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The Trigonometrical Survey of the Territory of the
State of Massachusetts has now so far progressed, this
season, as to enable us to commence on the most impor-
tant and useful part of its operation, the triangulation of
the coast, which, it is contemplated, should occupy our
earliest attention the ensuing season : the great precision
attained by this interesting and scientific process, will
enable us to place in the hands of the most valuable and
enterprising citizen, the merchant and mariner, a per-
fectly correct Chart of the Coast of this Commonwealth,
which, from the present prosperous state, and increasing
importance of our commerce and navigation, appears to
be urgently demanded, from its utility and security to
both.

This Survey has been, with the most persevering in-
dustry, already extended over the greatest portion of the
surface of the Commonwealth ; all the signals which
mark the station points in the triangulation, have been
erected, throughout the Counties of Hampshire, Hamp-
den, Franklin, Worcester, Middlesex, Essex, Suffolk and
Norfolk: and there are but few others now required to
be erected, to complete the Counties of Plymouth and
Bristol. The signals for the Survey of the Coast will
furnish the Counties of Bar nstable, Uukes and Nantuck-
et. The County of Berkshire will probably require sev-
eral more signals at the station points in pie primitive
series of triangles, to locate with precision, the bounda-
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To His Excellency Levi Lincoln, Governor of Mas-
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ries of this Commonwealth, on the States of Vermont,
New York and Connecticut. Perhaps to give a more
perfect idea of that part of the labor already accom-
plished, it will be better to state, that all the signals
north of a line extending from the Monument Hills in
Plymouth, in a south-westerly direction, to the head of
Mount Hope Bay, have been erected ; and also all those
which are included in the area from Berkshire County
to the Eastern Coast. The necessary observations in
the triangulation of the Commonwealth, have been made
throughout nearly the whole of the same extent. From
the preceding statement, and a perfect knowledge of the
face of the country, and general outline of the coast,
may be deduced a comparative view of the work which
remains to be done in the completion of this highly im-
portant and interesting design. Still, however, bearing
in mind, the great labor attending its accurate execution,
and the contingencies of unfavorable weather and other
circumstances, which may ultimately retard its desired
accomplishment, there can be made but a very imperfect
estimate of the time and expense necessary to accom-
plish this useful and laudable enterprise, and that esti-
mate can only be made, from a comparison of the time
and means which have heretofore been employed in ef-
fecting the Survey over the extent of country already
completed, with that part of the territory which still re-
mains to be done. But when it is considered that the
greater part of the observations which have been hereto-
fore made, were extended to objects in every direction,
throughout the whole circuit of the horizon, and that
the observations from the station points on the coast,
will not, on an average, exceed half this circuit in the
primitive triangles, but at the same time, will require a
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greater number of secondary points than have been ob-
served in our progress through the interior; and then to
consider that these secondaries on the coast, being so
much nearer than the station points already observed
from, and that they can be observed at such times when
the weather would not admit of any observations being
made from the primitive points, it will be easily perceived
how very difficult such an estimate is to be made, and
how imperfect and unsatisfactory it must ever remain.

A prospective view in detail of all the operations which
remain to be performed, in the completion of this Sur-
vey, and a statement of the means which we are already
possessed of, to enable us to commence immediately, and
prosecute effectually those operations, will, perhaps,
place in the hands of the Government, the best and only
means of making the proximate estimate required : we
shall therefore endeavor to give such a detail view in as
concise a manner as possible.

A completion of the observations in the primitive tri-
angles would claim our first attention, could we be fur-
nished with an Instrument of sufficient magnitude and
power; and there remains but little doubt that this pro-
cess could be completed the ensuing season, by one Ob-
server, attended by a Register Clerk and a General As-
sistant, provided the remainder of the signals be erected
this season, or a distinct detachment perform that daty
in advance of the Observer, while he is making the obser-
vations. All the Instruments which were loaned to this
Commonwealth by the General Government, have, on a
requisition of the Secretary of the Treasury of the United
States, been returned, except a Double Repeating The-
odolite, and a large Achromatic Telescope, the loan of
which, (by special solicitation of the Executive of Mas-
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sachusetts) has been continued for this season only ; but,
as the whole object for which their loan had been obtain-
ed, has not yet been accomplished, it is presumed that
the loan may still be continued. However, should their
immediate return be required, it is recommended that
a Theodolite of larger dimensions be procured as soon
as convenient; in the mean while, the triangulation of the
coast may be performed with the Theodolite belonging
to this Commonwealth, which has been recently procured
from London, for this special purpose. Its dimensions,
power of telescope, and extent of its readings, are fully
adequate to the Survey of the Coast, as the distances are
very short, from the signals already erected at the station
points in the primitive series of triangles, to the capes,
headlands, bays, islands, points, inlets, rocks and shoals ;

therefore, this portion of the Survey may be immediately
commenced, and advantageously pursued, without wail-
ing for the completion of the observations to be made at
the station points in the primitive triangles, for that part
of the process may be performed at any subsequent pe-
riod, without any derangement of the work, or any in-
crease of labor and expense in its execution : and,
vhen it is considered that all the signals, at the primi-
tive stations, are now already erected, from the north
bomdary of this State, on the coast of New Hampshire,
for more than sixty miles in extent, along the coast of
this Commonwealth to the County of Barnstable, it will
easily be perceived, that the triangulation of the coast
should claim our earliest attention the ensuing season.CT

The Theodolite belonging to this State, is also of suf-
ficient power and magnitude, to obtain the exact locality
of the corners in the boundaries of this Commonwealth,
and the true position of the connecting lines between
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them, therefore, this part of the Survey may be advanta-
geously performed, subsequent to the triangulation of the
coast.

To define the true situation of as many corners of the
towns in this State, as will be sufficient to give them
their proper position on the map, and also to determine
the ratio of error in the plans made from the detail sur-
veys, and returned to the Government, are other opera-
tions which can be immediately commenced ; for a The-
odolite has been brought into the service by the Assistant
Engineer, which is capable of performing the necessary
observations for these purposes.

The tracery and measurement of a base of verification,
which has been alluded to in a former report, as neces-
sary to determine the accuracy of the work, still remains
to be made on “ Waban’s Plains,” in the Town of See-
konk, and may be commenced at any time prior to, sub-
sequent, or during the other operations in the Survey, as
a favorable opportunity may present; for all the instru-
ments and apparatus, with which the primitive base-line
was measured, are now in such a state of perfection as
will require only their proper adjustments to be made,
to render them suitable for immediate use.

The proximate tracery of the base of verification, it is
contemplated to make this season, immediately after the
inclemency of the weather compels us to abandon our
present occupation in the field, so that, should other
portions of the work require our more immediate atten-
tion, the position of this line may be obtained, and signals
be erected at each end of it, so as to enable us, in the
course of the triangulation, to throw one or more trian-
gles upon this base, at any time prior to its measurement.

The Plans, which have been returned into the Office
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of the Secretary of State, as having been made from ac-
tual detail survey, will require to be reduced to the pro-
per scale of the Map of the Commonwealth, and this
process, in connection with that of placing them together
on one sheet, will afford some data to determine the place
of the greatest error, which, when ascertained, may be
corrected by a small number of observations, from the
secondary objects, or from the primitive points which
may be most favorably situated for this purpose : the
same process will also determine the ratio of error in
each of the plans, when that error is constant, that is,
when the error is either continually a certain quantity
greater, or always a certain quantity less than the standard,
from which the triangulation of the State has been made.
But, when the error in the same plan is inconstant, and
that plan should happen to be included by other contigu-
ous towns which have been corrected, some means will
be thus afforded to determine a portion of the irregulari-
ty of its error, for, on finding by a measurement of a reg-
ular plan, whether the roads and rivers of the irregular
plan are either above or below those of the regular one,
the discrepancy will be rectified, so far as ascertaining
the position of these points on the lines of the surround-
ing towns; but, the imperfection of the interior of the
irregular plan, can only be corrected by a ••-survey, or by
observing at many differently situated points within the
town which has been imperfectly surveyed.

The latitude and longitude of many points have been
determined by the observations of Mr. Paine, in different
parts of the Commonwealth, but there is not one of their
number which has been made at any of our station points
in the primitive series, except that at the State House in
Boston; it will, therefore, perhaps be necessary to demit
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lines from a number of our station points, immediately on
the points whose latitude and longitude have been deter-
mined ; but as we have not been furnished with a memo-
randum of the places of observation, it will be impossible
to decide at present, whether those points can be located
from the station points in the primitive series, or from the
objects in the secondary triangles, or by some other Geo-
detical operation : but on obtaining the necessary memo-
randum and a view of the locality ; the position of those
points may be ascertained, by aid of the Instrument be-
longing to the Commonwealth, within one inch in a mile,
which will be sufficiently accurate for an operation of this
kind, especially when it is considered, that the observa-
tions of longitude have been made only to within two
seconds of time.

The Astronomical observations for the orientation of
the Survey, should be made, if possible, with an Instru-
ment as large and powerful as that used in making the
observations in the primitive series of triangles, for it
would require much more time to make the necessary
repetitions with a smaller Instrument, to determine, with
the same accuracy, the true meridian, and the angular
position of that meridian with some of the sides of the
triangles in the primitive series, this operation may,
therefore, without detriment to the work, be postponed,
until the larger Instrument, hereinbefore recommended,
can be procured.

The above items, contain a description of the opera-
tions to be conducted in the field: there are, however,
several other operations to be performed in the office,
such as a recomputation, of the angles, to be deduced
from the readings of the Theodolite, and the repetitions
of their measures made from the observations: a com-
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parison to determine whether the quantity of the angle
observed, which includes two or more angles, is equal

the sum of the included angles: a calculation to as-
certain whether all the angles, throughout the circuit of
the horizon, are equal to four right angles, at each sta-
tion ; a computation of the secondary angles from the
simple readings of the three Verniers, without repeti-
tions. All the above computations and comparisons are
made daily, in the field, still it is necessary they should
be repeated in the office, and these repetitions have
been already made, on all the angles observed from the
commencement up to October, 1833.

The zenith distances observed, will require the neces-
sary corrections, for refraction in altitude, for curvature
of the earth, and for height of signal.

It is also necessary to make a comparison of the an-
gles, observed in each separate triangle, to ascertain
whether the sum of their three angles, is equal to two
right angles, and when they exceed that quantity, to find
whether that excess, is equal to the spherical excess,
found by calculations a priori.

To perform the logarithmic computations for finding
the length of the sides of all the triangles, both primitive
and secondary, to be deducted from the base and angle
observed.

To reduce the plans returned into the office of the
Secretary of State, to the scale of the Map of the Com-
monwealth.

To compute the difference of latitude and longitude of
each station point, in the primitive triangles, and to de-
termine the projections of those points, on the surface of
a cone, whose developement will give their truest places
on its plane.
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To ascertain the inclinations of the meridians.
To draft the whole work on copper, and reverse the

same for the engraver, and when reversed, to make the
Topographical drawings thereon.

These are the principal duties, among the many, to
be performed in the office ; one person, who is fully
competent, can he advantageously employed in these
duties the ensuing season.

With regard to those field duties, which consist of the
triangulation of the coast, and making the necessary ob-
servations for locating the corners of the State, and ob-
taining the true position of the boundaries of the Com-
monwealth, their performance will require the services
of one Assistant Engineer and one Register Clerk, and
they must be furnished with one Theodolite, one Tent,
a Spring Carriage, and two Horses, all of which articles
are now on hand belonging to the Commonwealth.

For locating certain points on the boundaries of
towns, for the purpose of obtaining the true position
and extent of the town lines, and the ratio of error in
the plans returned from the detail surveys, will require
one Assistant Engineer, one common Assistant, and a
small Spring Carriage with one Horse.

To make the tracery of the line for the base of verifi-
cation, will require the services of one Engineer, and
three common Assistants.

To measure the base of verification , it will require two
Engineers, one Register Clerk, and five common Assist-
ants.

From the above description of the progress made in
the Survey, the extent of county already triangulated,
compared with that part of the State which remains to be
completed, and from the prospective view, in detail, of
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that part of the work which remains to be done, and the
means which we are already possessed of, to aid in its
execution, will be deduced, the only data, except that of
the more perfect knowledge of the face and outline of
the Commonwealth, on which has been ventured the
opinion required by the Executive, of “ the time which
may be required for the entire completion of the Survey,”
and on this point we are now, with much diffidence and
uncertainty, only able to state, that if we are furnished
with sufficient assistance and means, to commence and
prosecute at the same time, all the different parts above
described, which remain to be performed, the whole Sur-
vey may be completed the ensuing season.

All the computations and duties of the office, may be
performed by one person, with some occasional assist-
ance, except the drawings on copper, which are to be
made by the Engineer himself, with suitable assistance,
and which may be commenced as soon as a sufficient
number of logarithmic computations can be made, the
copperplate prepared, the proper scales graduated on
the same metal; and the necessary drawing Instruments
procured, and this part of the work may be prosecuted,
from time to time, as the field duties and arrangements ofy a
the Engineer will permit, and the progress of the work
may require.

A reference to our former annual reports, will explain,
in a concise manner, the principles on which this Survey
must be made ; these, with the monthly reports made to
the Executive, and a very recent report in detail, of 170
pages, containing “ the plan and arrangement in prose-
cuting the Survey, the monthly memoranda of the em-
ployment of time of each person engaged in the work, a
list of angles observed the past season, with their quan-
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tity deduced from observations, and the number of times
which the measure of each angle has been repeated, to-
gether with a transcript of the journal, showing our daily
movements and employment, will, it is presumed, enable
the Government to understand the nature and magni-
tude of the undertaking, and the character of the ser-
vice ; and it is hoped, that the documents which have
been transmitted, will answer every reasonable in-
quiry on the subject of the Survey, or, on that of the
skill, diligence, and fidelity, which have been employed
in its prosecution, and will afford a satisfactory assur-
ance, that nothing which it has been in our power to
have accomplished, has been omitted or neglected.

The deep solicitude of the Executive, which has been
so often expressed, that this Survey should be completed
during the period of his present official relation to the
Government, we are but too well aware of; but, since
the acquisition of a more perfect knowledge of the mul-
tifarious operations, and the great mental and bodily
labor attending its perfect execution, and the many im-
pediments and casualties which have tended to retard its
progress, and which could neither be foreseen or pre-
vented, he must be perfectly convinced that a greater
progress in the work, with the same means, could not
possibly have been effected.

I have, Sir, the honor to be,

With the highest respect and regard,

Your most obedient servant,

JAMES STEVENS.
Boston, December, 1833.
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Boston, January 15th, 1834.

Sir :

I had confidently anticipated the pleasure of announc-
ing to your Excellency, at this time, that the Astronom-
ical part of the Survey of the State, ordered by the
Legislature, had been completed; but circumstances
beyond my control have occurred, which will probably
retard, for about six months, the completion thereof.
One of the most important of these, was the effect pro-
duced on the Chronometer (to which recourse was of
necessity had, for the determination of the difference of
the meridians of the several points in the State, that had
been selected, and of the State House in this City,) by
transportation over our rough and hilly roads. Although
these beautiful Instruments have been brought to a de-
gree of perfection, which, half a century ago, would have
been considered impossible, they, notwithstanding they
were carried with every attention to their safety, were
sometimes changed, in a very small degree, by a trial,
for which they were never intended. To avoid this diffi-
culty, no other way suggested itself than to deduce the
difference of the meridian of each place, from many
more determinations than would otherwise have been
considered necessary ; this course was acccordingly of
necessity adopted, although it evidently tended to delay
the completion of that part of the work above mention-
tioned. I have, Sir, however, the honor of very briefly
stating the progress that has been made therein, during
the year that has just terminated ; but purposely forbear*
at present, to report results that may be somewhat alter-
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ed, when all the observations made, and to be made,
shall be taken into account.

Since the presentation of my last report to the Ex-
ecutive, several thousand observations have been made
in Pittsfield, Williamstown, Springfield, Northampton,
Amherst, Greenfield, Worcester, Lowell, Newburyport,
Salem, Milton, Taunton, New Bedford, Nantucket, and
Boston. Great progress has also been made in the re-
duction of this formidable number of observations ; and
it is probable the whole will, in a few weeks, be reduc-
ed, as my undivided attention is daily, for at least eight
hours, bestowed thereon.

Jn Greenfield, Springfield, Newburyport, Plymouth,
Barnstable, Truro, Fall River, and Holmes’ Hole, a few
more observations must be made ; they will be com-
menced about the middle of March, and will occupy
about two months. Another term, of similar duration,
will probably be employed in their reduction, and then
the Astronomical part of this truly great work will be
brought to a close.

With great respect,
I am, Sir,

Your obedt. servt.

R. T. PAINE.
His Excellency )

Governor Lincoln. £




