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LETTER OF TRANSMITTAL.

DEPARTMENT OF COMMERCE AND [ ABOR,
OFFICE OF THE SECRETARY,
W ashington, September 30, 1910,
SIr: In compliance with the requirements of section 4690, Revised Statutes, 1
have the honor to transmit herewith, for the information of Congress, a report sub-
mitted to this Department by Mr. O. H. Tittmann, Superintendent of the Coast and
Geodetic Survey, showing the progress made in that work during the fiscal year ended -
June 30, 1910. It is accompanied by maps illustrating the general advance in the
operations of the Survey up to that date. '
Respectfully, BENj. S. CABLE,
Acling Secretary.
The SrEAKER OF THE HOUSE OF REPRESENTATIVES.

LETTER OF SUBMITTAL.

DEPARTMENT OF COMMERCE AND [LABOR,
CoasT AND GEODETIC SURVEY,
Washington, September 29, 1910.
SIR: In conformity with law and with the regulations of the Department of Com-
merce and Labor, 1 have the honor to submit herewith, for transmission to Congress,
the annual report of progress in the Coast and Geodetic Survey for the fiscal year
ended June 30, 1910. It is accompanied by maps illustrating the general advance in
the field work of the Survey up to that date.
Respectfully, O. H. TITTMANN,

Superintendent.
To Hon. CHARLES NAGEL,

Secretary of Commerce and Labor.
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REPORT OF THE SUPERINTENDENT.

WORK OF THE YEAR.
FIELD WORK.

The usual progress was made in the collection and preparation for publication in
. the form of Charts, Coast Pilots, Tide Tables, and Notices to Mariners of all information
useful to navigators and relating to the coasts of the United States and under the juris-
diction of the United States.

Very satisfactory progress was made in the Philippine Islands, where surveys were
made for charting purposes along the unsurveyed portions of the coast, covering 10 per
cent of the whole extent of the estimated general coast line of the archipelago.

Good progress was made also in charting the unsurveyed coasts of Alaska, ‘the
work being confined to the regions where the demand for charts is most urgent.

Important improvements were made in the construction and use of the long wire
drag, and its length was increased to 8 400 feet when used in open water. The long
drags greatly increase the area possible to be covered in any given time, and consequently
decrease the cost of examining harbors and channels of large extent. The improvements
were described in a publication issued for the information of hydrographers.

Details in regard to the work assigned to the Survey and to the Superintendent as
Commissioner representing the United States in recovering and marking the inter-
national boundary between the United States and Canada and in the demarcation of
the Alaska boundary are given in Appendixes 1 and 2, and form the basis of the following
general statements. The establishment of reference monuments in the United States
along the water houndary between the United States and Canada between Point Roberts
and the Pacific Ocean was completed. All these monuments were connected with the
coast triangulation. The same boundary was surveyed and monumented from the
summit of the Rocky Mountains eastward to the North Fork of Milk River, a distance
of 50 miles, and considerable work was done to the east of this point. West of Lake
Superior, the boundary was surveyed along Pigeon River to South Fowl Lake, a distance
of 30 miles. On the eastern borders of Maine the survey of the boundary was completed
from a point 2 miles below Van Buren, Me., to a point in the vicinity of Fort Kent, Me.
On the St. Croix River the triangulation along the boundary from the mouth of the
river to Butler Islands was completed. The work of all the parties east of the Rocky
Mountains was in progress on June 30.

In the demarcation of the Alaska boundary a survey was made and marks were
established in the vicinity of the Unuk and Blue rivers in southeastern Alaska, and on

7
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June 30 a party was at work in the valley of Salmon River and another party was at
work in the region north of the head of Portland Canal.

On the one hundred and forty-first meridian the survey of the boundary was com-
pleted between the Yukon River and the Natazhat Mountains 200 miles to the southward,
and good progress was made in surveying the line to the northward of the river. This
work was in progress on June 30.

In this connection I wish to emphasize the importance of providing means for a
triangulation down the great valley of the Yukon River from the international boundary
to the mouth of the river to form the basis for the economic surveys in progress or in
contemplation as a much more desirable plan than the coordination and adjustment of
such surveys after they are made. Attention has been called to this work in my annual
reports for 1908 and 1909, and an appropriation to begin this triangulation should not
be delayed any longer.

Work at the latitude observatories at Gaithersburg, Md., and Ukiah, Cal., main-
tained by the International Geodetic Association under my direction, was continued
during the year.

One officer continued on duty as a member of the Mississippi River Commission,
and another was continuously employed in cooperation with the Maryland State Board
of Shell Fish Commissioners in making a survey of the natural oyster bars and rocks in
the State of Maryland. The work in Calvert County was completed and a report covering
the work was prepared and published. This officer was also authorized to supervise
the survey of certain portions of the oyster beds in the State of Delaware, as requested
by the governor, without expense to the National Government.

Buoys were placed on the boundary between the States of Louisiana and Mississippi
in Lake Borgne and Mississippi Sound and referred to the marks previously established
on shore, as requested by the state authorities, to aid in the enforcement of the state
laws relating to oyster culture.

The officer in charge of the Survey exhibit at the Alaska-Yukon-Pacific Exposition
remained on that duty until the close of the exposition, on October 16.

In accordance with a request made by the War Department, an officer was detailed
to serve as the representative of the United States on a commission of engineers created
to make a survey of a portion of the Military road leading from the Aqueduct Bridge
(across the Potomac River) to Fort Myer, Va. The location of a portion of the boundary
of this road being in controversy between the United States and the owners of the
adjoining property and the case being before the United States court for the eastern
district of Virginia for settlement, a special master commissioner in chancery was named
to take testimony, and he appointed the commission of engineers mentioned above.
The survey was made and a final report was placed on file.

In accordance with instructions issued to Civil Engineer R. E. Peary, U. S Navy,
as stated in the previous Annual Report, tide observations were made in the Arctic regions
at Cape Sheridan, Cape Columbia, Cape Bryant, Fort Conger, and Cape Morris Jessup,
and the records of the work have been placed on file. Valuable information in regard
to the tides was obtained, and a discussion of *‘ Arctic Tides’’ is being made for publication
which will embody all the available information on this subject.



REPORT OF THE SUPERINTENDENT. 9

Astronomic observations to determine latitude, longitude, or azimuth were made
in Texas and in Alaska.

Observations to determine the relative force of gravity were made with a half-second
pendulum at 27 stations distributed as follows: Four in Arizona, one in California, one
in the District of Columbia, one in Maine, two in Michigan, two in Minnesota, two in
New Mexico , three in New York, one in Nevada, one in North Dakota, one in South
Dakota, two in Tennessee, five in Texas, and one in Vermont. The use of an inter-
ferometer, suitably modified, to determine the flexure of the pendulum support was
continued. A description of the instrument and the method of using it is given in
Appendix 6.

The Standard levels were extended in Arizona, New Mexico, Oklahoma, and Texas.

Topographic surveys were made in Alaska, California, Hawaii, Maryland, New
Hampshire, North Carolina; Philippine Islands, Virginia, and Washington.

Triangulation was done in Alaska, California, Delaware, Florida, Hawaii, Maine,
Maryland, Massachusetts, Montana, New Mexico, North Carolina, Philippine Islands,
Texas, Virginia, and Washington. The recovery of old triangulation stations was
continued on the coasts of Connecticut, Florida, Maryland, Massachusetts, and North
Carolina. This work was completed on the west coast of Florida.

Hydrographic work was done in Alaska, California, Delaware, Florida, Hawaii,
Maine, Maryland, Massachusetts, New Hampshire, North Carolina, Philippine Islands,
South Carolina, Virginia, and Washington.

The examination of the navigable waters on the coast of Maine with the long wire
drag was continued and a similar examination of Mayaguez Harbor and approaches in
Porto Rico was made. ‘

A new edition of the Coast Pilot volume covering the coast from New York to
Chesapeake Bay Entrance was prepared and published.

The magnetic survey of the country was continued by making observations at
238 stations distributed over 39 States and Territories, including Porto Rico and the
Philippine Islands, and numerous observations were made at sea on board the sur-
veying vessels on their cruisés to and from their fields of work in various portions of
the country. A continuous record of the relative value of the magnetic elements was
obtained at the magnetic observatories maintained by the Survey at Cheltenham,
Md., Sitka, Alaska, Honolulu, Hawaii, and Vieques, P. R. Observations were made
at Baldwin, Kans., for a portion of the year, and the instruments were then trans-
ferred to Tucson, Ariz., where observations are now in progress.

Self-registering tide gauges were maintained at the following stations: Fort Ham-
ilton, N. Y.; Philadelphia, Pa.; Baltimore, Md.; Colonial Beach, Va.; Wilmington,
N. C.; Fernandina, Fla.; Weeks, La.; Galveston, Tex.; San Diego, Cal.; Presidio of
San Francisco, Cal.,, and Seattle, Wash. A similar gauge was installed at Portland, Me.

The tide indicators at Fort Hamilton, N. Y.; Reedy Island, Delaware Bay, Dela-
ware; and at Alcatraz Island, San Francisco, Cal., have been continued, and the electric
tide indicator in the rooms of the Maritime Association, at New York, continued to
give satisfaction. A similar indicator was installed in the building of the American
Seamen’s Friend Society’s Institute, in New York City.
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ALASKA.

Surveys were made in Portland Canal, Tongass Narrows, Cordova Bay, Controller
Bay, Prince William Sound, Cook Inlet, Nushagak Bay (in Bristol Bay), and in the
vicinity of Kodiak. ,

The survey of Controller Bay was completed and an examination of the waters

" offshore between Kayak and Montague Island inside of Middleton Island was made,
the dangers to navigation within this area being located and their positions deter-
mined. A number of supposed dangers do not exist and have been removed from the
charts. . )

On the coast of Prince of Wales Island the areas west of Mexico Point to Dewey Rocks,
south to the Barrier Islands, and through Eureka Pass were carefully developed by
sounding, and the hydrographic survey was extended over the area north of the Barrier
Islands, including Tah and Hunter bays to the eastward and to Long Island on the
west. In Cordova Bay, westward of the Barrier Islands, lines of soundings were made
from a point opposite Shipwreck Point to the international boundary line to the east-
ward of Cape Muzon.

Hydrographic and topographic surveys were made in Tongass Narrows between
Ketchikan and Rosa Reef Spindle.

In Prince William Sound surveys were made along the shores of Knight and
Hinchinbrook islands. The survey of Nushagak Bay, in Bristol Bay, was completed.

A revised edition of the Coast Pilot Notes from Yakutat Bay to Cook Inlet was
prepared and published.

PHILIPPINE ISLANDS.

Excellent progress was made in charting the unsurveyed coasts of the’islands,
10 per cent of the estimated mileage of the general coast line of the islands being cov-
ered during the year. The results of the fieldwork were promptly made available
at the suboffice at Manila, in the form of drawings for charts, which were forwarded
to Washington for review and publication. The statistics for the year show that the
triangulation covered 23 988 square miles and the hydrographic work g 385 square
miles. The topographic survey covered 1 708 square miles and extended along 1 637
miles of coast line. The Coast and Geodetic Survey steamer Pathfinder and the insular
government steamers Fathomer, Marinduque, Research, and Romblon were engaged in
the work, and also parties living on shore. The expenses of the work were_divided
between the General Government and the insular government in accordance with the
agreement under which the previous work has been done. Surveys were made on
the west coast of Samar, north and south coasts of Leyte, north and south coasts of
Mindanao, south coast of Masbate, west and east coast of Mindoro, in Surigao and

_Tafion straits, and around the Tablas Islands.

Tide observations were made in connection with the hydrographic work, and a
continuous record of tidal changes was obtained with self-registering gauges at Manila
and Tloilo. ‘ :

The organization of the work in the Philippine Islands remains unchanged. All
the work necessary for chart construction is performed at the suboffice. New editions
of the sailing directions for the islands are prepared and published as often as necessary
and notices to mariners are also published.

Details in regard to the work are given in Appendix 1.
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OFFICE WORK.

Progress was made in the various branches of the office work, including compu-
tation, plotting, and discussion of the results of the work in the field and the prepara-
tion of data for publication by chart or otherwise.

A Supplementary Discussion of the Figure of the Earth and Isostasy was prepared,
utilizing additional data to 1909.

Tables of predicted tides for numerous ports on the coasts of the United States
and in foreign countries for the year 1911 were prepared and published.

Three volumes containing the results of observations at the magnetic observato-
ries in past years were also published, and the Annual Report for 1909 was prepared
for transmission to Congress.

On account of the territorial expansion of the United States and the consequent
extension of the sphere of the Survey’s operations, there have been urgent and con-
tinually increasing demands on this Bureau for surveys and new charts. Each year
adds to the number of charts published, and all of these exact time and energy to keep
them up to date. The Navy Department has urgently requested that the charts of
this Bureau be constructed on the mercator projection. In view of these conditions,
I appointed a board to fully consider the whole subject of chart construction and pub-
lication, consisting of a chairman, Mr. G. R. Putnam, Chief of the Drawing and Engrav-
ing Division, who had given years of study to the problem, and two members, Assistants
D. B. Wainwright (who succeeds Mr. Putnam as chief of division) and P. A. Welker,
both experienced hydrographers, navigators, and commanders of ships. The first
charting of the Atlantic, Gulf, and Pacific coasts of the United States having been
practically completed and splendid progress having been made in the work in our
distant territories, it was possible to consider the subject in its broadest aspect.

The later charts of the Survey are examples of the best modern usage in chart con-
struction, and they will only need in some cases a rearrangement of limits and the further
simplification of some details to perfect them from an economical standpoint. With
respect to the charts of earlier date, the changes will have to be more radical. On these
charts a great amount of detail was represented which under modern conditions is not
considered necessary, and its rendering was also much more minute and elaborate than
accords with present practice. Their correction involves an adherence to the same time-
consuming method of representation. For twenty years all new charts have been
oriented with the meridian, but there still remain a number of the earlier charts which
were oriented diagonally with a view to include greater sea area. But for this feature
they are as useful and accurate as any others.

Formerly on many charts a double unit for depths was employed, fathoms for deep
water and feet on dotted surfaces for the shoal areas. During the last decade the practice
has been to employ a single depth unit for a chart, either feet or fathoms, depending on
which unit will best suit the area represented.

The difference between the mercator and polyconic projections is imperceptible on
the large-scale charts, but on the small-scale charts it is very apparent, especially in
northern latitudes.

The board submitted a report fully covering all these points, with recommendations
which I have approved, wherein a definite program is outlined for eliminating the
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old-style charts and for replacing them with a smaller number on the mercator projection,
simpler in character, and on which the latest information can be more readily shown.

The demand for charts was greater than any previous year except the preceding
fiscal year, when the issue was abnormally large.

A notable event of the year was the completion of a tide-predicting machine in the
instrument shop of the Survey. It embraces many new features and provision has been
made for 37 constituents of tidal fluctuations instead of the 19 provided for in the machine
previously used. The construction of this machine has been incidental to the regular
repair work of the Survey, and consequently it has been many years in progress. It was
completed in February and has been tested in predicting the most complicated known
tides, and the quantities obtained have been compared with the results of computation
and found to be satisfactory from every point of view.

The amount appropriated for the Coast and Geodetic Survey for the fiscal year
ended June 30, 1910, and accounted for by the bureau disbursing agent was $997 349.14
(exclusive of the appropriation for printing), of which $245 coo was for manning and
equipping the vessels of the Survey, $40 ooo for repairs and maintenance of vessels, and
$50 ooo for Office expenses. The remainder of the appropriation was divided between
the expenses of parties in the field ($326 400) and salaries of field and office forces
($335 800). In addition to the above sums, the appropriations to the State Department
for marking the United States and Canada boundary (except a portion of the water
boundary) and for locating and marking the Alaska boundary are disbursed under my
direction as Commissioner through the bureau disbursing agent, as special disbursing
agent of the Department of State.

OFFICE OF ASSISTANT IN CHARGE.

ANDREW BRAID, Assistant in Charge.

The Assistant in Charge has direct supervision of the work of the divisions of the
Office, as follows: Computing Division; Division of Terrestrial Magnetism; Tidal
Division; Drawing and Engraving Division; Chart Division; Instrument Division;
Library and Archives Division. He also has charge of the purchase of supplies and of
all other expenditures for Office expenses, the care of the public property at the Office,
the distribution of the publications of the Survey issued free, and of the sale of the charts,
Coast Pilots, and Tide Tables published by the Survey.

Details of the Office operations are given in Appendix 2.

OFFICE OF INSPECTOR OF HYDROGRAPHY AND TOPOGRAPHY.
J. J. GILBERY, Inspector.

The Inspector supervised the field work done by the parties on the surveying vessels
and all the other hydrographic and topographic work and the coast-pilot work in the
field and Office. He prepared plans for the field work and the necessary instructions
for the chiefs of parties, and recommended the approval of estimates for expenses and
all changes in the personnel on the vessels when such changes became necessary. He
made monthly reports of the progress of the work and monthly statements covering all
temporary employees not under civil-service rules. Numerous short trips were made
by him in supervising the maintenance of the surveying vessels.
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The routine work in connection with the enlistment of crews for the vessels and the
administrative examination of accounts of the vessels was kept up to date.

COAST PILOT.

The following publications were prepared and the proof was read: United States
Coast Pilot, Atlantic Coast, Part V, fourth edition; Supplements to United States Coast
Pilot, Atlantic Coast, Parts I-II, ITI, VI, VII, and VIII; Alaska, Coast Pilot Notes from
Vakutat Bay to Cook Inlet and Shelikoff Strait, second edition.

The preparation of material for new editions of Parts I-II and III of the United
States Coast Pilot on the Atlantic Coast was begun..

VESSELS AND THEIR WORK.
STEAMER BACHE.

Two pairs of Welin quadrant davits were installed on the Bache at Baltimore, July
1-8, and the vessel sailed for the New England coast July 10. En route magnetic observa-
tions were made in Chesapeake Bay and at Vineyard Haven, Mass., and soundings were
made in Nantucket Sound and in Pollock Rip Slue to examine certain selected areas.
The vessel reached Boston on July 22 and preparations were made for repairs. Hydro-
graphic work was done off Plymouth, Mass., July 28-31 and on August 11, and off
Boothbay and Portland, Me., August 19—29. During the interval between these dates
details in regard to repairs were attended to, the delay in approving the contract for
repairs necessitating several trips to Boston.

A hydrographic resurvey of Shank Painter Bar off Provincetown, Mass., was made
September 2—4, and then the vessel went to Boston for repairs, as the condenser was in
such a condition that the vessel could not be used with safety. The repairs were
completed on October 7, and the vessel returned to Portland, Me. The work in this
vicinity and off Portsmouh, N. H., was completed on November 6, and hydrographic
work was then done in the vicinity of The Graves Light-house and at Salem, Marblehead,
and Plymouth. Some minor repairs were made at Boston November 23 to December 3,
and a hydrographic resurvey was then made of Pollock Rip Stue and of the shoals cast of
Monomoy Island. The vessel sailed for Norfolk, Va., on December 14 and was engaged
on the resurvey of the approach to Hampton Roads December 17 to February 26. On
March 11 the Bache sailed for Fernandina, Fla., and made off shore soundingson the coast
of Florida until May 12. Hydrographic work was done off Charleston, S. C., May 15 to
June 13, when the vessel returned to Boston for repairs. This work was in progress on
June 3o.

STEAMER ENDEAVOR.

On July 1 the Endeavor was at work in Albemarle Sound,.N. C. This work was
completed on September 27, when the vessel proceeded to Norfolk, Va., for repairs.
The repairs were completed on October 20, and then chart revision work, including
supplementary surveys, was done in Elizabeth and James rivers until March 12, when the
work was suspended and a special survey of the Delaware Breakwater speed trial course
was made as requested by the Navy Department. This survey was completed on April
14 and the vessel went to Wilmington, Del., for repairs, but the charges were considered
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excessive, and the repairs were made at Jersey City, May 1—25, the work being delayed
by a fire which started in the engine room. On May 27 the vessel went to Buzzards Bay,
Mass., and continued supplemental surveys in that bay during the remainder of the
fiscal year. :

SCHOONER MATCHLESS.

Repairs were made to this vessel July 1-16, and then supplemental work for chart
revision was begun in Rappahannock River and completed to the head of navigation above
Fredericksburg on March 25. The vessel then proceeded to Annapolis, Md., and a
supplementary survey was made in Severn River, March 27 to June 15. A search was '
made for a reported shoal in the vicinity of York Spit, Chesapeake Bay, June 20-23, and
the vessel then went to Newport News (June 235) for repairs to the launch. This work
was in progress on June 30.

STEAMER HYDROGRAPHER.

This vessel was out of commission and laid up July 1 to April 4, when she was taken
to Baltimore for repairs. The repairs were completed, and on June 20 the vessel sailed
for coast-pilot work on the coast of New England via Jersey City for supplies. Some
hydrographic work was done at Fishing Point, Va., en route, and the vessel was at
Jersey City on June 3o. :

STEAMER EXPLORER.

On July 1 this vessel was at work on the survey of Nushagak Bay, in Bristol Bay,
Alaska, and work was continued until September 21, when the vessel sailed for San
Francisco, Cal., via Unalaska, Alaska, and Seattle, Wash. The Explorer reached Seattle
on October 8 and San Francisco on October 17. From November to March 15 the vessel
was engaged in making supplemental surveys along the California coast. Repairs were
made to the ship at San Francisco, and on April 23 she sailed for Bristol Bay via Seattle.

- The vessel reached Port Moller, Alaska, on May 19 and was delayed there by ice until
June 3. During this interval a general survey was made of the port. On June 4 the vessel
reached Nushagak Bay and resumed the survey of the bay. The work was in progress
on June 3o.

STEAMER GEDNEY.

The steamer Gedney was at work on the survey’of Cordova Bay, Alaska, on July 1
and the work was continued until September 17, when the vessel proceeded to Ketchikan
for work in Tongass Narrows to locate a reported reef. The steamer Cosmos, the tender
of the Gedney, continued work in Cordova Bay until September 25 and then joined the
vessel. The work in Tongass Narrows was suspended on October 20 and the vessel
proceeded to Seattle, Wash., reaching there on the 28th. Chart revision work was
begun in Puget Sound with a reduced crew on December 1 and continued until March 5,
when the vesssel returned to Seattle for repairs. The repairs were completed on April
10, and on April 20 the vessel sailed for Ketchikan, Alaska.

Repairs were made to the Cosmos April 28 to May 20, and the Gedney then resumed
work in Tongass Narrows and the Cosmos proceeded to Portland Canal to make a topo-
graphic and hydrographic survey of the head of the canal in the vicinity of Bear River.
The work of both vessels was in progress on June 3o.
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THE M'ARTHUR.

The survey of Cook Inlet wasin progresson July 1 and was continued until September
26. The McArthur sailed for Seattle on October 3, and reached there on the 13th.
Repairs were made and the vessel sailed for Grays Harbor, Wash., on October 31. The
survey of Grays Harbor began on November 5 and was continued until March 6, when t}le
vessel returned to Seattle for repairs and to prepare for work in Alaska. The repairs
were completed on April 11, and the vessel sailed for Cook Inlet on the 1gth. Work
began north of the Forelands on May 12 and was in progress on June 30.

STEAMER PATTERSON.

The survey of Controller Bay, Alaska, was in progress on July 1 and was continued
until October 1, when the Patterson went to Cordova and sailed for Seattle on the 1sth.
The vessel reached Seattle on October 27 and most of the officers were detached and
the crew reduced. Repairs were made to the vessel in January and February, and on
April 18 she sailed for Cook Inlet via Cordova to get her tender, the launch Alpha. The
ship reached Port Graham, Cook Inlet, on May 5, and the survey of the inlet south of
the Forelands was begun on May 9. The work was in progress on June 30.

STEAMER TAKU.

The survey of Prince William Sound, Alaska, in the vicinity of Knight Island, was
in progress on July 1 and was continued until September 23, when the vessel was taken
to Cordova and laid up for the winter. Repairs were made to the Taku April 28 to May
22, and work on the survey of the sound was resumed on May 31 and continued during
the remainder of the fiscal year.

STEAMER YUKON.

The survey of the east coast of Afognak Island, Alaska, was in progress on July 1,
and was continued until September 25, when the vessel was hauled out of the water and
laid up for the winter. Repairs were made to the Yukon April 19 to May 10 at Kodiak,
Alaska, and the vessel sailed on May 12 for Cook Inlet. Hydrographic and topographic

work along the east side of Cook Inlet south from the Forelands beganon May 17 and
was in progress on June 3o. '

OFFICE OF INSPECTOR OF GEODETIC WORK,
J. F. HAYPORD, Inspector, July 1 to November 23; WILLIAM BOWIE,* I'nspector, December 10 to June 3o.

The duties of the Inspector were performed at the Office in Washington, where the
records of the field parties were examined as they were received and an effective super-
vision of the work was maintained in this way.

The Survey made an important contribution to the science of geodesy by the issue
of two publications entitled '“ The Figure of the Earth and Isostasy from Measurements
made in the United States’ and *Supplementary Investigation in 1gog of the Figure of
the Earth and Isostasy.” These two publications are important, because they furnish
a determination of the figure and size of the earth of a high grade of accuracy, because

* Acting Inspector, September 5 to December g.
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the methods of computing and investigating are somewhat novel, and because this
investigation has established the fact that in and around the United States the condi-
tion called “isostasy’” exists. The publication giving the results of the first investigation
was available for distribution in August, 1909, and copies were immediately mailed to
the members of the International Geodetic Association in anticipation of the meeting of
the General Conference of the association in September last.

The supplemental investigation, for which a large amount of additional data had
become available, confirmed and strengthened the conclusions deduced in the original
discussion. It should be borne in mind that practically all of the field work upon which
these investigations are based was done to furnish correct geographic positions along the
coast and throughout the interior of the country for controlling surveys and engineering
works undertaken by the General Government, States, cities, private corporations, and
individuals.

Another noteworthy event of the year in connection with the geodetic work was the
issue of a preliminary publication giving the results of an investigation of the effect of
topography and isostatic compensation upon the intensity of gravity. Additional
observations have been made and the investigation is in progress.

The Texas-California triangulation was continued and 480 kilometers (300 miles) of
progress was made.

The precise level net of the United States was extended by the addition of 1 260
kilometers (788 miles) and the relative intensity of gravity was determined in 26 selected

localities.

OFFICE OF INSPLECTOR OF MAGNETIC WORK.
R. L. Farus, Inspector.

The instructions for magnetic work and the information required by parties in the
field were prepared by the Inspector. Supervision of the work was maintained by an
examination of the records of the parties in the field as they were transmitted to the
Office from time to time as the work progressed.

The activity of the Survey in magnetic work may be summarized as follows:

OBSERVATORY WORK.

The magnetic observatories at Cheltenham, Md.; Honolulu, Hawalii; Sitka, Alaska;
and Vieques, P. R., were kept in continuous operation. The observations at the observ-
atory formerly at Baldwin, Kans., were discontinued on October 22, 1909, and the
instruments were transferred to the building recently completed at Tucson, Ariz.
Observations at the Tucson Observatory began on November 16 and were continued
during the remainder of the fiscal year. At Cheltenham the usual number of magnetic
storms were recorded. The one on September 25 was exceptionally severe and caused
the greatest variations in the magnetic elements ever recorded at this observatory.
Special observations were made in connection with similar work abroad from May 15
to 2o, the period during which the earth passed through the tail of Halley's comet, but
no definite result was obtained which can be ascribed to the comet’s proximity to the
earth.
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MAGNETIC WORK ON LAND.

The values of the magnetic elements declination, dip, and intensity were determined
at 238 stations, distributed over 39 States and Territories, including Porto Rico and the
Philippine Islands, as shown in the following table:
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MAGNETIC WORK AT SEA.

The magnetic work done on board the vessels of the Survey is shown in the follow-
ing table: :

Results from surveys. Course observations.
Vessel, General region. . 1 Decl
Declina- s nten- eclina- : Inten-
tion. Dip. sity. tion, Dip sity.
Bache..............| Atlantic Ocean.......... 7 7 7 o o o
Explorer. ......... North Pacific Ocean.... 19 23 23 1z ° o
Gedney...........|..... do................. 13 © o o o o
Patterson...........[..... do................. 2 3 3 o o °
Romblon. ..........| Philippine Islands. . ... 1 ) o o o o
Marinduque. .......[..... Lo I 3 ] ] ] o °
Fathomer.........|..... do.........oiaiel, 8 o o o o o
!
Total......... )i, 53 33 33 11 o o

As usual, the magnetic work at sea was incidental to the regular surveying work of
the vessels, and the observations were made when the vessels were en route to and from
the different fields of work or when there was a suitable opportunity during the working
season.

OFFICE OF THE DISBURSING AGENT.

Scorr NEsBIT, Disbursing Agent.

The Disbursing Office of the Coast and Geodetic Survey has charge of all of the
appropriations made for that service and, in addition, the appropriations made to the
State Department for the survey and marking of the United States and Canada boundary
and of the boundary between Alaska and Canada. The extremely wide field of work
covered by these appropriations compels payments to be made in all parts of the United
States, including Alaska, Porto Rico, Hawaii, and the Philippine Islands. The services
of more than 70 bonded chiefs of parties are required to make these payments at the
remote points occupied by the working parties of this Survey, both on land and sea.
All of the public funds used by these officers are advanced from the central Disbursing
Office of the Coast and Geodetic Survey, and the resulting bookkeeping and auditing are
done in that office. Necessarily a very extensive line of correspondence results, as, in
addition to all pay and salaries, the manning, equipping, outfitting, and repairing of the
vessels of the Survey, the purchase and sale of clothing and small stores, the system of
allotments made by seamen and other employees, and the entire expense of the field work
of the Service, which is both extensive and varied, and the survey and marking of the
two boundary lines mentioned, are financed entirely from the central Disbursing Office.
The above-mentioned chiefs of parties are bonded in the sums of from $2,000 to $10,000
each, and, while acting as chiefs of parties, these officers receive from time to time such
advances of public funds from the Disbursing Agent as are approved by the Superin-
tendent and are required to meet the necessary current expenses of the work in hand.
A ledger account is kept in the office of the Disbursing Agent with each chief of party
receiving an advance of public funds, each one being charged with all advances made
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to him and, on the other hand, receiving credit for all proper expenditures made by h.im,
when presented on regularly supported vouchers, after such accounts have been audited
in the office of the Disbursing Agent, found to be correct, and approved by the Supfer-
intendent of the Survey. All of these accounts, after they have received the admin-
istrative examination required by law in the office of the Superintendent of the Coast
and Geodetic Survey, are, with their supporting vouchers, sent through the Depart-
ment of Commerce and Labor to the Auditor for the State and other Departments
for examination and audit by him. This system has met the needs of this Survey and
results, in the main, in economy and good order in its expenditures. A very large
proportion of the appropriations named is now being expended in the survey of Fhe
most remote waters of Alaska and the Philippine Islands, and in the survey and marking
of the boundary between Alaska and Canada, far in the interior of that territory.

OFFICE OF EDITOR OF PUBLICATIONS.

The Annual Report of the Superintendent (pp. 1-184), covering the progress of
the work of the Survey during the fiscal year 1909, was completed and sent to the
Public Printer, through the Secretary of Commerce and Labor, on September 21, 1909,
and the last proof was read and returned to the printer on January 4, 1910.

'l‘he‘ publications of the Coast and Geodetic Survey during the fiscal year are
given in the following list:

Report of the Superintendent of the Coast and Geodetic Survey, showing the progress of
the work from July 1, 1908, to June 30, 1909. 184 pages, with the following appen-
dices, also published separately:

No. 3. Resultsof Magnetic Observations made by the Coast and Geodetic Survey between
July 1, 1908, and June 30, 1909. Reprint. 76 pp.

No. 4. Distribution of the Magnetic Variation in Alaska and adjacent regions for 1910,
Reprint.. 30 pp.

The Figure of the Earth and Isostasy from Measurements in the United States. 178 pp.

Supplementary Investigation in 1909 of the Figure of the Earth and Isostasy. ' 8o pp.

Catalogue of Charts, Coast Pilots, and Tide Tables, 1909. 228 pp.

Survey of Oyster Bars, Calvert County, Md. ¢4 pp.

Geodetic Operations in the United States, 1go6~1909. 12 pp.

Results of Observations made at the Coast and Geodetic Survey Magnetic Observatory at

. Cheltenham, Md., 1905 and 1906. 110 PP

Results of Observations made at the Coast and Geodetic Survey Magnetic Observatory near
Honolulu, Hawaii, 1905 and 1906. 116 pp.

Results of Observations made at the Coast and Geodetic Survey Magnetic Observatory at
Sitka, Alaska, 1905-1906. 116 pp.

Description of Long Wire Drag. 22 pp.

Tide Tables for the year.1g11. 330 PP.

Tide Tables for the Atlantic Coast of the United States, including Canada and the West
Indies. Reprint from the Tide Tables for 1911. 180 pp.

Tide Tables for the Pacific Coast of the United States, together with a number of foreign
ports in the Pacific Ocean. Reprint from the Tide Tables for 1911. 167 pp.

United States Coast Pilot, Atlantic Coast. Part IV: From Point Judith to New Vork.
Fifth edition. 212 pp.

United States Coast Pilot, Atlantic Coast. Part V: From New York to Chesapeake Bay
Entrance. Fourth edition. 166 pp.

Alaska Coast Pilot notes from Yakutat Bay to Cook Inlet and Shelikof Strait. Second
edition. 82 pp. ' .
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United States Coast Pilot, Atlantic Coast. Parts I-II: From St. Croix River to Cape Ann.
Supplement to second edition. 19 pp.

United States Coast Pilot, Atlantic Coast. Part III: From Cape Ann to Point Judith.
Supplement to second edition. 16 pp.

United States Coast Pilot, Atlantic Coast. Part VI: Chesapeake Bay and Tributaries.
Supplement to third edition. 10 pp.

United States Coast Pilot, Atlantic Coast. Part VII: From Chesapeake Bay Entrance to
Key West. Supplement to third edition. 23 pp.

United States Coast Pilot, Atlantic Coast. Part VIII: Gulf of Mexico from Key West to
the Rio Grande. Supplement to third edition. 12 pp.

Philippine Island Sailing Directions. Section II: Southwest and South Coasts of Luzon
and Adjacent Islands from Manila to San Bernardino Strait. Fourth edition.
102 pp.

Philippine Island Sailing Directions. Section V: Coast of Mindanao and Adjacent Islands.
Third edition. 136 pp.

Catalogue of Charts, Sailing Directions, and Tide Tables of the Philippine Islands, 1910.
54 Pp-

Philippine Islands. Notices to Mariners. Nos. 5, 6, 7, and 8 of 1909 and Nos. 1, 2, 3, and
4 of 1910,
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DETAILS OF FIELD OPERATIONS.

UNITED STATES.

10WA, NEW JERSEY, NEW YORK, AND PENNSYLVANIA.

[J. R. BENTON.] )

STATIONS OCCUPIED.—Jowa: Audubon, Bedford* Chariton, Clarinda,* Corning, Denison, Glen-
wood, Greenfield, Guthrie Center, Harlan, Indianola, Jefferson, Leon, Mount Ayr, Nevada, Red Oak,
Sidney, Webster City, and Winterset. New Jersey: Boonton and Trenton. New York: Carmel. Penn-
sylvania: Easton and Norristown. )

The extension of the magnetic survey of the country was resumed in Iowa on ]u!y
15 and the work was continued until September 13. During this period the stations in
Towa named above were occupied and observations were made to determine the value
of the three elements of terrestrial magnetism. Work was resumed June 13 in Penn-
sylvania and observations were made at the stations in New Jersey, New York, and
Pennsylvania named above. . The work was in progress on June 30.

NORTH CAROLINA AND VIRGINIA.
[J. B. BourELLE, Commanding Steamer Endeavor.]

SumMMARY OF RESULTS.—Hydrography: 235 miles of lines sounded, 15 003 soundings made, 4 tide
stations occupied. Topography: 2 square miles of area covered, 140 miles of shore line surveyed, s
miles of road surveyed, 1 topographic sheet completed. Triangulation: 544 square miles of area cov-
ered, 58 stations occupied, 70 geographic positions determined. )

On July 1 the party on the steamer Endeavor was engaged in revising and supple-
menting the survey of Albemarle Sound, North Carolina. This work was continued until
September 27, and during this period a new triangulation was extended over the sound
from Durant Island to the head of the sound and continued up Chowan River to a point
a short distance above Montrose. The shore line on both sides of the sound is receding,
and none of the triangulation stations used in the previous work were recovered between
Durant Island and Edenton. Five old- triangulation stations along Chowan River were
recovered and used in the new work. - A long railroad bridge is being constructed across
the sound at Skinners Point, and the geographic positions of the range towers at the
ends of the bridge were determined.

On September 29 the vessel left Edenton, N. C., for Norfolk, Va., for repairs.

The revision of the survey of Nansemond River from its mouth to Suffolk was
begun on October 20 and completed on December 10.

* Meridian stones set as requested by the county surveyors.
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Three old triangulation stations at the mouth of the river were recovered and a few
additional stations were established. From these stations a plane-table triangulation
was extended up the river to Suffolk, the survey of the shore line was revised, and
soundings were made in the channel of the river.

After December 10 the party was engaged in revising the survey of James River
until March 17, when the work was suspended, as the vessel was needed for other duty.

During this period a number of the old triangulation stations were recovered and
supplementary work was done to complete the triangulation of the river up to the mouth
of the Chickahominy River. A resurvey was made of the shore line and supplementary
hydrographic work was done in order to determine the existing conditions in the channel.

The information necessary for a revised edition of the charts covering the locality
was secured.

Supplemental surveys were begun by the party on the Endeavor on May 31 in Buz-
zards Bay, Mass., and the work was in progress on June 3o. Seven old triangulation
stations were recovered and 8 new stations were established for use in the hydrographic
work.

Serious delay was caused by the rainy and foggy weather which prevailed in June.

MARYLAND.

[J. E. BURBANK.]

The work at the magnetic observatory at Cheltenham, Md., was continued without
interruption during the year. A practically continuous record of the relative force of
the three elements of terrestrial magnetism was obtained and observations to determine
absolute values for the three elements were made at regular intervals.

There was an exceedingly severe magnetic storm on September 25, with a greater
disturbance of the magnets than has occurred since the observatory was established, in
1got. The variations in the earth’s magnetic intensity were so violent and so-sudden
that it was impossible to keep the vertical intensity magnets in position for any consid-
erable length of time, and the Eschenhagen intensity magnet was repeatedly unbalanced.

The Eschenhagen declination magnet and the Adie horizontal intensity (Bifilar) and
declination magnets all remained in operation during the storm, but the ranges were
beyond the limits of the paper on the recording apparatus and a considerable loss of
record occurred. .

The seismograph afforded good results, and 40 earthquakes were recorded, nearly all

of which were at distant points and the resulting motion was very slight at this station.
| \

ARIZONA, CALIFORNIA, DISTRICT OF COLUMBIA, MAINE, MICHIGAN, NEW MEXICO, NEW
YORK, NEVADA, NORTH DAKOTA, SOUTH DAKOTA, TENNESSEE, TEXAS, AND VERMONT.

[W. H. BURGER.]

SuMMARY OF RESULTS.—Gravity: 26 stations occupied. Magnetic observations: 12 stations
occupied.

On July 1 gravity and magnetic observations were in progress and the work con-
tinued without interruption until November 12, when field work was suspended. Work
was resumed on January 10 and continued until May 5, when the observations at Deni-
son, Tex., were completed and the instruments were sent to Washington for observations
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at the base station. Theseobservationswere completed in the latter partof May. Grav.ity
observations were made at the following stations: Arizona: Two stations were occupied
at the Grand Canyon of the Colorado, one on top of the plateau at an elevation of 2 179
meters above sea level and the other 1 330 meters almost vertically below it; Nogales
and Yuma. California: Compton. District of Columbia: Observations were made at
the base station in November and again in May. Maine: Fort Kent. Michigan:
Alpena* and Iron River* Minnesota: Ely* New Mexico: Gallup and Las Vegas.
New York: Lake Placid * Potsdam,* and Wilson.* Nevada: Goldfield. North Dakota:
Pembina* South Dakota: Mitchell® Tennessee: Cloudland * and Hughes. Texas:
Denison, El Paso, Kerrville,* Shamrock, and Sweetwater* Vermont: North Hero.*

At each station the flexure of the pendulum support was measured in terms of the
wave length of light by the use of an interferometer.

WASHINGTON.

[R. B. DericksoN, Commanding Steamer Gedney.] -

Supplementary surveys and the collection of information for the revision of the
charts covering Puget Sound and adjacent waters were begun on December 1 and
continued until March 9. The localities named below were visited and sheets were pre-
pared to show all changes necessary to bring the charts up to date: Olympia (survey of
water front, including improvements in Budd Inlet), Boston Harbor, Shelton, Pickering
Pass and- Hammersley Inlet, head of Cases Inlet, Vaughn Bay, lower portion of Cases
Inlet, Hope Island and mainland adjoining Puget Sound, Puget, Tituse Bay, Von
Gelderns and Mayo coves in Carrs Inlet, head of Carrs Inlet, along the shores of Colvos
Passage, McNeil and Fox islands, and the mainland adjoining Puget Sound, Dupont
powder works, and Anderson Island. The work was suspended on March 9 in order to
make repairs to the vessel and to prepare for work in Alaska.

CALIFORNIA.

[W. C. DiBrELL, Commanding Steamer Explorer.]

SuMMARY OF RESULTS.—Hydrography: 358 square miles of area covered, 7go miles of lines sounded,
2 695 soundings made, 2 tide stations occupied, 7 hydrographic sheets completed, 185 miles of lines run
with submarine sentry set covering 5 square miles of area, 18 miles of lines run with wire drag set cover-
ing 1 square mile of area. Triangulation: 8 square miles of area covered, g stations occupied, 4 geo-
graphic positions determined.

The party on the steamer Explorer was engaged November 3 to March 13 in search-
ing for reported dangers to navigation along the coast of California and in doing supple-
mental work for chart correction. .

A search was made for a reported sunken rock off Fort Ross. The locality was
covered by a survey and no evidence of this danger was found.

A hydrographic survey was made of an area of small cxtent off Montara Point to
develop Colorado Reef. An examination was made off Point Surin in the vicinity of
the charted position of the so-called “ Alert Bank,” and it was shown that this “bank”’
does not exist. The soundings were extended out to the 10o-fathom curve. A pinnacle

* Magnetic observations were also made.
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rock in the approach to Port San Luis was located and its geographic position deter-
mined. Soundings were made over the area in its immediate vicinity. A search was
made off Point Arguello for a bank, reported by the U. S. S. St. Louss, but no indications
of it were found and the soundings show that no bank exists in the position reported.
Soundings were made out to a depth of 100 fathoms.

A line of soundings was run parallel to the coast, between Point Piedras Blancas
and Point Buchon, outside of the soundings shown on the chart, the soundings being
made at intervals of 4 or 5 miles, while en route from San Francisco to Port San Luis.

Supplemental triangulation was done to determine the position of hydrographic
signals in the vicinity of Fort Ross and Montara Point, and the geographic position of
the light-house at Port San Luis was determined.

From November 26 to January 2 Assistant Paul C. Whitney was in command of
the vessel, and during this period chart-revision work in San Francisco Bay was done.

Field work closed on March 14 in order to prepare the ship for work in Alaska.

VIRGINIA.
[W. B. FAIRFIELD.] ~

March 6-18 the geographic position of the light-house on Ragged Point (Potomac
River), Virginia, was determined by triangulation. Three old triangulation stations
in the vicinity were recovered and observations were made from these stations to deter-
mine the position of the light-house.

MARYLAND AND VIRGINIA.

[0. W. FErGuUsoN, Commanding Schdoner Matchless.]

SuMMARY OF RESULTS.—Hydrography: 179 square miles of area covered, 733 miles of lines sdfinded,
30 657 soundings made, 1o tide stations occupied, 3 hydrographic sheets completed. Topography:
42 square miles of area covered, 100 miles of shore line surveyed, 171 miles of shore line of creeks sur-
veyed, 7 miles shore line of ponds surveyed, 65 miles of roads surveyed, 13 topographic sheets com- .
pleted. Triangulation: g square miles of area covered, 11 stations occupied, 8 geographic positions
determined.

July 23 and 24 the Maichless made a supplemental topographic survey at Point Look-
out, Chesapeake Bay, Maryland, covering 3 miles of the shore line of the point, and then
proceeded to the Rappahannock River, Virginia, to revise the survey of the river from the
mouth to the head of tide water, a point 214 miles above Fredericksburg, to secure the
data necessary to bring the charts of the river up to date. The work included plane-table

" triangulation, topography, and hydrography, and it was completed during the period
July 26 to December 22.

The chart-revision work was then extended to the creeks tributary to the Rappa-
hannock River, and this portion of the work was completed on March 25. An examina-
tion was made in 19 creeks and the work extefided from one-half to g miles above the
mouths. Serious delay resulted from ice in the river.

On March 26 the vessel sailed for Annapolis, Md., to do supplementary work for
chart revision in Annapolis Harbor and the entrance to the Severn River. This work
began on April 1 and was completed June 17. Several of the old triangulation stations
were recovered and supplemental triangulation was extended from these stations to cover
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the harbor and to determine the geographic positions of all prominent objects in
Annapolis.

The tidal bench mark at Greenbury Point Light-house was recovered and a tide staff
was erected at that place. Another staff was placed near the southeast corner of the
Naval Academy grounds and the reference plane for sounding previously established at
Greenbury Point Light-house was transferred to the new position by simultaneous
observations at intervals of fifteen minutes for a period of twenty-four hours. All the
tidal bench marks in Annapolis were searched for, but only three could be recovered.
These were connected by leveling with the Naval Academy Standard bench mark, with
a bench mark on the court-house established by the United States Geological Survey
and with two new bench marks which were established.

A resurvey was made of the shore line with a plane table and a hydrographic resurvey
of the harbor with current observations in the entrance to Severn River. On June 17
the vessel sailed for Newport News, Va., and stopped en route at Mobjack Bay to make
an examination of the shoal 414 miles southeast of York Spit Light-house. The work
was completed on June 23, the vessel reached her destination on the 25th, and on the
3oth was making preparations to begin chart-revision work in James River.

NEW YORK.

[E. G. FiscHER.]

In September a tide indicator was installed in the building of the American Sea-
men’s Friend Society’s Institute at 507 West street, New York City. An electrical
transmitter was placed in position on Pier 51 and connected by wire with the indicator.
A steel float tube was used, with the float resting on 6 feet of kerosene to prevent the
water from fréezing in the tube in cold weather.

An inspection of the tide gauge at Fort Hamilton was made and the tide staff was
referred to adjacent bench marks by leveling.

In the following April a mechanician was sent to New York to make some necessary
repairs to the indicator and transmitter and the apparatus was again left in good order.

The tide indicator in the rooms of the Maritime Association was inspected and some
repairs were made to the transmitter on Pier “A.”

An inspection of the tide gauge at Fort Hamilton was again made, and some instruc-
tion was given to the observer who was temporarily in charge of the gauge.

MARYLAND AND VIRGINIA.

[S. FornEgy.]

SuMMARY OF RESULTS.—Hydrography: 13 square miles of area covered, 136 miles of lines sounded,
3 744 soundings made, 3 tide stations occupied, 2 hydrographic sheets completed. Topography: 44
square miles of area covered, 42 miles of shore line surveyed, 6o miles of shore line of creeks surveyed,
134 miles of roads surveyed, 4 topographic sheets completed. Triangulation: 42 stations occupied and
48 geographic positions determined. )

On July 1 the topographic resurvey of the western shore of Chesapeake Bay and its
tributaries was in progress between Dividing Creek and Smith Point. The work was
continued during the summer and completed on August 31.
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A hydrographic resurvey of Great Wicomico River and Cockrills Creek was then made,
the work extending to the head of steamboat navigation on Great Wicomico River and
to Reedville, Va., on Cockrills Creek.

On October 5 the party proceeded to Chestertown, Md., to make a topographic re-
survey of the river. A number of old triangulation stations were recovered and, based
on these, a supplemental triangulation was extended along the river to Crumpton. The
topographic resurvey was completed on February 23.

On December 25 and 26 a severe blizzard prevailed, with 16 inches of snow, and in
January and February there was serious delay on account of ice in the river, which was
closed to navigation on many days. '

On February 27 the party went to Wachapreague, Va., to recover old triangulation
stations and do supplementary work from Cedar Island toward Cape Charles, along the
eastern coast of Virginia, and to revise the survey of the shore line from Assawaman Inlet
toward Cape Charles. A search was made for old stations between Wachapreague Inlet
and the southern end of Cobbs Island, but they have all been destroyed. New stations
were selected and marked and an attempt was made to secure observations, but unfavor-
able weather prevailed, with rain, fog, and haze, and a complete set of observations were
made at only one station.

At the end of May work on the triangulation was suspended and the party began
the revision of the shore line along the coast south of Assawaman Inlet. This work was
in progress at the end of June in the vicinity of Paramore Life Saving Station. Notable
changes have occurred at several points.

HAWAIL AND MASSACHUSETTS.

[O. B. FRENCH.]

SUMMARY OF RESULTS.-—Hydrography: 28 miles of lines sounded, 1 824 goundings made, 1 tide
station occupied. Reconnaissance: 105 square miles of area covered, 41 stations sclected. Topog-
raphy: 1 square mile of area covered, 2 miles of coast line surveyed, 2 miles of roads and railroads sur-

veyed. Triangulation: 58 square miles of area covered, 29 stations occupied, 114 geographic positions
determined. )

Chart revision work on Cape Cod Bay, Massachusetts, was in progress on July 1
in the vicinity of Wellfleet. The work was continued until September 16, when work
assigned was completed. The revision covered the area shown on one of the coast
charts. The observer reports as follows:

It was quite surprising to me to find such accuracy in these old [topographic] sheets. Although
some of them were made more than sixty years ago, the details were still true except where there was
no doubt about there having been an actual change in the topography since the original sheet was
constructed.

Six triangulation stations were occupied and the geographic positions of a number
of prominent objects were determined. A search was made for 107 old triangulation
stations; 35 of these were recovered and 69 have been destroyed. A search was also
made for 20 tidal bench marks, 13 of which were recovered and 5 have been destroyed.

On December 11 preparations began for a revision of the charts of the Hawaiian
Islands. The records of the Hawaiian government survey, made before the annexation
of the islands, were examined and some supplementary triangulation was done in the
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vicinity of Honolulu. The original records of the trigonometric work on Oahu were
sent to Washington and abstracts of similar records on the other islands were made
where the books contained records of local ‘work and were frequently needed in Hono-
lulu. In February a survey was made of Nahukona Harbor, island of Hawaii, in
accordance with an urgent request for the work.

Mr. R. R. Elgin, manager of the Hawaiian Railway Company, transported the
party between the triangulation stations in his automobile and showed the party many
other courtesies. The railway company also furnished other transportation and such
assistance as was required.

In March preparations were made for a trigonometric connection between the
islands of Oahu and Kauai, but there was no suitable. weather before the end of the
fiscal year in which observations could be made over the long lines involved in this
connection.

Observers were ready on both of these islands after March 14, and while waiting
for suitable weather the observer on Kauai made a reconnaissance around the island
and later extended a triangulation along the shore about halfway around the island,
covering the east end. During the progress of this work the positions of numerous
points were determined for use in the hydrographic survey which will be made later.

The computations connected with the survey of Mahukona Harbor were completed
and a drawing in the form of a chart was made. Copies of this drawing were furnished
to the Hawaiian Railway Company as authorized.

The abstracts of the observations in the old triangulation on the islands of Molokai,
Maui, and Lanai, and more than half of the work on Hawaii, were completed. A
reconnaissance was also made to extend a triangulation around the island of Oahu.

VIRGINTA.

[H. C. Graves, Commanding Steamer Hydrographer.}

On June 20 the Hydrographer sailed from Baltimore for the coast of New England
to secure information in the field for the revision of the United States Coast Pilot
volumes covering the coast from the St. Croix River, Maine, to Point Judith, Rhode
Island.

En route the vessel stopped at Assateague Anchorage, Virginia, to observe the
changes in the conditions at Fishing Point, and a hydrographic reconnaissance was

made off the point. On June 30 the vessel was at Jersey City completing preparations
for coast-pilot work on the New England coast. :

MAINE, MASSACHUSETTS, AND NEW YORK.

{N. H. Hick.)

SuMMARY OF RESULTS.—Hydrography: 77 square miles of area covered with wire drag, 490 miles
of lines covered with wire drag, 141 soundings made, g tide stations occupied, 7 cutrent stations occu-
pied, 7 hydrographic sheets completed.

On July 1 a party was organized to examine certain waters on the coast of Maine
with a wire drag. The area examined included the southern end of West Penobscot
Bay, Hurricane Sound, portions of Muscle Ridge and Two Bush channels, part of East
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Penobscot Bay, the channel south of Vinalhaven Island, and a special examination in
Eggemoggin Reach.

Several changes in the drag and the method of using it greatly facilitated the work
and increased the area possible to be covered in any given time. A drag 8 400 feet
long was used, but it was found that motor power was necessary to turn the reels in
taking up a drag longer than 6 ooo feet, and consequently the shorter length was regu-
larly used in open water. By using buoys with a hoisting apparatus attached, changes
of depth to allow for the state of the tide were made without stopping the drag. In order
to prevent their destruction, it was necessary to have many thousands of lobster pots
removed from the areas to be examined. These areas were marked by spar buoys in
advance and notice was given to the .lobster fishermen to remove their pots. The
buoys were removed as soon as the examination was completed. The increased length
of the drag and other improvements in its construction and the method of using it
greatly reduced the cost of the work.

On October 30 the work on the coast of Maine was discontinued and the party
was divided into two sections, one of which was sent to Buzzards Bay, Massachusetts,
and the other to Gardiners Bay, Long Island, New York. Examinations with the drag
in Buzzards Bay were made November 5-16, and the work was then discontinued for
the winter on account of unfavorable weather conditions. At Gardiners Bay an exam-
ination was made of the northeastern approach and numerous bowlders were found in
the channel with less water on them than the charted depths indicated. This work
was also discontinued on November 16, on account of unfavorable weather, and resumed
on May 16, when the examination was extended over Plum Gut and a portion of
Gardiners Bay, as well as in the channel mentioned above.

On June g the party proceeded to Rockland, Me., and the work was in progress
in that locality on June 3o0.

CALIFORNIA, NEW MEXICO, AND TEXAS.

[J. S. HiLL.]

SuMMARY OF RESULTS.—Astronomical observations: 5azimuths determined. Base measurement:
1 base line measured. Triangulation: 20 coo square miles of arca covered, 29 stations occupied, 40
geographic positions determined.

The extension of the triangulation in Texas westward toward California was
resumed on September .1 in the vicinity of Pecos River, and the work continued until
January 27, when it was suspended for the winter at a point in central New Mexico.
Three hundred miles of progress was made, measured along the axis of the triangula-
tion. The average length of lines observed was 56 kilometers and the longest line had
a length of 163 kilometers. '

Two bench marks, one at El Paso, Tex., and the other at Deming, N. Mex., and 8
triangulation stations, established by the United States Geological Survey, were con-
nected with the work, as was also several of the international boundary stations, as
follows: El Paso court-house, Federal Building, Juarez Cathedral, and boundary
monuments Nos. 2, 3, .31, 32, 39, and 40. The ohservations were all made by the
chief of the party. Tield work was resumed on June 22 and was in progress on June 3o
at a station in California.. ‘
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' WASHINGTON.

[J. 8. HiLr and G. H. REKATE.]

SUMMARY OF RESULTS.—Reconnaissance: 2 Goo square miles of area covered, 13 triangulatiqn
stations selected. Triangulation: 130 square miles of area covered, 6 stations occupied, 22 geographic

positions determined.

On July 1 the extension of the triangulation along the coast of Washington was
in progress and the work was continued until August 31. During this period a recon-
naissance was also made from Grays Harbor toward Puget Sound to connect with
previous work, and up the coast from Grays Harbor to Destruction Island for the
extension of the triangulation to the points mentioned.

The triangulation was done by Mr. Rekate under Mr. Hill’s direction, and he also
prepared 6 stations for the observing party by opening lines through thd timber and
by building observing tripods and scaffolds where necessary.

On September 1 the charge of the work was transferred to Mr. Rekate and he
continued to prepare stations for the observing party until November 12, when the
work was suspended for the winter. Lines were opened and other preparations were
made, such as opening trails, etc., at 6 stations! At some of them there was a dense
growth of timber and the work of opening the lines of sight was very laborious.

ALABAMA, ARIZONA, CALIFORNIA, INDIANA, KENTUCKY, LOUISIANA, MISSISSIPPI, NEW
MEXICO, NORTH CAROLINA, TENNESSEE, TEXAS, AND VIRGINIA,

[W. M. HiL.]

STATIONS OCCUPIED.—Alabama: Florence,* Huntsville, Scottsboro, and Tuscaloosa. Arizona:
Benson, Tucson, and Yuma. California: Barstow, Indio, Red Bluff, and San Bemardino.* Indiana:
Boonville,* Brazil,* Corydon, Covington, Decatur, Delphi,* English, Evansville, Fowler, Huntington,
Petersburg, Portland, Rockport,* and Rockville. Kentucky: Bowling Green,* Brownsville, Franklin,*
and Munfordville.* Louisiana: Ruston, Shreveport, and Tallulah. Mississippi: Jackson and Merid-
ian. New Mexico: Deming and Lordsburg. North Carolina: Fayetteville. Tennessee: Athens, Frank-
lin, Gallatin, Knoxville, Lawrenceburg, and Springfield. Texas: El Paso, Mineola, and Odessa.*

Virginia: Bristol, Charlottesville, and Lynchburg.

Magnetic work was done in the field July 1 to September 30, and April 18 to
June 30. Observations were made to determine the value of the three clements of
terrestrial magnetism at the stations named above and meridian lines were established
at 10 of the stations. Several of the stations had been previously occupied and the
observations were repeated to determine the annual change in declination.

FLORIDA, MAINE, MASSACHUSETTS, NEW HAMPSHIRE, SOUTH CAROLINA, AND VIRGINIA.

[W. C. Hopekins, Commanding Steamer Bache.]

SUMMARY OF REsULTS.—Hydrography: 70 square miles of area covered, 2 go6 miles of lines
sounded, 51 553 soundings made, 16 tide stations occupied, 34 current stations occupied, 16 hydrographic
sheets completed. Magnetic observations: s stations on land and 3 stations at sea occupied. Triangu-
lation: 34 stations occupied, 25 geographic positions determined.

The steamer Bache was engaged in supplementary hydrographic work at various
places along the Atlantic coast of the United States during the year except at such

* Meridian lines also established.
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times as were required to make repairs to the ship and to sail between the different
localities where work was required. The following is a brief summary of the work
completed, stated in chronological order: o ,

On July 1o the Bache sailed from Baltimore for the coast of New England. Mag-
netic observations were made at sea off the mouth of the Patuxent River in Chesapeake
Bay, and at a point about ¢ miles WSW. from Vineyard Sound Light-vessel ang also
on shore at Vineyard Haven.

July 17 to 19 was spent in searching for a shoal spot reported to the southeastward
of Bishop and Clerk Light-house, and soundings were also made on the east and west
sides of Monomoy Island, Massachusetts. On July 22 magnetic observations were
made on shore on Castle Island, Boston Harhor, and hydrographic work was done in
the approaches to the harbors of Plymouth and Duxbury until August 14, and on that
date magnetic observations were made at a station on shore at Long Beach. On
August 19 the Bache proceeded to Boothbay Harbor, Maine, and five days were spent
searching for a reported ledge in Fisherman Islahd Passage. The vessel reached Port-
land, Me., on August 24 and prepared for hydrographic work in the harbor. A tide
gauge was established on Little Diamond Island and supplementary triangulation was
done to determine the positions of hydrographic signals.

On the 29th the Bache returned to Boston for repairs, but the contract for the work
had not been approved and soundings were made on Shank Pointer Bar near Province-
town until September 4, when the work was completed and the Bache went to Boston
for repairs. On October 8 the vessel returned to Portland, Me., and completed the
work in the harbor the following day. Soundings were made in the approaches, from
the northward and eastward, to the harbor of Portsmouth, N. H., between October 10
and November 6, and after that date the examination of a shoal spot reported in the
approach te Salem Harbor was continued at intervals when the weather permitted
until November 23, when the work was suspended and minor repairs were made to the
ship. On December 5 the vessel sailed from Boston for Pollock Rip Slue. En route
a few additional soundings were made off Plymouth. The examination of Pollock Rip
Slue was completed on December 11 and the vessel started to Norfolk, Va. On Decem-
ber 7 the three-masted schooner Naf Meader was found at anchor near Pollock Rip
Shoals Light-vessel, in distress as the result of a collision, and the schooner was towed
to Hyannisport.

On December 21 supplemental hydrographic work began in the approaches to
Hampton Roads and was continuéd until March 11, when it was completed and the
vessel sailed for Fernandina, Fla., for offshore hydrographic work in the latitude of
St. Marys Entrance. This work was continued until May 13, when the ship proceeded
to Charleston, S. C., and was at work in the approaches to the harbor until June 13,
when the vessel proceeded to Boston, Mass., for repairs.

IDAHO AND MONTANA.

[H. D. KiNG, May 14 to June 11; C. Y. HARGER, June r2-30.]

The closing of the circuit Ogden, Utah-Butte, Mont.-Crawford, Nebr.-Cheyenne,
Wyo.-Ogden, Utah, in the standard levels showed an error in the leveling, and a revision
of the work was begun at Pocatello, Idaho, on May 14 and was in progress on June 3o.
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During this period the revision was completed over 371 kilometers of the circuit starting
at Pocatello, Idaho, and pfoce‘eding northward and eastward via Butte, Mont., toward
Crawford, Nebr. .
MICHIGAN AND MINNESOTA.

[H. D. King.]

Observations with a pendulum to determine the re.ative force of gravity were made
in June at Iron River, Mich., and at Minneapolis, Minn. The work began on the 18th
and was in progress at Minneapolis on the 3oth.

TEXAS.
[H. D. King, April 1-20; C. M. CaDE, April 21 to June 30.]
SuMMARY OF RESULTS.—Leveling: 260 kilometers of line completed, 94 bench marks established.

The standard levels were extended in Texas, April 1 to June 30, along the Texas
and Pacific Railway from Fort Worth toward El Paso, and the line was completed to
Abilene. The elevation of the track in front of 28 railroad stations along the line was
determined and also the elevation of one of the triangulation stations in this region.
The work was in progress on June 3o0.

OKLAIHOMA AND TEXAS.
[Forp KurTz.]
SumMARY OF RESULTS.—Leveling: 328 kilometers of line completed, 81 bench marks establis}‘xed.

The standard levels were extended in Oklahoma and Texas in July, August, and
September, forming a portion of the line between El Reno, Okla., and Goffs, Cal. The
work began at El Reno on July 1 and was suspended at Jericho, Tex., on September 14
in consequence of the serious illness of the observer. The route follows the Chicago,
Rock Island and Pacific Railway from El Reno to the state line and thence along the
Chicago, Rock Island and Gulf Railway to Jericho. The thanks of the Survey are due
the officials of these railway companies for granting the privilege of using velocipede
cars on the tracks of their roads as the means of transporting the party to and from work,
and also for the privilege of camping on the company’s ground at railway statlons and
of using water from the company’s tanks.

The country passed over is comparatively level and no unusual difficulties were
encountered. The party ‘used tents for quarters and secured meals at hotels and boarding
houses. This plan was satisfactory over the route followed and was adopted on account
of the large charge for moving the outfit cars which had been in use on other lines.

MASSACHUSETTS AND NEW YORK.
"[E. B. Latiam.]

SUMMARY OF RESULTS.—Topography: 29 square miles of area covered, 1 topographic sheet com-
pleted. Triangulation: 45 square miles of area covered, 8 stations occupied, 20 geographic positions
determined.

The collection of data for chart revision was in progress on the south shore of Long
Island, New York, on July 1, and the work was continued until September 7. The
supplementary triangulation was extended to a point near Long Beach and the geographic

63481°—11——3
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positions of all prominent objects visible from the stations were determined. In con-
nection with this work a search was made for 23 old triangulation stations, and 8 of them
were recovered. .

A resurvey was made of the shore line from a point near Fire Island Light-house
to a point near Long Beach to a junction with work of the same character recently
completed. The resurvey of the shore line was extended into the inlets where changes
had occurred, and the location of the shore line of the bays and creeks was verified and
found practically unchanged.

A connection was made with a survey of the marsh lands belonging to the town of
Hempstead which was in progress and also with a survey of Great South Bay made by
the Corps of Engineers in 1905. '

-+ On April 16 chart-revision work in the vicinity of Gloucester, Mass., was begun and
continued to the end of the fiscal year. During this period a revision was made of the
work on two topographic sheets, 9o per cent of one and 50 per cent of the other being
completed. This work was in progress on June 30.

ARIZONA AND NEW MEXICO.
[H. W. MAYNARD.]

SUMMARY OF RESULTS.—Leveling: 670 kilometers of line completed, 179 bench marks established.

The extension of the standard levels between Goffs, Cal., and El Reno, Okla., was in
progress on July 1 in the vicinity of Gleed, Ariz. The leveling was continued along the
Atchison, Topeka and Santa Fe Railway until December 3, when the line was com-
pleted to Albuquerque, N..Mex., and the work was then suspended for the winter.

Outfit cars were used for quarters, and the use of velocipede cars as the means of
transporting the party to and from the working ground was permitted by the railway
officials. The Survey is under obligations to the company for granting this ~aluable
privilege.

Water was furnished to the party by the company and the outfit cars were moved
promptly as requested.

The country traversed varies between the extremes of an arid desert and land cov-
ered with forests, and the elevation varies between soo and 7 ooo feet above sea level.
The observer reports unusual conditions of refraction, which retarded the work and
added to the usual difficulties of the leveling work.

CONNECTICUT, ILLINOIS, MAINE, MASSACHUSETTS, MINNESOTA, NEBRASKA, NEW
HAMPSHIRE, RHODE ISLAND,.AND SOUTH DAKOTA.

[H. E. McComB.]

STATIONS OCCUPIED.—Connecticut: New Haven and New London. [Illinots: Eureka, Rock Island,
and Watseka. Maine: Auburn, Bethel, Capens, Greenville, Kineo, and Oakland. Massachusetts:
Dedham and Lawrence. Minnesota: Owatonna, Pipestone, Rochester, Slayton, and Waseca. Nebraska:
Central City, Columbus, Dakota, Fremont, Greeley, Ord, Pierce, Stanton, and Wayne. New Hamp-
shire: Concord, Gorham, Plymouth, and Woodsville. Rhode Island: Kingston and Providence. South
Dakota: Armour, Flandreau, Madison, Plankinton, Tyndall, Vermilion, Wessington Springs, and
Woonsocket.

Qbservations were made by this observer July 10 to September 30 and May 18 to
June 3o. During the periods covered by these dates the value of the three elements of
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terrestrial magnetism were determined at the stations named above. All the stations
were marked by stone posts or by drill holes at the intersection of cross lines cut in solid
rock or in large bowlders. Meridian lines were established at a number of the stations.
The work was in progress on June 30.

INDIANA, ILLINOIS, IOWA, AND MINNESOTA.
[F. A. MoLBY.]

STATIONS OCCUPIED.—Indiana: Laporte and Valparaiso. [Illinois: Dixon, Galena, Joilet, Morrison,
and Yorkville. Iowa: Algona, Cresco, Elkader, Mason City, Sibley, Spencer, and Spirit Lake. Min-
nesota: Ada, Aitkin, Bagley, Breckenridge, Carlton, Center City, Montevideo, Morris, New Ulm, Park
Rapids, Pine City, Redwood Falls, St. James, Stillwater, Wabasha, Windom, Winona, and Worthington.

Magnetic work was in progress in the field on July 1 and was continued until Sep-
tember 20. During this period observations were made to determine the value of the
three elements of terrestrial magnetism at the stations named above.

CALIFORNIA.
[FREMONT MORSE.]

SuMMARY OF RESULTS.—Triangulation: 107 square miles of area covered, 5 stations occupied, 24
geographic positions determined.

Observations were made December 20 to January 6 to determine the geographic
position of the new light-house on Alcatraz Island, in San Francisco Bay, and incidentally
the position of a number of prominent objects in the vicinity of San Francisco were also
determined. Two old stations were recovered and used as base stations, and from
this base the positions of two other old stations, supposed to be aﬁ”ected by the earth-
quake of 1906, and one new station were determined.

ARIZONA, MAINE, AND TEXAS.
[E. MUELLER.]

. The construction of a magnetic ohservatory near Tucson, Ariz., was in progress on
July 1, as stated in the previous annual report. The officer in charge was fatally injured
in line of duty on July 3 by falling into the well (for water) which was being dug under
his direction, and Assistant Mueller was instructed to complete the work. He took
charge on July 12 and completed the work on October 29.

The buildings are located on a tract of 160 acres of the public land reserved for an
observatory site by Executive Order No. 1082, dated June 3, 1g0g, on the Aguas Calientes,
or Rincon road, about 8 miles east of Tucson. Two observatory buildings were con-
structed, one for the relative measure of the magnetic variations with a self-registering
magnetograph, and the other for making observations to determine the absolute value
of the three magnetic elements. An office building, including living accommodatlons
for the observers, was erected, a well was dug, and a stable was built.

En route to Washington an inspection of the tide station at Galveston, Tex., was
made November 3-6, and necessary repairs were mad¢, including a new float well; a
new self-registering gauge was placed in position.

January 7 and 8 a location for a self-registering tide gauge was selected at Portland,
Me., and preliminary arrangements were made for the construction of the gauge house.
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MAINE AND PENNSYLVANIA,

[C. G. QuiLLIAN.]

During the period February 24 .to March 7 a self-registering tide gauge was estab-
lished at Portland, Me., on a wharf belonging to the Grand Trunk Railway in accordance
with the permission granted by the officials of the company. A long steel pipe was used
as a float well, and it was partially filled with kerosene oil in order to prevent freezing
in winter. A tide staff was erected and ‘connected by leveling with several permanent
bench marks. .

En route to Washington an inspection of the tidal station at Philadelphia, Pa., was
made, and the tide staff was referred to permanent bench marks by leveling.

FLORIDA.

[G. H. REKATE.]

SUMMARY OF RESULTS.—T'riangulation: 284 square miles of area covered, 89 stations occupied,
and g5 geographic positions determined. .

The work of recovering old triangulation stations on the west coast of Florida was
begun on January 6 in Pensacola Bay. A search was made for 18 old stations, 7 of
which were recovered., Three new stations were established and their positions and
the positions of 7 aids to navigation in Pensacola Bay and 1 in East Bay were determined.
A search was then made for the old stations (49) on Santa Rosa Sound and Choctaw-
hatchee Bay, and 2 stations were recovered in each case.

New stations were established and the triangulation was extended along Santa
Rosa Sound from Pensacola Bay to Choctawhatchee Bay and to cover the latter bay.
The party then proceeded to Cedar Keys and searched for the old stations (61) in the
vicinity and south to Clearwater Harbor, and 32 of these were recovered. The pdsitions
of 4 aids to navigation in the vicinity of Cedar Keys and of Withlacoochee Light-house
were determined. The triangulation was then extended from Clearwater Harbor to the
upper end of Anclote islands by establishing new stations to supplement the triangula-
tion in places where no old stations were recovered. This work covers Clearwater
Harbor, St. Joseph Sound, and Anclote Anchorage.

The field work closed on May 1 at Cedar Keys.

WASHINGTON.

[H. W. Ruopes, Commanding Steamer McArthur.]

The survey of Grays Harbor was begun on November 6 and continued until March 6.

A base line was measured in the vicinity of the south jetty on Point Chehalis, and from

this triangulation was extended up the harbor to Hoquiam. Fourteen stations were

selected and marked and observations of angles were made at 8. Stormy weather
“prevented the extension of the work to the outer shore. .

The topographic survey of the shore line was begun in the vicinity of the entrance

and was completed on the north shore to a point near Hoquiam except for the portion

around the head of North Bay and for a shorter portion in the vicinity of Brackenridge
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Bluff. Fifty-one miles of shore line, 23 miles of roads, g miles of railroads, and 7 miles
of the shore line of creeks were surveyed. Tide observations were made at the North
Jetty wharf, and 2 lines of soundings were made in the dredged channel between the
lower bay and Aberdeen, with observation on a tide staff at the city wharf at Hoquiam,

Stormy and unfavorable weather prevailed, with excessive rain, and the heavy
smoke from the numerous mills near the head of the bay generally obscured the shore
line during favorable weather. .

CONNECTICUT AND NEW YORK.

[H. P. RITTER.]

The collection of data for the revision of the charts along the coasts of Connecticut
and New York was in progress on July 1, and this work was continued at intervals,
when other duties of the observer permitted, during the whole year.

All the principal topographic changes since the previous survey of this region was
made were noted on the north shore of Long Island Sound between Georges Island and
Sheffield, including Saugatuck and Norwalk rivers, and drawings were prepared showing
- the corrections necessary to bring chart No. 267 to date. Similar work on the adjoining
chart No. 268 (extending from Sheffield Island to Westcott Cove), begun during the
previous fiscal year, was completed.

A topographic resurvey was made of the shore line in front of New Haven, Conn.,
from Oyster River Point to Five Mile Point, and the revision of topographic details for
chart correction was extended from Five Mile Point to East Haven River. A topo-
graphic resurvey was also made along the south shore of Long Island between Edgemere
and Rockaway Beach and similar work between Long Beach and Edgemere was
completed.

In connection with the work mentioned above 115 old triangulation stations, in
the localities covered by the topographic revision, were recovered and remarked in cases
where it was considered necessary to do so.

NORTH CAROLINA.

[G. T. RUDE.]

Under the authority of a special act of Congress and in response to a request from
the governor of North Carolina an officer of the Survey placed marks to indicate the
boundaries of certain areas in the waters of the State ““in which the use of any or all
fishing appliances are prohibited by law.” Certain areas in Pamlico, Croatan, and
Albemarle sounds and in Chowan River were selected, and the limits proscribed by law
were laid down on charts prepared for the purpose. This includes the proscribed areas
at Hatteras, New, and Oregon inlets. The marks were then established at the proper
places in the waters mentioned above to indicate the boundaries defined by law. Sixty-
six marks were established at the points sélected, and the positions are defined by mag-
netic bearings to known positions of axds to navigation and of objects on shore, and to
adjacent boundary marks.

The work began on December 14 and was completed on February 19. The launch
used in the work was furnished by the North Carolina Fish Commission.
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DELAWARE, FLORIDA, MARYLAND, AND VIRGINIA.

[EpwIN SMmITH.]

, SuMMARY OF RESULTS.—Triangulation: 412 square miles of area covered, 132 stations occupied,
218 geographic positions determined.

Supplementary triangulation was in progress along the coast south of Delaware
Bay on July 1, and this work was continued until November 12. The triangulation was
extended from Delaware Bay, Del., to Ocean City, Md., and from Chincoteague Bay to
Wachapreague, Va. Very few of the old triangulation stations were recovered on the
first section of the work, and consequently new stations were ‘established all along the
coast in the localities mentioned. The geographic positions of several life-saving sta-
tions and numerous prominent objects along the coast were determined. .On the second
section more old stations were recovered, but a new station was established wherever
an old station could not be found to make the triangulation continuous.

Supplementary triangulation, including the determination of the geographic posi-
tions of aids to navigation and the recovery of all old triangulation stations was begun
on the west coast of Florida in Apalachicola Bay on January 14. In the West Pass to
the bay the positions of 5 aids to navigation were determined, and connection was made
with the work of the Engineer Corps, U. S. Army, in this vicinity. The positions of 2
aids to navigation in the vicinity of Apalachicola and of 4 in the vicinity of Carrabelle
were also determined. Work was then begun in Apalachee Bay, and a search was made
for 32 of the triangulation points previously established. Nineteen of these were recov-
ered, and additional marks were placed in position wherever they were needed to secure
future recovery of the stations.

This work was completed on March 14, and the party then proceeded to St. Andrews
Bay. A search was made for the old triangulation stations in this vicinity and 4 of
them were recovered. From these a new triangulation was extended to cover St. Andrews
Bay, including West and North bays and St. Andrews Sound to St. Andrew Point, and
this work was completed on May 1.

The work in St. Joseph Bay was then taken up and was completed on June 15, when
the party was disbanded. A few old triangulation stations were recovered and used
as a base from which a trlangulatlon was extended to cover the bay. The observer
then returned to Apalachicola to secure some additional observations in that vicinity,
and the work for the season closed on June 22.

CALIFORNIA, FLORIDA, LOUISIANA, MAINE, NEW YORK, NORTH CAROLINA, PENNSYLVANIA,
TEXAS, VIRGINIA, AND WASHINGTON., '

Self-registering tide gauges were kept in operation during the year at the following
places: Presidio and San Diego, Cal.; Fernandina, Fla.; Weeks, La.; Fort Hamilton, N. Y .;
Wilmington, N: C.; Philadelphia, Pa.; Galveston, Tex.; Colonial Beach, Va.; and Seattle,
Wash. On March 8 the installation of a self-registering tide gauge at Portland, Me., was
completed, and after that date a record of the tidal changes was obtained for the
remainder of the fiscal year.
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KANSAS.

[S. G. TowNSHEND, Jr.]

The work at the magnetic observatory at Baldwin, Kans., was continued from
July 1 to October 22. A record of the relative force of the three elements of terrestrial
magnetism was obtained with self-registering instruments, and observations were made
at least once every week to determine the absolute value of these elements. Several
magnetic Storms occutred, the greatest being recorded on September 25, and this stotm
was so severe that telephone and telegraph service was affected.

On October 22 observations ceased and the work of the observatory was concluded,

as the instruments were needed at the observatory recently completed in Arizona, near
Tucson.

NEW HAMPSHIRE.

[D. B. WAINWRIGHT.]

. Summary oF REsULTS.—Topography: 21 square miles of area covered, 37 miles of shore line ?f
rivers surveyed, 16 miles of shore line of creeks surveyed, 69 miles of roads surveyed, 3 topographic

sheets completed.

On July 1 the topographic survey of Great Bay and its tributaries, New Hampshire,
was in progress, and the work was continued until November 1, when the survey was
completed. The work for this season began at a point on the west side of the bay a
short distance above Adams, and was extended to cover the valley of Oyster River to
Durham, the Bellamy and Cocheo rivers to Dover (including Dover Neck), and the
Salmon Falls River to South Berwick. From the mouth of Salmon Falls River the

survey was continued down the Piscataqua River to Greenacre, to a junction with the
work already completed.

. HAWAII.

[(W. F. WaLLs, July 1 to August 19; O. H. GAARDEN, June 3o to August 20.]

A continuous record of the variations in the earth’s magnetic condition was obtained
at the magnetic observatory near Honolulu, Hawaii, during the year with self-registering
instruments. Observations were made once each week to determine the absolute value
of the three elements of terrestrial magnetism, and once each month to determine the
scale values. The seismograph was kept in operation and a practically continuous
record was obtained. Ninety-four earthquakes were registered during the year at thlS
station.

Daily meteorological observations were made and monthly reports were sent to the
United States Weather Bureau observer at Honolulu.

ARIZONA.
[W. F. WarLLis.]

The buildings for the magnetic observatory located near Tucson, Ariz., were com-
pleted in-October and the instruments in use at the Baldwin Observatory, in Kansas,
were transferred to the Tucson Observatory. They were placed in position and the
final adjustments were completed on November 16. On the same date the observations
began and a continuous record of the relative force of the three elements of terrestrial
magnetism was obtained during the remainder of the fiscal year.
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Observations to determine the absolute value of the magnetic elements were made
once each week, and after January 1 an additional determination of the vertical intensity
was made every week. Meteorological observations were made every day. A room for
the installation of a seismograph was completed. The magnetograms show the effects
of earthquake shocks as follows: Twice in January, once in February, once in April,
three times in May, and once in June.

DELAWARE.

[P. A. WELKER, Commanding Steamer Endeavor.]

SUMMARY OF RESULTS.—Hydrography: 6 Square miles of area covered, 141 miles of lines sounded,
1 g6o soundings made, 1 hydrographic sheet completed.

In accordance with a request made by the Navy Department, a special hydrographic
survey was made over the speed trial course off Delaware Breakwater in order to afford
data desired in determining the effect of the depth of water upon the speed and power
developed in certain cases. :

The depth of water on this course is 25 fathoms and more, and the strength of the
current varies from 1 to 3 knots per hour. Under these conditions a lead weighing 40
pounds was used with a trolley system which made it possible to drop the lead near the
bow and to read the lead line near the stern of the ship. Soundings were made at
intervals of two minutes and the position of each sounding was determined by observa-
tions made with sextants. The work began on March 22 and was completed on April 2.

After completing the survey of the speed trial course a survey was made at Cape
Henlopen to show the present condition of the shoal off the cape and the position of the
shore line. The limit of the hydrography was within the lines of breakers under ordinary
conditions, and where there are strong tide rips, so that the soundings were necessarily
made when the sea was smooth and near the time of slack water. The work was com-
pleted on April 14. '

CALIFORNIA.

[FERDINAND WESTDAHL.]

The suboffice at San Francisco was continued and the officer in charge acted as
the representative of the Superintendent in attending to numerous duties, many of
them being matters of routine, in connection with the survey of the Philippine Islands
and the transfer of officers assigned to that work. In addition to these duties the field
work described below was done under the direction of this officer by others-who reported
to him for this purpose.

In July the position of the tide staff at the Presidio tidal station was verified by
leveling to the bench marks in the vicinity. '

The revision of the topographic survey along the coast of Mendocino County
between Laguna and Greenwood landings began on August 11 and was completed on
November 16. In connection with this work a search was made for a sunken rock
which was supposed to exist in Albion Cove, and it was shown that no such rock exists.

In October repairs were made at the Presidio tidal stations and to the tide indicator
on Alcatraz Island in San Francisco Bay.
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An inspection of the tidal station at San Diego, Cal., was made November 19 to
24, and the tide staff was connected by leveling with the bench marks at the quaran-
tine station.

A revision of the topographic survey along the shore of certain portions of Mon-
terey Bay was made January 11 to May 23.  Several old triangulation stations were
recovered and some supplementary triangulation was done to determine the geographic
positions of prominent landmarks and to furnish additional bases for use in the topo-
graphic work. All changes due to natural causes and the artificial features which had
been added were located.

LOUISIANA.
[Isaac WiINsTON.]

Advantage was taken of the presence of an officer of the Survey in Louisiana on
special duty and an inspection of the tidal station at Weeks, La., was made on May 4.
Some necessary repairs were completed, the relation of the tide staff to the bench

marks near the gauge house was determined, and the tide observer was given additional
_instructions in regard to the performance of his duties.

ILLINOIS, INDIANA, IOWA, KANSAS, MISSOURI, NEBRASKA, OHIO, AND PENNSYLVANIA.

[C. F. Woopvarp.]

STATIONS OCCUPIED.—Illinois: Carlyle and Quincy. Indiana: Franklin, Lebanon, Meadville,
and Spencer. Jowa: Des Moines and Rockwell City. Kansas: Council Grove, Iola, Leavenworth,
Lincoln, Oskaloosa, and Salina. Missouri: Lebanon and Rolla. Nebraska: Alma, Auburn, Bloom-
ington, Falls City, Hebron, Nebraska City, Nelson, Pawnee City, Plattsmouth, Red Cloud, and Wilber.

Ohio: Dayton. Pennsylvania: Meadville.

The extension of the magnetic survey of the country was in progress in Indiana
on July 1, and this work was continued until September 10, when the observations
were discontinued. The work was resumed on June 11 and was in progress on the

3oth. Observations to determine the value of the three elements of terrestrial mag-
netism were made at the stations named above.

MARYLAND.

[C. C. YaTES.]

SumMMmaRrY or RESULTS.—Triangulation: 250 square miles of area covered, 340 stations occupied,
352 geographic positions determined.

Under authority conferred by law, the Survey continued to coopérate with the
Maryland Shell-Fish Commission in surveying and marking the natural oyster beds,
bars, and rocks in the State of Maryland. The field work undertaken by the Survey
was finished during the year in Kent and Talbot counties, which completes the work
in all the producing counties in the State except Dorchester, and on June 30 the party
was ready to begin work in that county. Field work was done during the periods July
6 to December 24 and March 14 to June 3o.

The descriptions of the boundaries and landmarks in Calvert County were pre-
pared for publication.



ALASKA.

[F. L. Apams.]

The work at the Sitka Magnetic Observatory was continued during the year and a
record of the variation in the relative value of the three elements of terrestrial magnetism
was obtained with self-registering instruments. Observations to determine the absolute
value of the magnetic elements were made at regular intervals and meteorological
observations were also made. Severe magnetic storms occurred in September, October,
November, and March. The magnetic storm of September 25 was very severe and was
accompanied by a very fine auroral display.

A seismograph was kept in operation and 47 earthquake shocks were recorded.

[H. L. BEck, Commanding Steamer McArthur.]

The steamer McArthur sailed from Seattle for Cook Inlet, Alaska, on April 19, via
the inside passage. No pilot was taken and the vessel anchored at night. Good weather
prevailed, and nothing unusual occurred except that the vessel grounded for a few
minutes on an uncharted shoal in Wrangell Narrows. The vessel reached Seldovia on
May 4 and the launch Delta, which had been hauled out for the winter at this place was
prepared for the season’s work. A self-registering tide gauge was installed on the wharf
at Seldovia and kept in operation. North Spit Buoy No. 1, off Port Graham, was
replaced in position in accordance with the request of the inspector of the Thirteenth
light-house district.

The preceding winter was unusually cold and the snow still extended from the hill
and mountain tops down to the water’s edge, but the field work began on May 12, when
a party was placed in camp on shore, with the Delta and a dory as their means of trans-
portation, to do inshore hydrographic work and to make a survey of the shore line.
Hydrographic signals were erected by the ship and offshore sounding began on the 23d.

On account of the strong tidal currents it was found to be impossible to run sounding
lines normal to the shore in satisfactory manner, and lines parallel to the shore were
substituted.

Details in regard to the work and statistics of the work accomplished will be given
in the next report. The work was in progress on June 30, 1910.

[H. C. DENsoN, Commanding Steamer Patierson.]

SuMMARY OF RESULTS.—Hydrography: 4 883 square miles of area covered, 3 643 miles of lines
sounded, 44 871 soundings made, 1 tide station occupied, 6 hydrographic sheets completed. Magnetic
observations: 3 stations occupied. Topography: 48 square miles of area covered, g6 miles of shore line
surveyed, 53 miles of shore line sketched, 2 topographic sheets completed. Triangulation: 72 square
miles of area covered, 8 stations occupied, 25 geographic positions determined.

! The survey of Controller Bay was in progress on July 1 and was continued until

October 3, when the vessel sailed for Cordova, and thence via Orca to Seattle, Wash.,
where she arrived on October 27. The statistics given above cover the work of the
whple season (Mav 20 to October 3), and the extent of the work may be stated as follows:
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The hydrography covers the area bounded by Montdgue and Hinchinbrook islands
on the west, Copper River Sand Reefs on the north, Kanak, Wingham, and Kyak islands
on the east, and Middleton Island on the south. A detailed survey was made of Con-
troller Bay and approaches, and also of the area eastward of Kyak Island to Cape Suck-
ling, and out to the 10o-fathom depth to the southward of Cape St. Elias. The position
of a number of dangers to navigation in this region were accurately located and many
others, marked on the charts as possible dangers, have been removed, as the investi-
gation proved that these reported dangers do not exist. The charts of this region have
been corrected, and information in regard to the more important changes has been
furnished to the public in notices to mariners.

In connection with the hydrographic work tide observations were made on a staff
located off the north end of Kyak Island during four months.

A survey was made of the shore of Controller Bay and of Wingham and Kyak
islands, and along Okalee Spit as far as Cape Suckling. A running survey of the east
shore of Montague Island was made from the ship by observations with sextants to
determine the position of the heads of bays and of prominent headlands. The existing
triangulation was supplemented and additional points were located for use in making
the survey.

Assistant Quillian’s party and outfit was transported from Seattle to Kodiak, and the
steamer Yukon was prepared for work by the crew of the Patlerson. A party of 3 officers
and 17 men was placed in camp on shore and much of the inshore work was done by
this party.

On October 10, while the Patterson was tied to the dock at Orca with the boilers
blown down, a violent wind storm arose and cast the ship adrift. Salt water was pumped
into the boilers in order to get up steam and control the ship. Fortunately the vessel
was only slightly damaged.

On October 26, while en route to Seattle, the vessel touched on a reef 1134 miles
east of Alert Bay, Johnstone Straits, but no apparent damage resulted.

Assistant Denson reports that the spring months offer the best conditions for the
work of the Survey in this locality and states that after the middle of June and until
the beginning of August the ship was run night and day while sounding, as the mountain
peaks were distinct enough at midnight to be reflected by the sextant mirrors.

[R. B. DErRIcksON, Commanding Steamer Gedney.]

SuMMAaRY OF RESULTS.—Hydrography: 136 square miles of area covered, 1 482 miles of lines
sounded, 11 029 soundings made, 5 tide stations occupied, 7 hydrographic sheets completed. Magnetic
observations: 3 stations on land occupied, 13 stations at sea occupied. Topography: 8z square miles
of area covered, 248 miles of general coast line surveyed, 19 miles of the shore line of creeks surveyed,
5 miles of roads surveyed, 5 topographic sheets completed. Triangulation: 188 square miles of area
covered, 42 stations occupied, 72 geographic positions determined.

The survey of the coast of Prince of Wales Island, Alaska, was in progress on July 1.
The topographic and hydrographic work was extended from Point Nunez, at the southern
extremity of the island, west and north. A topographic survey was made along the
south coast of Prince of Wales Island, including Bronsons Bay, Point Marsh, the coast
line and many of the islands to the north, Hessa Inlet, and the Barrier Islands. A
topographic survey was also made along the coast from the north entrance to Eureka
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Pass to Shipwreck Point, including Tah Bay, and Hunter bays, the islands and entrance
to Klakass Inlet, and Ship Islands, and from Kassa Inlet along the west coast of Prince
of Wales Island to Nutqua Inlet, including the entrance to Kassa Inlet, Point Webster,
and Hassiah Inlet. The survey of the shore line was completed from Point Nunez to
Lime Point in Cordova Bay except in Nutqua and Hassa inlets, and extends into- Nutqua
Inlet to a point 1 mile above the entrance.

The hydrographic work was done while the topographic work was in progress. A
survey was made of the waters from Point Marsh south to the international boundary

"line and westward to Cape Muzon, and lines were sounded in the passage back of Point
Marsh and in Minnic Bay.

The areas west of Mexico Point to Dewey Rocks south to the Barrier islands, and
through Eureka Pass were carefully developed by sounding, and the hydrographic
survey was extended over the area north of the Barrer Islands, including Tah and
Hunter bays to the eastward and to Long Island on the west. In Cordova Bay,
westward of the Barrier Islands lines of soundings were made from a point opposite
Shipwreck Point to the international boundary line to the eastward of Cape Muzon.
The Gedney suspended work on September 17 and proceeded to Tongass Narrows. The
tender Cosmos continued at work until September 27, when she went to Ketchikan to join
the Gedney. Work was done in Tongass Narrows September 17 to October 20.

The rock on which the steamship Ohio struck, in June, was found and its geographic
position was determined and a hydrographic survey was made in its vicinity. .

Hydrographic and topographic surveys were also made in Tongass Narrows from
Ketchikan to Rosa Reef Spindle. The vessel sailed for Seattle on October 21 and reached
that port on the 28th.

On April 19 the Gedney sailed from Seattle for Ketchikan, Alaska, to resume work in
Tongass Narrows. Repairs were made to the tender Cosmos May 2 to 19 and on May 24
the Cosmos sailed for the head of Portland Canal to make a survey of the head of the canal
in the vicinity of the point where the international boundary leaves Portland Canal
This work was in progress on June 3o.

The party on the Gedney continued the survey of Tongass Narrows.

The topographic work was completed at the north end of the Narrows to Point
Higgins and the hydrographic work was almost completed from Bar Point to Guard
Island, including Wards Cove. The survey was in progress on June 3o.

[W. C. DiBrELL, Commanding Steamer Explorer.]

SumMARY of REsuLTs.—Hydrography: 389 square miles of lines sounded, 1 gor miles of lines
sounded, 2 452 soundings made, 5 tide stations occupicd, 8 current stations occupied, 6 hydrographic
sheets completed. Magnetic observations: 8 stations on land occupied, 29 stations at sea occupied.
Topography: 26 square miles of area covered, 7o miles of general shore line surveyed, 4 miles of crecks
surveyed, 6 topographic sheets completed. Triangulation: 131 square miles of area covered, 6 stations
occupied, 14 geographic positions determined.

On July 1 the survey of Nushagak Bay, in Bristol Bay, was in progress and the work
was continued until September 21. During this period the work completed may be
‘stated as follows:

Preliminary astronomical observations to determine a latitude and an azimuth were
made at Clark Point. A base line was measured in the upper part of the bay and trian-
gulation was extended from it to cover the bay from Williams Island to Points Etolin
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and Protection. A preliminary topographic survey of the shore line was made from the
entrance of the bay to the mouth of Wood River.

A hydrographic survey was made of the whole of the bay except in Igushik River
and the approach. Mud flats bare or partly bare at low water were not included. The
main channel was surveyed up to a point just below the mouth of Wood River. Tide
observations were made at Clark Point and current observations were made at a number
of places in the bay where the vessel anchored.

Everything possible was done by the officers and employees of the Alaska Packers’
Association to advance the progress of the work and many courtesies were shown the
members of the party. Mess supplies and ship stores were brought from San Francisco
free of charge.

The vessel sailed for Seattle Wash., on September 21 and reached that port on
October 8. On April 23 the Explorer sailed from San Francisco for Bristol Bay via
Seattle and reached Port Moller, Bering Sea, on May 18. Ice was encountered near this
place and it was impracticable to enter Bristol Bay at this time. The vessel was detained
at Port Moller until June 3 and work was done in the vicinity while waiting for the
opening of navigation in Bristol Bay.

The survey of Nushagak Bay was resumed on June 4 and was in progress on the 3oth

[W. E. PARKER, Commanding Steamer Patterson.}

SuMMaRY OF RESULTS.—Hydrography: 125 square miles of area covered, 542 miles of lines
sounded, 3 549 soundings made, 2 tide stations occupied, 1 current station occupied. Magnetic observa-
tions: 3 stations occupied. Topography: 36 miles of general shore line surveyed. Triangulation: soo
square miles of area covered, 12 stations occupied, and 11 geographic positions determined.

The steamer Patterson sailed from Seattle, Wash., on April 18 for Cook Inlet, Alaska,
via Orca, Alaska. Magnetic observations were made at sea off Union Bay, British
Columbia, after coaling the ship, and at two points between Capes St. James and St.
Elias. The Patterson reached Orca on April 29 and a portion of the party for the steamer
Yukon was landed at Cordova. The vessel sailed on May 2 with the launch Alpha in
tow and reached Port Graham, Cook Inlet, on May 5. A self-registering tide gauge was
established on the Alaska Commercial Company’s wharf at Port Graham and magnetic
observations were made on shore at a station across the bay.

The survey of the eastern shore of Cook Inlet and the main channel was begun to
extend the work previously completed from its southern limit along this shore to Port
Graham and into Kachemac Bay as far as Homer. At the close of the fiscal year the
work was in progress, and the statistics given above show what had been accomplished.

[C. G. QuiLLiaN, Commanding Steamer Yukon.)

. SuMMARY OF LESULTS.—Hydrography: 299 square miles of area covered, 6go miles of line
sounded, 8 892 soundings made, 2 tidal stations occupied, 3 hydrographic sheets completed. Topog-
raphy 66 square miles of area covered, 85 miles of general coast line surveyed; 10 miles of shore line of
rivers surveyed, 42 miles of shore line sketched, 5 topographic sheets completed. Triangulation: 822
square miles of area covered, 21 stations occupied, 45 geographic positions determined.

The survey of the coasts of Alaska was in progress in the vicinity of Kodiak on July 1

and the work was continued until October 17, when the field season.closed and the party
reached Seattle, Wash., on October 26. During this period the triangulation was
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extended northward along the east coast of Afognak Island from Spruce and Whale
islands until it joined the work previously completed at Cape Tonki and the north end
of Marmot Island.

A topographic survey was made northward zilong the east coast of Afognak Island
from the work previously completed to Cape Izhut and along the north and east shores
of Cape Tonki. The shore line of the west side of Marmot Island was also surveyed and
a topographic reconnaissance was made along the shores of Izhut Bay. Hydrographic
work was done in the south approach to Kodiak Harbor and the survey previously com-
pleted off Afognak Bay was extended north and east to Cape Izhut and to include
Marmot Bay and the northern approaches to Kodiak Island. Tide obscrvations were
made at Kodiak and at Danger Bay.

Work was resumed in Cook Inlet in the vicinity of Kenai on May 17 and continued
during the remainder of the fiscal year. The triangulation and topographic survey was
extended to a point 5 miles above the mouth of Kenai River. Topographic and hydro-
graphic work was also done along the south shore of the inlet at the mouth of Kenai
River and in the vicinity of Cape Kasilof and of Kasilof River. 4

The thanks of the Survey are due the officers of the Alaska Packers’ Association
and the Northwestern Fisheries Company for courtesies shown the party.

The work was in progress on June 30.

[H. W. Ruopes, Commanding Steamer McArthur.]

SuMMARY OF RESULTS.—Hydrography: 184 miles of lines sounded, 842 soundings made, 4 tide
stations occupied, 1o current stations occupied. Topography: 6 square miles of area covered, 155 miles
of general coast line surveyed, 14 miles of shore line of creeks surveyed. Triangulation: 18 stations
occupied, 18 geographic positions determined. :

On July 1 the party on the steamer McArthur was at work in the upper portion of
Cook Imnlet north of the Forelands. Parties were established in camp on shore, one on
each side of the inlet extending the triangulation and the topographic survey of the
shore line. The work during the whole season may be summarized as follows:

The principal work was the triangulation, and it was extended from East and West
Foreland to the head of the inlet, with stations at the entrances to Turnagain and Knik
Arms. Twenty-eight new stations were established and carefully marked, 20 of which
were occupied for the measurement of horizontal and vertical angles, and observations
were made at 5 old stations. The shore of the upper portion of Cook Inlet is, in gen-
eral, a bluff line heavily wooded, and heavy cutting was necessary on many of the lines,
and high signals were erected at a number of stations. Directions to Mount McKinley
were obtained at 3 triangulation stations and observations to determine the magnetic
declination were made at 6 stations.

A topographic survey was made of the east shore of the inlet from a point about 5
miles above Kenai to a point about 12 miles inside Knik Arm, including Fire Island and
the south shore of Turnagain Arm, to a point about 4 miles above the entrance. On
the west shore of the inlet the survey extends from a point about 5 miles west of West
Forelands to a point about 8 miles inside of Knik Arm, except that three gaps covering a
total distance of 21 miles were left in this work.

Tide observations were made at Seldovia, at a point about 2 miles above East
Foreland, on the west side of Fire Island, and on the east shore of Knik Arm about 5
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miles above Point Woronzof. Reconnaissance sounding lines were run by the vessel
whenever practicable between the Forelands and the head of the inlet and current
observations were made at 17 different places where the vessel anchored.

[G. T. Rupg, Commanding Steamer Taku.]

SuMMaRY OF RESULTS.—Hydrography: 156 square milesof area covered, 533 milesof linessounded,
3 296 soundings made, 2 tide stations occupied, 4 hydrographic shects completed. Topography: 85
square miles of area covered, 144 miles of general coast line surveyed, 4 topographic sheets completed.

Hydrographic and topographic surveys along the shores of Knight Island, Prince
William Sound, were resumed on July 6 and continued until September 23, when the
field work closed for the winter. The work was completed along the portions of the
coast described below: From the north point at the entrance to Hogan Bay to a point
1 mile north of the entrance to Discovery Bay and including Snug Harbor; the north
end of Knight Island and the islands offshore between Knight and Naked islands; the
south coast of Knight Island from Mummy Bay to Lower Herring Bay.

Hydrographic work was done inshore along the east and north coasts of Knight
Island to complete the work previously done along these shores, and it was extended
to cover Discovery Bay, Snug Harbor, Lower Passage, Upper Passage, Foul Passage,
Louis Bay, and Northwest Bay. .On the south coast of Knight Island, hydrographic
work was done in Mummy Bay, Long Passage, and Knight Island Passage from Mummy
Bay to Lower Herring Bay, and extended to the entrances of Prince of Wales and Bain-
bridge passes. In the same region a survey was made of the shore line in Mummy and
Copper bays around Squire Island and through Long Passage to Drier Bay, completing
the unfinished work in this locality.

The survey of Prince William Sound was resumed on May 23 on the shores of
Hinchinbrook Island, vicinity of Point Johnstone. The work at this point was com-
pleted on June 14 and the vessel proceeded. to Knight Island, and on June 30 the survey
was in progress between Johnson Bay and Lower Passage.



OUTLYING TERRITORY.

PHILIPPINE ISLANDS.
[E. F. DickiNs, Director.)

The survey of the coast of the Philippine Islands was continued under the immediate
supervision of a Director, who represented the Superintendent in all matters requiring
immediate action.

He made plans for field operations and issued instructions for field work at the
suboffice in Manila. The observations made in the field were computed, and drawings
for charts of the regions surveyed were prepared for transmission to Washington for
review and publication. Sailing Directions and Notices to Mariners were prepared and
published. He was aided in this work by such advice and instructions issued from
Washington as became necessary.

The work was done under the same general plan of the division of expenses in force
during the previous year. The National Government paid the salaries and subsistence
of its technical corps detailed for duty in the Philippines, including several experts in
the suboffice, furnished the instrumental equipment, paid the expenses of 1 large survey-
ing steamer and for the supplies for 2 other surveying steamers, paid the expense of
chart publication, the traveling expenses of officers to and from the Philippine Islands,
and the hire of launches. The Philippine government paid the operating expenses of 2
surveying steamers, paid for the crew and repairs of 2 other surveying steamers (not
including pay of officers), the party expenses of several surveying parties on shore, the
salaries of the office force, and for office supplies obtained in Manila, and furnished office
accommodations and printing.

There was a free exchange of information and good offices between’ the Survey and
the various military and civil bureaus having common aims, and a gratifying mterest

was shown in responding to requests for information.

'
FIELD WORK.

Steamer Pathfinder.—This vessel was at Manila July 1-13 having repairs made.
She sailed for Surigao Strait on July 14 to continue the survey of the strait and adjacent
waters to the southward. The work began on the 1gth and was in progress until January
15, when it was suspended and the vessel sailed for Manila. She arrived on January 23
and remained in port until March 26. During this period the field records were com-
pleted and repairs were made to the ship. She sailed for Surigao, via Cebu, to deliver
the mail.for the postal authorities, on March 26 and arrived March 29. The survey in
this vicinity was resumed immediatley and was in progress on June 30.

Steamer Romblon.—This vessel closed work on the south coast of Leyte Island on
July 2 and sailed for Manila. She remained in port from July 9 to November 11 and
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during this time extensive repairs were made. She sailed for Lion Bay on the south
coast of Leyte Island on the 12th and resumed work in that vicinity on the 16th. The
survey of Sogod Bay was continued until January 4, when it was completed. The
vessel then proceeded to the north coast of Mindanao Island and the survey of that
coast and adjacent waters was begun on January 8 and was in progress on June 30.

Steamer Marinduque.—The survey of Illana Bay on the southern coast of Mindanao
Island was in progress on July 1. This work was completed and special surveys were
made at Malabang and Parang as requested by the military authorities.

On August 12 the vessel sailed for Manila for repairs. The repairs were made
August 19 to September 12, and the vessel sailed the following day for Iligan Bay, north
coast of Mindanao. The survey of the north coast of Mindanao Island was continued
until June 30, when the work was still in progress. 4

Steamer Research.—The survey of Tanon Strait was continued from July 1 to
November 26 when the survey of the unfinished portion of this strait was completed.
Minor repairs were made to the vessel at Iloilo November 27 to December g, and on the
following day she sailed for the southern coast of Masbate Island. The work on this
coast began on December 11 and on June 30 the survey of the entire southern coast had
been completed. 1

Steamer Fathomer.—Surveys were made along the coasts of Mindoro and Tablas
islands July 1 to December 22, when the vessel went to Manila for repairs and remained
there until February 23, when she sailed for the west coast of Mindoro Island. A special
survey was made of the entrance to Bugsanga River as requested by the secretary of
interior of the Philippine Islands and then the survey along the shores of Mindoro was
continued during the remainder of the fiscal year.

In addition to the work of the parties on the ships mentioned above, surveys were
made by parties living on land in San Juanico Strait and Janabatas Channel and on the
west coast of Samar Island.

PROGRESS OF THE FIELD WORK.

At the close of the fiscal year ended June 30, 1910, 46.6 per cent (exclusive of Spanish
and British surveys) of the general coast line of the archipelago had been surveyed for
charting purposes, the progress for the fiscal year being 10.3 per cent of the whole.

Expressed in distance, the total amount of general coast line now surveyed is 5 368
statute miles (8 639 kilometers) out of a total of 11 511 statute miles (18 525 kilometers).
During the year 119 statute miles of general coast line was surveyed, an increase of 56.6
per cent as compared with the mileage surveyed in the preceding year.

OFFICE WORK.

The suboffice at Manila is organized to do all the work included in chart construc-
tion. The records of observations were received as the work progressed. The necessary
computations were made and the results were compiled in the form of drawings for
charts. Eight drawings for new charts and 13 drawings for new editions of charts were
prepared during the year and sent to Washington for publication.

The Director is the disbursing agent for the Philippine work, and all expenditures,
except those on account of the steamer Pathfinder, are made by him, and under his
direction. He renders his accounts to the General Disbursing Agent, at Washington,

63481°—11—"4
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for all expenses paid on the part of the General Government. This work involves a
great deal of clerical labor and is increased by the accounts kept to show the disburse-
ments of the funds furnished by the insular government, for which vouchers are ren-
dered to the proper accounting officers of that government.

The following publications were prepared and printed: Philippine Islands Salhng
Directions, Section II, fourth edition, and Section V, third edition; Notices to Mariners
Nos. 5 to 8 of 1909 and Nos. 1 to 4 of 1910 and a Catalogue of Charts, Sailing Directions,

and Tide Tables.

[ArRTHUR CROWELL.]

SUMMARY OF RESULTS.—Hydrography: 97 square miles of area covered, 308 miles of lines sounded-
14 984 soundings made. Topography: 10 square miles of area covered, 58 miles of gencral shore line
surveyed, 14 miles of roads surveyed, z topographic sheets completed. Triangulation: 263 square
miles of area covered, s stations occupied, 19 geographic positions determined.

The survey of the west coast of Samar and the north coast of Leyte was continued
from February 1 to March 10. The triangulation was extended to cover Carigara Bay
and completed to a junction with the work previously completed in Biliran Strait.
The triangulation was also extended a short distance northward on the coast of Samar,
in the vicinity of Catbalogan, and a reconnaissance for triangulation was then made
along the coast to a point north of Jibatan River. Hydrographic work in Zumarraga
Channel and on the west side of Daram Island (inshore work) was completed.

The work in Buarri Island Harbor was completed and some soundings were made
in Carigara Bay. Tide staffs were established in the north end of Daram Island and
in Carigara Bay and referred by simultaneous observations to the tide gauge at Cat-
balogan. A topographic survey was made of a small area on the coast of Samar Island

. north of Catbalogan and of the north half of Daram Island.

[H. C. DEnson, Commanding Steamer Romblon.)

SUMMARY OF RESULTS.—Hydrography: 356 square milesof area covered, 404 miles of lines sounded,
10 680 soundings made, 2 hydrographic sheets completed. Topography: 67 square miles of area cov-
ered, 70 miles of general coast line surveyed, 3 topographic sheets completed. Triangulation: 822"
square miles of area covered, 8 stations occupied, 17 geographic positions determined.

The survey of the north coast of Mindanao Island was continued from May 4 to
June 30, and the work previously completed was extended between Agusan River
and Bagacay Point. The survey of Gingoog Bay was completed, and a trigonometric
connection was made between Mindanao and Camiguin Island. A survey of Nasipit Har-
bor was also completed and soundings were made along the coast to the Agusan River.

[C. V. Hopeson, Commanding Steamer Research.]

SUMMARY OF RESULTS.—Hydrography: 656 square miles of area covered, 3 379 miles of lines
sounded, 8g 576 soundings made, 3 tide stations occupied, 4 hydrographic sheets completed. Topog-
raphy: 159 square miles of area covered, 84 miles of general shore line surveyed, 27 miles of shore line
of rivers surveyed, 2 miles of roads surveyed, s topographic sheets completed. Triangulation: 240
square miles of area covered, 10 stations occupied, 22 geographic positions determined.

The survey of the south coast of Masbate Island was continued from February
8 to June 30. The main triangulation was completed by occupying the one remaining
station, and then supplementary work was done to furnish points for use in the topo-
graphic and hydrographic work. The topographic survey was extended from the
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completed work in the vicinity of Guion River westward around the shores of Asid
Gulf to the southwestern point of the island, and the hydrographic survey was com-
pleted over the gulf and the approaches and was extended some distance beyond Jin-
tololo Light-house. '

[C. V. Hopcsox.]

SuMMARY OF RESULTS.—Hydrography: 176 square miles of area covered, 1 314 miles of lines
sounded, 86 921 soundings made, 8 tide stations occupied, 3 current stations occupied, 4 hydrographic
sheets completed. Topography: 155 square miles of area covered, 283 miles of general coast line
surveyed, 36 miles of shore line of rivers surveyed, 7 miles of roads surveyed, 5 topographic sheets
completed. Triangulation: 296 square miles of area covered, 14 stations occupied, 42 geographic posi-

tions determined.

The survey of the north coast of Leyte and the west coast of Samar was in
progress on. July 1 and the work was continued until January 31. Triangulation was
extended from the north coast of Samar to a point at the north entrance to Maqueda
Bay, and it includes points on Daram Island and the other islands within the area
stated.

A topographic survey was made along the north coast of Leyte at the entrance
to Janabatas Channel and along the south shore of the channel and thence northward
along the coast of Samar to and around Maqueda Bay to the point at the north entrance
to the bay. The topographic survey includes nearly all of the southern half of Daram
Island and the islands between Daram and Samar islands.

The hydrographic work covers Maqueda Bay, the waters south of Buad Island
and inside of Daram Island, and the entrance and wide portion of Janabatos Channel.

After January 1 the survey was extended along the west coast of Samar Island
from the vicinity of Catbalogan as far north as Majacob, including the offlying islands,
and also around the shore of Carigara Bay to a junction with work already completed
in Biliran Strait.

[D. R. JEwELL, Commanding Steamer Marinduque.]

SuMMARY OF RESULTS.—Hydrography: 2 541 square miles of arca covered, 1 884 miles of lines
sounded, 35 651 soundings made, 5 tide stations occupied, 15 hydrographic sheets completed. Mag-
netic observations: 3 stacions at sea occupied. Topography: 361 square miles of area covered, 289
miles of general coast line surveyed, 36 miles of shore line of rivers surveyed, 53 miles of roads sur-
veyed, 15 topographic sheets completed. Triangulation: 6 150 square miles of area covered, 66 sta-
tions occupied, 70 geographic positions determined.

"On July 1 the party on the steamer Marinduque was engaged in making a survey
of Illana Bay, including hydrography in the approaches, and on August 13 the work
was finished. This completed the survey of the unfinished portion of the coast of
Mindanao in this locality. Special surveys were made at Malabang and Parang, as
requested by the military authorities, to furnish information to aid in the establishment
of docks and a sewerage system at these places. On September 17 work began in
Iligan Bay, and the survey of this bay and of Dapitan Bay were completed by the
end of January, and the work was then extended westward to Point Blanco, in the
vicinity of Disacan. »

The triangulation was extended to include points on Negros, Siquijor, Cebu,
Panglao, Bohol, and Camiguin islands, to a junction with work previously completed.

Many of the lines of sight were unusually long, and it was necessary to use heliotropes
at the stations.
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{J. B. MiLLER, Commanding Steamer Fathomer.]

SUMMARY OF RESULTS.—Hydrography: 1 g67 square miles of area covered, g 914 miles of lines
sounded, 69 675 soundings made, 14 tide stations occupied, 11 hydrographic sheets completed. Mag-
netic observations: 8 stations on land occupied, 12 stations at sea cocupied. Topography: 299 square
miles of area covered, 291 miles of general coast line surveyed, 122 miles of shore line of rivers surveyed,
11 topographic sheets completed. Triangulation: 6 863 square miles of area covered, 72 stations occu-
pied, 178 geographic positions (including ¢ aids to navigation) determined.

On July 1 the survey of the east coast of Mindoro Island was in progress and the
work was continued until December 31, when the Fathomer went to Manila for repairs.
During this period the triangulation was extended to cover the east coast of Mindoro
from Buyallao Point (latitude 12° 17’) to Dumali Point (latitude 13° 13’) and to include
points on Maestro de Campo, Dos Hermanas, Banton, Simara, Cobrador, Romblon, and
Tablas islands.

The topographic survey covers the coast of Mindoro within the limits of the trian-
gulation and the shore line and interior of the small islands mentioned and about half
of the area of Tablas Island. The hydrographic work covers waters along the coast of
Mindoro, within the limits mentioned above, and was extended offshore to Tablas Island,
covering the northwestern and northern shores of that island and the waters around
Samara and Banton islands. A hydrographic survey was made around Dos Hermanas
Islands.

Triangulation stations were selected to extend the work southward to a connection
with Panay and the islands offshore.  All the work nientioned is an extension southwarp
of a survey previously completed.

On February 23 the Fathomer went to the west coast of Mindoro and made a special
survey of the entrance to Bugsanga River as requested by the secretary of interior of
the Philippine Islands. The survey of the cast coast of Mindoro was then taken up
and extended southward from the point reached in December. The triangulation was
extended around the south end of the island to Bugsanga River and lines were observed
to connect with stations on Panay, Caluya, and Panagatan islands. Positions were
determined on a number of islands along the coast.

The topographic work was extended from Buyallo Point on the east coast to Lumin-
tao River on the west coast, and covers the shore line of 5 large baysand ¢ smal] islands,
and also Ilin and Ambolon islands.

The hydrographic survey covers the inshore work within the limits of the topog-
raphy except for a distance of 3 miles where the work was not completed. The offshore
work was completed to a line 10 miles distant from the mouth of Lumintao River. It
also extends to a line 3 miles off Ambolon Island and thence to Panagatan Island, cov-
ering the passage between Ilin, Panagatan, Cemerara islands and Dominga Shoal.

A self-registering tide gauge was maintained in Looc Bay, Tablas Island, and obser-
vations were also made at 8 other stations, and all the stations were connected by simul-
taneous observations.

[E. H. PAceENHART, Commanding Steamer Romblon.]

SUMMARY OF RESULTS.—Hydrography: 1 o4z square miles of area covered, 1 115 mileg of lines
sounded, 14 168 soundings made, 5 tide stations occupied, 6 hydrographic sheets completed. Topog-
raphy: 151 square miles of area covered, 141 miles of general coast line surveyed, 34 miles of shore line
of rivers surveyed, s miles of roads surveyed, 7 topographic sheets completed. Triangulation: r 520
sqQuare miles of area covered, 18 stations occupied, 25 geographid¢ positions determined.

The steamer Romblon sailed from Manila on November 12 to complete the survey
of Sogod Bay in the south end of Leyte Island. The triangulation of the bay was almost
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finished before the close of the previous season, and only four stations remained to be
occupied. The survey of the bay was resumed on November 16 and completed on
January 4.

A topographic survey was made along the shores of the bay Jommg similar work
previously completed on both the west and east sides of the bay near the entrance.
The topographic survey was extended to cover entire west shore of Panaon Island.
The hydrographic survey of the bay was also completed.

The work covers the whole bay and extends along the west coast of Panaon Island
for a short distance offshore to a junction with work previously completed. Tide observa-
tions were made at Tabogon during the progress of the hydrographic work.

"The survey of the north coast of Mindanao Island was begun on January 8 and
continued until May 4. During this period the survey of Butuan Bay was completed
and the survey was extended along the eastern shore of Surigao Sea to the north point
of Mindanao Island.” The triangulation and topographic work along the coast was com-
pleted and the hydrographic work was extended about 2 miles offshore. The shore line.
is practically straight and there are no shoals. : Heliotropes were used at the stations
of the main scheme of triangulation in order to make the observations over the longest
lines with as little delay as possible.

In conncction with the hydrographic work, tide observations were made on a tide
staff established at Bilan Bilan, near Surigao, and later a self-registering tide gauge was
installed in Nasipit Harbor. These three stations were connected by simultaneous
observations made on ten days.

[J. ¥. Pratr, Commanding Steamer Pathfinder.)

SumMary or RESULTS.—Hydrography: 1 959 square miles of area covered, 4 038 miles of lines
sounded, 60 217 soundings made, 4 tide stations occupied, 12 hydrographic sheets completed. Topog-
raphy: 290 square miles of area covered, 460 miles of general coast line surveyed, g miles of shore line
of rivers surveyed, 40 miles of shore line of creeks surveyed, 31 miles of road surveyed, 11 topographic
sheets completed. Triangulation: 3 840 square miles of area covered, 35 stations occupied, 230 geo-
graphic positions determined, g3 elevations (in the interior) determined trigonometrically.

The work of the party on the steamer Pathfinder was done during two periods, the
first lasting from July 19 to January 15 and the second from March 29 to June 3o. Dur-
ing the year a trigonometric connection was made between Samar, Homonhon, Leyte,
Dinagat, Panaon, Limasaua, and Mindanao islands and the triangulation was extended
to cover Surigao Passage and Strait. A topographic survey was completed along the
eastern coast of Ieyte from latitude 10° 40’ to Panaon Strait and thence along the entire
eastern coast of Panaon Island, and along the western coast of Dinagat Island and the
northern coast of Mindanao Island. The topographic survey covered many of the small
islands in Surigao Passage and adjacent waters and also a considerable portion of the
south end of Dinagat Island.

The hydrographic survey covers Surigao Strait and Passage, including a consider-
able area north of the strait and offshore to the eastward of the north end of Dmagat
Island and also along the north coast of Mindanao Island.

In connection with the triangulation the geographic positions and elevatlons of
numerous peaks in the mountains were determined. An excellent anchorage for safety
in typhoons was found in Tagbabui Bay, which lies about 5 miles to the eastward of
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Sibanag Island. This anchorage can be entered in any weather, has good holding
ground, and is well sheltered. :

On November 6 the ship’s steam launch (No. 35) became a total wreck in a typhoon
and during the same storm the whaleboat was lost.

On March 27 while en route to Cebu a signal of distress was scen flying at Tanguingui
Light-house and the keepers were found to be out of provisions. They were supplied
with sufficient food to last until the weather changed and they could go for supplies.

Acknowledgment is made of assistance rendered and of courtesies shown the
party by the navy officers in charge of the United States Naval Station at Cavite.

[S. ScraTrscuNEIDER, Commanding Steamer Research.]

SuMMARY OF RESULTS.—Hydrography: 651 square miles of area covered, 2z oo3 miles of lines
sounded, 26 8g1 soundings made, 5 tide stations occupied, 8 hydrographic sheets completed. Topog-
raphy: 872 square miles of area covered, 192 miles of general coast line surveyed, 177 miles of shore
line of rivers surveyed, 140 miles of road surveyed, 13 topographic sheets completed. Triangulation:
4 693 square miles of area covered, 4o stations occupied, 139 geographic positions determined.

The survey of Tafion Strait was in progress on July 1 and the work was completed
on November 27. The triangulation and topographic work were extended along the
coasts of Negros and Cebu islands to complete unfinished portions of the survey in this
locality, and the hydrographic survey covered the strait within the same limits. The
vessel then ‘proceeded to the southern coast of Masbate Island via Iloilo for miror
repairs, and work began in that locality on December 11 and was continued until
January 27, when the vessel returned to Iloilo. During this time a triangulation was
extended to cover the entire southern coast of Masbate and to connect with Jintotolo,
Gigantes, and Tanguingui islands and many of the small islands near the coast, and the
topographic survey was completed along the coast from the southeast point of the island
to a point a short distance north of Guion River.

PORTO RICO.

[GEorGE HARTNELL.]

The work at the magnetic observatory at Vieques, P. R., was continued during
the year and a practically continuous record of the relative value of the three elements
of terrestrial magnetism was obtained with self-registering instruments. Observations
were made twice each week to determine the absolute value of the magnetic elements.
A remarkable magnetic storm was recorded on September 25 and 26, when the varia-
tions reached a wide range. .

The seismograph was kept in continuous operation and a record of earthquakes
was obtained on July 7 and 30, August 16, October 3, November 18, January 1, May 11
and 31, and June 14 and 15.

[N. H. Heck ]

SuMMARY OF RESULTS.—Hydrography: 14 square miles of area covered with wire drag, 222 miles
run while dragging, 105 soundings made, 1 tide station occupied, 1 hydrographic sheet completed.

During the period January 6 to April 28 an examination of the harbor of Maya-
guez, P. R., and approaches was made with the wire drag. The outfit for the party did
not arrive until February 7, and the work during the first month was done with an
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improvised drag and accessories and the work accomplished was relatively small. As
this was the first work of the kind done in this locality, the delay in organizing the
party was unusually great.

An examination was made of Mayaguez Bay, of the northern approach inside of
Outer Manchos, of the main entrance, of the southwest channel between Rodrigucz
Bank and Machos Grandes, and of Guanijibo Channel. Within the area covered as
stated above all dangers to navigation have been found and their positions have been
determined with the least depth of water on each.

The weather was usually favorable for the work before noon each day, but in the
afternoon the wind was geuerally strong enough to make the sea too rough for work
with the drag.

The geographic positions of a hill and a mountain peak, marking the range for
entering Mayaguez Harbor, were ‘determined by triangulation during intervals when
the weather conditions did not permit the use of the drag.



SPECIAL DUTY.

LOUISIANA AND MISSISSIPPI.
[E. MUELLER.]

November 7-23 an inspection was made to determine the condition of the beacons
erected in the spring along the boundary between Loiusiana and Mississippi, the shores
of I.ake Borgne, and Mississippi Sound as range marks, to detremine the damage done
by the September storm.

It was expected by the state authorities that buoys could be placed in position to
mark the line, but the buoys were not available and no further work could be done.

ALASKA-YUKON-PACIFIC EXPOSITION.

[W. E. PARKER.]

‘ As required by law the exhibit representing the work of the Coast and Geodetic
Survey was continued, with an officer in charge, from July 1 to October 16, the date on
which the exposition closed. '

TIDE OBSERVATIONS IN ARCTIC REGIONS.

[R. E. PEARY, Civil Engineer, U. S. Navy.]

In accordance with the instructions issued to Civil Engineer Peary, U. S. Navy, as
stated in the previous annual report, tide observations were made in the Arctic regions
at Cape Sheridan, Cape Columbia, Cape Bryant, Fort Conger, and at Cape Morris Jesup.
The observations were made day and night at hourly intervals covering periods varying
from 231 days at Cape Sheridan to 10 days at Cape Morris Jesup, and valuable informa-
tion in regard to the tides was obtained. Meteorological observations were also made
in connection with the tide observations, and soundings were made on the meridian of
Cape Columbia, g in all, extending from Cape Columbia to latitude 89° 55’.

MISSISSIPPI RIVER COMMISSION.

[H. P. RITTER.]

As authorized by law, an officer of the Survey remained on duty as a member of
the Mississippi River Commission and performed all the duties required by his office.
He attended meetings of the Commission in October, February, April, and June, and in "’
April also attended a meeting of the Board on Examination and Survey of the Mississippi
River, of which he is a member.

56
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INTERNATIONAL BOUNDARIES.

[O. H. Trrtmann.]
UNITED STATES AND CANADA BOUNDARY.

The work of re-marking this boundary, as prescribed in the treaty signed at Wash-
ington April 11, 1908, was in progress at several points along the line during the year,
under the direction of an international commission, in which Mr. O. H. Tittmann repre-
sents the United States and Mr. W. F. King represents Great Britain.

On July 1 Mr. Fremont Morse was at work establishing reference monuments along
the United States shore of the water boundary between Point Roberts and the Pacific
Ocean, and the work was continued until October 14, when the work was completed.

Monuments built of concrete were placed at Pillar Point, Tongue Point, Angeles
Point, Iceberg Point, Pile Point, and at Turn Point and on San Juan Island opposite
Kelp Reef Beacon. Dungeness Light-house and Patos Island Light-house were used as
reference monuments.

All these reference monuments and the boundary monument at Point Roberts were
connected with the Coast and Geodetic Survey triangulation, and a large scale topo-
graphic map was made of the region in the immediate vicinity of each monument.

The recovery and survey of the United States and Canada boundary was in progress
on the eastern slope of the Rocky Mountains under the direction of Mr. C. H. Sinclair,
representing the United States Commiissioner in the field, on July 1, and the work was
continued until October 21, when it was suspended. The season’s work began on May 7,
and the statistics given below refer to the whole season. '

The boundary was surveyed and monumented from the summit of the Rocky
MOi}ntainS eastward to the North Fork of Milk River, a distance of 50 miles, Thirty
boundary monuments (bronze) were placed in position along this section.

The triangulation was extended over the whole section and a topographic survey
was made under the direction of E. C. Barnard, chief topographer, along the boundary
on both sides. This survey was extended to cover a strip 2 miles wide on each side for
a distance of 27 miles, and the width was then reduced to 1 mile on each side over the
remaining portion of the work. A vista 20 feet wide was opened along the boundary
wherever any cutting was necessary. All of the old monuments on this section were
recovered.

Mr. M. F. Cochrane, of Canada, was with the party during the whole season as the
representative of the British Commissioner.

The survey of the boundary was resumed by Mr. Sinclair on May 19, and the work
was in progress on June jo. During this period the reconnaissance for the triangula-
tion, the erection of signals, and the placing of boundary monuments were completed
from the North Fork of Milk River to a point 20 miles west of Sweet Grass.

On July 1 a Canadian party, accompanied by Mr. F. D. Granger, as the representa-
tive of the United States Commissioner, was at work between Coutts, Alberta, and the
West Fork of Milk River placing monuments on this section which had been previously
surveyed. This work was completed, and the survey along the boundary was then
extended eastward to Frenchmans Creek, a distance of 205 miles from Coutts. One
hundred and forty-four monuments were placed in position, and all of these were con-
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nected with the triangulation before the season closed on November 6. The work was
resumed on May 1 and was in progress on June 3o0. .

In July the survey of the boundary westward from the mouth of Pigeon River,
at the west end of Lake Superior, was resumed by Mr. W. B. Fairfield. The survey
was extended along the river from the base, 2 miles west of its mouth, furnished by the
triangulation of the previous year. The river above the Great Falls is a very crooked,
narrow stream with numerous rapids, cascades, and falls, and the banks are densely
wooded over almost the whole length, which made it impracticable to extend a trian-
gulation along this portion of the boundary and a survey by the stadia method was
made. It extends from the base line mentioned above to the eastern end of South
Fowl Lake, a distance of 30 miles. Tighty-seven stadia stations were marked by brass
plates set in the natural rock along the river and numbered, even numbers being used
in the United States territory and odd numbers on the Canadian side of the boundary.
Sixty-seven additional stations were marked, drill holes and cross lines cut in the rock,
and 148 temporary stations were marked by wooden stubs.

A topographic survey was made along the river, using a mountain plane table,
and the position of the shore line of the river and of the island and some other topo-
graphic details were secured. The river is used to float logs to Lake Superior, and
many of the signals were carried away by rafts of logs day after day. Fortunately,
the Pigeon River Lumber Company was at work in the region and its officers permitted
the use of its transportation facilities, thus greatly furthering the work and lessening
the time and expense.

Late in November the work was suspended for the season and the party was dis-
banded on the 28th. In Jyne a party was organized to resume the work and on June 30
was at the mouth of Pigeon River waiting for transportation to South Fowl Lake.

The survey of the United States and Canada boundary was in progress along the
St. Croix River on July 1 by two ccoperating parties, under charge of Messrs, J. E.
McGrath and A. J. Brabazon, representing the United States and British Commissioners,
respectively. Stations were selected and observations were made to extend the trian-
gulation up the river from its mouth to the railroad bridge above Baring, Me. The
stations in this work were generally established near the banks of the river by a sub-
sidiary triangulation which was controlled by connecting it, in several places, with the
large and well-conditioned triangulation which covers the whole river valley in this
locality. The United States and Canadian parties made observations at the stations
in the territory of their respective countries in accordance with a plan adopted in
advance to secure the greatest amount of progress consistent with the object of the
work. Work was suspended on November 28 on account of unfavorable weather
conditions.

Most agreeable relations existed between the parties and the cooperation was
entirely successful. The survey of the boundary was resumed on June 20 under the
conditions named above, and was in progress on the joth, on which date the triangula-
tion had been completed from the mouth of the St. Croix River to Butler Islands.

The work of recovering and re-marking the boundary between the United States
and Canada along the St. John River was in progress under the charge of Messrs. J. B,
Baylor and G. C. Rainboth. revresentatives in the field of the United States and British
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Comrmissioners, respectively, on July 1, and this work was continued until November 1,
when it was suspended for the winter on account of unfavorable weather.

The triangulation was extended as the joint work of .the two parties, each occu-
pying the stations in their respective countries, from a point 2 miles below Van Buren,
Me., to a point about 3 miles above Edmundston, New Brunswick, a distance of 35 miles.
Boundary reference monuments built of reenforced concrete were placed in position on
the river bank and referred to the boundary by being connected with the triangulation.
In connection with this work two base lines were measured with steel tapes to verify
the triangulation, and a connection was made with an astronomic station established
by Canada at Edmunston, New Brunswick. '

A topographic survey was made along the boundary covering the territory adjacent
to the river and extending to a distance of 114 to 114 miles from the river bank. Five
topographic sheets were completed on which the relative elevations are shown by con-
tours at vertical intervals of 20 feet, and the artificial features are all indicated.

The survey of the boundary was resumed on May 5 by a joint party under the
direction of the representatives of the Commissioners named above, and the work was
in progress on June 30. Good progress was made and it was practically completed to
Fort Kent, Me.

ALASKA BOUNDARY.

The demarcation of the boundary between Alaska and Canada along the one
hundred and forty-first meridian was continued, as provided in the convention between
the United States and Great Britain (signed April 21, 1906), by Mr. O. H. Tittmann,
the Commissioner representing the United States, and Mr. W. F. King, the Commissioner
representing Great Britain.

The demarcation of the Alaska boundary was in progress May 28 to June 30 in
the vicinity of the head of Portland Canal by a Canadian party with Mr. Fremont
Morse as the representative of the United States Commissioner.

On July 1 the demarcation of the boundary in southeastern Alaska was in progress
under the direction of Mr. O. M. Leland, the representative of the United States Com-
missioner in the field. The season began on May 8, 1909, and the work was continued
until November 7. During this period the survey and marking of the boundary was
extended as stated below.

On the east side of the Unuk River the boundary was located and marked to
Boundary Peak 7780. Peak 5800 was located and some timber was cut along the line
on each side of it, and it was marked by a2 monument. Two points on the line between
peaks 5800 and 6450 were marked, one by a monument and the other by a copper bolt.

Peaks 6450 and 6750 were marked by copper bolts and a ‘““drilled” rock, and the
line between 6750 and 7780 was marked in four places by two monuments and two
bolts, as well as by cutting timber. Photographs with a photo-topographic camera
were made to furnish information for the correction of the topographic maps.

On the west side of the Unuk River the boundary was located and marked to a
point beyond the east fork of Blue River. Two monuments and a copper bolt were
placed in position on this section of the line.

On the west fork of Blue River the boundary crossing was marked by opening a
vista along the line to points one-quarter of a mile from the river on both sides and by
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placing a monument on the west side. All of the peaks between 6500 and 7780 were
located by triangulation and all of them except these two were occupied with a the-
odolite and with a photo-topographic camera.

A self-registering tide gauge was maintained at Skagway.

The survey of the boundary in southeastern Alaska was resumed on June 17 and
the work was in progress on the 3oth in the vicinity of the point where the boundary
crosses the Salmon River.

The demarcation of the boundary between Alaska and Canada was in progress
along the one hundred and forty-first meridian north of the Yukon River on July 1
under the direction of Mr. G. C. Baldwin, representing the United States Commissioner
in the field. Mr. J. D. Craig accompanied the party as the representative of the British
Commissioner.

The work began on June 20 and was continued until September 17. During this
period the boundary line was located by extending the line norchward from the monu-
ment on the south bank of the Yukon River for a distance of 40 miles. The triangula-
tion along the boundary was extended from the work previously completed south of the
Yukon for a distance of 43 miles, and 12 monuments were placed in position to mark
this portion of the boundary.

A vista 20 feet wide on the sky line was cut through the timber along the line.

The triangulation and topographic survey of the boundary between Alaska and
Canada along the one hundred and forty-first meridian was in progress on July 1 at a
point about roo miles south of the Yukon River by a party under the direction of Mr.
Thomas Riggs, jr., the representative of the United States Commissioner in the field.
The party was divided into six sections, each in a separate camp and completely equipped
for the work assigned to it.

In addition to its own work each section of the party supplemented the work of the
other sections in its vicinity from time to time and all aided each other to the extent of
their ability in attaining the completion of the work before winter weather ended the
season. The triangulation was extended 85 miles and the topographic survey 111 miles,
both reaching the end of the line projection work at the Natazhat Range of Mountains,
225 miles south of the Yukon River. The triangulation was also extendéd along White
River for a distance of 33 miles, and the topographic survey covered a strip 214 miles
wide on both sides of the boundary.

A strenuous effort was made to climb the Natazhat Range and establish the boundary
crossing on the summit, but a heavy fall of snow made it necessary to give up the attempt.

The many obstacles of transportation were overcome and the work was completed
in spite of the adverse weather conditions. The movement out of the country for the
winter began on August 25, and cach section started as soon as its work was finished.

The positions of 12 monuments placed on the lmc by the Canadian party were
verified.

Work was resumed on the location and survey of the line north of the Yukon River
on May 24, and it was in progress at the close of the fiscal year. :
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INTERNATIONAL GEODETIC ASSOCIATION.

[O. H. TrrtmanN and J. F. HAYFORD.]

The duty of representing the United States as delegates to the Sixteenth General
Conference of the International Geodetic Association at London and Cambridge, England,
was performed by Messrs. O. H. Tittmann, Superintendent, and J. F. Hayford, Inspector
of Geodetic Work, Coast and Geodetic Survey. The conference was in session from
September 21 to 30, 1909. _

The delegates of the United States presented a report covering the progress of
geodetic-operations and investigations in the United States from 1906 to 1909. The
recent work in this country received the formal recognition of the conference when a
famous geodesist arose and stated that he felt sure that he voiced the sentiment of the
conference by saying that the Americans were to be congratulated on having introduced
a new epoch in geodesy.

When it is remembered that the geodetic work in the United States is the incidental
result of observations made primarily for other purposes, this recognition of the work
by the world’s leading geodesists forms a tribute to the Bureau in charge of these
operations which should gratify every citizén of the Republic. The occasion of this
tribute was the recent publication of a discussion by Mr. J. F. Hayford, an officer of the
Survey, of the figure of the earth, under the title “ The Figure of the Earth and Isostasy
from Measurements in the United States.” .

Many courtesies were extended to the delegates, both in London and Cambridge,
officially and privately, and notable among the former was an entertainment at Windsor
Castle by the gracious invitation of His Majesty the King.

FORT MYER MILITARY ROAD.

[P. A. WELKER.]

In accordance with a request made by the War Department, an officer was detailed
to serve as the representative of the United States on a commission of engineers created
to make a survey of a portion of the military road leading from the Aqueduct Bridge
(across the Potomac River) to Fort Myer, Va. ’

The location of a portion of the boundary of this road being in controversy between
the United States and the owners of the adjoining property and being before the United
States court for the eastern district of Virginia for settlement, a special master com-
missioner in chancery was named to take testimony, and he appointed the commission of
engineers mentioned above. )

_This officer reported to the Quartermaster-General, U. S. Army, on September 22,
and was engaged on this duty until December 10 at such times as were necessary, and
after that date was directed to respond to all calls for information on this subject and
to give testimony when required before the master in chancery referred to above.

The survey was made and a final report was filed under date of December 2, 1909.
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LOUISIANA AND MISSISSIPPI WATER BOUNDARY.

[Isaac WiInNSTON.]

In accordance with the request made by the chief state engineer, an officer was
detailed to complete the marking of this boundary, as described in the previous annual
report, by placing buoys along the line in Lake Borgne and Mississippi Sound at the
intersection of the range lines previously established and at intermediate points approxi-
mately 1 mile apart. The work began on April 5 and was completed on May 2.

The men, material, and outfit, consisting of a tugboat and large barge, were fur-
nished by the chief state engineer, and he had also obtained authority from the Light-
House Board for the placing of the buoys. Six nun buoys and 22 spar buoys were
placed in position.

During April strong winds prevailed and caused serious delay in the work, as the
tug was not able to handle the barge with safety in rough water.

The work was inspected on May 6 by the chief state engineer, accompanied by a
representative of the Louisiana Oyster Commission and the Light-House Inspector for
the Eighth district.

Copies of a chart showing the positions of the buoys and data fixing their positions
were furnished to the chief state engineer.

DELAWARE OYSTER BEDS.

[C. C. YaTEs.]

In response to a request made by the governor of Delaware and under the authority
of the Secretary of Commerce and Labor, an officer of the Survey was directed to com-
municate with the governor and arrange to supervise the survey of certain oyster beds
in the State, the work to be done for the Delaware Oyster Survey Commission at such
times as his other duties permit and entirely at the expense of the State of Delaware.
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- DETAILS OF OFFICE OPERATIONS.

OFFICE OF THE ASSISTANT IN CHARGE.

ANDREW BRAID; Assistant in Charge.

The Assistant in Charge of the Office has direct supervision of the work of the
different divisions of the Office. The Miscellaneous Section is a part of the immediate

office of the Assistant in Charge.

COMPUTING DIVISION.

The usual progress was made in the reduction of field observations and in the
preparation of results for publication. It is the policy of the Survey to furnish the
available information contained in its records and archives in response to all requests,
and the most economical plan of doing this is to publish all data useful to geographers
and engineers as rapidly as possible so that it may be distributed in printed form.

A Supplemental Investigation in 1909 of the Figure of the Earth and Isostasy was
finished and prepared for publication. This completes the discussion of all data obtained
in the United States prior to 1909 available for the determination of the problem, and
it is gratifying to state that the results of this second investigation have confirmed and
greatly strengthened those deduced in the original discussion.

The results of triangulation in northern California, including 1 600 geographic
positions and descriptions of stations, were also prepared for publication, and progress
was made in preparation of similar information in several other States and Territories.

The geographic positions of the subsidiary stations along the ninety-eighth meridian
were computed. The transfer of all geographic positions in Florida determined previous
to 1910 to the United States Standard Datum was completed.

A reduction of the base lines measured at Stanton, Tex., and Deming, N. Mex.,
was made and the results are published in Appendix 4.

DIVISION OF TERRESTRIAL MAGNETISM.

A steady demand for magnetic information continued during the year and the
replies to such requests were prepared in this Division.

The preparation of the results of the observations on land and sea during the fiscal
year 1909 for publication in the Annual Report for that year was completed.

A chart showing the lines of equal magnetic declination and of equal annual change
for Alaska in 1910 and the data on which it is based was also prepared for publication
in the same report.

63481°—11——75 65
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Five volumes containing the results of the observations at the five magnetic observ-
atories for the years 1905 and 1906 were prepared for publication and progress was
made in the preparation for publication of the results at these observatories for the
years 1907 and 1908,

Tabulations of the data pertaining to the earthquakes recorded at the Cheltenham,
Sitka, Porto Rico, and Honolulu observatories during the calendar year 1909 were
prepared and the office revision of the field computations was kept up to date.

TIDAL DIVISION.

Harmonic analyses were completed for 21 stations with a combined length of 5 years
and 9 months. Nonharmonic reductions were made for 195 stations with a combined
length of 31 years and 6 months. Mean sca level was computed for 33 stations with a
combined length of 99 years and 6 months. High and low waters and hourly heights
of the sea were tabulated for 322 stations with a combined length of 74 years and 7
months.

There were received, examined, and registered in this Division records from 28
self-registering tide-gauge stations with a combined length of 15}4 years and records from
93 staff-gauge stations with a combined length of 414 years.

The total of all tide observations made by the Survey and received during the
year is 20 years at 121 stations and from other sources 714 years at 8 stations, making
a grand total of 274 years at 129 stations..

The following is a list of the sources from which tide observations were received
from outside parties during the year:

1. United States Army Engineers, tides in United States, 1 station, 1 year; Canal
Zone, 2 stations, 2 years.

2. Hydrographic Office, U. S. Navy, Panama, 2 stations, 1 year and 5 months.

3. Insular Government, Philippine Islands, 2 stations, 2 years and 3 months.

4. Alaska Boundary Survey, Alaska, 1 station, 1 year.

Tables containing the. predicted tides for 1911 at Sandy Hook, N. Y., Baltimore,
Md., Charleston, S. C., and San Francisco, Cal., were furnished to the Imperial Hydro-
graphic Office at Wilhelmshaven, Germany, in advance of publication.

Similar information for Wellington and Aukland, New Zealand, for 1911 was sent
to the marine department of New Zcaland.

The tide tables for 1911 were completed and the proof was read. The preparation
of the tide tables for 1912 was nearly completed.

A discussion of the tidal observations recently made in the Arctic Ocean by Civil
Engineer R. E. Peary, U. S. Navy, was completed by Mr. Rollin A. Harris, and progress
was made by him in the preparation of a monograph on the subject of ** Arctic Tides."

DRAWING AND ENGRAVING DIVISION.

The Division is divided into five sections—the Drawing, the Engraving, the Printing,
the Photographing, and the Electrotyping sections. Each section does the work indicated
by its title, and the combined results are shown on the charts published and issued by
the Survey. Cooperation with the Light-House Board in compiling information for the
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Notices to Mariners was continued during the year, and a weekly Notice toMarinerswas
issued as a joint publication of the Light-House Board and the Coast and Geodetic
Survey.

Drawing Section.

During the year the following drawings for new charts were completed:

Chart Chart
No. No.
262, Bradford Coaling Station. 6153. Columbia River.
283. Hudson River. 6154. Columbia River.
284. Hudson River. 6440. Sinclair Inlet.
508. St. Johns River. 8247. Hood Bay and Kootznahoo Inlet.
509. St. Johns River. 8250. Chatham Strait.
539. Patuxent River.. 8306. Glacier Bay.
6151. Columbia River. 8570. Kupreanof Strait to Kodiak.
6152. Columbia River. 8589. Port Graham and Scldovia Bay.

A new drawing was also completed for a new edition of chart No. 218 (Port Yabucoa).

Extensive corrections were made to the drawings for 139 charts in preparing them
for the issue of new editions. Nine drawings for new charts in the Philippine Islands
were received from Manila and prepared for publication. Fight maps for the Maryland
Shell-Fish Commission and a number of miscellaneous drawings were completed.-

Engraving Section.

The following original engraved plates were completed:

Chart Chart

No. No.

559. Potomac River. 4243. Manila and Cavite Anchorage.
560. Potomac River. 5530. San Francisco Bay.

The following original etched plates were completed:

Chart y Chart
No. No. .
495. York River. 4543. Isabela Channel.
4109. Honolulu Harbor. 4647. Agusan River Entrance.
4246. San Fernando Harbor. 4649. Malalog Bay.
4349. Malampaya Sound. 5145. San Pedro Harbor.
4447. Cebu Harbor. 8996. St. Paul and St. George islands.

All of these plates represent charts-already published by photolithography.
The following new bassos for new editions were completed:

Char! Chart

No. No.

128. Isle of Wight to Chincoteague Inlet. 453. Fernandina Entrance.

137. Cape Henry to Currituck Beach. 526. Galveston Entrance.

184. St. Josephs and St. Andrews bays. g950. Colon Harbor.

194. Mississippi River. . 5143. Wilmington and San Pedro harbors.

369. New York Bay and Harbor. 6185. Willapa Bay.
369*. Hudson and East rivers. 6300. Gulf of Georgio and Strait of Juan de Fuca,
3695, Hell Gate and East River. 6444. Port Orchard.

380. Philadelphia Water Front. 6446. Lake Washington.

420. Beaufort Harbor. 6451. Commencement Bay and City of Tacoma.
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The following new bassos for reissues were completed:

Chart i Chart
No. No. .
424. Cape Fear River.

5106, San Diego Bay.
6140. Columbia River.
6303. Port Angeles.

19. Mobile Bay to Atchafalaya Bay.

s1. Nantucket Shoals to Montauk Point.
114. Newport to Plum Island.
116. Stratford Shoal to New York.
348. Woods Hole.

SUMMARY.

Plates for former lithograph charts finished . ... .......... ... ... .. ... .. 14
Bassos completed. .. ... e 27

Extensive corrections were made on 162 platcs and minor corrections on 862.
Printing Section.

New charts printed by photolithography:

Chart » Chart
No. No.
262. Bradford Coaling Station. 4617. Sibuguey Bay.
283. Hudson River. 4623. Southern part of Davao Gulf.
284. Hudson River. 4624. Northern part of Davao Gulf.
so8. St. Johns River. 4655. Delta to head of Mindanao River.
sog. St. Johns River. 6440. Sinclair Inlet.
539. Patuxent River. 6448. Approaches to Everett.
951. Panama Harbor. . 8247. Hood Bay and Kootznahoo Inlet.
4224. Sogod Bay to Calagua Harbor. 8250. Chatham Strait.
4225. Lamon Bay and vicinity. 8306. Glacier Bay.
4413. Sigat Point to Manigonigo Island. 8550. Prince William Sound.
4419. Northern part of Cebu. 8570. Kupreanof Strait to Kodiak.
4427. East Coast of Cebu. 8589. Port Graham and Seldovia Bay.
4606. Port Sibulan to Polloc Harbor. :
New editions of different charts printed from copper plates. ............. 38
New editions of different charts printed from stones........... L 12
New editions of different charts printed by photolithography............. 30
Number of different charts printed fromstones. ......................... 83
Number of different charts printed from plates. . ..................... .. 933
Charts printed from stones (impressions, 118 §76) . ... .......ccooouoo. .. 47 237
Charts printed from plates (impressions, g0 883)......................... 82 515

Photographing Section.

. The following etched plates were made:

C;;art | hart
0.
262. Bradford Coaling Station. [ 4463 Escalante Harbor.
539. Patuxent River. , 6440. Sinclair Inlet.
4272. Unisan to Malaney. | 8589. Port Graham and Seldovia Bay.

Negatives of 98 charts were made for use in reproducing them by photolithography,
and a large amount of miscellaneous work was done.
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Electrotyping Section.
Altoscompleted. ................ ... ... ... e 61
Bassoscompleted. ......... ... ... e 52
Copper deposited (kilograms). .. ... ... ... . ... i il L1 798

CHART DIVISION.

All the charts published by the Survey are issued through this Division, and hand cor-
rections are made to show changes in aids to navigation of which notice is received prior
to the date of issuc and the buoys on the charts given their proper color. Charts are
issued free to those entitled to receive them and sold to all other persons at the office in
Washington and by 163 agents in different parts of the country.

All the work in connection with the sale of Charts, Coast Pilots, and Tide Tables is
done in this Division. Charts were received as follows from the Drawing and Engraving
sections:

Number.
Printsfrom plates. . ................. ... PP 82 515
Printsfromstone. .. ... . e 47 237

In addition to the above, 4 294 copies of special charts Nos. 16, 17, 18, 19, 20, and
26, prepared for the Maryland Shell-Fish Commission and printed by contract, wére
received for distribution, and 3 822 copies of this series (Nos. 1 to 26) were issued.
Charts were issued as follows:

Salesagents.............. . il 45 296 | Suboffice, Manila, P. I.................. 7 426
Salesat theoffice........................ 2 417 | Executive departments. ................. 6 038
Congressional account. . . <e.ve... 4 823 | Foreigngovernments..................... 741
Hydrographic Office, U S Navy .. 32 111 | Miscellaneous. ................. ... .. 1 242
Light-House Board . . .................... 3 651 —
Coast and Geodetic Survey Office......... 6 630 Total...ooi 110 375

Charts were issued at the suboffice in Manila, P. 1., as follows:

Sales agents. .. .. .. e e e 951 ; Executive departments, Philippine Islands 1 235
Sales at the suboffice. ..................... 1 183 | Miscellaneous. . .................. ... ... 119
United States Army. . B 3 &

Hydrographic Office, U S Navy e 708 | Total. .......... ... . i 5 658
Subofficein Manila....................... 462 l

INSTRUMENT DIVISION.

In this Division an account was kept of all instruments and general property owned
by the Survey or purchased during the year, except articles carried on the inventory
of the Office at Washington. All necessary repairs were made to instruments used by
the Survey. Minor repairs were made to the Office buildings and furniture.

The tide-predicting machine was completed. The construction of this machine has
been incidental to the regular repair work of the Survey, and consequently it has been
many years in progress. It embraces many new features, and provision has been made
for 37 constituents of tidal fluctuations, instead of the 19 provided for in the machine
previously used. This is at least 10 more than the number used in any other machine
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in foreign countries. It was completed in February and has been tested in predicting
the most complicated known tides, and the quantities obtained have been compared
with the results of computation and found to be satisfactory from every point of view.
Dr. Rollin A. Harris, of the Tidal Division of this Survey, furnished the theoretical data
for solving mechanically, by using 5 long-period and 32 short-period constituents, an
integrating formula which yields the heights and times of any tide without resetting,
and the design and working drawings were prepared by the Chief of this Division. The
machine not only gives the times and heights of the tides, but also simultaneously traces
the corresponding tidal curve. Attached to the machine is an electric device which
automatically stops it at the instant when the zero of the time chain is in contact with
the pointer which indicates the quantities to be read by the operator. The details of
construction will be given when a description of the machine is prepared for publication

An electric tide indicator similar to those already inuse and previously described
was prepared and installed at the American Seamen’s Friend Society’s Institute, New
York City.

The patterns for certain monuments to be used on the United States and Canada
boundary were inspected at St. Paul, Minn., and later an inspection was made of the
monuments after completion.

A duplicate of the leveling instrument, devised and adopted by the Coast and Geo-
detic Survey, made for the Tunisian Government by private parties subject to inspection
and approval by the Superintendent, was carefully examined and recommended for
approval. :

An improved form of tape stretcher for use in measuring base lines was constructed
substantially as suggested by an observer in the field engaged on that work. This is
shown in one of the illustrations to Appendix 4.

LIBRARY AND ARCHIVES.

The current routine work was kept up to date. The records of observations made
in the field were indexed as they were received. The revision of the subject catalogue
was continued, and three-fourths ¢f the work was completed.

Accessions.

Purchased, | Donated. | Exchanged. | Total.

Books and pamphlets............ 158 104 604 l 866
Mapsand charts. ................. 7 ] 1 183 I 190

Books and pamphlets. .. ... . i e e i e e I 732
Serials. . ... 688
Records. .. .......... . e e e 6 150
Original sheets. .. ....... ... . .. . i i it § 079

Mapsandcharts. . ... ... . i i s 3 213
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The following is a list of .the;original records received: - -

REBYIFORN .- Sabject. - Volumes. Cahiers. ! Sl:ﬁ}: or’
Astronomy ........... e e e e e I -3 35
Geodesy................ PR e 379 333 | ey
Gravity........... S ST 14 47. 34
Hydrography............ ... ... ... 261 2 184
Hypsometry...........oooooiiiiiiiiiin . 150 13 | ........ .
Togbooks. ..o 60 L
Magnetism. ...........oiiiiii 1 486 ... ...
Miscellancoussurveys. ..................... X tloon
Tides. ... 152 It 279
Topography . ........cooiiiviiiin e i 156

Total. ........ ... .. oL 1 o019 896 ‘ 658
Photographic prints. .. ... ... e I 215
Photographic negatives. .......... ... i 975

MISCELLANEOUS SECTION.

71

iqg-

All purchases under the appropriation for Office expenses were made through this
section, and this work involved a great deal of correspondence in addition to the work

of preparing vouchers.
from field parties.

issued by the Survey, and all requisitions for printing were prepared.
Stationery for the Office and for all field parties was kept in stock and 1ssued :@s
required. Supervision over the furniture in the Office was maintained by exammatlon

of the inventories of the various divisions.

The following publications were received from the Public Printer:.:

Number.
Report of the Superintendent of the Coast
and Geodetic Survey for 1909........... 2
Appendxies to Report for 1gog, published
asseparates. ............. .. ..., b
Catalogue of Charts, 1gog................. 2
United States Coast Pilot:

600
500 |

Atlantic Coast: Part IV, fifth edition.. 3 oco
Atlantic Coast: Part V, fourth edition. 2 533

Pacific Coast: California, Orcgon, and
Washington, second edition......... 1 918

Coast Pilot Notes, Yakutat Bay to Cook
Inlet, second edition. .................. 850
Supplements to Coast Pilots............... 3 200

Tide Tables, 1911:

Complete. .................. ... ... 1 150
AtlanticCoast....................... I 550
Pacific Coast. ................... ..ot 10 000

Description of Long Wire Drag............
The Figure of the Earth and Isostasy, etc. .
Supplemental Investigation, 1gog, of the
Figure of the Earth and Isostasy........
Gcodetxc Operations in the United States,
IQO0=IQ0Q. v vt it ie e
Results of Magnetic Observations:
Cheltenham, Md., 1905-1906. ........
Honolulu, Hawaii, 1905-1906. . ......
Sitka, Alaska, 19o5-1906.............
Survey of Oyster Bars:
Calvert County, Md.................
Worcester County, Md ...............
Notices to Mariners, Philippine Islands *. .

Numerous purchases were also made to fill orders for supplies
An account was kept of all publications, except charts, received and

ey

2 500

350

700
700
700

500

47
400

* Received from suboffice at Manila, P. I.
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The following publications were issued by the Office:

82 |

Number.
Annual Reports, 1851~190g9................ 2 700
Appendixes to Annual Reports........... 3 525
Bulletins Nos. 1 to 41, inclusive........... 216
Title-pages for Bulletins, Vols. I and II... 2
Catalogueof Charts. .. .................... 2 006
Catalogue of Charts, Philippine Islands. .. 6
Atlantic Coast Pilots, parts 1 to 8 (latest
editions). ................ . ... ... 2 599
Pacific Coast Pilots, Alaska, part 1, first
edition. .......... ... 2
Pacific Coast Pilots, Alaska, part 1, fifth
edition. ........... .. ... ..ol 215§
Pacific Coast Pilots, California, Oregon, and
Washington, second edition, 1909....... 553
Coast Pilot, Porto Rico................ S 27
Supplements to Coast Pilots. . 3 200
Pan-American Exposition Leaﬂets Span-
ish edition, Nos. 1-12............ ... ... 12
Sailing Directions for Philippine Islands,
sections 1,6,7................. ... ...... 148
Supplement to Sailing Directions for Phil-
ippine Islands. .. .. ......... ... ... L. 14
Special Publication No. 1........ e 5
Special Publication No.4................ 28
Special Publication No. 5................
Special Publication No. 6................ 75
Special Publication No. 7................ 20
Tide Tables, complete. ................... 1 062
‘- Tide Tables, Atlantic Coast............... 1435
Tide Tables, Pacific Coast. . . 10 120
Administration and Work of Coast and Geo-
deticSurvey.......................... 5
Coast and Geodetic Survey in Alaska. . 16
Coast Pilot Notes on Bering Sea and Arctlc
Ocean......................... ... ... 100
Coast Pilot Notes on Warren Channel. .. ... 2
Coast Pilot Notes, Yakutat Bay to Cook Inlet 44
Coast Pilot Notes, Yakutat.Bay to Cook
Inlet, second edition. .. ................ 266
Construction and Distribution of Weights
and Measures. ......................... 308
Conversion Tables. ...................... 17
Description of Long Wire Drag. ........... 32
Field Catalogue of 983 Transit Stars. ... ... 2
Figure of the Earth and Isostasy.......... 1734
Supplemental Investigation, 1909, Figure
of Farth and Isostasy.................. I 327
General Instructions for Coast Survey,
Philippine Islands, 1906................ 5
General Instructions for Field Work, Coast
and Geodetic Survey................... 142

Number

General Proportion of Equations of Steady
Motion. .............. ...
Geodetic Operations in United States:
TIQOO—IQ03 . ot cveeviiae it eerrnnanns
I903=IQ00. .. ...

Historical Sketch, 1884..................
Irrigation, San Joaquin, Tulare, and Sacra-

mento valleys.. ........................
Laws and Regulations, 1887...............
List and Catalogue, 1908. ... .. e
Supplement to List and Catalogue, August,

List of Publications Available for Distribu-
tion, 1908. ... .. ... ...
Report on Nicaragua Route. .. ............

‘Precise Leveling in United States, 1903~

1G0T e ottt
Principal Factsof the Earth’s Magnetism.

Results of Magnetic Observations:
Baldwin, 1go1-1904..................
Cheltenham, 1901-1904. . ............

I19O5~IQO00. . ... .iiiii e
Honolulu, 1902-1904. .. ...............

1905-:906.‘. .....................
Vieques, 1003-1904. ... ..............
Rules Governing Routine and Discipline
Aboard Ship.................. ... .....
Standard Mean Places of C. -and T. Stars,

Survey of Oyster Bars: -
Anne Arundel County, Md............
Calvert County, Md. ..... e
Somerset County, Md . e
Wicomico County, Md................
Worcester County, Md................
Table of Coefficients. .....................
Table of Factors:
Infeet. ...l
Inmeters...........................
Table of Heights (in meters)..............
Tidal Researches. ........................
Tides and Tidal Action in Harbors. . .....

Treatise on Projections. . ................ :

United States Magnetic Tables and Charts,
TOOS . ¢ et et
Work of the Coast and Geodetic Survey,
second edition.................. ... ...,
Notice to Mariners, Philippine Islands. ...

270

15
262

92
158

11
17
488
12
413
I0
476
I0

207
362
308
93
240
10

329

106
247
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RESULTS OF MAGNETIC OBSERVATIONS MADE BY THE
COAST AND GEODETIC SURVEY BETWEEN
' JULY 1, 1909, AND JUNE 30, 19I0.

By R. L. Faruis,
Inspector of Magnetic Work, Assistant, Coast and Geodetic Survey.

INTRODUCTION.

The present publication contains the results of magnetic observations made on land
and at sea by officers of the Coast and Geodetic Survey in the prosecution of the magnetic
survey of the United States and outlying territories during the fiscal year ended June 30,
1910. There are also included some results obtained in preceding years not heretofore
published.

Four magnetic observatories have been in continuous operation throughout the
year—at Cheltenham, Md.; Sitka, Alaska; near Honolulu, Hawaii, and on Vieques
Island, P. R. The observatory at Baldwin, Kans., was discontinued in October, 1909,
and the instruments were transferred to Tucson, Ariz. The operation of the observatory
at that place began in November, 1909. There will be found in the tables the values
of the magnetic elements for each of the observatories based on the observations in
December and January, except in the case of Baldwin, where the values are for October,
1909. ’

OBSERVATIONS ON LAND AND THEIR DISTRIBUTION.

The distribution of the stations on land is shown in the following table, from which
it will be seen that observations were made during the year in 39 States and Territories.
The greater part of the year’s work was in the middle of the country—Illinois, Indiana,
Iowa, Kansas, Minnesota, Nebraska, and South Dakota—where it would be important
to have the records of the Baldwin observatory to correct the results for diurnal variation.
Numerous old stations were reoccupied in order to determine the secular change of the
magnetic elements. In April, 1910, an observer was sent out especially to occupy
repeat stations, going through the southern tier of States from Alabama to California,
up the Pacific coast, and back through the center of the country. He had reached
central California at the close of the fiscal year.
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Summary of results on land.

' " ; 14 localities| Dectination | 1, i
\: State Localities Stations oreoé?})‘::desl De:;l;z?ttson i Dip results Inr::lr;;sl\;y :
[ _

; |

! Alabama 4 5 4 5 | 5 5
Alaska 17 17 4 22 11 12
Arizona 3 3 3 4 4 4
California 5 6 5 6 6 [V
Connecticut 2 2 2 2 2 2
Florida X b b 1 1 X
Georgia 1 b o 1 1 I
Hawaii I 1 1 r 4 I. I
Illinois 10 10 1 10 10 10

i Indiana 21 22 2 24 24 24
lowa 29 30 3 30 30 30
Kansas 7 7 5 7 | 8 7
Kentucky 5 5 1) 5 } 5 5
Louisiana 3 3 31 3 3 3
Maine 8 8 2 8 8 8
Maryland 2 2 2 4 8 3
Massachusetts 6 6 4 7 6 5
Michigan 2 <2 1 2 | 2 2
Minnesota 25 25 1 25 | 25 25
Mississippi 2 2 2 z | 2 2
Missouri 2 2 o 2 l 2 2
Nebraska 20 20 o 20 20 20
New Hampshire 4 4 2 4 4 4
New Jersey 2 2 1 2 2 2
New Mexico 2 2 2 2 2 2
New York 4 4 3 4 4 4
North Dakota 1 1 1 1 1 1
Ohio B¢ 1 I 1 1 b
Pennsylvania 3 3 } 2 3 3 3
Philippine Islands 9 9 ° 9 | 2 2
Porto Rico I 1 l bs 1) 1 1
Rhode Island 2 2 2 2 ) 2 2
South Carolina 1 1 ‘ I r | 1 1
South Dakota 10 fo | 2 10 10 10
Tennessee 6 6 2 | 6 6 6
Texas 5 6 ) 4! 6 6 6
Vermont 1 1 °o a1 ! 1 1
Virginia 3 4 | 30 4 ! 4 4
Washington 3 3 | o 3 ) )
Foreign countries 1 x| 1! 4 4 4

Total ; 235 241 75 ! 255 238 232

SECULAR CHANGE OF THE MAGNETIC DECLINATION.

A comparison of the declination results at ‘‘repeat’’ stations occupied during the
year with the results of earlier observations in the same localities is presented in the
following table. The letters after the names of stations indicate (a) that the old station
was reoccupied exactly, (b) that the new station was very near the old one, and (¢) that
the new station was some distance (quarter of a mile or more) from the old one. A
tabular value of annual change refers approximately to the middle of the period from
which it is deduced. A plus sign indicates increasing east declination or decreasing west
declination, and a minus sign the reverse.

The resulting values of annual change show that, as compared with 1905, west
declination is increasing more rapidly in New England and the Middle States and east



APPENDIX 3. RESULTS OF MAGNETIC OBSERVATIONS.

7

declination is increasing more rapidly in the western part of the country. The position

of the line of no change is apparently about the same as in 1905.

Comparison of declination results at repeat stalions.

Former observation

Last observation

Avcrage

State and station = s— o ——-- -——=| annual
Date Declination Date l Declination change
Mainc: ° ° 7 ‘
Kittery Point (c) 1898 No 13 12. 3 W 1909 Oc 14 24.1 W —6.6
Greenville Junction (¢) . 1887 Se 16 48.1 W 1910 Je 18 05.3 W —3.4
New Hampshire:
Plymouth (a) 1905 Se 13 3220 W 1910 Je 14 co.9g W —6. 1
Massachusetts:
Vineyard Haven (a) 1906 No 12 22.6 W 1909 Jy 12 38.0 W —5.8
Boston (a) 1906 No 13 040 W 1909 Jy 13 18. 5 W -5.4
Salem (a) 1906 No 14 28.4 W 1909 No 14 42.4 W —4.7
Lawrence (a) 19035 Oc 12 35.3 W 1910 Je 13 03.4 W —6.0
Rhode Island:
Kingston (a) 1904 Au 11 40.0 W 1910 My 12 16.2 W —6.3
Providence (a) 1904 Au 12 06. 5§ W 1910 My 12 41. 7 W —6.1
Connecticut: . ‘
" New Haven (a) 1904 Jy 10 05.9 W 1910 My 10 40. 4 W —6.0
New London (a) 1904 Au 10 56.0 W igio My 11 28.8 W —5.7
New York:
Lake Placid (b) 1907 Au 11 06.2 W 1909 Au 11.17.35 W —-5.6
Carmel (c) 1904 Se 10 35.9 W 1910 Je 11 08. 1 W —35.6
NewT]erscy: )
renton (b) 1903 Jy 8 00.6 W 1910 Je 8357 W —5.1
Pennsylvania:
’ Meadville (a) 1908 Jy 4 24.6 W 1910 Je 4354 W —5.6
Easton (b) 1902 Se 7 1o W 1910 Je 7 49-2 W —4.9
Maryland:
Cheltenham (a) 1906 Je 5 21.3 W 1910 Je 5 41.3 W —~5.0
Virginia:
Charlottesville (b) 1906 Aut 3 50.0W 1910 Ap 4033 W —3.6
Lynchburg (a) 1901 Se 2 24.8W 1910 Ap 2 §3.1 W -3.3
Bristol (a) 1906 Au 0330W 1910 Ap 0 42.4 W —-2.6
South Carolina: :
Charleston (b) 1902 My o 32.9 W 1910 My 1 00.8W —-3.5
Florida:
Fernandina (a) 1908 Ap 1122 1910 Ap 1062 E —3.0
Tennessee:
Knoxville (a) 1907 Mh 012.8W | 1910 Ap o21.2W —2.7
Athens (a) 1903 No 0433~ 1910 My o030.0E —2.0
Alabama:
Scottsboro (a) 1903 De 321.8E 1910 My 3182F —0.6
Huntsville (a) 1906 De 357.3E 1910 My 3586E +o0. 4
Tuscaloosa (a) 1905 Mh 42641 1910 My 4 26.9 E +o.1
Mississippi:
Meridian (a) 1901 Ap 4 44.6E 1910 My 4 54.8E 411
Jackson (a) 1908 Ap 6 06.2 F 1910 My 609.2E +1.4
Louisiana:
Tallulah (a) 1904 Fe 600 7E 1910 My 6 15.0F +2.3
Ruston (a) 1904 Fe 6 45.0E 1910 My 6 56.6 F +1.9
Shreveport (a) 1904 Ja 650.1E 1910 My 7 122.0E +2.0
Kentucky: )
ohi Elizabethtown (a) 1904 No 146.1 F 1909 Au 139.2 F —1g
io:
Dayton (a) 1905 Oc 6 02.9W 1910 Je c15.3W —2.7
Indiana:-
Evansville (a) 1900 De 349.6 E 1909 Au 3434 E —o0.7
Logansport (a) 1907 Jy 148.5L 1909 Se I 42.4E —2.8
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Comparison of declination resulls al repeat stations—Continued.

Former observation Last observation
Average
State and station | annual
Date Declinatjon Date Declination change
Illinois: e 7 ° 7 ’
-Joliet (a) 1905 Jy 2 52.3E 1909 Jy 2 45.6 E —-1.7
Michigan:
Alpena (a) 1907 Au 304.5W 1909 Se 3122 W —-3.7
Minnesota:
Breckenridge (b) 1900 Se 12 o1. 7 E 1909 Au 12 16. 4 E +1.7
Iowa:
Red Oak (b) 1900 Oc 8 43.4 E 1909 Au 855.2E +1.3
Des Moines (c) 1907 Jy 753.7E 1910 Je 757.1E +1.2
North Dakota:
Pembina (a) 1905 Au 11 28.8 E 1909 Oc 11 27.8 E —0. 2
South Dakota:
Yankton (u) 1905 Jy 11 17.2 E 1909 Au 11 23.4 E 415
Mitchell (b) 1896 My 11 40.3 E 1909 Oc 12 04.4 £ +1.8
Kansas:
Oskaloosa (c) 1902 Au 8 30.8E 1909 Au 838 3E 411
Council Grove (c) 1904 Je 9 18.0 E 1909 Jy 928.7E +2.1
Salina (a) 1906 Oc 11 10.6 1909 Jy 11 13.9 E +1.2
Lincoln (c) 1904 Au 10 07.4 E 1909 Jy 10 14.4 +1.4
Baldwin (a) 1907 Oc 8 32.0E 1909 Oc 8 34.8E +1.4
Texas:
Mineola (b) 1902 Au 7 45.6 & 1910 My 8 o1.g E 421
Kerrville (b) 1901 Je 8288FE 1910 Ja 9goo7E +3.7
Odessa (a) 1905 Ja 10 54.6 &£ 1910 My 11 15.0 E +3.8
El Paso (a) 1905 Ja 12 03.2 E 1910 My 12 28.0 E +4.7
New Mexico:
Deming (a) 1905 Fe 12 9.0 I 1910 Je 12 33.3 E +4.7
Lordsburg (a) 1903 My 12 40.7 B 1910 Je 13 00. 8 E +4.2
Arizona:
Benson (a) 1903 Mh 12 48.9 E 1910 Je 13 20.8 E +4.4
Tucson (c) 1903 Mh 13081 E 1910 Je 13 26. 5 E 42,5
Yuma (b) 1905 Fe 14 07.2 E 1910 Je 14 41.0 E +6. 2
California:
Indio (a) 1905 Mh 14 45.0 E 1910 Je 15 10.4 & +4.8
San Bernardino (a) 1905 Mh 15 03.6 E 1910 Je 15 23.3 & +3.7
Barstow (a) 1906 Jy 15 30.1 & 1910 Je 15 56.0 B +6. 5
Stockton (a) . 1906 Jy 17 35.4 E 1910 Je 17 50.8 E +3.8
Goat Island (a) 1904 My 17 36.5 Ii 1910 Ap 18 02.0 E +4.3

OBSERVATIONS AT SEA AND THEIR DISTRIBUTION.

Magnetic observations at sea were secured on the Backe in connection with the
hydrographic work along the Atlantic Coast, and on the Explorer, Gedney, and Patterson
returning from Alaska in the fall of 1909 and going to Alaska in the spring of 1910.
There are also included in this publication the results of observations in Philippine waters
from 1906 to 1909 on the Fathomer, Marinduque, and Romblon.
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Summary of resulls atl sea.

79

Results from swings ' Results 'mfl:i;gl;r_sc _ob:sfcrvn-
Vessel General region T - -

Difg:“' | Dip | Intensity fo(l)ir:m' Dip [ Intensity
_ Bache Atlantic coast 7 7 7 o I o o
Explorer North Pacific Occan 19 23 23 11 | o o
Gedney North Pacific Ocean 13 o o o ‘ o o
Patterson North Pacific Ocean 2 4 4 1 ° <]
Fathomer, 1908—9 Philippine Islands 14 ) o ) o )
Marinduque, 1906-8 Philippine Islands 11 o o o | o o
Romblon, 1907-9 Philippine Islands 16 ) o ! o o o
Total . | 82 34 34 | 12 ' o o

| i

METHODS OF OBSERVING.
LAND WORK.

The methods of observing have been the same as those followed in previous ycars.
Observers engaged exclusively in magnetic work are supplied with a complete outfit
consisting of theodolite magnetometer, dip circle, - half-second pocket chronometer,
observing tent, tape, etc. In addition to the regular magnetic observations they usually
make an approximate determination of latitude and longitude at each station. Those
who are expected to get magnetic results incidental to other branches of survey work are
supplied with more or less complete outfits, according to circumstances. Where only
declination results can be secured under the conditions involved, a compass declinometer
is supplied, but to those who can attempt more, a dip circle with compass attachment is
furnished, with which compact outfit, knowing the azimuth of some reference mark from
triangulation or other source, the declination, dip, and total intensity (by Lloyd’s method)
can be obtained with a fair degree of accuracy.

SEA WORK.

The Bache, Explorer, and Patterson arc each provided with a Lloyd-Creak dip circle
and accompanying gimbal .stand, by means of which the dip and total intensity can be
determined on board ship. The Explorer and Palterson are also provided with a
magnetometer, so that the “intensity constant” of the dip circle may be determined at
each place where shore observations are made. Observations for declination are made
with the usual standard liquid compass and an azimuth circle of Ritchie or Negus pattern.
A value of declination, dip, or intensity usually depends upon the mean of observation
made on 8 or 16 equidistant headings while steaming in a circle, once with port and once
with starboard helm. In some cases, however, observations are made on three headings
and the results are corrected for the effect of the ship’s magnetism by comparison with
the observations made while swinging ship.
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ACCURACY OF RESULTS.

The endeavor in general is to secure, on land, declination and dip results of which
the absolute error (including everything involved—errors of observation and reduction)
does not exceed 2’, and to determine the horizontal intensity within 1 part in 1 cco. As
stated in previous reports, the experience of the Coast and Geodetic Survey has been
that, under the conditions involved in a campaign of field work covering a large area,’
including the standardization of instruments and the determination of reduction correc-
tions, this accuracy can not be much increased. In observatory work with special
instruments, or when special investigations are made under the best conditions by
special observers, there is no difficulty in reducing these limits of error, but in a large
organization, where results must be secured under all conditions, and at times under
physical difficulties, the degree of accuracy stated must be regarded as satisfactory and
sufficient. It happens, of course, that these limits are occasionally exceeded, for one
reason ot another, and there may be a few rare cases in which the errors are two or three
times the amounts given.

INSTRUMENTAL CORRECTIONS.

The instrumental comparisons made at Cheltenham during the year indicate that
the instrumental corrections used the previous year require only small changes, except
in the case of magnetometer No. 10, which had been overhauled and provided with a
new magnet house. The following are the corrections which have been applied to
reduce the field results to the Cheltenham observatory standard instruments:

Corrections to magnetomelers.

Magnetometer | COento st | Comection to H.in
’

IIIX 0.0 ©. 0000
8 0.0 . 0000

10 0.0 + . o009
11 0.0 . 0000
17 0.0 . 0000
18 0.0 + . 0016
19 0.0 — .00I0
20 0.0 + .oo21
22 +o0.9 4+ . o016
29 0.0 . 0000
30 0.0 . 0000
31 0.0 + . o010
36 —o. 7 + .oo013
37 0.0 + . o022
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Corrections to dip circles.

i
Number Pattern Needles Designation Correction

15 | Kew-Casella 1 and 2 15. 12 | —3.2
15 | Kew-Casella s and 6 15. 56 —1.5
23 | Kew-Casella 3and 4 23. 34 —I1.4
30 | Kew-Dover 1 and 2 30. 12 0.0
31 | Kew-Dover 3 and 4 31. 34 0.0
32 | L.C.-Dover 1and 2 32. 12 —2.3
34 | L.C.-Dover sand 6 34 56. +3.5
35 | L.C.-Dover rand 2 35. 12 +2.3
36 | Kew-Dover 1and 2 36. 12 —1.3
4655 | Kew-Casella 3 and 4 55. 34 0.0
5676 | Kew-Casella 1 and 2 76. 12 —3.4
5678 | Kew-Casella 1 and 2 78. 12 —1.9

REDUCTION OF OBSERVATIONS.

A first computation is made by the observer in the field, his instructions requiring
him, before he leaves a station, to carry his computation far enough to assure himself
that the desired degree of accuracy has been attained. This computation is revised in
the Office, in the Division of Terrestrial Magnetism, and the necessary corrections are
applied to reduce the results to the standard instruments, as indicated in the foregoing
section.

Each value of the magnetic declination is then corrected to reduce it to the mean
of the month in which the observation was made, with the aid of the continuous observa-
tions at the nearest observatory, allowance being made for the change in diurnal range
with change in magnetic latitude. No attempt has been made to correct the dip and
horizontal intensity results for diurnal variation.

ARRANGEMENT OF TABLES.

LAND OBSERVATIONS.

The values of declination, dip, and horizontal intensity presented in Table I are
arranged by States alphabetically, the results for each State being given in the order of
increasing latitudes. The latitudes and longitudes are in most cases the result of solar
observations made with the small theodolite which forms a part of the magnetometer.
In default of observations or a chart, the geographical coordinates were scaled from the
best available map, either a topographic sheet of the United States Geological Survey,
a post-route map, or some other state map. In such cases only the nearest whole minute
of latitude and longitude is given. The horizontal intensity is expressed in terms of the
one hundred thousandth part of a C.G.S. unit of intensity of magnetic force, termed a
gamma and designated by the Greek letter 7.

63481°—11——6
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In order to include the desired amount of information in the available space the
following abbreviations have been adopted. Only the month and day of the date are
given, since the observations were all made between July 1, 1909, and June 30, 1910,
except when a statement is made to the contrary in a footnote. The names of the
months have been abbreviated as follows:

January Ja May My September Se
February Fe June Je October Oc
March Mh July Iy November No
April Ap August Au December De

The observer is indicated by the initials of his name. The names of the observers
are as follows:

F. L. Adams D. R. Jewell S. H. Schapiro

J. R. Benton E. C. Kinnear E. E. Smith

J. E. Burbank R. F. Luce A. M. Sobieralski
W. H. Burger R. R. Lukens S. W. Tay

R. B. Derickson H. E. McComb S. G. Townshend, jr.
O. W. Ferguson F. A. Molby W. F. Wallis

O. H. Gaarden E. E. Mumaw P. C. Whitney

G. Hartnell E. H. Pagenhart S. S. Winslow
W. M. Hill S. D. Sarason C. F. Woodyard

SEA OBSERVATIONS.

The results obtained on board ship are presented in Tables IT and III. The general
arrangement is indicated by the headings. Unless otherwise stated, the ship was swung
both with port and starboard helms. In the column headed *‘Sea,” sm means smooth;
sw, swell; 1t, light; mod, moderate. The commanding officers of the different ships

were as follows:

Bache W. C. Hodgkins

Explorer W. C. Dibrell

Gedney R. B. Derickson

Patterson H. C. Denson, W. E. Parker
Fathomer H. D. King, J. B. Miller
Marinduque H. C. Denson, D. R. Jewell
Romblon H. D. King, E. H. Pagenhart

Intensity results are expressed in C.G.S. units. The horizontal intensity has been
computed from the observed dip and total intensity. ]

Table III contains the results of declination observations on board ship in Philippine
waters from 1906 to 1909. None of the vessels there are equipped with Lloyd-Creak
dip circles. Their cruises to and from the working ground are generally short and
through the passages between the islands, and little would be added to our knowledge
of the distribution of dip and intensity by observations on board ship under those con-

ditions.
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TABLE 1.—Magnetic observations on land, July 1, 1909, to June 30, 19710.

ALABAMA.
{ " Hori- [ Instruments
Station . Latitude | Longitude Date Dﬁl‘:“' Dip fg;‘::l Observer
i sity M DC
‘ East
=] / ] / o / o ’ r
Tuscaloosa 33 12.7| 87 32.6, My 10,11 ! 4 26.9; 64 31.8| 24697 19| 23. 34i W.M.H.
Scottsboro 34 41.9; 86 or. 6: My 51 3 182 66 30 6| 23134, 19! 23. 34) W.M.H.
Huntsville 34 44-2, 86 34.8, My 71 3 58 6| 66 20. 3 23244| 19| 23.34| W.M.H.
Florence (old) 34 47-7| 87 42. 2: Jy 81 3377 65 57.0| 23641| 19| 23. 34 W.M.H.
Florence (new) 34 49.6| 87 44. 8i Jy 9,10 | 3 54 QI 60 12. 5 23,409i 19| 23. 34i' W.M.H.
ALASKA.
) East
o 4 o 7’ o / o / 7, I i
Dutch Harbor 53 53.5 166 32.1 Se 23 | 17 36. 9| 66 48. 4 20982/ I1IT; 34. 56| S.W.T
Do. 53 53.5 166 32.1 My 16,17 : 17 20.2] 66 45. 7| 20961| 18 34. 56| R.R.L
Cordova Bay: ;
Anchor 54 49. 8| 132 20. 5| Jy 24 25 42.9] . vouu| vuen. I5 ..., E.CK
Rhea 54 5I1.0| 132 20. 9| Au 14 | 290 23.2] .. ... ..... I8 ..., R.B.D
Turn 54 52.1| 132 23. 7| Au 14 027 245 .. ... .. IS5 ... R.B.D
Port Moller 55 56. 2| 160 32. 8; My, Je 19 13.0 69 11. 2| 19251] 18 34. 56| R.R.L
Sitka Observatory §7 03.0[ 135 20. 1. De-Ja i 30 15.0 74 35.90[ 15579| 371 2 EI F.L.A
Kodiak 57 47-5| 152 23.8 My 11,12* 24 03.7| 71 56.2| 17392] 8; 32. 12| P.C.W
Protection Point §8 29. 6| 158 40.2; Je 23 . 21 33.31 71 24. 5 17702| 18| 34. 56| R.R.L
Clark Point 58 50. 4| 158 31.8' Je 12* 21 37.9! 71 40. 7| 17423|I111| 34. 56| S.W.T
Do. 58 50.4{ 158 31.8| Se 13 | 21 39.8 71 40. 3! 17427:II11| 34. 56| S.W.T
Deo. | 58 50. 4] 158 31. 8| Je 7 | 21 39.5| 71 41. 2} 17440 18 34.56 R.R.L
Port Graham i 59 21. 5| 151 49 | My 6,7 | .. .... 72 54.0 16402| C| 32.12| S.H.S
Controller Bay | 59 59.4| 144 10. 7' Jy 30| 2001.8 .. .... 15021, 8| ..... P.CW
Do. 59 59- 4! 144 19.7 Oc 1. 29 o6. 4] 74 49. 5! 15092| 8! 32. 12| P.C.W.
Cook Inlet: ! .
Boulder 6o 46. 1| 151 15.9| Jy 8127032 .. ....[ ..... 7371 e AM.S
Do. 60 46. 1} 151 15.9; My 14 | 27 o8.5 .. ... ‘ ..... 7370 ... E.E.S
Birch Hill 60 54. 8] 150 45.9: Au 7126331 .. ... P 737 en-. AMS
Moose Point 60 57.3| 150 41. 1] Au 2023 | 26 33.8 .. .... e 7370 ... AMS
Race Point 61 09.9| 150 13. 8: Se 2,4 | 27082 .. ... L 737 .. AMS
Beluga 61 12. 5| 150 53.9' Se 15,16 | 26 49.3/ .. . ... e 7370 ... AM.S
Little 61 15.9| 150 18. 0, Se 20,21 | 26 8.8/ .. .... [N L7370 .. AMS
I i i |
ARIZONA.
! |
|
i Last :
o 7 o s (] 7’ o 4 r
Benson 31 58.2| 110 17.9! Je 11 | 13 20. 8 58 58. 8 27472| 19| 23. 340 W.M.H.
Tucson 32 14. 8| 110 50. 1| De-Ja 13 23.8 59 17.3| 27419 30| 15.56 W.F. W,
Do. 32 14. 8| 110 S50. i Je 13,1413 26. 5 59 17.0 27382' 19| 23. 34' W.M.H.
Yuma 32 43. 5] 114 37. 4| Je 16,17 | 14 41.0 58 30. 9! 27363| 19| 23. 34| W.M.H.
. I I

* Results of observations in 1909 not heretofore published.
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TaBLE 1.—Magnetic observations on land, July r, 1909, to June 30, rgro—Continued.

CALIFORNIA.
T el
. Hori- | Instruments’
Station Latitude | Longitude Date D"lcik:lm ! Dip f::‘::] T -l Observer
i sity | M | DC ‘
l
.- | ‘ — {
Ea&t | \
o s o ’ o/ |
Indio | 33 43.6) 116 14.0 Je 18,19 | 15 T0. 4, 59 20.8 27114] 19| 23. 34/ W.M.H.
San Bernardino(new)| 34 os.2} 117 17.9| Je 23 | 15 30. g 59 332 26828 19| 23. 32 W.M.H.
San Bernardino (old) | 34 00. 4] 117 17.6| Je 21,22 | 15 23 3| 59 38. 4| 26765 19| 23. 34| W.M.H.
Barstow 34 53-9] 117 o1. 8| Je 26 | 15 56. 0 60 27. 4] 26323 19| 23. 34| W.M.H.
Goat Island 37 48 8| 122 21. 7] Ap 18 | 18 02. 0] 62 12. 7| 25220, IIII 34. 56, S W.T.
Stockton 37 58.6] 121 17. 0/ Je 29 | 17 so. 8‘ 63 02.9 2soxsl 19| 23 34‘ W.M.H.
CONNECTICUT.
1
. West \ ‘
o 7’ o Ve : [~ / I ] / r
New Haven 41 10.4| 72 55.1| My 19,20 | 10 40.4. 72 30. 2| 17834' 20 78 12 H.E.M
New London 41 21.0| 72 06.7( My 21 { 11 28.8 72 359 17873\ 2ol 78. 12; H.E.M
— : L ' -
FLORIDA.
- ‘ ‘
East | ’
o , o l o 7 0 , 7 |
Fernandina 30 40. 4] 81 27. o\ 14 \ 1 06. 2, 62 24. 5| 25572 CI 35 12\ S.S.W.
| i
GEORGIA.
| e | 1]
. East | !
° ’ ° ’ Vo 7 - ©° ’
Brunswick 31 o8 8.[ 81 29. oi Ap 8| o048 o‘ 63 15. ol 249511 C| 35. 12| S.8.W.
HAWAII.
) - BEEE N
v FEast l
Qo !’ o ’ | < ’ o ’ 7,
Honolulu Magnetic | 21 19. 2| 158 03. 8] De-Ja [ 9 286 39 s50.7| 29163 22| 22 EI; O.H.G.
Observatory i i !
i i . !




APPENDIX 3. RESULTS OF MAGNETIC OBSERVATIONS.

85

TABLE 1.—Magnetic observations on land, July 1, 1909, to June 30, 1910—Continued.

ILLINOIS.
Hori- | Instruments
Station Latitude ]Longitudc Date D";‘i:;::“' Dip Izl(‘:ln(::l — l-—' Observer
[ sity M DC
East
| o ° ’ o 7 o/ 7

Carlyle 1 38 37 89 22.2| Jy 10 | 4 1L.9g| 69 46. 1| 20828| 36| 76. 12{ C.F.W.

Quincy 39 54-2| oI 25.3] Je 24 | 6 15 0] 70 26. 0| 20352] 36| 76. 12 C.F.W.
Eureka 40 43.7| 89 16.3| Jy 16 | 4 oL 4| 71 3I. 1| 19457 20| 78.12) H.EM. °
Watseka 40 44.2| 87 30.7| Jy 13,14 | 2 8 2| 71 34.3| 19330 20| 78. 12( H.E.M.

Joliet 41 28.7) 88 11.2{ Jy 12 | 2 45.6| 72 19.9! 18718 11} 31. 34| F.AM.
Moline 41 31. 5| go 28.9| Jy 19 | 5 11. 7| 71 $54.9| 19087| 20| 78. 12 H.E.M.

Yorkville 41 38.9! 88 26.3] Jy 15 | 3 02. 6] 72 25. 3| 18605| 11| 31.34( F.AM.

Morrison 4T 47.9| 89 57.4{ Jy 19| 5 09 0 72 19.0] 18779 11 31.34] F.AM.

Dixon 41 s1.1; 89 27.9| Jy 17 | 4 21.9| 72 19.0| 18828] 11| 31.34 F.AM.

Galena 42 23.6| go 22.9| Jy 21 | 6 36.2| 73 13. 4] 17018 11] 31. 34/ F.AM.

INDIANA.
East
o 7/ ©° /’ © / ° Vs r

Rockport 37 53.9] 87 02.6] Au 24,25 | 3 10 8 69 06. 5] 21525/ 19! 23. 34 W.M.H.
Evansville 37 59 87 28 | Au 21 | 3 43.4| 69 12.6| 21337 19| 23. 34 W.M.H.
Boonville 38 03.1| 87 19.6| Au 26,27 { 3 33.1| 6g 16. 1| 21210 19| 23. 34] W.M.H.
Corydon 38 12.2f 86 09. 1| Au 14,15] 4 07.8 69 55.0 20860| 19| 23. 34| W.M.H.
English 38 19.7 86 28.71 Au 18,19 | 2 43.8| 69 48. 5| 20647 19| 23. 34| W.M.H.
Petersburg 38 30.4] 87 17.6[ Au 30,31 2 6.7 69 53.5! 20718 19| 23. 34| W.M.H.

Spencer 39 17.2) 86 45.8] Jy 8| 2 215 70 22. 8| 20379 36| 76. 12| C.F.W.

Franklin 39 28.8. 86 03.8| Jy 2 I 21. 3| 70 39.9| 20027, 36! 76.12{ C.F.W.
Brazil 39 31.8/ 87 os5.9( Se 4,6 | 3 oo.4( 70 37. 8 20069 19| 23.34] W.M.H.
Rockville 30 45.8! 87 14.7| Se 8| 2 56.8| 70 49.8! 19876i -19| 23. 34 W.M.H.

Noblesville 40 02.9; 86 oo. 4| Je 18 [ 1 41.2| 70 59. 5| 19760 36{ 76. 12| C.F\W.

Lebanon 40 02.9| 86 27.5( Je 20 | 1 50 2 71 07.0| 19675 36/ 76. 12| C.F.W,
Covington 40 09. 6] 87 24.1)/ Se 10,11 | 2 33.4] 70 5§6. 1| 19922| 19| 23. 34/ W.M.H.
Portland 40 27 84 57.6/ Se 27,28 | "o o1. 8| 71 36.6] 19120 19| 23.34) W.M.H.
Delphi 40 36.4/ 86 42.0/ Se 17,18 | 1 42.4f 71 35 2| 19250 19| 23. 34| W.M.H.
Fowler 40 37.-1| 87 19.3 Se 14,15 | 2 18.4 71 g2. 1 19117i 19| 23. 34| W.M.H.
Logansport 40 45. 8] 86 19.0| Se 20 | 1 42.4| 71 39. 6] 19107! 19| 23. 34/ W.M.H.
Decatur 40 50.2{ 84 s54.0 Se 24,25 o oI 7 72 14.6| 19173 19| 23. 34/ W.M.H.
Huntington 40 53.2| 85 3L.o| Se 22,23 | 1 17.8] 71 40. 4 19164| 19| 23. 34 W.M.H.

Valparaiso A 41 27.2| 87 04.4|Jy 6-10| 1 56.9| 72 18 1| 18683 11| 31.34] F.AM.
Do. 41 27.2| 87 o4.4| Jy 7-10] 1 §6.6| 72 16,1 187o3| 20| 78. 12| H.E.M.

Valparaiso B 41 27.2| 87 04.4{ Jy 7-10 | I 37.2{ 72 18.2 18704| 11| 31. 34| F.AM.
Do. 41 27.2| 87 o4.4| Jy 8~10 | 1 57.2{ 92 15 8 18685 20 78 12! H.E.M.

Iaporte 41 35. 2| 86 45.0l Jy 1,2 1 55.8 72 13. 4I 18830 11| 31. 34 F.AM.

i 1 !
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TABLE 1.——Magnetic observations on land, July 1, 1909, to June 30, 1910—Continued.

IOWA.
Hori- | Instrumecnts
Station Latitude | Longitude Date Det(;:;:a— Dip fs:‘::_l —- | Observer
sity M ! DC
{
FEast
=4 /7 o ’ ©° /7 o / r
Bedford 40 40. 1| 94 43.6 Jy 27,28 | ¢ 39.8! 70 32.1f 20351 18| 36. 12| J.R.B.
Mount Ayr 40 43. 1] 94 o8. 1| Jy 24 | 8 25. 4] 70 47. 8] 20050, 18 36. 12| J.R.B.
Leon 40 44. 3] 93 45.6| Jy 22 | 8 10.0| 70 35.0| 20396 18| 36. 12| J.R.B.
Clarinda 40 44.7] 95 02.0 Jy 30,31 | 9 23 6| 70 29. 4| 20292 18| 36. 12| J.R.B.
Sidney 40 44. 7] 95 39. 6| Au 2,3 | 9 30 0 70 18.6{ 20384] 18| 36. 12[ J.R.B.
Chariton 40 50-2| 93 18. 4 Jy 19,20 7 43.7| 70 59.2| 20027| 18 36.12) J.R.B.
Corning 40 59.9] 94 46.7! Au 9| o 33.2| 70 55.9) ¥9979; 18] 36.12) J.R.B.
Red Oak 41 00.9] 95 13.5/ Au 7| 8 55.2| 70 32.2| 20274 18] 36. 12/ J.R.B.
Glenwood 41 03.6) 95 45.2| Au 51 o9 38.8| 70 55.8 19978| 18] 36. 12| J.R.B.
Greenfield 41 18.3] 04 29. 4| Au 11| ¢ o1.6] 71 35. 5 19472 18| 36. 12| J.R.B.
Winterset 41 19.5 94 02.4] Au 12,13 | 7 16,6 71 46. 8 18973 18 36. 12| J.R.B.
Indianola 41 21.9| 93 36.1] Au 17,18 | 7 54.7| 71 18. 4| 194731 18! 36. 12| J.R.B.
Des Moines 41 35.3| 93 33.7| Je 28 | 7 57.1| 71 34.9| 19337| 36| 76. 12] C.F.W.
Guthrie Center 41 38.3 94 32.6] Au 20} 9 0g. 4] 71 40.0| 19395 18 36. 12| J.R.B.
Harlan 41 39.1] 95 19.1/ Au 25| o 18.6/ 71 12.9| 19585 18| 36. 12! J.R.B.
Audubon 41 43.6) 94 56.6| Au 21,23 | ¢ 27.6] 71 15 6 19569 18 36. 12/ J.R.B.
Jefferson 42 oI.2| ¢4 20.0 Au 30,31 | ¢ ©8. 7| 72 o4. 7 18929 18| 36. 12( J.R.B.
Denison 42 o1. 3| 95 17.3] Au 28 | 8 48.2| 71 33.0| 19465 18| 36. 12| J.R.B.
Nevada 42 oL §! g3 26.6| Se 1| 8 35 1) 72 os. 3| 18848| 18| 36.12] J.R.B.
Rockwell City 42 24.0 94 36.2| Je 30| ¢ 40.5 72 11. 7] 18928| 36| 76. 12| C.F.W.
Webster City . 42 26.9] 93 48. 1) Se 6,7\ 7 41.7] 72 07.9] 18949] 18| 36.12] J.R.B.
Elkader . 42 50.8| or 23.2| Jy 23 [ 6 05.2| 73 04.9| 17914 11| 31.34/ F.AM.
Algona 43 03. 4] 94 13.1| Jy 31 7 53.0 73 10. 5| 17878 11| 31.34 F.AM.
Mason City 43 08. 1| 93 12.3| Jy 29| 6 09.0f 73 13.6( 18032 11f 31. 34/ F.AM.
Spencer 43 09.0 95 08. 51 Au 2| 8 o026 72 oz 2| 18188 11| 31. 341 F.AM.
Osage 43 16. 5 92 47.2{ Jy 22 | 7 o09.8{ 73 os. 1} 18011] 20 78. 12] H.E.M.
Cresco 43 23. 4] 92 06.7| Jy 27 | 6 532 73 14 9| 18015( 11} 31.34° F.AM.
Sibley (old) 43 23-5 05 44. 4] Au 6,7 | 9 34.2| 72 55.0| 18182] 11! 31. 34 F.A.M.
Sibley (new) 43 23. 8] 95 44.0 Au 9 30.7| 72 55.8] 18214 11| 31.34] F.AM.
Spirit Lake 43 27.2| 95 06. 7| Au 4| 8 05.8| 72 34.5 186211 11l 31. 34| F.AM.
I
KANSAS.
| East }
[} 7 o ’ | o 7 I ° 7 r

Iola 37 55.4] 95 24.6] Jy 20 ] 9 24. 1) 67 54. 6| 22327] 36| 76. 12| C.F.'W.
Council Grove 38 40.1] g6 20.6! Jy 22 | g 28.7| 68 20.9, 22143| 36| 76. 12| C.F.W.
Baldwin 38 47.0| 95 10.0 Oc  1-21 | 8 34.8 68 52 8! 21622/ 30| 55.12] S.G.T.
Salina 38 49.0| 97 37.2| Jy 27 | 11 13. 9! 68 17.9| 22140| 36 76. 12| C,F.W.
Lincoln 39 02.3 98 10.0| Jy 29 | 10 14. 4; 68 08. 1| 22177| 36| 76. 12{ C.F.W.
Oskaloosa 39 13.5| 95 18.5 Au 9| 8 38.3 68 57. 1] 21623 36] 15. 12| C.F. W,
Leavenworth 39 20.9| 94 55.5 Au 6| 828 xl 69 25. 8| 21362| 36, 76. 12| C.F.W.

Do. 39 20.9| 94 55 5/ Au 6] .. .... | 69 24. ol ..... ..| 15.12) C.F.W.
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TABLE 1.—Magnetic observations on land, July 1, 1909, to June 30, 19r0—Continued.

KENTUCKY.
. Horj- | Instruments
Station Latitude | Longitude Date D%‘(l)'g“' Dip izx(l)tne’ﬁ-l ~—————1 Observer
sity M DC
East
© ’ ] ’ o /7 o 7/ r
Franklin 36 43.5 86 35.3 Jy 27,28 | 4 10.1; 67 40.7| 22362| 19| 23. 34] W.M.H
Bowling Green 36 59.71 86.20.2| Jy 31 5 00. 9! 68 11.8] 22249| 19| 23. 34| W.M.H
Brownsville 37 11.0| 86 17.2{ Au 4,51 3 58.6| 68 38.6| 21795| 19| 23. 34 W.M.H
Munfordville 37 17.1| 85 55.3 Au 9,10 | 3 03.8| 69 22.0! 20919 19| 23.34] W.M.H
Elizabethtown 37 41.6, 85 52.0f Au 12,13 | 1 39.2. 68 38. 35 21673] 19| 23. 34| W.M.H
| |
LOUISIANA.
l ' l !
i East /
° ’ l ° ’ o 7 ° ’ 7
Tallulah 32 25.1. 91 12.0 My 17,18 I 6 15.0 62 54.4| 25768, 19 23.34| W.M.H
Shreveport 32 31.0 903 45 9 My 23 ’| 7 12.0| 62 49. 3] 25980 19| 23.34] W.M.H
Ruston 32 32.6| 92 37.4 My 20,21, 6 56.6| 62 50 6 25734] 19| 23.34] W.M.H
I |
MAINE.
l
West
o /7 o 7 o 7 o /7 T
Kittery Point 43 03.9| 70 41.3 Oc 27 | 14 24. 1 74 15. 5! 16282 Cl 35.12) S.S.W.
Auburn 44 05.4| 70 14.8 Je 18,19 | 16 23. 4| 74 34. 4| 15801 =20/ 78. 12l H.EM.
Bethel ‘44 24.35 70 47-4) Je 14,15 | 15 53.2] 74 37.6( 15858 20 78. 12 H.E.M
Qakland 44 32.8] 69 44.2) Je 21,22 | 16 41. 2| 74 38.0| 15784 20| 78. 12 H.EM
Greenville Junction | 45 27. 8| 69 37.2| Je 24 | 18 05. 3| 75 08. 6| 15412 20| 78. 12 H.E.M
Capens 45 35.8| 69 38.6| Je 27 | 18 14.6| 75 17.5 15292| 20| 78. 12| H.E.M
Kineo 45 41.8| 69 44.3, Je 29,30 | 18 20.6. 75 25.0, 15158 20 78. 12l H.E.M
Fort Kent 47 150 68 34.6/ Jy 22,23 | 21 oo. 1| 76 16. 3| 14208 29| 30.12] W.H.B
i .
. MARYLAND.
l West
o ’ o / ] 4 ) 7/ T
Cheltenham 38 44.0 76 s0. 5/ De-Ja 5 39.0 70 34.5 19848 26 26EIl J.E.B.
Do. 38 44.0| 76 0.5 Oc 12| . ... 79349 ..... ..l 23. 34| J.E.B.
Do. 38 44.0 76 s0. 5 Oc 13,14 oo 70 35.8 ..., 31.34 J.E.B.
Do. 38 44.0| 76 s50. 5 No 2 ol 703601 Ll 36. 12| J.E.B.
Do. 38 44.0 76 50. 5| No 3 ool g0 3601 Ll 78. 12 J.E.B.
Do. 38 44.0/ 76 50. 5. No 3 ool 70 35.3) o 15. 56/ J.E.B.
Do. 38 44.0] 76 s50.5 No 4 .. 70 36,8 ..., 15. 12| J.E.B.
Do. 38 44.0f 76 s0.5| Ja 15 . ...l 70341 ..... ..| 36. 12! J.E.B.
Do. 38 44.0/ 76 50.5| My 25,26 5 41.6 .. ....| 19805 10 ..... J.E.B.
Do. . 38 44.0] 76 s0.5! Je 4,6 | 5 40 5‘ ...... 19853, 29 ..... J.E.B.
Greenbury Point 38 58.51 76 29.3; Je 11| 6 21, 3| ........... 153i ..... O.W.F.
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TABLE 1.—Magnetic observations on land, July 1, 1909, o June 30, 19ro—Continued.

MASSACHUSETTS.
. Hori- JInstrumems:
Station Latitude | Longitude Date D";ﬁ';m' Dip fg:‘cl:_l fo—- = -—| Observer.
sity | M ! »C |
— — i_l
, , West , I |
° o o /7 ] i
Vineyard Haven 41 27.0 70 36.0 Jy 15 | 12 38.0| 72 19.2 18004| C) 35.12) S.S.W.
Plymouth 41 58.50 70 38.9/ Au 14 | 12 48.0] 73 21. 3| ..... : C| 35. 12l S.S.W.
Dedham 4z 14.2] 71 09.6] My 27,28 | 13 49.6; 73 14. 2 17260I 20, 78. 12 HI::M
Boston 42 20, 2] 71 00.7| Jy 22 | 13 17.6/ .. ... ..., | C, 28 12 R.F.L.
Do. 42 20.2] 7I ©0.7 jy 22 | 13 19.4| 73 05 1| 17339, Ct 35.12] R.F.L.
Salem 42 31.6 70 52.0 No 15 | 14 42. 4 73 47. 4 17118 Ci 35 12) S.S.W.
Lawrence 42 42. 5] 7t 12 xl Je 1|13 03 4} 73 28. 9{ 16968l 20; 78. 12/l H.E.M.
MICHIGAN.
( 1
o 7 o ’ West/ o 7 I r ’ !
Alpena 45 04. 5 83 29.0] Se X1 | 3 12.2 76 or 9; 15238 29! 30. 12| W.H.B.
' East ;‘ ! ‘
Iron River 46 os. 4 88 38. 4] Se 20 { 2 45.3| 76 o6. 6= 15010) zgll 30. 12I W.H.B.
! i
MINNESOTA.
o |
o /7 l o rd ga.g’/ (<] / r
Worthington 43 37.1 95 358 Au 9| o114 72 s50.2 18111l 11| 31. 34 fi.A.M.
Austin 43 40 : 92 59.7! Jy 28 | 6 07.7] 73 38. 3| 17662] 11} 31.34] F.A.M.
Windom 43 51.9' 95 ©7. 4 Au 10| 9 11.0 73 29.0| 176069| 11| 31.34| F.A.M.
St. James 43 57-6, 94 36.8 Au 12 [ 9 o4 8\ 73 26. 8 17740 11, 31.34 F.AM.
Rochester _ 44 ©o0 02 28.1] Jy 23,24 | 6 31.9! 73 50.6! 17296] 20| 78. 12| H.E.M.
Slayton 44 00.4 95 47. 1 Au 3! 943 o} 73 22.7) 17701, 29, 78. 12 HI}M
Pipestone 44 or. gl g6 18.6] Au 5| 10 16. 4l 73 18.3 17881I 20 78. 127 H.E.M.
Winona 44 02 | 91 39.9| Se 8| 6 09.0 73 59 8] 17198, “I 31. 34 F.AM.
Waseca 44 05 | 93 29. g\ Jy 29,30 9 15.7] 73 48. 2 17466; 'zoI 78. 12| H.L.M.
Owatonna 44 05.2, 93 13. 7 ]y 27| 7403 73 544 175591 20 78. 12| H.E.M.
New Ulm 44 19. Ii 94 28. 1, Au 14 { 9 24.2, 73 47- 4 174u-| nl 3134 F.AM.
Wabasha 44 23.5 92 03.6; Se 7] 6580 74 17. 4, 16954, 11/ 3134 F.AM.
Redwood Falls 44 32.9] 95 ©05. 4 Au 16,17} 9 6.2 73 49 4 17408 11} 31 34 F.AM.
Montevideo 44 57.0 95 43.0 Au 18 | 10 or. 3 74 46. 2 16506] 11 3I. 34 F‘.A.M.
Shllwatc.r 45 OL.O] 92 47.5 Se 4,6 | 7 oo. o| 74 37-7 10764| 11; 3I.34) IrA.M.
Center City 45 24 92 49. 6] Se 2,3 | 10 26. 3| 75 06. 3 163:20l 11 31 34, F.AM.
Morris . 45 35.2] 95 54.0 Au 20| g 58 8 75 co. 4| 16264 11 3134, F.AM.
Pine City 45 49. 4] 92 58. 6/ Se 1 10 27.6| 75 32.6] 15747) 11 3134 F.AM.
Breckenridge . 46 15.5 96 35.5 Au 21 | 12 16. 4| 75 38. 5 15622] 11l 31. 34l T.AM.
Aitkin 46 31.5 03 43.2) Au 28 | 7 29.3 75 34-8 15735 Ir 31 34) F.AM.
Carlton 46 39.3] 92 25.8 Au 30,31 | 6 45.4] 76 14. 9| 14885 11 3134 F.AM.
Park Rapids 46 54.9| 95 ol.o Au 26 | 9 23.8 76 05. 8 15144 11 31. 34 F.AM.
Ada 47 17.6] ¢6 30.3 Au 23 | 11 28. 0| 76 o3 1| 15157] 11l 31.34/ F.AM.
Bagley ' 47 31.7] 95 23.2] Au 25 | 10 30. 4 76 41.2) 14506/ 11 3. 34 F.A.M.
Ely [ 47 48. 6| 9z or | Se 29 l, 11 18, SI 78 o7. 2| 12012 29| 30.12 W.H.B.
! ’ i
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TABLE 1.—Magnetic observations on land, July 1, 1909, o June 30, rgro—Continued.

MISSISSIPPI.
[ E [ . Hori- lInsl_rumcnts
Station Latitude iLongi(udc‘ Date i fog‘:“‘ Dip f:?ct:.‘ — Observer
: | sity M | DC
I— | \ ' —
a 7’ ‘ o / I OEast/ o ’ r (
Jackson 32 20,0 QO II 1‘ My 14 | 6 09.2; 63 33.0] 25201, 19, 23. 34/ W.M.H.
Meridian 32 23. 2' 88 44.2| My 12 © 4 54. 8 63 12. 4| 25544 xgj 23. 34 W.M.H.
: 1 S S S S S, —
MISSOURI.
| | ol
o 7 o ] ! gad/ | o s | :
Lebanon 37 41.2° 92 39.5 Jy 16 | 6 40.9 68 10. 3| 22429 36( 76. 12| C.F.W.
Rolla 37 57 1|; o1 46. Ii Jy 13,15] 5 48.3) 68 35. 5( 21974|- 36‘ 76. 12) C.F.W.
NEBRASKA.
- ]
: |
) ’ ° ’ ’ oEa”/ ) 7 7
Falls City 40 03. 4] 95 36. 2| Au 14 | ¢ oo. 7| 69 50. 5 20768 36| 15.12f C.F.W.
Bloomington 40 05.6| g9 03.3| Au 31| 11 35.4l 69 or1. 3| 21409 36| 15. 12} C.F.W.
Red Cloud 40 06. 1| ¢8 32.7| Au 28 | 12 14. 3! 69 24. 2{ 21301 36| 15. 12| C.F.W.
Alma 40 06. 4| 99 22.9 Se 2 | 11 58 4, 69 00. 4 21428 36| 15. 12| C.F.W.
Pawnee City 40 06.6; ¢6 o9.2i Au 12 | ¢ 38 2; 70 07. 0] 20460t 36! 15. 12| C.F.W.
Hebron 40 10. 5| 97 34.6: Au 23 | 11 02. 4| 69 31.1| 21209| 36| 15. 12 C.F.W.
Nelson 40 11. 7] 98 04. 5 Au 26 | 12 ol. 3| 69 35.6| 21153| 36| 15. 127 C.F.W.
Auburn 40 23. 6] 95 5I.41 Au 17 ] 9 55 2] 70 03. 2| 20464 36| 15. 12{ C.F.W.
Wilber 40 28.8| 96 58.7i Au 20 | 10 48. 1| 70 11. 8| 20437 36| 15. 12| C.F.W.
Nebraska City 40 41.3] 95 52. 5 Au 18 | 9 22.9{ 70 13.7( 20409; 36| 15. 12{ C.F.W.
Plattsmouth 41 00.9| 9§ 54.4 Au 19 | 9 46.2| 70 50. 6| 19967] 36| 15.12) C.F.W.
Central City 41 08.7| 97 50 6| Se 23,24 | 10 38. 4] 70 49. 7| 19918 20| 78. 12| H.E.M.
Columbus 41 26.2| 97 20.5 Se 21,22 | 11 16. 8 71 31. 6| 19121} 20| 78. 12] H.E.M.
Fremont 41 26.5 96 30.8 Se 18 | 10 20.3: 71 oo. 6| 19807 20| 78. 12) H.E.M.
Greeley 41 33.0 98 31.1l Se 27 | 10 §9. o, 71 07. 6| 19713] 20| 78. 12! H.E.M.
Ord 41 37.1] 98 56.1] Se 28 | 11 535.8) 70 51. 3} 19998 20| 78. 12! H.E.M.
Stanton 41 8.0 97 11.7; Se 16 | 10 59. 8, 71 21. 1} 19513| 20| 78. 12| H.E.M.
Pierce 42 12. 7| 97 30. 8! Se 13 | 10 55.7| 71 23.5| 19573] 20| 78. 12| H.E.M.
Wayne 42 15.0| 96 50.7 Se 9 | 10 §7.2{ 71 17.6| 19723| 20 78. 12; H.E.M.
Dakota City 42 26 96 23. 9| Se 3,4 0 42 4| 71 39.0| 19365, 20| 78. 12| H.E.M.
NEW HAMPSHIRE.
! l ' . o ,
o 7 N ZVest/. o s ’ r i
Concord 43 13-4 71 31.5 Je 3113 370 73 49. 5/ 16637. 20 78.12 H.EM.
Plymouth © 143 45-7| 71 42.3| Je 4 { 14 00.9| 74 12.9| 16331 20| 78. 12| H.E.M.
Woodsville 44 ©9. 4| 72 02.0 Je 7,8 | 13 52.2 74 23. 1| 16276 20| 78. 12| H.E. M.
Gorham 44 22.0; 71 00. 4| Je 13 | 15 49.8| 74 27. 0| 16062 20’ 78. 12| H.EM.
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NEW JERSEY.

\ . Hori- llnstruments
Station Latitude | Longitude|  Date Deson® | Dip | Ioret l—. ——|  Observer
| sy | M | bc
West
o 7 o/ o 7/ ° 7/ T ‘ l
Trenton 40 14.5 74 48.3| Je 18,20 | 8 35.7) 71 29.7| 18963 29’ 36. 12| J.R.B.
Boonton 40 55. 1| 74 23.4] Je 24 ] 9 30 Si 71 49. 8| 18697 29‘I 36. 12 J.R.B.
— .
NEW MEXICO.
I | l
. FEast |
o s o v | o 7 I o s 7
Deming 32 15.6| 107 45. 4, Je 7 | 12 33-3j 59 38.8| 27346 19| 23.34 W.M.H.
Lordsburg 32 20. 4| 108 42. 6, Je 9 | 13 09. 8| 59 47. 8| 27004] 19| 23. 34| W.M.H.
| o
NEW YORK.
1
West I
Q s o / < ’ © 4 T
Carmel 41 25.5 73 41.2| Je 28 | 11 o8 1{ 72 34.7| 17960| 29| 36. 12| J.R.B.
Wilson 43 18.4| 78 49.6] Au 30,31 | 6 r0. 9‘ 74 15.0| 16676| 29| 30. 12| W.H.B,
Lake Placid 44 17.51 73 50. 1) Au 13,14 | 11 17. 5 74 50. 4! 15806 29| 30.12) W.H.B.
Potsdam 44 40. rl 74 58. 8l Au 21 | 11 37.6! 75 18. 2| 15540] 29| 3012 W.H.B.
i ! : i i B
NORTH DAKOTA.
°l
i East
o / o /7 o / o /7 T
Pembina 48 58.0 97 14.9! Oc 8 | 11 27.8] 77 22.6| 138731 29! 30. 12/ W.H.B
l L
OHIO.
v i |
West | !
o 7 o s o 7 o s \ 7 ‘ (
Dayton 39 44. 8/ 84 16.0| Je 16 | o 15.3] 71 o8. 8l 19567| 36i 76. 121 C.F.W.
PENNSYLVANIA.
! |
West | I
o / o /7 o /7 © /7
Norristown 40 07.1| 75 22.9| Je 15| 7 23.0| 71 23. 6 19106| 29| 36. 12| J.R.B.
Easton 40 42.0] 75 12.4] Je 22 | 7 49.2| 71 56.8 x86x6l 29| 36. 12| J.R.B.
Meadyville 41 36. 8 80 og.3| Je 14| 4 354 72 45. 4 18059‘ 36‘ 76. 12| C:F.W,




APPENDIX 3. RESULTS OF MAGNETIC OBSERVATIONS.

91

TaBLE I.—Magnetic observations on land, July 1, 1909, to June 30, r910—Continued.

PHILIPPINE ISLANDS.

l Hori- ; Instruments
Station Latitude ; Longitude Date Dﬁ(l;:a- Dip izg&t:} —-—--——|  Observer
| sity M DC
East East
o s o s o I [~ 4 r
Bee, Tablas Id. 12 22 | 121 56 | De 9 055 [-vvveieifornnn. 735 ... .. S.D.S.
Sangelan, Tablas Id. ;| 12 34 | 121 59 | De 9| xo8 ... 7350 ..., S.D.S.
Duyagan, Mindoro | 12 38 | 121 32 | Oc 5| os9 [ 735 S.D.S.
1d. .
Corcuera, Simara Id. | 12 47 | 122 o3 | Oc 27| 106 |...... Ll 735...... S.D.S.
Mayllague, Mindoro | 12 49 | 121 30 | Oc §1 I 09 Joovivuiiifinann 735 ... S.D.S.
1d.
Banton, Banton Id. | 12 56 | 122 o6 | Oc 29| 102 [l 7350 .- S.D.S.
Pinamalayan, Min- | 13 o2 | 121 30 | Oc 4| o5t | 735 ... S.D.S.
doro Id.
Capalonga, Luzon | 14 20.0f 122 29 | Au,Se* o 35. 7] 17 og. 3| 38290 17| 37.34] E.H.P.
Id.
Hook, Polillo Id. 14 56.2| 121 49.0} Se 21% o 16.6| 16 39.7| 37976| 17| 37.23] D.R.]J.
PORTO RICO.
West
o 7 o ’ o 7 o /’ r
Porto Rico Magnetic | 18 o8. 8 65 26. 9 De-Ja 2 16. 1] 49 48.7( 28931] 31{ 1 EI | G.H.
Observatory |
RHODE ISLAND.
West
o o 7/ o /7 ] Vé T
Kingston 41 29.2; 71 31.7] My 23 | 12 16.2| 72 42.5| 17717| 20| 78. 12| HE.M
Providence 41 45.5| 71 27.8 My 25 | 12 41.7| 72 47.2| 17524) 20| 78. 12| H.LE.M
SOUTH CAROLINA.
West
o ’ ° ’ K ’ ° ’ 7
Charleston 32 46. 2 79 49.0 My 16 | 1 oo0.8 64 3r.o| 24405 C| 35. 12| S.S.W.

*Observations of 1908 not previously published.
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TaBLE I.—Magnetic observations on land, July 1, 1909, to June 30, r9ro—Continued.

SOUTH DAKOTA. *
| l Hori- Iusu'umcm.s.|
Station Latitude | Longitude Date l Dfic;l;m' Dip | fg?;:f | Observer
| ‘ sity ; M DC
—_— —_— . —_ "—._i
East ! |
° 7 o 7 o ’ ) ’ | o
Vermilion 42 47-5 96 355.0f Au 30,31 | 10 §6.5 71 57.41 19210 20 78. 12 H.E.M
Yankton 42 53.4| 97 22.5 Au 25,26 | 11 23. 4] 72 58. 5/ 18054| 20| 78. 12| H.E.M
Tyndall 42 59.9| 97 52.7 Au 23,241 10 57. 2| 71 59. 3] 19060 20| 78.12) H.EM
Armour 43 20.2[ ¢8 z0. 3] Au 20| 12 21. 2| 72 24.9| 18777 20| 78. 12; H.E.M
Mitchell 43 41. 8 98 o1. 0 Oc 20 | 12 04. 4] 73 ©04. 4| 18047 29| 30.12l W.H.B
Plankington 43 43-5| 98 26. 7| Au 18 | 12 35.8! 72 47.9 18254 20| 78. 12| HEM
Madison 44 00.3| 97 04.8 Au 11,12 | 10 55 8] 73 10. 5| 17972 20| 78.12f H.EEM
Flandreau 44 04.2] o0 34.7) Au 9,10 | 10 34. 2| 73 27.7; 176350 20| 78. 12| H.EM
Woonsocket 44 04. 6] 98 16. 4/ Au 14 | 12 10. 3 72 59.9; 18073 20| 78. 12 H.E.M
Wessington Springs | 44 05.2| 98 33.0 Au 16 | 12 51. 6| 72 52. 6i 18196) 20} 78. 12) H.EM
TENNESSEE.
' T !
| East | ‘
o ’ o /7 o /’ | ) 7’ r
Lawrenceburg 35 14. 5 87 20.8 Jy 14| 3 39.2| 66 10.8) 23502; 19 23.34] W.M.H.
Athens 35 26.6/ 84 36 | My 3,4 ( © 30.0 66 10.7 23581 19| 23.34 W.M.H.
Franklin 35 55.1| 86 52.6| Jy 16 | 4 or 6{ 67 co. 7| 22856 19! 23. 34] W.M.H.
West i
Knoxville 35 56.3 83 56.6 Ap3o-Myr1 ;| o 21 2|' 66 54.0 22995 19| 23.34 W.M.H.
Fast ! |
Gallatin 36 24.0 86 26.1| Jy 23,24 { 4 19.2 67 22.3‘ 22733 19]‘23. 34 W.M.H.
Springfield 36 30.2| 86 54.2; Jy 19 | 3 41.9 67 42. 4| 22466 19, 23. 340 W.M.H.
j - P |
TEXAS.
[ e e e
~l ‘ Izast | | | |
o 7 o ’ o s o ’ e | ‘
Kerrville 30 o1. 3| 99 o7.6 Ja 24 ] 9 oo 7\ 5o 28.7 27574) 29 30.12 W.H.B.
E! Paso (old) 31 45 of 106 29. 5] My 31| 12 28.0 39 27.6 27508 19| 23. 34| W.M.H.
El Paso (new) 31 47. 8 100 23. 4] Je 2,3 | 12 05 4| 50 28.6 27472] 19 23.34 W.M.H.
Qdessa 31 5L 5l 102 23. 1f My 27,28 | 11 15.0 6o 33.2; 27000 19‘ 23. 34! W.M.H.
Sweetwater 32 28. 4] 100 24. 1| Ja 17 | 10 25. 8| 61 33.2 265301 29 30.12; W.H.B.
Mincola 32 40.9| 95 20 Sj My 25,26| 8 ox.gi 62 20.4 25080 xo) 23. 34I W.M.H.
! ; :
VERMONT.
T e T
‘ West |
o ’ ° / _ioe ’ I o ’ 7 ! i
North Hero . 44 49. 1’ 73 17. 5‘ Au 2,4 Il’x4 15.0 75 17. 2i 15556 29| 30. xzi W.H.B
| I I
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TABLE 1.——Magnetic observations on land, July 1, 1909, o June 30, 1910—Continued.

VIRGINIA.
! Hori- llnstrumcms
Station . Latitude | Longitude ! Date Dc&!}:a- Dip ‘zg?;:.l — -— Observer
I | sity M 'l DC
= - { i
i West }
o 7’ o ’ o V4 o 7’ T
Bristol 36 36.2 82 10.5 Ap 29 | o 42. 4} 68 06. 9| 21823 19] 23. 34| W.M.H.
Lynchburg (new) | 37 24 79 o8 | Ap 26,27 | 3 06.7| 69 25 8 20812 19| 23.34 W.M.H.
Lynchburg (old) 37 24-6) 79 09 | Ap 23 | 2 53.1] 69 16. 2| 20915| 19 23.34] W.M.H.
Charlottesville 38 02,4/ 78 30. 3| Ap 20,21 4 03 3] 69 55. oi 20238 19| 23. 34 W.M.H.
’ |
WASHINGTON.
|
' East
o 7’ o 4 | o ’ o ’ T
Steilacoom 47 10. 3 122 36. o| Fe Y9 [ 23 42.9] .« ool annn. 15 ..., L.EM.
Von Gelderns Cove | 47 16. 3| 122 45. 4 Ja, Fe 23 304 .. ool ool b &1 I R.B.D.
Peters Point 47 28. 5 122 29. 8| Mh 5 | 24 o5. 4| ........... T &1 R.B.D.
FOREIGN COUNTRIES.
| | Eot | -
B e tae o 4 o 4 l oEa‘rt/ ‘ o
ritish Columbia: ) 7
Union 2 49 35. 8| 124 54.0 Ap 20% 26 26. 4| 71 14. 5| 19038| 8| 32. 12| P.C.W.
Union 2 49 35 8] 124 54. o) Oc 7 1 26 31.6| 71 2I. 5} 190281111} 34. 56| S.W.T.
Union 2 49 35.8) 124 54. 9 Ap 21,22 | 26 33.2! 71 18.0| 18086 C| 32. 23] S.H.S.
Union 2 49 35- 8 124 34. o| My 5 | 26 28. 3 71 18. 7| 19042] 18| 34. 56 S.W.T.
ABL —iiagne 1c observations a sea, Ju. I, I909, lo fune 30, I9IO.
TaBLE I1.—Magnetic ob t ! ly L 3
ATLANTIC OCEAN.
T R e e
; . R Hori- | o)
— B lone pace | B | pip | zomel |l smp (Mo
sity |
— | -
' i East !
Lo sl oy ° /] ° rlegs|egs. )
At sea 30 43| 81 19! Mh 16 | 1 31| 62 27/o. 2556,0. 5527! Bache 16| Hvy. sw
West
Oft Charleston 32 40, 79 43| My 27 ! o 52| 64 39| .2421! . 5655/ Do. 8] Sm.
Chesapeake Bay 36 5ol 76 11| Fe 16 | 4 24| 68 54| . 2101| . 5835 Do. 16( Sm.
Do. 36 59| 76 12) Fe 16 | 4 54) 68 57| .2093| . 5827/ Do. 16| Sm.
;\q&out}{]{)f Patt:jxg;t p 38 20| 76 22 }y 10| 5 30 69 59 .2357 . 600g; & xg ghoppy
ear Vineyar und |41 17] 71 09| J¥ 15 | 12 45| 72 13| . 1813) . 5020 . m.
Salem Entrance 42 32| 70 50| No 18 | 14 25| 73 34| . 1719| . 6076] Do. 16| Choppy

* Observations of 1908, not heretofore published.
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TaBLE 11.—Magnetic observations at sea, July I, 1909, to June 30, 19ro—Continued.

PACIFIC OCEAN.

i- | Longi Decli Hori-l Total
Locality Lati- ) Loagl-|  pate | peciv | Dip | foren. | intes- Ship Sca
sity sity
East
A e sl ° /icg.s.|cg.s. |
San Francisco Bay l37 46l122 21| Ap 23 | 18 02| 62 oolo. 25420 5415 Explorer 16‘ Sm.
Off Elliott Bay |47 370122 30| Ap 20 | 23 39| .. .| ceeor] coenn * Gedney 16, Sm.
Off Stewart Island 48 37\123 130 Ap 22 |24 09 .. ..l ... ... Do. 16! Sm.
Active Pass I48 §6{123 12 Ap 22 [ 24 20 .. .. L. ceenn . Do. 16 Sm.
Off Gabriola Reef lso 08|r23 36! Ap 22 |24 5] .. .| ... ..., i Do. Sm.
Union Bay l4g 35124 53] My 4 | 25 57| 71 28] . 1902| . 5085' Explorer ' Sm.
Do. |49 36(124 52| Ap 21%| 25 45) 71 10| . 1916 . 5036 Patterson Sm.
Do. . 40 306|124 52| Ap 22 [ 26 16| 71 24| - 1904| . 5969! Do. | Sm.
Do. 49 38|124'53 Oc 6 | 26 o5} 71 30| . 1897| . 5080 Explorer 16' Sm.
Georgia Strait 40 54125 07| Ap 23 | 2532 .. .| ... ... | Gedney | Sm.
Do. 49 5O|r25 o8] Ap 23 |2546) .. .. ... oo Do. Sm.
Discovery Passage so 16125 25) Ap 23 124 46 .. .. ... o Do. Sm.
Johnstone Strait [so 22125 40l My 6|26 06 .. ..| .....| ... Explorer Sm.
Do. ‘50 281126 02) Ap 23 | 24 33| .. - ceoi] oeeo- Gedney Rough
Do. 50 29126 12| Oc 6 |26 31] .. ..| .....] ..... Explorer Sm.
Queen Charlotte Sound |50 40127 14| Ap 25126 04 .. ..l ... o Gedney | Sm
Do. lso sg'127 45| Ap 25 |27 2| .. ..} ... ol Do. Rough
Fitzhugh Sound 51 24127 52 My 7| .. ..| 72 16[ . 1799 . 5906 Explorer m.
Millbank Sound 52 22'128 32) My 712809 .. .. ... ot Do. Choppy
Tolmie Channel 52 43128 34/ Oc 4| .. .| 73 24! .1677| . 5871] Do. m.
At sea 52 44}133 oo| Ap 25| .. ..j 72 28 . 1714 . 5690| Patterson Mod. sw.
Grenville Channel 53 44129 51| My B8 | 28 52| 73 o7 . 1723 . 5934] Explorer Sm.
Dliuliuk Bay 53 55i166 29| Se 25 | 17 35| 67 15 .2061| . 5329| Do. Lt. sw
Cardena Bay 53 50,130 11| Ap 28 {28 43} .. .. ... ..o Gedney - Sm.
Off Akun Head 54 19165 39| My 14 | .. ..| 66 58 .2052| . 5244] Explorer Sm.
At sea 54 23]162 38 My 13 | 18 52| .. .| ... -l Do. Sm.
Dixon Entrance 54 27,132 o5 My 8 |28 28 .. ..( ... ..... Do. I Lt. sw
Chatham Sound 54 38|130 44| Ap 28 | 28 42| .. ..] ... el Gedney Sm.
Near Cape Pankof 54 44162 531 Se 26 | 19 11| 68 23| . 1949| . 5290 Explorer Lt. sw
At sea 54 44i135 o8l My ¢ [ 29 12! 73 18|.1673 .5822; Do. Mod. sw
Off Mary Island 55 06131 10 Ap 28 | 20 09| .. ..| ... b Gedney Sm.
At sea 55 11140 53| My 10 | .. .. 72 10| . 1748] . 5709 Explorer 8
Do. 55 11164 05! Se 22 | 16 42| .. .| ... Do. 3| Mod. sw
Off Seal Cape g5 20161 19; Se 26 ;21 03] .. .. ..o oo Do. 3| Choppy
At sca 55 23[143 20) My 10 | 26 15/ .. ..[ ... ... Do. 3! Sm.
Do. 55 24150 50| My 13 | 18 54| 68 45] . 1048} . 5374 Do. 8| Rough
Do. 55 321156 51 My 12 | 20 26/ .. .| ... ... Do. 3i Sm.
Do. 55 32157 49 Se 27 | 20 56| 69 13| . 1922| . 5416| Do. 8] Lt. sw
Do. 55 36{153 52 My 12 | 22 24| 70 06 . 1870, . 5404 Do. 8 Sm.
Off Chirikof Island 55 42155 30l Se 27 |22 18 .. .| ... ... Do. 2| Mod. sw
At sea 53 43'147 19’ My 11 | 24 40| 71 14} - 1799| . 5591 Do. 8| Sm.
Do. 55 56151 56 Se 28 | 23 13 70 45| . 1822 . 5526] Do. 8 Choppy.
Do. 56 03161 56/ Se 22 | 18 20| 68 57] . 1043] . 3409] Do. 8| Lt. sw.
Sumner Strait 56 03{133 571 Oc 1 | 29 46| 74 24| - 1581| . 5880 Do. 8 Lt. sw.
At sea 56 04150 03! Se 28 |25 13/ .. .| ... ... Do. 3| Mod. sw.
Do. 56 39'159 34| My 19 | 20 06| 69 46| . 1801] . 5467 Do. 8| Sm.
Do. 57 26158 34/ S€ 21 | 21 03| 71 29| - 1750 . 5509| Do. 8| Choppy.
Do. 57 45140 22) Ap 27 | .. ..| 74 o4 - 1505] . 5700| Patterson 8! Mod. sw.
Icy Strait 58 og|135 o3| Ap 28% 3o or| .. ..| ... ..., Do. 3| Sm.
Bristol Bay 8 28158 o3) Je 5 | 22 o1f 71 26| . 1761| . 5531 Explorer 8| Sm.
Nushagak Bay 58'31‘158 30| Je 22 | 21 23| 71 20| . 1764 . 5511f Do. 16; Sm.
Do. 58 50!158 33l Se 7| 21 40| 71 37| . 1739; . 5514] Do. | 16; Choppy.

* Results of observations in 1909, not heretofore published.
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TasLe III.—Magnetic observations at sea in Philippine Islands.

.
Locality Latitude Iﬁ%‘g' Year Date 3?&1): ' Ship l’:;:g Sea
East East
© /7 (o] / o 7
Off Maasin 1000 | 124 52 | 1907 [ Mh ¢ | 2 11 |Marinduque| 16 | Sm.
East of Bohol Island 1001 [ 124 37 | 1909 [ Ja 21 | 1 38 | Romblon 16 | Sm.
Lion Bay 10 18 | 125 00 | 1909 | Je 29| 1 41| Do. 16 | Sm.
Calangaman Island 11 o4 | 124 15 | 1907 | Ap 19 | 1 34 | Marinduque| 16 | Sm.
Off Tablas Island 12 20 | 121 §4 | 1909 | De ¢ | 1 oo | Fathomer 8 | Lt. sw.
Off Sangelan Point + 12 32 | 121 §5 | 1909 | De ¢ | 1 25| Do. 16 | Choppy.
Romblon Harbor 12 35| 122 16 | 1907 | De 8 | 1 08 | Romblon 16 | Sm.
Off Duyagan Point 12 35 | 121 38 | 1909 | Oc 5 | 1 08 | Fathomer 16 | Lt. sw.
Off Punta Gorda 12 39 | 122 10 | 1909 | My 24 { o 50| Do. 16 | Sm.
Off Simara Island 12 45 | 121 59 | 1909 | Oc 27 | 0 45| Deo. 16 | Sm.
Off Mayllague Point 12 49 | 121 32 | 1909 §Oc 5 {119 Do. 16 | Sm.
Off Banton Island 13 00 | 122 07 | 1909 | Oc 29 | 1 13 | Do. 16 | Sm.
Off Pinamalayan 13 03 [ 121 34 | 1909 {Oc 4|1 10| Do. 16 | Long. sw.
Off Point Dumali 13 o8 { 121 39 | 1906 | De 14 | 1 16 | Marinduque| 16 | Sm.
At sea 13 17 | 122 27 | 1909 | Ja 25| 1 o3 | Fathomer 32 | Sm.
Do. 13 29 | 122 24 ; 1909 | Mh 10 | 0 54 | Do. 16 | Lt. sw.
East of Varadero Bay 13 30 | 121 02 | 1907 | My 23 | 1 or | Marinduque| 16 | Sm.
Catanauan Bay 13 34 | 122 18 1908 | Ap 10| o 41 | Romblon 16 | Sm.
Near Pitoyo 13 46 | 122 o1 | 1907 | No 15| 1 04 | Do. 16 | Sm.
At sea 14 08 | 123 03 | 1907 | My 22 [ 1 o3 | Do. 16 | Sm.
Do. 14 08 | 123 03 | 1907 | Au 31 | o 58 | Do. 16 | Sm.
Manila Bay 14 26 | 120 43 | 1907 | Oc 22 | o 34 [ Marinduque{ 16 { Sm.
Do. 14 27 | 120 46 | 1909 | De 23 { 1 o4 | Fathomer 8 | Sm.
Do. 14 30 | 120 54 | 1908 | My 18 [ 0 59 | Romblon | 16 ; Sm.
Do. 14 31 | 120 54 | 1907 | Oc 25| o039 | Do. i 16 | Sm.
Do. 14 32 { 120 §53 | 1908 | Oc 17 | 0 51 | Marinduque| 16 | Sm.
Do. 14 32 | 120 55 | 1908 | Ap 12 | 0 43 | Romblon 16 | Sm.
Do. 14 32 | 120 §I 1906 | De 13 | 1 o7 | Marinduque] 11 | Sm.
Do. 14 34 | 120 55 | 1907 | Ap 22 | 0 16 | Do. 16 | Sm.
Do. 14 34 | 120 56 | 1907 | My 10 | 0 38 | Romblon 16 | Sm.
Do. 14 34 | 120 57 | 1908 | Oc 22 |0 37 | Do. 16 | Sm.
Do. 14 34 | 120 56 | 1908 | De 10 | 1 o2 | Fathomer 8 | Sm.
Do. 14 34 | 120 55| 1909 [ Mh 16 {0 56 | Do. 16 | Sm.
Do. 14 34 | 120 50 | 1909 | My 20| 0 35 | Do. 16 | Sm.
At sea 14 34 | 122 47 | 1908 | Jy 31 { o 53 | Romblon 16 ) Sm.
Manila Bay 14 35| 120 56| 1907 | Se o9 [o 55! Do. 16 | Sm.
Do. 14 36 { 120 58 | "1908 | De 22 | o 52 Do. 16 | Sm.
Do. 14 36 | 120 68 | 1909 | Jy 9| 105 Do. 16 | Sm.
Do. 14 36 | 120 54 | 1907 | My 22 | o 47 | Marinduque| 16 | Sm.
At sea 14 39 | 121 37| 1908 | Oc 8|1 02| Do. 16 | Sm.
Do. 14 §7 | 121 42 1908 | Je 6o 38| Do, 16 | Sm.

DESCRIPTIONS OF STATIONS.

Magnetic observers are instructed to mark every station in as permanent a manner
as possible, either with a stone or a post of some durable wood, so that it may be
available for future occupation. They are also required to furnish a sufficiently detailed
description to locate the station, even if the marking should be destroyed, and to deter-
mine the bearing of two or three prominent objects in addition to the one used as
reference mark in the azimuth and declination observations. The information is given
in abridged form on the following pages for each of the stations occupied during the
year. Further details can usually be obtained upon application to the Superintendent
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Descriptions of stations—Continued.

of the Coast and Geodetic Survey. The usual method of marking a station is by a
stone post about 3 feet long and 6 or 8 inches square, set so as to project an inch or two
above ground and lettered on top U. S. C. & G. S., with a drill hole in the center to
mark the exact point. Whenever the local authorities desired, and were willing to bear
the expense, a second stone was set to denote the true meridian.

The descriptions are arranged alphabetically by States and by names of stations.

ALABAMA.

Florence, Lauderdale County.—As the old station could not be occupied, observations were made
at a point about 70 feet east of its location and 4350 fect east of an electric trolley railroad line running
about north and south. ’

A new station was located in the southeastern corner of the grounds of the Baptist University,
about 2 miles northwest of the town’s center. It is 78 feet southwest from the fence bordering the
grounds on the northeast, 115.3 feet from the fence bordering the grounds on the southeast, and 171 feet
east from the eastern corner of the university building. The station is marked by a limestone post
6 by 6 by 33 inches, projecting about 6 inches above ground and lettered U. S. C. & G. S., 1909. The
following true bearings were determined:

Lower edge of town’s water tank taken on the abutment sup- ° /

porting the base (mark).................. .. ...l 40 25.2 west of north
Ball over circular window at top of center of south front of

university building............. ... O 71 54.9 west of south

A hole in the top of a post of Georgia marble, 4 by 6 by 42 inches, projecting 10 inches above ground
and 300 feet north marks the north end of a meridian.

Huntsville, Madison County.—The station of 1906 was reoccupied as near as possible, the old mark
having been plowed up. It isin ‘the southwestern part of the public-school grounds, ahout one-half
mile northeast of the court-house square. ‘The station is 75.5 feet from the southwest corner of the
schoolhouse, 18.4 feet south and east from a large oak tree 4 or g feet in diameter, and s50.9 feet from
the center of the brick sidewalk on Calhoun street. It is marked by a limestone post 5 by 5 by 24 inches,
lettered U. S. 1910, and projecting 1 inch above ground. The following true bearings were determined

in 1910:

. o 7
Cross on spire of Episcopal Church (mark).................... 30 51.5 west of south
Lower southwest corner of schoolhouse........................ 32 §9.0 east of north

Scottsboro, Jackson County.—The station of 1903 was reoccupied. It is in the southwest corner of
the campus of Scottsboro Baptist Institute, about 250 feet from the southwest corner of the college
building. It is 38 feet from the south fence, 39 fect from the west fence, and 17.6 feet from a small
hickory tree north of east. It is marked by a limestone post 6 by 6 by 38 inches, lettered U. S. C. &
G. S., 1903, and set flush with the ground. The following true bearings were determined in 19o3:

o /7
Apex of court-house dome (mark)........... ... ... ... ... 47 53.6 west of north
North gable of Jackson County Flour Mills.................... 72 36.0 west of south

Tuscaloosa, Tuscaloosa Couniy.—The station of 1905 was reoccupied. It is on the grounds of the
State University, 20.3 feet west of a board fence, 227.4 feet and 166.3 feet, respectively, from the south-
east and northeast corners of Garland Hall, and 180.7 feet from the southeast corner of the boys’ dormi-
tory. The station is marked by a limestone post 5 by 6 by 30 inches, set 28 inches in the ground and
lettered U. S. C. & G. S., 1905. The following true bearings were determined in 1905:

Base of flagstaff on main dome of State Hospital for the Insane °
(mMark). ... 57 54.8 east of north
Point of small cupola left of main dome....................... §5 52.3 east of north

Point of second cupola left of main dome..................... 55 23.8 east of north
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ALASKA.

Amnchor, Cordova Bay.—Magnetig¢ observations were made at a point exactly between the triangu-
lation station Anchor and the triangulation station Rhea about 5o feet from Anchor. The triangulation
station is on the highest part of the rock on the southwest end of the second island northeast of Eureka
Narrows. Shipwreck Point bears due west (magnetic). The station is marked by a $4-inch drill hole
in a dike of sandstone and quartz about 6 to 8 inches wide running through the rock in a southwesterly
and northeasterly direction. The hole is about 3 or 4 feet above high-water mark.

Beluga, Cook Inlet.—The triangulation station is on the low flat ground of the shore line about
124 miles northeast of the mouth of the Beluga River. It is about 150 feet inside and 2 feet above ordi-
nary high-water mark. ¥he station is marked by a pint bottle buried 4 feet underground and a spruce
hub g inches by 2 feet projecting 3 inches above the surface, with a copper tack in it to mark the exact
spot. :

Birch Hill, Cook Inlet.—Observations were made 49 feet from the triangulation station on line
with the triangulation station Boulder. The triangulation station is on a conspicuous point of the
bluff line of the east shore at a point about 11 miles south of Point Possession and about 16 feet from
the edge of the cliff on a grassy knoll which crowns the bluff at this point. It is marked by a pint
bottle buried 3 feet below the surface of the ground and a hub 5 inches by 2 feet set flush with the
ground, with a copper tack in it to mark the exact spot. _

Boulder, Cook Inlet.—Observations were made at a point 15 feet from the triangulation station
on line with East Forcland. The station is on the first point about 5 miles north 27° east from East
Foreland, on the east shore of Cook Inlet, about soo feet south of the extreme end of the point and
at the top of a steep bluff which rises about 160 feet above the high-water line. It is marked by a
quart bottle buried 2 feet below the surface and a 3-by-4 hub set flush with the ground having a copper
tack in it to mark the exact spot. )

Clark Point, Nushagak Bay.—The magnetic station of 1909 was reoccupied. It is about one-half
mile south of the cannery at Clark Point, on the beach some 30 feet from the water’s edge and on a
line between hydrographic signal “Uno’’ and hydrographic signal “Can,’’ which is a smokestack on
a cannery near Ekuk Point. The trail from Clark’s cannery to the native village near the bluff to
the south passes a few feet to the west of the station. The station is marked by a buried bottle and
a concrete block 14 feet square at bottom, about 10 inches square on the top, and 15 inches deep,
set with its top flush with the ground. A wooden peg one-half inch in diameter sct in the concrete
marks the exactspot. The true bearing of station ““Can,’’ determined from the triangulation station, is
2° 34’.1 west of south. .

- Controller Bay.—The magnetic station is at the entrance between Kayak Island and the south
end of Wingham Island, near the northern end of a low spit north of Kayak Island, on a line between
the triangulation stations Spit and West Base. It is so feet above high-water mark, in the direction
of Okalu Spit. The station is marked by a section of stovepipe filled with cement, set upright in the
ground and projecting 4 inches above the surface.

Dutch Harbor.—The station is on Amaknak Island on the hill just southeast of the village of
Dutch Harbor, near the station of 1go8. It is about 164 feet south of a water tank covered with sod,
and ¢8 feet south of the azimuth mark, on a line from the azimuth mark to the astronomical station
in Unalaska. The station is marked by a bottle with its top 1 foot below the surface and by a bowlder
6 by 10 by 16 inches, with a 1-inch drill hole to mark the exact spot. The astronomical station bears
0° o1’.0 west of true south.

Kodiak.—The station of 19go7 was reoccupied. It is on a bluff on the north side of St. Paul road-
stead and about three-fourths of a mile east of Kodiak. East of the bluff is a small bight. The bluff
is about 15 feet high and 200 feet long and slopes back about 100 feet to low ground where are some
huts. A small stream comes down behind the bluff. The station is marked by a green bottle set in
cement, with the neck about 3 inches below the turf. On the bluff are two spruce trees and the stump
of a third, marked with a blazed triangle of nails. The distance to the easterly one is 28.6 feet; to
the northerly one, 43.4 feet; to the westerly one, g4 feet, and to the east end of the bluff, 75.5 feet.

63481°— 11—y
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The station is about 6 feet from the south side of the bluff. The following true bearings were deter-
mined in 1g907:

o 4

Spire of Greek Church (mark)..................oo ... 36 00.3 east of south
Spire of Baptist Church. .............. ... ... ... ... 29 43.0 east of south
Middle gable of large building on Woody Island.............. 28 35.5 east of south
Northeast gable of left North American Commercial Company

building on Woody Island........... R 25 54.0 east of south
Northwest gable of North American Commercial Company ice

house. .. ... e 24 48.6 east of south
Inner Humpbackrock.................. .. ............... 15 18.9 east of south

Little, Cook Inlet.—The station is on the low ground at the mouth of the Little Susitna River,
about g miles west of Point Mackenzie at the entrance to Knik Arm. It is on the east bank of the
river about one-half mile above the point which defines its mouth at ordinary high water and about
25 feet inside and 2 feet above the high-water mark. The station is marked by a pint bottle set 4
feet underground and a hub s inches by 2 fect projecting 3 inches above ground, with a copper tack
in it to mark the exact spot.

Moose Point, Cook Inlet.—Magnetic observations were made 108 feet from the triangulation station
on line with the triangulation station Possession. The triangulation station is on the projecting low
wooded point of the shore line about 8 miles south of Point Possession. It is on the edge of the tree
line, about 15 feet above and 33 feet inside of high-water mark. A low grassy flat extends about one-
third mile beyond the station in a southwesterly direction. The station is marked by a pint bottle
‘buried 3 feet beneath the surface and a spruce hub 6 inches by 2 feet set 18 inches in the ground, with
a copper tack in it to mark the exact spot. -.

Port Moller.—The station is on the highest ground on the long narrow spit at Port Moller, about
25 feet above high-water mark and about 1}4 miles from Harbor Point.- It is about 250 fect south of
an eroded dark sand bluff, which is about as high as the station and noticeable from offshore to west-
ward. The station is marked by a glass bottle buried neck upward and a stone about 18 inches long
projecting about 2 inches above ground and having a small conical hole drilled in its apex to mark
the exact spot. A cement pier 10 inches square surrounds the stone and is lettered U. S. C. S. The
following true bearings were determined:

o 14
Hydrographic signal “ Entrance’’ (mark).................... 7 ob.g west of north
Hydrographic signal “Black’’. ........................c..... 4 27.7 east of north
Hydrographic signal “Bear'’................... e 2¢ 17.7 cast of north
Hydrographic signal “Spit’’............ccocoi i 31 43.5 west of south

Protection Poini, Nushagak Bay.—Magnetic observations were made at a point 27 feet from the
triangulation station “Pro’’ in the direction of and in line with triangulation station “Tec.’”” The
magnetic station is marked by a pine hub having a V-shaped cross section with an 8-penny nail for
center. The triangulation station is on the southwestern side of the entrance to Nushagak Bay, on
the spit extendingout from the general bluff line. It is on alow grass-covered sand ridge, about 200 feet
from the high-water line. The triangulation station is marked by a small granite bowlder buried 1.7
feet below the surface and a long granite stone projecting 5 inches above ground and having a small
triangle cut on its seaward face and a small drill hole in the top to mark the center. The following
true bearings were determined from the triangulation:

o 4
Hydrographic signal “Goon’’ (mark)........................ 28 59.4 west of south
Triangulation station “Tec’................................. 71 45.1 west of north
Triangulation station “‘Nichols’’. .0 .. ......... . ............. 33 26.6 west of north

Race Point, Cook Inlet.—The triangulation station is on the west side of Fire Island on the point of
the bluff projecting farthest on that side and at a point about midway between the ends of the island.
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It is about 16 feet from the edge of the bluff, at an elevation of 165 feet. The station is marked by a
pint bottle buried 3 feet underground and a hub g5 inches by 2z feet set 20 inches in the ground, with a
copper tack in it to mark the exact spot.

Rhea, Cordova Bay.—Magnetic observations were made roo feet from triangulation station Rhea
on range to the triangulation station Anchor. The triangulation station is on the highest rock of an
outlying reef between Hunters Bay and Tah Bay. The ledge is a prominent line of rocks extending in
a northwesterly and southeasterly directlon, about 3oo fect long and 75 feet wide. The station is on the
west side about 100 feet from the northwest end, on the summit of a very prominent bowlder. It is
marked by a }4-inch hole drilled 3 inches deep.

Sitka Magnetic Observatory, Sitka.—In the absolute building. For description of the observatory
see Appendix 5, Report for 1902.

Turn, Cordova Bay.—Magnetic observations were made 17 feet from the triangulation station on
range with the triangulation station Rhea. The triangulation station is on the summit of Turn Island,
which is 1 mile southwest of the entrance to Hunter Bay. It is on the south end of the island, about
130 feet above high-water mark, on a grassy knoll 6 feet square and about 165 feet southeast of a clump
of five trees. The station is marked by a }4-inch drill hole 4 inches deep.

ARIZONA.

Benson, Cochise County.—The station of 1903 was reoccupied. It ison the grounds of the Industrial
School, in line with the north side of the building and 195.4 feet from the northeast corner of the building.
The station is marked by a post of black marble 5 by 5 by 28 inches, set so as to project 2 inches above
ground, and lettered on top U. S. C. & G. S., 1903. The following true bearings were determined:

-} ’
Bell on publie school (mark)................................. 85 16.0 east of north
Light switch at railroad station. . ....................... ... 51 08.7 east of north
Northeast corner of Industrial School building.............. 76 31.2 west of north

Tucson, Pima County.—The observations were made in the building for absolute observations at
the Tucson magnetic observatory, about 8 miles cast of the city of Tucson. .

Yuma, Yuma County.—The station of 19o5 was reoccupied. It is on the military reservation,
which is to be turned into an irrigation plant and experimental farm. It is about 8co feet southeast of
the government office building and west of the reservoir and water tank near the Southern Pacific Rail-
road station dnd 132 feet northeast of an iron post which marks the southern point of a meridian line.
The station is marked by a field stone about 3 feet long, showing 6 inches above ground, and having a
cross cut in the top to mark the exact spot. The following true bearings were determined in 1910:

-] 4
Highest point on Cago Muchacho Mountain (mark).......... 39 50.8 west of north
Lowest point to be scen on flag pole at Indian school ... ..... 34 03.3 east of north

CALIFORNIA.

Barstow, San Bernardino County.—The station of 1906 was reoccupied. It is nearly in line with
the east end of the new Harvey Hotel and the top of the small hill to the south. It is between a line of
fence posts just north of town and a fence on the southern boundary of a field immediately on the south
bank of the river. The station is marked by a rough piece of red tufa rock, 514 by 614 by 30 inches,
showing about 6 inches above ground, with the highest point marking the exact spot. The following
true bearings were determined in 1g910: .

o 7
Upper cast edge of castern one of three iron tanks(mark)...... 43 19.1 east of south
North gable of roof of building marked Barstow Ice Com- ’
PAIIY . ottt et e e e e e, 61 17.8 east of south

North gable on roof of small windowless cabin............... 52 28.7 east of south
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Goat Island, San Francisco County.—The station of 19o4 was reoccupied. It is near the center of
the plateau just west of the hill at the extreme eastern end of the island, on ground belonging to the
army. ‘The station is so feet north of 'the line of the two flag poles, one of which is on the highest part
of the island and the other on the southern part of the lawn in front of the officers’ quarters. The station
is marked by a rough stone 6 by 6 by 12 inches, projecting about 1 inch above ground and having a flat
top in which there is a small hole to mark the exact spot. The following true bearings were determined
in 1904:

o 7
Flagstaff on highest partof island............... ... ... .. .. 44 50.5 west of south
Base of flagstaffonlawn. ............ .. ... .. oL 42 47.3 west of south

Indio, Riverside County.—The station of 1gos was reoccupied. It is on Indian land about 700 or
8oo feet a little east of south of the Southern Pacific Railroad station. It is east of the schoolhouse and
north of a road running east and west. It is 187.7 feet from a fence to the south and 234.8 feet from a
fence to the west and about 213 feet northeast of a plank shack used as a jail. The station is marked by
two terra-cotta chimney tops fastened end to end by copper wire, and buried so th