ”

Eel, 1920......... 40 45 21.004| 347 35 27.8| 167 35 80.9| Logansport. . .| 2.7102208 513. 12 1083. 8
88 22 (4. 464

Miami, 1920.......| 40 45 28.739; 827 28 19.6] 147 28 23.8 Eel...coveenen 2.4517844 283, 00 928. 5
86 22 10. 951

Vandalla, 1020....| 40 45 33.772| 336 02 85.0( 159 02 86.7| Miemd........ 2, 2207780 166, 26! 545.5
86 22 13, 486

Leonda, 1920..... 40 45 88.518' 82 36 07.9| 262 35 49.8| Vandsla...... 2. 8177244 0857.24] 2156.3
86 21 45. 669! :

Knox, 1920....... 40 45 46.120‘ 53 17 39.1] 233 17 29.2| Leonda....... 2. 0478300 444.46) 14582
88 21 30. 508

Horney, 1920..... 40 45 53.513] 20 42 15.7| 200 42 13.0| Knox......... 2. 4416620 276, 47 907.1
86 21 26,341

Laurence, 1620....| 40 46 07.086: 356 22 40.3 176 22 47.0; Horney....... 2,0227482 410. 52| 1376.4
86 21 27. 471\ _

Lawn, 1920. ...... 40 47 16.862] 11 51 42,5/ 191 51 30.0] Laurence...... 8.3391600) 2183.53] 7163.8
86 21 08.334

Martha, 1920...... 40 47 26.442| 351 05 82,2 171 05 83.6{ Lawn......... 2. 4979208 314,72 1032.5
86 21 10. 412

Madison, 1920..... gg ;‘{ ggsa 335 30 20.4| 155 30 27.2| Martha....... 2.76877564 584.40] 1017.6

Marion, 1920...... 40 48 02.667] 331 30 51.0{ 151 30 59.9] Madison...... 2. 8235937 660.18) 2185.6
86 21 84.301

Marchal, 1920..... 40 49 12, 789I 827 12 38.3] 147 13 17.1| Marion...... o] 8.4100007| 2570.99, 8435.0
80 22 33, 696

Martin, 1920...... 40 51 07,144 327 40 48.5| 147 47 50.6{ Marchal....... 3,0202400, 4171.00{ 13084.4
86 24 08. 691

Monroe, 1920...... 40 51 22.818 350 49 56,1 170 49 568.3| Martin........ 2. 6800638 480,74  1006.8
86 24 11,922

Lucorne, 1820..... 40 52 34. 144l 359 43 18.4| 179 43 18.7| Monroe....... 8.3424638  2200.21| 7218.5
86 24 12,378

Boon, 1920........ 40 58 04. 765l 358 36 03.5( 178 36 04, 1] Lucerne....... 2, 9763509 044. 84|  3009.9
86 24 13.363

Montgomery,1920.! 40 64 25,988 350 47 57.4| 170 47 §7.7) Boon......... 3.3088873|  2605.46 8220.0
86 24 13. 738 :

Morgan, 1920......! 40 55 30, 610 0 11 31 9| 180 11 31,7, Montgom .| 3.2006138 1903.49, 0540.3

gan, 8 24 13,462 - i

Grasy, 1020....... 40 87 50.507] 350 06 36.5; 179 00 38.4, Morgan....... 3.G350821)  4316.01 14100.1
86 24 16.317

Newton, 1920..... 40 59 40.210] 350 88 89,2 179 38 30.8! Grass......... 3.5637152)  8601.97| 12014.3
86 24 17. 289,

Noble, 1920....... 41 00 40.188| 347 27 (3.8 167 27 13.0| Newton....... 3.2070514] 1010.84| 5284.9
86 24 32.203

Kewanna, 1020....| 41 01 10.767| 359 09 30.8| 179 09 81.3] Noble......... 3.0807385] 1221.006; 4006.1
86 24 33.030 )

Ohlo, 1920........ 41 02 27.511| 347 59 21.8) 107 69 84.3) Kewanna.....| 3.3207045) 2138.61] 7000.5
80 24 52.059

Orange, 1920...... 41 02 54.002| 3560 O7 84.8 179 07 85.2| Ohi0.sec...... 2. 9123730 817.20] 2081.4
806 24 52.593

Owen, 1920....... 41 04 47.060 0 08 39.2] 180 00 80.0{ Orange.......- 8.5425173| 3487.52 11442.0
s 24 52.304
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U. 8. COAST AND GEODETIC SURVEY.

GEOGRAPHIC POSITIONBS—Continued.

Precige traverse—North Vernon to South Bend—Continued.

Distancs.
Latitude Back - e
Btation. \ glndd Azimuth. azimuth To station. L
ongitude. . Of
(moters). Metors. Feet.
Principal points—
CoRtintied.
. ’ ,”?” e ’ 17 L] ’ "
Park, 1920........ 41 06 15. 850 013 42.8) 180 13 42.5) Owen......... 3.4376158] 2730.15| 8980.7
86 24 51. 836
Perry, 1920.......} 41 07 18.076] 348 00 03.6] 168 00 15.1] Park.......... 3.2027027] 1002.42] 0438.4
86 25 09. 320
Delong, 1620...... 41 08 16.988( 11 37 30.4] 101 37 19.9| Perry......... 3.2084407| 1855.41 6087.3
86 24 53.293
Porter, 1820...... 41 10 30.603| 359 63 21.6/ 179 53 21.8| Delong........ 3.0160674) 4131.12} 13553.6
86 24 53.035
Posey, 1920....... 41 11 36.857] 357 40 53.0( 177 46 55.2| Porter ..| 3.3088038| 2036. 12| 6680, 2
80 24 57.016
Putnam, 1920..... 41 12 19.776! 347 14 43.2] 167 14 61.7[ Posoy......,.. 3.1327223] 1357.46] 4453.6
86 25 09.877
Culver, 1920. ..... 41 13 06.019, 4 00 69.9( 184 00 7.1} Putnam...... 3.15530569| 1430.10( 4691.9
86 26 05.577
Randolf, 1620..... 41 13 16.543| 58 50 13.1| 238 49 69.4| Culver........ 2.7541389 567.73|  1862.6
86 24 44,722
Riple, 1920.......] 41 14 13.201 40 22 41.4| 220 21 58.6] Randolf....... 3.30682302] 2334.70] 7650.8
86 23 39. 790, :
Rush, 1920........ 41 14 27.422| 32 58 61.8| 212 68 43.2| Riple......... 2. 7184018 622,09 1715.8
86 23 27.665
Hibbard, 1820....| 41 16 23.070, 22 04 22.9] 202 04 03.2| Rush...... ... 3.2077415|  1852.43| 6077.5
86 22 57.071
8pencer, 1920..... 41 17 59.008| 22 22 40.3| 202 21 44.2( Hibbard...... 3.7104254) 5205.00| 17076.9
86 21 32.5652
Twin, 1920....... 41 18 18.509| 13 26 28.6| 193 26 24. 5| Spencer....... 2.7893431 015.66]  2019.9
86 21 26.401
Joseph, 1920. . .... 41 19 40.471] 30 43 49.6/ 216 42 560.2 Twin.........| 3.6441812] 3500.91| 11485.9
86 19 50. 400|
Btarke, 1820...... 41 19 56.171 54 20 07.7] 234 28 69.5| Joseph........ 2. 5511920 355,79 1167.3
80 19 43.946
8tuben, 1920...... 41 20 16. 722 60 41 48.4| 240 41 16.3| Starke........ 3. 1123385 1295. 21 4249.4
80 18 55.374|.
Plymouth, 1020...} 41 20 24.637] 23 61 14.0; 203 51 10.9] Stuben........ 2. 4204732 200, 98 876.9
86 18 50.731
Bulllvan, 1920..... 41 21 09.299| 350 14 02.8) 179 14 03.3| Plymouth.....| 3.1392242| 1377.92,  4520.7
80 18 51.622
8witzerland, 1920.] 41 22 21.061] 359 19 39.5| 179 19 40.3| Sulllvan...... 3.3451770| 2214.00, 7203.8
86 18 52. 640
Harris, 1920....... 41 24 02. 320 0 40 08.8| 180 45 63.5 Switzerland...! 3.5010278] 3160.77| 10399.5
86 18 29. 499
Tippecanos, 1820. .| 41 26 00.473 912 31.8 180 12 23.5( Harrls.....,..| 3.2604022| 1817.45| 69028
86 18 16.975
Lapaz, 1820....... 41 27 00.036 9 61 09.0] 189 50 50.8 ‘Tippecance.,.| 3.5733035 3743.72] 12282.5
.| 86 17 49.391
Union, 1920....... 41 30 13. 585 9 34 11.6/ 189 33 42.9| Lapaz........ 3.7821334]| 6055.27] 19866.8
86 17 06,021
Mourhess, 1920....} 41 30 38,7567| 19 48 11.5, 199 48 03.5 Union........ 2. 9160469 826.87] 2707.9
86 16 53. 964
Aman, 1920....... 41 31 05.285 357 03 27% 177 03 28, 4] Mourhess. . ... 2. 9182066, 818,85 2080,5
80 16 55, 777,




TRAVERSE AND TRIANGULATION IN INDIANA. 19
GEOGRAPHIC POSITIONS—Continued.
Precise traverse— North Vernon to South Bend—Continued.
Distanceo.
Latitude Back
Statfon. \ &r{dd Azimuth. azimuth To station. L
ongitude. . 0g
(moters). Moters. Feet.
Principal points—
Cogtmﬁed.
o ’ " ° ’ " ° ’ "
Btates, 1920....... 41 32 07.840; 12 08 51.3{ 192 08 39.4| Aman......... 3.20540000 1974.68| 0478.0
80 16 37.857
Hilberry, 1020....| 41 34 22.076! 359 57 57.4| 179 §7 67.5 States......... 3.062003%2| 4160,06} 13678.0
80 10 37. 904
Peacock, 1920..... 41 36 18,388 350 40 23,58 179 40 24.1] Hilberry...... 3.6515260|. 3500.63| 11681.8
80 16 38. 840
Webr, 1820. ... 41 36 45.7601 15 09 20.8| 195 09 22.8 Poacock....... 2. 0410472 874.88( 2870.3
86 16 28,961 :
Lloyd, 1920....... 41 38 509] 28 24 47.8| 208 24 00.1] Wehr......... 3.5305224| 3463.50 11383.4
86 16 17,782
Btudebaker,1920..| 41 38 88,165 23 52 14.2{ 203 52 08.9 Lloyd........ .| 2. 0034287 460,71) 16115
80 16 09.720
Griffith, 1920......| 41 38 51,255 0 48 54.2 188 48 52.8] Studebaker...: 2 6092052 400.72( 1334.4
86 15 07. 640
Indiana, 1020..... 41 39 28.18%| 350 01 38.1| 170 01 38.7] Grifith.......| 3.0507400; 1139.59( 3738.8
806 15 08,476
South Bend, 1920.| 41 30 29.079| 88 11 26,2] 208 10 44.5 Indlana....... 3.1019905| 1452.08 4764.0
80 14 05, 749
Bud, 1020.........| 41 39 40,820{ 350 17 59,6 170 17 59.7| South Bend...| 2, 6302431 843.75| 1127.8
88 14 05. 930,
Lincoln, 1020.....} 41 39 28.847| 110 32 24.5 200 82 05.3) Bud........... 2, 8854034 708.07)  2519.9
80 13 37.047
South Bend wost | 41 30 25.237| 99 63 13.5) 279 62 50.7| Lincoln....... 2. 7744008 594.84] 1651.0
base, 1920. 86 13 11,720, 313 08 18,9 133 08 49.3 PeIIJmS. (U. 8. | 3.1018463] 1451.60] 4702.5
South Bend east | 41 30 20.893| 88 10 04,2 208 09 18.5) South Bend | 3.2019018] 1591.85 5222.6
base, 1920, 86 12 02,957 west base.
27 00 87.5/ 207 00 22,2 Pell}né §U. 8. ] 3.0087272| 1171.46] 3843.4
Supplementary e
points.
Queenville school-| 30 03 01,71 | 311 25 40 131 26 18 | Benton........ 3. 287721 1930. 6 06304
1116)2168:), flagpole, | 85 40 41,07 | 120 14 22 309 13 35 | Boon.......... 3.363185 2307.7 5N
Queenvilleschool-| 30 03 02,03 | 312 07 49 1028.0 [ 6325
}1‘32‘:)8?' cupola, | 85 40 40.05 |- 128 18 37 1204. 4 4247
Columbus Court- | 30 12 04.151] 162 55 30.5 . 4 408. 2 1339
house, conter of | 85 56 16. 577 166 36 23. 0 . § 2579, 8 8404
tower, 1920, 170 44 17.0 . 0) 857, 2813
Columbus Luth- | 30 12 20,573 139 20 16.4 7 A 447.1 1467
eran Church, | 85 55 10.210] 147 40 22.1 .0 s 2202, 3 7225
spire, 1920, 311 31 30.2 0 03 5622.7 | 18447
Edinburg Cabinet | 39 20 60.237) 163 13 07.2| 343 12 36.2) Davless....... | 3. 607545 4050,8 | 13200
Co., water tank, | 85 57 51,181( 315 87 04.7| 135 37 00.6| Edinburg.....| 2.019164 104. 5 343
1926. 348 81 40.5, 168 32 18.7| Clinton....... 3. 714959 5187.5 | 17019
Edinburg Chris- | 30 21 05.38 | 846 50 32 100 67 05 | Clinton........ 3. 741015 5508.3 | 18072
tian Church, | 85 58 00,07 | 165 00 04 345 06 39 | Davioss....... ) 3.670M18 37215 | 12210
steeple, 1920.1 l
Edinburg Cut- | 39 21 10.105/ 850 43 28,2, 170 43 31.0| Ldinburg..... 2. 809208 763.0 | 2002
singer Grain | 86 57 53,466 100 37 32,1} 340 37 02.0| Daviess....... 38,5204 3360,7 | 11020
Elovator Co., 167 19 14.9] 347 19 11.9| Crawford...... 2. 712082 615.3 1001
flagpole, 1820,

1 No cheok on this position.
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U. S. COAST AND GEODETIC SURVEY.

GEOGRAPHIC POSITIONS—Continued.
Precige traverse—North Vernon to South Bend—Continued.

Distance.
Latitude Back
Station. and Azimuth, | o.oB th To station.
longitude. uta. . Log | prat Foot,
(weters), | Meters. cot.
|
|
Supplementar: ;
po m‘—a)n * L ’ ” <o ’ 7 o ’ 2

Franklin Masonic | 39 28 18,62 | 150 47 54 339 47 24 Elkhert....... 8. 512763 3250.6 | 10684
Home, water | 886 02 42.07 | 302 45 55 122 46 47 Delaware...... 3. 362644 2304. 9 7562
tower, 1920,1

Franklin College, | 30 28 45.70 | 157 39 40 337 39 16 Elkhart....... 3. 380464 2401. 4 7879
steeple, 1820.1 86 02 50.94 | 314 05 00 134 05 67 Delaware..... 3.478135 2093. 2 9820

Franklin Court-| 39 28 48.15 | 173 17 00 363 18 53 Elkhart....... 3.334520 2160.3 7088
h!%los?’ dome, | 86 03 18.56 | 307 30 55 127 32 10 Delaware..... 3. 549411 3543.3 | 11025

Franklin Presby- | 30 28 54.40 | 169 04 01 349 03 61 Elkhart....... 38.298684 1989. 1 0528
terian Church, | 86 03 13.35 | 311 11 16 131 12 28 Delaware..... 3. 552549 3500.0 | 11709
steeple, 19201

Franklin Mfg. Co.,| 30 20 25.350| 325 65 563.2 | 146 67 00.4 | DeKalb....... 3,653598 4604.0 | 14777
watertank,1020.| 86 02 53.380| 326 14 43.3 | 146 15 42.1 | Delaware..... 3. 599361 8075.2 | 13042

130 27 16.9 | 319 26 54.2 | Elkhart....... 3.118563 1313.9 4311

Whiteland M. E. | 39 32 60.17 | 178 44 10 { 368 44 9 ayetto....... 3.282848 1918.0 | 6203
fé]zl(x)rlch,stoeplc, 86 05 02.13 | 317 10 01 | 137 10 22 | Whiteland....| 3.060568 | 1149.6 | 3772

Whiteland School-| 39 33 02.52 | 168 47 20 348 47 10 Fayette. ...... 3.267108 1849.7 0060
111%8?' cupols, | 88 04 48.83 | 333 62 12 153 52 24 Whiteland....| 3,022809 1053.9 3488

Greenwood, In- | 39 36 45.70 | 359 40 05 179 40 05 2,911158 8156.0 2074
dian Canning | 86 06 58.22 | 153 08 39 08 24 .| 8.101938 264.6 4149
Co., watertank,

19201

Tipton Catholic | 40 17 00.10 | 344 10 184 10 46 Jasper.... .| 2.908004 997.5 3273

lhzgrlch, spire, |86 0212.80 | 94419 |18 4417 | Tipton. 2.497943 314.7( 1082
020.

Kewanna Baptist | 41 01 07.185] 170 48 55.1 | 350 48‘ 43.8 3.309087 2510.1 8235
Church, spire, | 86 24 34.900| 186 26 31.8 [ 6 26 33.0 ..| 2.691730 300.6 | 1281
1920, 350 17 05.9 | 170 17 17.4 .| 8.387415 2440.1 8008

356 46 30.4 | 175 45 32.1 2.921732 835.1 2740

Plymouthschool- | 41 20 30.70 | 21 38 30 201 398 25 Stuben........ 2,0608334 463.8 1522
lll%scla, tlagpole, | 86 18 48.01 | 176 04 51 | 356 04 48 | Bullivan...... 3.076001 | 1103.7 | 3016

Plymouth Court- | 41 20 87.76 | 27 18 66 207 18 46 8tuben........ 2. 883457 730.2 2300
111&1(1)5413, cupola, ; 86 18 40.98 | 165 51 40 | 346 51 33 Bulliven...... 8. 001486 1003.4 | 3202

Triangulation by United States Lake Survey

Principal points.

Reading (U.B. L. | 41 50 05.941( 218 40 45.83] 38 44 20.44| Hillsdale (U. | 4.0858344] 12185.26| 30977.8
8.)(Mlch.),1878.| 84 44 30.7 8.L.8.).

248 38 10,89 68 49 30.86 Wémtitl%nd(U. 4.4071032| 28538.37) 83787.1
272 36 43.00) 92 47 04.03 Plﬁisé&;d'(ﬁ.s. 43326005 21508.47| 70686.7

Quincy (U. 8. L, | 41 57 39.900| 313 04 30.70| 133 11 43.76| Reading (U.8. | 4.3114278] 20484.6%1| 67200.6
8.), 1878, 84 55 19.260| L.8B.).

FremontéU.S. L, | 41 42 31.974] 187 20 30.72| 7 28 25.73| Quiney (U. 8. | 4.4510206 28250.78| ©2685,9
8.), 1878. 84 57 58.193 L. 8.).

233 01 03.97| 53 10 01.85 Reiadlsnf (U.8. | 4.30677768] 23322.50| 76517.5

Bronson gU.S.L. 41 51 22.362) 246 19 51.46/ 66 32 45.56| Quincy U. 8. | 4. 4644047 29140.35 085604.6
8.), 1878, 85 14 38.166 L.B.),

305 13 40.97) 125 24 47,28 Frfmsox)lt(U.S. 4.4518270 28302.68] 02850, 4

1 No check on this position.
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Distance.
Latitudo . Back
Station. . ngll:dd Azimuth, azimuth Tostation. L
ongitude. 4 g
(motors). Motors. | Feet.
Principal points—
Continued.
o I " ° r 7 o ’ r”
Mongo (U.8.L.8.),| 41 41 34.461) 180 30 33,35 6 31 33.12| Brongon (U.8.| 4.2613904 18255.01) 50893.0
o 85 16 07.917 .8.).
205 52 106.26/ 80 04 21.19 Frﬁmé)!;t(U.S. 4,4024104| 252690.19] 82871.2
Sherman (U.8.1.| 41 50 48.490| 206 20 25.58| 86 37 48.29| Bronson (U.B.| 4.2408501| 17412.42) 57127.2
8.), 1878, 85 27 11.662 )
318 02 57.28| 138 10 10,41 Mings())(U. 8. | 4.3600882| 22000.80 75330.8
Van Buren (U. B. | 41 42 20.600| 220 42 15.32] 40 48 37.94| Sherman (U.S.| 4.3078330 20915.76| 68652.0
1..B.), 1878, 85 30 46.968 L.8.).
273 17 52.89 93 31 15.98 L{onsgz; (U. 8. | 4.4576353] 28077.11| 94084.8
Porter (U. 8. L. | 41 49 22.308| 264 04 00.81] 84 10 32.94| Sherman (U.8.| 4.4175528) 2615489} 85800.8
8.), 1878. 85 45 59.318 8. .
314 50 17.20] 134 56 25.78 V%nfllsl’gn(U. 4.2602740] 1804159 09101.4
Jeflerson (U. 8. | 41 40 59.061| 102 35 15.27| 12 36 85.15| Porter (U. 8. | 4.2009547| 16883.81| 82112.1
L. 8.), 1878 85 48 20.310 L.8).
298 16 49.53| 58 31 00.54 Shfngan(U.S. 4.5397136] 34050. 82| 113083.6
260 16 28.74| 80 24 10.59 V%ﬁ E'ugic;n (U.| 4.2174355 16488.168| 54127.7
Calvin (U. 8. L. | 41 50 10.298) 268 07 00.86| 88 25 61.23| Shorman (U 4.5023704| $0118.25| 128340.5
8.) (Mich.),1878.| 85 56 26. 400 8.L.8,
276 23 26,40 96 20 44.60 I’gstesr)( 4.1105588| 13109.18| 43205.9
208 40 07.23( 118 52 83.64 Vaélsgusren "4.4701648| 20523.26| 96860.0
330 23 14, 74| 160 27 52,53 Je ei"‘sésn;( 4.2905332| 19522.40| 04040.7
Milton L. | 41 48 00.287| 269 45 10.07| 70 55 20.80( Calvin (U. 8. | 4.3255730] 21162.84 00431.8
S)(Mch)lﬂ‘” 86 10 28.905 . BJ).
203 21 24.20| 113 36 02,87 Jofs!o{lsosn)(U. 45217370 83245 89| 100074.2
Penn (U.S.L.8.), | 41 38 53.064| 188 56 36.87| 8 67 £3.73| Milton (U. 8. | 4.2398542 1737218} 50095.2
1877. 88 12 25.947 . 8.).
298 20 12.48| 48 31 81.28| Calvin (U. 8. | 4.4981051| 81489. 45| 103311.6
263 08 57.81) 83 24 52.80 Jegelr;sésn) (U. | 4.5240042| 33460.08} 10076.5
Carlisle 8§U.s.1,. 41 40 06.007| 240 32 03.48] 60 44 48.83( Mllton (U. 8. | 4.4838462! 30408.16{ ©0061.0
8.), 1817, 86 29 38.037 8.,
275 18 17,16 95 24 43.17 Pesn;;( .8.L.| 4.8790064| 23083.10| 78084.8
nemmd (U. 8.1 41 46 44.807| 261 00 31.01 81 17 37.80| Milton (U. 8. | 4.2322108 17009.00| 66000.8
L. 8.) (Mich. ), 86 22 39. 568 L.8.).
1877, 316 41 02.50| 136 47 50.80 Ponn ( .8.L.| 4.5080306] 20325.42 06683
38 08 31.74| 218 03 53.23 Cal':ﬁgts)(U. 8. | 4.1052040| 16674.91( 51426.8
Galens (U B. L. | 41 41 45.830| 240 28 10.12) 00 40 08.05| Dertrand (U. 4.4221178| 26481.28| 80710.5
8.), 1877. 88 40 31.307 8.1.5.
281 33 40.02] 101 40 55.08 Ca{llsle)( 4.1882843] 15437.10 50018.7
Bald Tom (U. 8. | 41 54 10.287| 307 10 29,62] 127 19 22.69] Bertrand (U 4.8047604| 23161.16| 76087.9
.B.), 1874, 86 85 58,067 ,
841 31 13.80{ 161 35 27. 44 Carlisle( 44437412 27780.57) 91148.4
! 15 10 45.19] 195 07 43.42 Gnlenn (U. 8. | 4.3817140| 24083.24| 70018.1
8.).
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Distance.
! Latitude Back
Station. and Azimuth, i ac. h Tostation.
longitude. azimuth. Log | woters. | F
(moters). | oters, ‘oot
Principal points—
Cot’l’aunged
o ’ ” o 7 7 o ’ ”
MlchiganCit; (U.| 41 44 07.738] 230 06 48.306] 50 17 42.73 BaldTom (U 4.4605024] 20478.30] 96713.4
B.L/8.),1877. | 86 62 20.028 8.L.8
284 53 49.97| 105 01 41.54 O:}lega)( 4.2203402| 16950.88] 65032.7
4o oJe
8pringville (U.8. | 41 39 52.765( 126 55 52.70| 305 50 39.93 Mlchlgan City | 4.1277262| 13419.19| 44020.1
) 874, 80 44 29.845 U.B.L.8.).
203 46 33.92| 23 52 14.54 Bléldl’il‘gn)l( 4.46857404| 20224.05 95870.2
Otis (U.B.L.8.), | 41 85 18.601( 181 13 43.23 1 13 53. 30| MichlgnnCity 4.2120434; 16328.39] 535670,7
1874, 86 52 35.177 (U.8.L.8.).
232 58 40.90| 63 04 12.38 Spsl'hll‘gglle U.| 4.1480740! 14002.87| 46137.9
Millers BSU. 8, L, | 41 86 55.380( 246 14 43.43| 66 20 10.69 MichlganCity 4, 5221096| 33274.34| 100167.6
8.), 1874, 87 14 17.883
275 31 55.48| 95 46 20.43 Otls)(U 8. 4. 4816561, 30314.00| 09458.1
8hot Tower (U.8. | 41 53 11.400] 284 26 44.77| 104 57 31.04 MlchiéanClty 4,8201231| 606088.08| 210824.0
L.B.)(1l11.),1874.] 87 38 29.391 ; 8.)
311 47 10.88; 132 03 17.43 Mlllers)(U 8. | 4.6538065] 45070.93| 147870.2
Supplementary
points.
8outh Bend,Notre| 41 42 10.94 | 79 43 16.1 | 250 33 05.6 Carllsle (U.8. | 4.334067 | 21580.8 { 70803
Dame ﬁnlv 88 14 20.15 L.8
domegsU 128 15 55.9 | 308 10 23.4 Bel‘trand (U 4.155476 | 14304.6 | 46931
8.), 1877. . 8.L.
SBouth Bond |414031.32 | 87 40 19,2 | 267 39 20.9 | Carllsle (U.S. 4.312113 ¢ 20517.0 { 67313
standpipe (U.8. | 86 14 51.80 L. 8.).
L.8.), 1877. 136 52 20.8 | 316 47 18.4 B%rtiﬂléd) (U. | 4.108720 | 15802.5 | 51845
New Carlisle, M. | 41 42 25.50 | 284 25 26.8 | 104 37 84.3 | Penn (U.8.L. | 4.417366 | 26143.0 | 85771
. Church stee- | 8 30 40.06 ).
})le’,(U.S L.8)), 341 40 65.7 | 161 41 37.0 Ca;}lglt)s (U.B. | 3.650511 4565.7 | 149879
New Car]lslo, 1 4222.26 | 233 63 33.7 | 53 58 54.3 | Bertrand (U. | 4.138766 | 13704.7 | 45160
hristia 86 30 41.10 8.L.8.). )
Church s h‘e 284 11 33.3 | 104 23 41.5 | Penn(U. 8. L. | 4.417318 | 26140.8 | 85764
(U.8.L.8.),1877. 8.).
Michigan Cit 41 42 51.74 | 220 32 26.8 | 40 33 24.6 Michsgan City | 8.488351 3086.7 | 10124
hl% school( 86 53 40.82
203 09 08.8 | 113 15 19.2 (Sfrm&gu e | 4.146570 | 14014.3 | 46979
T.38N,R.I4E., [ 41 42 585.82 |.coeveeeerevifecnncnnnnnenc]ernnrnccnrecnnec]orencenann eoscsccars|onsescane
Nw cor of sec. | 84 68 15.23
31 (U.8.L.8.).
T.37N,,R. 11E 41 41 08,35 |vevevrncruacfocanonnnnnnniforocrnanncacsens [ P eocefsecnncass
cor. of secs. 4, b, | 85 16 22,52
8,8(U.8.L.8.).
T.38N.,R.8E., | 41 42 15.07 |....... F O N Py T P T
BW. cor. of NW.| 85 37 12.86
io!sec.sa (U.8,
. 8.).
T.37N.,R.6E.,, | 41 40 64.78 |....... T eeecsasncejecsescccec|ecscacane
cor. of secs, 2, 3 8 42.76
10, 11 (U.B,
8.5.
T.37N.,R.3E., | 41 80 04.82 |...cccveevenc]orennnnnnnnn. PR U APPUTPRION AATPUIN PPN .
cor. of socs. 17 86 12 506.53

18,19, 20 (U. 8
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Distance.
Latitude Back
Station. and Azimuth, azimuth Tostation.
longitude. ' Log | Motars. | Feet
(meters). .
Supplementar,
nga—(}ontdv
o ’ ” o ’ ” L ’ ”
T.87N,R.1W, |[414048.34}............. L PP
©Or. ofsecs 2 ﬂ 80 30 22.84
10, 11 (U
8.
T.38N,R.BW,, | 41 41 38.08 |....cccvnecncforresrcrrocse]sccnsoccacnans esfosssncriac|assconccen EYTTrra.
B8W, cor. of SE. | 88 40 82.67
30(8W iofsec
2 (U.8,L.8.
T.37N,,R3W,, [418952.18 |....c.civevei]oerurennnanse S vesevesans cesecncae
8E, cor. of sec. | 86 44 18.98
10(U.8.L.8.).
T, 8N, R.4W,, [ 41 35382.74 [ civiennneforererianncacforannnns L ) PP [ P
NW. cor. olsoc 86 52 88.21
10(U.8.L.8.).
T.3 N, R.7W,, | 41 36 05. l .................................. [ S AR I
8E. cor. ofNE 87 15 39.73
iofsoo 6(U.8
. B.).
8t. John’s Church | 41 42 45.323| 291 58 34.76| 112 04 53.15 Sprl¥vﬂle(0 4.1620901] 14193.81; 46567.5
%ph-e (70' 8. L. | 86 58 68.783
.), 1874. 362 00 05.57| 172 01 01.13 Otsls)(U 4.1435502| 13917.15| 45650.8
City Wast (U, B. | 41 30 44.582| 246 48 10.27] 66 54 25.40] 8t, John’s | 4.1518763| 14188.53| 46543.6
. 8.), 1908, 87 03 22,829, ?ll’ngolIle lr)e
298 37 69. 06| 118 45 09,87 Otsm)'(tj. 8. L. | 4.282r770, 17091.87] 56073.9
358 46 40.5 [cereneeannenn Chesterton f..........feeevvvenecfocennnnns
church spire.
3567 438 45 veerseeesss| Chestorton|...oo..oooeeeiiiifoinanens
Catholic
church spire.
Fleld (U.8.L.8.),]| 41 42 18.957| 258 02 36.09] 78 04 26. 79| St John'’s | 8.5045604] 8981.57 12888.8
1908, 86 56 45.158) Churchspslre
335 56 10.98; 165 58 57.10] O s(U B. L. | 4.1522079] 14200.31| 406588.8
02 39 37.43; 242 35 12.97| Cli}'sWost 4.0152518| 10857.42| 33981.0
2271766 |...ieiieinnn. Eutl’lerhead
light.
275 38 40.7 [..oennnn.... Prison W. W,
Tower.
Miochigan Cit 41 44 07.742] 1 18 53.13} 181 13 48.06) Otis (U. 8. L. | 4.2120468) 16328.51] 53571.1
U. 8. L. s.i 80 52 20.027 B.).
51908). 41 56 25.82} 221 54 19.70| 8t.  John’s | 3.5336422 3416.98) 11210.5
Church spire
(U.8.L. g
61 19 04.76| 241 16 08.82] Ftilds (U. B, ]8.8443152) 6987.30| 32034.5
28 58 07.9 |......... g B00K. |-vveveafoe e
4216 80  |ecececceeene.| Bt Paul’s o iifeeieaniaiefoiiaias .
Church spire.
Hoosfer (U. 8. L. | 41 43 01.143] 280 53 15.15 100 53 §3.97] St, John’s | 8.1566345 1434, 4705.6
8.), 1908, 80 54 67.125) Churohs ire
62 20 08.33| 242 27 56.45 m%)dé )(U S 3.44908821  2810.36] 9240.0
i . B.).
West{)lerhoad 41 43 35.828| 263 32 23.69| 88 32 59, Yankee (U. 8.} 3.0060189]  1247.16]  4001.7
lxgh 86 54 36. 985, . 8.).
24 32 43.33| 204 82 20.26] Hoosler (U.B. | 3.0705471 1170.38) 3859.8
L.8.).
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’Dlstance.
Latitude Back
Station, . andd Azimuth, agimuth, Tostation. L
tude -
ongitu (met%grs). Moters. Foot.
Supplementar,
po m_(:m ° o ’ ” © ’ " L] ? " -
East é)ierhead 4143 44.281| 270 25 45.08| 99 26 24.70) Yonkeo (U. 8.1 3.1454613] 1897.85  4888.1
1ight (U. 8. L, | 86 54 41.708 .B.).
), 1668, 14 58 85.71{ 164 50 26.4 Hioazéas(v.s. 3.1801848] 1877.80] 4520.8
Yankee (U. B. L. | 41 43 30.854] 13 40 52.37) 103 40 41.23| St. John'’s | 3.2138381| 1636.21] 5368.1
8.), 1908, 86 53 42,043 urch
8 lre)(U. B
57 35 52.41) 237 35 02, 44) Hoosier (U. 8. | 3.3120530] 2055.67| 6744.3
60 26 63.75] 240 23 47.37 Ftﬁl'ds'(i:. 8. | a.eerazr0] 4867.74) 18970.2
243 18 10.25| 63 19 01.78 Mlciugah City | 3.3267040| 2121, 09613
U. .L.s.f,
1908).
43046 |eooiiiienn... Michigan City |..........]eeeseseere]erennnen
hl‘?h school
(U.8. L.8.).
8t. Paul’s Church | 41 42 47,056/ 352 08 52.74| 172 07 47.72| Otis (U. 8. L. | 4.1461107 13967 24| 45824.2
Eplre (U. 8. L. | 86 53 57.905 ).
), 1908, T7 22 45.51| 257 20 54.23| Fleld (U. 8. | 3.5070080 3062.76] 130012
107 38 41, 85 287 36 02. 44 Hodsxsér'(U.s. 31572488 1436.81) 47123
193 26 15,71) 13 25 26,26, Ytixikso'e)'(U.S. 3.1084764] 1570.34 51816
Hanna stack (U. | 41 43 03.189| 356 50 16.87( 176 59 37.51( Otls (U. 8. L. | 4.1500412 14352.05 47080.6
8.L.8.), 1008, | 8 53 07.740 )
74 40 51.38[ 264 47 26.71 Figds (U. B.[3.7166083 6208.83 17087.7
88 34 30,24] 268 33 17.44) Hoosier (U.8. | 3.4030842 2520.70] 8209.8
142 37 26,60 322 37 03.76 Yxifiléég’(u.s. 31101080 1306.77] 4287.8
Bafleytown | 41 36 57.089| 118 41 46.74( 208 39 30.65| Dune Park | 3.7031432]  5048.28 16662.6
church spire | 87 05 11. 37| . : .8.L.8.), .
(U. 8. L. B.), 205 54 B8 98] 25 56 11.07 Ci(t S“I:eég)t 3,7603410]  5745.67| 188508
Dune Park (U. | 41 38 15.616] 248 23 27.53] 68 26 46.82) City Woest | 3.8728004 746219 24482.2
8.L.8.),1008. | 87 08 22.697 (U.8.L.8.).
2006100 |............. Chesterton{......... .....condeeeionet
water tank.
20324 45 |............. Chesterton {..... ST PRI (O,
church gpire.
2033865 |....ccccne... Porter water [..........[c..cceeiifeeieiian
tank.
204 4707 (... eee..... Red bricek | ooonii)oeeneniiii]oesnannen
church spire.
490415 |[............. Dune Park|.........|eceeeeiiloannnnnns
water tank.
Sabinsky (U. 8. | 41 37 08.620 257 20 46,79) 77 26 11.78| Dune Park | 3.6700060] 0462.50] 31044.0
L. 8.), 1608, &7 16 01. 606 (U.B.L.8.).
Gary (U.8,1L.B.),) 41 37 04356 268 20 01,38 88 31 25.83| Babinsky (U.| 3.7022358] 5037.74] 16528.0
160, ' 87 18 38.1 8. L.kg.).
Btockton (U, 8. | 41 a7 52.066] 281 39 30.40) 101 43 03, 54). Gary (U. B. | 3.8612352] 7264.09] 23835.2
L. 8.), 1008, 87 23 48. 44f .8,
115 1340.2 {............. East cupols [..........0....co0eedennannan.
cemoent
works,
124 50 22,4 |............. BouthBay [ceeeveiiitevinnniiiidenananans
Hotel F. 8.
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Distanoo.
Latitudo Back
Station, ) and Azimuth. | oo Tostation. L
ongitude. *
g (mot?}s). Moters, | Foet.
Supplementary
po{:lJ;u—-Contd.
° ’ ” o ’ ” L ’ ”
Indiana Harbor | 41 30 42 860| 308 08 48. 18] 128 10 53.05| Btockton (U. | 3.7428586] 5531.71] 18148.6
(U. 8. L. 8.), | 87 26 54. 301 ' 8. L. 8.).
1908, 149 15 28.4)............. Calumet Har-l.......... TR I
bor Léght.
1002045 |............. Midland olo- |..oeeneiiifienieiiiorniiinas
vator stack.
3194140 f............. East cupold foceeeennei|ieennannes]oanniis
cement
works.
3261320 |.oviiiiiannn. BouthBay |.ooveeeveefeeinenenaafoeniaaats
Hotel F. 8.

Inland 8Steel Co.
stack (U. 8. L.
8). 1908.

127 58 48.39) 307 58 10.80 W(o(ljls 11315 38227392 6648.74] 21813.4
165 20 33.99| 345 20 33.08| Indiana m) 2.1083844]  128.35 4211
?‘or (U. 8.

307 19 41.03| 127 21 43. 59) StsoékLtgx.\ )(U. 8.7348021] 5430.03) 17816.0
. L. B.).

BT
8%
S
&8

Wolf River (U. 8. | 41 41 51,308} 307 16 25.05 127 17 55.72| Indiana Har- | 3.8160549] 6547.18 21480.2
L. 8.), 1908. 87 30 39. 629 }:lors gU. 8.
170 14 08.4 [...ovvnnnnn. Hydo Parkl..ccoeieaifiniianan]onnannnns
crib light.
165 16 60.0 [......ccnnnes Construction |......... [ PPN AU eees
crib.

Gléxcg‘segt)nc{{m()g. 41 41 21.631| 170 10 17.3 | 350 18 48.9 | Calumet (U. | 3.767843 5850.3 | 19223.4
. L. 8., B

87 31 00,014 . L. 8.).
207 10 28.7 | 27 10 42.3 | Woll River | 8.013780 1032.3 { 3380.8
(U.8.L.8.).
Calumoet (U. 8. 41 44 28.843] 343 18 04.29( 163 18 46.23 Wolf River | 3.7051116] 5071.21] 16837.8
L. 8.), 1608, 87 31 42,644 (U.8.L.8.).
145 04 39 Chicago Beach j......... Y P P
Hotel.
153 00 32 MW & Co [eeaiiiiiifeeeciiniioeennann,
tower.
167 40 22 Consgtruction |.... «.ccol|oieiieiiifiennannt
crib.
3200 2A f............ Inland Bteel {....cooeveneeeeniidiaianiai,
Co. stack, v
327114 80 |..oeennnn.... Midland ele- |.......... O
vator stack.
340 458 40 Glucose water |veeevieadeneaniii]oniiaat,
tank.

RLEVATIONS, THIRTY-NINTH PARALLEL.

The datum for all elevations of this Bureau is mean sea level.

The elevations of the stations of the thirty-ninth parallel triangu-
lation are given in the following table, divided in two classes. Class 1
is composed of those elevations which are fixed directly by spirit level-
ing, and subject to a probable error varying from +0.06 to +0.35
meter. Class 2 comprises the stations of the main scheme which are
fixed in elevation by reciprocal measures of vertical angles, and are
subject to probable errors varying from +0.1 to +1.8 meters. The
accuracy of the elevation of a station of this class depends mainly
on the distance of that station from the nearest station whose eleva-
tion is fixed by spirit leveling. ’
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Table of elevations, thirty-ninth parallel.

|
Polnt to Point to

Btation. which elova- | Elovation. Station. which oleva- Elovation.
tion refers. : tion refers.
Class 1. Class 2.
Meters, | Feetl. Meters. | Feet
Glasgow.......... Top of sur- | 302.39 002.1 Blind Asylum. ...|8urfacemark.| 159.1 522
face stone. | Blocher........... d . 701
Holtonnorthhass. |..... do...... 281,46 023.4 | Cox, 1879 E 764.5
Holton south hase. |.. ... do. .00l 218.72 | 914.4 || Finley.. .. 000000 . 027
Loblﬁvlllo north |..... do...... 136.546 | 447.98 || Marysville 3 710
o,
Loulsville south |.....do...... l 144.440 | 473.88 | Miller.. 925
base. Q. & M. 649
Topp.. 023
Lutz.............. Surfacemark.| 183.376 | 601.63 || Ri oﬁi' 910
Rariden...........|..... do...... 277.563 910.5 8lx Mile. . 934
THpp..eevrenann e do...... 226.14 741.9 .
. ’ Stout............. . 740
i Bummit, 1886 .. . | 908
; Willlams.......... I ..... do 074
| 1

ELEVATIONS, U. 8. LAKE SURVEY STATIONS.

The elevations given in the following table all refer to stations of
the U. S. Lake Survey. The data for forming this table were taken
from the descriptions of the stations as furnished for this publication
by that organization. The method by which these elevatious were
determined is not known, nor is the accuracy except as it seems to be
indicated by the decimal place to which the elevation is given.

The elevations as given in the descriptions furnished this Bureau
were referred to the mean elevation of Eake Michigan. For the fol-
lowing table each elevation was increased by 581.3 feet, which is the
height of the mean level of Lake Michigan above mean sea level as
determined by observations between January 1, 1860, and December
31, 1875. (See Professional Papers No. 24, Corps of Engineers, U. S.
Army, p. 609.)

Tuble of elevations, United States Lake Survey.

POIII:lt 1t;o ’ POllﬂt }to
whic whic
8tation. elevation Elevation. Station. elovation Elovation.
refers. ’ refers.
Meters. | Feel. Meters.| Feet,
Bald Tom(U.8.L.8.)| Ground at | 250,36 | 821.4 || Mongo(U.8, L. 8.)....| Ground at | 312,97 | 1026,8
station. station,
Bertrand (U. 8. . d 285,98 | 938.2 | Ponn(U.B.L.8.).. do..... 271,46 | 890.6
Bronson (U. 8. . ..| 304.10 | 097.7 | Porter (U.8.L.8.). Ooeeen 289.47 | 049.7
Calvin (U.8 308.03 | 1010, 6 %umcy(U.S. L.8.)) .do..... 323,156 | 1060.2
Carlisle (U. 278.44 | N3 b6 eading (U.8.L.8.)..[..... do..... 368,35 | 1208. 5
Fremont. ( 347,93 | 1141.5 || S8herman (U.8.L.8.) .|..... do..... 316.08 | 1037.0
QGalena (U .| 201.76 1 957.2 || Van Buren (U. 8. L. S.}..... do..... 289.87 | 951.0
Jefferson é 205.53 | 969.6
Mlllersé . .ee..] 218, 709
Milton (U. 8. . 272.92 | 895.4

DESCRIPTIONS OF STATIONS.

This list of descriptions of stations may be conveniently consulted
by reference to the illustrations at the end of this publication or to the
index. All azimuths given in the descriptions are reckoned contin-
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uously from true south around by west to 360°, south being 0°, west
90°, north 180°, and east 270°. Where magnetic azimuths are given
they are indicated as such. All distances between station and
reference marks are horizontal unless otherwise stated in the descrip-
tion. The name of the station and the year are stamped on the
traverse station marks.

In general, except where the contrary is specifically stated, the
surface and underground mark are not in contact, so that a dis-
turbance of the surface mark will not necessarily affect the under-
ground mark. The underground mark should be resorted to only
In cases where there is evidence that the surface mark has been
disturbed.

The name and dates given in each description immediately after
the county refer to the chief of party by whom the station was
established, the date of the establishment of the station, and the
date when the station was last recovered.

Any person who finds that one of the stations herein described
has been disturbed or that the description no longer fits the facts is
requested to send such information to the Director, U. S. Coast and
Geodetic Survey, Washington, D. C.

The standard station and reference marks (see fig. 1) referred to
in the following descriptions and notes consist of a disk and shank of
brass cast in one piece.” The disk of the station mark is 90 mm. in
diameter, with a hole at the center surrounded by a 20 mm. equi-
lateral triangle, and has the following inscribed legend: “U. 8. Coast
and Geodetic Survey Triangulation Station. For information write
to the superintendent, Was ington, D. C. $250 fine or imprison-
ment for disturbing this mark.” The shank is 17 mm. in diameter -
and 80 mm. long, with several grooves cut around it to give a secure
anchorage in concrete.

The standard reference mark, shown in figure 1, is the same size
and shape as the station mark, with an arrow on the top in place of
the triangle, which, when properly set, points to the station. The
legend is the same, except the words ‘“reference mark” take the place
oig the words “ triangulation station.”

STANDARD NOTES ON THE MARKING OF BTATIONS.
SURTFACE MARKS.

Note 1.—A standard bronze tablet set in the top of (a) a square block or post of
concrete, (b) a concrete cylinder, (¢) an irregular mass of concrete. -

Note 2.—A standard bronze tablet wedged in a drill hole in outcropping bed-
rock, (a) and surrounded by a triangle chiseled in the rock, (b) and surrounded by a
circle chiseled in the rock, (c) at the intersection of two lines chiseled in the rock.

b fiVoIekJ.—-A standard bronze tablet set in concrete in a depression in outcropping
edrock.

Note 4.—A standard bronze tablet wedged in a drill hole in a bowldor.

Note 5.—A standard bronze tablet set in concrete in a depression in a bowlder.

Note 6.—A standard bronze tablet set in concrete at the center of the top of a tile

a) which is embedded in the ground, (b) which is surrounded bg' 8 mass of concrete,
¢) which is fastened by means of concrete to the upper end of a long wooden gile

riven into the marsh, (d) which is set in a block of concrete and projects from 12 to
20 inches above the block.

UNDERGROUND MARKS.

Note 7.—A block of concreto 3 feet below the ground containing at the center of its

upper surface (a) o standard bronze tablet, (b) a copper bolt pr&ecting slightbv
above the concrete, (c) an iron nail with the point projecting above the concrete, (d)
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a glass bottle with the neck projecting a little above the concrete, (¢) an earthenware
jug with the mouth projecting a little above the concrete. . .

ote 8.—In bedrock, (a) a standard bronze tablet wedged in a drill hole, (b) a
standard bronze tablet get in concrete in a depression, (c) a copper bolt set in cement
(iin a drill hole or depression, (d) an iron spike set point up in cement in a drill hole or

epression.

ote 9.—In a bowlder 3 feot below the ground, () a standard bronze tablet wedged
in a drill hole, () a standard bronze tablet set in concrete in a depression, (¢) a copper
bolt set with cement in a drill hole or depression, (d) an iron spike set with cement in
a drill hole or depression.

Note 10.—Embedded in earth 3 feet below the surface of the ground, (a) a bottle in

an upright. position, (b) an earthenware jug in an upright position, (c) a brick in
horizontal position with a drill hole in its upper surface.

REFERENCE MARKS.

Note 11.—A standard bronze tablet with the arrow pointing toward the station
sot at the center of tho top of (a) a equare block or post of concrete, (b) a concrete
cylinder, (¢) an irregular mass of concrete.

Note 12 —A standard bronze tablet with the arrow pointing toward the station,
(a) wedged in a drill hole in outcropping bedrock, (b) set in concrete in a depression
in outcropping bedrock, (c) wedged in a drill hole in a bowlder, (d) set in concrete in a
depression in & bowlder.

ote 13.—A standard bronze tablet with the arrow pointing toward the station
set in concrete at the center of the top of a tile, (¢) which is embedded in the ground
(b) which is surrounded by a masa of concrete, (¢) which is fastened by means of con-
crete to the upper end of & long wooden pile driven into the marsh, (d) which is set
in a block of concrete and projocts from 12 to 20 inches above the block.

WITNESS MARKS.

Note 14.—A conical mound of carth surrounded by a circular trench.

Note 15.—A tree marked with (a) a triangular blaze with a nail at the center and
each apex of the triangle, (b) a square blaze with a nail at the center and each corner
of the square, (¢) a blaze with a standard disk roference mark set at its center into
the tree.

ADDITIONAL NOTES, USED IN THIS PUBLICATION.

Note 16.—The station is marked by two stone posts, one at the surface of the ground
and the other 3 feet deep directly below the surface mark. Both posts are in an
upright position. This type of marking was employed by the U. S. Lake Survey.

Note 17.—The station is marked by a nail set in concrete at the center of the top of 8
tile 6 inches in diameter and 2 feet long. The tile is filled with concrete,and is set
flush with the surface of the ground. The underground mark is an earthenware pyra-
mid set about 24 or 3 feet below the surface. There are four reference marks similar
to the surface mark at the station, except the tiles are only 4 inches in diameter.
They are north, east, south, and west from the station at distances given in the
description.

Note 18.—The station is marked by a cross in the top of a stone post G inches square
and 30 inches long inscribed with the letters U.S.C. & G.S. The underground mark
is. an earthenware pyramid with edges about 6 inches long marked with the raised
letters U. 8. C. 8. The three reference marks are stone posts 6 inches square and 30
inches long set at the distances and diroctions a8 given in the description.

Note 19.—The station is marked by a limestone post 2 feet in length and dressed
to b inches square at the top inscribed with a cross and the letters U. 8. C. & G. 8.
It is aleo marked 2 feet below the surface of the ground by a copper wire set in cement
in the mouth of a black bottle which in turn is set at the center of a 10-inch tile filled
with concrete. There aro three reference marke each consisting of a stone similar
to the one marking the station, except that the top is inscribed with a disgonal arrow
pointing toward tho station.

PREQISE TRIANGULATION ALONG THE THIRTY-NINTH PARALLEL.

PRINCIPAL POINTS,

Dry Ridge (Grant County, Ky., A. T. Mosman., 1889).—About one-third mile
east of the railway station at Dry Ridge on the north side of the turnpike 1o Knoxville.
There is a bend in the road about 150 meters west of the station and but for this bend
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the station would be in the middle of the yoad, that is, it is in the prolongation of
the straight part of the road west of the bend. The station is marked according to
note 17! and the surface mark is surrounded by a bleck of concrete 2 feet deep and
16 inches in diameter. The reference marks are at the following distances and direc-
tions from the station: 1.82 meters north, 1.82 meters east, just north of the north
road fence 15 meters south, and in the middle of a path 10.46 meters west. Thereisa
house about 150 meters north of the station. An elm tree marked with a blaze is
in the hollow on the north side of the turnpike 89.2 meters from the station in azi-
muth 81° 14/,

Tanner (Boons County, Ky., A. T. Moaman, 1889).—About 13 miles from Florence
and one-half mile west of the tollgate, on the Burlington pike, on land belonging to
Noah Clore, nearly south of his house. The station is marked according to note 17}
The reference marks are at the following distances and directions from the station:
1.84 meters north, 1.84 meters east, 1.83 meters south, and 1.83 meters west. The
corner stone at the corner of Noah Clore’s and E. K. Tanner's lands is 18.5 meters
from the station in azimuth 278° 52/, L

Btow (Switzerland County, A. T. Mosman, 1890).—About 2 iniles south of East
Enterprise, in the southeast corner of NW. £ gec. 9, T. 3 N,, R. 2 W,, on the west side
of the pike between East Enterprise and Markland. The station is on land belonging
to Uziel U, Stow, in the cleared field northeast of his house and just north of a clump
of timber known as the deer park. It is 21.5 meters from the center of the pike,
82 meters south of the south edge of an apple orchard, and 27 meters northeast of a
frog pond. The station is marked according to note 17.! The reference marka are
at the following distances and directions from the station: 1.83 meters north, 1.83
meters east, 1.83 meters south, and 1.83 meters west. '

Reizin (hipley County, A. T. Mosman, 1889).-~About 1 mile east of Elrod and
about 300 meters south of the road from Elred to Dillsboro, on land belonging to
Joseph Beall about 12 meters east of the line fence between his land and that of Reizin
Johneon, The station is marked®ccording to note 17. The roference marks are at the
following distances and directions from the station: 1.82 meters north, 1.84 meters
east, 1.82 meters south, and 11.9 meters west. The west reference mark is in the
fence line mentioned above. A lone hickory tree, marked with a blaze and a triangle
of nails, is 55.3 metors N. 24° 11/ E. from the station.

Culbertaon éiwitzerland County, A. T. Mosman, 1880).—~About 11 miles by road
in & northerly direction from Veval?', in Pleasant Township, in the northwest corner
of SE. } sec. 33, T. 6 N,, R, 12 E., on land belonging to James Culbertson. The
station 18 on the highest point of a pasture on the opposite side of the pike from Cul-
bertson's house, about 200 meters from the pike, and about 15 meters east of the
conter of & road running south from the pike. The station is marked according to
note 17.! ‘The reference marks are at the following distances and directions from the
station: 1.80 meters north, 1.87 meters east, 1.81 meters south, and 10.86 meters
west. The west reference mark is in the fence line on the east side of the road,

Correct (Ripley County, A. T. Mosman, 1890).—About one-half mile north of
Correct post office, in Johnson Township, in the southwest corner of SE, } SE. }
sec. 27, T. 7 N., R. 11 E,, on the west side of the county road from Correct to Ver-
sailles, The station is nearly on the line between sections 27 and 84. It is marked
according to note 17} The reference markaare located as follows: About 1footinside
of the fence line on the west side of the road 7.27 meters east of the station, on the east
side of the road 19.85 metera east of the station, in the fence line 9.21 meters south
of the station, and about 1 foot inside of the fence on the west side of the road 20.26
meters from the station in azimuth 220° 43/. The north geble of Mr. Jackson’s bhrn
i8 48,4 meters from the station in azimuth 2856° 50/, and & walnut tree is 82.3 meters
from the station in azimuth 172° 61’,

Glasgow %Rim County, A, T. Mosman, 1890; 1808.—About 1} miles south of
the town of Osgood, on the west side of the continuation of the road to Ashman &
Glasgow s quarries on land belonging to Jasper S. Bilby, of the U. S. Coast and Geo-
detic Survey. Thestationisin the SE. { SE.  sec. 28, T. 8 N,, R.11 E,, 178.0
meters north and 28.7 meters west of the stone marking the southeast corner of the sec-
tion. The station is marked according to note 17.! The reference marks are located
a8 follows: West side of road 30.63 meters irom the station in azimuth 226° 45/, west
side of road 22.96 meters in azimuth 271° 87/, east side of road 34.43 meters in azimuth
271° 87/, and west gide of road 27.94 meters from the station in azimuth 808° 49/,
Five tons of stones wero used in anchoring the legs of the tripod and scaffold.

1 860 pp. 27 and 28,
81041°—~-22-—3
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Green (Jennings County, G. A. Fairfield, 1890).—About 5 miles north of the town
of Butlerville and 2 miles southwest of the town of Zenss, in Columbia Township,
near the northeast corner of sec. 34, T. 8 N, R. 9 E., 282.6 meters west and 18.6 meters
south of the stone marking the northeast corner of the section. The station is on land
belonf‘ng to Samuel Rush and is marked according to note 17,' except that there are
only three reference marks. The reference marks are in the fence line on the south side
of the road along the north side of the section and are at following distances and azi-
mughs grom the station: 21.13 meters 131°, 13.08 meters 180° 80’7, and 20.42 meters
233° 25,

Holton north base (Ripley County, A. T. Mosman, 1890).—About 1 mile east
of Holton, in Otter Creek Township, in the southesst corner of sec. 2, T.7N, R10E,,
on land belonging to Sam Cox, 28.8 meters south of the south reil of the Batimore &
Ohio Southwestern Railroad track, The station is marked by a cross and small drill
hole in the top of & copper bolt set in the center of the top of & block of limestone 3 feet
square and 24 feet thick made up of two parts, one 9 inches thick and the other 21
inches thick, cemented together. This block rests on & concrete foundation 4 feet
square and 1 foot thick, with a hole 1 foot square at the center to give access to the
underground mark, which consists of a copper bolt in the top of a limestone post 6
inches square and 2 fect long. The surface mark projects about 6 inches above the

round and has its upper edges beveled. On this surface mark is a limestone shaft 3
%eet high, 2 feet square at the base, 1 foot square at the top, with “U. 8, COAST
AND GEODETIC SURVEY ” cut on the south face, ‘“ NORTH BASE " on the east
face, and “ HOLTON BASE LINE 1891 " on the west face. Four reference marks,
each consisting of & stone post 6 inches square and 2 feet long, with a copper bolt at
the center of the top, are at the following distances and azimuths from the station:
15,5(27 ac/aters 85° 54/, i4.95 meters 175° 547, 15.00 meters 265° 54/, and 16.01 meters
35 . ’

Holton south base (Ripley County, A. T. Mosmsgn, 1890).—About 1} miles north
of New Marion, in Center Township, in the northwest torner of sec. 25, T.7N.,R.10E,,
on land belonging to Mr. Hilson, The station is marked exact] the same as Holton
north base, described above, with the exception that ¢ SOUTH " is substituted for
“NORTH” inthe inscription on the limestone shaft. The reference marks are at the
following distances and azimuths from the station: 13.02 meters 64° 37/, 16.67 meters
188° 347, 15.73 meters 214° 39/, 11,75 meters 306° 56’. 'The second and third reference
marks are in the fence line on the south side of the public road north of the station.

Mud Lick (Jefferson County, A. T. Mosmnan, 1890).—About 7 miles from Madison
and one-half mile south of Mud Lick post office, in the southeast corner of NW. } sec.
28, T. 5 N., R. 10 E., on land belonging to William H, Buckhannon, The station is
on the west side of the Michigan road, which is very nearly on the half section line
north and south of section 26, and is just north of the county road to Lancaster, which
is on the half section line east and west of section 26, The station is marked according
to note 17.! The reference marks are at the following distances and azimuths from
the station: 32.7 meters 8° 08/, 4416 meters 8° 08/, 50.44 meters 278° 04/, and 57.82
meters 305° 00/, The east edge of the chimney on Buckhannon’s house is in azimuth
180° 15/ from the station, the east edge of the chimney on Denney* house is in azi-
muth 212° 88’, and the east edge of the chimney on a house south of the station is in
azimuth 355° 28/,

Stout (Jefferson County, G. A, Fairfield, 1890; 1914).—About 5 miles southwest
of the town of Dupont, about the same distance northeast of the town of Paris, and
about 1 mile north of Neils Creek gost office, on land belonging to Mr. Shawhan, a son-
in-law of A. O. Stout, who owned the land when the station was established. The
station is about one-third mile north of Shawhan’s house, near the northeast corner of
sec. 25, T.5N., R.8 E. The north line of this section is also the county line between
Jefferson and J: enmnﬁs Counties. The station is marked according to note 17, except
that there are only three reference marks and the{ have the numbers 1, 2, and 3 cut
in the tops. They are in the fence line west of the station and are at the following
distances and magnetic bearings from the station: No. 1, 12.48 meters S, 43° 12/ W.;
No. 2, 8.46 meters 8. 86° 48/ W.; and No. 8, 14.00 meters N, 36° 41’ W. The stone
marking the northwest corner of NE.  NE. { sec. 25 is 13.16 meters N. 89° 55° W.
(mag.) from the station.

’I‘ripg (Jennings County, G. A. Fairfield, 1890; 1920).—About 1 mile southwest of
North Vernon, 100 meters southeast of the North Vernon-Seymour pike on land owned
by Thomsas Noon, about 100 meters south of his house and 100 meters east of an old
barn, about 10 meters south of the north line of sec. 4, T. 6 N., R. 8 E. The station,
underground, and reference marks are bronze tablets set in concrete as described in

1 8ee pp. 27 and 28,
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notes la, 7a, and 11a.! The reference marks are in the fence line to the north of the
station. The first, in which the top of the bronze cap has been cut off leaving the stem
in the concrete, is distant 34.56 meters in azimuth 110° 38, and the second is distant
29.93 meters in azimuth 257° 08/, A large concrete post at the eastern end of the row
of posts is distant about 100 meters in azimuth 98° 38/, William Day’s house distant
about 150 meters is in azimuth 127°, and Noon's house 193°,

Miller (Jennings County, G. A. Fairfield, 1889; 1914).-—About 2} miles south of
Brownstown in a small clearing known as the ‘* Old Tke Miller peach orchard,” on top

.of a ridge about 1 mile esst of the main road from Brownstown, on land belon%ng If,{o

Mies Caroline Sanders. The station is in the SW., + SW. 3} NW. } sec. 25, T. 5 N

4 E., about 100 meters northwest of a small cabin on the Sanders place. The station
is marked according to note 18.! 'When visited in 1914 one reference mark was found
in good condition and another was-found with the top broken olf 8 inches below the
surface of the ground, but the third one could not be found. The broken mark is
11.87 meters 8, 10° 52/ E, (mag.) from the station, and the other is 11.73 meters N.
16° 20’ W. (mag.) from the station. : :

Weed Patch (Brown County, G. A. TFairfield, 1889).—On Weed Patch Hill,
claimed by some, though incorrectly, to be the highest point of land in the State,
about 3 miles south-southeast of Nashville. The station isin the northern part of
the SW. } SE, } SE. { sec. 32, T, 8 N., R. 3 E., in a poach orchard belonging to Rufus
W. Reddick, just north of the rdad running east and west across the top of the hill.
The station is marked according to note 18,7 The roference marks are at the following
distances and magnetic hearings from the station: 32.7 meters S. 87° 44/ E.; noar the
f\?rgoerogf %V log barn, 87.8 meters S. 14° 00’ W.; and near an apple tree, 15.0 meoters

Fountain (Jackson County, G. A. Fuirfield, 1887&.——About 24 miles from the
town of Clear Springs, in the NW. § sec. 24, T, 6 N, R. 2 EE,, on land belonging to
Thomas Fountain, a short distance northwest of his house and barn. Thestationisin
an open field near the eczge of 8 beoch woods.. Ttis marked according tonote18.! The
reference marks are at the edge of the woods at the following distances and magnetic
bearings from the station: 26.88 meters 8. 62° 36’ W., 22.89 meters N. 55° 04/ W, and
19.00 meters N. 18°41/E, A lone beech tree 6,7 meters southeagt of the first reference
mark bears 8, 48° 16/ W. (mag.) from the station.

Rariden (Lawrence County, G. A. Fairfield, 1887).—About 3 miles from Mitchell,
on the top of a hill on the farm of 8. R. Rariden, about one-fourth mile west of his house.
The hill is wooded oxcept near the station. The station is in the northwest carner of
sec. 27, T.4 N, R. 1 N., and is marked according to note 18,! The reference marks
are at the following distances and magnetic bearings from the station: 6.73 meters
N. 0° 43’ W., 9.14 meters S, 89° 23/ E., and 8.28 meoters N. 86° 66 W. Threo trees
marked with spikes are at the following distances and magnetic bearings from the
station: QOak, 14.6 meters N, 45° 43/ E.; \%oplar, 16.7 meters S. 26° 35/ E.; and oak
with broken top, 20.6 meters S. 68° 04’ W,

Leonard (Monroe County, G. A. Fairfield, 1887).—About 7 miles southwest of
Bloomington, on the crest of & hill on the south side of the Stamford road,in the NE.
NW. {sec. 26, T. 8 N,, R. 2 W. The station is on the north edge of a_young orchar
belonging to Thomas Ragan 1ust north of his house. Itis marked accordm§ tonote 18.!

rom the sta-
tion: 21.43 meters N, 83° 30/ W.,, 17.10 metors north, and 83.18 nicters N. 78° 13’ E,
The firgt and third marks are in the fence line on the south side of the Stamford road,
and the second mark is noar the fence line on the north side of the road. Therois a
stump just south of the first reference mark. .

Beaxrd (Lawrence County, G. A. TFairfield, 1887).—About 7 miles from Harrods-
burg and 2} miles from Springville, on a hill near the centor of a cultivated field owned
by J.T.Beard. The station is in Perry Township in the SE.}sec. 10, T.6N,, R.2W,
Itis marked aecording to note 18.} 'The reference marks are at the following distances
and mal.g etic bearings from the station: 87,98 meters N. 17° 00/ E., 51.17 moters S.
42° 28/ K., and 71,14 meters 8, 60° 28’ W. Tho second refersnce mark is in line with
a mulberry tree about }25 meters from the station. A large osk is mear the section
line just east of the mulberry tree. .

Calvary (Greene County, G. A, Fairfield, 1886).—In the extreme northwest corner
of Center Township about 10 miles east of Worthington and sbout the same distance
northeast of Bloomfield in the NE. t NE. ysec.2,T.7 N., R, 4 W., on the highest point
of 2 high hill on land owned by Westley Gaston who lives about one-fourth mile north-
east of the station. The station is marked according to note 18." The roference
marks are near the fence line on the north side of the road seuth of the station and are

1 800 pp. 27 and 28,
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at the following distances and magnetic bearings from the station: On the line between
sections 1 and 2, 209.6 meters S, 62° 18/ E.; in range with a large tree on the oppogite
* gide of the road, 107.7 meters S. 1° 20’ E.; and 143.3 meters S. 30° 30/ W,

Osborn (Martin County, G. A. Fairfield, 1886).—About 4 miles south and 1 mile
east of Scotland, in the northwest corner of the SW. 3 NE. 4 sec. 20, T. 5 N., R. 4 W,
on top of a hill on land owned by James Osborn. There is a road which makes a right-
angled bend to the north a short distance southwest of the station and another right-
angled bend to the east just northwest of the station. The home of H. T. Sumerville
is on the west side of the north-and-south section of this road about 100 meters west of
the station. The station is marked according to note 18.! - The reference marks are
at the following distances and maagnetic bearings from the station: Near the fence east
of the station, 30.5 meters N. 70° 30/ E.; near the corner of the field where the two
fence lines intersect, 56.2 meters S. 43° 45’ E.; and near the ience line west of the sta~
tion, 65.4 meters S. 23° 30 W, '

Sisson (Sullivan County, G. A, Fairfield, 1885).—About 2 miles from Pleasant-
ville just south of the road to Carlisle and south of a-small dwelling house occupied
by James L. Anderson which is on the north side of the road. The station is in Jeffer-
son Township in the SW. } NE. % sec. 10, T. 6 N., R. 8 W., on land belonging to
Mr, Sisson, an old man living about three-fourths mile north of the station. The
station is marked according to note 18.! The reference marks are at the following
distances and magnetic bearings from the station: In the fence corner where the
fence west of the station joins the road fence, 67.5 meters N. 76° 00/ W.; in the yard
of Anderson’s house, 52.7 meters N. 15° 05 W.; and on the inside of the fence along
the south side of the road, 61.8 meters N. 52° 61/ E. The second reference post is in
line between the southeast corner of the house and the well, 4,85 meters from. the
house and 2.59 meters from the well. s

Wright (Greene County, G. A. Fairfield, 1886).—In Wright Township near the
center of sec. 21, T, 8 N., R. 7 W,, on land owned by W. H. Smith whose house and
barns are about 150 meters in a northwesterly direction from the station. Tho station
is on the crest of the highest ground in the neighborhood and is marked accordiﬁ
to note 18.' The reference marks are near the fence along the west side of the ro
east of the station at the foHowing distances and magnetic bearings from the station:
Just south of the driveway to Smith’s house, 08.7 meters N. 47° 3¢/ E.; 77.7 meters
:1;1 .08%", 3E0’ E.; and near the southeast corner of the quarter section, 137.8 meters S,

8° 3 .

Summit (Knox County, G. A. Iairfield, 1884).—About 24 miles from Bruceville
on the northwest side of the road from that place opposite the point where the road
to Bicknell branches to the southeast. The station is in Washington Township in
plat 122 near the southern end of a large field owned by Peter Fox who lives southeast
of the station on the southwest side of the Bicknell road. There is a schoolhouse
at the junction of the two roads and its northwest corner is 91.4 meters S. 68° 30 E,
from the station. The station is marked according to note 18.! The roference marks
are just inside the fence line on the north side of the Bruceville road at the followin
distances and magnetic bearings from the station: 79.74 meters S, 68° 80’ L., 49.2
meters S. 12° 62’ E., and 52.8 meters 8. 42° W. There is a lone black walnut tree
27,4 meters N, 856° W. of the station and a similar tree on A. Green’s land 71.6 meters ‘
N. 70° E. The northwest corner of a house in ruins on the opposite side of the road
is 83.8 meters 8. 47° W. from the station.

Merom Oollege (Sullivan County, G. A. Fairfield, 1885).—The center of the spire
on the cupola of Merom College. The station was marked on the inside of the cupola
by a cross and a copper tack in the top of the center post of the spiral stairway leading
from the attic to the cupols.

Honey Creek (Crawford County, Ill., G. A. Fairfield, 1884).~~In Honey Creek
Township, in an open field belonging to J. W. Love in the southwest corner of NE. 3
NW. 1 NE. $sec. 35, T. 6 N., R. 12 W. The station is 157.6 meters south of the fence
along the south side of the section-line road and is marked by cross in the top of &
white marble post about 6 inches s%ua.re and 30 inches long, projecting 4 to 6 inches
above the ground. The letters U. 8. C. & G. 8. are inscribed in the face of the post.
The underground mark is the apex of an earthenware gymm d about 6 inches on an
edge and has on one face the raised letters U. 8. C. There are three reference
marks, which are white marble posts nlightl%: smaller than the station mark with an
arrow on the top pointing to the station. The posts are located as follows: In the
fence line 157.6 meters north from the station, 214.2 meters west, and 264.7 meters
g. %: 113/’ I}:V The northeast corner of the saction mentioned above is 616.0 meters
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Belle Air (Clark County, Ill., G. A. Fairfield, 1884).~~This station was established
by the U. S. Engineers in 1879. It is in Orange Township in section 32, T. 9 N. R.
13 W, 23.5 meters north of the fence on the south side of the section-line road dividing
Clark and Crawford Counties, and 66.9 meters N.53° 17/ E. from the northeast corner of
8 house belonging to Isaac Hart, The station is marked according to note 16, Three
stone reference posts with the letters U. 8. inscribed in the tops are located as follows:
In the fence line on the south side'of the road, 41.4 meters S. 38° 7/ W.; in the same
fence line 56.8 meters S. 58° 8/ E.; and in the fence line on the north side of the road,
%7'36?329% 8, 49° 50 E. The section corner between sections 4 and 5 is 559 meters

. Hunt City (Jasper County, Iil.,, G. A. Tairfield, 1884).—This station was estab-
lished in 1879 by the U. 8. Engineers. It is in Grandville Township, in the NE. }
NW. %sec. 7, T. 7 N,, R. 14 W., about 10 miles northeast of Newton and three-fourths
mile northeast of Hunt City, a small station on the Danville, Olney & Ohio River
Railroad. The station is marked according to mnote 16.! Three stone reference
posts are located as follows: One on the east side of the section-line road west of the
station, 678.88 meters 5. 85° 327 W., and two on the south side of the section-line
road north of the station, one distant 834.71 meters N, 83° 52/ E., and the other distant
282.62 meters N. 9° 64’ W. The northwest corner of the section mentioned above is
748.0 meters N. 86° 46/ W. :

Claremont (Richland County, Ill, G. A. Fairfield, 1884).—This station was
established .in 1879 by the U, 8. Engineers. It is in German Township, in see. 29
T.4 N., R. 14 W, on land belonging to the Brinkley heirs, about 8 miles in & north-
westerly direction from the town of Claremont. The station is marked according to
note 16,! Three stone reference posts are located as follows: 23.1 moters N. 67° 38/
W., 7.8 meters N. 0° 89/ W,, and 24.6 meters N. 71° 45’ E. The northwest corner of
the section mentioned above is 847 meters N, 60° 03/ from the station.

SUPPLEMENTARY POINTS.

Vincennes Latitude and Longitude (Knox County, E. Smith, 1881).—In the
courthouse yard at Vincennes, 55.68 meters east and 14.78 meters north of the cupola
of the clock tower of the courthouse, about 6 meters from the iron fence along Broad-
way Street and about midway between Seventh and Eighth Streets, The station is
marked by a cross in the top of a short atone post projecting 2 or 8 inches above the
gurface of the ground. On either side of this is a jonger stone post prol)'ecting about
8 feet above the ground and used for supporting the instrument.” The two high
posts are inscribed as follows:. “ U. 8. Coast and Geodetic Survey, 1881."°

PRECISE TRIANGULATION, THIRTY-NINTH PARALLEL TO LOUISVILLE, KY.
PRINCIPAL POINTS.

Blocher (Scott Count¥, T. H. Pagenhart, 1914).—About thtec-fourths mile north-
northeast of the town of Blocher, 250 meters east of the Baltimore & Ohio South-
western Railroad, 120 meters northeast of a concrete culvert on the Deputy-Madi-
son pike, and directly opposite the house of Mrs. Elizabeth J. Brinton, which
is on the west sido of the pike. The station is 70 meters east of the pike, on land
belonging to D. R. Chasteen, who lives one-half mile southeast of the station, and
is 5 meters south of Chasteens north line fence. The station, unde round, ‘and
referenco marks are bronzo tablets set in concrote, as described in notes 1a, 7a,and 11a.!
Both reference marks are in the fence line north of the station, one between two
small cedars, about 20 meters apart, 100 meters east of the pike, and $2.08 meters
from the station in azimuth 261° 81/. The other reference mark is 30 meters east of
the pike and 34.02 meters from the station, in azimuth 99° 25’.

ey (Scott County, E. H, Pagenhart, 1914).—About 9 miles southwest of Scotts-
burg and 24 miles west-southwest of the Loota store, on the eastern edgo of the fiat-
topped hills known locally as Finley Knobs, about three-fourths mile south of the
Scottsburg-Salem road and ono-fourth mile esst of the Scott-Washington county
line. The station is on the highest ground.in the most northeasterly cultivated
field on the hill, on land belonging to Mrs Sarah Wolfe, one-fourth mile northeast of
her house. A spur beging 250 maters north of the station and extends in a north-
etstorly direction, ending in & knob three-fourths mile from the station. The station,
underground, and reference marks are bronze tablets set in concrete, a8 described in
notes 1a, 7a, and 11a.' One reference mark is in a fence line 60 meters west of the
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timber line and 30.30 meters from the station, in azimuth 24° 00/. The other refer-
ence mark is on the timber line on the east brow of the hill, 3 meters lower than the
station and 41.88 meters distant, in azimuth 271° 43/,

Summit (Clark County, J. B. Baylor, 1886; 1914).—On the Indiana State Forest
Reservation, 2 miles west of the administration building of the reservation, 3 miles
northwest of Henryville, and one-half mile south of the Henryville-Brownstown
wagon road, on the tolp of a timbered knob known locally as Salaam Knob. The
station is on the east slope of the top, about 1 meter below the highest point, and is
marked according to note 19.! A lone pine tree 10 inches in diameter towers above
the small trees which cover the top of the hill and is visible from Henryville. It
stands on the highest point of the knob, 17.42 meters from the station, and'is marked
with a triangular blaze on the east side. The reference marks are at the followi
distances and directions from the station: 1.83 meters north (azimuth 198°), 1.8
meters east (azimuth 281°), and 1.84 meters south.

Marysville (Clark County, E. H. Pagenhart, 19142.—About one-half mile northwest
of the depot at Marysville, 300 meters northwest of the schoolhouse, and 150 meters
east of the house of George Harmon, on land belonging to Samuel w. Taflinger, of
Jefferson, in an open field 8.1 meters from the fence on the southwest side of the
Marysville-Lexington pike. The station, underground, and reference marks are
bronze tablets set in concrete, a8 described in notes 1a, 78, and 11a.! The reference
marks are in the fence line on the northeast side of the pike, one 26.77 meters from
the station, in azimuth 280° 53/, and the other 33.13 meters, in azimuth 173° 54/,

O. & M. (Clark County, J. I.. Campbell, 1884; 1914).—About 3 miles north of
Charlestown, 4 miles south of Otisco, about 800 meters west of the Baltimore & Ohio
Southwestern Railroad, and 50 meters west of the Charlestown-Lexington wagon
road. The station is 150 meters north of schoolhouse No. 9 of Charlestown Township
and 50 meters northwest of a large beech tree standing at the head of a ravine close
to the road, on land belonging to Mrs. Magdalene Flinchbaugh. The ground to the
westward slopes down to & narrowing ridge and to the northeastward spreads out
into a flat field, the highest point of which ie about 100 meters north of the station.
The station is marked according to note 8, with the exception of the reference marks,
which are the same as described in note 19.: They are at the following distances
and 1;girections from the station: 1.75 meters north, 1.82 meters east, and 1.87 meters
gouth.

Popp (Clark County, E. H. Pagenhart, 1914).—About three-fourths mile southwest
of Bennettsville, a station on the Chicago, Indianapolis & Louisville Reilway, and
2% miles northwest of St. Joseph, on the top of a timbered hill known locally as Hay-
stack Knob, on land belonging to George Popp, who lives three-eighths of a mile -
northeast. Rock has been quarried on the top of the hill, leaving it a nearly flat,
rocky surface, with a rim of earth on the outer edge. The station 1s on the highest
ledge of rock 3 meters from the northeast end and 1 meter from the cast side of the rim.
It is marked by bronze tablets set in concrete, a8 described in notes 1a and 8d.! The
reference marks are stone posts b inches square and 2 feet long projecting 4 inches
above the ground and marked in the top with & cross-lined arrow pointing toward
the station. One reference mark is on the south rim at'the brow of the hill, 8.56
meters from the station, in azimuth 42° 20/, and the othor is on the rim on the west
brow of the hill, 1 meter lower than the station and 12.24 meters distant, in azimuth
102° 10”. 'The station is about 2 meters east of the old station Haystack, which was
established in 1884 and destroyed later by the quarrying.

Ltz (Clark County, J. L. Campbell, 1884: 1914).—About 2 miles south-southwest
of Charlestown and one-half mile east of the Baltimore & Ohio Southwestern Railroad
and the Louisville & Northern Electric Railway, 200 meters southeast of the Clark
County poorhouse, 200 meters west of the farmhouse on the old Lutz farm now owned
by John E, Long. The station is in the northwest corner of a field, 5.4 meters east of
the west fence and 3.4 meters south of the north fence, 10 meters east of the pike, and
6 meters south of the road leading to the Long house. It is marked according to note
19,! The reference marks are at the following distances and directions from the
station: 1.79 meters north, 1.81 meters east, and 1.86 meters south.

8ix Mile (Floyd Counéy, J.L. Campbell, 1884; lw.—About 6 miles north of New
Albany, 2 miles south of St. Joseph, and one-fourth mile west of Six Mile switch on the
Chicago, Indianapolis & Louisville Railway, on land belonging to Poter Weber, about
2560 meters east of the house of Jacob Eberly, and 100 meters east of his eastline. The
land near Eberly’s house is about 90 feet higher than the station. The station is on
the footPath leading up the timbered spur from 8ix Mile switch to the top of the
“Knobs” and to Eberly’s house. Itis marked according to note 19.! The reference

18ee pp. 27 and 28,



TRAVERSE AND TRIANGULATION IN INDIANA. 35

marks are at the following distances and directions from the station: 1.91 meters
north, 1.83 meters cast, and 1.85 meters south. The east reference mark is on the
trail described above. The station is about 75 meters cast of an old stone uarry.

Sims (Jefferson County, Ky., J. L. Campbell, 1884)—There is no description
available for this station.” It is probably marked according to note 19,! that is, the
same a8 the other stations established in this localitXbe Prof. J. L. Campbell in 1884,

Bangs (Floyd Countﬁ, G. A. Fairfield, 1879).—Near the State Street turnpike on
land belonging to J. B. Bangs, a short distance northeast of his house on the point of
the range of hills on which his house stands. The hill is wooded except that part
immediately surrounding the station, which is clear of both trees and stumps. The
station is marked according to note 18,' except that the tops of the stone posts are
dressed to 4 inches square instead of 8. The reference marks are 1.83 meters from the
station, north, east, and south (magnetic), respectively.

Blind Asylum (Jefferson County, Ky., G. A. Fairfield, 1879).—In the cupola on
top of the dome of the Kentucky Institution for the Blind, on Franklin Avenue near
Pope Street, Louisville. The station is marked by a copper nail in the top of the cir-
cular cover of the ventilator. As reference marks there are four cbpper nails in the
balustrade of the cupola, so placed that the diagonal lines joining them intersect at
the station. They are at the following distances and directions from the station:
1.231 meters north, 1,260 meters east, 1.301 meters south, and 1.280 meters west.

Williams (Harrison County, G. A. Fairfield, 1879).—dn a hill near Brid%eport on
land belonging to Frank Williams, on the highest ground of a cultivated fiel south of
his house.  The station is in the SW. 1 SE. %s8ec. 12, T.4 8, R. 6 E,, and is marked
according to note 18, except that the tops of the stone posts are dressed to 4 inches
squere instead of 6, and that the underground mark is a copper nail in the stopper of
a glass bottle filled with ashes. The referonce marks are 1.83 meters from the station,
north, east, and eouth (mai%netlc), respectively.

Cox (Jefferson County, Ky., G. A, Fairfield, 1879).—About b miles from Louisville,
on the highest point of & prominent knob known as Cox’s Knob, on land belonging to
Ben Figgs. The station is about 30 meters back of an old sandstone quarry ou the
northern point of the knob, and is marked according to note 18,! except that the top
surface of the stone has been destroged by vandals. According to the chief engineer
of Louisville in 1916, the only reference mark that remains is 1.83 meters north
(magnetic) from the station,

Louisville North Base (Jefferson County, Ky., G. A. Fairfield, 1879).—In the
outakirts of Louisville, three-fourths mile south of the southern boundary of the fair-
grounds and 100 meters north of Bells Lane, known locally as Gravel Pit Lane. The
station in on land owned by the Standard Qil Co., and 25 meters north of a barn. It
is marked by a crossin the top of a copper bolt set in a drill hole in the top of a granite
post 4 feet 10 inches long and about 10 or 12 inches square. The top of the post is
dressed in the form of & pyramid, with the inscription “U. 8. C. & G. S., N. Base
1879,” cut in the south face, and projects 14 feet above the ground. The underground
mark is an earthenware pyramid with edges about 4 inches long and with the letters
U. 8. C. 8. cut in the jour faces, buried about 3} feet below the surface of the ground.
There aro three reference marks, each consisting of a stone post 24 feot long, dressed to
4 inches equare at the top marked with a cross and arrow head pointing toward the
station, and located as follows: 1.88 moters north in prolongation of the hase line;
1.83 meters east, at right angles to the base line; and 1.83 meterseouth in the line of the
base. The chief engineer of the city of Louisville states that in 1916 the station
monument appeared to tilt from the perpendicular and that none of the reference
marks were visible, posgibly having been covered by filling,

Louisville Bouth Base (Jefferson County, Ky., G. A. Fairfield, 1879).—~About 7
miles from Louisville, a short distance east of tho Salt River turnpike, on the right of
way of the Illinois Central Railroad adjoining the cultivated field of B. H. Herrick,
just north of a farm rond crossing. It is marked the same as Louisville north base
described above, except that “S. Base’’ replaces “N. Base’’ in the inscription. One
reference mark is set 1.83 meters north in the line of the base, and the other ia 1.88
meters cast, at right angles to the base. The chief engineer of the city of Louisville
states that in 1916 the station was in good condition.

Riley (Jefferson County, Ky., G. A. Fairfield, 1879).—Near the Blue Lick pike,
about 8} miles from the Preston Btreet turnpike, on lan belonging to W. II. Riley, on
the only cleared knob of several knobs north of his house. The station is marked ac-
cording to note 18,! except that the tops of the posts are dressed to 4 inches square
instead of 8. The roference marks are 1.83 meters from the station north, east, and
south, respectively. .
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Potts (Harrison County, C. S., 1880; 1882).—South-southwest of Bridgeport and
goutheast of Elizabeth, in the NW. $ SW. } sec. 11, T. 5S., R. 5 E., on land belonging to
J. Potts. The station is marked by a granite post 2.8 feet long, dreseed to 4 1nches
square at the top, and marked with a cross and the letters U. 8. C. G. 8. The under-

ound mark i8 a glass bottle filled with ashes about 3.1 feet below the ground. Four

rd-burned bricks, each marked with an arrow head pointing toward the station,
are 2.3 feet below the ground and 2.5 feet from the station north, east, south, and west
(magnetic), respectively. The station is surrounded by & concentric ring of charcoal
1 foot wide, 0.9 foot deep, and 8.4 feet in diameter, about 2 feet bhelow the surface
of the ground. The following distances and magnetic bearings aro from the station:
Chestnut tree, 28.7 meters N. 68° 50’ E. ; nearest corner of barn, 53.2 meters8.31° 12/ E.;
nearest corner of dwelling, 39.7 meters; lightning rod on ciwelling, N. 87° 0 W.;
nearest corner of small shed, 22.5 meters.

SUPPLEMENTARY POINTS.

Haystack (Clark Count}', J. L. Campbell, 1884, 1914).—Lost.

Bartle (Clark County, J. T.. Ca.m‘;(bell, 1886.)—There is no description available
for this station. It is probably marked according to note 19,! that is, the same as
the other stations established in this locality by Prof. J. L. Campbell.

PRECISE TRAVERBE, NORTH VERNON TO SOUTH BEND.
PRINCIPAL POINTS,

Adams (Jennings County, J. 8. Bilby, 1820).—About 1 mile weat of North Vernon,
400 yards west of a lamp-chimney factory, and 2 yards north of the Baltimore & Ohio
Railroad right of way fence line, in asmall field between the railroad and the highway,
and 40 yards south of the highway. The north and nearest rail of the main track is
13.26 meters (43.50 feet) distant. The station, underground, and reference marks are
bronze tablets set in concrete as described in notes 1a, 7a, and 1la.! The reference
mark is in the right-of-way fence line on the same side of the track as the station, 20.55
meters (67.42 feet) from the station in azimuth 82° 40/.

North Vernon (Jennings County, J. S. Bilby, 1920).—In the railroad yards of
North Vernon, about 256 yards west of the round brick tower of the Baltimore & Ohio
Railroad station, 3.38 meters (11.09 feet) north of the rail of the railroad siding, and
about 25 yards east of Madison Street. The station, underground, and reference
marks are bronze tablets set in concrete a8 described in notes 1a, 7a, and 11a.! The
north and nearest rail of the Baltimore & Ohio main line is at a distance of 7.940 meters
(26.05 feet), and the east and nearest rail (the right going to Indianapolis) of the
Pennsylvania main line is at a distance of 7.945 meters (26.07 feet). The reference
mark is set in concrete in the curb at the south side of O and M Avenue, 16.11 mete
(49.57 feet) from the station in azimuth 199° 26’. :

Allen (Jennings County, J. S. Bilby, 1920).—About one-half mile north of North
Vernon railway station, on the right of way of the Pennsylvania Railroad, and between
therailroad and the highway, about 30 yards south of the main entrance to 8t. Mary’s
Cemetery, and about 120 yards south of & highway crossing, 6.39 meters (20.96 feet)
west of the west and nearest rail of the main track (on the left gojng toward Indianapo-
lis). The station, underground, and reference marks are bronze tablets set in con-
crete as described in notes 1a, 7a, and 11a.! The roference mark is placed.alongside
the iron picket fence surrounding the cemetery, 14.683 meters (47.84 feet) from the
station in azimuth 226° 58’. '

Bartholomew (Jennings County, J. 8. Bilby, 1820).—On the east side of the
Pennsylvania Railroad right of way, about 2} miles north of North Vernon, about
2385 yards south of culvert 189, and just at the north end of a fairly long cut. The
east and nearest rail (the right going to Indianapolis) is distant 6.04 meters (19.80
feet). The station, underground, a.mgi reference marks are bronze tablets set in con-
crote as described in notes la, 7a, and 11a.! The reference mark is on the opposite
side of the track and close to the right-of-way fence, 27.82 meters (91.27 feet). from
the station in azimuth 103° 54”. _

Benton (Jennings County, J. S. Bﬂbf‘;’ 1920).—On the east side of the Pennsyl-
vania Railroad right of way, 1 yard from the fence line, 3 miles north of North Vernon,
and about 50 yards south of & farm road crossing, 6.650 meters (21.82 feet) east of the
esst and nearest rail. The station, underground, and reference marks are bronze
tablets set in concrete as described in notes la, 7a, and 11a.* The reference mark is
at the fence corner at tho farm road crossing and on the opposite side of the track,
52.51 moters (172.27 foet) from the station in azimuth 119° 29,
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Blackfork (Jennings County, J. S. Bilby, 1920).—About 6 miles north of North
Vernon, three-fourths mile north of Queensville, about 280 yards south of milepost
C 16, on the east side of the Pennsylvania Railroad right of way and 1 yard from the
fence, about 116 yards south of @ highway crossing, 4.31 meters (14.14 ieet) from the
east and nearest rail. The station, underground, and reference marks are bronze
tablets set in concrete as described 1n notes la, 72, and 11a.! The reference mark is
on the opposite side of the track in the fence line, 18.24 meters (43.44 feet) from the
station in azimuth 18° 52/,

Boon (J enn'mgs County, J. 8. Bilby, 1920).—About 7% miles north of North Vernon
20 yards north of a highway crossing, on the east side of the Pennsylvania Railroa
right of way, 4.4 meters (14.44 fee'? from the fonce line and 4.96 moters (18.27 feet)
east of the east and nearest rail. The station, underground, and reference marks are
bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The reference
mark is at the neer fence corner by the highway crossing on the same side of the track,
20.08 meoters (65.88 feet) from the station in azimuth 800° 27/,

Brown (Bartholomew County, J. 5. Bilby, 1920).—About one-half mile south of
Elizabethtown on the east (the right g{:in toward Indianapolis) side of the Pennsyl-
- vania Railroad and between it and the highway, oppusite the fifth telegraph pole
north of the crossing, and 465 yards south of milepost C§ the east and mear rail is
distant 4.70 meters (16.42 feet). The station, underground, and reference marks
are bronze tablets set in concrete as described in notes 1s, 7a, and 11a.! The refer-
ence mark is opposite, across the track and pear the fence line, 15.62 meters (51.24
feet) from the etation in azimuth 81° 12/.

Corroll (Bartholomew County, J. S. Bilby, 1920).—On the west (the left going toward
Indianapolis) side of the Pennsylvania Railroad right of way, about 44 milessouth of
Columbus, about 20 yards north of a former switch (siding still in place but the switch
has been removed) and about 190 yards north of a highway crossing, 4.266 moters
(14.0 feet) from the west and nearest rail. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes 1a, 7a, 11a.! The refer-
ence mark is on the same side of the track near the fence line and about 8 feet higher
than the station mark, 20.06 meters (65.78 feet) from the station in azimuth 120° 36”.

Cass (Bartholomew County, J. 8. Bilby, 1920).—About 34 milea south of Columbus,
on the east side of the Pennsylvania Railroad right of way, about 75 yards eouth of &
ferm road crossing, 1.6 meters (.2 feet{ from the right-of-way fence, 2.336 meters
(7.66 feet) east of the east and mear rail. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The
reference mark is close.to the fence line and just off the right of way on the same side
og the O}mck a8 the station, 6.006 meters (f9.70 feet) from the station in azimuth
151° 1¢/.

Columbus (Bartholomew County, J. S. Bilby, 1920).—In the city of Columbus,
about 60 yards south of the Pennsylvania Railroad station, just inside the curb lines
at the intersection of Jackson and Sixth Streets on the northwest corner, 18.935 meters
(82.12 feet) from the west rail of the Pennsylvania Railroad, and between two sidings
3.50 meters (11.48 feet) south of one and 1.63 meters (5.02 feet) north of the other,
the latter being the original location of the main line of the Pennsylvania Railroad.
The station, underground, and reference marks are bronze tablets set in concrete as
described in notes Ia, 7a, and 11a.! The reference mark is on the opposite side of the
gtr;gag 1a/nd ingide the walk, 31.82 meters (101.76 feet) from the station in azimuth

1 .

Olay (Bartholomew County, J. 8. Bilby, 1920).—In the northern part of Columbus,
on land owned by Francis Overstreset, on'a prolongation of the west curb line of Jack-
son Street, at a point where the street has no curb, and about 150 yards north of the

oint where the main line of the Pennsylvania Railroad leaves Jackson Street, and

6.475 meters (54.05 foet) east of the east and nearest rail of the main line. The sta-
tion, underground and reference marks are bronze tablets set in concrete as described
by notes la, 7a, and 11a.! The reference mark is just outside the concrete walk on the
opp‘?sit,e side of the street, 10.48 moters (34.32 feet) from the station in azimuth
124° 43/, :

Clark (Bartholomew County, J, S.-Bilby, 1620).—About 1§ miles north of Columbus,
and about 20 yards east of the main highway from Columbus to Franklin, and 4 yards
south of the first roadway to the right after passing the covered bridge out of Columbus.
This farm road leads to a small farmhouse across the Pennsylvania Raiiroad and the
electric line. The station is 470 yards north of milepost I 40, at the point of inter-
gection of the first curve after crossing the bridge going north from Columbus, and
16.620 meters (54.53 feet) west of the westand hearestrail. Thestation, underground,
and reference marks are bronze tablets set in concrete as described by notes la, 7a,
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and 11a.! The reference mark is on the right of way and close to the west fence,
9.315 meters (30.566 feet) from the station in azimuth 269° 16’.

Clinton (Bartholomew County, J. 8. Bilby, 1920).—Seven miles north of Columbus
at McSweeny’s Crossing, stop 46 of the electric railway, about 9 yards south of the roa.
croesm{f;, on the east side of the Penms{lvania Railroad right of way, 4.58 meters
(16.03 feet) from the east and nearest rail, and between the railroad and the electric
line, 8.016 meters (26.28 feet) west of the west and nearest rail of the electric ling, and
80 yards south of milepost I 34. The station, underground, and reference marks are
bronze tablets set in concrete as described by notes la, 7a, and 11a.! The reference
mark is in the east right of way fence line, 5.473 meters (17.95 feet) {rom the station
in azimuth 314° 41”.

Edinburg (Johnson County, J. S. Bilby, 1920).—In the town of Edinburg, just
outside of the fence line on the west eide of the Pennsylvania Railroad right of
way, 18 yards south of the road crossing leading into the Amos Lumber Co. plant,
which road is a continuation of Hendrick Street, 8.39 meters (27.53 fect) from the west
and nearest rail of the Pennsylvania Railroad main-line track. The station, under-
ground, and reference marks are bronze tablets set in concrete, as described in notes
la, 7a, and 11a.! The reference mark is on the fenge corner on the same side of the
track a8 the station, 23.975 meters (78.66 fect) from the station in azimuth 343° 24/,

Crawford (Johnson County, J. 8. Bilby, 1920).—At the northern edge of Edinburg,
4.655 meters (15.27 feet) east of the east and nearcst rail of the main line of the
Pennsylvania Railroad and east of the northern part of the yards of the Union
Starch & Refining Co., about 130 yards south of milepost I 30, and about 100 yards
north of a pumping station. The station is at the lower edge of a fill and will be
covered if the fill is extended. Thae station, underground, and reference marks are
bronze tablets set in concrete as deacribed in notes la, 7a, and 1la.! The reference
mark is in the fence line west of the station and across three sidings, 16.890 meters
(65.41 feet) from the station in azimuth 222° 21/, ) :

Daviess (Johnson County, J. 8. Bilby, 1920).—About 2 miles north of Edinburg,
on the east side of the Pennsylvania Railroad right of way, 6.000 meters (19.69 feet)
from the east and nearest raif: about 70 yards north of Durham road crossing, which
is stop 40 on the electric line, and about 580 yards south of milepost I 28. The station,
underground, and reference marks are bronze tablets set in concrete as described in
notes 1a, 7a, and 11a.! The reference mark is in the right of way fence line on the
same side of track as the station, 15.835 meters (51.95 feet) from tho station in
azimuth 332° 05/, .. .

Dearborn (Johnson County, J. 8. Bilby, 1920),—About 34 miles north of Edinbur
on the east side of the Pennsylvania Railroad right of way, 2.760 meters (9.02 feet
from the east and nearest rail, 65 yards north of milepost I 27, and about opposite the
point where the interurban line ceases to parallel the railroad and curves to the west-
ward. The station, underground, and reference marks are bronze tablets set in con-
crete a8 described in notes la, 7a, and 11a.! The reference mark is in the right of way
fence line on the same side of the track as the station, 5.655 meters (18.55 feot) from
the station in azimuth 270° 047,

Decature (Johnson County, J. 8. Bilby, 1920).—About 7 miles north of Edinbur
on the west side of .the Pennsylvania Railroad, 56.8756 meters (19.27 feetz west ©
the west and nearest rail, about 2565 yards north of milepost I 24, and about 140 yards
north of the point where the road, whith passes a frame schoolhouse and interurban
stop No. 36, crosses the railroad, on a knoll between the railroad and the electric line
and 6.815 meters (22.36 feet) east of the east rail of the electric track. The station,
underground, and reference marks are bronze tablets set in concrete as described in
notes 1a, 7a, and 11a.! The reference mark is in the fence line on the opposite side
gf the rf.ilroad from the station, 13.870 meters (45.50 feet) from the station in azimuth

42° 33/.

Decalb (Johnson County, J. S. Bilby, 1820).—About 2 miles south of Franklin, on
the east side of the Pennsylvania Railroad right of way, 3.256 meters (10.68 feot) from
the east and nearest rail, about 315 yards north of milepost I 23, opposite stop 84 of the
interurban line, 8 yards north of aroad crossing. Thisroad passes a brick schoolhouse
farther west. The station, underground, and reference marks are bronze tablets set
in concrete a8 described in notes lg, 7a, and l1a.* The reference mark is on the
opposite side of the right of way and of the road, and close to the fence line between
thg rai,lron.d and the interurban, 18.860 meters (61.88 feet) from the station in azimuth
12° b2/,

Delaware (Johnson County, J. S. Bilby, 1920).—About halfway between mile-
posta I 22 and 1 23, on the east side of the Pennsylvania Railroad right of way, 4.970
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meters (16.31 feet) east of the ocast agd nearest rail. The station can he reached by
truck by turning in at a brick farmhouse and following the farm road about 50 yards
east and north of the house. The station, underground, and reference marks are
bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The reference
mark is on the same side of tho track across the farm road and in the fence line, 13.82
meters (45.34 feet) from the station in azimuth 186° 427,

Dubois (Johuson County, J. S. Bilby, 1920).—In the town of Franklin, on the west
side of the Pennsylvania Railroad, 12.59 meters (41.31 feet) from the west and nearest
rail, 20 yards west of the point where Madison highway crosses the railroad, and
between the railroad and the interurban line, 6.90 meters (22.64 feet) from the east
rail of the interurban, and 3 yards south of the interurban section house No. 8. The
station, underground, and reference marks are bronze tablets set in concrete as
described in notes la, 7a, and 11a.! The reference mark is on the opposite side of the
railgond and near the street, 19.44 meters (63.78 fect) from the station in azimuth
216° 19,

Franklin (Johnson County, J. 8. Bilby, 1920).—~In the town of Franklin, about 38
{ards south of the south corner of the Penne{lvania Railroad station, 1 meter (3.28

cet) east of the sidewalk on the east side of Railroad Street, about halfway between
Jefferson and Monroe Streets, 14,036 meters (46.05 fect) west of the west and nearest
rail of the railroad. Tho station and underground marks are bronze tablets set in
concrete 88 described in notes, 1a and 7a.! There is no reference mark.

Elkhart (Johnson County, J. 8. Bilby, 1820).—On the east side of the Pennsylvania

"Railroad right of way, about 1 mile north of Franklin, 2.480 meters (8.14 feet) east
of the east and nearest rail, about 160 yards south of milepost I 19 and about 100 yards
north of the north point of a eiding. The station, underground, and reference marks
are bronze tablots set in concrete as described in notes 1a, 7a., ami 11a.! The reference
mark is on the same side of the track as the atation and near the fence line, 8.435
meters (27.67 feet) from the station in azimuth 325° 85,
. _Whiteland (Johnson County, J. S. Bilby, 1920).—About one-half mile south of
Whiteland, on the wost side of the Pennsylvania Railroud right of way, 7.43 meters
(24.38 feet) from the west and nearest rail, and 9 yards south of milepost 1 16 and on
the opposite side of the track from it, about 80 yardssouth of WD tower, about 26 yards
south of the south point of a siding, about 6 yards north of a farm road crossing, and
about 1 yard from the fence line. The station, underground, and reference marks
are bronze tablets set in concrete ag described in notes la, 7a,-and 11a.! The rofer-
ence mark i8 in the fence line on the same side of the track, 4.26 meters (18.94 feet)
from the station in azimuth 159° 34,

Fayette (Johnson County, J. S. Bilby, 1020).—About 14 miles north of Whiteland
on tho east side of the Pennsylvania Railroad right of way, 3.866 metora (12.656 feets
from tho caat and nearest rail, about one-fourth mile south of inilepost 1 14 and about
290 yards north .of the road crossing. This road goes east from slop 22 on the inter-
urban. The station, underground, and reference marks are bronze tablets set in
concrete a8 described in notes 1u, 7a, and 11a.! The reference mark is in the fence
line on the same side of the track as the station, 7.872 meters (25.83 fect) from the
station in azimuth 172° 11/,

Floyd (Johnson County, J. S. Bilby, 1820).—On the west side of the Pennsylvania
Railroad right of way 6.330 meters (19.46 feot) from the west and nearest rail, about
one-half mﬁe south of Greenwood on the southern end of a cut, about one-half mile
north of milepost I 12, directl{ opposite the dairy barn on the Polk farm, and about
7 yards from the western right-oi-way fence line. The station, underground, and
reference marks are bronze tablets set in concrote as described in notes 1a, 78, and 11a.!
The reference mark is 14.722 meters (48.30 feet) from the station in azimuth 131° 81/,

Greenwood (Johnson County, J. S. Bilbg/, 1920).—On the Peunnsylvania Railroad
right of way, 2.230 meters (7.32 feot) oast of the east and nearest rail, about one-half
mile north of Greenwood, about 20 yards south of the point where Northwest Street
crosses the railroad, and 75 yards north of the northorn end of the western Greenwood
siding. The station, underground, and reference marks are bronze tablets set in con-
crote a8 described in notes la, 7a, and 11a.! The reference mark ig on the same aide
of the track as the station and in the acute angle at the junction of the highway and
right-of-way fences, 28,569 meters (93.80 feet) from the station in azimuth 170° b9/,

Fountain D’g\hn'ion County, J. S. Bilby, 1920).—On the west side of the Pennay]-
vania Railroad right of way, 5.390 meters §17 .08 foot) from the west and nearest rail
about 3 miles north of Greenwood, on top of a cut and about 540 yards south of the roa
crossing going onst from intqrurimn station No, 11. The station and underground
marks are bronze tablets sot in concrete as described in notes 1a and 7a.' There is
no reference mark.
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Fulton (Marion County, J. S. Bilby, 1920).~About 6 miles south of Indianapolis
_on the east side of the Pennsylvania Railroad right of way, 10,975 meters (36.01 feetj
from the east and nearest rail, about 200 yards south of milepost I 6 and about 10
yards south of where Edgewood Avenue crosses the railroad. Edgewood Avenue is
the street going east from interurban stop No..8. The station, underground, and
reference marks are bronze tablets set in concrete as described in notes la, 7a, and 11a.!
The reference mark is in the fence line on the same side of the track as the station,
2.350 meters (7.71 feet) from the station in azimuth 276° 447,

Traction (Marion County, J. S. Bilby, 1920),—On Shelby Street, where the
Pennsylvania Railroad crosses that etreet and the interurban, about 4 miles south of
the center of Indianapolis, 5.115 meters (16.78 feet) west of the west and nearost rail
of the Pennsylvania Railroad, and 1.610 meters (5.28 feet) east of the east and nearest
rail of the interurban, about 235 yardse north of Pennsylvania Railroad milepost I 4.
The station, underground, and reference marks are hronze tablets set in concrete as
described in notes 1a, 7a, and 1la.! The reference mark is across the Pennsylvania
Railroad track and near the east right-of-way fence, 14,76 meters (48.43 feet) from the
station in azimuth 258° 22/,

Shelby (Marion County, J. S. Bilby, 1920).—About 280 yards south of Indianapolis
city limits, in Shelby Street, 1.230 meters (4.04 feet) east of tho east rail of the Inter-
state Public Service Co. electric line and about 1.3 meters (4.3 feet) south of the pro-
longation of the line of the northern side of Mr. Burkhart’s brick house, which is on
the opposite side of the street. The station, underground, and reference marks are,
bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The reference
mark is on the opposite side of the street from the station and just inside the walk line,
28.315 meters (92.90 feet) from the station in azimuth 30° 39/,

Troy (Marion County, J. S. Bilby, 1920).—In the city of Indianapolis, at the
intersection of Shelby and Troy Streets, in the concrete street on the projection of the
curb line of Shelby Street, 4.950 meters (16.24 fect) from the east rail of the street car
track, and 2.780 meters (9.12 feet) from thq curb on the south side of Troy Street. The
station is marked by a bronze tablet set in the concrete pavement. A standard
bronze reference tablet is set in the concrete curb on the east side of Shelby Street,
13.61 meters (44.65 feet) from the station in azimuth 176°18”.

Kerk (Marion County, J. 8. Bilby, 1920).—On the north side of Troy Street, 0.1
meter (0.38 foot) from the edge of the concrete road, and 0.7 meter (2.30 feet) east of
the prolongation of the east fence line of the H. Kerkhoff property, about one-eighth
mile east of Keystone Avenue, and seven-eighths mile west of Sherman Drive. The
station is marked by a standard bronze tablet set in the concrete road. The reference
mark, a bronze tablet set in concrete as described in note 11a,” is just east of the fence
line mentioned above, 5.256 meters (17.14 feet) from the station in azimuth 179° 07/.

Sherman (Marion County, J. S. Bilby, 1920).—At the northeast corner of the
intersection of Troy Street and Sherman brive, 4.03 meters (13.22 feet) from the
southeast corner of the sidewalk. The station is marked by a bronze tablet set in the
concrete road. The reference mark is a bronze tablet set in concrete as described in
note 11a.! The reference mark is 0.3 meter (0.98 foot) north of the sidewalk on Troy
Street, 9.475 meters (31,09 feet) from the station in azimuth 287° 28’. The center of &
manhole is 18.315 meters (60.09 feet) from the station in azimuth 141° 32/, and the top
of a fire plug is 6.50 meters (21.33 feet) from it in azimuth 353° 21/,

Elevator éMarion County, J. 8. Bilby, 1920).—In the city of Indianapolig, on tho
west side of Sherman Drive, 0.425 meter (1.39 feet) inside the edge of the concrete
road, and opposite & large concrete grain elevator, 1256 yards south of the Big Four
crossing, and about 10 feet south of the southern boundary of the E. E. Hamilton
property. ‘The station is marked by a bronze tablet set in the concrete road. The
reference mark, a bronze tablet set in concrete as described in note 11a,! is set in the
fence line on the opposite side of the road, 9.575 meters (31.41 feet) from the station in
azimuth 278° 47/, )

Prospect (Marion County, J. S. Bilhy, 19202.—111 the city of Indianapolis, on
Sherman Drive near Prospect Street 0.365 meter (.20 feet) inside the edge of the con-
crete roadway, 16.395 meters (53.79 feet) south of the south and nearest rail of the
electric line on Prospect Street. The station is marked by a bronze tablet set in tho
concrete road. The reference mark, a bronze tablet set in concrote as described in
note 11a,! i8 on the north side of Proq‘pect Street close to the fence line, distant 30.83
meters (101.15 feet) in azimuth 163° 39/. ' !

Michigan (Marion County, J. 8. Bilby, 1920).—In the city of Indianapolis, on tho
south side of Prospect Street, on the concrete curb at the south edge of the asphalt
paving, 14.705 meters(48.24 feet) south of the south and nearest rail o? the electric line
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which parallels the street on the north, and 6.67 meters (21.88 feet) from the inner
corner of a concrete culvert at the intersection of Michigan Avenue and Prospect
Street. The station is marked by a standard disk station mark set in the concrete
curb above mentioned. The reference mark is 8 bronze tablet set in concrete as de-
scribed in note 11a,! and is located in the triangular lot between Michigan Avenue
and Prospect Street, 14.806 moters (48.57 feet) from the station in azimuth 809° 30/.

Emerson (Marion County, J. S. Bilby, 1820).—At the corner of Prospect Avenue
and South Emerson Avenue, 1.456 meters (4.76 feet) south from the south edge of the
concrete road on Prospect Avenue, and 6.8 meters (22.3 feet) west from the west side
of the concrete paving of South Emerson Avenue, 14.425 meters (47.33 feet) south of
the south and nearest rail of the Indianapolis & Cincinnati Traction Co. track. The
station and undorground marks are bronze tablets set in concrete as described in notes
laand 7a.! The reference mark is a standard disk reference mark sot in the west end
of & concrete culvert 3.8656 meters (12.68 feet) from the station in azimuth 280° 02/,

Subway (Marion County, J. 8. Bilby, 1920).—On the east side of the concrete
road known a8 South Emerson Avenue, 0.346 meter (1.13 feet) ineide the east edge of
the concrete paving, 60 yards north of the intersection of South Emerson Avenue
and Fletcher Avenue, The station is marked by a standard disk station mark set in
the concrete paving. The reference mark is a bronze tablet set in concrete as de-
scribed in note 1la,! and is lecated on the west side of the road, 18.476 meters (44.21
feet) from the station in azimuth 74° 16/,

Thoaman (Marion County, J. 8. Bilby, 1920).~~About 830 yards north of Tenth
Strect, on the east side of North Emerson Avenue, 0.610 meter (2.0 feet) inside the
east edge of tho concrete pa.ving,Da.nd 156 meters (60 feet) north of the prolongation of
the line of the north side of N. D, Broenhof’s house, which is on the east side of the
road. The station is marked by a standard disk station mark set in the concrete road.
The reference mark is a bronze tablet set in concrete as described in note 11a.! The
reference mark is on the west side of the street in the corner of a garden, 10.96 meters
(85.96 feet) from the station in azimuth 98° 567,

Pendleton (Marion County, J. 8. Bilby, 1920).—About 300 yards north of the
Pendleton Pike on the east side of North Emerson Avenue, 1.4 moters (4.59 feet)
enst of the east edge of the concreto paving of North Emerson Avenue, about 15 yards
south of the private drive to the Dockweller Agriculture Chemical Co., and about
130 yards west of the west end of the same company’s building, and about 65 yards
south of tho chemical company’s offico. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes Ia, 7a, and 11a.! The
reference mark is 6.81 meters (22.34 foet) from the station in azimuth 211° 107,

Avenue (Marion County, J. 8. Bilby, 1920).—In the suburbs of Indianapolis, on
the north side of Thirt, -oi,gfxth Street at the intersection of North Emerson Avenue,
9.02 moters (29.569 feet) south of the south and nearest rail of the traction line, 4.1
meters (13.46 feet) southeast of the edge of the concrete road, and 5.07 meters (16.63
feet) southwost of the edge of the concrete road, and 10 meters southwest of the North
Emerson Avenue traction station. -The station is marked with a standard disk station
mark set in the concrete roed. The roference mark is a bronze tablet set in concrete
as described in note 11a,! and is on the north side of the tracticn line track, 20.3 meters
(66.6 feat) from the station in azimuth 156° 49/,

Brightwood (Marion County, J. S. Bilby, 1920).—~About 1} miles west of North
Emerson Avenue on the south edge of Thirty-eighth Street, 0.10 meter (0.33 foot)
north of the south edge of the concrete paving, 14.62 meters (47.96 feet) south of the
south and nearest rail of the traction line, and about 80 yards east of a traction stop.
The station is marked by a standard disk station mark set in the concrete road. The
reference mark is a bronze tablet set in concrete as described in note 11a,! 9.90 meters
(32.48 feet) from the station in azimuth 63° 82”. )

Keystoune (Marion County, J. S. Bilby, 1920).—At the intersection of Thirty-eighth
Streot and Keystone Avenue, 0.136 meter (0.44 foot) inside the west edtie of the con-
crete paving on Keystone Avenue, 21.950 meters (72.02 feet) south of the south and
nearest rail of the traction line, 0.88 meter (2.89 feet) east of the east edge of the cul-
vert, and 18 moters (59 feet) northwost of the northwest corner of the Keystone Grocery
and Meats building. The station is marked by a bronze tablet set in the concrete

aving. The reference mark is a bronze tablet set in concrete, as described in note
Yla,1 on the west side of Keystone Avenue, 5.52 meters (18.11 }eet) from the station
in azimuth 88° 17/, \ .

Lake (Marion County, J. S. Bﬂb{ 1920).—About three-fourths mile north of
Thirty-eighth Street on the cast edge o Keystone Avenue, ebout 25 yards south of the
south side of Neatherford’s yard, 1.3 meters (4.8 feet) west of the fence along the
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road, and about 300 yards north of the covered bridge over Fall Creek. The Indian-
apolis City Water Supply pumping station is.just west of this bridge. The station,
underground, and reference marks are bronze tablets sct in concrete as described in
notes la, 7a, and 11a.! The reference mark is 27.00 meters (88.58 foet) from the sta-
tion in azimuth 152° 54”.

Erie (Marion County, J. 8. Bilby, 1920).—On the east side of the extension of
Keystone Avenue ahout 90 yards north of the point where the Lake Erie & Western
Railroad crosses said road, and about 80 yards south of the drive leading into A. W .
Bright's barnyard, 24.9456 meters (81.84 feet) northwest of the north and nearest rail.
The station is marked with a 2 by 4 stake driven into the ground with a cross mark
on the head of a nail driven into it. The reference mark is & bronze tablet set in con-
cretoe 8s described in note 11a,! 19.95 meters (65.45 feet) from the station in azimuth
288° 09,

Western (Marion County, J. 8. Bilby, 1920).—In a cultivated field near a curve,
and west of the Lake Erie & Western Railroad right of way, 60 yards south of a
signal or telephone box on the right of way, and 18.312 meters (60.10 feet) west of the
west rail. The station, underground, and reference marks are bronze tablets set in
concrete as described in notes la, 7a, and 11a.! The reference mark is in the right-of-
wag fence line, 12.403 meters (40.69 fect) from the station in azimuth 279° 52/,

ibson (II;{arion County, J. 8. Bilby, 1920).—On the west side of the Lake Erie
& Western Railroad right of way, 5.00 motors (16.40 fect) from the west and nearest
rail, about 200 yards north of sermaphore M8-1, 1 yard east of the fence line, and about
110 yards south of the G. M. Hunt farm road crossing. 'The station, underground, and
reference marks are bronze tablets set in concrete and described in notes 1a, 7a, and
11a.! The reference mark is on the opposite side of the track in the fence line, 16.22,
meters (49.93 feet) from the station in azimuth 287° 34/, .

Grant (Marion County, J. S. Bilby, 1920).—On the east side of the Lake Erie &
Western Railroad rigllllt of way, 2.70 meters (8.86 feet) from the east and nearest rail
about 480 yards south of a road crossing, about 300 yards south of semaphore M9-1.
The station, underground, and reference marks are bronze tablets set in concrete as
described in notes 1a, 7a, and 11a.! Tho reference mark is in the cast right-of-way
fence line, 11.289 meters (37.04 feet) from the station in azimuth 3° 397, )

Green (Marion County, J. 8. Bilby, 1920).-—On the west side of a highway about
2 miles south of Castleton, near a point of intersection of two tangents of the Lake
Erie & Western Railroad, 15.790 meters (51.80 feet) east of the cast and noarest rail,
2 yards east of the west highway fence, and about 27 yards south of the crossing.
The station, underground, and reference marks are bronze tablets set in concrete as
described in notes 1a, 7a, and 11a.! The reference mark is on private property in an
acute angle between the highway and right-of-way fences, 8.63 maters (27.99 feet)
from the station in azimuth 162° 327,

Castleton (Hamilton County, J. S. Bilby, 1920).—On the east side of the Lake
Erie & Western right of way, 4.85 meters (15.91 feet) from the east and nearest rail,
2 miles south of the railroad station IFisher, about 160 yards from the highway, and
about 12 yards north of the farm road crossing going to the residence of Mr. Beaver.
The station, underground, and reference marks are bronze tablets set in concrete as
described in notes la, 7a, and 11a!. The reference mark is in the right-of-way fence
line south of this road, 12.05 meters (39.53 feet) from the station in azimuth 21° 41/,

Fisher (Hamilton County, J. 8. Bilby, 1920).—On the west side of the Lake Erie
& Western Railroad right of way, 1.916 meters (6.2 fcet) from the west and nearest
rail, about one-third mile north of Fisher railroad station, and about 160 yards north
of the first road crossing north of Fisher railroad station. The station, underground,
and reference marks are bronze tablets set in concrete as described in notes la, 7a,
and 11a.! The reference mark is on the opposite side of the track in the fence line,
12.05 meters (39.53 feet) from the station in azimuth 264° 28/,

Frazier (Hamilton County, J. 8. Bilby, 1920).—On the east side of the Lake Erie
& Western Railroad right of way, 2.05 meters (9.68 fcet) cast of the cast and noarest
rail, about three-fourths of a mile north of Fisher railroad station and at the north end
of a curve, and about 185 yards north of a highway crossing, the sccond north of Fisher
railroad station. The reference, station, and underground marks are bronze tablets
set in concrete as described in notes la, 7a, and 11a.! The roference mark is in the
right of-way fence on the opposite side of the track, 13.60 meters (44.62 feet) from the
station in azimuth 133° 467,

Hamilton (Hamilton County, J. 8. Bilby, 1920).—About 34 miles south of Nobles-
ville on the esst side of the Lake Erie & Western Railroad right of way, about 126
yards north of a road crossing, 2.175 meters (7.14 fcet) east of tho east and nearest rail.
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The station, underground, and reference marks are bronze tablets set in concrete as
described in notes 1a, 7a, and 11a.! The reference mark is on the same side of the
track and near the right-of-way fence, 5.742 meters (18.81 feet) from the station in
azimuth 2956° 45/,

Hancock (Hamilton County, J. S. Bilby, 1920).—About 3 miles south of Nobles-
ville on the west side of the Lake Erie & Western Railroad right of way, 8 yards north
of & road crossing, and 5.86 meters (19.23 feet) west of the west and nearest rail. The
station, underground, and reference marks are bronze tablets set in concrete as de-
scribed in notes 1a, 7a, and 11a.! The reference mark is on tho same side of the track
and near the right-of-way fence line, 8.3056 meters (27.25 feet) from tho station in azi-
muth 140° 80’.

Harrison (Hamilton County, J. S. Bilby, 1920).—About 12 miles south of Nobles-
ville on the east side of the Lake Erie & Western Railroad right of way, about 330 yards
north of semaphore signal M 20, about 246 yards southesast of a large concrete house with
red tile roof. The station, underground, and reference marks are bronze tablets set
in concrete and described in notes 1s, 7a, and 11a.! The reference mark is on the
west side of the track and near the right-of-way fence, 7.15 meters (23.46 feet) from
the station in azimuth 119° 01/,

Btake (Hamilton County,J. 8. Bilby, 1920).—About 1} miles south of Nobleaville,
on the east side of the Lako Erie & Western Railroad ng t of way, 2.96 moters (9.71
feet) from the enst and nearest rail, about 270 yards south of bridge No. 12464, and at
the second curve south of Noblesville. The station is marked by a nail in the top
of & 2 by 4 inch stake driven into the ground. The reference mark is a nail in the to
of & 2 by 4 inch stake on the east side of the track and 9.920 meters (32.55 feet
distant from tho station in azimuth 177° 83,

Stub &Hamilton County, J. 8. Bilby, 1920).—About three-fourths mile south of
Noblesville on the west side of the Lake Erie & Western Railroad right of way, about
320 yarda south of the traction line bndEe over the railroad, and about 756 yards north
of the railroad bridge over a small creck, on a flll on the first curve south of Nobles-
ville, 2.090 meters (6.86 feet) west of the west and nearest rail. Tho station is marked
with a nail in the top of 8. 2 by 4 inch stake driven into the ground. Thereis no
reference mark,

Sub (Hamilton County, J. 8. Bilby, 1920).—The station is on the west side of the
Lake Erie & Western Rellroad right of way, onc-half mile south of Noblesville, 2.295
meters (7.53 feet) west of the west and nearest rail, 275 yards south of the semaphore
signal No. M 21and thooverhead interurban crossing. The station is marked by a nail
in'the top of & 2 by 4 inch stake driven into the ground, and the reference mark is the
same a8 the station mark and isin the west right of way fence line, 9.138 meters (29.98
feet) from tho station in azimuth 67° 447,

Fill (Hamilton County, J. S. leb{, 1920).—About three-fourths mile south of
Koblesville on & high fill of the traction line, about 250 yards southwest of a bridge over
the highway and the Lake Erie & Western track, on the south side of the traction
line, 1.885 meters (8.02 feet) from the south and nearcst rail. The station is marked
by a nail in the top of a 2 by 4 inch stake. There i8 no reference mark.

Hendricks (Hamilton County, J. 8. Bilby, 1920).—About_one-half mile north of
Noblesville on the west side of the Lake Erie & Western Railroad right of way, 15
yards south of semaphore signal No. M 23, on an extension of the west rail of the
northern tangent, 9.180 meters (30.12 feot) west of the west and nearest rail. The
station, underground, and reference marks are bronze tableta sct in concrete as de-
scribed in notes g, 7a, and 11a.! The reference mark is on the samoe side of the track
neag tho right of way fence line, 10.065 meters (32.99 feet) from the station in azimuth
351° 17/,

Brays (Hamilton County, J. 8, Bilby, 1920).—On the west side of the Lake Erie &
Western Railroad right of way, about 8 miles north of Noblesville, 2.690 meters (8.83
feet) west of the west and nearest rail and just west of & highway crossing, this being
the road going west from Brays stop on the interurban. The station, underground
and reference marks are bronze tablets set in concrete as described in notes 1, 7a, an
1la.! The reference mark isin.the nqht of way fence line on the o/pposite side of the
track, 13.540 meters (44.42 feat) from the station in azimuth 238° 41/,

Fox (Hamilton Coun?r, J. 8. Bilby, 1920).—On the west side of Lake Erie &
Weatern Railroad, about 24 miles north of Noblesville, at the first curve south of n
road crossing of the road leading west from the traction station of Fox Prairie, 1 foot
west of the intersection of the tangents formed by the west roils 1,96 moters (6.43 {eat)
west of the west and nearest rail.  The station, underground, and reference marks are
bronze tableta set in concrete as described in notes la, 7a, and 11a.! The reference
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mark is on the right of way near fence line, 12.19 meters (39.99 feet) from the station
in azimuth 277° 24/, .

Prairie (Hamilton County, J. S. Bilby, 1820).—About 2} miles south of Cicero,
on the west side of the Lake Erie & Western Railroad track, about 10 telegraph poles
north of semaphore signal M 25, which is near where the Lake Erie & Western Railroad
is crossed by the wagon road, leading west from Fox Prairie station on the nearby
traction line., The residence of Henry Heinzman is about 80 yards southenst of the
station and the west rail is 3.67 meters (12.04 feet) distant from the station. The
station, underground, and reference marks are bronze tablets set in concrete as de-
scribecf in notes 1a, 7a, and 11a.! The reference mark is on the west side of the right
of way, 3.06 meters (10.04 feet) from the station in azimuth 90° 13’.

Henry (Hamilton County, J. S. Bilby, 1920).—About one-fourth mile south of
Cicero, on east side of Lake Erie & Western Railroad, 14 telegraph poled north of
semapi:ore signal M 27. The residence of Mr. Sealy ia 30 yards east of the station.
The station is 4.166 metera (13.66) fect east of the east and nearest rail. The station,
underground, and reference marks are bronze tablets set in concrete as described in -
notes la, 7a, and 1la.! The reference mark is north of the station, on the east side of
the track, 8.67 meters (28.44 feet) from the station in azimuth 197° 44/,

Cicero (Hamilton County, J. 8. Bilby, 1920).—~About one-eighth mile north of
Cicero railroad station, on the eastside of the Lake Erie & Western Railroad, about 100

ards north of Cass Street, 20 yards south of switch signal to siding, 20 yards west of
okomo highway, 8.260 meters (10.7 feet) east of the east and nearest rail of the main
track. The station, underground, and reference marks are bronze tablets set in con-
crete as described in notes la, 7a, and 11a.! 'The reference mark is near the fence line
gn ghe west eide of the track, 13.176 meters (43.23 feet) from the station in azimuth
02° 36, ‘ .

Tucker (Hamilton County, J. 8. Bilby, 1920).—About one-balf mile north of

Cicero on east side of the tra.cf{, 100 tyards west of Kokomo highway, just back of Mr.
Tucker’s barn, 58.370 meters (191.50 feet) east of the east and nearestrail. Thestation,
underground, and reference marks are bronze tablets set in concrete and described in
notes 1a, 7a, and 11a.! The reference mark is northeast of the station, 20.695 meters
(67.90 feet) distant, in azimuth 213° 277, )
. Howard (Hamilton County, J. 8. Bilby, 1920).—About three-fourths mile north
of Cicero, on east side of Lake Erie & Western Railroad, on second curve north of
Cicero, six telegraph poles north of semaphore si M 29, two telegraph poles south of
whistle-board for crossing, 8.220 meters (26.97 feet) east of the east and nearest rail.
The station, underground, and reference marks are bronze tablets set in concrete as
described in notes 1a, 7a, and 1la.! The reference mark is near the fence on same
side of the track, 10.450 meters (34.28 feet) from the station in azimuth 341° 337,

Kinders (Hamilton County, J. 8. Bilby, 1920).—About 1 mile south of Arcadia,
on west side of Lake Erie & Western Railroad, 8 telegraph polessouth of a road crossing,
said crossing being about two-thirds mile south of Arcadia, on road I\Xassmg interurbanp
station at Kinders, 10 telegraph poles north of semaphore signal M 30, 2.310 meters
(7.58 feet) from the west and neerest rail. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The
reference mark is on the east side of the track near the telegraph line, 15.410 meters
(50.56 feet) from the station in azimuth 301° 52/,

Arcada (Hamilton County, J. 8. Bilby, 1920).—About three-fourths mile north
of Arcadis on the west side of Lake Erie & Western Railroad, about 100 yards north
of the first road crossing north of the Arcadia city limits, about 130 yards south of sema-

hore signal M 32, 30 yards northeast of the John Flanigan homestead, 2.220 meters
?7 .28 feet) west of the west and nearest rail. The station, underground, and reference
marks are bronze tablets set in concrete, as described in notes 1a, 78, and 11a.! The
reference mark is on the opposite side of the track near fence line, §.26 meters (30.38
feet) from the station in azimuth 259° 53/,

Oox (Tipton County, J. 8, Bilby, 1920).—About 1} miles north of Atlanta, on
eastside of Lake Erie & Western Rai oad, 30 yards southeast of the interurban station
Cox, 10 yards south of the road crossing that crosses the electric line just south of
interurban station Cox, one-half mile north of ssmaphore gignal M 36, about 50 yards
west of George Cox’s residence, and 2.266 meters (7.43 feet) from east and nearest rail.
The station, underground, and reference marks are bronze tablets set in concrete as
described in notes 1a, 7a, and 11a.! Reference mark is on opposite side of track, 12.41
metprs (40.72 feet) from the station in azimuth 67° 6597, .

, Jay (Tipton County, J. 8. Bilby, 1920).—About 1 mile south of Tipton, on the east
side of track, about & mile north of Newkirk interurban station, 7 yards south of the-
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sernaphore signal M 38, about 80 yards southeast of passing track on the interurban
2.200 meters (7.22 feet) east of east and nearest rail. The station, underground, an
reference marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.!
The reference mark is on the same side of the track, 6.51 meters (21.36 feet) from the
station in azimuth 262° 28/,

Jasper (Tipton County, J. 8. Bilby, 1020).—About one-half mile south of Tipton,
150 yards north of the road crossing, southwest of the brick kiln, about 200 yards south
of the railroad bridge No. 12-88, 5.6356 meters (18.49 feet{)east of the east and nearest

. rail. Thestation, underground, and reference marks are bronze tabletsset in concrete
as describod in notes 1a, 7a, and 11a.! The reference mark is on the samo side of the
track, 11.395 meters (37.38 feet) from the station in azimuth 327° 12/,

Tipton (Tipton County, J. 8. Bilby, 1920).—The station is one-half mile south of
Lake Erie & Western Railroad station at Tipton, two blocks east of Main Street,
between Washington and Jeiferson Streets, 2 yards east of the old freight depot, about
65 yards north of semaphore signal M 89, 2.735 meters (8.97 feet) west of the west and
nearest rail. The station, underground, and reference marks are bronze tabiets set
in concrete as described in notes 1a, 7a, and 1la* The reference mark is on the
opposite side of track, 11.06 meters (36.43 feet) from the station in azimuth 246° 34/,

Ressler (Tipton County, J. S. Bilby, 1920).—About 13 miles north of Tipton
about 130 yards north of semaphore signal M 40, on east side of track, 156 yards north of
the road which crosses the ad track and electric line at Ressler interurban sta-
tion, about 65 yards northeast of William Ressler's residence, 2.145 meters (7.04 foet)
east of the east and nearest rail. The station, underground, and reference marks are
bronze tablets set in concrete as described in notes Ia, 7a, and 11la.! The roference
mark is on the same side of the track, 13.03 meters (42.76 feot) from the station in azi-
muth 297° 59”. _ ; .

Jackson (Tipton County, J. S. Bilby, 1920).—The station is 3 miles north of
Tipton, on the west side of the track, about 220 yards north of Jackson elevator, about
130 yards north of a road crossing, which leads to Jackson interurban station, 30 yards
southwest of W. I, Ansbury’s residence, 7.115 meters (23.34 feet) west of the west and
ncarest rail. The station, underground, and reference marks are bronze tablets set in
concrote as described in notes la, 7a, and 11a.! Reference mark is on the opposite
side of tho track, 18.11 meters (59.42 {eet) {from the station in azimuth 285° 67/,

New Hope (Tipton County, J. 8. Bilby, 1920).—About 1% miles south of Sharps-
ville, on the west side of the track, about 80 yards north of New Hope interurban
station, 60 yards northeast of J. A. Youngman's residence, ¢ yards east of the horth and
south highway, 6.560 meters(18.20 feet) west of the wost and noarest rail. The station,
underground, and reference marks are bronze tablets sct in concrete as described in
notes la, 7a, and 11a.! The reforence mark is on the op}oosite sido of the track, 37.08
meters (121.65 feet) from the station in azimuth 178° 14/. .

Midway (Tipton County, J. S. Bilby, 1920).—About 1 mile south of Sharpsville
on the west side of the tracf(, about 320 yards north of road crossing the electric and
railroad lines, about 100 yards south of John Linder’s residence, 220 yards north of
mileposts I 45 and M 114. The station is marked by a 2 by 4 inch stake with nail in
top and is 4.340 meters (14.24 feet) west of the west and nearest rail. There is no
reference mark.

Sharp (Tipton County, J. S. Bilby, 1920).—Station is about one-half mile north of
Sharpsville, on cast side of the track, 36 yards north of a road crossing, about 80 yards
south of a canning factory, 16 yards northeast of a switch leadin’i‘ into the canning
factory, 2.450 meters (8.0 feet) east of the cast and nearcst rail. 7The station, under-

ound, and reference marks are bronzo tablets sot in concrete as described in notes 1a,

a, and 11a.! Tho reference mark is on the same side of the track, 24.83 meters (81.46
feet) from the station in azimuth 171° 217, .

Jefferson (Tipton County, J. S. Bilby, 1020).—About 14 miles north of Sharpsville,
on wost sido of rack, 200 yards north of Howard interurban station, on the extension
of the south tangent of first curve north of Sharpsville, 4.826 meters (15.83 foet) wost
of west and nearcst rail. The station, underground, and reference marks are bronze
tablets set in concrete as described in notes 1a, 7a, and ila.! Tho reforonce mark is
on the same side of the track across the electric track, 18.91 meters (62.04 feet) from
the station in azimuth 87° 18’. ) )

Duncan (Howard County, J. S. Bilby, 1920).-—~About 1 mile north of Fairfield, on
east side of the track, about 65 yards north of milepost I 50 and M 108, about 325
yards south of road which crosses railroad and electric track at Duncan intorurban
station, 3.3565 meters (11.0 feet) east of east and nearestrail. The station, underground,
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and reference marks are bronze tablets set in concrete as described in notes 1a, 7a, and
11a.} ‘ Jhe reference mark is 8.10 meters (26.57 foct) from the station in azimuth
187° 4¢/.

Jennings (Howard County, J. S. Bilby, 1920).—About one-fourth mile south of
city limits of Kokomo, on cast sido of the track, about 40 yards south of mileposts
M 107 and I 51, 150 yards northeast of large brick house, about 150 yards north of
yard-limit sign, 7.290 meters (23.92 feet) east of cast and nearest rail. The station,
underground, and reference marks are bronze tablets set in concrete as described in
notes 1a, 7a, and 11a.! The reference mark is on the same side of the track, 11.22 .
meters (36.81 feet) from the station in azimuth 341° 2%.

Maeain (Howard County, J. S. Bilby, 1920).—Station ig on southeastern edge of
Kokomo, northwest of intersection of Main and Maryland Streets, on west side of the
track, 3 feet east of a fish market, 40 yards northwest of South Kokomo Bank, 12.160
meters (39.86 feet) west of west and nearest rail, 9.655 meters (31.68 feet) north of
nearest traction rail. The station mark is a bronze tablet set in the concrete driveway
alongsitde the fish market. ‘There is no reference mark.

Buckeye (Howard County, J. S. Bilby, 1920).—About three-fourths mile from
Lake Erie & Western Railroad station at Kokomo, on the west side of the track, on
the east side of the concrete pavement of South Buckeye Street 35 yards south of
West King Street, 50 yards north of a switch leading into a coal yard, 7.680 meters
(25.2 feet) west of the west and nearest rail of main track. Thestation markis a bronze
tablet set in the concrete pavement. The reference mark is on the curbing east of
the station, 3.14 meters (10.3 feet) from the station in azimuth 258° 38’.

Kokomo (Howard County, J. 8. Bilby, 1920).—About one-cighth mile north of the
Lake Erie & Weatern Railroad station, on the west side of the track, 8 yards north
of Monroe Street, one-fourth mile gouth. of Pennsylvania Railroad station, 156 yards
west of Danners Wholesale Store, 1.905 meters (6.25 feet) west of the west and nearest
rail of the main track. The station, underground, and reference marks are bronze
tablets set in concrete as described in notes la, 7a, and 11a.! The reference mark
is3 on tg/e same side of the track, 14.395 meters (47.23 feet) from the station in azimuth
339° 20/,

Penn (Howard County, J. S. Bilby, 1920).—At Kokomo Junction, just west of
North Main Street, on the south side of the Pennsylvania Railroad, also on east side
of the Lake Erie & Western Railroad, where Pennsylvania Railroad crosses it, 18
yards northwest of Kokomo Junction station, 1.716 meters (6.63 feet) south of gouth
and nearest rail on Pennsylvania Railroad, 2.850 meters (9.85 feet) east of the east
rail of the Lake Erie & Western Railroad. The station®and underground marks are
bronze tablets set in concrete as described in notes 1a and 7a!. There is no reference
mark.

Lacy (Howard County, J. 8. Bilby,.1920).—~One mile north of Kokomo, on the
east side of the Pennsylvania Railroad, about 100 yards south of yard tower, about
325 yards northwest of the Hoosier Iron Works, 430 yards northeast of the Great Western
Pottery Co., 380 yards north of Morgan Street crossing, 2.140 meters (7.02 feet) east
of east and nearest-rail. The station, underground, and reference marks are bronze
tablets set in concrete as described in notes Ia, 7a, and 11a.! The reference mark is
ggoghelgame side of the track, 11.590 meters (38.02 feet) from tho station in azimuth

0l”.

Cassedy (Howard County, J. S. Bilby, 1920).—About 34 miles north of Xokomo,
on west side of railroad tra,ci, one-fourth mile north of milepsst ¢ 164, three-eighths
mile south of County Line interurban station, 2.820 meters (9.25 feot) west of the west
and nearest rail. The station, underground, and reference marks are bronze tablets
set in concrete a8 described in notes 1a, 7a, and 11a.! The reference mark is on the
oppositeside of the track, 15.145 meters (49.68 feet) from thestationinazimuth 241° 25,

Bhope &Cass County, J. 8. Bilby, 1920).——About 2 miles south of Walton, on the
east gide of the Pennsyivania Railroad tracks, 325 yards north of milepost C 170, 100
yards north of the road crossing at Shope interurban station, 3.225 meters (10.68 feet)
east of east and nearest rail. The station, underground, and reference marks are
bronze tablets set in concrete a8 described in notes 1a, 7a, and 11a.! The reference
mark is on the same side of the track, 9.135 meters (20.97 fcet) from the station in
azimuth 211° 01/,

Bennett (Cass County, J. 8. Bilby, 1920),.—About three-fourths mile south of
Walton, on the west side of the Pennsylvania Railroad, 490 yards north of milepost
C 171, 50 yards south of a road croesing, 190 yards south of the switch signal for south
yard siding for Walton, 2.785 meters (9.14 feet) west of the west and nearest rail.
The station, underground, and reference marks are bronze tablets sct in concrete 28
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described in notes 1a, 7a, and 11a.! The reference mark is on the oyposite side of the
track, 11.915 metera (39.09 feet) from the station in azimuth 59° 57/,

Laporte (Cass County, J. 8. Bilby, 1920).—About 2 miles north of Walton, on the
cast s1de of the track, 50 yards north of a road crossing, 60 yards northeast of Mr. Say-
ton’s residence, 5.745 meters (18.86 feet) east of the east and nearest rail, 700 yards
north of milepost C 174. The station, underground, and reference marks are bronze
tablets set in concrete as described in notes 1a, 7a, and 11a.! The reference mark
is on the same side as the station, 7.660 metors (25.13 feet) from it in azimuth 181° 297,

Anoka (Cass County, J. 8. Bilby, 1920).—Station is 5 miles south of Logansport,
on the east aide of the track, 160 yards north of the Anoka railrond station, 100 yards
north of the overhead bridge No. 176 over the public highway, 50 yards south of the
switch signal for the siding at Anoka Junction, 30 yards southwest of J. 1. Masters’
residence, 6,495 meters (21.31 feet) east of the east and nearest rail. The station,
underground, and reference marks are bronze tablets set in concrete as described in
notes 1a, 7a, and 11a.! The reference mark is on tho east side of the track,’ 3.585
meters (11.60 feet) from the station in azimuth 1563° 0¢”,

Junction (Cass County, J. S. Bilbi/{, 1920).—~Three and one-half miles south of
Logansport, on the east side of the track, 8 yards east of the highway bridge over the
Pennsylvania Railroad line, one-fourth mile northeast of the junction tower, 14.982
meters (48.15 feot) from the east and nearest rail. The station, underground, and
reference marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.!
The reference mark is on the same side of the track, 11.882 meters (38.98 feet) from the
station in azimuth 110° 42/,

Laurra (Cass County, J. 8. Bilby, 1920).—Four miles south of Logansport, on the
east side of the track, one-half mile north of Anoka Junction, 25 yards north of the road
crossing that leads off to the east from what is known as the ‘“Seven Mile Pike," 325
yards northwest of P. K. Schaffer’s residence, 2.115 meters (6.94 feet) east of the east
and nearest rail. The station, underground, and reference marks are bronze tablets
set in concrete as described in notes la, 7a, and 11a.! The reference mark is on the
same side of the track, 6.480 meters (21.26 feet) from the station in azimuth 185° 26/,

Frate (Cass County, J. S. Bilby, 1920).—Two and one-half miles south of Logans-
port Pennsylvania Railroad depot, 1 yard northwest of the Logansport south yard
semaphore signal, 200 yards northwest of the hump used for switching cars, about 160
yards southeast of the tool house, 2.040 meters (6.69 feet) southwest of the nearest rail
of the outgoing track. The station and underground marks are bronze tablets set in
concrete a8 described in notes la and 7s.! Thero is no reference mark.

Yarde (Cass County, J. S. Bilby, 1920).—About 560 yards east of the Eighteenth
Street crossing, on the west side of the track, in the Logansport south yards, 330 yards
west of the tool house, 2.415 meters (7.92 feet) west of the west and nearest rail of the
main outgoing track. The station and underground marks are bronze tablets set in
concrete as described in notes la and 7a.! There is no reference mark.

Wabash (Cass County, J. S. Bilby, 1920).—The station is 1} miles south of the
Pennsylvania Railroad depot at Logansport, on the west side of the track, 160 yards
south of the railroad bridge over the Wabash River, about 60 yards north of the mile-
post C 198, 85 yards north of the switch tower, 5.135 meters (16.85 feet) west of the
west and pearest rail of the outgoing track. The station and underground marks are
broti(ze tablets set in concrete as described in notes 1a and 7a.! There is no reference
mark,

River (Cass County, J. 8. Bilby, 1920).—The station is three-fourths of a mile from
the Pennsylvania Railroad station at Logansport, on the west side of the track, 40 yards
southeast of the Fourteenth Street switch tender, 325 yards west of the machine
shop of the Pennsylvania Railroad, 1.740 meters (5.71 feot) west of the west and nearest
rail of the outgoing track. The station and reference marks are bronze tablets set in
concrete as described in notes la and 7a.! There is no reference mark.

Lagrange (Cass County, J. S. Bilby, 1920).—One-half mile from the Pennsylvania,
Railroad depot at Logansport, on the east side of the track, 65 yards north of the
Pennsylvania Railr freight depot, 165 yards southeast of milepost C 197, 2,120
meters (6.95 feet) east of the east and nearest rajl of the incoming track. The atation
and underground marks are bronze tablets set in concrete as dgeecribed in notes la
and 7a.! There is no reference mark.

Mulborn (Cass County, J. 8. Bilby, 1920).—About 165 yards east of the Pennsyl-
vania Railroad station at 1ogansport, 20 yards south of the Caruso & Co. warehouse,
in the middle of the street on the east side of the track, 5.216 meters (17.11 fcet) east
of the east and nearest rail of the westbound main track. The station and under

ound marks are bronze tablets ot in concrete as described in notes 1a and 7a.

here is no reference mark.
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Logansport (Cass County, J. 8. Bilby, 1920).—About 165 yards west of the Penn-
sylvania Railroad depot at Logansport on the west side of the track, at the north end
of the west curbing of the South Third Street bridge over the Wabash River, 11.740
meters (38.52 feet) west of the west and nearest rail of the eastbound maintmci:, 0.650
meter (2.13 feet) from the end of the curb. The station mark is a bronze tablet get in
the concrete pavement. There is no reference mark.

Eel.(Cass County, J. 8. Bilby, 1920).——One-half mile north of the Pennsylvania
Railroad station on Third Street Bridge over the Eel River, 21.960 meters (72.05 feat)
from the curve in the south end of the bridge (south end of the abutment), 0.910 meter
(2.99 feet) from the edge of the curb. The station is marked by a bronze tablet set
in the concrete sidewalk. There is no reference mark., .

Miami (Cass County, J. S. Bilby, 1920).—About 330 yards south of the Vandalia
Railroad station at Logansport, 65 yards north of Miami Avenue on the west side of
Third Street, in the east end of the sidewalk, orFfl)osite George Petrie’s garage, 1.605
meters (5.27 feet) west of the west curbstone of Third Street. The station is marked
by a bronze tablet set in the concrete walk. There is no reference mark.

Vandalia (Cass County, J. S. Bilby, 1920).—About 80 yards east of the Vandalia
Railroad station, on the east side of Third Street just east of the sidewalk, 7 yards
south of the watchman’s tower, 3.700 meters (12.14 feet) east of the east curbstone of
Third Street, 2.446 meters (8.02 feet) south of the south and nearest rail of the Michigan
division of the Vandalia Railroad. There i8 no reference mark.

Leonda (Cass County, J. 8. Bilby, 1920).—Three-fourths mile north of the Vandalia
Railroad depot, on the north side of the Michigan division track, 6 yards west of the
center of Michigan Avenue, in the west end of the concrete sidewalk, 3.526 meters

11.56 feet) north of the north and nearcst rail of the Michigan division track of the
andalia Railroad. The station is marked by a bronze tablet, set in the concrete
walk. There is no reference mark. . .

Knox (Cass County, J. S. Bilby, 1920).—One mile from the Vandalia station, on
the east side of the South Bend division of the Vandalia Railroad track, 160 yards
east of Cummings Street, about 100 yards east of B. C. Williams’s residence, 18.300
meters (60.34 feet), east of the east and nearest rail. The station, underground, and
. reference marks are bronze tablets set in concrete as described in notes la, 7a, and
1lla.! The reference mark is on the same side of the track near the fence line, 8.07
meters (26.48 feet) from the station in azimuth 72° 23,

Homei (Cass County, J. S. Bilby, 1920).—One and one-half miles north of Logans- -

rt, on the east side of the track, 150 yards south from end of first curve north of
ﬁgansport, 100 yards south of the railroad bridge, 9.369 meters $30.71 feet) east of
the east and nearest track. The station, underground, and reference marks are
bronze tablets set in concrete a8 described in notes 1a, 72, and 11a.! The reference
mark is on the same side of the track, 16.800 meters (55.12 feet) from the station in
azimuth 189° 30’,

Laurence (Cass County, J. 8. Bilby, 1920).—Two miles north of Logansport, on
the west side of the track, 100 yards north of Michigan Avenue, 2 yards north of the
railroad bridge No. 116-28, 2.700 meters (8.86 feet) west of the west and nearest rail.
The station, underground, and reference marks are bronze tablets set in concreto as
described in notes 1a, 7a, and 11a. The reference mark is on the same (west) side
of the track, 11.460 meters §37 .80 feet) from the station in azimuth 62° 63,

Lawn (Cass County, J. 8. Bilby, 1920).—About 3} miles north of Logansport, on
the east side of the tmcf:, 150 yards north of third curve north of Logansport, 180 yards
north of milepost T. H. 118, 60 yards north of railroad bridge No. 118-03, 11.56 metera:
(87.73 feet) east of the east and nearest rail. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The
reference mark is on the same side of the track near the fence line, 13.760 meters
(46.14 feet) from the station in azimuth 186° 40/,

Martha (Cass County, J. S. Bilby, 1920).—About 34 miles north of Logansport,
on the east side of the track, 150 ya.r(is north of railroad bridge No. 118-08, one-half
mile north of milepost T. Ii. 118, one-quarter mile south of Read crossing, 12.280
meters (40.29 feet) east of the east and nearest rail. The station, underground, and
reference marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.}
The reference mark is on the same side of the track, 5.200 meters (17,36 feet) from
the station in azimuth 180° 55/. :

Madison (Cass County, J, 8. Bilby, 1920).—Four miles north of Logansgort, on the
west side of the track, about 200 yards north of Read crossing, 40 yardssouth of railroad
bridge No. 118-24, 190 yards north of Ernest Wolf’s residence, 2.320 meters (7.61 feet)
west of the west and nearest rail. The station, underground, and reference marks
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are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The reference
mark is on the opposite side of the track, 19.965 meters (65.47 feet) from the station
in azimuth 294° 51,

Marion (Cass Counti, J. 8. Bilby, 1920).—About 4} miles north of Logansport, on
the east side of tho track, about 200 yards north of milepost T. H. 119, 80 yards south-
west of Mrs. Stackhouse’s residence, 8.339 meoters (27.86 feet) cast of the east and
nearest rail. The station, underground, and reference marks are bronze tablets set
in concrete aa described in notes 1a, 7a, and 11a.! The reference mark is on the same
side of the track, 18.460 meters (60.53 feet) from the station in azimuth 326° 53.

Marchal (Cass County, J. S. Bilby, 1920).—Six miles north. of Logansport, on the
west side of the track, about 275 yards north of the road crossing, 500 yards south of
milepost T. H. 121, also on top of a deep cut, 7.905 metera (25.94 feet) west of the west
and nearest rail. The station, underground, and reference marks are bronze tablets
set in concrete as described in notes 1a, 7a, and 11a.! The reference mark is 12.140
meters (39.83 feet) from the station in azimuth 187° 09, ) .

Maxtin (Cass County, J. S. Bilby, 1920).—On the west side of the track, 1 mile
south of Lucerne, 30 yards north of the dirt-road crossing, 500 yards north of the mile-
post T. H. 123, 8.440 metera (27.09 feet) west of the westand nearestrail. Thestation,
underground, and reference marks are bronze tablets set in concrete as described in
notes la, 78, and 11a.! The reference murk is on the same side of the track, 11.97
meters (39.27 feet) from the station in azimuth 142° 51/,

Monroe (Cass County, J. S. Bilby, 1920).—About three-fourths mile south of
Lucerne, on the west sic?(,a of the track, three-eighths mile south of the milepost T. H.
124, north of the east bank of the third cut south of Lucernoe, 6.060 meters (19.88 feet)
west of the west and nearest rail. The reference mark is on the same side of the track.
The station is marked by a 2 by 4 stake and a nail with a cross on the head. Tho rei-
erenceo mark is a pine stake with an arrow eawed on the top pointing toward the station,
and 9.21 meters (30.22 feet) from it in azimuth 128° 21,

Lucerne (Cass County, J. S. Bilby, 1820).—About three-fourths mile north of
Lucerne, on tho east side of the track, 80 {ards south of milepast T. H. 125, 50 yards
north of the south end of the first cut north of Lucerne, 6.2356 meters (20.46 feet) east
of the east and nearest rail. The station, underground, and reference marks are
bronze tablets set in concrete as described in notes la, 7a, and 11a.! The reference
mark is on the same side of the track, 17.08 meters (66.04 feet) from the station in
azimuth 188° 23/, .

Boon (Cass County, J. 8. Bilb?r, 1920).—About 1} miles north of Lucerne, on the
west side of the track, one-half mile north-of the milepost T. H. 125, 500 yards south of
the first road crossing north of the Lucerne railroad’station, 330 yards south of A. W.
Cary’s residence, 4.810 meters (16.78 feet) west of the west and nearest<ail. The
station, underground, and reference marks are bronze tablets set in concreto as de-
.scribed in notes la, 7a, and 1la.! The reference mark is on the same side of the
track, 9.270 meters (30.41 feet) from the station in azimuth 132° 50,

Montgomery (Cass County, J. 8. Bilby, 1920).—Three miles north of Lucerne,
1} miles south of Grass Creek, on the west side of the track, 250 yards south of a wagon
road crossing, 160 yarde north of milepost T. H. 127, on the north end of the first curve
north of Lucerne. 18.690 meters (44.92 feet) west of the west and noarest rail. The
station, underground, and reference marks are bronze tablets set in_concrete as de-
scribed in notes 1a, 7a, and 11a.! The reference mark is on the same side of the track,
11.100 meters (36.42 feot) from the station in azimuth 188° 18/, .

Morgan (Fulton County, J. 8. Bilby, 1920).—About 1} miles south of Grass Creek,

- 500 a;gs north of milepost T', H. 128, on the east side of the track, on the first deep cut
south of Grass Creek, 8.712 meters (28.68 feet) east of the east and nearest rail. The
station and reference marks are marked by a 2 by 4 pine stake with a nail and a cross
on the top. The reference mark is on the same side of the track, 10.005 meters (32.82
feet) from the station in azimuth 860° 50,

Grasa (Fulton County, J. S. Bilby, 1920).—About 1} miles north of Grass Creek, -
on the west side of the track, 50 yards northwest of milepost T. H. 131, on the first
curve north of Grass Creek, 8.635 moters (28.33 feet) west of the west and nearest rail.
The station, undergrourld, and reference marks are bronze tablets set in concrete as
deacribed in notes 1a, 7a, and 11a.! The roference mark is on tho same side of the
track near the fence line, 10.295 meters (33.78 feet) from the station in azimuth
150° 80”. .

Newton (Fulton County, J. S, Bilby, 1820).—About 1} miles south of Kewanna,
con the east side of the track, 40 yards north of wagon road crossing, 66 yards west of
Ralph Hamilton’s barn, 4.770 meters (15.66 feet) east of the east and nearest rail,
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The station, underground, and reference marks are bronze tablets set in concrete as
described in notes la, 7a, and 1la.! The reference mark is on the same side of the
tliz}ck near the fence line, 10.005 meters (32.82 feet) from the station in azimuth 292°

Noble (Fulton County, J. S. Bilby, 1920).—About three-fourths mile south of
Kewanna, on the west side of the track, one-half mile north of milepost T. H. 134, on
north end of first cut south of Kewanna, 200 Yards south of switch signal, 10.07 meters
(33.03 foet) west of the west and nearest rail. The station, underground, and refer-
ence marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.!
The refernce mark is on tho same side of the track near the fence line, 7.100 meters
(23.30 feet) from the station in azimuth 140° 23/, .

Kewanna (I'ulton County, J. S. Bilby, 1920).—About three-eighths of a mile
north of Kewanna, on the west side of theo Vandalia Railroad track, 130 yards north
of milepost T. H. 135, 200 yards east of the Chesapeake & Ohio Railway station at
Kewanna, 35 yards north of the Vandalia and the Chesapeake & Ohio Railway crossing,
4.04 meters (13.25 feet) west of the west and nearest yail. The station, underground,
and reference marks are bronze tablets set in concrete as described in notes la, 7a,
and 11a.! The reference mark is on the same side of the track near the fence iine,
6.745 meters (which equals 22.13 feet, but the notes show a measurcment of 20.56 feet,
and it is not known which is correct), from the station in azimuth 155° 12/,

Ohio (Iulton County, J. S. Bilby, 1920).—Ogeand one-balf miles north of Kewanna,
on the west side of the track, 50 yards north of & wagon road croosing, one-half mile
north of milepost T. H. 136, 8.78 meters (28.80 feot) west of the west and nearest rail.
The station, underground, and reference marks are hronze tablets set in concrete as
described in notes 1a, 72, and 11a.! The reference mark is on the same side of the truck
near the fence line, 11.64 meters (38.19 feet) from the station in azimuth 16° 47,

Orange (Fulton County, J. S. Bilby, 1920).—Two miles north of Kewanns, on the
west side of the track, 125 yards south of milepost T. . 137, 90 yards north of a wagon
road crosmng, 10.575 meters (34.69 fect) west of the west and nearest rail. The station,
underground, and reference marks are bronze tablets set in concreto as described in
notes la, 7a, and 1la.! The reference mark is on the same side of the track, 15.26
meters (which equals 50.07 feet, but the notes show a measurement of 46.47 feet, and it
is not known which is correct), from the station in azimuth 182° 45,

Owen (Fulton County, J. S. Bilby, 1820).—Four and one-fourth miles north of
Kewanna, on the east sid}(; of the track, 150 yards north of milepost T, H, 189, 400 yards
south of a wagon road crosaing, 500 yards north of a water tower, 5.030 meters (16.50
feet) east of the east and nearest rail, The station, underground, and reference marks
are bronze tablets set in concrete as described in notes 1a, 7a, and11a.! The reference
mark is ou the same (east) side of.the track, 10.52 meters (34.51 feet) from tho station
in azimuth 236° 13/,

Park (Fulton County, J. 8. Bilby, 1920).—About 24 miles south of Delong, on
the east side of the track, 190 yardssouth of & wagon road crossing, three-eights mile
south of milepost T. H. 141, 5.09 meters (16.70 feet) east of the east and nearest rail.
Thestation, underground, and reference marks are bronze tabletsset in concrete as de-
seribed in notes 1a, 7a, and 11a.! The reference mark is on the same side of the track
near the fence line, 10.2456 meters. (33.61 feet) from the station in azimuth 239° 25,

Perry (I'ulton éounty, J. 8. Bilby, 1920).—About 1} miles south of Delong, on
the west side of the track, 35 yards northwest of milepost T, H. 142, 21.15 meters
(69.39 feet) west of the west and nearest rail, The station, underground, and reference
marks are bronze tablets sct in concrete as described in notes la, 7a, and 11a.! The
reference Inark is on the same side of the truck near the fence line, 7.77 meters (25.49
feet) from the station in azimuth 268° 28/,

Delong (Fulton County, J. 8. Bilby, 1920).—About one-eighth mile north of
Delong, on the east side of the track, 76 yards north of & wagon road crossing, 80 yards
north of the north end of the station platform at Delong, 300 yards north of milepost
- T. H. 143, 130 yards north of the northwest corner of the depot. The atation, under-

ound, and reierence marks are bronze tablets sot in concrete as described 1n notes

&, 7a,and 11a.! The reference mark is on the opposite side of the track near the fence
line, 16.035 meters (52.61 feet) from the station in azimuth 96° 05,

Porter (Fulton County, J. 8. Bilby, 1920).—About nf)Z-S miles north of Delong, on
the cast side of the track, three-eighths mile south of milepost T. H. 146, 200 yards
northwest of Mrs. Frank Ilawk’s rasidence, 11.22 meters (36.81 feet) east of the east
and nearest rail. The station, underground, and reference marks are bronze tablets
set in concrete as described in notes Ig, 7a, and 1la.! The reference mark is on the
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same side of the track near the fence line, 4.85 meters (15.91 feet) from the station in
azimuth 314° 307, :

Posey (Marshall County, J. 8. Bilby, 1920).—About 14 miles south of Culver, on
the east side of the track, 3 yards north of a wagon road crossing, 26 yards south of
milepost T. H. 147, 325 yards sotith of a gravel pit 220 yards south of switch signal for
gravel-pit siding, 2.11 meters (6.92 feet) east of the east and nocarest rail. The station,
underground, and reference marks are bronze tablets set in concrete as described in
notes la, 7a, and 1la.! The reference mark is on the same side of the track, near
theoenss,-a:n&west fence line, 14.07 meters (46.18 feet) from the station in azimuth
317° 0¢’. .

Putnam (Marshall County, J. S. Bilby, 1920).—One mile south of Culver, on the
west side of the track, 270 tym”ds south of milepost T. H. 148, 45 yards north of a road
crossing, 100 yards south of Medborne ice plant, directly west of the switch signal for
ice-plant siding, 5.75 meters (18.86 leet) west of the west and nearest rail. The
station, underground, and reference marks are bronze tablots set in concrete as
described in notes la, 7a, and 11a.! The reference mark is on the same side of the
track, 3.01 meters (9.88 foet) from the station in azimuth 91° 43/,

Culver (Marshall County, J. S. Bilby, 1920),—About 100 yards west of the railroad

- station at Culver, on the east side of the track, 325 yards cast of railroad bridge 148-26,
220 yards cast of the switch signal for siding, 80 yards south of I'. G. Solomon’s mer-
chandise store, 2.75 moters (9.02 feet) east of the east and nearest rail. The station
and underground marks are bronze tablets set in concrete as described in notes la
and 7a.! There is no reference mark.

Randolf (Marshall County, J. S. Bilby, 1920).—About one-fourth mile north of
Culver, on the east side of the track, 275 yards north of milepost T. H. 149, 150 yards
north of switch eignal for eiding, 100 yards south of a road crossing, 13.34 meters
(43.77 feot) oast of the east and nearest rail of the main track. The station, under-
ground, and reference marks aro bronze tablets set in concrete, as described in notes
1a, 7a, and 11a.' The reference mark is on the same side of the track ncar the fence
line, 9.885 meters (32.43 feet) from tho station in azimuth 233° 18/,

Riple (Marshall County, J. S. Bilby, 1920).——~Two miles north of Culver, on the
east side of tho track, at the second curve north of Culver, 650 yards north of the
road crossing, on the north end of the second cut north of Culver Military Academy,
5.48 meters (17.98 fect) cust of the cast and nearcst rail, The station, underground,
and reference marks are bronze tablets set in concrete as described in notes 1a, 7a,
and 1la.t The reference mark is on the same side of the track near the fence iine,
12.78 meters (41.93 fcet) from the station in azimuth 256° 187,

Rush (Marshall County, J, 8. Bilby, 1920).—About 2} miles north of Culver, on
the east eide of tho track, 125 ga.rds south of milepost T. H. 151, three-fourths mile
south of the Vandalia-Nickel Plate crossing, 50 yards east of H. S. McGowan’s resi-
dence, 5.85 meters (19.20 feet) cast of the east and nearest rail. The station, under-

ound, and reference marks are bronze tablets set in concrete as described in notes

2, 71, and 11a.! The reforence mark is on the same side of the track near the fence
line, 17.52 meters (57.48 feet) from the station in azimuth 0° 02/,

Hibbard (Marshall County, J. S. Bilby, 1920).—On the west side of the track,
one-fourth mile north of Hibbard railroad station, 165 yards north of milepost T. H.
152, 6 yards south of the north switch signal for the siding, 2.625 meters (8.62 feet)
west of the west and ncarest rail, Tho station is marked by a 2 by 4 stake with a fhiail
in the top. The reference mark is the same, and is 10.8256 meters (35.52 fest) from
the station in azimuth 118° 27”.

Spencer (Marshall County, J. S. Bilby, 1920).—Five miles south of Plymouth, on
the east side of the track, 4 miles north of Hibbard, on the extension of the tangent
of the first curve north of Hibbard threo-eighths mile north of the milepost T. H. 155,
east of Twin Lakes, 90 yards southwest of George Nickel’s residence, 40 yards north
of the road crossing, 6.315 meters (20.71 feet) east of the east and nearest rail. The
station, underground, and reference marks are bronze tablets set in concrete as de-
seribed in notes le, 7a, and 1la.'! The reference mark is on the same side of the
track, 8.045 meters (26.40 foet) from the etation in azimuth 287° 40/,

Twin (Marshall County, J. S, Bilby, 1920),—About 4} milgs south of Plymouth,
on the west side of tho Vandalia Railroad, three-cighthe mile south of the milepost
T. H. 156, 25 yards west of the road crossing, also on the north end of the first reverse
curve north of Hibbard, on the extension of the northern tangent, also on the west
bank of a deep cut, 13.250 moters (43.4 fect) west of the west and nearest rail. The
station, underground, and reference marks are bronze tablets set in copcrete as
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described in notes 1a, 7a, and 11a.! The referonce mark is on the same side of the
track, 8.47 meters (27.79 feet) from the station in azimuth 31° 40/,

Joseph (Marshall County, J. S. Bilby, 1920).—Two miles south of Plymouth, on
the west side of the track, one-fourth mile south of the milepost T. H. 158, 200 yards
east of J. M. Black’s barn, 25 yards north of lane leading from said barn, 6.355 meters
(20.85 feet) west of the west and nearest rail. The station, underground, and refer-
ence marks are bronze tablets get in concrete a8 described in notes la, 7a, and 11a.}!
The reference mark is on the same side of the track, 13.195 meters (43.29 feet) from
the station in azimuth 72° 36¢/.

Starke (Marshall County, J. S. Bilby, 1920),—About 14 miles south of Plymouth,
on the east side of the track, 220 yards north of the milepost T. H. 158, 50 yards north
of the north end of the second curve south of Plymouth, 25 yards north of the battery
box for the semaphore signal system, 2.770 meters (9.09 feet) east of the east and
neerest rail of the Vandalia Railroad. The station and underground marks are
tablets set in concrete as described in notes 1a and 7a.! There is no reference mark,

Stuben (Marshall County, J. 8. Bilby, 1920).—About one-sixth mile south of
Plymouth, on the east side of the Vandalia Railroad, 130 yards south of strect crosging,
60 yards north of the semaphore signal, 190 yards south of the Pennsylvania Railroad
main-line crossing, 2.600 meters (8.53 feet) east of the esst and nearest rail. The
station and underground marks are bronze tablets set in concrete as described in
notes la, and 7a.! There is no reference mark.

Plymouth (Marshall Count{, J. 8. Bilby, 1920).—On the north end of the Vandalia
Railroad station ’lplatform at Plymouth, on the east side of the track, 100 yards north
of the milepost T. H. 159, 456 yards south of the West Garre Street crossing, 30 yards
south of the watchtower, 1.5670 meters (5.15 feet) east of the east and nearest rail,
0.790 meter (2.59 feot) east of the platform curb. The station mark is a bronze tablet
setin cementin the brick pavement which forms the railroad station platform. There
is no reference mark.

Bullivan (Marshall County, J. 8. Bilby, 1920).—On the west side of the track,
11 miles north of Plymouth, 190 yards south of milepost T. H. 160, 190 yards north-
west of the box factory, 80 yards north of the box-factory siding, 1.425 meters (4.67 .
feet) west of the west and nearest rail. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The
reference mark is on the opposite side of the track, 29.09 meoters (95.44 feet) from
the station in azimuth 321° 16’,

Switzerland (Marshall County, J. 8. Bilby, 1920).-—About 211 miles north of
Plymouth, on the west side of the Vandalia Railroad, three-eighths mile north of
the milepost T. H. 161, on the south edge of the second deep cut north of Plymouth,
100 yards west of Mrs. Elizabeth Rober’s residence, 15 yards north of the road leading
from said residence acroes the track to the west, 7.770 meters (25.49 feet) west of the
west and nearest rail. The station, underground, and reference marks aro bronze
tablets set in concrete a8 described in notes 1a, 78, and 11a.! The reference mark
is on the same side of the track near the fence line, 6.545 meters (21.47 feet) from
the station in.azimuth 120° 23’. . : .

Harris (Marshall County, J. 8. Bilby, 1920).—About 4} miles north of Plymouth,
on the east side of Vandalia track, 30 yards north of the road crossing, one-eighth
mile north of milepost T. H. 163, 35 yards north of the switch signal for the siding,
thrde-fourths mile south of the water tank, 6.160 meters (20.21 feet) east of the east
and nearest rail of the Vandalia tracks. The station, underground, and reference
marks are bronze tablets set in concrete as described in notes 1a, 7a, and 11a.! The
reference mark is on the same side of the track, 6.67 meters (21.88 feet) from the
station in azimuth 272° 51/,

Tippecanoe (Marshall County, J. 8. Bilby 1920?1.—Three miles south of Lapaz,
on the west side of the track, 426 yards north of the railroad station at Harris, 50
yards south of the north switch eignal for siding, one-half mile north of the water
tower, 6.08 moters (10.95 feot), west of the west and nearest rail. The station, under-

und, and reference marks are bronze tablets set in concrete as described in notes
a, 78, and 11a.! The reference mark is on the same side of the track, 11.52 meters
(87.79 feet) from the station in azimuth 174° 14/, :

Lapaz (Marshall County, J. 8. Bilby, 1920).—About three-fourths mile south of
Lag;,z railroad station, on the east side of the track, one half milo south of milepost
T. H. 187, 40 yards north of a wagon road crossing 6.310 meters (20.70 feet) east of the
east and nearest rail. The station, underground, and reference marks are bronze
tablets spt in concrete as described in notes 1a, 7a, and 11a.! The reference mark is
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on the same side of the track near the fence line, 8.285 metera (27.18 feet) from the
station in azimuth 301° 49’,

Union (St. Joseph, J. S. Bilby, 1920).—About 2} miles south of Lakeville, on the
west side of the track, 880 yards south of wagon road crossing, one-half mile south of
milepost T. H. 170, on extension of south tangent of first curve north of Lapaz, 7.495
meters (24.59 feet) west of the west and nearest rail. Tho station, underground, and
reference marks are bronze tabletsset in concrete as described in notes 1a, 7a, and 11a. !
The reference mark is on the same side of the track near the fence line, 6.345 meters
(20.82 feet) from the station in azimuth 117° 39/,

Mourhess (St. Jaseph, J. S. Bilby, 1820).—About g miles south of Lakeville, on
the east side of track, 30 yards south of milepost T. H, 171, 80 yards north of road
crossing, south end of the second curve south of Lakeville, 13.470 meoters (44.19 feet)
cast of the east and nearest rail. The station, underground, and reference marks are
bronze tablets set in concrete 88 described in notes la, 7a, and 11a.' The reference
mark is on the same side of the track near the fence line, 18.10 meters (42.98 feet)
from the station in azimuth 189° 23’.

Aman (St. Josoph County, J. S. Bilby, 1920).—About three-fourths mile south of
Lekeville, on the west bank of the first cut south of Lakeville, 70 yards south of
N. Eldred’s residence, 26 yards from Lakevine-Latpaz highway, 165 yards south of &
road crossing, 46.740 meters (153.35 feet) west of the west and nearest rail. The
station, underground, and reference marks are bronze tablets sot in concrete as de-
scribed in notes 1a, 7a, and 1la.! The reference mark is on the same side of the
track, 29.47 meters (96.69 feet) from the station in azimuth 331° 487,

gStates (St. Joseph County, J. 8. Bilbgv, 1920).—One mils north of Lakeville, on
the east side of the track, 15 yards north ol 8 road crossing, the first north of Lakeville
and three-cighths mile south of milepost T. H. 173, 7.06 meters. (23.13 feet) east o
the east and nearest rail. 'The station, underground, and reference marks are bronze
tablets set in concrete as described in notes 1la, 7a, and 1la.? Theo reference mark
is on the same side of the track near the fence line, 9.26 meters (36.38 feet) from
station in azimuth 226° 00“,

_Hilberry (St. Joseph County, J. 8. Bilby, 1920).—About 4} miles north of Lake-
ville, on the east side of the track, cne-half mile north of milepost T. H. 175, 326 yards
south of road crossing, 325 yards west of Michael Wilhelm's residence, 7.757 meters
(25.46 foct) east of the east and nearest rail. The station, underground, and reference
marks are bronze tablets set in concrote as described in notes la, 7a, and 11a.! The
reference mark is on the same (east) side of the track near the fence iine, 5.40 meters
(17.72 feet) from the station in azimuth 198° 41/,

Peacock (St. Joseph County, J. 8. Bilby, 1920).—~Six miles south of South Bend
on the weat eide of the track, 450 yards south of a 1oad crossing, 560 yards south of
milepost T. H. 178, 5.775 meters (18.95 feet) west of the west and nearest rail. The
station, underground, and reference marks are bronze tablets set in concrete as de-
scribed in notes 1a, 7a, and 1la.' The reference mark is on the same side of the
track near the fence line, 9.66 meters (31.69 feet) from the station in azimuth 53° 101,

Wehr (8t. Joseph County, J. 8. Bilby, 1820),—About 54 miles south of South
Bend on the west side of the track, one-fourth mile north of milepost T. H. 178, 450
yards south of road crossing, 8.41 meters (27.60 feet) west of the west and nearest rail.

he station, underground, and reference marks are bronze tablets tet in concrete
a8 described in notes 1a, 7a, and 11a.' The reférence mark is on the same side of the
track near the fence line, §.315 metors (17.44 feet) from the station in azimuth 134° 487,

Lloyd (St. Joseph County, J. 8. Bilby, 1920).—About 1} miles south of South
Bend, on the esst side,of the track, 5560 yards north of a road crossing, near the middle
of the fence enclosing lprge factory site, 9.60 meters (31.50 fect) east of the east and
nearest rail. The station, underground, and reference marks are bronze tablets
set in concrete as described in notes 18, 74, and 11a.' The reference mark is on the
same side of the track near the fence line, 8.836 meters (28.99 foet) from the station
in azimuth 857° 267,

Studebaker (St. Joseph County, J. S. Bilby, 1920).—About 1} miles south of
South Bend, on the east side of the track, 200 yards south of foundry, 180 yards north
of switch rignel which joins railroad to electric line. The station and reference mark
are stakes with nails in the tops. The reference mark is on the east side of the track,
11.885 meters (89.00 feet) from the station in azimuth 200° 13/,

Grifith (St. Joseph County, J. 8. Bilby, 1920).—One mile from the center of South
Bend, in-the suburbs, on the cast side of the track, on the extension of the northern
tangent, 150 yards south of milopost T. H. 181, 125 yards south of Internationsl India
Rubber Corporation factory, 2b yards south of railroad bridge 180-88, 3.083 moters
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(9.94 feet% east of the east and nearest rail. The station, and underground marks are
brori{ze tablets set in concrete as described in notes 1a, and 7a.! There is no reference
mark,

Indiana (St.J osegh County, J. 8. Bilby, 1920).—Seven blocks south of the Vandalia
depot at South Bend, on the east side of the track, in center of Indiana Avenue, 75
yards west of Main Street, 10 yards south of south end of International Lumber Co.,
75 yards southeast of South Bend Foundry Co., 1,61 meter (5.28 feet) east of east and
nearest rail. The station is marked. by a bronze tablet set in center of concrete street.
The reference mark is a bronze tablet set in the concrete curbing of street, 20.285
Imeters t(1(36.55 feetz from the station in azimuth 282° 85.1.

South Bend (St. Joseph County, J. S. Bilby, 1920).—In South Bend, on the
edge of a sewer manhole at the intersection of East Indiana Avenue and South Miami
Street, 25 yards southeast of the First Church of the Brethren, 4.455 meters (14.62 feet)
west of the east curb of South Miami Street, 5.565 meters (18,26 feet), northeast of the
nearest rail of street car track. The station is marked by a cross filed and letters
U. Sk. C. & G, 8., 1920 stamped on iron rim of sewer manhole. There is no reference
mark.

Bud (8t. Joseph County, J. S, Bilby, 1920).—About 1} miles east of New York
Central depot, on the south side of the New York Central track, in the center of South
Miami Street, 50 yards southeast of semaphore signal 462-1, 16 yards east of the watch-
man’'s shelter, 2.355 meters (7.73 feet; south of the south and nearest rail of the east-
bound track, 4.29 meters (14.07 feet) east of the west curb of South Miami Street.
Marked by bronze tablet set in concrete in the center of the brick pavement of South
Miami Street. The reference mark is a brass tablet set in concrete in the west curb of
South Miami Street, 4.42 meters (14.50 feet) from the station in azimuth 87° 08’.

Lincoln (St. Joseph County, J. 8. Bilby, 1820).—About 14 miles east of New York
Central depot at South Bend, on the south side of New York Central track, 156 yards
southeast of the watchman’s shelter, 26 yards east of the Vernon Street crossing, 380
yards west of .milepost B 425, and 9.456 meters (31.02 feet) south of the south and
nearest rail of the eastbound track. The station and underground marks are bronze
tablets set in concrete as described in notes 1a and 7a.! The reference mark is a
bronze tablet set in the edge of the concrete sidewalk and is on the same side of the
track, 10.656 meters (34.63 feot) from the station in azimuth 46° 357,

South Bend west base (St. Joseph County, J. 8. Bilby, 1920).—About 2} miles
east of South Bend, on the south side of the New York Central track, 225 yards south-
west of the entrance to Springbrook Park, 100 yards east of the first deep fill east of
South Bend, 130 yards east of milepost C 88, 550 yards west of the semaphore signal
451-2, and 2.265 meters (7.43 feet) south of the south and nearest rail of the eastbound
track. The station, reference, and underground marks are hronze tablets set in con-
crete as described in notes la, 7a, and 11a.! The reference mark is on the opPoaibe
side of the track, 10.075 meters (33.05 feet) from the station in azimuth 182° 05t,

South Bend east base (St. Joseph County, J. 8. Bilby, 1920).—One mile west
of Mishawaka depot, on the north side of the New York Central lines, 4 yards northwest
of the South Meridian Street crossing, 1 meter west of the eastsidewalk of South Meri-
dian Street, and 3.77 meters (12.37 {eet) north of the north and nearest rail of the west-
bound track. Thestation, underground, and reference marks are bronze tablets set in
concrete as described in notes la, 7a, and 11a.! The reforence mark is on the opposite
side of the street near the pavement, 11.65 meters (38.22 feet) from the station in
azimuth 87° 01",

U. 8, LAKE SURVEY TRIANGULATION, NORTHERN INDIANA.

PRINCIPAL POINTS.

Reading (U. 8. L. S‘i& (Hilledale County, Mich., U. 8. Lake Survey, 1878).—
Insgec. 26, T. 7 8., R, 4 W., on the grounds of the Colby W inger Co. factory, in the
village of tRea,ding. The elevation of the ground at the station above the mean level
of Lake Michigan is 627.2 feet. The station is marked by two stone posts in the usual
manner. Three reference posts are sot as follows: One bearing N. 48° 28/ E., distant
136.8 meters (445.5 feet), one 8. 83°12/ E., distant 102.9 meters (337.6 feet), and one
N. 86° 20/ W., distant 147.8 meters (484.9 feet). The southeast corner of the Colby
‘Wringer Co. factory is distant 50.256 meters (164.9 feet) N. 51° 06/ W., the northwest
corner of gection 26, being‘;the corner of sections 22, 23, 26, and 27, bears N. 44° 11/ W.,
distant 716.32 metors (2846.8 feet), and the northeast corner of section 26, which is
%he corner of sections 23, 24, 25, and 26, bears N. 65° 66’ 50"/ E., distant 1236. 9 meters
4054.8 feet).

38ee pp. 27 and 28.
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Quincy (U. 8. L. 8.) (Branch County, Mich., U. 8. Lake Survey, 1878).—About

2 miles northwesterly from Quincy railroad station, in the SW. % sec. 8, T. 6 8., R.
5 W., on ground which is at an elevation of 478.9 feet above the mean level of Lake
Michigan. The station is marked by”two stone posts. Three stone reference posts
were set, one S. 18° 02 W. distant 41.56 meters é} 6.2 feet), one N. 16° 63/ W. distant
46.25 meters (161.7 feet), and one N. 35° 13/ E. distant 181.5 meters (585.5 feet). The
firat two are approximately on the line betwoeen sections 7 and 8. The quarter-section
corner at the middle of the south gide of section 7 bears S. 56° 65’ 10/ W. and is distant
980.5 meters (3216.9 feet). :
* Fremont (U. 8. L. 8.) (Steuben County, U. 8. Lake Survey, 1878&.-—-Located
about 3 miles southwest of the village of Fremont, in gec. 31, T. 88 N., R. 14 E,, on
ground at an elevation of 560.2 feet above the level of Lake M’.ichignn. The station is
marked by stone posts. There are three stone reference posts, one N. 22° 00/ W.
distant 46.56 meters (1562.6 feet), one S. 6° 15’ W. distant 55.7 meters (182.7 feet), and
one N. 42° 20’ E. 22.9 meters (75.1 feot). The NW. cor. sec. 31 bears N. 28° 10/ W.
and is distant 834.6 meters (2738.2 {eet).

Bronson (U. 8. L. 8.) (Branch County, Mich., U. S. Lake Survay, 1878).—About
3 miles westerly from Bronson, in the SE. { of SW. $sec. 16, T.7S., R.8 W., on ground
at an elevation of 416.4 feet above the level of Lake Michigan. The station is marked

two stone posts. There are three stone reference posts, one N. 40° 13’ E. distant
108.56 meters (349.4 feet), one N. 85° 08’ E. distant 68.6 meters (225.1 feet), and one
8. 36° 12’ E. distant 116.4 meters (381.9 feet). The quartersection corner on the
south side of section 16 bears S. 19° 07/ E. distant 208.9 meters (685.4 feet).

Mongo (U. 8. L. 8.) (La Grange County, U. 8. Lake Survey, 1878).—Abo
three-fourths mile northeast of Mongo Mills, in sec, 4, T. 87 N., R. 11 E., on'groupd at
an elevation of 446.6 feet above the mean level of Lake Michigan.. The siation is
marked by stone posts. There are three stone reference marks, one S. 69213’ E. die-
tant 28.6 meters (93.8 feot), one S, 14° 1% E. distant 16.7 meters (54.8 feet), and one
8. 67° 03 W. distant 30.1 meters (98.8 feet). The corner of sections 4, 6, 8, and 9
is 8. 22° 44/ 60~ W. distant 873.5 meters (2865.8 feet).

Sherman (U. 8. L. s.t) (St. Josoph County, Mich., U. 8. Lake Survey, 1878).—
About 4 miles northwest of Sturgis, Mich., in the NE. {sec. 22, T. 7 S., R, 10 W., on

ound which is at an elevation of 465.7 feet above the mean level of Lake Michigan.

he station is marked bg :tone posts. There are three stone reference marks, one
S. 28° 58’ E. distant 45.9 meters &50.6 feet), one S. 21° 16 W, distant 41.7 meters
(136.8 feet), and one N. 70° 17/ W. distant 26.8 meters (87.9 feet). The quarter-section
gon;er on the south side of section 22 is 8. 24° 12’ 3¢ W. distant 921.0 meters (3021.6
eet).

Van Buren (U. 8, L. 8.) (La Grange County, U. S, Lake Survey, 1878).—Located
inNW. iﬁf sec. 83, T. 38 N, R. 8 E., at an elevation of 369.7 feet above the mean level
of Lake Michigan. Tho station is marked by stone posts. Thore are three stono refer-
ence posts, one S. 3° 20/ W. distant 130.0 meters (426.6 feet&, one N, 22° 5% W. distant
27.8 moters (90.8 feet), and one S. 88° 117 E. distant 176.8 meters (677.1 feet). The
?&nﬁlg?-?mgon corner on the weat side of section 83 is S. 556° 44’ W, distant 762.4 meters

.b feet).

Porter (U, 8, L. 8.) (Cass County, Mich., U. 8. Lake Survey, 1878).—About 8
miles west of White Pigeon village, in 'W. 3 of sec. 86, T.78., R. 13 W., atan elevation
of 368.4 feet above the mean level of Lake Michigan. The station is marked by stone

osts. There aro three stone reference posts, one S. 48° 02/ . distant 156.5 meters
513.5 feet), one N, 73° 2¢/ E. distant 120.6 metors (395.7 {eet), and one N. 73° 24/ W.

istant 108.3 meters §355 3{eet). The quarter-section corner on the west side of section
86 is S. 56° 65 03 W. distant 1304.0 meters (4278.2 {eet).

Jefferson (U. 8. L. 8,) (Elkhart County, U. 8. Lake®Survey, 1878).—About 3
miles south of Bristol, in the SW. { sec. 2, T. 37 N., R. 8 E., at an elevation of 388.8
feot above the mean level of Lake Michigan., The station is marked by stone posta,
There aro three stone reference posts, one S, 27° 28/ W. distant 13.5 moters (44.8 feet),
one N, 15° 01/ W. distant 23.6 meters (77.4 feet), and one N, 25° 44/ B, distant 95.0
meters (311.7 feet). The corner of sections 2, 3, 10, and 11 is S, 62° 48/ W. distant
350 meters (11.60 feet). i

Calvin (U. 8. L. 8.) (Cass Qounty, Mich;, U. 8. Lake Survey, 1878).—About 7
miles south of Vandalia, about 7 miles southeast of Cassopolis, in"tho NI. % see. 27,
T. 78, R. 14 W., at an elevation of 428.3 feet above the mean elevation of Lake Michi-
goa. The station is marked by stone posts. There are three stono roference posts,
one N. 59° 28/ &, distant 44.6 meters (146.3) feet. one S. 21° 3¢’ E, distant 87.5 moters
(287.1 fect), and onesS. 9° 47/ W, distant 82,1 meters (269.4 feet). The quarter-
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tzgctig% <f:orn)er on the west side of section 27 is 8. 67° 07/ 30/ W, distant 1004,6 meters
205.6 feet).

Milton (U. 8. L. 8.) (Cass County, Mich., U. 8. Lake Survey, 1877; 1920).—In
Milton Township, 4 miles east of Niles, in the SE. } sec. 4, T. 8 S,, R. 16 W., at an
clevation of 314.1 feet ahove the mean level of Lake Michigan. The station is marked
by stone posts. There are three stone reference posts two on the east side of the
highway which is just west of the station, one 8. 62° 30/ W. distant 131.8 meters (432.4
_ feet), and one N. 62° 03’ W. distant 130.9 meters (429.4 feet), and the third is at the
center of section 4, N. 32° 06/ W, distant 230.4 meters (7556.9 feet). The corner of
sections 4, b, 8, and 9 is 8. 57° 12/ 46" W. distant 1113.7 meters (3063.9 feet).

Penn (U. 8. L. 8.) (8t. Joseph County, U. 8. Lake Survey, 1877; 1920).—About 3
miles southeast of South Bend, in the N&’. ﬁlsec. 20, T. 37 N., R. 8 E, at an elevation
of 309.3 feet above the mean level of Lake Michigan. The station is marked by stone
posts. There are three stone reference posts, one N. 86° 30/ E. distant 99.7 meters
8327.1 feet), one S. 7° 37/ E. distant 41.9 meters (137.5 feet), and one 8., 51° 58’ W,

istant 69.8 meters (228.3 feet). The corner of sections 17, 18, 19, and 20 is N. 63°
51/ W. distant 788.4 meters (2586.6 feet). :

Carlisle (U, 8. L. S.? (St. Joseph County, U. 8. Lake Survey, 1877).~~About 2
miles southwest of Carlisle, on what is known as Jarrett’s Hill, in the SE. } of sec. 1],
T. 37 N., R. 1 W., at an elevation of 332.2 feet above the mean level of Lake Michigan.
The station is marked by a stone post. There are three stone reference posts, one
N. 32° 16’ W. distant 16,1 meters (52.8 feet), one S. 86° 16’ E. distant 14.4 meters
(47.2 feet), and one 8. 18° 24’ W. distant 8.7 meters (28.5 feet). The corner of sections
2, 8, 10, and 11 is N. 39° 09/ 307 W, distant 1640.9 meters (5383.5 feot). .

Bertrand (U. 8. L. 8.) (Berrien County, Mich., U, 8. Lake Survey, 18773.—-About
4 miles south of Buchanan, in the southeast corner of sec. 16, T, 8 8., R, 18 W., at an
elevation of 356.9 feet above the mean level of Lake Michigan. The station is marked
by astone post as described in note 16.! There are three stone reference posts, one N.
2° 13/ W. distant 13.11 meters (43.0 feet), one 8. 84° 13/ E, distant 8.69 meters (31.8
feet), which is on the line hetween sections 14 and 15, and one at the corner of sec-
tions 14, 16, 22, and 23, 8. 2° 46/ 45’/ E. distant 309.7 meters (1016 feet).

Galena (U. 8. L. 8.) (Laporte County, U. 8. Lake Survey, 1877).—About 4 miles
northwest of Rolling Prairie, one-fourth mile northeast of a'schoolhouse and cemetery
at the corner of sections 31 and 32, in the SW. 4 gec. 32, T. 38 N., R. 2 W, at an ele-
vation of 875.9 feet above the mean level of Lake Michigan. The station is marked
by a stone post as described in note 16.! There are three stone reference posts, one
8. 32° 24/ W..distant 60.0 meters (197 feet), one 8. 84° 19’ W, distant 62.1 meters
(203.7 feet), and one S. 84° 43/ E. distant 36.6 meters (120 feet). A land survey stone
on the south line of section 32, one-fourth mile east of the southwest corner of that
section, is 8. 8° 06/ K. distant 214.0 meters (702 feet).

Bald Tom (U. 8. L. 8.) (Berrien County, Mich., U. 8. Lake Survey, 1874).—
About three-fourths mile northwest of Brown railroad station, on the highest hill in
the vicinity, in the SW, % sec. 35, T. 6 8., R. 20 W, at an elevation of 240.1 feet above
the mean level of Lake Michigan. The station is marked by a stone post as described
in note 16.! There are three stone reference posts, one S. 43° 34/ W, distant 19.87
meters (63.6 feot), one N, 46° 34/ W, distant 7.66 meters (24.8 feet), and one N. 74°
12/ E. distant 22.25 meters (73 feet). The southeast corner of section 856 is 8. 52°
91&]/9{)37' distant 1038.9 meters (3408.5 feet). This station was reported *not found”
in .

L Mtichiga.n City, 1877 (U.8. L. 8.) (Laporte County, U. 8. Lake Survey, 1877),—
ost.

Springville (U. 8. L. 8.) (Laporte County, U. 8. Lake Survey, 1874).—In the SE.
?sec. 10, T. 37(N., R.8 W~, 13 meters (14 Kardsﬂ north of a private road, 245 meters

268 yards) west of the road leading south to LaPorte, and near the south edge of &
grove of high timber. The station is marked by a #-inch drill hole in the top of
a dressed stone 6 by 6 by 24 inches, st vertically in the ground with its top 2} ?eet
below, the surface. Two reference stones are set in the road east of the station, one
bearing N. 83° 43/ E. distant 273.81 meters (808.3 feet) and the other S. 86° 14/ E.
distant 245.25 meters (804.6 feet). A third reference post is 8. 6° 16’ E. (magnetic)
?g;gagtf 13tx)neters (42.7 feet). The SE. cor. sec. 10 is S.86° 00/ E. distant 252.46 meters

.3 feet).

Otis (U. 8. L. 8.) (Laporte Countﬁ, U. 8. Lake Survey, 1874).—In sec. 10, T. 36
N., R. 4 W., 86 meters (118 feet) south of an cast and west road, and 63.6 meters (208
feet) east of the section line between sections 9 and 10. The station is marked by a
4-inch drillhole in a cutstone 6 by 6 by 24 inches, set vertically in the ground with the

18ee pp. 27 and 28.
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top about 3 feet below the surface and directly above this is another stone rising to
within 6 inches of the surface. Two reference stones are set in the road north of the
gtation, one is N. 45° W. distant 49.36 meters (161.9 feet), and the other is N. 38° 30/
E. distant 47.32 meters (1565.2 feet). The corner of sections 8, 4, 9,"and 10 bears N.
9° 08’ 25/ W., distant 441.7 moters (1449 feot). .

Millers (U. 8. L. 8.) (Lake County, U. 8. Lake Surveﬁr, 1874).—On & sand dune,
about 2 miles northeast of Millers station on the Lake Shore & Michigan Southern
Railway, in sec. 33, T. 837 N, R. 7 W., on ground which is at an elevation of 128 feet
above the mean level of Lake Michigan. The station is marked by a stone post set
with the top 2 feet below the surface of the ground. There are three stone reference

0st8, one north (magnetic) 8.77 meters (12.4 fest), one south (magnetic) 3.74 meters
12.3 feet), and one west (magnetic) 4.9 metors (16 feet). This station was reported
“not found ” in 1908,

Shot Tower (U. 8. L. 8.) (Cock County, 1ll.,, U. S. Lake Survey, 1874).—The

tower was not in existence in 1908, :

SUPPLEMENTARY POINTS,

Michigan City, 1908 (IU. 8. L. 8.) (Laporte County, U. 8. Lake Survey, 1008).—
On top of the hlgilest hill in the vicinity, the top of which has been blown away, 2
miles northeasterly from the bharbor entrance of Michigan City, 250 meters from the
shore of Lake Michigan, and 900 meters n(n'thwenst.e;f;;/a from the Michigan Central
Railroad, in sec. 22, T. 38 N., R. 4 W. The station is marked by a 40-penny nail
in-the top of an oak post which is about 4 feet long and 5 inches aquare, set verticall
in the ground with the top 3 feet below the surface. The ground at the station is
about 145 feet above Lake Michigan.

Field (U. 8. L. 8.) SPorwr County, U. S. Lake Survey, 1908).—On property
belonging to John S. Field of Chicago, ét\ miles southwesterly from the harft))or piers
at Michigan Citg, on the summit of the highest sand hill in the vicinity, about 100
meters (110 yards) from the lake, and 200 meters (220 yards) west of a ditch which
drains a 1 marsh south of the hills. Thero are a fow pine trees on the north side
of tho hill, but the timber is mostly scrub oak and brush. The station is marked by
30-penny nail set point up in a block of concrete 6 by 6 by 86 inches set 8o as to pro-
ject about 2 inches above the surface of the ground. The top of the monument is
marked “U. 8. 1608.” .

Hoosier (U. 8. L. 8,) (Laporte County, U. S. Lake Survey, 1908).—About three-
eighths mile west of the harbor piersat Michigan City, on thesummitof the high wooded
hill at the west end of Hoosier Slide. The station is the center of a gas pipe which
is driven sevoral feet into the ground with the top about flush with the surface.

City West (U. 8. L. 8.) (Porter County, U. 8. Lake Survey, 1808).—About 8%
miles westerly from Michigan City, about one-fourth mile east of a creek which flows
into the lake, 300 meters (330 yards) back from the lake shore, on the summit of the
.highest and most westerly of three prominent hills, the eastern one of which is known
as Mount Tom, and the conter one is nearest to the lake. These hills are covered
with scattering scrub timber. The station i8 marked by & 30-penny nail set point
up in a block of concrete, 6 by 8 by 36 inches, set vertically in the ground with the
’wﬁ psrojes;:ggng about 1 inch above the surface. The top of the monument is marked
13 . . 1 .’

Dune Park (U. 8. L. 8.) (Porter County, U, 8. Lake Survexl 1908).—About 13
miles from Michigan City, 9§ miles from Gary Harbor, on the highest hill, covere
with scrub timber, in the section between Dune Park and the lake, and about one-
fourth mile from tho lake. The station is marked by a 30-penny nail set in a concrete
block about 6 by 6 by 36 inches set, so that the top projects about 1 inch above the
surface. Thoe top of the monument is marked ‘U, S.1908.”

Sabinsky (U. 8, L. 8.) (Lake County, U. 8, Lake Survey, 1908).—About 33

miles east of Gary Harbor, seven-cighths mile east of a north and south road to Miller,
on the summit of & hill, 40 or 50 fect above the surfaco of the lake, and 200 meters
(220 yarde) from the water’sedge. The station is marked by & 30-penny nailin a con-
crete block 6 by 6 by 80 inches set so that the top projecw 1 inch above the surface.
The top of the monument is marked ' U. S, 1908.""
- Gary (U. 8. L. 8.) (Lake County, U. 8. Lake Survey, 1008).—About three-fourths
milo cast of Gary Harbor, 8 miles east of Indiana Harbor, on the top of a sand mound
about 10 or 15 feet above the surface of the lake, and about 100 meters (110 yards)
from the water'sedge. Thostation is marked by & $0-penny nail in a concrete block
6 by 6 by 36 inches set 8o that the top é:rojecte 1 inch above the surface. The top of
the monument is marked ‘U, S. 1908.”



58 U. S. COAST AND GEODETIC SURVEY.

Stockton (U. 8. L. 8.) (Lake County, U. 8. Lake Survey, 1908).—About 4 miles
northwest of Gary Harbor, 3} miles southeast of Indiana Harbor, 1} miles southeast
of the Universal Cement Co. plant, 185 meters west of the north end of the north-and-
south road to Clarke station on the Pennsylvania Railroad, 40 yards from the water’s
edge, anq 9 feet above the surface of the lake. 'The northwest corner of a hotel beara
S, 60° 0% E. distaunt 187 meters (615 feet), The station is marked by a 30-penny
nail in the center of a concrete block, 6 by 6 by 36 inches, setin the ground so that the
top projects 1 inch above the surface. The top is marked ‘U, S. 1908.”

Indiana Harbor (U. 8. L. 8.) (Lake County, U. 8. Lake Survey, 1808).—At
Indiana Harbor, on the west wall on which the orc-unloading conveyors run at the
ore dock of the Inland Steel Co. The station is a copper bolt cemented in the center
of the top of the wall 3 feet from the north end. )

. Wolf River (U. 8. L. 8.) gLake County, U. 8. Lake Survey, 1908).—On the west
side of the mouth of the Woll River, 7.5 feet above the lake, 22 miles southeast of
Calumet Harbor, I11., 1§ miles northwest of Whiting, 1§ miles southeast of the point
where the I1linois-Indiana State line enters Lako Michigan. The west side of Sheffield
Pier, Roby, at the water's edge bears N. 74° 35’ E. distant 37 metors (121 {ect), anothor
Boint on the same pier in line with the Inland Steel Co. stack bears 8. 52° 00’ E.

istant 19.5 meters (64 feet), and a 12-inch willow tree about 156 feet north of the
northwest corner of Camp Cueno bears N. 78° 36’ W, distant 166 meters (641 feet).
The station ie marked by a 30-penny nail in the center of the top of a block of concrete
which is set with the top projecting 1 inch above tho surface. The top of the monu-
ment is marked ‘““U. é) 1908.”

Calumet (U, 8. L. 8.) (Coock County, Ill,, U. S. Lake Survey, 1908).—The sta-
tion is the head of a 30-penny nail at the intersection of two rows of nails driven
in the top and center of the Calumet Harbor Breakwater, 1180 meters (3870 foot) west
of the angle in the same, 174 meters (571 feet) east of the shore end, and 368 meters
(1175 feet) from the northeast corner of the dock on the south side of the north slip
of the Ilinois Steel Co.

8t. John’s Church, spire (U. 8. L. 8.) (Laporte County, U. 5. Lake Survey,
1874).—St. John's Church (Deutsche Evangelical), spire, is at the southwost corner
of Franklin and Ninth Streets. .

8t. Paul’s Church, spire (U. 8. L. 8.) (Laporte County, U. S. Lake Survey,-
1608).—St. Paul’s Church, spire (Deutsche Evangelical) ie at the northeast corner
of Franklin and Ninth Streets. It was built in 1876 and i8 of the same stylo of archi-
tecture as St. John's Church, but is larger and has the higher steeple.

.Hanna stack (U. 8. L. 8.) (Laporte County, U. S. Lake Survey, 1908.—It is a
very large, cylindrical, white-brick stack at the Hanna Line eloctric power house, in
the east end of Michigan City.

East Pierhead light (U, 8. L. 8.) (Laporte County, U. S. Lake Survey, 1908).—
ét is-the center of the tower of the light at the outer end of the east pier at Michigan
“City.

West Pierhead light (U. 8. L. S.& (Laporte County, U. 8. Lake Survay, 1908).—
:([’;t is the center of tho tower of the light at the outer end of the west pier at Michigan

ity. .

Inland Steel Co., stack (U, 8. L. 8.) (Lake County, U. 8. Lake Survey, 1908).—
The point located is the center of the furnace stack of the Inland Steel Co. plant at
Indiana Harbor. i

Glucose stack (U. 8. L. 8.) (Lake County, U. S. Lake Survey, 1908).—About 1§
miles northwest of Whiting, five-eighths mile southwest of the shore of Lake Michi-
gan. The point located is the center of the large, cylindrical, white-brick stack of the
glucose factory near the north end of Wolf Lake.
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OONVERSION TABLES.

Lengths—Feel to meters (from 1 to 1000 units),
{Reductlon factor: 1 foot=0.8048006086 metor.]

Feot.| Moters. Faot. Motors, Foot, | Moters. Feot. Moters. Foot Motors
0 0.0 50 15, 24003 100 30. 48008 150 5. 200 60.06012
1 0.30480 1 15. 54483 1 30.78486 1 48.02489 1 61. 204903
2 0. 60960 2 15. 84963 2 31.08966 2 8.329 2 61.56072
3 0.01440 3 16.15443 3 81.80446 3 46.03440 3 01.87452
4 1.21920 4 16. 45623 4, 31.60926 4 6. 43 4 62.17032
5 1.52400 5 16. 78403 5 32. 00406 5 47.24409 5 02. 48412
6 1.82880 6 17.06883 6 32.30886 6 7. 84 6 62. 78803
7 2.13360 7 17.37363 7 382.61367 7 47.85370 7 63.00373
8 2.43840 8 17.87844 8 3291847 8 48,15850 8 63. 30853
9 2.74321 9 17.98324 9 33.22327 9 48. 406330 9 63.70333
10 3.04801 60 18. 28804 110 383. 52807 160 48.76810 210 64.00813
1 8.35281 1 18,50284 L1 83.83287 1 46.07290 1 04.31293
2 8.65761 2 18.80764 2 34.13707 2| 49.37770 2 64.61773
3 3.96241 3 19.20244 3 84.44247 8 49. 3 64.92253
4 4.20721 4 10.50724 4 84.74727 4 49.98730 ¢ . 22733
5 4.587201 5 19.81204 S 85.05207 5 50. 20210 5 85. 53213
6 4.87681 6 .11 6 35.85687 6 50.59600 6 . 8369
i 5.18161 7 20.42184 7 85.66167 7 80.90170 7 668.14173
8 5.48041 8 20.72044 8 . 90647 8 51. 20850 8 60, 44853
9 b.70121 9 21.03124 9 88,27127 9 51.51130 9 86. 75133
20 6. 00601 70 21.33604 120 86. 87607 170 51.81610 220 67.05613
1 0.40081 1 21,64084 1 86. 88087 1 52. 12080 1 67.86093
2 8.70561 2 21.04504 2 37.18867 || . 2 52.42570 2 67.06574
3 7.01041 3 22. 25044 3 87.40047 8 52. 73051 3 67.97054
4 7.315821 4 22. 565625 4 87.79628 4 53.03631 4 27534
] 7.62002 [] N S 88.10008 S 53.34011 H 68.58014
6 7.02482 6 23.10485 6 38.40488 & 88.64491 6 . 88494
7 8.22002 7 23.46905 7 38.70008 7 53. 94971 7 69. 18074
8 8.53442 8 2.77445 8 39.01448 8 54.26461 8 60.40454
9 8.83622 .9 24.07025 9 39.81928 9 54. 55831 9 69.79034
80 0.14402 80 24.38405 130 89.02408 180 54.86411 230 70. 10414
1 9.44882 1 24, 1 89.02888 1 85.16801 1 . 40894
2 9.76362 2 24.00365 2 40.23368 2 58.47371 2 70.71374
8 10.05842 3 25.20845 3 40.53848 3 55.77851 3 71.01854
4 10.36322 4 25. 60325 4 40.84328 4 56.08331 4 71.82334
L) 0. 68802 ] . 5 41, 14808 H 56.38811 5 71.02814
6 10.97282 6 26.21285 6 41.45288 6 56.0692901 6 . 83204
7 11.27702 7 28. 51765 7 41.75708 7 506.89771 7 72. 23774
8 1.8824 8 26.82245 8 42.06248 8 67.30251 8 72.84258
9 1.88 9 27.12726 9 42.36728 9 57.060732 9 72.84785
40 12.16202 90 27.43205 140 42,67200 130 57.91212 240 73.15218
1 12.40682 1 27.73088 |, 1 42,97680 1 58.21602 1 4
2 12.80163 2 28,04166 2 43.28160 2 58. 52172 2 73.76175
3 13.10643 3 . 3464 3 . 58049 3 58.82652 3 .
4 18.41123 4 28.65120 4 80120 4 59.18132 4 74.37136
5 18.71603 5 28.98600 5 44.19600 s 59. 436812 5 74 67613
6 14.02083 6 29. 26086 6 44, 650080 6 59.74002 6 4.98005
7 14.32503 7 29. 50568 7 44, 80509 ? 80.04572 7 75 28578
8 14.63043 8 29. 87046 8 45.11049 8 60.35052 8 75. 50088
9 14.93523 9 80,17628 9 45. 41529 S 60. 65632 9
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U. 8. COAST AND GEODETIC SURVEY.

Lengths—Feet to meters (from 1 to 1000 uﬁita)—Continued.

Foot.

Foot.| Moeters. Feot, | Meters. Foet. | Meters, Feot. | Meters, Meters,
250 76.20018 300 91.44018 850 | 108.68021 400 | 1219204 450 | 137.16027
1 76. 50495 1 01.74468 1 108. 98501 1 122. 22504 1 137. 46507
2 78. 80975 2 92. 04978 2 107. 28981 2 122, 652085 2 137. 70088
3 77.11455 3 92.35458 3 107. 50462 3 122. 83465 3| . 138.07468
4 77.41935 4 92.65039 4 107. 89942 4 123. 13946 4 138.37048
E] 772.72018 5 92, 08410 5 108. 20422 5 123. 44425 5 138. 88428
6 8. 02806 6 . 20899 6 108. 50902 ; 6 123. 74905 6 138. 98908
9 78.33378 7 93. 57379 7 108. 81382 7 124. 05385 7 130. 20388
8 78. 63856 8 03.87850 8 109.11862 | 8 124, 35885 8 139. 50868
9 78.94336 9 04.18339 9| 109.42342 9| 124.66345 9| 139.90348
260 79.24818 310 94.48819 360 109.72822 410 124. 96825 460 1 140.20828
1 . 55206 1 . 70299 1 110. 03302 1 125.27305 1 140. 51308
2 79. 85776 2 95. 00779 2 110.33782 2 125.67785 2 140.81788
8 80.18256 3 95. 40259 3 110. 84282 3 125. 88265 k] 1.1
4 80. 46736 4 95. 70739 4 110.94742 4 124. 18748 4 141.42748
-] . TT21 5 06.01219 5 111.25222 5 126. 49225 5 141,73228
6 81.07696 6 08.31609 6 111, 85702 6 128. 79705 6 142.03708
7 81.38176 7 96.62170 7 111.88182 7 127.10185 7 142, 34188
8 . 8 3 8 112.16662 8 127, 40685 8 142, 64600
9 81.90136 9 97.23139 g 112.47142 9 127, 71146 9 142. 95149
270 82. 20618 320 . 536 370 112.77623 420 128, 01628 470 143, 35629
1 82. 60097 1 97. 84100 1 113. 08103 1 128.32108 1 143. 56100
2 82.90577 2 98. 14580 2 113. 38583 2 128. 62588 2 148.
3 £3.21057 3 . 45060 3 113. 69063 3 128. 83066 3 144. 17089
4 83. 51537 4 98. 75640 41 113.00543 4 120,23546 4| 144.47549
-] 83.82017 5 . 06020 -] 114.30023 -] 129. 54026 -] 144, 78029
6 84.12497 6 89. 36500 6 114. 60503 6 129. 84508 6 145. 08509
7 84, 42077 7 09. 668980 7 114.90083 7 130. 14986 7 145. 38989
8 84, 73457 8 99, 97460 8 115. 21483 8 130. 45466 8 145. 80469
9 85. 03937 9 . 27940 9 115. 51943 9 130. 765046 9 145. 90949
280 85.34417 3301 100.58420 380 | 118.82423 430 | 131.06428 480 146 80420
1 85.64807 1 100. 88000 1 116.12903 | 1 131.36008 1 8. 60009
2 85.95377 2 101. 19380 2 116. 43383 2 131.67388 2 146 91389
3 86.25857 3 101. 49860 3 116. 73863 3 131.97866 3 147. 21869
4 88. 56337 4 1. 80340 4 117.04343 4| 132.28346 41 147.52360
8 . 86817 E] 102. 10820 ] 117.34823 ] 132. 58827 3 147. 82830
6 8717297 6 102. 41300 6 7. 65304 6 132.89307 6 148.13310
7 87.47777 ki 102.71781 7 117.95784 7 133. 19787 7 148. 43750
8 . a 103. 02261 8 118.26204 8 . 8 148, 74270
9 . 9 103.32741 .9 118.56744 9 133. 80747 9 149. 04750
290 88.30218 340 103. 63221 390 118. 87224 440 134.11227 430 140.85230
1 . 60698 1 108. 93701 1 119. 17704 1 134, 41707 1 149. 85710
2 89. 00178 2 104.24181 2 119. 48184 2 134. 72187 2 140. 06190
3 89. 30658 3 104. 54601 3 119. 78664 3 136. 02867 8 150, 20670
4 80.61138 -4 104.85141 4| 120.00144 41 135.83147 4| 150.67180
] 89.016818 5 105. 16621 5 120. 206624~ 5 135. 83627 5 150. 87630
6 90, 22008 6 105. 46101 6 120, 70104 6 135. 04107 6 151, 18110
7 90 62578 7{ 105.76581 71 121.00584 71 136.24587 7| 161.48590
8 8 108. 07081 8 121.31064 8 138. 55087 8 151. 70070
9 91.18638 9! 106.37541 9§ 121,6154 9! 138.85547 9 00550
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Lengths—Feet to meters (from 1 to 1000 units)—Continued.
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Yoot Moters, Foet. Moeters, Feet, Meters. Foot. Meters, Feot. | Motors,
500 | 152.40030 550 7. 84 600 88037 650 ) 198.12040 700 |  218.36043
I 152. 70611 1 167. 04514 1 183.18517 1 108. 42520 1 2,9
2 153. 00091 2 168, 24004 2 183. 48907 2 198, 73000 2 213. 47003
) 183.31471 3 168. 65474 3 183.79477 3 199. 03480 3 214.27483
4] 183.61951 4 85054 4] 184.00057 41 109.38 4] 214.57063
S| 153.92431 5| 160.16434 S| 184.40437 5] 100.64440 S| 214.88448
[] 154, 22911 [ 160. 46914 6 184. 70027 [] 100. 94020 6 213. 18923
7 154. 53301 7 180, 77304 7 186. 01397 ? . 28400 7 2185. 49403
8 184. 83871 8 170. 07874 8 185.31877 8 200. 55880 8 . 79883
9 155, 14851 9 0. 9 . 62357 S 200. 86360 9 218. 10363
510 | « 155.44831 360 | 170. 610 188.92837 660 | 201.16840 710 6.40843
1 155. 75311 1 170.09314 1 186.23317 1 201. 47320 1 216. 71323
2 156.05791 2 171.29704 2 1886. 83797 2 2017 2 217. 01803
3 156.36271 3 171.60274 3 . 84277 3 202. 08280 3 217.32283
4 156. 66751 4 171. 00754 4 182.24757 4 202. 38760 4 217.62764
-] 156, 67231 5 172, 2 s, . 4 s 202. 89241 H 217.03244
6 167.27711 6 172.617118 6 187.75718 6 202.99721 6 218.237™4
7 157, 53192 7 172. 82198 7 188, 06198 ? 203. 30201 7 218. 54204
8 1567.88872 8 173.1075 8 188.36978 8 203. 60881 8 218. 84684
» 158.10152 9 . 481 9 188,67158 9 203. 91161 9|: 219.13164
820 | 158.40632 570 X 620 | 188.07688 670 | 204.21641 720§ 219.45644
1 158.80112 1 174.04115 1 180. 28118 1 204. 52121 1 218, 78124
2 159. 10692 2 174, 34505 2 . 58598 2 204. 82601 2 220. 06604
8 150.41072 . 38 174. 65075 3 180. 80078 3 205 13081 3 220.37084
4 150. 71652 4 174. 98655 4 100, 19558 4 205. 43561 4 220. 67564
5| 160.02032 5 5. 26035 5 5 S| 20574041 S1{ 220.98044
. g 160.32512 6 175. 56516 6 100. 80518 6 206. 04621 6 221. 28524
160. 62092 7 176. 86995 7 161.10088 [4 206. 35001 7 221. 59004
8 160. 93473 8 176.17475 8 101. 41478 8 200. 65481 ] 221.80484
9.  161.23953 9 178.47985 9{ 19L.71 9 . 9501 9| 222.10004
830 | 161.54482 380 ) 178.78435 630) 192 680 |  207.26441 730 | 222.80445
1| 161.84912 1) 177.08815 1| 192.32018° 1| 207.56022 1 80925
2 162.15392 2 177. 30305 2 102, 63309 2 207.87402 2 323.11405
3 162. 45872 3 177.60876 3 102.93879 3 . 17883 8 223. 41885
¢ 162. 76353 4 4 « 24859 4 208. 48382 4 . T2385
S| 163.08833 5| 178.30838 5 . 54830 s | 208.78842 5 . 02845
6 163.37313 6 178. 61316 6 103, 85319 6 209. 09322 6 224.33325
7 183. 67793 7 178 01796 7 104, 15709 ki 200.30802 11 ., 7 . 63805
8 163. 98273 8 179. 22276 8 104, 4627 8 209. 70282 8 . 94235
9 164. 28783 9 170. 52756 9 194.76759 9 210. 00762 9 225. 4765
540 [  l64. 50283 590 | 170.83236 640 2 6901 210.31242 740 | 225.85U5
1 164.80713 1 180.13718 1 105.37719 S | 210.61722 1 225. 85725
2 165. 20103 2 180, 44106 -2 105. 68168 2 210. 92202 2 220. 16205
-] 1656. 50673 3 180. 74876 3 10508879 3 211.22682 3 226. 46688
4 165. 81153 4 181, 08158 4 198. 29159 [} 211, 53102 4 226. 77165
3 166. 11833 s 181.85636 s S 211.886842 ] 227. 07048
6 160. 43113 6 181.66118 6 108. 00119 6 21214122 6 .88
7 166, 73593 1 181,06506 7 7. 7 212, 44002 ki 8
8 167.03078 8| 182.27076 8 197.51080 8 212 75083 8| 2237.99286
91 167.33663 9 9 . [ 5 9

81041°—22—5

182, 575567
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U. 8. COAST AND GEODETIC SURVEY.

Lengths—Feet to meters (from 1 to 1000 units)—Continued.

Feet.| Meters. Foet. Meters, Foot. Meters. Foot., Motors. Teot. | Meters.
950 | 228.60046 800 | 243.84049 850 | 250.08052 900 |  274.32055 950 |  280.56058
1 228. 90526 1 244, 14529 1 259, 38532 1 274. 62535 1 280. 86538
2 229. 21008 2 244. 45009 2 250. 69012 2 274.93015 2 200.17018
3| 220.51488 31 244.75489 S| 259.99492 8| 21523405 8| 200.47408
4 .81 4| 245.06960 4] 260.20072 4| 275.53975 4] 200.77078
51 230.12448 si os5.38440 || ' 51 260.60452 5| 275.84455 8| 291.08458
6 . 42928 6 245. 66020 6 260. 90832 6 276.14935 6 291.38838
71 220.73408 7| 245.97409 71 261.21412 71 216.454156 7| 291.69418
8 231.03886 8 246.27880 8 261,51802 8 276. 75805 8 291.99808
9| 231.34366 9| 246.58360 g1 261.82372 9| 277.08376 9| 292.30378
760 | 231.64848 810 | 246.8884p 850 | 262.12852 910 .3 960 3
1 231.95328 1 247.10329 1 262. 43332 1 277.67336 1 292.91330
2 2. 25806 2 247.49809 2 202.73813 2 277.97816 2 293.21819
8| 232.56287 8| 247.80200 3| 263.04203 3| 278.28208 3 . 52200
4| 232.88767 4| 248.10770 4] 263.34773 4| 278.58776 4] 203.82170
5| 233.17247 S| 248.41250 5| 283.65253 H 3 S| 204.13250
6 233.47727 6 248.71730 6 283.95733 6 279.19736 6 204.43730
7 233.78207 7 249.02210 7 264.26213 7 279. 50216 ? 204.74210
8| 234.08687 81 240.32000 8| 264.56603 8 . 80696 8 .04
9 234.39167 9 249.63170 9 264.87173 9 280.11176 9 295.35179
TI0 | 234.60647 820 | 240.93680 870 .17 920 |  280.416868 970 .
1 235.00127 1 250. 24130 1 285.48133 i 280.72136 1 205.98130
2| 235.30807 2| 260.564610 2| 265.78613 2| 281.02616 2| 206.206019
3 235.61087 3 250. 85000 8 . 3 281.33000 8 208. 57099
‘4 235.91667 4 251.15570 4 266.38573 4] - 281.63576 4 200.87579
s 236. 22047 S 251. 46060 5 . 70053 5 281.94058 5 297.18059
6| 236.52527 6| 251.76530 6| 2067.00633 6| 282.24538 6| 207.48539
? 236. 83007 7 252.07010 7 287.31013 7 282. 55017 ? 207.7
8 237.13487 8 252.37490 8 267.01494 8 282. 85497 8 208. 09500
9| 237.48967 9 . 670971 9| 267.01074 9 283.15977 9| 208.30080
T80 | 237.74448 830 | 252.98481 880 | 208.22454 930 | 283.46457 980 [ - 208.70460
1 238.04928 1 253.28031 1 208.52034 1 283. 70937 1 . 0
2| 238.35408 21 253.50411 2| 208.83414 2| 284.07417 2| 299.31420
3 8. 65888 3| 253.89891 31 209.13804 3| 284.37807 8| 209.61000
4 238.96368 4], 25420371 4| 269.44374 4 . 683 4 . 923
5 . 28848 5| 254.50851 5| 260.74854 5| 284.08857 5| 800.22860
61 239.57328 6( 254.81331 6 270.05334 6| 285.20337 6| 800.563340
7 239.87808 7 265.11811 7 270.35814 7 285. 50817 7 300. R3820
8 . 18288 8 256.42201 8 270. 66204 8 285.90297 8 301.14300
9 240.48768 9| 286.72171 9| 270.90774 9| 280.20777 9| 801.44780
790 | 240.70248 840 |  256.03281 890 | 271.27254 040 | 280.51257 990 |  801.76280
1 241.09728 1 256.33731 1 2:1.57734 1 280.81737 1 302.05740
2 1.40208 2] 256.64211 2| 271.88214 2| 287.12217 2| 802.36220
3 241. 70688 3 . 94691 3 272.18604 3 287.42097 3 802.66701
4| 242.01168 4] 257.25171 4| 272.40174 4| 287.73178 4| 802.07181
S| 242.31648 S| 257.5585 5| 272.7 5| 288.03658 5 ( 803.27661
6 242 62129 6| 257.88132 6| 273.10135 6] 288.34138 6| 803.58141
97 7 . 1661, 7 273. 40816 7 288. 64618 7 303. 88621
8 ?AB 23089 8 . 471 8 273.71005 8| 288.95008 8| 804.10101
9| 243.53560 9| 258.77572 9| 274.01575 91 289.25578 9 .4
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5%

> Me- Mo- ; Mo- Mo-
.] cat. tors, Toet. tors, Tect. tors. Feot. tors. Foet,
50 164.04167 100 328, 150 402, 12500 200 .1
3.28083 1 167.32250 1 331.36417 1 493. 40583 1 869. 44750
6.56167 2 170. 60333 2 334. 84500 2 498. 08087 2 662. 72833
9.84250 3 173.88417 3 7. 02683 3 501.96750 3 666.00017
13.12333 4 177.16500 4 341.20667 4 505.24833 4 689.
18. 40417 5 180. 44583 5 344.48750 -] 508. 52017 ] N
19. 68600 6 183. 72067 6 847. 70833 6 811.81000 6 675. 85167
22.96583 7 187.00760 7 351.04917 7 516.00083 2 679.13250
28. 24667 8 190. 28833 8 354. 33000 8 518,37167 8 . 41333
29, 52760 9 193. 60017 9 857.61083 9 521. 66260 9 685.60417
2. 80833 60 06 85000 110 860. 80167 160 . 210 688.97500
30.08017 1 . 13083 1 804.17250 1 528.21417 1 692. 25583
39.37000 2 208 41167 2 367.46333 2 1. 40500 2 . 83687
42. 65083 3 3 870. 73417 3 534, 77583 3 608. 81750
46.93167 4 209 97333 4 874.01500 4 538. 06607 4 3
49.21250 s 213 264!7 5 877.29583 ] BA1.83750 S 705.37017
52.48333 6 216. 6 880. 57067 6 544.061833 6 , 66000
55. 77417 7 219. 81683 7 883. 856750 7 547.80017 7 1.04083
59. 06600 8 223. 006867 8 887.13833 8 §61.1 8 718. 22167
£2.33583 9] 226.37750 9| 890.41917 9| 564 g 8. 50250
65. 61607 70 229. 65833 120 898 70000 170 557.74187 220 1. 78333
@8. 89760 1 232.93017 1 98. 98083 1| 56102250 1 725. 06417
72.17833 2 230.22000 2 4()0 20107 2 564.30333 2 728. 34500
75. 45017 3 239. 50083 3 403. 54250 -] 567.58417 ] 731,62583
78.74000 41 242.78167 4| 406.82333 4| 570.86500 4| 734.00667
82. 51 946.08250 [ 410. 10417 5 674 14683 5| 73818780
86.30107 6 240.34333 6 3.38500 6 577.4200° 6 741. 46833
88. 7 252.62417 7 4 0 86583 7 880. 70760 7 744 74917
o1, 8| 265.90500 81 410.94067 8| b583.98833 8| 748
95.14417 9| 259.18583 9 423. 22750 91 587.20M7 9 751, 310&';
08. 42500 80 262. 46067 130 426. 50833 180 590 65000 230 754,59187
101.70583 1 265. 74780 1 429.78017 1 1 757.87250
104.98067 2 0. 02833 2| 433.07000 2 697 11107 2 761.15333
108. 26760 3 272.80017 3 436. 35083 8 600. 39250 3 76443417
111.54833 4 5. 50000 4 439.63167 4 603. 67333 4 767.71600
114.82017 5| 2718.87083 5| 442.91260 $1 606.95417 5| 1770.90583
1]8. 11000 [ 282.15107 [} 448. 19333 6 610. 23500 (] 7'14 27667
121.30083 7 285.43; 7 449. 47417 7 013. 51583 K 56750
124.67187 8] 288.71333 8| 4562.75500 8| 616.70867 8 780 83833
127.95260 9| 291.99417 9| 450.03583 g 620.07750 9 78411017
23383 90 | 205.27500 140 459.31667 150 . 35838 240 | 787.40000
134. 61417 1 208. 1 462 69750 1 628. 63017 1 700. 68083
7,70, 2| 301.83067 2 2| 620.92000 2| °798.96187
141.07683 8 805.11750 3 469 16917 3 633. 20083 3 797. 24250
144.35667 4 .8 41 472.44000 4| 636.48167 4| 800.82333
147.63780 5 811 67917 5| 475.72083 8| 689.76250 5| 803.80417
150. 901833 6 4. 06000 6 470.00167 6 643.04333 6 807. 08500
164 19017 1 818 24083 7 482, 28250 7 046.32417 7 810.365683
8 821. 62162 8 485. 58333 8 849, 80500 8 813. 64667
160 76088 9 . 80250 9| 488.84417 9| 8532.88583 [ . 83750
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Lengths— Meters to fect (from 1 to 1000 units)—Continued.

Mo- ; Mo- ; Mo- . Mo- : Mo-
ters TFeot. ters. Feot. tors. TFeot. {ors. TFoet. tors. Feet.

250 . 300 | 984.25000 350 | 1,148.20167 400 | 1,312.33333 450 1 1,478.37500
1 823.48017 1 087. 53083 1| 1,151.57260 1] 1,315.61417 1| 1,470.05583
2 826. 77000 2 990. 81167 2| 1,1564.85333 2| 1,318.80500 21 1,482.03667
3 5 3 994. 09250 3| 1,158.13417 31 1,322.17583 3| 1,486.21760
4 833.33167 4| 097.37333 4 1, 161. 41500 4 | 1,325.45667 4 | 1,480.40!

[ 836, 61250 5 1 000 65417 5| 1,164.60583 5[ 1,328.73760 511,402.77017
6 §30. 89333 6 6 1 167.97667 6 1 332.01833 6 | 1,496.06000
7 843.17417 7 1 007 21688 g ,171.257 7 1 335.20017 7 | 1,499.34

8 846. 45500 8 1 010. 46687 1 174. 63833 8 1 338. 58000 8 | 1,502.62187
9| 849.73583 9 l, 13. 77750 9 1,177 81017 8 1 341.86083 g [ 1,508.

260 853.01667 310 | 1,017.05833 360 1 181. 10000 410 | 1,345.14167 460 | 1,509.18333
1 858. 20750 1 1 020.33917 111,184.3 1 1, . 42260 1] 1,512.46417
2 859. 67833 2 1 023. 62000 2 1 187. 00167 2| 1,351.70333 2| 1,515.74500
3 862. 85017 3 . 90083 3 1,190.94250 3| 1,354.98417 3 | 1,519.02583
4 . 14000 4 1,030.18167 4 | 1,194.22333 4 | 1,358.26500 4 | 1,522.30087
5| 860.42083 5 | 1,033.46250 8 1 197. 50417 51 1,361.54583 511,525.58750
6 872.70167 6 | 1,036.74333 6 200 78500 6 1,304.82667 6] 1,528.

7 875. 98250 7 1 1,040.02417 7 1,204 00583 71 1,388.10750 71 1,532.14017
8 878.26333 8 | 1,043.30500 8 | 1,207.34 811,371.38833 8 1,535.
9 882.54417 9 | 1,046.58683 9 1,210.02760 9 1 374.66017 9| 1,5638.71083

270 | 885.82500 320 | 1,040.86667 370 | 1,218.00833 420 | 1,377.95000 470 | 1,541.99167
1 889. 10683 1| 1,053.14760 1 1 217 18017 1 l 381. 23083 1| 1,545.27260
2 892. 38667 2 056. 4! 2 000 2 1 384. 51167 2 | 1,548.58333
3 895. 66750 3| 1,059.70017 3 1 223 75083 3 87. 79260 8| 1,551.83417
4 808. 04833 4 {1,002, 4 1 227.03167 4 1,391 07333 4] 1,555.11600
5 002. 22017 5 | 1,086.27083 5| 1,230.31250 5 1 394 38417 51 1,558.3
6 905. 51000 6 | 1,069.56167 6 1,%3.59%33 6 97. 63500 6 | 1,561.67667
7| 908.79083 7 | 1,072.83250 711,230.87417 7 l 400 01683 7 | 1,564.95750
8 912.07187 8 11,076.11333 8 | 1,240.15500 8 l 404. 19687 8 1,508.23833
9| 915.35250 9 1,079 30417 9 | 1,243.43583 9 1 407.47750 91 1,671.51017

280 | 918.63333 330 l 082 67500 380 | 1,246.71667 430 | 1,410.75833 480 | 1,574, 80000
1 921.01417 1 11 1,249.90750 1 l 414.03017 1 1 578.08083
2 925. 19500 2 1 089 23067 2 ]1,253.27833 2 1 417.32000 2 l 681. 36167
3 928. 47683 311, 002 51750 3 [ 1,256.55017 3 1,420.60083 3 l 684.684
4| 031.75667 4 1 095. 70833 4 11,259. 84 4| 1,423.88167 4 1,687 92333
S| 935.03750 5 | 1,000.07017 5 | 1,263.12083 511,427.16250 S| 1,801.20417
6| 038.31833 6 1, 102. 36000 6 | 1,200,40167 6| 1,430. 6 | 1,504. 48500
7] 941.50017 7] 1,105.64083 71 1,200.08250 7] 1,433.72417 7| 1,697.76883
8 4. 88000 8 l 108.92167 811,272 8 | 1,437.00500 8 | 1,001.04667
9| 948.16083 911, 9 | 1,276.24417 9 | 1,440.28583 9 | 1,004.32750

290 |  051.44167 340 | 1,1185. 48333 390 | 1,279.52500 440 | 1,443. 58687 490 . 60833
1 954. 72260 1 1, 118.76417 1] 1,282.80683 1 l, 440. 84750 11 1,610.88017
2| 958.00333 2 | 1,122.04500 2 | 1,286.08667 2| 1,450.12833 2 | 1,614.17000
3 961.28417 8 | 1,125.32683 3 1,289.38750 3| 1,453.40017 8°( 1,817. 45083
4 . 56500 4 | 1,128.60867 4} 1,202.64833 4°) 1,456. 6 4 | 1,620.73167
S 967. 84683 51 1,181.88750 511,205.92017 511,459, 6 [ 1,624.01250
6| 971.12867 6 l 135.16833 6 | 1,200.21000 6 | 1,463. 251687 6 | 1,627.29333
7 974. 40750 7 1 138. 44817 7 1 1,302. 490 7 11,486.53250 71 1,030.57417
8 977. 68433 8 1 141. 8] 1,305.77187 8| 1,460.81333 8 | 1,633. 85500
91 980.96017 9 l, 145.01083 9 I 1,800, -9 1, 473,00417 9 | 1,687.13588
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Lengths— Meters to feet (from 1 to 1000 units)—Continued.
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. ters. Foot. tors. Foot. tors, Feot. tors, Foet.
41687 || ss0{ 1,204.4 600 | 1,008.50000 || 650 | 2,182,84167 || 700 | 2,206.58333
69750 1} 1,807.73017 111,071.78083 1] 2,135 82250 1] 2,200.86417
97833 2| 1,811, 2 | 1,975.08167 2 | 2,130.10333 2 | 2,303.14500
28017 3| 1,814. 3 | 1,978.34250 3 | 2,142.38417 3 | 2,306.42583
54000 4 { 1,817.68167 4 [ 1,081.62333 4 [ 2,145.66500 4 | 2,308.70687
2083 5 { 1,820.86250 5 { 1,084.90417 5 { 2,148.04583 5 | 2,312.98750
10167 6 | 1,824.14333 6 | 1,988.18500 6 | 2,152.22067 6 | 2,316,
38250 7 11,807. 42417 7 12,90, 48583 7 19,155, 50750 7 | 2,319.54017
80333 8 | 1,830.70500 8 | 1,004.74067 8| 2,158.78833 8 | 2,322.83
94417 9 | 1,833.08583 9 | 1,008.02750 9 | 2,162.00017 9 | 2,326,11083
22500 560 | 1,837.26667 610 | 2,001.30833 660 | 2,165.35000 710 | 2,329.30167
50583 1 ( 1,840.84750 1 [ 2,004. 58917 12168 12,3326
78007 2| 1,843.82833 2 | 2,007.87000 21 2,171.91107 2 | 2,335,
00750 3 {1,847.10017 3 2,011.15083 8 { 2,175.19250 8 | 2,339.23417
34833 4|1,850.3 4 | 2,014.43167 4 | 2,178.47333 4 | 2,342.51500
02917 511,863.6 5| 2,017.71250 5 | 2,181.75417 5 [ 2,948.70883
1000 6 | 1,856.95107 6 ) 2,020. 6 | 2,185. 6 | 3,340.07687
10083 71 1,860.23 7| 2,024. 20017 7 | 2,188.31683 7 { 2,352.35750
47167 8 { 1,863.51333 8 | 2,027.55500 8 | 2,101.50667 8 | 2,385,
75250 9 | 1,866. 79417 9 { 2,030.83583 9 { 2,104.87750 9 | 2,358.91917
570 11,870.07800 | 620 | 2,004. 10867 || 670 | 2,198.15%3 || 720 | 2,302,
31417 11,87 1 2,087.33750 1 2,201.43017 1 | 2,365, 48083
53500 2 } 1,876.0368 2 | 2,040.67833 2 | 2,204.72000 2 | 2,368.76167
87583 3( 1,870.91750 3 [ 2,043.05017 3 | 2,208.00083 312,372
15867 4] 1,883.1 4| 2,047.24000 4 |9,311.98167 4| 2,375,
5 | 1,886.47017 5 | 2,080.52083 5 | 2,214.56280 5 | 3,878.80417
6 | 1,880. 76000 6 | 2,083. 80167 6 | 2,317.84333 6 { 2,381 88500
71 1,893.04083 7 | 2,067.08250 712,231.12417 7 | 2,385.16583
28000 8| 1,800.30107 81 2,080.38333 8 | 2,324. 40500 8 | 2,388, 44067
56083 9 [ 1,899. 9 | 2,083.64417 9 | 2,227.68683 9 | 2,301. 72750
84167 || 530 (1,002.88383 || 630 | 2,006.02500 || 80 { 2,220.00067 [ 730 2,305.00833
12250 1]1,000.18417 1| 2,070.20583 1| 2)234.24750 1| 2,308.28017
40333 2 { 1,009. 44500 3 { 2,073. 48667 2 { 2,237. 52833 2 { 2,401.57000
08417 311,012.72588 31 2,076.78750 3 | 2,240.80017 3 | 2,404, 85083
96500 4 2,010.00067 4] 2,080, 4 { 2,244. 09000 4 | 2,408,13187
24533 S ]1,010.28750 5 | 2,088.32017 s | 9,247.37083 5 19,411.41250
52067 6 | 1,922.50833 6 | 2,088.61000 6 | 2,250.65107 6 [ 2,414.00333
61. 80750 711,925.84017 7 2,089.8 7 | 2,253.93250 7| 2,417.0717
. 08833 8 | 1,929.13000 8 | 2,003.171 8 | 2,257.21333 8 | 3,421,
86917 9 | 1,932.41083 9 | 2,008, 9 | 2,260.49417 9 | 3,424.53583
5000 (| 590 (1,935.60167 || 640 | 2,000.73333 || 690 | 2,203.77600 || 740 | 3, 427. 81667
43083 1| 1,938.97: 12303 01407 1| 2,267. 06583 1| 2 431.09750
21107 21,942 2 | 2,108.20600 2 | 2,270.33667 2| 2,434.37833
49250 3 11,045.53417 3)2100.57583 1| ' 3|2 273.61750 8 | 2,437.8507
71333 4 | 1,048.81500 4 | 2,112.85007 4 | 2,276.80883 4 | 2,440,94000
05417 811,082 8 | 2,116.13760 S { 2,280.17917 5 [ 2,444.22088
83500 6 | 1,955.87667 6| 2,119.41883 6 | 2,283. 40000 6 | 2,447.50167
WEl jimmt) flgmes) pomis) 1\ i
17780 9 | 1,908, 21017 9 | 2,120,26083 9 | 2,263, 80250 9 | 2,457, 34417



U. S. COAST AND GEODETIC SURVLY,

Lengths— Meters to feet (from 1 to 1000 units)—Continued.

|
Me- | Mo- - Mo- N Mo-
ters. Feet. ters, Foet. ters. Foot. ters. Foot,
750 460. 62500 800 | 2,624.66067 850 | 2,788.70833 [[© 900 | 2,962.75000 950 | 3,116.70167
1 . 905683 1| 2,0627.94750 1| 2,761.98017 1 2 956. 03083 1 3, 120. 07250
2 467.18607 2 | 2,631.22833 2 | 2,795.27000 2 2 959.31167 2 | 3,123.35333
3 470. 46750 31 2,634.50017 3| 2,798. 55083 3 2 062. 50250 3 3 1268.63417
4 . 74833 4 | 2,637.79000 4 | 2,801.83167 4 2, 965. 87333 4 3, 129.91500
51 2,477.02017 5| 2,641.07083 5 | 2,805.11250 51 2,069.15417 51 3,133.19583
6 480. 31000 6] 2,644.35107 6 | 2,808.39333 6 72. 43500 6 3 136. 47687
7 . 58083 7 | 2,047.63250 7 2 811.67417 7 2 975. 71583 7 3 139. 75750
8 486. 87167 8| 2,650.91333 8 2, 814. 95500 8 2 078.9006067 8 3 143.03833
9 490. 15250 9 | 2,664.19417 9 | 2,818.23583 9 2 982, 27750 9 3 146.31017
760 403. 43333 810 | 2,657.47600 860 | 2,821.51607 910 2,985.55833 960 | 3,149. 60000
1 498.71417 1| 2,060.75583 1| 2,824.70750 1] 2,988.83017 1| 3,162.88083
2 | 2,499 99500 2 | 2,064.03667 2 | 2,828.07833 2 | 2,092.12000 2 | 2156. 16187
3 503. 27583 3] 2,667.31750 31 2,831.35017 31 2,905.40083 3| 3,109. 44250
4 508. 56667 4 | 2,670.59 4 | 2,834.04 4 2 0908.68167 4 | 3,162.72333
5 | 2,609.83750 5 2,673 879]7 5 | 2,837.920 5 1 3,001.90250 5] 3,106.00417
6 | 2,513.11833 6| 2,077 6 | 2,841.20167 6 | 3,005.24333 6 3, 169. 28500
7 516.399017 7 2,680 44083 7 | 2,844. 48250 7 | 3,008.52417 7 3,172.50583
8 | 2,519.68000 8 | 2,083.72107 8| 2,847.7 8 | 3,011.80500 8 3 176. 84667
9 |- 2,622.96083 9 | 2,687.00250 9 | 2,851.04417 9 | 3,015.08583 9 3 179.12760
70 | 2,608.0007 | 820 | 2,000,283 | 870 | 2,854.32500 || 920 | 3,018.30007 |l 970 | 3,182 40833
1 20. 52250 1| 2,603.56417 1| 2,857.605%3 1] 3,021.64750 11 3,185.68017
2 2| 2,600. 84500 2 | 2,860.88007 2 | 3,024.92833 2 | 2,188.97000
3 0. 08417 3 { 2,700.12583 3 | 2,804.10750 3| 3,028.20917 3 | 3,102.25083
4 9. 36500 4 | 2,703.40867 4 | 2,867.44833 4 | 3,031.45000 4 3 195.63187
5 2. 84583 S | 2,706.68750 51 2,870.72017 51 3,034.77083 51 3,108.81250
6 5. 920087 6 | 2,700.968833 6 | 2,874.01000 6 { 3,038.05167 6 | 3,202.00333
7 9. 20750 7 2 713.24017 7 | 2,877.29083 7 [ 3,041.33250 7 | 3,205.37417
8 2. 48833 8 2 716. 83000 8 | 2,880.57167 8 | 3,044.061333 8 | 3,208. 65500
9 565.76917 9 719 81083 9 | 2,883.86 9 | 3,047.89417 9] 3,211.93583
780 550. 05000 830 | 2,723.00167 880 ; 2,887.1 930 { 3,051.17500 980 | 3,215.21667
1 . 33083 1 2 726. 37250 1| 2,800.41417 1 3 054. 45553 11 3,218.49750
2 535.61167 2 2 720. 65333 2 | 2,8983.09500 2 3 057. 73667 2 ) .71833
3 568, 89250 3 2,732.93417 3 | 2,800.97683 3 | 3,061.01760 3 13,226.05017
4| 2gm2 17333 4 | 2/736.21500 4 | 2/900.25607 4| 3/084. 29833 4| 3/228.34000
5 876.45417 5 | 2,739. 49! 5| 2,903.53750 5| 8,007.57017 51 3,231.62083
6 . 6 | 2,742.77687 6 | 2,000,81833 6 3 070. 806000 6 3 234.90167
7 582, 01583 7 | 2,746.05750 71 2,9010.00017 7 3 074.14083 7 3 238. 18250
8 585. 20807 8] 2,749.33833 8 | 2,013.38000 8 3 077 42107 8 3 241.46333
9 | 2,588.57750 9 | 275201017 ||, 9 | 2;910:60083 9 9 | 3)244.74417
790 501. 840 | 2,755.90000 890 | 2,010.04107 940 | 3,083.98333 990 | 3,248.02500
1 . 13017 11 2,769.180 1 o 2! 1 2 087 20417 1] 3,251.30583
2 2000 2 | 2'762. 46167 2 | 21020, 50333 2 | 37 000. 54500 z | 3254, 58687
3 .7 3| 2,705.74250 3| 2,029.78417 3 3 003. 82583 3 | 3,257.80750
4 . 98167 4 | 2,769. 4 | 2,933.00500 4 3,097 10067 4 | 8,201.14833
5 | 2,608. 26250 5| 2,772.30417 51 2,036.34583 5 | 3,100.38750 5] 8,204.42017
6 011. 54333 6 | 2,775.58500 6 2,939‘02007 6 3, 103. 86833 6 3 267. 71000
7 614.82417 7 | 2,778. 86683 7 | 2,942.90750 7 1 3,106.94917 7 3 270. 99083
8 | 2,618.10500 8 [ 2,782.14667 8| 2,940,18433 8 | 3,110.23000 8 3 274.27167
9 | 2,021.38583 -9 2 785. 42750 9 | 2,940. 46017 9 1 3,113.51083 9 3 277.56260




PART II.
GENERAL STATEMENT.

The triangulation across the southern part of Indiana is a part of
the transcontinental arc of precise triangulation, and the field and
office methods' concerning it have ulreu%y becen fully discussed in
Special Publication No. 4, of this Bureau. The triangulation along
the northern boundary of Indiana is by the U. S. Lake Survey. The
main schemo is of precise accuracy and it has been discussed in
Appendix EEE, Report of the Chief of Engineers for 1902, and in
Professional Papers, Corps of Engineers, U. S. Army, 1882. Thero
remains then only the procise traverse which is entirely new. Enough
description of the field and office methods used on this traverse is
given in this publication to enable anyone interested to find out
exactly what was done.

Precise traverse has come into extended use only within the last
few yecars and its development has been simply a matter of economy.
Due to the increase in the cost of labor, and lumber and other material
since 1914, the cost of triangulation increased to such an extent
that it became necessary to make use of precise traverse. Man
changes and improvements have been made from time to time until
now standard methods of operation, both in the field and office, seem
to have been reached. The traverse usually follows closely the rail-
road right of way, though no doubt in the near future it will be ad-
visable to use imgroved iighwuys, as was done on this line of traverse
in the vicinity of Indianapolis.

COST OF THE FIELD WORK.

The Indiana traverse cost $10 600, which amount includes all
salaries, the transportation of men and instrumonts to the field, a
fair depreciation on the trucks used, and all other ficld expenses.
The length of the traverse was almost exactly 215 miles, making the
cost per mile of progress a little less than $850. Geographic positions
were determined for 166 marked points, at an average cost of about
$64 per station.

In 1913 an arc of precise triangulation was executed over a section
of country having somewhat the same topography as Indiana and
where it was necessary to build tall signals at almost every station,
as would have been the case in Indiana if triangulation had been used.
Using the cost of this triangulation as a basis and taking into account
the increased cost of Inbor and materials since 1913, 1t is estimated
that it would have cost $98 gex‘ mile of progress had triangulation
instead of traverse been used in Indiana. Also the triangulation
would probably have located less than half as many marked stations,
and these would not have been easily available for use on account
of the necessary building. :

ORGANIZATION OF THE PARTY.

After the party was fully organized it was divided into two sections.
The first section did the reconnaissance, marked the stations, built
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the signals, observed all the angles used for carrying ahead the azi-
muth, and observed the astronomic azimuths at about every 12 main
stations. The second section measured all the distances and observed
the angles at the subsidiary stations and determined the levels for the
grade corrections, C

RECONNAISSANCE, SIGNAIL. BUILDING, AND OBSERVING.

The perty making the reconnaissance, building the signals, and
observing the horizontal angles, usually called the observing party,
consisted of Mr. Bilby, chief of party, an extra observer, a recorder, a
foreman, and about three hands. The stations were located by the
chief of party, and were marked and prepared for observing under his
direction. I%T,sually a]l that was necessary in the way of a signal
was the tripod uscd for supporting the instrument, though at a few
stations supports for the instrument and’ observing scaffolds from 18
to 30 feet high were required.

In making reconnaissance for the location of traverse stations
several objects must be kept in view. The stations must be inter-
visible with the smallest possible amount of building; the line of
sight must not pass near any object which will cause latersl refraction;
the stations must be so located that the distance between them may
be taped economically and rapidly; and, finally, they should be so
placed as to be available for use by any local engineer. Frequently
at curves the best location is at the point of intersection of the tangents,
though this is often prohibited by the local topography or by struc-
tures. On tangents the stations are alternated, wherever possible,
from one side of the right of way to the other, thus avoiding, in & great
measure, the effects of lateral refraction caused by having the line
of sight closely tangent to the track which becomes more heated by the
sun than does the ground on either side of it. When the stations
are thus alternated, any improvement, such as an addittonal track
or siding, taking place on one side of the right of way will not disturb
all the stations.

For the angle measurements and azimuth observations a 12-inch
direction theodolite was usually used. This is the same instrument
which has been in use for many years on precise triangulation and has
been described and illustrated in several publications of this Bureau.
At some of the stations an 8-inch direction instrument was used.
This instrument has but two micrometer microscopes and conse-
quently the number of positions observed was increased from 8 to
12 when it was used. :

All observations for horizontal angles were made in the early
morning, -late afternoon, or at night.” It was impossible to make
observations of the required accuracy during{) the middle of the day,
except on cloudy days. Conditions are probably more unfavorable
for ohserving horizontal angles with high accuracy along a railroad
right of way than in any other place where it has ever been attempted
to observe them. The lines are almost always close to the ground,
and frequently pass close to embankments, buildings, poles, or
trees, any of which may and frequently do cause lateral refraction.

The reconnaissance and signal building was started at North
Vernon on April 16, 1920, and carried ahead until June 7, when the
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party moved back to North Vernon to organize and start the ta&ing
garty. The observing of the horizontal angles was started on May

and continued until June 9, when this party also moved back to
the starting point, and Mr. Mourhess, who g&d een doing the observ-
ing, took charge of the taping and continued with it until the finish
of the line at South Bend.

As soon as the taping (f)a,rty was organized and well under wa
Mr. Bilby took a party and resumed the reconnaissance, signal build-
ing, and observing on June 23, 1920.

%n all, 166 stations were occupied for horizontal angles. The ob-
servations at 63 of them were made by Mr. Mourhess, and at the
remainder by E. C, States, oxtra observer. The observations were
made in 59 days, thus giving an average of nearly 3 stations per day,
& maximum of 10 stations was occupied on one day by Mr. States.

Since all operations were under one chief of party, and all accounts
were submitted by him, it is almost impossible to separate the costs
of the various operations, and no attempt has been made to do so.

ASTRONOMIC AZIMUTHS.

The greatest difficulty in traverse work of a high order of accuracy
when run along‘la_ railroad right of way, is to measure the horizontal
angles with sufficient precision to holg the geodetic azimuths within
the required limits. 1t is necessary to observe astronomic azimuths
at short intervals in order that the geodetic azimuth may not deviate
enough to cause inaccuracy in the geographic position greater than
the allowable limit.

Azimuth was determined by observations on Polaris at any hour
angle by the usual methods, except that the Naval Observatory
time signals transmitted over the telegraph lines were used in place of
time observations with the vertical circle. The results obtained were
satisfactory. Observations were made on one night only at each
station and always with the 12-inch instrument.

The following table shows the stations at which azimuths were
observed, the station used as the mark, tho date of observation, the
astronomic azimuth and the probable error.

Probable

Statlons. Dato. Ardmuth. orror,

- 1920 o 14 " »
Tripp to AdBINB. c..vviiiiiiiiisiennetioteiniesiiaiiaeineens 0 09,28 +0.47
Clay to ClafK....ccoovviivnnnincnnnnn ces 5 17,28 +0.41
Dubois to Delaware. 0 17.68 | . 0,47
Sherman to Elevator................. 0 10, 34 +0.30
Wostern to Gibson. 7 06.12 £0.26
Hancock to Harrlson............ s Juno 7......... 170 45 20,52 +0, 50
Honry to Clobro....c..covvniviiiniiiiiiiiiiieiiiiisiiiaaiaae.s Jupe 26........] 186 05 00.98 40,81
Jackson to New Hope. . July9......... 189 11 15.63 0. 01
CBEIBAY 10 BIODO, - eveessesnnsararnsnesenasnrnensnnennrnonsnses July l........ 153 04 35.30 0,34
Leonda to Vandalls. .......cooceuevieieciiiiineninninnnnn. July 17........ . 8236 07.80 £0,61
Boon to Montgomery......ooevvveiiininniinnnnns 170 47 67.08 +0,438
Porter to Posey... 177 46 55,20 | +0.43
Joseph to Twin.... 86 43 49,64 +0. 44
Aman to States... 103 08 39.88 0. 33
Penn to South Bend east base........ 207 00 2.2 40,38
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DIFFERENCE BETWEEN THE ASTRONOMIC AND GEODETIC AZIMUTHS.

Before the field work was started a study was made of the probable
deflections in the prime vertical which might be expected in the
region through which the traverse was to run. The six nearest sta-
tions of the U. S. Lake Survey and the thirty-ninth parallel triangu-
lation, at which both astronomic and geodetic longitudes were known,
were used in this investigation. Since the topography of Indiana
and the surrounding country is very flat, no great difference was
anticipated between the astronomic and geodetic azimuths along the
traverse. The data in the following table seemed to bear this out to
such an extent that the astronomic azimuths were held fixed without
correction.

From the Laplace equation (t{w geodetic azimuth can be computed
when the geodetic latitude and longitude, the astronomic longitude,
and astronomic azimuth of a single station, are known, thus

g =0 +8in ¢ (A — Ng)
where g is the geodetic azimuth, «, the astronomic azimuth, ¢ the
eod.eti((i latitude, A\, the astronomic longitude, and A\ the geodetic
ongitude.
he table following gives the geodetic positions of the points con-
sidered, with the seconds of the astronomic longitude, followed by
the astronomic minus the geodetic longitude, un(% in the last column
the astronomic minus the geodetic longitude multiplied by the sine
of the geodetic latitude. IEach value in the last column is the amount
to be added algebraically to the astronomic azimuth at that station
to produce the geodetic azimuth. It will be noticed that in every
case this amount is so small as to cause no appreciable error if neg-
lected in the computations. The astronomic azimuths were therefore
held fixed along this are, thus making a considerable saving by
avoiding the necessity of determining several longitude differences.

Longltude. Astro-
Lotitude,  |=remm—men oe—reenme| DOMMC= ] [
Btation. 4 geodotic A ha
geodotic. Qeodetlc ‘ Astro- | longitude| S #:
. nomic, i (Aa—»xa).
[ [
o ’ 17 o ’ 7 17 ” 1
MONIoe. ..ovvueiiiriiciiiianecaaracananns 41 54 652.44 | RI 23 4K.93 45. 69 —3.24 —2.18
Willow 8prings........coceivvieiennea... 41 43 30.80 | 87 61 05.63 06,09 +0.40 +0.31
ParkersbUrg. .. .coiiiiiiiiinianarannen 38 31 63.20| 88 01 49.00 48.30 —0.70 —0.44
Vineennes.........c..coc.euuenenn.. e 38 40 36,70 ) &7 31 35.05| 34.14| —4.01 —3.07
Louisville........cocviiiiieaanainnans 38 16 06.79 | 86 45 31.82 30. 85 ~0.07 -0.60
[0 7. PN 38 29 00.28 | 86 40 11.50 11. 69 +0.19 +0.12

TAPE MEASUREMENTS.

The taping party was organized at North Vernon on June 9, 1920.
From that date until the line was finished at South Bend on August,
11, the taping was as continuous as the weather would permit. The
average progress was at tho rate of 108 miles of completed line per
month.

The ideal condition for taping on precise traverse is a straight and
level track between the two points which the traverse conncects.
This condition, of course, does not exist, ag curves and changes of
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Fig. 2.—~MOVING THE TAPE FORWARD.

The tape is carried free from the ground and never allowed to drag.

Fig. 3.—PLACING THE- TAPE ON THE RAIL.

As the tension is applied the man at the middle of the tape lowers it grad_uully

to the rail.
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Fig. 4—THE FORWARD END OF THE TAPE AND THE RECORDER.

Marking the end of the tape on the rail with a glass cutter.

Fig. 5,—THE REAR END OF THE TAPE.

Making the mark on the rear end of the tape coincident with the mark on the
rail,
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elevation are constantly encountered. In Indiana the conditions
were probably about the average that will be found in country where
it is advantageous to use precise traverse in preference to triangula-
tion. Througil several large towns and cities the line left the railroad
and ran over improved highways and streets, thus avoiding the rail-
rond yards with the heavy traffic and curves which make traverse
most difficult in the vicinity of cities if an attempt is made to stay on
tho railroad right of way.

Transportation throughout the season was by means of motor
trucks, which proved very satisfactory, since there are highways alon
nearly every section line, and frequently a trunk highway was paralle
to the railroad or tho railroad was immediately along a section line.
One truck was always in close communication with the taping party,
carrying instruments, extra tapes, thermometers, stakes, and in fact
evarything that would be needed for the taping under any condition
which might arise. -

TAPING ALONG THE RAIL.

Always, when possible, tho measurements were made on the rail,
the tape being supported throughout its length. The majority
of the mecasurements were not mado directly irom one station to
another, but from a point on the rail opposite one station to a point
on tho rail opposite the next station.  The distance and angle from
the point on the rail to the station were measured in each case, and
tho ‘actual distance between tho stations was computed from these
data. In making the computations of traverse distances several
different cases arse, depending on the locations of the stations with
" respeet to thorail.  These are Tully explained in the “ General instruc-
tions for preciso and secondary traverse,” U. S. Coast and Geodetic
Survey, Special Publication, No. 58.

At curves tho taping must leave the rail at the begining of tho
curve and be carried over stakes. Setting and aligning these stakes
and running the necessary levels over them greatly retards the prog-
ress of the taping.

Another condition which frequently arises in traverse measurements
is tho impossibility of taping in a directline between two main stations.
For example, two main stations may be intorvisible, each being on the
railroad right of way and on elevated ground, but tho intervening
track may make several curves, and the topography directly in a lino
between the stations may bo such as to prohibit cconomical traverso
measurements along that line. What' is done is to choose supple-
mental stations to giva the best route and run a series of courses to
connect the two main stations, measuring the necessary angles at the
additional stations with a 7-inch repeating theodolite and the dis-
tances in the usual manner. All angles are measured in order to
form a closed figure. From these data the lengths are projected
onto the line between tho two main stations, .

In carrying precise traverse through citics and large towns it is
almost necessary to leave the railroad and to follow the streots and
highways. It scoms advisable, therefore, to note here the methods
used in taping over paved streets and improved highways.

In Indianapolis the route chosen was around the castern side of
the city to the Lake Eric & Western Railroad right of way north of
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the city, a distance of 26.5 kilometers, all over improved streets.
Seventeen main stations were located on or near the streets, and the
angles at these were measured either in the early morning, by observ-
ing on heliographs, or late at night, by pointing on eﬁactric signal
lamps. In this way good observing congitions were attained, and
most of the heavy automobile traffic was avoided. An azimuth was
observed at station Sherman, which is located on the concrete pave-
ment of Sherman Drive, and though the instrument was mounted
on a stand resting on the pavement and was not fastened or weighted .
down in any way, there was no noticeable disturbance caused by the
passing of even heavy trucks. Sixteen positions of the theodolite
circle. were used. Three of these were rejected and those remaining
gave a probable error of the azimuth of +0’’.39.

The same tape stretchers were used as for the taping on the rail,
a8 they were easily adapted to this work by putting a piece of board
between the flanges which fit over the rail, tﬁus-giving a flat surface
against the pavement. , ,

For marking the tape ends, adhesive tape 1 inch wide, such as can
be purchased at any drug store, was used. A piece of this ta{:e
about 3 inches long was stuck to the pavement and the end of the
tape was marked on it with a hard pencil. With alittle practice the
man making the forward contact was able to apply the adhesive
tape quickly and in the proper place. Each tape end was numbered
on the pavement with yellow lumber crayon so that it might be
easily recovered by the rodman of the level party and by tho part
making the check measurement. It wasfound that this sort of mark
lasted two or three days on the brick and concrete pavements, but
thuch longer on the oil-bound macadam. ‘

Where possible the line as taped was chosen so as to run near the
curb, thus avoiding the traffic, and also for the very important
reason that the curb line was sufficiently straight so that it was not
necessary to use an instrument to maintain the line. A-distance of
about 1 foot inside the curb was found to be the most practical, for
in addition to avoiding the traffic the wash of sand found close to
the curb was also missed.

The difference in elevation of the tape ends was determined by wye
levels, and the check measurement was made in the usual way with
the 300-foot steel tape.

INSTRUMENTS USED IN OONNECTION;WITH THE TAPING.

The invar tapes used for precise traverse are of the same type as
those used for measuring bases of precise triangulation. They were
standardized at the Bureau of Standards under a tension of 15
kilograms, when supported throughout, and also when supported at
five points (0, 124, 25, 374 and 50 meter points), and at the three

oints (0, 25, and 50 meters). The coefficient of expansion is also
getermined. The standardization is accurate to at least one part
in 300 000.

In compliance with instructions, no sét-backs were measured but
all distances less than a tape length were measured as set-ups with
a 30-meter steel pocket tape. If the set-up was more than 25 meters,
the mark at the middle of the invar tape was used in making part of
the measurement. Recently the traverse tapes have been graduated
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Fig. 6.—FILING A MARK ON THE RAIL AT THE END OF A
KILOMETER.

Fig. 7.—THE TAPE STRETCHER AT A ROAD CROSSING.

This type of stretcher can be used readily on road crossings where the rails
are practically flush with the highway.
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Fig. 8—TAPING ALONG THE SIDEWALK.

Fig. 9.—REELING UP THE TAPE.
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for every 5 meters instead of at the ends only and the set-ups will
not exceed 5 meters on future work.

The tension was maintained at 15 kilograms by means of a spring
balance at the front end of the tape. The balance was tested daily.
A thermometer near each end of the tape gave the necessary temper-
ature readings. -

The tape stretchers for applying the tonsion to the tape on top of
the rail were made in the field l1)y Mr. Bilby and gave excellent
results. They were used not only in Indiana but for about 300
miles in Illinois and Wisconsin. Each stretcher consisted of a shoe
of galvanized iron about 18 inches long and just wide enough to
fit over the top of the rail. - Uprights projected about 6 inches above
the top of the rail, making a bearing for the lever. The tape was
attached to the lower end of this lever by means of a hook which held
the tape close to the rail while the tension was applied. The com-
plete stretcher weighed only 2 or 3 pounds.

Wherever the taping was over stakes, wye levels were run to get
the differences in elevation between the tape ends for use in com-
puting the inclination corrections. When the measurecment was
made directly on the rail, “ Experimental Track Sector No. 1’ was
used to determine the inclination of the tape. As the name indicates
this instrument was built as an experiment but was found to be very
satisfactory. It consists of a board about 6 feet long which rests on
the rail at the points A, ﬁgure 10. A level bubble B, moved by a
tangent screw T, is mounted at the middle of the board. By bringing
the bubble to the center by means of the tangent screw and reagin
the vernier a determination of the inclination of the track is obtained.
One such reading was made for each tape length measured on the
track. The data thus obtained were found to be sufficiently accurate
for the purpose of computing.the grade corrections and much more
rapidly and economically obtained than by running wye levels.

revious to its use on the Indiana traverse the track sector was
tested on a kilometer of traverse near Alexandria, La., by a traverse
party just completing a season’s work. The result showed the total
Inclination correction for the kilometer to be 0.2 millimeter less
when computed from the sector data than whon computed from the
precise leveling data. In other words the difference in, the results
obtained l:iy the two methods amounted to only 1 part in 5 000 000 of
the total distance.

A new level, figure 11, has since been made, which involves the
samo principles, but is better adapted to the work. This instrument
rests on the points designated as A, which are about 6 feet apart.
The bubble ]i) is mounted on a movable arm pivoted at P, to which
is also attached a graduated arc and vernier at V. The movable
arm is about 30 inches long and is not supplied with a clamp or slow-
motion screw, but resists motion by friction only. The scale is
rraduated to 10’ with a vernier reading to minutes, By the use of
the long arm the bubble can be centered very rapidly and about as
accurately as with a short arm ‘and a slow-motion screw, and the
graduations-are of such a size as to bo quickly read. On the back
of the board is a hinged leg which falls a short distance away from the
board as it is leaned over and thus supports the sector while the
operator records the observation.
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The tape ends were marked on the rail by means of an ordinar
glass cutter. This mark was indicated by a lumber crayon murK
on the rail, and also by the number of the tape length which was
marked on the nearest crosstie. The end of each kilometer and the
point on the rail opposite each principal station was marked on the
rail by filing a cross mark. This mark was made of such a depth
as to Insure its lasting until the check measurement had been made
perhaps a week or 10 days later.

A check measurement of each traverse distance was made with a
300-foot steel tape. The object of this measurement was to catch
errors or blunders of the order of magnitude of a 50-meter tapo
length, and consequently no attempt was made to secure a high
order of accuracy. All set-ups on the procise measurement shorter
than a half tape length were checked by being measured accurately
in both meters and feet.

THE OFFICE COMPUTATION.

The office computation of a traverse includes the following opera-
tions: A thOI‘OUIil inspection and check of all record books; the
computation and application to the measured lengths of all correc-
tions due to standardization of tapes, temperature, inclination, and
reduction to sea level; the projection of all measured lengths onto
the lines betwoen the stations; the computation of the closures of
loops and of distances between the main stations; the computation
of the preliminary geodetic positions; the least-squares adjustment;
and, last, the computation of the final geodetic positions of the
stations.

The offico computation of the lengths was made under the direct
supervision of W. D. Sutcliffe, mathematician ; tho astronomic azi-
muths were computed by Sarah Beall, mathematician; and tho least-
squares adjustment was madoe by Mr. Mourhess.

The office computation was made as prescribed in the “Genoral
Instructions for Precise and Secondary Traverse,” U. S. Coast and
Geodetic Survey Special Publication No. 58, with the excoption of
the inclination corrections for that part of the traverse which was
moasured on the rail, for which the inclination correction was com-

uted for ench tape length from tho data obtained from the track
evel observations.

THE LEAST-SQUARES ADJUSTMENT.

The least-squares adjustment of a traverse must eliminate the
discrepancies in azimuth, which are due mainly to errors in measuring
the angles. These small errors in the angles cause a difference
between the astronomic azimuth of a line and the azimuth of that
same line as computed through the traverse from the preceding fixed
azimuth. In.the work under discussion the astronomic azimuths
were held fixed without being corrected for the deflection of the
plumb line, it being assumed that in this level topography the deflec-
tion is always small and of approximately the same size. (See
p. 70). The adjustment must also climinate the discrepancy in geo-
graphic position of the end point of the traverse. In this case the tra-
verse started from a fixed position of the transcontinental triangula-
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Fig. 10.—EXPERIMENTAL TRACK SECTOR NO. 1.

Fig. 11.—NEW MODEL TRACK LEVEL.
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tion and ended on a station of the Lake Survey triangulation which
was aléo fixed in position. The discrepancy to be eliminated was the
difference between the fixed position of the final point and the
position of the same point as computed through the traverse begin-
ning with the transcontinental data. It should be remembered that
in & traverse, unlike triangulation, there is no mathematical relation
between the lengths of the courses and the angles between them.
The method used in the adjustment of the traverse was devised
by the members of the division of geodesy as a practical means for
the elimination of the discrepancies without too dgreat; an expenditure
of time and labor A development of the method used is given below.
The corrections to the lengths are
expressed in units of the sixth place
of decimals of the logarithms, and
the corrections to the angles are ex-
pressed as usual in seconds of angular
measure. In order to hold what was
considered a proper relation between
the proportion of the discrepancy put
on t{;e lengths and the proportion put
on the angles, o system of weighting
was determined experimentally, satis-
factory to the best judgment of the
members of the division of geodesy.
Since the completion of this adjust-
ment another method has been
devised which may be used in future
ad{ustments of traverse.

n considering the condition equa-
tions for the distribution of the
latitude and longitude discrepancies,
it must be remembered that they are
developed from the changes which
will occur in the formulae for the
computation of - geodetic positions
due to small changes in length and
azimuth. These formulae are given :
fully in U. S. Coast and Geodetio Fig. 12,
Survey SPeciul Publication No. 8,
entitled “Formulae and tables for the computation of geodetic
positions.”

The first term, and the only one here considered, of the formula
for the difference of latitude, is

Ap=—8 cos a B, (1)

and for the difference of longitude, is
AN=8 sin @ A’ sec &', (2)

where S is the distance between the points, « is the azimuth from the
fixed to the new point, ¢’ is the latitude of the new point, and B
and A’ are factors depending on the latitude of the stations and the
dimensions of the reference spheroid,
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In figure No. 12 let 1 and 5 be fixed in both latitude and longitude
and let the azimuths of the lines 1 to 4 and 5 to B be fixed. A
traverse is run from 1 to 5, all distances and angles being measured.
From the data thus obtained, the preliminary latitude and longitude
of each point is computed, and also the preliminary azimuth of each
line. Then there will be, of course, a small discrepancy between the
fixed latitude and longitude of 5, the final point, and the latitude
and longitude as derived from the computation. .

N ow% t the computed latitude and longitude be represented by
¢, and \, for the first point, ¢, and A, for the second point, and so on
t0 ¢n and My for the final point. = Let the length of the first course be
represented by S,, the second by §,,
and so on to S, for the final course.
Let Vi be the change in the loga-
rithm of the distance S,, Vs the
change for §,, and so on to Vs, for S,.

Knowing the number to which a
given logarithm corresponds, the
change in the number due to a small
change in the logarithm, can be found!
by multiplying the number by the
cﬁ'ange in the logarithm and dividing
by M, the modulus of the common
system of logarithms.

Let us now consider the change in
the first term of the latitude formula,
equation (1), which will be brought
about by a change in the distance S.
If we take the first course of the trav-
erse, that is from 1 to 2, where the
change in the logarithm of the length
is Vs, it is evident that the cha.nFe in
the logarithm of the first term will also
be Vi,. Now the number, correspond-
ing to the first term.of the latitude
formula, may be expressed closel
enough for this purpose by ¢,— ¢,.
this -be multiplied by Vs, and divided

Pig. 13, by 10°M it will show in seconds of

latitude the change caused by Vs,

Ten to the sixth power is here introduced since the sixth place of
the logarithm has Eeen arbitrarily taken as the unit.

Then the change in latitude :

= "?0:;2 ( V’l) . (3)

In a similar way the change in longitude due to a cnange of Vs, in
the logarithm of the length S,

A=A
=2 (V) @
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The change in the length of the line from 1 to 2 will affect the geo-
detic position of the final point by exactly the same amount as it
affects the geodetic position of 2. Hence the effect on the geodetic
position of the final point, of a change in each length, will be simpl
tlﬁe sum of the individual changes of position caused by these lengt
changes. '

Next we must consider the effect on the geodetic position of 2, of
a small change in the observed angle at 1, and also the effect of
this change on the position of tho final point.

Let Ve, be the small change in seconds in the observed angle
at 1, Ve, the change in the angle at 2, etc. .

Due to tho small change Ve, the point 2 will rotate about 1 t
some point II, figure No. 13. ‘I‘hcn introducing arc 1’ to reduce to
circular measure, the distance 2 to II=S8, V¢, arc 17/,

Nowlet &= the azimuth of the line 1 to 2; then 90° + a = the azimuth
of the line 2 to II.

From the first term in the latitude formula, oquation (1), the
chango in latitude due to a change V¢,

= —5", Ve, arc 1°7 cos (90°+a) B,
=+ Ve, B, arc 1’/ §, sin a.
But from the longitude formula, equation (2),
A=A =8, sin a 4’ sec ¢’

. A, —A
or 8, sin =521
A7 sec ¢

Or substituting above, the change in latitude due to Ve, may be
expressed as
B, arc 1 -
A, 500 4, Ay =Ny (Vep). (5)
In equation (5) and thereaftor the subscri}l)ts_afterB 4, and sec ¢
refer to tho points (see fig. 13) upon the latitudo of which theso
functions depend. )
In the same manner a chango in longitude due to the small change
Ve, in the azimuth

= +8, Ve, arc 1’/ sin (90°+a) A4, scc ¢,
= +8,Ve arc 1’ cos a 4, sec ¢,.
But from the latitude formula, equation (1), neglecting the small

terms as before,

¢~ = ~8; cos a B,
- or
P2 — b1,
1

8, cos a= —

81041°—22——8
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Or substituting this expression in the above equation, the chango in
longitude may be expressed as

A4, see o, 17
— 4, 8eC %1arc (03 —02) (Ver). )

Now equations (5) and (6) rcpresent the changes in latitude and
longitude which take place in point 2 duc to a small change in the
azimuth, but a change in the azimuth of the first course alfects the
azimuth of each succeeding course, and consequently changes the

eodetic position of each point on the traverse. The effect on the
inal point will be expressed by substituting (¢, —¢,) for (¢, —¢,) and
(A =7 for (A, —X)). )

Then the change in position of the final point due to the change in
the length and uzimu& of tho first course will be, for the latitude,
the sum of equations (3) and (5) or

—_ B e 1/ i
Torit (V) A, e g, On =N (Vs

and for the longitude, the sum of equations (4) and (6) or

A, —A 4, sec p, are 177
Torat (Vo) == (on =) (Var).

The changoe in the position of the final point for a change in the
length and azimuth of each course may be determined in the same
way. Then if ¢, and \,. are the fixed latitude and longitudoe of the
final point, the equation for the latitude will be

Po— P Py — P Pn— Pn—y
0= (o =) +[ S it V) + G (Vo) 4+ 2050 (Voo |

’7 B e 1’
L T
B, arc 1"’
]m ()\n - xn-—x) (V"n )]' (?)
For the longitude of the final point the equation will be
— _ )_‘_z_?_)\ _)_‘-".___)‘2 A0 T R A ")_‘"-_! :I
0= ()\n )‘n') 'f‘[logju (Vn,) - 10011[ (I "2) - 10"1‘11 (Vl’n)
.y e
+[__\A1|_5_(_(/_1<P3n are 1“' (‘Pn - <P1) (1/01)
1

1?7
_ Ay sec ]tpj,; arc 1 (on—z) (V) ovvnnnn

17
._A" see ;}: arc 1 (‘pn - ‘Pn-1) (Vcn)]‘ (8)
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It is close cnough to take the differences in latitude and longi-
tude to minutes and decimals. If this is done the equations should
be divided by 60, since as they now stand the differences in position
are in seconds. The minute and second symbols after the parenthe-
ses in the followinﬁ equations show whether the difference indicated
within the parenthesis is expressed in minutes or seconds. Multi-
plying equations (7) and (8) by 10°M and changing from scconds to
minutes, we have

oM
0= +l—63' (‘Pn‘“’n')”'** [(ﬁoz_‘»ol)l(vsx) + (‘Ps'"‘ﬂz),(VBz) 2 SR

p e B '

+ (‘Pn"“Pn—l),(I/‘?n)]'*‘10“M[:Z:l_nsl_(‘3% ()\;;—)\1)’(ch)

B,arc 1"
o ar e Ca= M) (Ve 4

B, arc 1’ -, |
+ 5o gn (A\n~=Aney) (Vc"):l’ o

and
100 M

0= +_"cm_()\n"‘>\n’)”+[O\2—')‘1),(‘7‘l) + ()\3'—32),(1752)

e O\u—)\u—l)'(Va..)] +10(|M[_An see 2. arc 1 ((p,,—%)'(Vc,)
1

A, sec o, are 177

]32 (Wn_¢z)’(V%)-""
. "
~ A0 e MO LD (g o)) | (10)
The following substitutions may be made in equations (9) and (10)
Barcl”
a =+ 10“M———~—~An o0 o,

A, see ¢, are 177
B

a,=—10°M

2 T - 7938.2
G 7238.24.

The B factor changes so slowly for any traverse, that the mean
latitude may be taken as an argument. The latitude of the final
point is used as the argument for A, and scc¢ ¢,. The quantities des-
1ignated as a, and @, may thus be computled and used as a constant
for each of the terms affected.
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The final latitude equation becomes

0 = +7238.24(pn—¢n)’ '+ [(‘Pz_‘Pl)l(Vﬁ) + (tpg—q?,)’(Va,) 4o e
+ (o= nay) (Ve )1+ a, L0 = N) (Ve ) + Ma=N) (V) 4+« « « o -
+()\n_‘xn—1)/(VCn)]- (11)

The corresponding equation for the longitude is

0=+7238.24Nn—= M) "+ [0 =2) (Va) + g = N) (Vi) + « - -+« s
+()\n—xn—l)’(V’n)]+az[(¢n_‘ﬁ1),(‘>"1)+ (‘Pn_¢2),(ch) + o
+(§0n_¢n-—1)l(Vcn)]~ (12)

DISCREPANCY IN GEOGRAPHIC POSITION.

The geodetic position of the U.S. Lake Survey station Penn as
computed through the traverse from station Tripp of the trans-
continental triangulation, was too small by 0.”/155 %)4.78 meters) of
latitude and too large by 0.7083 (1.92 meters) of longitude when
compared with the fixed position of station Penn, the whole discrep-
ancy being 5.15 meters. If the positions of the two fixed stations
mentioned above are assumed to be without error, then the whole of
the discrepancy is in the traverse and amounts to 1 part in 67 000
of the total length of the traverse. If, on the other hand, the dis-
crepancy is considered to be the closing error of the loop formed by
the traverse, the transcontinental triangulation and the U. 8. Lake
Survey triangulation, then it amounts to 1 part in 380 000 of the
length of the whole loop.

THE CONDITION EQUATIONS.

In the actual operation of making the least-squares adjustment
the angles at the stations, beginning at North Vernon, were desig-
nated by odd numbers and the distances between the stations b
even numbers. At the stations where azimuths were determine
the meridian was held as fixed by the astronomic observations, and
the angle between the meridian and a line of the traverse was allowed
to take a correction in the same manner as an angle between traverse
stations. At the azimuth stations and at otﬁer stations where
there were two angles, the angles were designated by placing a letter
after the number, as for example (97a) and (97b).

The first 14 of the following equations represent the azimuth
conditions. Equation 15 is an angle condition in a triangle at South
Bend where the connection is made to the Lake Survey triangulation.
Equations 16 and 17 are, respectively, the latitude and longitude
conditions. . '
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+0 18(184 —0 08(185)+0. 06(186)—0. 79(187)+-0, 01(188)—0. 8(3(180)-+-0. 03 1(90 -1.21(191 )
By IR e s g s L
- - —1. +0. — 1. 64(207)+-0. 01{208
—1.84(200)—1, 47(2118)—1. 47(211b) +0. 02(212)—1. 43(313) +0. 01(214 ) — 1. 42(216)+ 0. 02(216)
~1.42(217)+0. 12(218)~1. 37, 219§+0 02 mg l.38§221 +0. m§m;—1 405223 +0. 03 2243
rums el b des aall R,
- - )< — -1
~1.87(241)+0. 20 242 ~1.87(243)4-0. 085244 -1, 01?246%-#0 07(240)—1. 915247)-}-0 ll(MS)
SRR B e R
- - a)+-0. 11(262) 1. 98(203)+
—2.01(265)+0. 08(2603 —2. 00(267)+-0. 02(208)—1 mﬁmo) 0. 10(270)—1 77(271)+0 02(272))
=1.74(273)0. 09(274) 1. 06(275) +0. 26(270) —1. 44(277)+0 03(278)—1. 42(27 15(280)
—1.18(281a)—1.1 (281b)+0 01(282)—1. 15(283)+0. 04(284)—1. 02(285)+O 01(286)—1 01(287)
-+0. 07(288)—1. 01(289)+0. 13(200)—1, 02(201) +0. 17(292)—0 90(293)+0 10(294)—0 92(205)
e 80%4)»03 %«\%?5740( 74(2(99&#) o m:\’?ggf ggol(g( A Ty 65(313)
—0.64 311;+0 10%312;—0 45&313§+0 ,02(314)—0. 43(315, +0 ozgsmg -0 42&317)+0 00(318)
;g ﬁ %12%1)) 3‘ 2 3(23131+0 02(322)—0. 26(323)—0. 02(324)—0. 10(325) —0. 12¢3272) +-0. 15(320a)

17, Om 71,4414 —4. 47(1)—4, 45(3)— 01(4)-—4 46 5)—4. 44 +0 01(0‘)-—4 41(9)-4 40(011)+0 02(12)
—4.37(13)40. 01(14)—4. 36(15)+0. 06 10)-4 27 18)— 9% 0)+ Szo)—4 17(21)
-+0.03(22)—4. 12(23)—4. 11(25a)4-0, 0. (26)-4 2 )+0 0 (3 8)—3 (29)-1 0 30)—3.88 31)
~3.80(33)4-0. 01(31)—3. 83(85)+-0. 01 3 ;
+0.02(44)~3. 06( 48a)~3. 85(47)—3. 62(49)+ 1 )-:4 [ (61) p 01(52)—3 51(53)+0 01(54)

—~3.44(65)—3. 41(57)+0.01(58)—3.38(69)+0. Ol( )~3. 32(61)4-0.01(62)—3. 27(63)~3. 25(85)
—3.25(67)—0.01(68)~3. 25(69)—0, 01(70)~3. 25(718) -3, 22( )—3, 20(76)—3. 20(77)—0. 01(78)
...3.(2)5 79)—3. 18(81)~-3. 14(83)=3. 09 -8, 07 87)+0 01(088)—3 0781(2)1-&3 01(00) 3.07(91)
—0.02(102)— =2, g—O. 2(104) —2 5 3-—0 01 06)~—2. 84 107\)!—2 83(109% 7g§ 3
—2.78(1133)—-2. 75(11 —2.75(117)— 6%11 )—~2. 75(121)—2 00(123)—2 (12 )-=2 (12 )

@ ii’g 2.57(131a)—2, §7(131D). 14
—-2.

)—2. 85(185)— 2. 54(137)~2. 51(139)— 2. 48(141)
—2.320145)~2. 31(147 -2 (140 +0.01(150)—2. 27(151)40.01(162)—2. 22 153)
+0,01(154)—2. 10(15594-0. 01{156)— 2. 16(1675-+0. 01(158)— 2. 13(1505 +0. 01(160)—2. 09(161 g
+0.01{162 —2 05(163)+-0. 01(184 —2 01 165)+0, 01(166)—1. oa 1679—1,97(160)—1.95(171
21, 941739~ 1. 02¢175)+0. 02(176)— 1. 84(1773)4-0. 03(178)— 1. 71(170)+-0. 01 (180)—1. 68(181
30.02(182)—1. 62(183)+-0. 01(184)—1. & 185)+0. 012186 Z1.55(187)~1. wémwo muoog

—1.54(1915—1. 54(103)~ 1. 53(185)-— 1. 62(107)—1. 51(198~-1. 51(201)— 1. 51(203)— 1. 50(206
Z1.500207)—1. 50(208)~ 1. 5002118) — 1, 50(21 1b) - 1. 49(213)— 1. 40(215 }—1. 48(217)—1. 45(219)
—1,45(221)~1. 44(223)~1. 43 22527 230, 01(226)—1. 40(227)+0. 02(228)—1. 34(230)—1. 84(33 ;7
—1,30{233)—1.20(2353)—1. 25(237)—1. 22(239)~1. 15(241)~1. 1 (243)—-1 07(245)—1. 00(24
—1,02(249)—1.01(251)~0. 98 253 ~0.92(256 —0.80 257)—0. 86/ 250 wa)—o 77(263)
0. 75(206)—0. 720267)~0. 72(260) 0. 0121090, 08(371)-0. 83(2 o & 275) 0 01%270)
—0.59(2779—0. 58(2789~0.02 2812) ~0. 54(281b)~0. (253)

—0.52(287)—0. 50{289)~-0, 46(291 o 42 293)-0 39(2 _o 33(207)-0 01(208)—-0 24(290)
—0,23(301)~0. 22(3033)—0, 22(3030) (307)~ ~0.01(312)

—0.01(313)—0. 01(315)4-0. 02(319)— omaa oz 1 00232% 0023 +oozsau
—3 T Yoy og(mb)_og, ( )+o (32 )+0.02(323)+-0. 02( ) (337a)
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TABLES OF CORRECTIONS.

In the following tables are given the corrections to the angles and
distances as derived from the least-squares adjustment. In the first
table are given the name of the station at which the angle was ob-
served, the designation given to the angle in the adjustment, and the
correction to the angle in seconds. The mean correction to the angles
necessary to satisfy all conditions as imposed was slightly less than 27/,

In the second table are given the names of the two stations at the
ends of cach line whose length was measured, the designation as-
signed to this length in the a f'ust-ment, the correction to the seventh
pluce of the logarithm of this length, and in the last column, the pro-
portional part of the correction to the whole length of the line. An
examination of this table shows that only 16 of the 163 distances were
changed by as much as 1 part in 100 000. The maximum change
was 1 part in 46 000 which occurred on the distance between Clark
and Clinton. The mean change of all the lengths amounts to 19 in
the seventh place of the logarithm or to 1 part in 228 000.

Table of corrections to horizontal angles.

Designa- | Deslgna-
tlon]o! c | tlonlor c
anglo orrec- [:} o sOrrec-
Statlon. used In | tion. 1 Btatlon. used {n | tiom.
the ad- I tho ad-
justment. justment,
1) — 3.7 || Prospect......cooveeiiunnnn.. 75) - 0.2
3) — 3.7 || Michigon... 77) - 0.3
5) — 4.1 || Emerson.... 79) - 0.6
7) — 3.9l Subway............. 81) — 0.5
9) ~ 3.4 | Thoamun.........cooeneenee. 83) — 0.4
11) — 3.3 || Pondleton.........ocuuunnnnn. 85) - 0.3
13) — 2.7 || Avenue..... .. 87) - 0.2
16; — 2.5 || Brightwood 89) + 0.2
17 ~ 0.5 || Keystone. 01) + 0.5
19) + 0.9 || Lake..... 93) + 0.5
521; + 1.2 (05) + 0.5
23 + 2.3 (97a) + 0.5
(25a) + 2.3 (97b) + 2.6
(25b) + 2.3 (99) + 2.2
2" + 0.3 (101) + 2.0
29) + L0 103) + L
31) + 1.3 105) + 1.
33) <+ 1.4 ;| Fishor.. 107) + L
35) + 1.7 || Frazler... 109) + 0.
Deoarborn. .. 37) + 2.0 [| Hamilton 111) + 1.
Decature.......ccoovvieenn... 30) 4+ 2.6 || Honcoek....oovvvnniennennn.. éllSn) + 1
Decalb....covevenna. .. 41) + 2.8 Hancoek..............oooe, llabg + 6.
Delaware......oo........ .. 43) + 2.9 | Harrison.................o... 116 — 4,
DubolS..coveeeniinann... .. 5453) + 3.4 || Btako..... Ceeitreeaceaees 117) — 4.
Dubols.................. .. 45b) + 2.8 || Stub... e eeieieeeaas 119) - 4,
Franklin. 47) 4+ 0.7} FI. .. -3
Elkhart .. 44) + 0.9 — 3.
Whiteland A1) + 1.4 - 3.
Fayetto.....coocvuneaen. .. 53) + 1.7 - 3.
Floyd 55) + 2.1 - 3.
Greenwood 57 + 2.3 - 3.
Fountain 59 + 2.6 -1,
Fulton 61 + 2.9 -1
Traction 63 + 3.3 - 1L
Shelby 65) + 3.3 -1
Troy..... 267) + 3.3 - 1.
Kerk.. 69 + 2.9 -1,
8horman (7ln§ + 2.6 - 0.
8herman (71b + 2.9 - 0.
Elevator (73) - 0.2 - 0.

CNENW OSOCD CCOND O=EHND COoNS
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Table of corrections lo horizontal angles—Continued.

Dosigna- ( ‘ Designa-
llOI]l of c ! Llonlof ¢
angle Grroc- anglo >orreo-
Station used in | tlon, ’ Statlon. usedin | ton,
the ad- : thead-
justmont. Justment.
EHU) — 0.5 241) +0.9
151) - 0.3 243) +1.0
(1530) + 0.1 245) +1.1
(l.’)Sl)g + 3.1 247) +1.1
(155 - 2.9 249) +1.8
157) — 26| Orange.......ceoueeninnn.... I (2s1) +1.8
159) — 2.4 1 Owen........ 2 +1.8
161) — 2.1 || Park......... +1.68
163) —1. 8] Perry........ +1.7
105) —1.5 |l Dolong +1.7
167 -1.2 +1.8
Buckeyo 169 —-1.2 —-2.6
Kokoma 171 -1 +4.5
.......... 173 -1 +4,06
......................... 175 -0.0 +4.7
...................... (17703 -0.1 +4.6
....... IR Y4 +2.6 | Ri +4.3
........... 170) -1.4[ +4.2
181) —1.2 || Hibbard . +4.1
............. 183) —0.6 [ Spencer............oo.oillld 277) +3.8
................. !&’)g =01 Twin......oooeiiiiiiiiaaann, 279) +8.8
187 +0.2 ] Joseph I (281a) +3.4
............ 1X9) +0.3 || Josoph . (281b) +1.0
,,,,,,,,,,,,,, 101) +1.0 || Starke 1T Yera) +1.0
___________ 193) +1.2 | Stuben.. ... N] 285) +0.7
I

5) +1.3 , Plymouth.. 287) +0.7
107) + 1.4 1 Sullivan ., 289) +0.8
199) +1.5 || Switzorlan 201) +0.9
201) +1.7 i) Harris...... 203) +0.9
203) +L7 l Tippecanoe. 205) +0.8
205) +L8 Lapaz.. ... 207) +0.8
207) +1.8 | Union...... 209) +0.8
209) +LR[| M ourhew 301) +0.7
(211a) +1.7 {| Aman.. ..o (303a) +0.8
(211b) +42.0 ” Aman........oooiiiieeiiien. (303b) +3.4
gla) +}g | Igllﬁii;)s ........................ %gg +§.é

Horney............ .. 15) +1.9 || orry.. ... +3.
Lnurogco .. 217) +1.9 5 Peacock.... .. 309% +3.7
+19 || Wehr....... 311 +3.7
+L9 . Lloyd........oooiiiiiiiin, 318) +3.4
+2.0 | Studebaker.......cooooveenn.. 315) +3.4
+2.1 | Griffith..... 317) +3.3
+2.8 |} Indlana..... 319) +3.4
+3.1 || South Bend. 321) +3.1
+81 | Bud...ooiiiiiiii i 323) +3.1
+3.2 i Lincoll.ceoenneinnnnnnnn... (325) +2.9
+3.2 || South Bend west base. .ol {327a) +2.8
+2.Z .IS)ouv,h lécrétfllwostS baso. ((3271); +}g

Montgoniery... | +0, onn .8 . 3200, +1,
Mgi'g%g. . y ................. ! é239) +0.7 || Ponn él; S.1.8,).. ...| (320b) -~1.3
| ( South Bend east baso.. ... .. (331) ~11
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Table of corrections to the measured lengths.

Correc-
Designa-| tionto | Ratloof
tion of |length in| correction
8tations at onds of linc. lt;n(ﬁtl:gin Bpol:ggtol} léo ttoht‘;ls
ment. loga- ?%o—-
rithm. |
b D N F Y T 2) — 8, 543000
Adams.North Verron. w8 -2 | 2 i1 oo
ﬁﬁnhg’e%orll-‘kllen. ((68)) Ton ! s
en-Bartholomew.. |
Bartholomew-Benton.........oouuiiiiurerererneeaeraneronreranrtoeenns (10) -6 724 000
Benton-Blackfork 12 —18 241 000
Blackfork-Boon. . 14 —5(_} 7% 000
Do Comeil. 18 4 101 000
rown-Corroll. K
L0022 O 20 — 8 543 000
Cass-Columbus. . ..o e 22 —~33 132 000
Columbus-Clay % -—13 1 gi{g o
Clay-Clark..... I —94 8 o0
Clark-Clinton.... P _62 i
Clinton-Edinburg - !
Edinburg-Crawford............cciiiiiiiiiiiiiiiiiiii s L.o(32 —14; 310 000
Crawford-Daviess. . .. 34; -gg é??l g%
Doatporn Secamre.. ' ggg i 90, 000
earborn-Decature. .. . - )
Decature-Decalb..........cc.iiiiiiiriiiiiitiiiieiiieenioniaacacananaan 40 -16 271 000
Docalb-DeIAWATO .. oo ieeie et ae e aaans 42 — 4| 1088000
Delaware-Dubols. . ... ..ooieirieieiiiiaeinieianaaanaan :3 :12 . (2)983 ggg
llguboﬁi-Fré\hl{J}mnt. .................. 45 Zo2 167 o0
TAI Il-. T ) o
Elkhart-Whiteland.............ccoociiiiiaeennnn... 50, -5 87 000
52) —28 155 000
‘Whiteland-Fayette 0
Fayette-Floyd... E:_:g; —-;(4) 2?2 o
Floyd-Greenw o - nx
QGreenwood-Foun . 30; —1 167 000
Fountaln-Fulton. . ...ooiuioiiniiiiiiii it iiciieiceriannnenns ; -
Fulton-Traction... 02 —32 136 000
Traction-S8helby. %g —lg gﬁ?j
vy Korie? S Z2 2171000
Kerk-8herman. . 11L00 111111 I 70 —2| 2171000
Bherman-ElBVAtOr. ...t rt et ieieae e e e aea e e aeaeaaaaaas 72 —20 217 000
%levato;-ﬁrios ect . ;g —18 310 000
rospect- P TP ORRPPOUPPIIN NI ¢ (:) S I | PO
Michigan-Emerson. . gg - g 2 161111 000
Emerson-8ubWaY . ......vceeeiieieuniiieiiiriiieiaiiriiiiieeriaieiees
BUbWAY-THOAMAN. ... i iiiereiiienrreaeeeeeeierenaaraesiearsantanaanns gﬁ :gg }g-; %
Thoaman-Pendleton. B - 350 0
R R e 53 el 21000
venue-Brightwood.
Brightwood-Keystone 90, + 2 2 171 000
KOystone-LaKe ... ......cooeiieniiiaieiiecnsataeeecnneciacecasecaanans 82 :lg _2]7& %
e-Erie..... . o -3 134 000
Erie-Western.. . » e 124 00
Waestern-Gibson. 18 - 217 %00
L3001 B €7 ¥ o 2 O RS
102 -2 167 000
€00 e T VO
QGreen-Castleton. . . }% ::g 18(3) %
Castleton-Fisher. . 1 it 7 198 90
Fisher-Frazler..... . ht i i
Frazier-Hamilton.........occiiuiiiiiiiiiiiiiiiieiiiiseiiiiienannaenn.
Hamilton-Hancock 112 -8 mw
Hancock-Harrison. 118 = 1 086 000
g%rkrl:gg-%take.... .......... 1 ~i 1 033 000
21 S
BOUb-Fill.cceaeneiniiiiiiiii ittt iieaes .| (120 — 4 1 080 000
~32 136 000
Fill-Hendricks...... o122 ._3
Hendrlcks-Brays. {%; __'41’1 :14!15(1) %
Brays-Fox..... h ng i g
}f;’;‘;,{’;%ﬁg-,;- (130) —21 103000
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Table of corrections to the measured lengths—Continued.

85

Detong-Porter

Correc-
Dosigna-; tion to Ratioof
tion of |lengthin) correction
Stations at ends of lino. length in| seventh [ to total
adjust- | placoof | length as
ment. loga- 1 to—
rithm.
HONIP-Cl00T0. ¢ oo neeeveernneeeaeemrenin e et eraeecunrraesnneaenns 132 -10 434 000
Cicero-Tucker........-.... . 134 — 4 1 08 000
TPycker-Howard........... 136 — 8 543 000
Howard-Kinders.......... 138 -18 241 000
Kinders-Arcada 140, —34 128 000
§l42g 72 60 000
144 —28 166 000
146 -~ 8 543 000
148 — 8 543 000
150 —22 197 000
Ressler-Jackson 152 —30 145 000
Jackson-New Hope.... 154 —18 241 000
New Hope-Midway... . 156 =20 217 000
Midway-Sharp........ 1583 —22 197 000
10T e LT i T D 160, —22 197 000
LA 1o T D11 1010 o D PR 162) ~28 155 000
DuncanJennings...... .. 164 —30 145 000
Jonnings-Maln......... 166 —20 217 000
Main-Buckoye......... 168 -4 1 088 000
Buckeye-l{okomo 170 —14 310 000
Kokomo-Penn l72; -6 000
I LBCY e v vennns 174 -4 310 000
Lacey-Caasedy. 176) —506 78 000
> {-Shupe. e 178) —85 51 000
Shope-Bennett ........ 180) —~14 810 000
Bannett-Laporte. 182) —44 09 000
Laporte-Anoka.. 184) —3¢ 128 000
Anoka-Junction. 186) ~10 434 000
Junction-Laurra. 188; -2 2 171 000
Laurra-Frate 100 -2 2 171 000
D ) 2 T 0 L T 102) -2 2 171 000
Yarde-Wabash........ 194) -4 1 086 000
Wabash-River....... 160) ~ 8 543 000
River-Lagrango...... 108) — 4 1 086 000
Lagrange-Mulborn ) — 2] 2171 000
Mulbom-Lo%msport 202) [V PO
Lannspow to...... 204) -8 724 000
Eel-Mjami......... 206) -2 2 171 000
Miami-Vandalla. .. mﬂ; -2 2 171 000
Vandala-LO0nad0 . oo ee ettt ittt ia e ataaecreetanaeraeanaan 210 [ P
L000dR-KN0X . ceeaetiiiri it ittt ctesattonctanarastcaasererarann 212} -4 1 086 000
Knox-Horney. .. 2l4§ -2 2 171 000
Horney-Laurence.. 210 -4 1 086 000
Lauronco-Lawn.... 218) —24 181 000
LaWD-MArthA, . ee oo acain it iriranrerestaessesesiaesacsscsanstnnsonnns 220) -4 1 086 000
MATtha-Maditon . .o criieitiiieiereasastecsanetaatortessecnsctsesonnna 222) -6 724 000
Madison-Marlon. .. oee 224§ -0 724 000
Marlon-Marchal.... 220 —-22 197 000
Marchal-Martin.. . 228) -3¢ 128 000
Martin-MonroG. c.ccceeeneernseeaonnns 230) -6 724 000
Monroe-Lucerno. 232) —24 181 000
Lucerne-Boon. ... 234) -10 434 000
Boon-Montgomery. 230) -2 167 000
Montgomery-Morga 28) =22 197 000
Morgan-Grass.... 240} —46 94 000
Grass-NOWLON . ....coanecreoereratnsannnnnnes 242) —-40 109 000
ug| i me
ODIG-IKKOWAINB . oo veaveveanonaaocsonennes -
Kewanna-Ohio 248 -2 197 000
Ohjo-Orange. 250 ~8 543 000
Orange-Ow: 252) —~a8 114 000
Ower Pann 254 =30 145 000
Perry-De -
erry-Ielor 2009 —u 000
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Table of corrections to the measured lengths—Continued.

Corree-

Designa-| tionto | Ratioof

tion of |length in | correction

Btations at ends of line. length in | soventh | to total

a utib- p{aco of loilgth as

ment. a- to—
ritﬁm.

D011 o T 202) -22 197 000
Posey-PUtDAIL. . covievniniiiiiiiiiriiiiiiiinrecieaaeaas 264 —14 310 000
Putn8m-CulVer.....ccoeeemnienitniiiiaiiiiaiiiannainaenas 206 —16 271 000
Culver-Randolf.......ooiiioiii it iiiiiiiiiiiiiiiiiaiaaaan 208 -4 1 086 000
P2E:0:Ts (o] | 23251 o) - HA RN 270 -22 197 000
Riple-Rush..... 272) -4 1 086 000
Rush-Hibbard.. 274) —~18 241 000
Hibbard-8pencel 276) ~b4 80 000
8pencer-Twin. . 278) -6 724 000
Twin-Joseph.... 280) —34 128 000
B LT170) (BT o T 282) -2 2 171 000
Btarke-Stuben. .. ..coiiiiiiii e .ee 284) -10 434 000
Stuben-Plymouth.........oocoiiiiiiiiiiiiiiiiiiiiii 2806) -2 2 171 000
Plymouth-Bulllvan......ccooiiiiiiiiiiiiiiiiieainnaa, .. 288) —14 310 000
Bullivan-Switzerland . ...occoeiieriiiiiiiiiaiaieiaiiaieann 290) -4 181 000
Switzerland-HAarr8. .. co.ooiiiiiii i .o 202) ~34 %8 000
Harris-TipPecanoe. .ou.vueee ettt iie ittt i iaeaaeas e 204) —-20 217 000
0 3301210 TR U o T 2 P 206) —40 100 000
1apazZ-Union. ..ovieii i it 208) —06 66 000
Unlon-Mourhess. . coovuoiii ittt iiiieiecicrecrieaarcncanasan 300) -8 543 000
Mourhess-Aman 302) -8 543 000
Aman-States. ; 304) -~20 217 000
States-Hilberry. 306) —44 99 000
Hilberry-Peacoc] 308) —38 114 000
Peacock-Wehr.... 310) ~10 434 000
s Lo [0 312) —34 128 000
Lloyd-8tudebaker. ....ocoveiiioiiiiiiiiiiiiiiiaaiaenanns 314) —4 1 086 000
Studebaker-Grifith. ... .ot iiiiiiiieeiiaanananas 316) -4 1 080 000,
Grifith-Indiana. « coeeeveerrienrieieeeiiieniiinianeienenss 318) -12 362 000
Indiana-South Bend....cceeneeiieeiiiiiiiiiaiiiaiian.. 320) -2 2 171 000
South Bend-Bud.....ccoceienviienrianeianaconcnennnnnns .- 322) -4 1 086 000
Bud-Lineoln. . . o cociieiiiiiiiiii i -- 324) + 4 1 086 000
Lincoln-South Bend west base.......cveeuveiienienn.n. 326) . [ N
South Bend west base-South Bend €8st DaSC.....ooovenneieiieniiiaiiiiiiiiianiiniii]oiianenannns

DEFLECTIONS IN THE PRIME VERTICAL AND IN THE MERIDIAN.

The following tables show the deflections in the prime vertical and
in the meridian at three stations of the transcontinental triangula-
tion in Indiana. They are included here simply that all essential
data for this State may be kept together in one report.

Deflections in the prime vertical,

Astro-
Namo of station. Geodeticlayl- | deedoticlongi-| momic | 4 0 | cogut A-G
Y tude. longl- (P.v)
tude. tude.
o 14 1 ° ’ 17 ’” 7 ”
O.and M., 1914... 38 20 00.278 { 85 40 11.497 11. 69 +0.19 0.7828 +0.16
Loulsville, 1880.. .1 88 16 06.791 | 85 45 31.823 30.85| ~0.97| 0.7855 —0.76
Vincennes, 1881............... 38 40 35.70 | 87 31 35.05 30, 14 — 4.91] 0,7807 -3.83
1¢ 18 the geodotic latitude.
Deflections in the meridiun.
N tstation Geodetic latl- | Geodetic longi- ﬁsxt&o-o A-G
ame ofstation. tude. tude. Iat?tudo. :
o ’ " L] ’ ” " ”
O.and M., 1014, .. ..oooiiiiiiiieiernnnannennaanns 38 20 00.278 | 85 40 11,407 01.93 +1.65
Loulsvlille, 1880.... ...} 38 15 00.791 | 85 45 31.823 08. 01 +1.22
Vincennes, 1881 38 40 35.70 | 87 31 35.05 30. 80 +1.10




INDEX TO POSITIONS, DESCRIPTIONS, ELEVATIONS, AND SKETCHES.

Ele\'ﬂ

3| De- Do
Pos Eleva-| Post-
Station, tion stcilgrrlr tion. Sketoh, Station, tion. stcit(;lg- tlon., 8ketch
Na. Page.| Page. | Page.] No.
18 10 20 0....... 17
18 18 51 ....... 21
22 (,ut,singexl-‘ (d;fgb lo- 19 18
21 vator, urg...| 19 (... o,
20
13 38 1. 18
1 13 38 |. 18
Batleytown church 13 38 1. 18
(U.8.L.8........ 23 13 38 1. 18
Ba.ld Tom 8U. 8. 13 38 . 18
L. 8.)... . 23 18 50 1. 21
17 10 28 |. 17
13 398 |. 19
21 18 45 (. 20
18
. 17 24 57 lveeenns 23
o . 16
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