HOUSE.

No. 62.

REPORT
RELATING

TO

SURVEY OF THE COMMONWEALTH,
1831.

MESSAGE AND REPORT
RELATING TO

SURVEY OF THE

COMMONWEALTH,
1832.

JAMES STEVENS

Boston:
DUTTON AND WENTWORTH, STATE PRINTERS-

1833.

eommonlMCJiltij of

House

of

Representatives,

March 15, 1833.

Ordered That the Reports of the Civil Engineer, employed in the Survey of the Commonwealth, being the
Numbers 6 and 12 of the Documents of last year, ordered
by the Senate to be printed, be re-printed.
,

L. S. CUSHING, Clerk.

KM®® 1!,

To His Excellency Levi Lincoln,- Governor of the Commonwealth of Massachusetts
Sir,

The Commonwealth of Massachusetts having resolved,
that surveys of its territory should be made,
on trigonometrical principles, and astronomical observations, for
the purpose of making a correct map thereof,” and those
surveys having been commenced, it has been deemed
requisite, that a report of the progress therein should be
made to His Excellency the Governor of this Commonwealth, under whose immediate direction and control
they are to be made.
“

Operations on trigonometrical principles, serve not
only for the purpose of making an accurate map of a
State, or Country, but for many other valuable purposes,
civil, military, and scientific.
Surveys of this kind have been made only by the most
enlightened nations of Europe, and have served to mark
the progress of civilization, the extension of knowledge,
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the state of the sciences, and a general desire in the
for correct and useful information.
In order to show the great accuracy of which such
surveys are susceptible, and the different purposes to
which they have been applied, it has been thought necessary, that a short account should be given of some of
them, which have heretofore been made on the same, or
similar principles.
It was not till late in the last century, that France and
England made the first surveys of their kingdoms on
trigonometrical principles. As science advanced, and
commerce and internal intercourse increased, it became
necessary to determine, with greater accuracy, the position of distant places. It was then found, that surveys,
made in the manner of common land measuring, were
very defective, when applied to the measurement of extensive portions of the surface of the earth. In common
land surveying, the areas are generally very small, and
the measures are generally very small, and the measures
are considered as having been made on horizontal plains.
These surveys seldom exceed a mile in extent, in which
distance the curvature of the earth, being only eight
inches, does not materially affect them ; but, when it is
considered, that this curvature increases in the very rapid
ratio of the square of the distance, and that, too, in every
direction from the point of commencement, it is easy to
perceive, that extensive measures, made on a surface
nearly spherical, and projected on a plane tangent therecommunity

to, must be very erroneous.

The first regular operation on trigonometrical principles, worthy of notice, is that which was instituted in
France, by the Academy of Sciences, to determine the
magnitude of the earth. The philosophers of that learned
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institution, for this purpose, made the judicious selection
of that able and practical geometer, Picard, who, with
great care and precision, measured, trigonometrically,
from an accurate base line, an arc of the meridian, from
Paris to Amiens; by this process, and by astronomical
observations, made at each extremity of the arc, he obtained the value of one degree of the great circle of the
meridian, and consequently the solution of this interesting
and useful problem, which had so long occupied the attention of the greatest geometers and astronomers of the
learned world.
The next operation of this kind, was performed by
Cassini, for the same purpose, who continued the triangulation from Picard’s, southerly to Perpignan, a distance
of more than three hundred and fifty miles, where he
measured a base of verification, which was found to coincide extremely near with the line deduced from the calculations made of the triangles from the base of departure.
This operation afforded much additional data for
the determination of the magnitude of the earth, and
proved the accuracy of Picard's performance.
Subsequently, the younger Cassini measured an arc
of the meridian from Paris to Dunkirk, by a system of
triangles, when he ran another line of verification, the
result of which proved equally satisfactory.
Cassini De Thury and La Cable, re-measured the
triangles of Picard and the two Cassini’s, with the
greatest possible care, for the purpose of verifying their
measures of the arc of the meridian.
To advance the art of navigation, and to facilitate the
operations of commerce, it became necessary that the
figure of the earth should be accurately determined for
this purpose. The French Geometers, Condarnini, Go-
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din, and Boquer, repaired to the city of Quito, in South
America, then on the plains of
They measwith
ured and calculated,
the greatest accuracy, a true
geodesic base line, from which they obtained, trigonometrically, the value of several degrees on an arc of the
meridian, near the equator. At the same time, Maupertius, Clairault, and Mouier, measured another are of the
meridian, near the Gulf of Bothnia, in the 66th degree
of north latitude, for the same purpose.
The triangulation conducted by Cassini, for measuring
a degree of a great circle, perpendicular to the meridian,
was afterwards carried over the whole territory of
France, which gave a greater degree of accuracy to its
geography, than had ever been attained in any other
country.

When the project was formed to ascertain and establish a standard of measure in France, on a consultation
of the philosophers of that country, among whom were
the truly scientific La Place, and the justly celebrated
Mouze, (founder of the Polytechnic School, and father
of descriptive geometry,) they recommended the measurement of an arc of the meridian, trigonometrically, in
preference to every other method proposed, to effect so
desirable an object. The first geometers of that age
accomplished this delicate operation, and thereby established the unit of measure for that kingdom.
The first impulse to the trigonometrical survey of the
kingdom of Great Britain, was doubtless given by the
French Geometer Cassini de Thury, by a proposition to
the British government to determine, on trigonometrical
principles, the relative position of the two great observatories of Greenwich and Paris, that thereby a just
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coincidence might be established in the astronomical
observations made at both places.
The British Government, seeing the great utility of
this measure, in affording facilities to commerce and
navigation, immediately made ample appropriations for
this purpose, and availed itself of the practical talents
and skill of General Roy, who was forthwith appointed
to this service, and commenced his operations, by measuring, with great care and exactitude, a base line, of
about five miles, on Hounslow Heath, from which he
continued his triangulation to the eastern coast of the
kingdom, and extending it across the British Channel,
to certain and known station points on the coast of
France.
Cassini, Mechain, and Le Gendre, members of the
French Academy of Sciences, were appointed in France,
to continue this system of triangles to a station point,
near Dunkirk, the relative position of which, with the
observatory at Paris, had been previously ascertained.
They also extended their triangles across the British
Channel, to the station points of General Roy, and although these operations were performed by the French
philosophers with a repeating circle of Borda, centesimally divided, and by General Roy with the English
theodolite of Ramsden, scxagesimally divided, they were
found to agree with a precision truly astonishing; and
the relative position of the two observatories, as found
trigonometrically, differed but a very small quantity from
that deduced from the observations of the astronomer
royal in England.
The surveys of the whole kingdom of Great Britain,
made on similar principles, after the death of General
Roy, were successfully conducted and completed by
2

s
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Colonel William Mudge, a gentleman of high scientific
acquirements, and great practical skill in geodesic operations.
Most of those splendid and accurate surveys have
been published in England, and maps of them deposited
in the archives of the Department of State, in the City
of Washington.
Thus we find, that a practical application of the exact
sciences has been made to determine the figure and
magnitude of the earth, the true position of terrestrial
objects, a standard of linear measure, and for performing the most accurate surveys of extensive portions of
the surface of the earth.
To form a correct idea of the progress already made
in the trigonometrical survey of the territory of this
State, it may, perhaps, be best to give a brief description of the manner of making such surveys, particularly
as only two of them have ever been attempted in America. The first, was the survey of the Coast of the United
States, by Professor F. R. Hasslcr, which was discontinued immediately after its commencement. The other, was that of the State of Rhode Island, which has
been but recently completed, and of which, there has

description given.
The first operation in making surveys on these principles, is that of measuring a base line, technically so
called, in consequence of its being the basis on which
all the subsequent operations depend, it must therefore
not, as yet, been any

be made in the most accurate manner.
This line is formed by the intersection of a plane perpendicular to the horizon, with the surface of a sphere,
whose centre is at the centre of the earth. Its exact
measurement, is one of the most difficult operations in
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practical geometry, on the completion of which, it must
be reduced, by a simple formula, to a plane of comparison, or to the level of the sea, when it becomes a true
geodesic line, from which the calculations of the lengths
of all the other lines are determined. The tracery of
this line should be made on a terrestrial plain, of great
extent free from obstructions, and as level as possible.
Its position, with respect to the meridian, may be disregarded, but it should be such, as to give the most commanding view of distant and elevated objects in every
direction from it. Its length should be such, that the
most distant station point, when seen from its extremities, will appear under angles of sixty degrees with the
line, and it should never exceed a length, which would
cause said station points to appear under angles less
than thirty degrees.
These are among the many prerequisites of this line,
the modus operand! in its ultimate tracery and measurement, with the apparatus necessary for its performance,
may be detailed, if necessary, in a subsequent report.
The second operation is that of Triangulation. This
consists in forming, and well arranging a system of triangles extending in every direction over the whole surface of the country to be surveyed. These triangles
should be as large as possible, and as nearly equilateral,
as the face of the country, and other circumstances will
permit. Every angle of. these primitive triangles must
be carefully observed, and frequently repeated. The
points made by the intersection of their sides, are called station points, and should be designated by signals,
placed in proper positions, which can easily be erected
and removed, so that by placing the instrument over the
centre of the station, the calculation of the reduction
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for eccentricity may be avoided, and, by replacing the
signal, it will again serve as a station point, for many
other triangles extending in different directions. This
triangulation should commence at the Base Line, at the
extremities of which, the angles between the first station point and the Base must be accurately observed.
These two angles, together with the exact measure of
the Base are considered in theory as sufficient data to
determine the other two sides, and the remaining angle,
but in practice, the angle opposite the Base should also
be observed, that the coincidence of the calculated angle with that obtained by actual observation may serve
as a verification of the angles at Base, and the lines deduced from them for the sides opposite the angles at
the Base, will become the bases of the secondary triangles, which are formed within the primitive. The angles opposite these secondary bases may rest on any
prominent and well-defined object: two angles of these
secondary triangles must always be observed, and the
third also, when it is convenient, or a verification of the
work requires it. Every station in the primitive, and in
the secondary series, must be considered and used, as
points of continual reference and verification in all the
:

subordinate detail surveys.
It is easy to be perceived, that the undulating face of
the country will cause the station points to be of very
different elevations, and the triangles resting on them
to be contained in planes inclined to the horizon in almost every direction. If the angles of these triangles
are observed with an instrument, whose plane must be
made to coincide with these inclined planes, it is evident that the true horizontal angle cannot be obtained,
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and the sides calculated from such angles will be erroneous.
As every triangle taken in this manner must be reduced to a horizontal plane, it will require much intricate
and tedious calculation, which may cause an error, but
when the angles are observed with an instrument, whose
plane is always placed parallel to the horizon, this computation becomes unnecessary, and the risk of committing
an error thereby avoided, for we thus obtain the inclination of the planes, which form the sides of triangular
pyramids, whose apexes are at the centre of the earth.
The intersections of these planes form the lines, which
contain the station points, the projections of which are
determined by the intersections of said lines with a
sphere, whose centre is at the apex of the pyramid, and
whose surface is at the level of the sea: but because the
line, which passes through the centre of the instrument
perpendicular to the horizon, at one station, is not parallel to the same line at the other stations, the sum of
the three angles will exceed two right angles. And as
few instruments are capable of giving the excess, it may
be found by computation, and should be noticed in all

geodesic calculations.

In consequence of the projections of the station points,
nearly spherical, and which, from
its nature cannot be developed, they must be transferred
to the surface of a cone, whose element is parallel to the
contangent of the middle latitude of the country to be
surveyed, and which intersects the surface of the earth
at two points, equidistant from the parallels which bound
the country, and the middle latitude thereof. The third
operation is called Orientation by this process, the azimuths or angles, which some of the sides of the primitive
being made

on a surface

;
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triangles make with the true meridian, which passes
through them, is determined hy observation of the Polar
Star, or otherwise. This gives the true position of every other line and station point throughout the survey.
It is however requisite, that the latitudes and longitudes
of a number of points be ascertained as accurately as
possible by astronomical observations.
At any convenient time, either prior or subsequent to
any of these operations, a line of verification may be
located at a distance from the base line proportioned to
the extent of the survey, and as far as other circumstances will permit.
It must be measured in the same manner, with as much care and accuracy as the base itself.
This line of verification should form the side of one of
the triangles in the great concatenation of primitive triangles. Its just coincidence with the length of the line
found by computation, proves the accuracy of all the
previous operations.
This brief sketch of the manner of making surveys on
trigonometrical principles, will perhaps be sufficient for
the purpose intended.
With respect to the surveys of the territory of this
Commonwealth, I must remark, that they were not undertaken till late in the last season, and then being unprovided with any instruments for the triangulation, or
apparatus for measuring the base line, or even a standard of linear measure, their procurement has necessarily caused some delay; the time, expended in this business, and the expenses attending it, have been amply
accounted for in a former communication. After procuring the standard of measure, and the instruments
from the General Government, and while the base
measuring apparatus was constructing, the locality of a
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base line was sought for, and, by the directions of your
Excellency, the plains on the Connecticut River, above
Northampton, in this State, were examined with a view
to this purpose. After several essay lines had been
measured on these plains, an excellent locality for a
base line was obtained, the proximate tracery of which
was made on that fine alluvial deposit on the west bank
of the Connecticut River, commencing at Long Hill, in
Deerfield, and extending nearly a south course about
ten miles, through the towns of Whately and Hatfield,
to the great bend of the Connecticut River, westward
of Hadley Ferry. In this distance, the line will cross
only a small branch of Bloody Brook, in Deerfield, and
the main stream of Mill Creek, in Hatfield, but without
crossing the latter, the base will exceed eight miles,
and will differ but very little in level, in its whole
length.

At the extremities of this line, and at several points
upon it, the view eastward is very extensive ; the hills
east of Amherst College, in the towns of Pelham and
Shutesbury, afford many fine positions for station points,
at distances of twelve and fifteen miles.
Mount Toby, in the north east, and Mount Holyoke,
in the south east, present other points equally well situated for stations of the secondary triangles.
The view west of the base, is somewhat less extensive. The hills of Whately approach the line near its
centre, but the high lands of Williamsburg, at the distance of four or five miles, offer several good points.
In the north west, the mountains in Conway, and in the
south west, the hills of Wcsthampton will give suitable
points to connect with the Green Mountain range along
the eastern boundary of Berkshire, and with the Hoo-
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sack and Saddle-back mountains, in the north; these
again will connect with the Hancock range, the laconic
and Mount Washington, on the western confines of the
State.
Observations made to the eastward of the Connecticut River are more limited, being principally confined to
the northern part of the counties of Franklin, Hampshire and Worcester ; a sufficient number, however,
have been made to warrant the opinion, that a very
advantageous disposition may be made of the primitive
triangles to connect in the best manner the greatest
number of the most prominent points, from the Wachusett, in Princetown, to the Blue Hills, in Milton, and
thence along the whole line of sea coast, including Nantucket, and Elizabeth Islands.
The quadrilateral formed by the first triangles made
on each side of the base, will give a diagonal line
transverse to it, of nearly twenty miles in extent, making a fine secondary base, on the south side of which
an extensive triangle may be formed, having its vertical
angle on the summit of Mount Tom, and on the north
of this diagonal, another triangle can be had, whose
angle opposite the base may rest on the top of Mount
Grace, or on the apex of a conical mountain near the
northern boundary of the State; from these points the
Grand Monadnock, the Wachusett, and the heights of
Belchertown, Leicester and Ashburnham, are very conspicuous, and favorably situated.
The height of several points on Miller’s River above
the level of the Sea, having been obtained by Col. Baldwin, in his survey for a canal from Boston to Albany, a
set of levels from thence to the base line will not be necessary, for from the well known accuracy of this ex-
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cellent engineer, it will not be taken as a mere assumption to consider his levels as affording established points
from which to determine the height of the base above
the level of the sea, which being found, its ultimate reduction to a true geodesic line is easily calculated.
These and many other levels will afford points of reference, for the heights of the stations, and of verification
for the allowance made for refraction in taking their
zenith distances.
The exact height of the stations should be determined
and carefully preserved, for they are points, from which
can be ascertained the difference of level places, the
quantity of lockage for canals, or inclination for rail
roads, and for many other purposes of internal improvement, and which will prevent the expense of levelling,
from the sea coast to any point in the interior. These
stations, in a military point of view, may be used to determine the points of telegraphic communication, and
for other purposes, and if the triangulation be properly
conducted, it will furnish additional data to determine
the true figure of the earth.
Permit me only to add, that the apparatus for the tracery and measurement of the base, has been constructed
wholly within this Commonwealth, is fully completed,
and now on the line, together with all the instruments at
present necessary for the performance of the work.
The field operations for the season are already commenced,with a favorable prospect for their steady prosecution.
From the peculiar nature of this work, from its commencement to the present time, I am happy to state,
that a greater progress has been made therein, than
could have been reasonably expected.
3 h

18

The great interest taken in this survey, by your Ex
cellency, and the solicitude so frequently and so earnest
ly expressed for its advancement, have been met by cor
responding interest, unremitted exertions, and consequent success.

I have the honor to be, Sir,

Very respectfully,
Your obedient servant,
JAMES STEVENS,

Civil Engineer
Boston, May 1, 1831

su&ssAGua*

To the Honorable Senate and
House

of Representatives.

I have much satisfaction in now being enabled to lay
before the Legislature, a supplemental Report by the
Civil Engineer in the employ of the Government, show-

ing, in a connected and comprehensive relation, the
whole of his operations in the work with which he is
charged, to the close of the season. This, with the
Reports transmitted at the commencement of the session, completes the view, which, at this time, can be
presented, of the character of the service, and the progress which has been made towards its ultimate (accomplishment, in obtaining a map of the Commonwealth.

Colonel Stevens, the Engineer, has reported himself
here for instructions, and during a necessary detention
of a few days, in the settlement of his accounts, will
readily afford any information, on the subject of the
survey, to a Committee of the Legislature, which may

be required.
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A small, unexpended balance, will remain from the
appropriation of the last year but still further provision will be necessary to carry the work through another
season, and also, in the mean time, to complete the
;

Geological Survey of the State, which being a less
siderable labor, is already much more advanced.
estimate accompanies this communication.

con-

LEVI LINCOLN.
Council Chamber ,
January 31, 1832.

An

lEIBIP®]MPo

To His Excellency LEVI LINCOLN Governor
,

of the

Commonwealth of Massachusetts—
Sir.
A description of the progress of the Trigonometrical Survey of this Commonwealth, having been given
in my former report, and an account of the employment of time, prior to the first day of March, 1831,
given in a memoir transmitted on the 9th of that
month, it now becomes requisite, that the progress
in said survey, subsequent to that period should be
made. As it is the wish of the Executive, that a memoir, or plain description should be given of our progress, which should show at once the employment of
time, and the nature of our operations, I shall endeavor
to make this communication comport with that desire,
and divest it as far as possible, of every technicality and
scientific term.
On the 16th day of March last, after a conference
and settlement of my accounts, with the Committee
from the lion. Executive Council, I proceeded to Fall
River, in the town of Troy, in this Commonwealth, for
the purpose of inspecting and adjusting the base measuring apparatus, constructing at that place, by the
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I’ocassct Manufacturing Company, under the direction
of that truly scientific and practical mechanic, Simeon
Borden Esq., the efficient conductor of that extensive
and valuable establishment, and at present a member
of the Legislature of this State.
From a perfect
of
the
abilities
this
I felt mygentleman,
of
knowledge
self sure of a prompt and correct execution of the
whole apparatus. A rough drawing, and a single hour’s
conversation, to give a description of the various and
delicate motions to be produced by this apparatus, and
of the best manner of its construction, w ere all I was
able to bestow upon the subject. Its completion, however, was effected in a style and with an exactitude in
its operations which would have done honor to the first
machinist in Europe, or any other country. The trestles, termini stands, microscopes, and measuring rod
The microscopes svere
were completed in March.
Rice,
Joseph
by
Dr.
(under the direction
constructed
of Mr. Borden.) The ingenuity and skill displayed by
Dr. Rice, in the production of these fine specimens of
American art, gives great credit to this excellent artisan, and is a striking proof of the rapid advancement
of the mechanic arts in this country. Their great power
and the simple and perfect manner in which their local
distances are adjusted, in determining with the greatest
precision the exact coincidence of two exceedingly
minute objects at either end of the measuring rod, gives
them a value far beyond any thing of the kind ever imported. The measuring rod is entirely novel in its
r

construction, being predicated on the philosophic principles of the expansion and contraction ot two different
metals, through every degree of heat and cold, with
which the common atmosphere is ever allcctcd. The
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application of a simple mechanical power to the difference of expansion between these two metals produced, perfectly, that great desideratum, in natural
philosophy, of two points in space, which will remain
always at the same distance from each other. A set of
pyrometrical experiments were instituted upon the rod,
and by strict microscopic observation, the quantum and
ratio of expansion were determined, and the points of
constant position ascertained, and perfectly adjusted.
The cost of this apparatus is less than half of what it
would have been to have imported it, and has fallen
short of the estimate made and presented to the Executive of this Commonwealth, in August, 1830. The
fine instruments loaned this State by the General Government, were without the proper stands, slide plates
and other apparatus necessary to render them applicable to their proper purposes, and their perfect adjustment to the centre of the stations. These parts have
been made and adapted to the instruments.
The powerful telescope, with its terrestrial eye piece,
made by Dollond,. has been fitted with cross films of a
superior kind, with proper clamps and bearings, and
adapted to the large theodolite of Troughton, thereby
rendering this excellent instrument far more powerful
for terrestrial observations than the largest instrument
of the kind ever constructed, and will give immense
facility to our operations, on the primitive series of triangles throughout the State, which will save in time,
labor and expense, more than two thousand dollars, being nearly double the value of the whole instrument.
The cost of this application did not exceed ten dollars.
In order that these instruments may he returned to
the General Government in as good order as when re-
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ccived, and to obviate any wear of the fine silver graduations, on the limb of the instruments, elevators have
been applied to their indexes and verniers, so as to prevent their friction, not only in transportation, but in
motion of their use in the survey.
Tiie whole apparatus, with the brass bars for the
standard of linear measure, the cast-steel rules and
parallel slide plates for drafting the work, all the tools
taken on the line, and all the labor on the instruments,
boxing lumber, and other materials, did not exceed the
sum of eight hundred dollars.
In April, while the instruments were packing and
fitting up, ready for transportation, an exploration of
the great Watuppa Ponds and vicinity was made, for
the purpose of locating a base of verification, and for
ascertaining the best position for station points, to connect the primitive series of triangles with the south line
of the coast.
On my return to Troy, we shipped all the instruments
and apparatus, by steam boat, to Providence, thence
up the Blackstone Canal to Worcester, and on the 28th
of April arrived with it safe, in the town of Whately,
near the middle of our intended Base Line.
The proximate tracery of the base, which was made in the
autumn of 1830, for the purpose of clearing the line of
obstructions, and for obtaining the direction of the line,
so as to keep it nearly in the middle of the avenues cut
through the woodlands, we found entirely deranged)
and most of the tracing pins removed by the proprietors of the woodlands, in taking off the wood we had
cut down. The proximate tracery was, however, made
in May, although the weather was extremely rainy and
unfavorable ; and some progress was made in the ultievery
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mate tracery during this month. In the wet weather
the apparatus was unpacked and put together the instruments wanted for immediate use on the line were
adjusted. The tents to cover the Termini stands by
night, and to protect them and the assistants from rain,
during the operations in the held, were made and fitted
for use.
Three young gentlemen, who came into the service
:

as volunteers, not having any experience in operations
of this kind, or in any other branch of Civil Engineering, could render no assistance with the instruments, not
being accustomed to their use or adjustment. They
were, however, willing, attentive, and industrious, and
very useful in making both the proximate and ultimate
tracery, on the completion of which, two of them left
the employ.
I had found it impossible to progress with this business, but at a very slow rate, without suitable assistance, and one person at least was absolutely necessary
who had some experience. I earnestly solicited, and
fortunately obtained the consent of Mr. Borden to assist me in the tracery and measurement of the line, for
which purpose he left his valuable establishment, more
from a desire to promote so laudable an undertaking,
and the pleasure derived from scientific pursuits, than
from any emolument to be obtained by a compensation.
For the whole amount required, was only a sum sufficient to hire a superintendant of his works during his
absence.
The progress in the ultimate tracery of the base far
exceeded my expectations, and it was completed by the
middle of June, and essays were made on the ground to
ascertain whether every part of it wars in the same verti4h
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power of the Telescope
of a common Theodolite was able to determine, was
found perfect, but, as there was still another method of
defining this line, and which was absolutely necessary for
other purposes connected with this survey, we proceeded
with this operation, but first placed a large rock at each
end of the line, about 2 1-2 feet below the surface of the
earth, in each of which was inserted a copper bolt, exactly in the same plane with the traced line, and on the
tops of them cut a fine cross, to designate the ends of
our base.
Over these bolts, signals were placed exactly
perpendicular thereto, and other signals were placed in
the same manner, over a number of the trace points,
along the line. We then repaired to the eastern summit
of Mount Tom, which was about eight miles from our
line, and, by approximation, found a point thereon nearly
in a line with our base At this place we cut an avenue
through the woods across the top of the mountain in
the middle of this avenue, and on the highest point of
the ridge, our great Theodolite was placed, with the
large Telescope attached, and, by moving the whole
instrument east along the ridge a few inches, we found
a point perfectly in a line with the base, upon this point;
we levelled up and perfectly adjusted our Theodolite,
and brought the cross films of the Telescope to cut exactly on the tops of the signals at each extremity of the
base.
Then, (using the instrument as a sector,) by
the telescope from the signal at the south
raising
gently
end of the base, we were highly gratified to find the
cross films cut exactly every signal along the line. By
frequently raising and depressing the telescope from the
signals
at each end of the base, we were satisfied with
o
of our line. However, still farther to
correctness
the

cal plane.

This,

as far as the

:

:
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prove its rectitude, we took the angle between the small
part of the spire of the church in Sunderland, and every
signal along the line. These angles were frequently repeated, and a mean of them taken, which gave highly
satisfactory results.
By the first of July, all the preparatory essays and
observations were completed, and all the measuring apparatus at the north end of the line. Here, the measuring rod, which had been taken apart for the purpose of
transportation, and consequently out of adjustment, was
put together again, and re-adjusted. The distance of
50 feet between the points of constant position was set
off, with a rod of ten feet in length, made of the best
seasoned cherry tree plank, and kept always perfectly
dry. The graduations of this rod were transferred from
the standard bar, at a temperature of 60» Fahrenheit,
on brass plates firmly attached to it, on which said graduations were duly traced.
The temperature of the atmosphere at the time of the
re-adjustment of our measuring rod, being much above
that at which the standard bar had been graduated,
caused the standard to be too long, and it was thought
most advisable to make use of the length graduated
on the ten feet rod, from the standard at 609.
The
the
constant
points of
position was
distance between
made to coincide exactly with five measures of the rod,
and, rather than cause any delay in our measurement, we
left the exact determination of the length of the measuring rod, at the temperature of 600 from the standard
bar, until the measurement of the base should be com,

pleted.
We commenced by making

an essay

with the rod,
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measuring forward a number of lengths, and returningo
over the same space to the point of departure. By repeating this essay we were perfectly satisfied with the
accuracy of our rod, and, with the motions produced
by the Trestler, the Termini stands, and the whole apparatus. Wc commenced the actual measurement of
the base on the 13th, and, although the men were not
yet accustomed to the motions of the apparatus, or become properly trained to their duty, still, in the course
of the remainder of this month, we had measured
10,700 feet over the most difficult part of the line.
The month of August was employed on the base, the
first measurement of which was completed on the first of
September, and on the 7th, we commenced the re-measO

O'

urement, which was continued without intermission, (except for bad weather,) till completed on the 12th October.
In the first measurement of the base, a strong pile
was driven firmly into the ground, at the end of every
thousand feet; then, by placing one Theodolite in the
direction of the line, and another Theodolite at right
angles thereto, and opposite said pile, both properly
adjusted, and the cross films of their Telescopes brought
to cut the point on the cap of the microscope, (which
point, by the peculiar construction of the instrument,
remains always perpendicular to the point of constant
position on the rod) then, by turning down the Telescopes of the Thodohtes, a visual perpendicular was
demitted from the point of constant position to a point
on the head of the pile, which point was ascertained
by this process, being perfectly defined by the intersection of the two vertical planes, which pass from the eye
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of the observer through the cross films of the telesscopes to the point on the top of the microscope, the
foot ot the line formed by their intersection marked this
point within 1-100 part of an inch. A fine brass pin
was driven into the top of the pile to designate this
point, and the whole covered, or protected some way to
prevent its derangement by any external cause, and
a trace pin with the number of the thousand feet marked thereon, was left standing at the place. Points were
placed in the same manner every night, at the end of
the last rod, and the termini stands, after having three
strong piles driven for their feet to stand on, were left
in the field, at the same place, where the last point of
the rod was read off, and the whole was then covered
with a conical tent, made fast close to the ground, the
pins of which were driven before the last termini stand
was placed, that the jar produced in driving them might
not affect the stand or the pile containing the night
pin, and, in the morning, or whenever the work was resumed, a perpendicular was raised from the pin on the
pile to the point of the microscope cap, by the reverse
of the process before described.
I have given a description of this operation, somewhat in detail, to show the great accuracy of our measuring apparatus, for on the re-measurement of the
base, these pins were used as points of reference to determine the coincidence of the two measures, and the
result has been, that the sum of all the differences,
both plus and minus, between the pins, which marked
the thousand feet, have not exceeded 2 inches and f O
and the two measurements of the whole line differed
only 2030 of an inch, less than a quarter of an inch in the
whole distance, being thirty-nine thousand and fifteen
,

!
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one quarter and 735 feet. The
of
this
base
has been made with as great
measurement
care and accuracy, as that of any other line heretofore
measured. The coincidence in its two measures has
been greater, it has been performed in a shorter time,
and at much less expense.
On completing the measurement of the base, (which
was effected without any accident or derangement of
our apparatus,) we made several essays to obtain the
just measure of the rod, compared with the standard
bar of English linear measure at 60° Fahrenheit, but
found that the standard did not always remain of the
same length at the same apparent temperature, although
kept in water as near as possible of the same temperature for several hours together. Being anxious to commence our Triangulation without delay, we carefully
cased up the rod, and placed it in safety, until a standard measure can be constructed on compensating principles, with which the true length of the rod may be
determined at any temperature. The construction of
this measure is in a state of forwardness, and as the
Commonwealth is without a standard ot measure, this
compensating bar may be adopted as such, by its Leg-

feet, or seven miles

islature.
In November, we erected several signals on the most
prominent points, within 12 or 15 miles of the base,
which were favorably situated for station points; —at
Mt. Esther, in Whately, near the south line of Conway,
at Mt. Lincoln in the town of Pelham, at Hilyard’s
Knob in Granby, on the eastern point of the Holyoke
Ranee,7 and on the south west summit of Mt. Tom.
Most of these were erected when the mountains were
covered with three successive snows; many other
O
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points were examined, but the unprecedented severity
of the weather, compelled us to move toward the coast,
by the middle of December, after which time, a limited
reconnoissance of the south eastern part of the State,
was made, and an exploration of a locality for a base
of verification was effected, on the Wrentham and
Seekonk plains. A locality for this purpose has been
recommended at Monomoy point, near Cape Cod,
which will be examined as soon as the weather will
permit. It is humbly believed that every thing has
been done in the active prosecution of this work, thus
far, which an ardent desire, industry and perseverance,
or foresight and skill, acquired by long practice in the
various branches of engineering, could have effected.
The instruments for the triangulation and future prosecution of the survey, are all in perfect order, and a
commencement of operations is anticipated at an earlyperiod in the Spring.
The most difficult and expensive operation in the survey is now completed, in the most exact and satisfactory
manner. It is the first Base Line ever measured in the
United States upon strict scientific principles, and besides the useful purposes to which it will be applied in
this Commonwealth, it will probably hereafter be used
by the General Government in the survey of the Coast.
The Legislature
of this Commonwealth, in institutingo
o
this survey, had in view, without doubt, the laudable
and desirable object, of placing in the hands of the
people, correct and useful information respecting the
Geography of their State. The public has long required it, the advancement of knowledge demands it,
and the internal improvement of the country greatly
depends upon it. A perfect knowledge of the topog-
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raphy of a country, is of the highest importance in
military operations, and constitutes one of the most
valuable elements in the science of war. To the citizen as well as to the military commander, the inspection of a Topographical Map, correctly delineated, will
convey a more perfect idea, and make a more lasting
impression on the mind and memory, than all the verbal, written or printed descriptions that have ever been
produced. In a civil point of view, for the internal
improvement of our country, what can be more desirable ? For the want of such information how much labor has been lost? What sums of money have been
expended ? What disappointments have been experienced, and what frequent abortions have occurred in
many of the most splendid undertakings that have ever
been attempted by the hand of man ? And is not the
prevention of the like occurrences, by affording perfect
and necessary information, one of the duties of the
Legislator? Is he not bound by every obligation, natural, moral and legal, to afford such information to his
constituents ? This knowledge should be placed in the
hands of the people they require it, they afford the
means of its procurement, and they alone are its legitiFacilities to commerce and internal
mate proprietors.
communications, have always been objects of high consideration in political economy, and this survey will furnish one of the best means of procuring these facilities
for every part of this Commonwealth.
It will be seen by reference to my former report, that
the station points in the primitive scries of triangles,
are permanently marked to serve as points of constant
reference and verification,” and that the exact height
of these points above the level of the sea, will be deter“
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mined by this trigonometrical survey, and noted on the
map and whenever a communication from one place to
;

another, or from the interior of the State to the coast is
contemplated, by a reference to these station points, the
quantity of lockage in canals, or the angle of inclination
for rail roads, may be easily and accurately determined.
By means of these points, the exact situation of any object, the position of any line, and the distance from one
place to another can be determined in less than a tenth
part of the time, and with greater exactitude than by any
other means whatever.
If this purpose alone had been the sole object of the
survey, it would have been of far more value to the community, than all the money that will be expended in its
prosecution. To the merchant and mariner, security to
commerce and navigation is a desideratum of the highest
importance. An accurate survey imparts a perfect knowledge of the coast, and consequently gives that security,
without which, the lives and fortunes of our most active
and enterprizing citizens are frequently destroyed. For
want of such information, the General Government has
often been deprived of more revenue by the loss of a
single ship, than would have been sufficient to pay the
whole expense of the survey of this State. The charts
of this extensive and rugged coast are exceedingly defective. The security to the fisheries alone, that great
and increasing source of prosperity to this Commonwealth, is of sufficient consequence to warrant the expense of the most perfect survey.
It will perhaps be unnecessary, at this time, to add
the many other instances of the great utility of this survey. The Legislature which wisely ordered it, and the
Executive which has with so much solicitude directed
5 h
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it, were, doubtless, fully aware of its necessity, and have
duly appreciated its value and importance.
1 have the honor to be,

With sentiments of the highest regard,
Your Excellency’s obedient Servant,
JAMES STEVENS,

Topographic Engineer.

To His Excellency LEVI LINCOLN, Governor of the
Commonwealth of Massachusetts.
Sir,

Pursuant to your order, I herein make the statements
required.

Trigonometrical Survey.
The time to be employed by the principal Engineer,
in taking the angles in the primitive series of triangles,
throughout the whole State, will occupy about four hundred suitable and fair working days, of ten hours each,
and, at the same time, four hundred hours at night in
astronomical observations for the orientation of the whole
,

survey.

The time for two good assistant engineers, in observing
the secondary triangles, and in determining the true location and direction of the State boundary lines, will be
four hundred fair working days each. No astronomical
observations, except on the State lines.
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Remarks.
It very frequently happens, that the weather is hazy
and unfavorable for observing the angles in the primitive
series, and when distant objects are badly defined; during such times, many objects, suitable for station points
in the secondary triangles, may be distinctly seen.
When this is the case, the principal engineer should be
employed in observing the secondary triangles, which
will be formed within a number of his primitive triangles,
in various directions, from each of his station points.
This will probably save more than the time of one assistant engineer, and the time and expense of his travelling to said station points.
The time necessary to be employed in the astronomical observations, for determininga the latitudes and longitudes of a sufficient number of points for this survey will
probably not exceed twenty five days.
o

Here follows

an

estimate of expenses for the current

year.

Gross Estimate.

Funds necessary for the vigorous and efficient prosecution of the trigonometrical survey of the territory of
the Commonwealth of Massachusetts, for the year commencing on the first day of January, 1832, and ending on
the first of January, 1833.
For salaries of the principal engineer, two assistant engineers, and one register for the

37

principal engineer, in the field service, who
must be competent to make the geodesic
computations in the bureau, together with
all the expenses of their transportation, subsistence, and forage,
$4,450 00
Signal cloth, iron work for tripods, copper
bolts for the station points, tents, lamps for
astronomical observations, &c.,
150 00
Labor, occasional assistance, erecting the signals, another horse, springs to waggon, and
miscellanies,
400 00
....

$5,000 00

The above estimate is predicated on the supposition,
that the triangulation be commenced very early in the
spring, and continued, without intermission, the whole
season, till the inclemency of the succeeding winter
compels a retreat. But, if two suitable assistant engineers, for the present year, cannot be obtained immediately, it will be best to commence the triangulation in
the vicinity of the base, and continue it only so far as
to secure, permanently, a sufficient number of station
points to guard against any derangement of the measured base or, in case of such derangement, that the
exact position of the extremities thereof may be always
ascertained by observation then to proceed to Cape
Cod, and measure the base of verification.
If this last course be pursued, the above estimate may
be reduced one thousand dollars, leaving to be provided
;

:

for, $4,000 00.

JAMES STEVENS, Civil Engineer.
Boston Jan. 30, 1832,
,

0

6 t/
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Estimate

of Expense for Service of

1832, in making

Surveys.

Estimated for general survey,
$5,000 00
To the foregoing estimate should be added,
for the geological survey, printing reports,
&x., say
600 00
$5,600 00

The appropriations hitherto have been
By Resolve of March 3, 1830,
June 5, 1830,
“

“

“

“

“

“

follows, viz :

as

....

June 22, 1831,

....

$2,000 00
5,000 00
3,000 00

Total, $lO,OOO 00

The following sums have been drawn from the appropriation by sundry warrants, viz
By warrant,
“

“

For the General Survey.
August 31, 1830,
March 15, 1831,

....

....

“

“

“

“

«

“

“

“

.

.

1,351 63
900 00

May 12, 1831,
June 8, 1831,
June 21, 1831,

September 1, 1831,

$1,500 00

.

600 00
975 00
1,000 00
$6,226 63

For the Geological Survey.

By warrant, August 21, 1830,
“

“

“

January 13.
January
13, 183!
1831

“

June 15, 1831,

$4OO 00

333 77
176 62
$960
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Total appropriation,
$lO,OOO 00
Total amount drawn,
$7,187 02
To this is to be added, the probable balance of outstanding accounts, including Engineer’s
services to Feb. Ist, and cost
of instruments purchased,
2,579 23
.......

.

.

.

.

.

9,766 25

Leaving unexpended balance, say $233

lb
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