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R E P O R T .

Boston, Mass., Dec. 30, 1899.

To the Honorable Senate and House o f Representatives,
Commonwealth o f Massachusetts.

The Commissioners on the Topographical Sur
vey and Map of the State present the following 
report of the work executed under their direc
tion during the year 1899. In brief this has 
consisted o f: —

First. — Surveys for determination of town 
boundaries.

Second. — The publication of town boundary 
atlases.

Third. — The final settlement and report on 
the Rhode Island boundary line.

Fourth. — The completion of the work on the 
iSTew York boundary line, its perambulation, and 
the preparation of the final report.

Fifth. — The straightening of town boundary 
lines.

Sixth. — The completion of the primary trian
gulation, including its adjustment, and the fina 
determination of the resulting bases.
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Su r v ey s .

One field party throughout the whole of the 
working season has been engaged in making 
surveys of corners and natural town boundaries, 
such as streams and highways, existing between 
towns where the triangulation work had already 
been completed. Another field party has been 
occupied on the same work for a portion of the 
season, and for the remainder on triangulation 
and miscellaneous work.

P u b l ic a t io n  o f  T ow n  B o u n d a ry  A t l a se s .

After many attempts to determine the best 
form in which to publish the results of the 
town boundary surveys, it was finally decided 
to reproduce the title page, the triangulation 
sheet and the topographical sketches of the 
corners by the lithographic process, and to print 
all the descriptive matter. This plan has re
sulted in a considerable saving in expense over 
any other plan that had been proposed, besides 
improving the general appearance of the work. 
The edition consists of 100 copies, of which 90 
are bound in stiff paper and 10 in half-leather 
covers.

The following arrangement of the atlas sheets 
has been adopted: -
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First. — Title page.
Second. — Preface, which consists generally of 

two or three sheets containing: —
(а) Brief statement relating to the original 

boundaries of the town, with a chronological 
reference to the statutes which define the pres
ent boundaries.

(б) A description of the present boundaries, 
with bearings and distances.

(c) An explanation of the terms used, to
gether with the names of the parties who exe
cuted the field work.

(d) A brief abstract of the statutes, defin
ing the present boundaries.

Third. — A triangulation sheet, showing the 
outline of the town and stations from which 
the locations of the corner bounds were deter
mined.

Fourth. — A position sheet, showing in tabular 
form the latitude and longitude of each corner, 
the azimuth, back azimuth, true bearing and dis
tance in feet and metres from corner to corner; 
also the geographical positions of important sta
tions, with azimuth, back azimuth and distance 
to stations from which their locations were 
determined.

Fifth. — A description of triangulation stations.
Sixth. — Topographical sketches of the corners.
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Seventh. — Descriptions of the corners.
Eighth. — Reproductions of photographs of 

corner marks.
The sheets comprising the atlases are about 

17 by 21 inches in size, and both the stock 
upon which the printing is done and the inks 
have been selected with reference to their 
permanency.

Atlases of the following towns have been 
printed and copies filed with the Secretary of 
the Commonwealth, the State library and the 
towns immediately concerned: Abington, Rock
land, Whitman, East Bridgewater, W est Bridge- 
water, Brockton, Hanover, Malden, Melrose and 
Medford. The remaining copies are now held 
by the commission, and some provision should be 
made for their distribution by the present Legis
lature.

During the coming year data for 50 towns 
Avill be ready for the printer, of which 20 are 
now completed and work on the others well 
advanced. The average cost is about $2.50 for 
each atlas.

The regular annual appropriation for work of 
the commission is sufficient to provide for the 
publication of from 10 to 15 atlases each year, 
in addition to carrying on the work of locating 
the town corners and preparing the atlases for 
publication.
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The field and office work is now ahead of 
the work of publication, and for many reasons 
it is desirable to print enough atlases to bring 
the publication up to the field work. We there
fore recommend a special appropriation of $12,000 
for printing 50 town boundary atlases during the 
coming year.

R ho de  I slan d  B o u nda ry  L in e .

The annual reports of the commission have 
contained progress reports of the work accom
plished on the Rhode Island boundary line. It 
was stated in the last annual report that the 
line was agreed upon by the representatives of 
both States, and marked by new and substantial 
monuments at the corners and by resetting some 
of the old monuments or line bounds in their 
proper locations.

A description of the line, with a set of 23 
plans bound in atlas form was filed with the 
Secretary of State on May 22, 1899; and a final 
report, including the draft of an act fixing the 
line in accordance with the plans, together with 
a tabulated list of the monuments as set, was 
submitted to the Legislature on May 23 (House 
Document, Xo. 1230). On June 3 chapter 476 
of the Acts of 1899 was approved, establishing 
the boundary line as agreed upon; and under 
date of May 26, 1899, a similar act (chapter 683
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of the Acts of Rhode Island) was passed by 
the Rhode Island General Assembly, thus com
pleting' the work to the satisfaction of both 
States.

N e w  Y ork  B o u nda ry  L in e .

The principal work on the Yew York boun
dary line this year was the setting of the monu
ments on the southern portion of the line 
between the Connecticut corner and State Line 
village, which devolved upon the authorities of 
the State of Yew York, Massachusetts only send
ing a representative to witness the setting of the 
bounds. This work has been completed, and 
plans of the line for filing with the Secretary 
of State have been prepared. They consist of 
two general plans and profiles of the whole line: 
one a preliminary plan, showing the location of 
old monuments, stone piles and other marks 
found along the line; and the other a record 
plan of the marking of the line as agreed upon 
between the State engineer and surveyor of Yew 
York and this commission. Plans have been pre
pared, showing the method of alignment adopted 
and the primary triangulation system to which 
important points on the line have been con
nected. The final report will be submitted to 
the Legislature during the present session.
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P e r a m b u la tio n  of S t a t e  B o u n d a r ie s .

By the provisions of chapter 299 of the Acts 
of 1898 a perambulation of the State boundary 
lines is required at intervals of five years. It 
will be necessary, under the provisions of this 
statute, to examine during the present year about 
307 miles of boundary, as follows: —

Miles.

New Hampshire boundary, . . . . .  97
Vermont b o u n d a r y , ................................................41
Connecticut boundary,................................................95
Rhode Island b o u n d a r y , ........................................74

T o t a l , .............................................................. 307

The perambulation of the Yew York line has 
already been completed, in co-operation with the 
New York authorities. I t is estimated that this 
work will cost $1,500; and, as no provision has 
been made for its execution, we respectfully re
quest that a special appropriation of the above 
amount be made by the present Legislature.

St r a ig h t e n in g  o f  T ow n  B o u nda ry  L in e s .

Many of the boundary lines between towns 
are found to be very crooked, and monuments 
have disappeared, rendering it difficult to iden
tify the true positions of the corners.

As authorized by chapter 336 of the Acts of 
1888, we have conferred with the officers of
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various towns, and suggested such changes as 
in our opinion would simplify and improve the 
boundaries. During the past year a plan was 
recommended for straightening the boundary be
tween Marshfield and Pembroke, by which a 
number of angles would be eliminated. The 
town of Marshfield has already assented to the 
changes, and the matter at present awaits the 
approval of the town of Pembroke. Other 
changes in town lines are contemplated. The 
town boundary surveys have proved of great 
assistance in determining the best lines for 
adoption.

P rim a ry  T r ia n g u l a t jo x .

The primary triangulation, extending across 
the State, upon which the commission has been 
engaged for several years past, has been com
pleted, and a final report, with map, giving the 
results of the work, prepared by Assistant James 
B. Tolley, will be found in the Appendix to this 
report.

We believe that the field work of this sur
vey has been executed with a high degree of 
accuracy, and that, in adjusting the geographical 
positions, with the advice and under the scrutiny 
of the officers of the United States Coast Sur
vey, the work has been done under the most 
favorable auspices.
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As a result of this work the State now has 
a trustworthy series of primary triangles, ex
tending over its entire area, and the stations 
have been permanently marked. The survey 
has shown the weak points in some of the old 
primary triangulation, and these will be found 
more fully described in Mr. Tolley’s report.

The map of the Boston metropolitan district, 
to which reference was made in the last annual 
report, has not yet been completed by the 
United States Geological Survey, but it is ex
pected that it will be ready for publication 
before the close of the present year.

The report of the chief engineer, Mr. Henry 
B. Wood, and a table of geographical positions 
of triangulation points, will be found in the 
Appendix.

Respectfully submitted,

DESMOND FITZGERALD, 
ALFRED E. BURTON,
FRANK W. IiODGDON,

Topographical Survey Commission.





A P P E N D I X .





A p p e n d i x  A .

REPORT OF THE CH IEF EN G IN EER.

B oston, Mass., Dec. 30, 1899.

Mr. Desmond FitzGerald, Chairman,
Topographical Survey Commission.

D ead  S ir  : — The following report of field 
and office work for the year 1899 is respect
fully submitted, together with a special report 
upon the primary triangulation of the State.

The early part of the year was occupied in 
arranging plans and field data connected with 
the marking of the Rhode Island boundary line 
from Burnt Swamp Corner southerly to the sea, 
to accompany the report of the commission to 
the Legislature. The plans, which have been 
filed with the Secretary of State, give full in
formation as to the corners and other bound 
stones, and are drawn on a large scale, to show 
topographical and other details. They are ar
ranged in convenient form for reference by engi
neers and others desiring to consult them, and 
agree with the statutes accepted by both States, 
which confirm the line. It will hereafter he
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necessary to make an examination of the line 
once in five years, as provided by chapter 299 
of the Acts of 1898.

The main field work of the year has been 
confined almost wholly to a revision of data 
relating to the towns about to be published, the 
original field work for which was executed some 
years previously. Local improvements and altera
tions in highways and other property have neces
sarily changed the immediate surroundings of 
the bounds, and in many instances have dis
turbed the bounds themselves.

A  study of the statutes and records establish
ing the lines has led to many interesting dis
coveries, and has necessitated the determination 
of a few bounds not previously located whose 
existence was not known.

The boundary lines of other towns which have 
been revised adjoin those already pi-inted, and 
thus admit of continuous publication by counties, 
and data relating to corners common to two or 
more towns can be easily duplicated.

Assistant Eugene E. Peirce finished the revi
sion of the corners in the remaining 21 towns 
of Plymouth county, and the entire field work 
is now completed for that county.

Assistant James B. Tolley has visited and 
revised the corners of 5 towns in Middlesex
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county, and his assistant, F. E. Bowman, has 
inspected the corners of 5 other towns in Essex 
connty.

Assistant W. C. Hawley has begun work on 
a cluster of 5 towns in Norfolk county, imme
diately north of the Old Colony line, where an 
unusual number of water boundaries and high
way boundaries require detail surveys. This 
work will soon be ready for publication. Add
ing to the above the 15 towns of Barnstable 
county, which have been nearly revised, together 
with 7 towns in Dukes county, makes a list of 
over 50 towns which can be made ready for the 
printer this year.

Other miscellaneous field work has been ac
complished, such as the marking in a more per
manent manner of certain triangulation stations 
with 8-inch granite monuments.

Assistant Tolley has extended his primary 
triangulation to a few additional points, con
necting with the town boundary work that was 
done in the years 189.3, 1894 and 1895, so as 
to give the additional bases needed for the com
putation of this work.

Photographs have been taken of all bounds 
visited during the year, to be used in the half
tone cut reproductions.

Stadia surveys have been made of the fol-
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lowing water boundaries and highways, as re
quired hy chapter 336 of the Acts of 1888:

Plymouth County. —  Mattapoisett river, Dag
gett’s brook, Sippican river, Tussock brook, Pine 
brook, Oldham pond, Fresh river.

Norfolk and Bristol Counties. — Traphole 
brook, Stop river, Norton reservoir, Bungay res
ervoir, Shepard’s pond, "Whiting’s pond, Witch 
pond, North Factory pond, Mill pond, Marsh 
pond, School-meadow brook, Old Post road, 
Summer street, County street, Bird street, 
Baker street and Bay street.

N e w  Y ork  B o u nda ry  L in e .

The work of setting the monuments on the 
northerly portion of the line, that was allotted 
to the Massachusetts party, was completed last 
year, with the understanding that the New A ork 
party should set the monuments on the south
erly portion of the line.

In August the work of setting the bounds 
on the southerly or New York end of the 
boundary was begun by the State of New 
York, and Mr. Peirce was assigned to the duty 
of representing Massachusetts. He personally 
verified the setting of each bound, and collected 
the necessary notes for record.

Mr. Merritt Peckham, Jr., representing the
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State engineer of Yew York, was in charge of 
the work, which was prosecuted continuously 
from August 23 to October 18. During this 
time 57 bounds were set in position, and 1 ad
ditional bound was set ^November 17 at Mount 
Lebanon, where the new highway crosses the 
line.

As the laws of Yew York required a per
ambulation of the line this year, it was sug
gested by Mr. Edward A. Bond, State engineer, 
that the perambulation be made in connection 
with setting the bounds, in order to reduce the 
expense, which was agreed to. The lower half 
of the line was perambulated in the course of 
setting the bounds, and between October 19 and 
27 the line between State Line village and the 
northwest corner of Massachusetts was peram
bulated, and the bounds that were set in 1898 
were all found to be in good condition. Photo
graphs of bounds set during the year, together 
with 21 of those set in 1898, were taken, a total 
of 82, making the series on the Yew York line 
complete. This line is now thoroughly marked 
at 121 points in a total length of 50 | miles.

The adjusted system of triangulation, connect
ing prominent summits along the line with points 
in our primary triangulation, shows that the line 
is remarkably straight.
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The following table shows the number of 
monuments set and the character of the marks 
throughout the entire line: —

Sum m ary.

C harac ter o f M ark. Sum m its. M ile
P oin ts.

Road
C ross
ings.

T h ree
Town

Corners.

R ailroad
C ross
ings.

A ngle.

12 inch  by  12 inch  by  9 
feet, g ran ite , 1 - 36 9 _ 1

12 inch  by 12 inch  by  5 
feet, g ran ite , 8 28 - - 1 -

5 foot cast-iron  post, 6 20 - - - -

foot iro n  p ipe, set in 
ledge, . . . . 8 - - - - -

Old bounds re se t, . - - 1 2 - -

T o tals  (121), . 23 48 37 11 1 1

O f f ic e  W o r k .

The principal office work has consisted of the 
examination of public records and statutes re
lating to town boundary lines, and in preparing 
the prefaces and other descriptive matter for the 
boundary atlases. In addition to the data for 
the 10 towns published during the year, the 
material for about 20 other atlases is well ad
vanced in preparation, and the statutes have 
been compiled for about 110 other towns, or 5 
counties.

In the systematic examination of the legisla
tive records fixing town lines, the work of 
which has been mostly done by Mrs. Edna M. 
Peirce and Miss Sara A. Holt, various incon-
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sistencies or imperfections in the records have 
been discovered, besides a lack of agreement 
with the positions of the bounds as found.

The work of publication has been taken up 
in Plymouth and Middlesex counties, and is 
being extended to Barnstable, Bristol and Essex 
counties and a portion of Norfolk county.

The geographical positions of such points as 
were required to be determined have been com
puted.

Care is taken in this work to preserve the 
position of any ancient landmark or bound 
which forms a part of the original lay-out, even 
if it does not occur at a present angle in the 
line.

The information as published is intended to 
be a clear statement of the description of the 
boundary lines as they are found at the present 
time; and where the information is lacking, as 
far as the records are concerned, it is so stated.

As many of the lines established many years 
ago were described in direction by magnetic 
bearing, and the distances only to the nearest 
rod, it is readily seen that, on account of the 
variation of the magnetic needle from true 
north, due to local influences and to its change 
from year to year, directions so given cannot 
be relied upon with any degree of certainty.
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In addition to the computation of primary 
work by Assistant Tolley, described in his re
port, Mrs. Peirce has been engaged on the com
putation of the town boundary triangulation of 
towns in the western part of Middlesex county, 
using the adjusted lines now made available. 
Other miscellaneous computations have been 
made and positions tabulated.

The continued courtesy of the officials of the 
departments of State, Public Records and Library 
has been of material assistance in tracing out 
the records, which date back to the time when 
little care was taken as to their preservation.

D r a u g h tin g .

The main work has consisted in the prepara
tion of atlas sheets for publication. A change 
in the form of publication, to avoid the expense 
of the duplicate drawing of certain portions of 
the atlases, has enabled the work to be done 
with two less draughtsmen than formerly. Mr. 
Frank L. Tibbetts has continued in charge.

Plans of the surveys of water boundaries and 
highways have also been made for use in the 
atlas sheets.

Acting in co-operation with an assistant, rep
resenting the office of the State engineer and 
surveyor of New York, plans have been made
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showing the location and marking of the boun
dary line between the Commonwealth' of Massa
chusetts and the State of New York, to be 
used in connection with filing the report. These 
plans are made in duplicate, one set of which 
is for the use of the State of Yew York.

S a le  o f  A tla s  Sh e e t s .

Under the provisions of chapter 57 of the 
Resolves of 1890, 7 atlases, 2 folios and 2,986 
single sheets of the State topographical map 
and 6 wall maps have been sold, and the sum 
of $192.11 received from the sale of the maps 
has been deposited with the State Treasurer.

Under the provisions of chapter 95 of the 
Resolves of 1891, 11 atlases of the State map, 
with portfolios, have been gratuitously distrib
uted, 9 of which were sent by request to the 
free public libraries of the State.

The report on the primary triangulation of 
the State, by Assistant James B. Tolley, will 
be found in Appendix B.

Yours respectfully,

HENRY B. WOOD,
Chief Engineer.
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A p p e n d i x  B .

REPO RT OX PRIM ARY TRTAAGULA- 
TIOA.

B oston, May 29, 1899.

Mr. H enry B. Wood, Chief Engineer, Topographical Survey Com
mission, Boston, Mass.

D e a r  S ir  : — Herewith please find a report 
on the primary triangulation of Massachusetts. 
The field work was executed by me during the 
years 1895, 1896, 1897 and 1898, and the compu
tations were made at the office of the United 
States Coast Survey, in Washington, D. C., with 
the assistance of the officers of that department.

This is the most extensive trigonometrical sur
vey that has been made since the old Borden 
survey, and it is without doubt the most accu
rate ever undertaken by the State.

The earliest trigonometrical survey in Massa
chusetts was executed by Mr. Simeon Borden, 
during the years 1831 to 18-11, and was con
sidered an excellent survey. In 1831 the United 
States Coast Survey measured a base 8f miles
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in length on Fire island, on the south coast 
of Long island. In 1844 they also measured a 
base on the Boston & Providence Railroad, lOf 
miles in length, the northerly end of which was 
in the southeastern part of Foxborougli, and 
the southerly end in the southern part of Attle
borough. From 1844 to 1847 several primary 
stations were established in eastern Massachu
setts.

In 1857 the Coast survey further measured 
the Epping base, nearly 5 | miles in length, on 
Epping Plains, Washington county, Me. Pre
vious to its measurement, primary stations had 
been established extending northeastwardly from 
the Massachusetts base, and connecting with the 
Epping base.

During the years 1860 and 1864 the trian- 
grilation from Fire island base was extended 
northward, connecting with the Massachusetts 
and Epping bases, and crossing the central part 
of Massachusetts. The following primary sta
tions were established either in Massachusetts 
or very close to the boundary line in adjoining 
States: Blue Hill, Milton; Thompson, Gloucester; 
Manomet, Plymouth; Shootflying Hill, Barnstable; 
Copecut, Fall River; Indian, West Tisbury; Great 
Meadow Hill, Rehoboth; Wachusett, Princeton; 
Mount Tom, Northampton; Beaconpole, north-
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east part of Rhode Island; Monadnock, southern 
part of New H ampshire. The geographical
positions and the distances between these sta
tions were computed from the three bases 
already described, and the original observations 
were subjected to rigid adjustment.

In 1874 the [New York primary triangula
tion was connected with that of Massachusetts, 
through Greylock, Perry Peak and Bald Peak, 
which resulted in the establishment of 14 primary 
stations in Massachusetts or near its borders.

As the principal stations in a trigonometrical 
survey are on the highest summits, the United 
States Coast survey and the Borden survey 
stations were in some cases identical, while still 
belonging to entirely separate systems. In 1884 
the Coast survey found it convenient to incor
porate the Borden triangulation into their sys
tem, the stations common to both being located 
from the Coast survey base lines by the use of 
both the Borden and Coast survey angles. There 
were discrepancies in the closures of these 
angles. The positions published by the Coast 
survey in the report of 1886 were undoubtedly 
as good as could be obtained from such a com
bination of angles, but not as trustworthy as 
was desired.

The first town boundary work in the eastern
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part of the State was based on a number of 
sub-primary, secondary and tertiary stations, es
tablished along the coast from time to time by 
the Coast survey, for topographic and hydro- 
graphic purposes. As the town boundary sur
vey progressed toward the centre of the State, 
the only bases available were those connected 
with primary work, and they were too long for 
convenience; furthermore, the instrument used 
was not accurate enough for the measurement 
of angles in the larger triangles.

A t the close of a season’s work it was dis
covered that one of the most important points 
in the network of triangles, Wachusett, had 
been moved, the rock containing the copper bolt 
having been disturbed. Owing to the loss of 
this important station and several Borden points, 
and to the uncertain location of base stations 
upon which the principal points of the town 
boundary triangulation of 1893, 1893 and 1895 
depended for location, the Topographical Survey 
Commission determined to extend the primary 
system westwardly over the whole State, and to 
form sub-primary and secondary points for the 
town boundary survey.

Improved methods were introduced, such as 
the use of heliotropes, in addition to the usual 
signal poles, for targets. A  shield-tent for the
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instrument was provided, and a theodolite with 
an 8-inch circle reading to 5 seconds of arc 
was used. The field work proper was begun 
in 1896, and finished in 1898.

Before beginning the work of 1896 a recon- 
noissance was made of the old United States 
primary points; and the following stations, which 
had not been used for several years, were re
covered: Beaconpole, 14. I., Bald Hill, Conn., and 
Monadnock, 1ST. H. As a result of this work, 
the following base lines were obtained: —

Bald Hill to Mount Tom. Blue Hill to Prospect, Waltham.
Bald Hill to Monadnock. Blue Hill to Holt.
Mount Tom to Monadnock. Prospect, Waltham, to Holt.
Beaconpole to Blue Hill. Prospect, Waltham, to Monadnock.
Beaconpole to Prospect, Waltham.

Prospect, Waltham and Holt are sub-primary 
stations of the Coast survey.

The average length of lines used during the 
season of 1896 was 34.5 miles, the longest being 
62 miles. During this field season 12 stations 
were occupied.

Wachusett 2, Bumskit, Hilliard Ivnob and 
Mount Grace 2 were selected for the primary 
stations, as they are located on high hills, and 
are so distributed over the territory lying be
tween the Connecticut river and the Atlantic 
coast as to make well-conditioned triangles.
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The computation work was begun in the 
office of the Coast survey, under the general 
direction of the chief of the computing division, 
on Jan. 28, 1897. Wachusett 2, being centrally 
located and having the greatest number of lines 
leading to it from fixed primary stations, was 
selected as the first station to adjust. Bumskit, 
Hilliard Ivnob and Mount Grace 2 were next 
adjusted and their positions fixed, after which 
the work of adjustment was discontinued until 
another season’s field work was available.

In 1897 the field work was begun, on May 6. 
A t this time it had been decided to re-run and 
mark the westerly boundary of Massachusetts, 
and it was considered advisable to connect the 
prominent points on the line with the primary 
triangulation, which up to this time had only 
reached the Connecticut valley. The new terri
tory was reconnoitred and new stations were 
established. As Greylock station had been re
ported lost, the position of the iron tower on 
the summit was computed, and the distance and 
direction measured to the old point. By this 
means a hole was found in the rock below the 
surface of the ground, corresponding to the 
point, but the copper bolt called for in the de
scription was missing. The hole was thought 
to represent the original station mark, and a



30 STATE TOPOGRAPHICAL SURVEY. [Jan.

signal was erected over it. The position was 
verified as the original point in September of 
the same year. W ith this point established, 
there were four strong base lines on the east
ern border of the State boundary line, while on 
the western border there were the Hew York 
and Hudson river base lines of the Coast sur
vey already connected. With this large number 
of bases the work was kept under excellent 
control. The average length of adjusted lines 
used in 1897 was 33 miles; the longest, 56 miles. 
Fourteen stations were occupied, the longest line 
observed being 66 miles.

A t the close of the season’s field work the 
computations were again resumed in the office 
of the Coast survey, and the 12 following sta
tions were computed: Fay Mountain, Watatick, 
Robin Hill, Marlboro, Pegan Hill, Coy Hill, 
Packard Mountain, Peaked Mountain, Mugget, 
Marlboro W ater Tower, Maynard and French 
Hill.

Some additional angles were added to the sys
tem of primary triangulation in the fall of 1898, 
the last observation being at Jackson Hill, on 
November 3.

In January, 1899, the computations connected 
with Becket and Jackson Hill were made. With 
the new chain of adjusted triangles in the ex-
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treme western part of the system complete, the 
adjustment of the westerly boundary line of 
Massachusetts was undertaken, and the same 
care was used in the computations as with the 
primary work. The method of field work was 
as follows: —

In the reconnoissance of a country for a pri
mary scheme of triangulation some skill is neces
sary to lay out well-shaped triangles, and to take 
note of such features surrounding the stations as 
will assist in their identification when observing. 
There is less difficulty in locating primary than 
sub-primary stations, as the former are on the 
most prominent hills of the State.

Using the old Borden plan for reference, lines 
were found connecting his points over which it 
was impossible to observe without cutting con
siderable timber. It was also found that some 
stations were intervisible which he had not con
nected. The old work, therefore, was of assist
ance only in a general way.

After a station point had been selected, a 
tripod signal of the first order was erected over 
the centre mark, which in every case was located 
upon a rock. The signal was securely fastened 
to the ground or rock, and firmly built. A 
signal of the first order is larger than the usual 
tripod signal, and has a pole or mast 6 by 6
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inches by 15 feet, the usual size being 1 by 4 
inches by 10 or 12 feet. The size of the first 
order signal was designed to be used for point
ing upon stations 20 miles distant.

The identity of the sub-primary stations sup
plied A v itli the first order signals was easily fixed, 
and, as there were a great many sub-primary 
angles to be measured, their use saved time and 
expense in observing. Few heliotropes were 
posted at the sub-primary stations. “ Lozenges ” 
made of cloth, 12 or 14 inches square (3 black 
and 3 white), were often fastened, corner to 
corner, upon a furring strip, and this black and 
white target was placed so as exactly to face 
the observer. These were very effective on 
clear, bright days, particularly on afternoons 
when they were to the east of the observer.

A t the following stations it was necessary to 
open lines by clearing the timber, viz.: Beacon- 
pole, K. I.; Jackson Hill, Blandford; Mount 
Grace 2, Warwick; French Hill, Peru; and 
Packard Mountain, New Salem.

When Packard Mountain was identified, in 
1896, it was surrounded by a growth of heavy 
timber. It was thought advisable to clear the 
entire top of the mountain. The line between 
Jackson Hill and Becket, which was obstructed 
by timber on an intervening hill, was cleared.
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In order to preserve the exact location of 
trigonometrical stations, great care was taken in 
marking their centres. The centre mark is a 
copper bolt or a drill hole in the rock. In each 
case a triangle has been cut in the rock, enclos
ing- the centre mark. The centre has been “ wit
nessed” by four other marks, viz.: a small hole 
in the centre of a square cut in the rock, and 
near it an arrow cut in the rock, the arrow 
pointing toward the station. Their directions 
and distances from the centre mark were re
corded. A  topographical sketch of the imme
diate vicinity and a written description of the 
point were also made.

Heliotropes were used throughout the work. 
Five heliotropes, belonging to the United States 
Coast Survey, were used, three of them made 
of iron and two of brass. The latter were of 
better construction, having a more powerful tele
scope and a graduated limb. They were useful 
to the heliotroper in obtaining the direction of 
distant stations. Then, too, they were more 
likely to be in adjustment; that is, the line of 
sight of the telescope was parallel to the cen
tral line of the rings on top of the telescope.

The failure of the iron heliotropes led to the 
construction of a more simple type, called “ sta
tionary heliotropes.” Their cost was slight.
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They were made of two pieces of galvanized 
sheet iron, eaeli 9 by 12 inches, with hinges 
riveted upon the bottom for fastening on a 
board. In each piece of sheet iron, holes were 
made I  or 5 inches in diameter, respectively, 
and on either side of the holes grooved strips 
of iron were fastened for guiding a tin slide, 
5 by 8 inches in size, with apertures of 2 and 
3 inches respectively. Across each aperture and 
intersecting at its centre Avere cross-hairs. The 
two upright pieces of sheet iron were fixed upon 
a board, about 30 or 10 inches apart, and, the 
attendant then sighting through the apertures 
approximately toward a distant station, fastened 
the heliotrope securely in place. By moving 
the tAVO apertures, one laterally and the other 
vertically, there Avas no difficulty in pointing 
accurately at the desired object. The mirror 
Avas placed back of the two upright sheets of 
iron, and the sun’s rays directed through the 
two apertures, the nearer being the larger. This 
form of heliotrope Avas used with much satis
faction, its convenience being that, after once 
lining up, it Avas always ready for use. Three or 
four Avere usually set up at the observing station.

Heliotropers nearly always shoAV too much light, 
making it necessary for the observer to signal 
“ reduce size of light.” In one instance, a ^-inch 
aperture at a distance of 24 miles Avas sufficient.
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Generally a f-inch aperture was required for this 
distance.

The instrument used for the angle measure
ments was an 8-inch repeating theodolite, be
longing to the United States Coast Survey. It 
was supplied with 3 verniers reading to 5" of 
arc. A repeating theodolite requires the most 
delicate manipulation to give good results. The 
instrument was protected from the sun and wind 
by an observing tent made especially to fit under 
the first order signal. The legs of the tripod 
were always firmly placed, generally in holes 
drilled in the rock. Care was taken to centre 
the instrument accurately and to have the eye
piece at a convenient height, so that observa
tions could be made with the natural poise of 
the body. This instrument was kept in adjust
ment as to parallax and collimation, and was 
frequently leveled between sets of angles.

The system adopted for measuring angles was 
24 pointings per set, 12 direct and 12 reversed, 
taking the time of day in the beginning and end
ing of each set. The pointings were made as 
rapidly as would insure a perfect bisection of 
the heliotrope light or signal pole. The average 
time occupied in observing a set was about ten 
minutes. For the completion of a primary angle, 
6 sets were usually measured; for a sub-primary 
angle, 4 sets. In order to eliminate the errors
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of graduation, the sets were begun in different 
parts of the limb. The vernier zero was set on 
0° on the first set. For the primary angles the 
settings were made at every successive 60° of 
the limb, and for the sub-primary or secondary 
angles at every successive 00° of the limb. 
Usually the maximum variation per angle in 
the 6 sets was kept below 3.0", while it was 
often not greater than 2.0". Each set was 
critically examined as to the conditions under 
which it was obtained to establish its value or 
weight. If not satisfactory, extra sets were ob
served. In all the angle measures, care was 
taken to have them combined, and, when pos
sible, to have them connected completely around 
the horizon. With the combinations, by the clos
ing of the horizon, a stronger local adjustment 
at the station was effected. It was found that 
the primary angles were more accurately meas
ured immediately after a storm, especially in the 
latter part of the day, when the atmosphere was 
clearest and steadiest. Frequently ang'les could 
be measured all day with excellent results when 
the sky contained many clouds, and when con
siderable wind was blowing from the northwest. 
These two latter conditions were nearly always 
favorable for a clear atmosphere, but occasional 
delays were unavoidable, on account of the dis-
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appearance of the sun. It was found that early 
morning observations were very unreliable, on 
account of refraction.

The sub-primary angles were measured mostly 
on days when the sky was overcast, by pointing 
directly on the signal poles. On such days a 
better bisection of the signal poles could be 
made, and angles were measured between sta
tions that were 20 or 80 miles away, with no 
difficulty whatever. A  comparison of the unad
justed angles of the State survey with the ad
justed angles of the Coast survey gives a fair 
idea of the care with which the field work was 
executed. Below are some of the comparisons: —

At Beaconpole, R. I., between Prospect, AValtham and Blue H ill: —
Coast survey,................................................ 28° 39' 02,.44"
State survey,................................................ OOOCM 39' 02..54"

D iffe re n c e ,........................................ 0,.10"

At Mount Tom, between Monadnock and Bald H ill: —
Coast s u r v e y , ........................................ 95° 52' 53.,82"
State s u r v e y , * ........................................ 95° 52' 54..43"

D iffe ren c e ,........................................ 0..61"

At Mount Tom, between Greylock and Monadnock
Coast survey,................................................. 76c 34' 41..93"
State survey,................................................ 76° 34' 41.,74"

D iffe re n c e ,........................................ 0. 19"

At Greylock, between Monadnock and Mount Toml : —

Coast survey,................................................. 62° 05' 39..71"
State survey,................................................ 62c 05' 39. 32"

D iffe re n c e ,........................................ 0. 39"

Combined angles-
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A t Greylock a comparison between the unad
justed angles and the computed angles is as 

follows: —

Between Mount Grace 2 and Wachusett 2 : —
Unadjusted angle, . . . . . 13° 55' 04.48"
Computed angle, . . . . . 13° 55'04.20"

D iffe ren c e ,................................ 0.28"

Between Wachusett 2 and Mount Tom : —
Unadjusted angle,................................ . 37° 13' 24.30"
Computed a n g le , ................................ . 37° 13'24.36"

D iffe ren c e ,................................ 0.06"

Between Mount Grace 2 and Mount Tom : -
Unadjusted angle,................................ . 51° 08' 28.64"
Computed a n g le , ................................ . 51° 08'28.56"

D iffe re n c e ,................................ 0.08"

This comparison verifies the recovery of Grey-
lock.

Finally, that proper weight may be given in
subsequent use of the angles, a comparison has
been made of the closing error of three of the 
primary triangles with that of three primary 
triangles of the Coast survey. In each triangle 
of the Coast survey Wachusett appears, and in 
each of the State survey triangles Wachusett 2 
appears, so that practically the same territory is 
covered. Average closing error, Coast survey, 
1.431". Average closing error, State survey, 
2.02". For the 701 triangles of the trans-con
tinental triangulation of the Coast survey, the 
average closing error per triangle is 1.06". The
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average closing error per triangle of the entire 
primary system of the State survey, 59 triangles, 
is 1.81". For the primary work of 1896, which 
covers the eastern part of the State, the average 
closing error for the 10 primary triangles is 1.29" 
per triangle.

Communication between the home station and 
the far distant station was carried on by means 
of a code of signals which was used every day 
when possible. On some days the heliotrope 
lights could be seen when the hill or mountain 
was not visible. To show light under these 
conditions required heliotropers of experience. 
The principal persons so employed were Harold 
B. May hew, II. Arthur Phelps, Watson W. 
Baker, W. B. Marble, Clinton D. Thnrber and 
D. Russell Povey. They acted as recorders 
when with the observer.

The recovery of Greylock has verified the con
nection of our primary system with the Hudson 
River triangulation. The occupancy of Grey
lock, French Hill, Jackson Hill, Perry Peak and 
Bald Peak furnished the Coast survey a series 
of angles very much desired, and also the points 
of control for the establishment of the Massa
chusetts-New York boundary line. The occu
pancy of Mount Tom and Hilliard Knob furnished 
proper bases for the computation of the Connec
ticut valley town boundary work by Mr. Peirce in
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1895. The bases furnished by the occupancy of 
Bumskit, Wachusett 2, Watatiek, Robin Hill, Holt, 
Mai •lboro, Fay Mountain and Pegan Hill make 
it possil)le to compute the town boundary work 
of 1893, 1894 and 1895 in western Middlesex and 
eastern Worcester counties. Part of the last- 
named system of bases also controls the prin
cipal trigonometrical stations of the Metropolitan 
Water Board triangulation.

All the triangles in this primary scheme were 
spherical triangles; in other words, the area of 
the triangle was large enough to make the sum 
of the three angles exceed 180°. A triangle 
containing about 76 square miles has a spherical 
excess of 1.0". All discrepancies of the meas
ured angles and of the figures were adjusted 
by least squares. In the computation of the 
L M Z problem, more terms were used than it 
is customary in the town boundary work.

We are indebted to the superintendent and 
assistants of the United States Coast Survey for 
aid in the adjustment of the primary work.

Tables of geographical positions are appended 
to this report.

Very respectfully submitted,

JAM ES B. TOLLEY,
A ss is ta n t E n g in ee r .
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SUMMARY OF RESULTS.

F ield W ork.
Number of primary stations determined,................................ 7
Number of sub-primary stations determined, . . . .  11
Number of fixed stations of the Coast survey occupied, . . 11
Total number of stations occupied,........................................ 28
Number of sets of angles measured..........................................1,645
Total number of angles measured, a set consisting of 12 angles, 19,740 
Number'of days when primary angles were observed, . , 66
Number of days when primary and sub-primary angles were

observed,........................................................................................
Number of days observations were prevented by bad weather, 109
Longest line observed pointing on heliotrope (miles), . . 66
Longest line observed pointing on signal (miles), . . .  54
Largest triangle (area, in square^miles),......................................9 3 4

Office” W ork.
Number of angles used in theFomputations, . . . .  524
Number of triangles c o m p u te d , ................................................201
Number of stations receiving local station adjustment (involv

ing the solution of 402 equations in 94 sets), . . .  29
Number of stations receiving the figure adjustment (involving

the solution of 123 e q u a t io n s ) , ................................................18
Eccentric s t a t i o n s , ...........................................................................
Eccentric angles reduced ,................................................................11

Location of Stations determined.

Wachusett 2,. 
Bumskit, 
Hilliard Knob, 
Mount Grace 2, 
French Hill, . 
Becket, . 
Jackson Hill,

P r i m a r y .

Princeton.
Paxton.
Amherst and Granby line. 
Warwick.
Peru.
Becket.
Blandford.
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S u b - p r i m a r y .
Fay M o u n ta in , ................................ Westborough.
W a ta t ic k , ........................................ Ashburnhani.
Robin H i l l , ........................................ Chelmsford.
Marlboro, . . . . . . Marlborough,
Pegan H i l l , ........................................ Natick.
Coy H i l l , ........................................ Warren.
Packard Mountain, . . . . New Salem.
Peaked Mountain,................................ Monson.
M u g g e t , ........................................ Charlton.
M a y n a r d , ........................................ Maynard.
Marlboro Water Tower, Marlborough.



Geographical Positions from the Coast Survey Triangulation, used as Bases for the State Survey. Taken from
the Coast Survey Report, 1895.

Name of Station. Latitude.
Seconds

in
Metres.

Longitude.
Seconds

in
Metres.

Azimuth. Back Azimuth. To Station. Distance.
Metres.

Log-
arithms.

P r im a r y  S ta t io n s  a r id  Year's o c c u p ie d . o / „ o , // o / // O / //
Blue Dill. 1845, 1885, 1S96,* . 42 12 43.941 1,355.7 71 06 52.638 1,207.3 155 43 45.770 335 24 30.537 94,078.56 4.9734907(Astronomic azimuth station of 1S45.) 215 21 29.380 35 37 02.480 Thompson, . 54^491.94 4.7363323
Monadnock, N. H . 1860, 1S85, 1896,* 42 51 41.174 1,270.6 72 06 30.776 698.6 252 07 57.590 72 29 12.028 Unkonoonuc, 44,548.68 4.6488348
Mt. Tom. 1860, 1SS5, 1896,* 1897,* . 42 14 30.798 950.2 72 38 55.056 1,262.3 212 37 17.232 32 59 12.085 81,877.61 4.9131652(Astronomic azimuth station of 1862.)
Bald Hill, Conn. 1860, 1864, 1896,* . 41 58 25.890 798.9 72 11 55.027 1,266.9 128 48 17.330 308 30 11.049 Mt. Tom, 47,662.88 4.6781803
Beaconpole, R. I .  1S44,1889, 1896,* 1897,* 41 59 42.468 1,310.2 71 27 01.257 28.9 228 55 19.774 49 08 50.124 Blue Hill, . 36,777.41 4.5655811(Astronomic azimuth station of 1844.)
Greylock. 1874, 1882, 1897 * 1898,*. 42 38 14.088 434.6 73 09 59.130 1,347.2 253 35 57.679 74 19 02.804 Monadnock, 90,121.17 4.9548268

315 41 37.385 136 02 35.298 Mt. Tom, . 61,186.51 4.7866557
Perry  Peak. 1874, 1897,* 1898,* 42 25 15.648 482.8 73 22 48.781 1,115.3 154 43 48.875 334 34 13.448 Mt. Ratinesque, . 45,258.32 4.6556985

216 06 22.198 36 15 02.456 Greylock, . 29,757.38 4.4735946
S u b - p r im a r y  S ta t io n s  a n d  Y e a rs  oc-

c u p ie d .
Prospect, W altham . 1890, 1895,* 1896,* . 42 23 18.831 581.0 71 15 15.333 350.7 329 30 20.54 149 35 58.86 Blue Hill, . 22,723.08 4.3564673

20 24 11.44 200 16 17.33 Beaconpole, 46,606.15 4.6684432
Holt. 1890, 1 8 9 5 , * ................................... 42 38 28.026 864.8 71 06 24.872 566.7 0 45 57.22 180 45 38.49 Blue Hill, . 47,647.90 4.6780438

275 55 18.82 96 10 36.93 Thompson, . 31,066.38 4.4922906
Bald Peak. 1874, 1897,* 1898,* . 42 06 07.301 225.3 73 25 59.109 1,358.2 155 21 59.47 335 12 14.80 Yellow Pine, 47,600.92 4.6776154

187 00 04.08 7 02 12.09 Perry  Peak, 35,699.39 4.5526608
Castle H ill. 1 8 9 5 ,* ................................... 42 29 19.576 604.0 71 02 42.106 961.5 327 38 38.7 147 47 18.1 Scituate, 33,027.4 4.518874

* State survey. OO
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Geographical Positions established by the Primary Triangulation of the Commonwealth of Massachusetts.

N a m e  o f  S t a t i o n . Latitude.
Seconds

in
Metres.

Longitude.
Seconds

in
Metres.

Azimuth. Back Azimuth. To Station. Distance.
Metres.

Log-
arithms.

o / // o / // o / // o / '/
W achusett 2. 1895, 1896, . . . . 42 29 20.776 641.1 71 53 13.979 319.2 24 17 35.21 

66 36 45.95
204 05 01.71 
246 05 58.83

Bald Hill, Conn.,
M t. Tom,
Prospect, W altham, . 
Holt, . . . .  
Blue Hill, . 
Beaconpole, 
Mouadnock,

62.739.83 
68,470.38
53.264.43 
66,263.14
70.699.84
65.656.44 
45,164.81

4.7975433
4.8355027
4.7264373
4.8212720
4.8494184
4.8172773
4.6548002

Bumskit. 1895, 1896,................................... 42 18 05.113 157.8 71 53 50.813 1,163.9 84 09 43.65 
164 30 15.86

263 39 24.64 
344 21 41.63

Mt. Tom, . 
Monadnock,
Bald Hill, Conn , 
W achusett 2, 
Prospect, W altham, . 
Blue Hill, . 
Beaconpole,

62,323.61
64,577.22
44,087.80
20,864.88
53,877.93
65,353.58
50,232.15

4.7946526
4.8100794
4.6443184
4.3194158
4.7314109
4.8152694
4.7009818

Hilliard Knob. 1896, 1897, 42 18 20.191 623.0 72 30 38.331 878.0 207 59 38.00 
270 19 14.89

28 15 57.52 
90 44 00.69

Monadnock, 
Bumskit, 
W achusett 2, 
Bald Hill, Conn , 
Mt. Tom,

70,012.76
50,565.33
55,229.17
44,980.78
13,403.94

4.8451772
4.7038528
4.7421685
4.6530270
4.1272325

Mt. Grace 2. 1896, 1897, . . . . 42 41 29.144 899.3 72 21 19.783 450.3 300 09 23.69 
25 52 12.44

120 28 24.57 
205 40 19.96

W achusett 2,
Mt. Tom,
Monadnock,
Bumskit,
Hilliard Knob, .

44,526.05
55,450.44
27,660.43
57,399.26
44,714.96

4.6486142 
4.7439050 
4.4418589 
4.7589063 
4.6504528
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French Hill. 1 S 9 7 , .................................... 42 25 38.462 1,186.8 73 02 16.463 376.3 155 40 44.89 
302 34 24.00

335 35 32.12 
122 50 07.79

Greylock, .
Mt. Tom, 
Monadnock,
Mt. Grace 2, 
Hilliard Knob, . 
Perry Peak,
Bald Peak, .

25,595.19
38,127.94
90,190.25
63,254.88
45,489.86
28,181.13
48,671.56

4.4081584 £  
4.5812433 
4.9551596 <X, 
4.8010941 .
4.6579146 1----1
4.4499584
4.6872753

Becket. 1897, 1 8 9 8 , .................................... 42 18 06.725 207.5 73 08 46.842 1,072.9 46 56 59.57 
124 33 50.25

226 45 26.15 
304 24 22.95

Bald Peak, .
Perry Peak,
Greylock, .
French Hill,
Mt. Tom, .
Prospect Hill, Conn ,.

32,458.60
23,374.49
37,290.74
16,555.33
41,598.43
40,915.22

4.5113298 h j  
4.3687421 rH 
4.5716010 ^  
4.2189378 £  
4.6190770 “  
4.6118849 H

Jackson H ill. 1897, 1898, . . . . 42 10 20.199 623.3 73 00 50.132 1,150.7 77 27 04.32 
142 49 58.51

257 10 11.93 
322 44 38.06

Bald Peak, . 
Becket, 
Greylock, . 
Mt. Tom, .

35,521.61
18,074.20
53,152.56
31,142.90

4.5504926 
4.2570590 O  
4.7255242 
4.4933590 X, 

C J
Fay Mountain. 1895-1897, 42 14 23.796 734.2 71 37 42.562 975.9 241 43 27.64 

331 29 32.42
61 58 34.59 

151 36 42.51
Prospect, W altham, . 
Beaconpole, 
W achusett 2, 
Bumskit,
Blue Hill, .

34,992.02
30,926.77
34,932.15
23,216.35
42,536.17

4.5439690 ^  
4.4903346 g  
4.5432253 C  
4.3657939 
4.6287583 Z

W at a tick. 1897,............................................ 42 41 48.484 1,496.1 71 53 34.840 793.0 302 54 36.95 
336 42 23.54

123 20 31.75 
156 53 06.51

Prospect, W altham, . 
Fay Mountain, . 
Holt, . . . .  
W achusett 2,
Mt. Grace 2, 
Monadnock,

62,653.62
55,214.58
64,740.33
23,076.57
37,903.67
25,408.66

4.7969462 | 
4.7420538 [ 
4.8111749 
4.3631712 ^  
4.5786812 ?  
4.4049818 Or

Robin Hill. 1 8 9 5 , .................................... 42 35 06.252 192.9 71 21 56.066 1,278.5 253 33 48.91 
337 12 53.95

73 44 19.37 
157 17 24.61

H olt................................
Prospect, W altham, . 
Blue Hill, .
Fay Mountain, . 
W achusett 2, 
W atatick, .
Castle Hill, .

22,118.59
23,669.14
46,285.27
44,023.55
44,160.23
45,003.80
28,423.39

4.3447574 O
4.3741825
4.6654428
4.6436850
4.6450314
4.6532492
4.4536758

----------- — ^
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G e o g r a p h i c a l  P o s it io n s  e s t a b l i s h e d  b y  P r i m a r y  T r i a n g u l a t i o n  o f  C o m m o n w e a l t h  —  C oncluded.
05

N a m e  o f  S t a t i o n . Latitude.
Seconds

in
Metres.

Longitude.
Seconds

in
Metres.

Azimuth. Back Azimuth. To Station. Distance.
Metres.

Log-
arithms.

o / // o / // o / // o / //
Marlboro. 1895,............................................ 42 20 46.146 1,423.8 71 34 03.565 81.6 269 33 08.70 

23 03 31.26
79 45 49.00 

203 01 03.89
Prospect, W altham , . 
Fay Mountain, . 
W atatick, . 
W achusett2 , 
Bumskit,
Blue Hill, .
Robin Hill, .

26,242.43
12,819.81
47,243.41
30,724.19
27,635.59
40,223.63
31,314.14

4.4190040
4.1078817
4.6743413
4.4874805
4.4414687
4.6044813
4.4957405

Pegan Hill. 1895............................................ 42 15 03.222 99.4 71 18 18.838 431.8 195 20 52.63 
285 12 40.91

15 22 56.18 
105 20 22.12

Prospect, W altham , . 
Blue Hill, . 
Beaconpole,
Fay Mountain, . 
M arlboro, .

15,858.88
16,311.61
30,839.37
26,707.36
24,088.92

4.2002724
4.2124967
4.4891055
4.4266310
4.3818174

Coy Hill. 1897,............................................ 42 14 44.725 1,380.0 72 12 28.298 648.8 358 32 49.27 
89 28 17.19

178 33 11.58 
269 10 30.43

Bald Hill, Conn., 
Mt. Tom,
Hilliard Knob, . 
W achusett 2, 
Bumskit,

30,210.50
36,381.59
25,847.85
37,792.90
26,343.97

4.4801579
4.5608817
4.4124243
4.5774103
4.4206812

Packard Mountain. 1896, . . . . 42 27 40.615 1,253.2 72 21 10.962 250.5 179 32 59.96 
265 13 48.64

359 32 53.99 
85 32 41.06

Mt. Grace 2, 
W achusett 2,
Mt. Tom,
Hilliard Knob, . 
Monadnock, 
W atatick, . 
Bumskit,
Coy Hill, .

25,566.21 
38,431.27 
34,453.38 
21,621.15 
48,762.12 
45,944.02 
41,511.07 
26,762.43 1

4.4076663
4.5846848
4.5372318
4.3348788
4.6880826
4.6622290
4.6181639
4.4275256
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Peaked Mountain. 1896, . . . . 42 02 50.932 1,571.4 72 20 26.332

Mugget. 1895, 1 8 9 7 ,................................... 42 08 02.138 66.0 71 57 26.268

Marlboro w ater tower, . . . . 42 20 45.053 1,390.1 71 34 03.449

M aynard. 1895.............................................. 42 26 01.530 47.2 71 28 17.420

605.6

603.3

79.0

397.8

130 24 25.03 310 12 01.07 Mt. Tom, . 33,383.39 4.5235305
206 26 50.42 26 32 11.20 Coy Hill, . 24,607.20 4.3910623

Hilliard Knob, . 31,927.21 4.5041610
Packard Mountain, . 45,975.02 4.6625219
Bald Hill, Conn., 14,328.28 4.1561941

48 24 45.66 228 15 03.74 Bald Hill, Conn., 26,743.20 4.4272133
121 03 11.48 300 53 05.69 Coy Hill, 24,139.33 4.3827252

W achusett 2, 39,873.16 4.6006806
Buraskit, 19,249.56 4.2844208
Fay Mountain, . 29,605.49 4.4713722

259 28 44.15 79 41 24.37 Prospect, W altham , . 26,245.88 4.4190612
295 53 52.43 116 04 28.15 Began Hill, . 24,071.72 4.3815071

Mugget, 39,857.51 4.6005102
Fay Mountain, . 12,789.84 4.1068652
W achusett 2, 30,744.02 4.4877607
Robin Hill, . 31,341.33 4.4961174
Blue Hill, . 40,208.71 4.6043202

285 36 25.89 105 45 13.37 Prospect, W altham, . 18,574.46 4.2689162
39 09 54.20 219 06 00.84 M arlboro, . 12,545.39 4.0984842

W atatick, . 45,296.58 4.6560654
Robin Hill, . 18,929.05 4.2771289
Marlboro water tower, 12,569.88 4.0993313
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*»■
Geographical Positions established in connecting the State Primary Work with the Massachusetts — New  York

Boundary.

N a m e  o f  S t a t io n . Latitude.
Seconds

in
Metres.

Longitude.
Seconds

in
Metres.

Azimuth. Back Azimuth. To Station. Distance.
Metres.

i Log
arithms.

o  / // c  / // O / / / o  /  //
Mt. Harvey, M .—  N. Y . 1898, 42 18 46.160 1,424.3 73 25 32.183 737.0 272 55 51.08 

1 30 49.13
93 07 07.78 

181 30 31.04
Becket,
Bald Peak, . 
Perry  Peak, 
Greylock, .

23,058.08
23,422.26
12,585.94
41,868.33

4.3628232
4.3696289
4.0998857
4.6218S56

Mt. Misery, M. —  N. Y. 1898,. 42 36 55.177 1,702.5 73 18 49.822 1,135.5 194 50 54.66 
258 33 57.34

14 52 01.97 
78 39 56.73

Berlin Mountain 2, 
Greylock, .
Perry  Peak,
Mt. Ilarvey,

8,824.25
12,335.93
22,263.30
34,837.19

3.9456778
4.0911721
4.3475896
4.5420431

Mt. Prospect, M. —  N. Y. 1898, 42 08 34.166 1,054.2 73 29 16.537 379.8 314 57 30.40 
13 05 43.46

134 59 42.82 
193 05 01.76

Bald Peak, . 
A landar,
Becket,
R yant Bush 2, .

6,410.93
6,307.08

33,278.48
10,180.43

3.8069208
3.7998284
4.5221635
4.0077660

A landar, M . —N. Y . 1898, 42 05 06.544 201.9 73 30 32.367 743.9 195 12 22.93 
230 03 24.46

15 15 44.57 
50 03 33.61

Mt. narvey,
Alaudar,
Ryant Bush 2, .
Mt. Prospect, M. — 

N .Y .
M onument Mountain, 
Iron Bolt, .

26,209.74
409.28

4,357.88
6,638.61

4,706.13
4,107.54

4.4184627
2.6120154
3.6392758
3.8220774

3.6726645
3.6135814

North W est Corner, Conn. 1898, . 42 02 58.427 1,802.7 73 29 15.959 367.0 14 36 11.32 
102 00 10.74

194 36 02.83 
281 59 57.73

Brace Mountain 2, 
Bakers Rock, 
Monument Mountain, 
Iron Bolt, .

1,156.55
456.83
714.51
613.39

3.0631656
2.6597575
2.8540103
2.7877335
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South W est Corner, Mass. 1898, . 42 02 58.756 1,812.8 73 29 50.737 1,166.8 90 45 05.41 270 44 06.52 Boston Corner, . 2,022.05 3.3057917171 18 26.03 351 18 07.28 Alandar, 4,254.39 3.6288373
Alandar, M. — N. Y., 4,057.23 3.6082298
Monument Mountain, 679.28 2.8320481

Rounds Mountain, M. — N. Y. 1898, 42 33 56.442 1,741.6 73 19 56.137 1,280.5 195 19 31.35 15 20 16.23 Mt. Misery, 5,718.66 3.7572941239 39 10.22 59 45 54.33 Greylock, . 15,761.69 4.1976027
Clarksburg 2, 23,752.95 4.3757175
Perry  Peak, 16,546.15 4.2186970
Mt. Harvey, 29,118.54 4.4641696

Jim  Smith Hill, M. — N. Y . 1898, . 42 44 09.969 307.6 73 16 08.042 183.0 322 33 24.22 142 37 34.34 Greylock, . 13,824.87 4.140661015 22 05.89 195 20 16.23 Mt. Misery, 13,912.89 4.1434173
Clarksburg 2, 9,436.28 3.9748009
Berlin Mountain 2, 5,089.52 3.7066771

Mt. Fray, M. — N. Y . 1898, . 42 09 27.312 842.7 73 28 57.104 1,311.0 195 13 26.83 15 15 44.57 Mt. Harvey, 17.871.74 4.2521669326 27 36.85 146 29 36.25 Bald Peak, . 7,402.44 3.8693747
Alandar,
Mt. Prospect, M .— 

N. 7 .

8,005.54 3.9033906
1,669.38 3.2302905

Berlin Mountain, M. — N. Y . 1898, 42 41 30.432 939.0 73 17 07.479 170.2 301 48 09.66 121 52 59.95 Greylock, . 11,483.40 4.0600705
15 21 25.57 195 20 16.23 Mt. M isery,. 8,807.61 3.9448581

Jim  Smith Hill, . 5,105.28 3.7080196

Perry  Peak, M. — N . Y . 1S98,. 42 25 29.149 899.4 73 23 03.760 86.0 320 34 40.96 140 34 51.07 Perry Peak, 539.27 2.7318070
15 17 24.60 195 15 44.57 Mt. Harvey, 12,889.77 4.1102451

Mt. Misery, 21,947.42 4.3413835

Pownal-Petersburg and W illiamstown 
Corner. 1898.

42 44 45.201 1,394.8 73 15 54.904 1,248.7 195 22 14.80 15 22 18.25 Pownal, 436.40 2.6398846
15 22 14.80 195 22 05.88 Jim  Smith Hill, . 1,227.48 3.0521091

Clarksburg 2, 9,228.19 3.9651163

Iron Bolt on Hogeboom Line. 1898, 42 05 06.628 204.5 73 30 29.985 689.2 87 16 54.9 267 16 53.3 Alandar, M .— N. Y  , 54.80 1.73881
Angle on A landar. 1898.............................. 42 05 10.205 314.9 73 30 31.031 713.2 |

1
15 12 24.0 195 12 23.0 | Alandar, M. — N. Y., 117.04 2.06834
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o
Geographical Positions, Massachusetts — New York Boundary — C oncluded.

N a m e  o f  S t a t i o n . Latitude.
Seconds

in
Metres.

Longitude.
Seconds

in
Metres.

Azimuth. Back Azimuth. To Station. Distance.
Metres.

L o g 
arithms.

o  /  / / o  / u o  /  / / o  /  / /

A landar. 18 9 8 ,............................................ 42 08 15.060 464.7 73 30 18.714 430.1 194 41 27.72 
254 51 24.87

14 44 40.19 
74 54 18.90

Mt. Harvey, 
Bald Peak, . 
Perry  Peak, 
Becket,

25,874.92
6,179.77

38,452.65
38,019.44

4.4128791
3.7909723
4.5849263
4.5800057

Ryant Bush 2. 1898,.................................... 42 03 04.535 139.9 73 28 56.869 1,307.8 154 57 52.17 
215 54 41.61

334 56 57.33 
35 56 40.73

Alandar,
Bald Peak, .
Mt. Harvey,
Becket,
Prospect Hill, Conn., .

4,445.07
6,963.86

29,430.41
39,320.52
11,363.99

3.6478784
3.8428499
4.4687964
4.5946193
4.0555307

Berlin Mountain 2, N. Y . 1898, 42 41 31.589 974.7 73 17 10.482 238.6 301 46 26.14 
325 10 35.86

121 51 18.47 
145 20 40.54

Greylock, . 
French Hill, 
Becket,
Bald Peak, .

11,560.31
35,789.28
44,848.03
66,651.49

4.0629693
4.5537530
4.6517434
4.8238099

Iron Bolt. 1 8 9 8 , .................................... 42 02 58.677 1,810.4 73 29 42.630 980.4 168 51 02.85 
260 15 01.04

348 50 38.67 
80 15 31.69

Alaudar,
Ilyaut Bush 2,
Bald Peak, .
Prospect Hill, Conn., .

4,288.92
1,067.76
7,763.39

12,015.73

3.6323478
3.0284726
3.8900514
4.0797502

Brace Mountain 2, N . Y. 1898, 42 02 22.153 683.5 73 29 28.637 658.7 167 49 33.03 
214 43 06.65

347 48 59.48 
34 45 26.94

Alandar,
Bald Peak, .
Ryant Bush 2, . 
Prospect H ill,Conn., .

5,457.63
8,463.28
1,497.88

11,057.08

3.7370038
3.9270254
3.1754784
4.0436405

0

STA
TE 

TO
PO

G
R

A
PH

IC
A

L 
SU

R
V

EY
. 

[J



Geographical Positions of Sdb-primaet Stations established in Connection with the State Primary Work.

N a m e  o f  S t a t i o n . Latitude.
Seconds

in
Metres.

Longitude.
Seconds

in
Metres.

Azimuth. Back Azimuth. To Station.
Distance.
Metres.

Log
arithms.

o / // o / // O , // O , //
Monument Mountain, N . Y. 1898, . 42 02 40.127 1,238.1 73 29 34.997 804.9 162 56 54.84 342 56 49.73 Iron Bolt, . 598.66 2.7771836

229 20 18.03 49 20 43.57 llyan t Bush 2, 1,155.85 3.0629013
Alandar, 4,884.80 3.6888464
Prospect Hill, C onn.,. 11,514.50 4.0612450
Brace Mountain 2, 573.49 2.7585270

Gridley, Conn. 1S98, . . . . 42 02 20.208 623.5 73 28 03.900 89.7 91 46 16.20 271 45 19.46 Brace Mountain 2, 1,949.94 3.2900206
202 15 17.75 22 16 41.37 Bald Peak, . 7,571.20 3.8791648

Monument Mountain, 2,183.46 3.3391456
Ryant Bush 2, . 1,831.50 3.2628078
Iron Bolt, . 2,562.16 3.4086056
Prospect Hill, C onn.,. 9,536.69 3.9793976

Bakers Rock. 18 9 8 ,................................... 42 03 01.506 46.5 73 29 35.390 813.8 301 11 19.44 121 12 20.71 Gridley, 2,459.89 3.3909155
352 42 35.47 172 42 39.99 Brace Mountain 2, 1,224.08 3.0878101

Ryant Bush 2, 890.77 2.9497664
Monument Mountain, 659.72 2.8193615

Bear Mountain, Conn. 1898, . 42 02 42.380 1,307.6 73 27 19.996 459.9 107 03 59.60 287 02 54.72 Ryant Bush 2, 2,330.34 3.3674185
196 22 50.96 16 23 45.16 Bald Peak, . 6,590.33 3.8189072

Prospect Hill, C onn .,. 9,363.49 3.9714377
Gridley, 1,219.66 3.0862380
Brace Mountain 2, 3,023.78 3.4805508
M onument Mountain, 3,105.61 3.4921462

Stone tower, Bear Mountain, . 42 02 41.626 1,284.3 73 27 17.350 399.0 107 10 18.38 287 09 11.73 Ryant Bush 2, . 2,395.33 3.3793645
195 49 02.27 15 49 54.70 Bald Peak, . 6,595.80 3.8192678

Prospect Hill, C onn.,. 9,307.42 3.9688292
Gridley, 1,258.12 3.0997217
Brace Mountain 2, 3,078.72 3.4883706
Monument Mountain, 3,166.01 3.5005120
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Geographical Positions, Sub-primary Stations, etc. — C on clu ded , Ox

Seconds Seconds
N a m e  o f  S t a t io n , Latitude. in Longitude. in Azimuth. Back Azimuth. To Station. Metres. arithms.Metres. Metres.

o , // o , // o , // o / //
Mt. Riga 2. 1898............................................ 42 00 43.339 1,337.2 73 27 57.601 1,325.4 162 37 40.1 342 37 00.4 Ryant Bush 2, 4,564.74 3.659416

193 15 01.0 13 15 26.2 Bear M ountain, . 3,773.32 3.576723
Brace M ountain 2, 3,698.79 3.568059
Gridley, 2,992.29 3.476003
Stone tower, 3,765.16 3.575784
M onument Mountain, 4,243.05 3.627678
Prospect Hill, C onn .,. 7,633.24 3.882709

Boston Corner, N . Y . 1898, 42 02 59.606 1,839.1 73 31 18.657 429.0 198 14 39.23 18 15 19.39 Alandar, 4,400.61 3.6435127
270 44 05.21 90 45 09.53 Iron Bolt, . 2,208.51 3.3440994

M onument Mountain, 2,458.56 3.3906805
A landar, M. — N. Y , . 4,058.52 3.6083675

Clarksburg 2. 1898....................................... 42 44 02.569 79.3 73 09 13.345 303.6 5 32 27.41 185 31 56.37 Greylock, . 10,803.49 4.0335639
44 55 12.31 224 48 41.56 Mt. M isery ,. 18,607.15 4.2696799

Berlin Mountain 2, 11,815.03 4.0724349

Pownal. 1 8 9 8 , ............................................ 42 44 58.837 1,815.6 73 15 49.818 1,133.0 327
15

22
22

54.02
18.25

147
195

26
22

51.81
05.88

Greylock, .
Jim  Smith Hill, .

14,822.59
1,563.88

4.1709240
3.1942035

Clarksburg 2, 9,183.60 3.9630131

Pownal-Williamstown road stone, . 42 44 43.894 1,354.4 73 14 44.512 1,012.4 91 26 56.84 271 26 09.06 P o w n a l -  Petersburg 1,601.52 3.2045325
and W illiamstown 
Corner.

3.1917904107 15 10.94 287 14 26.61 Pownal, 1,555.22
Greylock, . 13,670.50 4.1357844

Leicester, Conn., Church, 1898, 42 14 48.969 1,510.9 71 54 24.848 569.7 18 21 51.75 198 19 49.91 Mugget, 13,224.74 4.1213872
183 26 35.27 3 27 23.03 W achusett 2, 26,948.67 4.4305373

Bumskit, 6,102.02 3.7854739
Fay Mountain, . 22,992.33 4.3615830
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Shrewsbury, Church, 1898, 42 17 52.188 1,610.3 71 42 51.965 1,190.4 246 01 40.52 
312 10 21.47

66 07 36.29 
132 13 49.58

Marlboro, .
Fay Mountain, . 
Bumskit,

13,236.60
9,571.95

15,097.16

4.1217764
3.9810006
4.1788952

W abau, S. E . 18 9 8 ,................................... 42 20 21.307 657.4 71 10 25.871 592.2 47 52 22.54 
129 36 58.17

227 47 04.26 
309 33 43.12

Began Hill, .
Prospect, W altham, . 
Blue Hill, .
Mt. A uburn tower, .

14,619.04
8,595.24

14,933.92
4,156.31

4.1649188
3.9342582
4.1741739
3.6187076

Olsen’s House signal. 1898, 42 20 33.767 1,041.9 71 07 58.809 1,346.2 54 22 37.62 
117 03 25.54

234 15 40.36 
296 58 31.38

Began Hill, .
Prospect, W altham, . 
W aban, S. E.,
Mt. A uburn tower, .

17,485.77
11,212.29
3,388.37
3,145.79

4.2426847
4.0496945
3.5299906
3.4977296

E sty’s House tower, 1898, . 42 20 09.897 305.4 71 08 01.853 42.4 120 28 57.57 
185 24 18.47

300 24 05.48 
5 24 20.52

Prospect, W altham, . 
Olsen’s House signal, 
Pegan Hill, .
Waban, S. E ., .

11,505.81
739.80

17,009.29
3,315.72

4.0609174
2.8691167
4.2306863
3.6205775

Olsen’s House tower, 1898, 42 20 33.746 1,041.3 71 07 58.360 1,335.9 54 23 54.55 
117 02 10.45

234 16 56.99 
296 57 15.99

Pegan Hill, .
Prospect, W altham, . 
W aban, S. E.,
Mt. Auburn tower, .

17,493.74
11,221.73
3,398.50
3,149.52

4.2428827
4.0500598
3.5312870
3.4982439

Ot03

1900.] 
PU

B
LIC

 D
O

CU
M

EN
T —

N
o. 50.


















