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LETTER

FROM

THE SECRETARY OF THE TREASURY

TRANSMITTING

The Report of the Superintendent of the United States Coast and Geodetic Survey.

TREASURY DEPARTMENT, OFFICE OF THE SECRETARY,

Washington, D. C.. December 6, 19or.
Sir: In compliance with the requirements of section 46go, Revised Statutes, I
have the honor to.transmit herewith, for the information of Congress, a Report trans-
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; 1go1. It is accompanied by maps illustrating the general advance in the

gperations of the Survey up to that date.
Respectfully,
L. J. GAGE, Secretary.

The PRESIDENT OF THE SENATE.
3
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LETTER

FROM THE

SUPERINTENDENT OF THE UNITED STATES COAST AND GEODETIC SURVEY

SUBMITTING THE

Annual Report for the fiscal year ended June 30, rgor.

UNITED STATES CoAsT AND GEODETIC SURVEY,
Washington, D. C., December 3, rgor.
Sir: In conformity with law and with the regulations of the Treasury Department,
I have the honor to submit herewith, for transmission to Congress, the Annual Report
of progress in the United States Coast and Geodetic Survey for the fiscal year ended
June 30, 1901. It is accompanied by maps illustrating the general advance in the field
work of the Survey up to that date.
Respectfully, O. H. TrrrMANN,
Superintendent.

The Honorable the SECRETARY OF THE TREASURY.
5
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REPORT OF THE SUPERINTENDENT.

H. S. PRITCHETT, Superintendent, July 1 to Nov. 30.

O. H. TITTMANN, Superintendent, Dec. 1 to June 30,

O. H. TITTMANN, Assistant Superintendent, July 1 to Nov. 30.

FRANK WALLEY PERKINS, Assistant Superiniendent, Feb. 11 to June 30.

OFFICE OF THE SUPERINTENDENT.

Frank Walley Perkins, Executive Officer, Oct. 19 to Feb. 10. .
D. B. Wainwright, Assistant, July 1 to Oct. 19.
W. B. Chilton, (lerk.
H. M. Fitch, Confidential Clerk.
Dr. Henry Smith Pritchett served as Superintendent from July 1 to November 30,
on which date his resignation took effect. He left the service to accept the position
of president of the Massachusetts Institute of Technology.

THE WORK OF THE YEAR.

A notable event during the year was the inauguration of the survey of the coasts
of the Philippine Islands. ‘

Acting upon the information obtained by an officer of the Survey sent to the islands
for the purpose of reporting upon existing conditions, an assistant of the Coast and
Geodetic Survey was sent to Manila with authority to organize a suboffice and establish
the necessary facilities for preparing the data obtained by the surveying parties in the
field for immediate publication in the form of preliminary charts. :

The Director of Coast Surveys in the Philippine Islands was also authorized to
publish Notices to Mariners and all information useful to mariners as soon as practicable,

A small body of trained officers was assigned to duty in this region and the existing
conditions made it desirable to adopt the plan of making detached harbor surveys at all
important places as the first step in carrying out the plan of the survey.

A report of the results accomplished during the year will be found in Appendix
No. 1 to this Report. o

From the foundation of the Bureau of Weights and Measures, in 1831, the Super-
intendent of the Coast and Geodetic Survey has been charged with the custody of the
standard weights and measures of the United States. The constantly increasing
demands upon the Bureau and the necessity for increased facilities and equipment
induced Congress to establish the National Bureau of Standards by a law which was
approved March 3, 1901, but did not become fully operative until after the close of the
fiscal year. A more detailed reference to this subject will be found in the report of the

Office of Standard Weights and Measures.
. 11
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On March 13, 1901, the necessary connections between triangulation in widely
separated localities having been made and the computations being sufficiently advanced
to afford the basis for such decision, the Coast and Geodetic Survey adopted a standard
datum, to be known as the *‘ U. S. Standard Datum,’’ to which all geographic positions
throughout the United States will be reduced, whenever possible, as rapidly as practi-
cable, so as to make such positions strictly comparable in all portions of the country.

In October, 1900, a notable publication was issued by the Survey under the title of
“‘The Transcontinental Triangulation and American Arc of the Parallel.”’

The Hon. Lyman J. Gage, Secretary of the Treasury, honored the Survey in
authorizing the publication of the following, over his signature, as the preface to the

volume:

The voiume which is here presented to the scientific world contains the results of the most
extensive piece of geodetic work attempted by any.nation, a geodetic triangulation across the conti-
nent and the resulting arc of the parallel. This work has been conducted with the greatest care, and
many improvements in the means of observation have marked its progress.

In presenting this complete record of a great undertaking, carried througb by a bureau of the
Treasury Department, the executive officers of the Department feel that it will prove a contribution to
the science of the world worthy of the United States. '

The preparation of another important contribution to the subject of geodesy was
completed during the year under the title of ‘‘The Eastern Oblique Arc of the United
States,”’ and contains the discussion of an oblique arc extending from Maine to
Louisiana.

The act of Congress making appropriations for sundry civil expenses of the Govern-
ment for the fiscal year ending June 30, 1901, approved June 6, 1900, contained an item
of -appropriation for all necessary employees to man and equip the vessels of the Coast
and Geodetic Survey. This legislation involved a radical change in the organization of
the parties afloat, as the vessels of the Survey were manned with enlisted men of the
Navy. '

The change was anticipated and had been prepared for as far as it was in the power
of the Survey to make such preparations in advance of the date, July 1, 1900, when the
law authorizing it went into effect. On July 1 some of the vessels were en route to
Alaska and others were returning from Porto Rico, and consequently the transfer from
the naval to a civil basis could not be effected on that date. The plan agreed upon was
that all the crews were to remain under their naval enlistment until such time as each
ship should reach a home port, when the transfer would be made as soon as practicable,
and that the Survey should repay to the Navy Department all of the expense incurred
after July 1. This plan was carried out and the crew of the last vessel from Alaska was
transferred in November and the records of all the men under naval enlistment were
closed in the following month.

The constant changes of the coast line and of the depths in rivers, harbors, and
ocean bars, the increase in the draft of ships, the new features continually added by
commercial and other developments make it mecessary to resurvey many parts of the
coast at intervals more or less frequent.

In the Eastern Division, hydrographic work was done on the coasts of Massa-
chusetts, Connecticut, Delaware, North Carolina, South Carolina, Georgia, and Florida;
topographic work in Maine, New Hampshire, Connecticut, New York, Maryland, and
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South Carolina; triangulation in Massachusetts, New Hampshire, Florida, Georgia,
and Maine; elevations were determined by leveling in South Carolina, Kentucky,
Tennessee, and Alabama, and magnetic work was done in North Carolina, Maryland,
District of Columbia, Pennsylvania, Illinois, Kentucky, Virginia, Tennessee, Mississippi,
Indiana, Michigan, and Ohio. A permanent magnetic observatory was established at
Cheltenham, Md., to be used as a base station. A continuous tide record was obtained
at New York, Philadelphia, Washington, and Fernandina.

In the Middle Division, the triangulation was extended along the ninety-eighth
meridian in Nebraska and Kansas; nine base lines were measured in Nebraska, Kansas,
Oklahoma Territory, and Texas, with primary accuracy ands unrivaled speed and
economy, and magnetic observations were made in Louisiana, Texas, Arkansas, Missouri,
Kansas, Nebraska, Jowa, Minnesota, and South Dakota.

In the Western Division, triangulation, topographic, and hydrographic work was
done in Oregon and Washington. A continuous tide record was obtained at San
Francisco, Cal., and at Seattle, Wash., and a speed trial course was established in the
Santa Barbara Channel. Magnetic observations were made in Washington and Oregon.

In Alaska, surveys were made along the coast of Seward Peninsula, including Port
Clarence and Norton Sound. ‘The survey of Prince William Sound was continued, and
toward the end of the year the important work of surveying the principal passes through
the Aleutian Islands into Bering Sea was begun, as well as the survey of Icy Straits and
Cross Sound.

In Porto Rico, hydrographic work was continued in the harbors and bays and off
shore. 'The triangulation around the island and topographic surveys of the shore line
were continued. The topographic survey of Vieques Island was completed.

In the Hawaiian Islands, the work of separating the records relating to the Coast
Survey from the Land Office records was begun, and also the compilation of a list of
the geographic names used in the islands.

In the Philippine Islands, astronomic observations were made at fourteen stations,
and the longitude, latitude, and azimuth determined. Magnetic observations were
also made at these stations and tide observations were made at ten different places.
Three charts and three notices to mariners were issued. Six additional charts (four
from Coast and Geodetic Survey work and two Spanish charts needing republication
with additions) were ready for publication on July 1. A steamer was purchased by the
Philippine Commission for the use of the Coast and Geodetic Survey, and money
waswappropriated by the Commission to repair and equip this vessel.

MAGNETIC SURVEY.

The determination of the magnetic elements was made in 340 different localities,
embracing 376 stations (65 of which were in localities previously occupied) distributed
over 31 States and Territories, from Maryland to Alaska, including the Hawaiian
Islands, the Philippines, Porto Rico, and British Columbia, and the local disturbances
affecting the mariner’s compass in the waters along the coast of southeast Alaska were
examined. .

The principal magnetic observatory or base station at Cheltenham, Md., 16 miles
southeast of Washington, was completed, ‘the instruments were installed and photo-
graphic records of the magnetic variations were obtained after April, 1g9o1. A
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photographic self-recording instrument was installed in an extemporized building at
Baldwin, Kans., and records of the magnetic variations were obtained after August,
1900. : ' :

Declination variations were observed in an extemporized building at Sitka, Alaska,
after October, 1900, and special simultaneous magnetic observations were made by all
the magnetic parties at various times and especially in connection with the total solar
eclipse May 17 and 18.

In addition to their regular work, these observatories will cooperate, at the formal
request of the German Government, with the international magnetic work to be carried
out during the time of the Antarctic expeditions which have been sent out from Ger-
many and Great Britain,

COAST PILOTS.

Owing to the Spanish war, officers engaged in the preparation of the Coast Pilots
were detached, the work was interrupted, and some time was required to reorganize this
special branch of the service.

During the fiscal year, the Coast Pllot relatmg to southeast Alaska was thoroughly
revised in the field and prepared for the printer. The field revision of the Coast Pilot
between San Diego and San Francisco was completed and new editions of sections
relating to the Atlantic coast were published and the revision and issue of other
numbers is progressing as fast as the available force will permit.

INTERNATIONAL LATITUDE SERVICE.

Satisfactory results have been obtained at the astronomical observatories maintained
under the direction of the Survey at international expense at Gaithersburg, Md., and
Ukiah, Cal., for the purpose of determining the variation of latitude. :

SPECIAL WORK.

Speed trial courses for the use of ships and torpedo boats were established in
Delaware and Chesapeake bays, and the Santa Barbara Channel course was extended.

One officer of the Survey continued to serve as a member of the Mississippi River
Commission, another was sent to the meeting of the International Geodetic Association
held at Paris, France, in September, 1900, as the representative of the United States,
and others investigated the methods of making hydrographic surveys and the printing
of charts in foreign countries. In the demarkation of the provisional boundary between
Alaska and British Columbia, one officer acted as commissioner and another as engineer
on the part of the United States. Two officers of the Survey were appointed by the
United States Supreme Court as members of a commission to retrace and mark the
boundary line between the States of Virginia and Tennessee, and one officer was
engaged on the resurvey of Mason and Dixon’s Lir.e under an assignment requested by
a commission of the States of Maryland and Pennsylvania.

One officer completed the connection of gravity stations in the United States and
Europe and another had charge of the Survey Exhibit at the Pan-American Exposition
in Buffalo, N. Y. ’

Details in regard to the field work of the year will -be found in Appendlx No. 1 to
this Report.
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The appropriations made for the U. S. Coast and Geodetic Survey on account of
the fiscal year of 1901 amounted to $902,830. Of this amount $10,885 was for the use
of the Office of Standard Weights and Measures, which by later legislation has been
merged into the National Bureau of Standards. Sixty thousand dollars was for the
rebuilding of the U. S. Coast and Geodetic Survey steamer 4. D. Backe, and the sum
of $20,000 for the building of a small steamer, while $210,245 was for the pay of the
officers and men of the Coast and Geodetic Survey vessels, and $54,600 for repairs of
vessels., For Office expenses, including the purchase of new engraving machines, the
sum of $38,000 was provided, and the remainder of the appropriation was about equally
divided between party expenses and salaries.

The statement of the expenditures during the fiscal year is given on pp. 24-51.

I. OFFICE OF ASSISTANT IN CHARGE.
ANDREW BRAID, Assistant in Charge.

The usual work in the Office was continued.

The work of reducing the geographic positions in southeast Alaska to a uniform
standard was almost completed. The computation of more than 1 coo miles of precise
leveling lines was made. :

A United States Standard Datum, to which all connected geographic positions are to
be reduced, was adopted and the positions of the primary points along the thirty-ninth
parallel triangulation along the eastern oblique arc and along the western oblique arc
were reduced to this datum before the close of the fiscal year. ‘The discussion of ‘‘“The
eastern oblique arc of the United States” was completed and submitted for publication.

Bulletin No. 41, ‘‘ The magnetic survey of North Carolina,” was prepared for publi-
cation. The preparation of a new edition of the Magnetic Declination Tables was begun
and the revision of the computation of all magnetic observations previously made by the
Survey was undertaken and considerable progress made.

The annual volume of tide tables for the year 190z was prepared and published with
the usual separates for the Atlantic coast and for the Pacific coast. It contains predic-
tions for 70 principal and about 3 ooo subordinate stations throughout the world.

Harmonic analysis of several series of tide observations were made, aggregating five
years of continuous record. An aggregate of thirty-five years of record from automatic
tide gauges was received, examined, and registered.

The drawings for 13 new charts and for g new editions of charts were completed.

The copperplates for 7 new charts and 51 new editions of charts were also completed,

Nine hundred and ninety-two plates were corrected for printing, and 75 330 impres-
sions were made from the engraved plates.

A new edition of the Chart Catalogue was prepared, published, and issued.
Fifteen new charts published by lithography were issued.

The usual monthly Notices to Mariners were prepared. published, and issued.

~An electrical apparatus for indicating changes in water level at any distance from
the point of observation was purchased for use in the office of the Philadelphia Maritime
Exchange, and the changes and improvements necessary to adapt it for use as a tide
indicator were completed. ' '

Details under this head will be found in Appendix No. 2 to this report.
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II. OFFICE OF INSPECTOR OF HYDROGRAP'HY AND TOPOGRAPHY.

H. G. OGDEN, /uspector of Hydrography and Topography.
" A.—INSPECTION.

Personnel.

Name. Occupation,
JJH.Roeth ....... ... ... ... i, e Clerk.

R D, CHASE o oo inee ettt et e | Writer.

The inspection of the field work during the first half of the fiscal year was confined
to the personal supervision, by Assistant Ogden, of the operations of the steamer
Endeavor, Assistant F. A, Young, commanding, engaged upon an examination of the
bars and channels in the Delaware River above Bombay Hook. The work involved the
determination of the availability of channels that differed about 1 foot in depth.

The duties of the Inspector in the Office were more than usually onerous during the
year. The act of Congress making appropriations for sundry civil expenses of the
Government for the fiscal vear ending June 30, 1901, approved June 6, 1900, contained
an item of appropriation for all necessary employees to man and equip the vessels of the
Coast and Geodetic Survey. This legislation involved a radical change in the organ-
ization of the parties afloat, as the vessels of the Survey were manned with enlisted
men of the Navy.

This change was anticipated and had been prepared for as far as it was in the power
of the Survey to make such preparations in advance of the date, July 1, 1900, when
the law authorizing it went into effect. . '

On July 1, some of the vessels were en route to Alaska and others were returning
from Porto Rico, and consequently the transfer from the naval to a civil basis could not
be effected on that date.{ The plan agreed upon was that all the crews were to remain
under their naval enlistment until such time as each ship should reach a home port, when
the transfer would be made as soon as practicable and that the Survey should repay to
the Navy Department all of the expense incurred after July 1. ) This plan was carried
out and the crew of the last vessel from Alaska was transferréd in November and the
records of all the men under naval enlistment were closed in the following month.

The successful execution of this plan is largely due to the courteous consideration
of Paymaster M. M. Ramsay, U.S. N., and to his clerk, Mr. H. C. Jordan, who remained
in charge of the accounts until the final settlement.

The preparation of the necessary rules and forms for the record of the civil crews
required by the scheme adopted under the provisions of Treasury Department Circular
No. 111, dated July 13, 1900, involved a large amount of labor of an unusual kind, and
Assistant Ogden expresses his appreciation of the earnest and efficient work of Mr, J. H.
Roeth, clerk, in this connection.

Assistant Ogden sailed from New York on March 2, under instructions to proceed
to Porto Rico and inspect the hydrographic and topographic work in progress in that
locality. He visited the parties of Assistants Nelson, Flower, Boutelle, and Forney and
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issued such instructions as were found to be desirable on account of the local conditions
and the objects to be accomplished. He sailed from San Juan, P. R., for New York
on May 8. )

On October 20, 1900, a contract was entered into with the Towsend & Downey
Shipbuilding and Repair Company, of New York, to rebuild the steamer Bactke, and on
March 19, 1901, a contract made with the James Reilly Repair and Supply Company
for building a small steamer under authority granted by Congress, and work on both
these vessels was in progress at the close of the fiscal year.

The special appropriation for repairs to the steamer Gedney put the hull of the
vessel in first-class condition, and a contract was made for a new boiler for this vessel,
to be installed after the return of the ship from work in Alaska during the field season
of 1901.

The other vessels of the Survey received repairs during the year as they became
necessary and were authorized by the appropriation for that purpose.

The following is a list of the ships in service:during the year, with a chronological
statement of their changes of station: '

STEAMER BACHE:
July 1. At work on Chesapeake Bay, below Potomac River.
August 24. Sailed for Baltimore, Md.
August 25. Arrived at Baltimore, Md.
September 4. Sailed for Barren Island to establish trial course for United States Navy Department.
September 14. Returned to Baltimore, Md.
September 26, Sailed from Baltimore to resume work on Chesapeake Bay.
September 27. Arrived at working grounds. :
October 25. Sailed for Baltimore to dock vessel.
October 26, Arrived at Baltimore, Md.
November 14. Sailed for Lower Chesapeake Bay for hydrographic work.
November 14. Arrived at working grounds.
November 28. Returned to Baltimore, Md.
December 17. Sailed for Shooters Island, New York, to be rebuilt.
December 19. Arrived at Shooters Island.
June 3o. Still undergoing repairs.

STEAMER BLAKE:
July 1. At St. Thomas, Danish West Indies.
July 3. Sailed from San Juan for examination of Tybee Bar, Georgia.
July 8. Arrived Tybee Roads, Savannah River, Georgia.
July 20. Sailed from Tybee Roads for Baltimore to dock.
July 26. Arrived at Baltimore, Md.
August 5. Sailed from Baltimore for examination of Hatteras Shoals,
August 9. Argived at Cape Hatteras.
August 30. Sailed for Washington.
September 1. Arrived at Washington, D. C.
September 12. Sailed for Baltimore, Md.
September 13. Arrived at Baltimore, Md. ]
September 26. Sailed from Baltimore to establish trial course for United States Navy Department

at Barren Island.

October 21. Returned to Baltimore, Md.
December 17. Sailed for Dry Tortugas, Fla., for resurvey of that locality,
December 2g. Arrived at Dry Tortugas.
June 1. Sailed from Key West for Baltimore, Md.
June 6. Arrived at Baltimore, Md.
June 3c. At Baltimore, Md.

S. Doc. s0——2
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SCHOONER EAGRE:
July 1. At Baltimore, Md.
August 5. Sailed for New York for repairs.
August 10. Arrived at New York.
September 17. Proceeded to Irvington on Hudson for resurvey of Hudson River,
November 5. Sailed for Baltimore to prepare for Porto Rico.
November 13. Arrived at Baltimore, Md.
December 3. Sailed from Baltimore for San juan, P. R.
December 20. Arrived at San Juan, P. R.
June 11. Sailed from San Juan for Baltimore, Md.
June 20. Arrived at Baltimore, Md.
June 30. At Baltimore, Md.

STEAMER ENDEAVOR:
July 1. At work on the Delaware River resurvey with headquarters at Philadelphia, Pa.
November 28. Sailed for Baltimore for repairs.
November 29. Arrived at Baltimore, Md.
March 22. Sailed for working ground in Upper Chesapeake Bay.
April 13. Returned to Baltimore, Md.
June 24. Sailed for working ground in Lower Chesapeake Bay.
June 30. At work in Lower Chesapeake Bay with headquarters at Newport News.

STEAMER GEDNEY: )
July 1. At the Puget Sound Naval Station undergoing repairs.
December 8. Sailed for San Francisco, via Seattle.
December 26. Arrived at San Francisco.
January 29. Sailed from San Francisco with Coast Pilot party for points on the coist south of San
Francisco.
March g. Returned to San Francisco.
May 25. Sailed for Seattle on the way to Alaskan working grounds.
May 29. Arrived at Seattle.
June 13. Sailed for working grounds in Icy Straits, Alaska.
June 30. At work in Alaska.

SCHOONER MATCHLESS.
July 1. Engaged on resurvey of Charleston Harbor.
July 28. Sailed for Baltimore, Md.
August 7. Arrived at Baltimore, Md.
October 2. Sailed for New York for repairs.
October 8. Arrived at New York.
December 3. Sailed for Ponce, P. R.
June 8, Sailed from Mayaguez, P. R., for Baltimore, Md.
June 17. Arrived at Baltimore, Md.
June 3o. At Baltimore, Md.

STEAMER MCARTHUR:
July 1. At San Francisco.
August 28. Sailed for Seattle to get Coast Pilot party.
September 1. Arrived at Seattle.
September 6. Sailed from Seattle with Coast Pilot party for cruise in southeast Alaska,
November 1. Returned to Seattle.
December g. Sailed for San Francisco.
December 15. Arrived at San Francisco.
May 4. Sailed for Alaskan working grounds via Seattle.
May 9. Arrived Seattle.
May 16. Sailed for working grounds in Sannak Islands,
June 30. On working ground.
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STEAMER PATHFINDER:
July 1. At St. Michael, Alaska.
October 5. Sailed for San Francisco, from Dutch Harbor.
October 14. Arrived San Francisco.
April 18. Sailed for Dutch Harbor via Seattle.
April 25. Arrived Seattle vig Port Angeles and Port Stanley.
May g. Sailed for Dutch Harbor.
May 16. Arrived Dutch Harbor.
June 3j0. On working grounds at Dutch Harbor.

STEAMER PATTERSON:
July 1. At working grounds in Alaska.
October 20. Sailed from Dutch Harbor for Seattle.
October 29. Arrived at Seattle.
May 16, Sailed from Seattle for Alaskan working grounds.
June 30. On working grounds in Alaska.

B.—COAST PILOT PARTY.

Persounel.
Name. Occupation.
JohnRoss ..........coovvvnnnnn. Nautical expert, chief of party.
H.C.Graves ................... Nautical expert.
H. L.Ford..................... Do.
Talbot O. Pulizzi................ Writer.

The work of the party covered the coast waters of the Atlantic coast, Pacific coast,
and the coast and inland passages of southeastern Alaska, the Fox Island Passes, Una-
laska Bay, and Bering Sea. ’

One member of the party was employed in each of the three divisions and was
assisted by the others whenever it was necessary to expedite work i1i any particular
locality.

An account of the work in the field will be found under the name of the officer in
charge in Appendix No. 1, which contains the details of the field work. The following is
an account of the work of compiling, publishing, and issuing the data collected in the field.

Mr. Ross was on field duty November 23 to December 26. Mr. Graves was on field
duty July 1 to November 27, and Mr. Ford was on field duty December 15 to July 1.

Capt. E. H. Francis, Alaska pilot, was on temporary duty from January 28 to
April 6, assisting in the revision of the third edition of the Alaska Coast Pilot. Mr. W. B.
Proctor was temporarily detailed for duty ten days in September in compiling data for
use in the preparation of the second edition of United States Coast Pilot, Atlantic Coast,
Part VIII. ’

The usual work of the party in the line of preparing publications for the printer,
reading proof, and correcting Coast Pilot volumes to date of issue was executed during
the year,

The manuscript for the following publications was sent to the printer on the dates

stated:
August 14.—United States Coast Pilot, Atlantic Coast, Part VII, 2d edition.
December 19.—United States Coast Pilot, Atlantic Coast, Part V, reprint and supplement.
March 6.—Bulletin No. 40, 3d edition.
March 22.—United States Coast Pilot, Atlantic Coast, Part VIII, 2d edition.
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A leaflet describing the preparation of Coast Pilots and a Notice to Mariners,
stating changes in the sailing directions for Delaware River, were prepared for the
printer. Specifications for rebuilding the steamer BRacke and for rebuilding the steamer
Hydrographer were also prepared.

On June 30 the United States Coast Pilot, Pacific Coast, Alaska, Part I, had been -
prepared and was ready for the printer.

The following publications, prepared by the Coast PllOt party, were issued during
the year:

United States Coast Pilot, Atlantic Coast, Part V (reprint).

United States Coast Pilot, Atlantic Coast, Part VII (2d ed1tfon)

United States Coast Pilot, Atlantic Coast, Part VIII (24 edition).

Supplement to United States Coast Pilot, Atlantic Coast, Part V.

Bulletin No. 40. Coast Pilot notes on the Fox Island Passes, Unalaska Bay, Bering Sea, and
Arctic Ocean as far as Point Barrow (3d edition).

Leaflet on Coast Pilots for Pan-American Exposition.

Notice to Mariners of changes in Delaware River.

Assistant Ogden expresses his appreciation of the very satisfactory services
rendered by the clerks in his office, and the great interest and earnest energy shown by
the officers of the Coast Pilot party in the preparation of the work intrusted to them.

III. OFFICE OF INSPECTOR OF GEODETIC WORK.
J. F. HAYFORD, [uspector of Geodetic Work.

The inspection of the geodetic work is made, in the main, without leaving the
office, in the form of a careful examination of the correspondence and monthly reports
from field parties, and of the records and coinputations received from time to time.
The Inspector of Geodetic Work is also the chief of the Computing Division, and is
able to utilize as an efficient form of inspection the careful examination t¢ which every
record is mnecessarily subjected when the office computation is being made. The
Iuspector, therefore, only occasionally finds it necessary to visit parties in the field.

For the purpose of inspecting the operations of the base measuring party at work
on the Alice Base Line, in Texas, Assistant Hayford left Washington on December 4
and proceeded to Alice, Tex.

He reached the base line on the 7th and thoroughly inspected all of the operations
of the measurement and was much impressed by the skill which had been developed
by the party during the season’s work.

The plan of operation followed has resulted in very rapid measurement, with an
accuracy in the determined length far above the limit absolutely demanded by the
triangulation.

Prof. A. E. Burton, of the Massachusetts Institute of Technology, taking advan-
tage of the presence of the Inspector of Geodetic Work at the Alice Base, joined the
party on December 8 for the purpose of submitting the tape apparatus constructed by
the institute to a practical test in field use. This apparatus has been developed by the
students of the institute during the past thirteen years, Messrs. Henry E. Warren and
Geotge C. Whipple having taken the principal part in this operation.

Authority was given for this test in order to determine whether this form of
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apparatus could be used to advantage in measuring any base line which may be required -
in the work of the Coast and Geodetic Survey. The following is extracted from the
report on this test submitted by the Inspector of Geodetic Work:

The important feature of this form of tape apparatus is the device for obtaining the temperature
of the tape. The whole length of the 100-meter tape and an approximately equal length of German
silver wire form two of the arms of a Wheatstone bridge. The two variable arms of the bridge,
together with the telephone which is substituted in the place usually occupied by a galvanometer, and
the necessary interrupter, batteries, and connections form the thermophone proper.

The electrical resistance of the steel tape varies more rapidly with a change of temperature than
does that of the German silver. The ratio of the resistance of the tape to that of the German silver
is therefore the measure of their temperatures; or, with sufficient accuracy, it is a measure of the
temperature of the tape, provided the German silver is similarly exposed so as to have approximately
the same temperature as the tape. The thermophone dial, over which moves a pointer which indi-
cates the position of the contact point regulating to two variable arms of the bridge, is graduated so
as to indicate the temperature of the tape in Fahrenheit degrees. This method of determining the
temperature of the tape has three very important advantages over the use of mercurial thermometers
either fastened to the tape or swung in the air near it.

1. It determines the actual temperature of the tape regardless of whether the heat reaches the
tape in the radiant form or otherwise.

2. The thermophone furnishes an instantaneous determination of the temperature of the tape.

3. The thermophone furnishes a measure of the actual mean temperature of the whole length of
the tape.

The apparatus was also tested in Washington, before going to the field, by making
repeated readings on a single tape length, extending over many hours of sunshine, shade,
and darkness, covering two entire days. The Inspector was much impressed by the
desirability of nsing this apparatus after certain modifications have been made, and com-
mends the various good features combined in it at present.

‘The Inspector also visited the leveling party at work in Alabama, under charge of
Aid W. H. Burger, and found the work progressing in a very satisfactory manner.

IV. OFFICE OF THE INSPECTOR OF MAGNETIC WORK.
L. A. BAUER, [uspector of Magnetic Work.

The work of inspection consisted mainly in duties incidental to the supervision of
the field work in Terrestrial Magnetism, such as the preparation of the necessary direc-
tions and information for the use of the field parties, the critical examination of the
records of the magnetic observations made in the field, and the writing of the summaries
and reports of progress.

Personal inspection of the field work was made at various times, and during the fall
of 19goo an examination of available sites for magnetic observatories in Alaska and in
the Hawaiian Islands was made, as described in Appendix No. 1 to this Report..
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The entire activity in the field work under the head of Terrestrial Magnetism is
briefly summarized in the following table:

Summary of magnetic work executed between fuly r, r9oo, and fune 30, rgor.

: | Number of | Number of | 91d locali- Declina- .lnclinalions: Intensitie
! State or Territory. ‘ localities. Nslations. tlespxi':g.ccu- ' t;gx;‘s'c%t.» * observed. | observed. :
| !
| | |
Alaska.................... 35 57 12 40 47 27
| Ark'ansa.s ................. | 15 15 1 15 15 15
1 California................. 1 I I I 1 o
i Colorado.................. I| 9 9 o 9 9 9
| District of Columbia.......: 3 3 2 3 2 2
. Hawaiian Islands.......... i 10 I 2 9 8 5
IMNlinois ................... ' 4 4 1 4 4 4 |
Indiana................... 16 16 5 16 16 16
Iowa.......cooocvevii... 37 38 4 38 38 38
Kansas ................... 8 8 2 8 8 8 |
Kentucky ................ . 2 2 I 2| 2 2
Louisiana ................. 3 3 I 3, 2 3
Maryland'................. 7 1§ 6 | 15 ! 13 13
Michigan ................. 3 4 2 4 | 3 3
Minnesota .....o..o....... 16 16 4 16 16 16 !
Mississippi......cc.ooonnns 1§ 11 3 I, 11 11
Missourl ................. 9 9 L 9 9 9
Nebraska ................. 41 42 2 42 41 41 |
North Carolina............ 23 23 o 23 23 23 |
Ohio........ooiiiiiiiin, 10 I1 1 I 10 10
Oklahoma ................ 4 4 o 4 4 4
Oregon ................... 1 1 1 1 I 1 |
Philippine Islands ........ 13 13 o 13 o o !
PortoRico................ 16 16 2 16 o o
Tennessee. ................ 1 I I 1 1 1 |
Texas........coovvviin.. 22 .22 3 22 22 22 !
South Dakota ............. 5 5 1 5 5 5
Virginia ........ ... ... 10 10 3 10 10 10
Washington............... 4 5 I 5 5 4
Wisconsin ................ 3 3 2 3 3 3
British Columbia .......... 3 3 o 3 2 o |
|
'I‘otal‘...............| 345 381 65 362 331 306 '
V. OFFICE OF THE DISBURSING AGENT.
Scorr NESBIY, Disbursing Agent.
Personnel.
Il Name. Occupation.
N.G. Henry.....ooviviiiinnnnnnnnnn. | Confidential clerk and cashier.
IdaM. Peck...........oooiiiiininn, | Typewriter and clerk.
Jennie H. Fitch....................... I Clerk.

The disbursement of the funds of the Coast and Geodetic Survey is made not only
by payments directly from the Disbursing Agent, but also largely through the médium
of its Assistants and other officers, when acting as chiefs of parties. These officers, on
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approval of the Superintendent, receive advances of public funds from the Disbursing
Agent in lump sums, under authority of an Executive order dated March 26, 1886, as
follows:
EXECUTIVE MANSION, Washington, D. C., March 26, 1886.

Under authority of section 3648 of the Revised Statutes of the United States, permission is hereby
given that needful advances of money be made to officers of the Navy detailed to duty as chiefs of
parties in the service of the United States Coast and Geodetic Survey, and to all Assistants, Sub-
Assistants, and Acting Assistants, or officers of the Coast and Geodetic Survey acting as chiefs of
parties and engaged under instructions from the Superintendefit of such Survey upon any work or
operations of said Survey.

No compensation shall be allowed for the disbursement of any moneys hereby authorized to be
advanced, and the officers or persons authorized to receive and disburse moneys so advanced shall
be subject to all the terms, provisions, and conditions of law as to the custody, disbursement, and
rendering of accounts of public money of the United States.

But no advances of money shall be made to a civilian chief of any party in the service of said
United States Coast and Geodetic Survey unless a bond of such civilian officer shall be given in the
penal sum of ‘$2 ooo with two sureties who shall have qualified in that sum, and which bond shall
contain the usual condition of the bond required by law from disbursing agents or clerks, and shall
be approved by the Solicitor of the Treasury, and be filed in his office, and shall from time to time be
renewed, strengtltened, or increased, as the Secretary of the Treasury may direct.

GROVER CLEVELAND.

In conformity to this order there are now 57 officers of this Survey bonded in the sum
of $2 ooo, or more, each. When acting as chiefs of parties these officers receive, from
time to time, such advances of public funds from the Disbursing Agent as 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, each one being charged with all advances made to him,
and on the other hand receiving credit for all proper expenditures made by him when
presented on regularly supported vouchers, and after such accounts have been audited
in the office of the Disbursing Agent and found to be correct. All of these accounts,
with their supporting vouchers, are then sent to the First Auditor of the Treasury for
examination and audit by him.

This system has met the needs of this service and results, in the main, in economy
and good order in its expenditures,
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal

year

COAST AND GEODETIC SURVEY REPORT, 1901.

ended June 30, roor,

{Prepared pux"suant to the act approved March 3, 1853.]
SALARIES—PAY OF FIELD OFFICERS, 1901.

Amount.

To whom paid. Time employed.
SUPERINTENDENT,
Henry S. Pritchett................. Fivemonths..........ccoovviiiienn.
Otto H. Tittmann ................. Sevenmonths .................oiiinn..
ASSISTANTS.
Chas. A.Schott.................... Ten months and twenty-two days .......
Aug.F. Rodgers................... ONne year ..........ooeveiinernrneonnns
Otto H. Tittmann ................. Fivemonths...........................
Andrew Braid..................... Onevear .......ooveeiiiiiiiineennonns
AT MOSMAN ...evvveineeeninenaifennn. do.ivi
Herbert G.Ogden .................0..... do ..
Will Ward Duffield................|..... do
John F.Hayford ..................|..... do
W.D. Alexander................... Fivemonths...........................
Erasmus D. Preston................ One year .........ovveiintenneeceenns
Cephas H. Sinclair.................|..... Lo J O
William Eimbeck .................|..... do o e
Frank D.Granger ..............oofovenn do e
L ABauer.........c.ovvvevvvinenn]onnnn do v
Herman S, Davis ............c...uu. Thirtydays................oocvinin,
Frank Walley Perkins............. One year .....ooviviiiviinieiniieinnns
JJ.Gilbert ...... ... O i e e
Henry L. Marindin...............0..... do i
John F.Pratt...............ooooiifoennn do ..
Edmund F.Dickins ...............[..... do .o e
Dallas B. Wainwright..............[..... do o
Isaac Winston.................coofennn. do oo
William C. Hodgkins..............[..... do .. .o
Philip A. Welker ..................0..... do .ot i
James B.Baylor ....................... do v
JohnNelson ................c.o o foiin do v
John A . Flemer.................... Five months (furlough)................
Fremont Morse ................... fOneyear........ ... e
Stehman Forney ..................0..... L 2P
Gershom Bradford.................|..... do ..
Oscar W. Ferguson . ...............0..... do ..o
John E.McGrath.................}..... do .ot
Edwin Smith .....................0..... Ao oo
Walter B. Fairfield ................|.... do
W.Irving Vinal . ....... ... .. .. ... O i e
George R.Putnam................. [P do .o
Fred A.Young .................... L., do .o
Ferdinand Westdahl............... | ..... do oo e
Homer P. Ritter ................... [P Ao o
JohnB. Boutelle .................. 0. ..., do ..o
E.B.Latham.......coovvevvvnneneea]onne. Ao o e
Robert L. Faris .......coovvvieiand]ennn. Ao .o
CharlesC.Yates........covvvunennfe-ncn o JEP
Geo.L.Flower ........ocovvuvvnini]orenns do .o e
Owen B.French...................L..... Ao ot
William Bowie ....ccvovvveeninna]onne, dOo i
Harry F.Flynn ............. ... foeee do ...
Frank W.Edmonds................|..... do ..o
Frank M. Little ........................ do e
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, rgoor—Continued,

SALARIES—PAY OF FIELD OFFICERS, 1901—Continued.

To whom paid. Time employed. Amount.
ASSISTANTS—continued.
Hugh C.Denson................... Sevenmonths..........oo0iiiieiianian, $687. 23
R.B.Derickson.......cvoviinnnnnasfeennn do oo e e 687. 23
AIDS, »
Hugh C.Denson................... Five months........................... 374. 20
R.B.Derickson .........ccoveveevii]ennns s 1 T N 374. 20
Edgar R. Frisby................... Six months and six days................ 460.-10
H.W.Rhodes ............ooovunn. OnE YEAL ..t cvetvetientteennnennennn, §00. 00
Benj. E, Tilton.............. ... . ..... O i e 900, 00
FEFWeld.............oooviviiiaifen... do . QoO. 00
Gurley S.Phelps .................. Three months and ten days............. 197. 60
Hugh C. Mitchell.................. OnNe year ..ot it ininnnnnnnnane. 816. g0
Clarence W.Noble................. Thirteendays.............covivvvnnnn.. 25. 41
Frank H. Brundage................ Oneyear .....covviveeeinennnn vinennne. 80s. 50
John A Fleming .................. 816. go
William H, Burger : 720, 00
B.ABaird ....................... 720. 00
Walter C. Dibrell.................. 720, 00
Ora Miner Leland 675. 05
Thos. E. Vaughn ............. 58,
John S.Coombs ................... d 59. 74
| M.B. Thornton.................... 59. 74
. ‘Thos. Nelson Page, jr............ufouen. do ..o 60. 00
| James A.French .................. One month and fivedays ............... ; 70. 00
L.T.Jones .....coovveiiiniiiiunnn, Thirty days...........oooiieiiil] 56. 00
Richard W. Walker.......... ..... Four months and seventeen days........ ! 272. 41
W.A.Naghton .................... Four months and fourdays............. 245. 60
William E. Parker................. Four months and eleven days........... 264. 00
E. Mercer French ................. Eighteendays ........................ ‘ 36.00
Ossian E.Carr............oooive.., Three months and seventeen days....... 213. 01
Geo.E.Selby.........cooiviinn.., Twenty-fivedays.......ooovvvinnniin. 49. 45
John Kenneth Mills ............... Sixteen days......oov i 31,65
Expenditures .. ... e 112 874. 75
Appropriation. ... ........ .......................................... 116 460, 00
Expenditures .......oooiuiii]iiiiiii i e 112 874.75
i Unexpended balance.:.|.................... ..ol 3 585.25
| : |
SALARIES—PAY OF OFFICE FORCE, 1901.
DISBURSING AGENT.
Scott Nesbit.............oovniin, Oneyear ...........cc.ooiviineinn., ~ $2 200,00
CHIEF OF DIVISION OF LIBRARY
AND ARCHIVES,
Edw.L.Burchard.................. Oneyear......... e 1 800. 00
CLERKS.
William B. Chilton ................ One Yyear ... vttt iiiit i 1 647.44
NicholasG.Henry.................|..... L 2N 1 650, 00
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Statcment of expenditures of the United States Coast and Geodetic Survey for the fiscal
' year ended June 30, rgor—Continued.

SALARIES—PAY OF OFFICE FORCE, 1901—Continued.

\ To whom paid.

Time employed.

" Amount,

CLERKS—continued.

William C. Maupin
Adelbert B.Simons ................
J Henry Roeth....................
Herbert M. Fitch..................
John H. Smoot
Eugene B.Wills...................
IdaM.Peck.......................
James M. Griffin...................
Geo. A. Fairfield...................
Harlan C. Allen
Jennie H. Fitch
Alice G. Reville
Joseph B. Quinlan

CHART CORRECTORS.
Henry R.Garland .................
Lily A.Mapes..............oo.....
Mary L. Handlan..................
Virginia F. Campbell

WRITERS.

KateLawn................. ......
Albert F, Zust
J. H. Millsaps
Archie Upperman
Calvin W.Jones ................ ...
Eugene Meads
ElBieK.Foltz....................
William H. Davis..................
Fannie CoxX......oovvviuvnnnnn.,
E.C.Mewshaw....................
Geo.H.Draper....................
Arthur S. Barnes
Susie C. Mahany
Mary A. Grant

BUOY COLORIST.
A.B.Simons, jr............. .. ...,
DRAFTSMEN.

EdwinH.Fowler..................
Henry Lindenkohl
Adolph Lindenkohl................
William C. Willenbucher...........
Ernest J. Sommer
Frank C.Donn....................
David M. Hildreth.................
Charles H. Deetz
Edmund P. Ellis
JohnT. Watkins...................
Harlow Bacon.....................
James P. Keleher..................

..... do
One month and twenty-two days........
Three months and threedays...........
Twentydays..........coovvviiiiinnnnn
One year

©“w

Pt e b g bt bt b b b b b

)

Pt b et = NN N

[

200.
200.
619,
720.

8588

898 383328838889

669.

FEEEEEEsR
88888885 8%8

838

%)
°
o
7}




REPORT OF THE SUPERINTENDENT, 27

Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, r9or—Continued.

SALARIES—PAY OF OFFICE FORCE, 19o1—Continued.

To whom paid. Timme employed. Amount, i

DRAFTSMEN —continued. :

Paul Erichsen..................... One year ......ocveiniiniienennaa.s o $998. 83 l

Williams Welch................... Four months and twenty days.......... 388.55 |

Sully B. Maize..................... Oneyear...... ....oiirivinninennnne,. 1 000.00 |
Donald Dericksott................. Twomonths............o.ooiie venunn 146. 73
W. L Bickford.............ooo Ll Two monthsand nineteen days.......... 198, 07
LA Waters ...................... Thirty days. ..covovini i inicnennen.. 73.37
Albert P.Maderia.................. 0.0 do. ...l e 73.37
John H. Lindsay .............c..0 0o do ..o 73. 36
Samuel W. Bogan........ D ISP do ... ... 64.18
Richard W. Walker................ Two months and fivedays.............. 169. 46
J. Newton Baker................... Five monthsand sixteen days........... 458. 33
Chas. H-Hahn.................... Five months and thirty days............ 447. 50
James W. McGuire ................ Five monthsaud four days.............. 382. 50

CrarlesMahon..................../0neyear ............coviiivinnnennennn 700, 00 l

. . |

COMPUTERS. i .
Edward H. Courtenay ............. One year .......ooviiiiiiineiniinnenns 2 000. 00
Myrick H. Doolittle ..... ...... P PR R I 909. 14
Leland P.Shidy ...\ ...............|..... do ..o 1 800.00
Daniel L. Hazard ..................0..... do L i i I 599.38
Rollin A, HarriS . .o .o v vveniiein e afonenn e L J Pt 1 600. 00
Albert I, Baldwin .................[..... do .o 1 600. 00
JohnC.Hoyt.........ooovoia o do ... 1 600.00
Artemas Martin ................ ... ... do . e 1 400, 0O
Lilian Pike ........ ....ooooiifoee do .. 1 199.53
William H, Dennis ................[..... do ..o 1 000. 00
Deane S.Bliss.............oovil]oenn do i e 1 000, 00
Chas,R.Duvall.............oooofonne. dO v 1 000. 00

COPPERPLATE ENGRAVERS.

William A, Thompson ............. ONE YRAT ..ttt ieiee e iianannans 2 000, 00
Henry M. Knight .............. .. ... (io ................................ 2 000. 00
Theodore Wasserbach .............|..... do ... 2 000. 00
William H. Davis...........ooov o fona. do . 1 8o0. 00
Edward H.Sipe ................. | ... do .o 1 8o¢. 00
Williamn F. Peabody ............... [ do i 1 600.00
Harry L. Thompson ...............|..... do ... 1 600. 00
Willilam A.Van Doren.............[..... do ... I 400. 00
AMred H. Sefton. ................ 3N do i 1 200, 00
Peter H.Geddes...................]..... do ... 1 200, 00
William Mackenzie................0..... Ao L e I 000. 00
Geo. Hergesheimer ................[..... do ... I 000, 00
Frank G. Wurdemann ............. ceedo 900. 00
William H. Holmes ...............[..... do i e Q0O, 00
Hugo Franke ...........oooovviidfone do ... go0. 00
Rowland H. Ford..................0..... do e goo. 00

Franklin Geoghegan ..............0..... do ... ; 700.00 |

|

PHOTOGRAPHER. . ]

Cassius F. Blacklidge ..............! Eleven months and fourteen days....... 1 526.07 !

ELECTROTYPER AND PHOTOG-

RAPHER. |

Louis P.Keyser ................... One Year .........covvviieeiaieannnnns 1 209.%77 |

|
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, rgor—Continued.

SALARIES—PAY OF OFFICE FORCE, 1901—Continued.

' '
To whom paid. Time employed. Amount.
ASSISTANT ELECTROTYPER AND
PHOTOGRAPHER.
RoyThomas........... .......... Oneyear ..........ccoivnieiininninnnnn £676. 75
PLATE PRINTERS.
D.N.Hoover...............ooeuuns ONe YeRY . ..viunieneeneerenneinas 1 796. 74
Eberhard Fordan....................... O i e e 1 198.78
Neil Bryant ...........oovvvvnn.n. Ten months and eight days............. 484. 92
Chas. J.Harlow.................... Oneyear........c.ovviuiivirieivnnenns 1 200. 00
Chas, F.Locraft ...................]..... O 1 200.00
William M. Conn.................. |0 dOo . e 1 191.04
R.J.Fondren ..............coconliiie. do .o 1 200.00
M. W.Lang ........ooovveineenos Thirty days....... ......ooiiiiiiiinns, 82. 42
W.A. Naghton.................. ~+f Bightdays ...............ooiine 24.73
PLATE PRINTERS' HELPERS.
Chas, Buckingham ..... .......... S Oneyear ... ..o e 686. 42
E.F.Campbell ........................ O s 700. 00
RaoulF.ILeMat.................. L Ao e 682. 62
William B. Mehler ................ Eleven months and fourteen days ....... 667. 63
Edwin M, Kline................... Ten months and nine days.............. §99. 12
INSTRUMENT MAKERS.
Ernest G, Fischer ................. One year ......ovvinerennninnnenanen. 1 800. 00
Clement Jacomini ...................... O e e e I 200.00
Thos. A. Gibson........... ....... e do ..o 1 200. 00
William R, Whitman.............. e do ... 999. 32
M. Lauxmann : Ao 1 000. 00
Ovid St. Marie..................... Thirteendays.......................... 35.71
JACark...........ooo 'Oneyear.............coociieniinnnn. 898. 16
|

1 CARPENTERS, :

' Horace O. French................. OnNE YEAT .ovviiit e tvrenivaaaanen 1 200.00
Geo. W. Clarvoe................. . f.vn.. Lo I I 000. 00
C.N.Darnall ..................... [ do ..o 969. 09

WATCHMEN,
David Parker...................... | Oneyear ......c.ooiiviiinnneneneannnns 880. 0o
JW.Drum..............ooooii e Xo ................................ 880. 0o
MESSENGERS.
Thomas McGoines................. Oneyear ...........cooviivriviinninnn, 880. 00
CharlesOver:...............coviiifennn, Lo 820, 00
Chas. H. Jones....................0..... do ..o 820. 00
William R. McLane ...............0..... do ... ..o 820. 00
William H. Butler.................|..... do .ol 820. 00
William J. Diercks ................ e do ... 700. 00
Atrell Richardson ...................... do .o e 700, 00
John W. Hunter...................|..... do., .o 639. 35
i John H, Brown.................... Four months and twenty-two days ...... 252. 16
[
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
yeay ended fune 30, roor—Continued.

SALARIES—PAY OF OFFICE FORCE, rgo1—Continued.

i To whom paid. Time employed, Amount.
LABORERS.
Horace Dyer ..............c0vuivn. $635.80 |
i Frank Thomas .................... 628, 72
Harrison Murray 630.00 !
| Hans Bowdwin................ e 630.00
! John H.Mason.................... 596.80
i Samuel B. Wallace ................|..... Ao i e §50.00 !
 Ransom Smart .................... Eleven months and twenty days........ 533.59 i
| Charles H. Strothers............... Eleven months and eight days.......... I 450.23
Virginia McGliney ................ b O£t N 365.00
John W, Brown ......ooovvvveen. .y 6 monthsand 27days.................. 209, 28
Expenditures. .. ...t i e 140 175.49
APPIopriation . ... oo i e e 141 640. 00
B penditures. . .ot e e e i e 140 175. 49
Unexpended balance....... ..ottt I 464.51
RECAPITULATION.
Pay of fleld officers ... ....ouiiii i i e i e l $112 874. 75 ll
Pay of office force ... ..o i i e e e j 140 175.49
[—i
-| EXPenaditUures . ... ..ottt e e e [ 253 050.24 |
| — e
| Total sum appropriated for SAIATies. . ...........v.viusuieeeeeiniienreanennn. | 258 100.00 !
[ Total sum expended for salaries................. coooiiiiioinin 253 050.24 ;
[
‘ Unexpended BAIAMCE. ... ...\ \vuetettiee et aetetio et ieennenns | 5 049.76 |
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Stalement of expenditures of the United States Coast and Geodelic Survey for the fiscal
year ended June 30, rgor—Continued.
PARTY EXPENSES, 1901.

TIDES, ETC.

i To whom paid. | On what account. Amount.
|

Geo. W, Clarvoe................... Philadelphia tidal...................... $10. 49
E.F.Dickins..................... Seattletidal ............. ... ...l 68. oo
Fred A. Kummell ................. Washington tidal ...................... 720. 00 -
F. M. Little.................. e Philadelphia and Fernandina tidal ... ... 229. 97
H. E.Olsen...............ovouu... Philadelphia tidal...................... 195. 61
J.E. Pratt ... Seattletidal ............. ... ... 400. 00
August F, Rodgers ................ San Franciscotidal .................... I 064.09
L.P.Shidy....................... Washington tidal ...................... 58.95
J. G. Spaulding ................... Fort Hamilton tidal.................... 1 102.23
B.W. Weeks...................... Fernandina tidal....................... 616. 10

Amount disbursed ....... ... . e e 4 465. 44
Railroad account referred to Auditor for settlement .......................... .35

Expenditures . ... ... e 4 465. 79
APPropriation ... ...ttt e e 5 000. 00
Expenditures. .. ..o iiee i i e 4 465.79

Unexpended balance ............ R e 534. 21

OFFSHORE WORK, ETC.

To whom paid. ) On what account. Amount.
R.D.Chase....................... Services ....... .. it $899. 65
E.F.Dickins..................... Coastpilot......c.ocovveiiiiiiiinennnn, 62. 00
H.L.Ford...... ................. Servicesand travel..................... 1 506. 05
H.C.Graves...............coooiuifoo.., O e e 1 go7. 65
Talbot Pulizzi..................... Services ...t 1 080. 00
JohnRoss ..o, do ..o 2 100. 00
Ferd. Westdahl.................... Coastpilot..........coviiiiiiininn. 104. 55
EH Wyvill.............oooa ServiCes ....o.oviiiiiii e 1 500.00

Expenditures. ........ ... e s 9 159.90
APPropriation ....... ... 10 100. 00
Expenditures........................ L 9 159.90 '

Unexpended balance ...t 940. 10
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
: year ended June 30, 19or—Continued.

PARTY EXPENSES, 190o1—Continued.

STATE SURVEYS, ETC.

To whom paid. On what account. Amount,
}._

Adams Express Co ................ Transportation......................... $25. 42
A L Baldwin ........... P, Base measurements .................... 7 052.04
LA Bauer...............coounun. Magnetics ...l 13 082. 86
JB.Baylor .............ocovviiiid]onnn. Ao o e 202, 28
Blue Line Transfer Co............. Transportation................coeonvun. 157. 16
Wm H.Burger.................... Preciseleveling........................ 2 578.76
Chasselond Paris.................. Magnetic instruments . ................. 647. 68
W.C.Dibrell.......... ........... Magnetics.....ooooviiiiniereeniannn, 787. g0
HarryM. W. Edmonds ............. Traveling expenses..................... 116. 30
O. W.Ferguson.................... Precise leveling......... .............. 1 935.74
JJAFleming...............ooouun Magnetics and building observatory. . ... 7 560. 36
O.B.French ...................... Traveling expenses..................... 77-15
Geo, W. Knox Express Co.......... Transportation......................... . 9L.87
F.D.Granger ................co.... Triangulation.................. ...l .. 4 814.74
John F.Hayford................... Traveling expenses. ..........c.ooovunnn. 150. 68
L.G.Jennings...............oo..n. SEOTARE. o ettt it i e 8. 50
F M Little ..........ooviviia, Magnetics .........c.ooviiiiiinniiiienn.. 337.90
AT.Mosman ............oveunrenn Triangulation................oooiian.. 5 653.97
CH. Myers..........oooivinnn.n Rent......... .o i, 10. 00
J. A, Nicholson & Son ............. Tents .o i e e 136. 24
S K.Paul..........c.ciiiiinin... Services ......... i 38.00
Pennsylvania Railroad Co.......... Transportation .................oovvvnn 1. 49
Henry S. Pritchett................. Traveling expenses..................... 100. 09
Revenue-Cutter Service............ Flags ...t 6.95
Aug. F.Rodgers................... Repairing instruments. ................. 4. 50
C.H.Sinclair ................o..0. TLongitudes . ......cooovvin i 295. 69
Ludwig Tesdorpf ..... ............ Magnetic instruments . ................. 528. 67
B.A. Thompson ................... SLOTAZE. ..o vii it 3.00
Benj. E. Tiltonn .................... Precise leveling..................... ... 1 552. 48
Otto Toepfer ...................... Magnetic instruments ............ ... 1 521.64
United States ExpressCo .......... Transportation. ..o, 21. 81
Wm, Weinrich, jr............ .. N PO s U S 1.75
Isaac Winston..................... StOrage. ..ovvt i e 36. 00

Amount disbursed ...... N 49 569. 62
Railroad accounts referred to Auditor for settlement ...................... ... 350. 31

Expenditures. ... ..ot ey 49 919.93

| ———

Appropriation ...........coo e et e et i\ 50 000.00
Expenditures. ... o.o.vi i e 49 919.93

Unexpended balance .. ... ...t 80. 07




32 COAST AND GEODETIC SURVEY REPORT, 1901.

Statement of expenditures of the United States Coast and Geodetic Surwy Sor the fiscal
year ended fune 30, roor—Continued.

PARTY EXPENSES, 1901 —Continued.

NAVY TRAVEL, ETC.

To whom paid. On what account. Amount,
J.B.Boutelle ..................... Traveling expenses..................... $6. 85
F. W. Edmonds................... Special survey ...t 346. 16
W. B. Fairfield.................... Ao L 960. 85
J.EF. Hayford ..................... Travelmg EXPENSES. .. vviner e 8 25
G.S. LewisS.....ooviivinininn, e do ... 37.20
W.L Vinal ....... ............... Special surveys ...l 931. 12
P, A Walker ..........oooaiil, Traveling expenses..................... 30. 30
Charles C. Yates .................. Special survey .......... ... i 449. 75

Amountdisbursed ....... ... e e e 2 770. 48
Railroad accounts referred to Auditor for settlement ......................... 81.94
Account settled by Auditor for work done at Port Royal naval station......... 35. 31

Expenditures. ... ..o e e 2 887.73
Appropriation ... 3 400. 00
EXpPenditures. .. .. ou.t i e 2 887.73

Unexpended balance.......... ... o il 512.27

OBJECTS NOT NAMED.

To whom paiu. On what account. Amount.
Adams ExpressCo ................ Transportation.... .................... $1.25
Wm. W.Cloud.................... Notary fees.................c.iiiiene 7. 50
R. L. Faris........... e Traveling expenses. .................... 63. 54
E.G.Fischer ..............c.oooivnnn, do ... 6.06
E.H.Fowler ..................... Commutation of subsistance............ 77. 50
N.G.Henry........ooooiiiinenn. Notary fee...............coooiiiunennn. .50
Geo. W, Knox ExpressCo......... Transportation. ...... e e 4.69
F.M. Little....................... Establishing compass ranges............ 84.00
John ROSS ....ovvvviiiiivinnn, Traveling expenses .................... 36.45
D. B. Wainwright............... ..., Ao e 15. 41
Isaac Winston..................... Commutation and traveling expenses. ... 217. 80
Chas. C. Yates .................... Travelingexpenses..................... 138. 84

Expenditures ... ... ... 653. 54
Appropriation..... ... 4 000. 00
Expenditures ......... .. ... 653. 54

Unexpended halance ........... ... i it 3 346.46
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Statement of expenditures of the United States Coast and (eodetic Survev for the fiscal
year ended June 30, r9or—Continued.

PARTY EXPENSES, 1go1-—Continued.

RECAPITULATION.:
[Showing expenditures in gross by sub-items.]
On what account. C Amount,

e, BLC. L L e e IR $4 465. 44
Offshore work, @1C .. ... oottt i ittt e i e 9 159.90
State surveys, etc............ P e e 49 569, 62
Navytravel, etc.........cooiii i, e e e 2 770. 48
Objectsnot named .. .. ..out it it e 653. 54
Amountdisbursed. ... .. ... . i e e 66 618. g8
Railroad accounts referred to Auditor for settlement ......................... 432. 60
Account settled by Auditor for work done at Port Royal naval station......... 35. 31
Expenditures...........cooiiiiiiiiiiiaes N 67 086. 89
ADPPropriation ... ... . e e 72 §00. 00
Expenditures . ... . ..oiiii i e e 67 086. 89
Unexpended bala&nce . ... .....o.ooiiioiii it 5 413.11

CLASSIFICATION OF EXPENDITURES FOR PARTY RXPENSES, 1901,

On what account. Amount.

Tidal operations ............. ...l e e et e $4 465.79
CoaSt PIOt. ..o e e e e 9 159.90
Triangulation. ... ... e s 10 866. 12
Geographical positions ... .. ..o i e 372.84
Magnetics (including observatories) .... ..... e 24 867.84
Base MEASUTEIMENES ... ittt iitnnie ettt eairntraeeeeteeestnnasnanas 7 668. 65
Precise leveling. ... .ot iiuiiiiii ii i  ee 6 144.48
SPECIAl SUIVEYS & .ttt tittent it ie it et iae ittt are in e 2 723. 19
Traveling expenses, transportation, etc....... ..ol 818, 08

o1 | 67 086,89

REPAIRS OF VESSELS, 1901.

‘To whom paid. On what account. Amount.

C. V. Archambault................. Steamer Gedney .............. ... ..., $50. 00
Atlantic Iron Works Co............ Steamer Blake ...........0ciiiiiiiia., 372. 88
Baltimore Marine Railway Machine ; Steamer Endeavor ..................... 2 005. 35

and Boiler Works.
C. F. Bennett ..... e e Launch Rudy:......................... 60, o1
FrnestBetz ............oiiviiiiifone.. do .. e 39.00
J.B.Boutelle...............ocovnnn Schooner Eagre and Launch Inspector .. 860. 75
E.F.Dickins................co0t Steamer Gedney .......... ..o, 554. 75
G.L.Flower ............cocvvvennn Schooner Matchless.................... 88,26
Forsberg & Murray................ Launch Rudy............ccoovviivninne, 53.09
Gas Engine and Power Co. and | Repairsof launch...................... 388.45

Chas, L. Seabury Co., Consoli- |

dated. i

[

S. Doc. so———3
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, r9or—Continued.

REPAIRS OF VESSELS, 1991—Continued.

To whom paid. On what account. Amount.
JJ.Gilbert ...........coiiiie.. Steamer Pathfinder..................... $3 8g0. 00
Wm. Gokey & Son................ Schooners Matchless and Eagre......... 7 830.02
W.C. Hodgkins ..... ............. Steamer Blake .............. ... 34.77
John M. Rodgers Boat, Gauge, and | Steamer McArthur ..................... 300. 92

Drill Works.
S.RKarr&Co................... Steamer Blake ..............oo il 180. 00
H.G.Ogden ...................... Traveling expenses and schooner Transit. 126. 51
JoE.Pratt........ ...l ..| Steamer Patterson...................... 1 247.20
Roberts Safety Water Tube BoilerCo.{ Schooner Eagre........................ 572. 15
JH Roeth..............o.oii it Traveling expenses..................... 2, 30
JohnRoOSS.......covvivninnnnnnn. Schooner Eagre........................ 16. 55
Spedden Shipbuilding Co.......... Steamer Gedney ..................o.... 2.00
W.LVinal...............ooan . Steamer Bache and schooner Matchless. . 72.27
P.A Welker..........ooovvvuv... Steamers Blake and Bache.............. 2 197.64
Ferdinand Westdahl............... Steamer McArthur ..................... 2 547. 61
Wm. E. Woodall & Co............. Steamer Blake and schooners Matchless 1 737.54
and Eagre.
Fred. A, Young.................... Steamer Endeavor...................... 639. 27
Amount disbursed ....... ... . . i e e 25 779.29
Account settled by Auditor for repairs to steamer Gedney .................... 15 655. 12
Expenditures. ...... ... . e 41 434. 41
APPropriation .. .....iu. i 54 600.00
BExpenditures. .. ... it e e e 41 434. 41 ‘
Unexpended balance...... ......... .. ... ... ... e ‘ 13 165. 59 l

CLASSIFICATION OF EXPENDITURES FOR REPAIRS OF VESSELS.

Name of vessel, i Amount.

Steamer Bache... ... ... ... i $92. 36
Steamer Blake . ... ... .. e : 3 372.72 -
Schooner Eagre. ... ... ..o i e 6 o81. 87
Steamer Endeavor ... ... i e e e e 2 644. 62
Steamer Gedney..............ooiiiiiii ... e 16 261.87
Schooner Matchless. ... ... ... ... 4 031.92
Steamer McArthur. ... ... ... ... e 2 848.53
Steamer Pathfinder ... ... ... .. e 3 890. 00
Steamer Pattersomn ..... ..o e e I 247.20
Schooner Transit ... .. ...t iiie i 30. 00
Steam and naphtha launches.......... ... ... i 834. 51
Traveling expenses of inspectionofficers................ ... ... ... .. . 98. 81

0 1 SO 41 434. 41
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, r9or—Continued.

PUBLISHING OBSERVATIONS, 1901.

To whom paid. On what account. Amount.
Arthur F. Belitz................ ... Services...........oiiiiiiiiiiiiiiiae. $1 000. 0O
Expenditures. . ..ot e e e 1 000, 00 |
APPropriation ...... ... ... e 1 000, 00 |
Expenditures............... ...l e e B I 000, 00
GENERAL EXPENSES, 1901.
To whom paid. ! Oun what account, l Amount.
Adams Express Co................ Transportation ...l $43. 00
A LietzCo .....oovvviiiivinnnnn, Repairs to instruments ................. oo
American Arithmometer Co........ Adding machine ........ .. ... ..o 350. 00
American IceCo .................. Ice .. i e 267. 45
American Journal of Science ....... Subscriptions . ..., .o oo 6. 00
American Mason Safety Tread Co..| Repairs.... ... o0 156. 73
American Steel and Copper Plate Co.| Engraving supplies,etc................. 35.00
R. P. Andrews & Co., Incorporated. .| Stationery, photograph supplies, etc. . ... 22,00
A Angelowitz. .................... Instrument shop ....................... 4. 15
E.& H.T. Anthony............... Copper and photograph supplies........ 44. 98
R. Carter Ballantyne............... Statlonery, }i)mrt paper, etc............. 70. 58
Wm. Ballantyne & Sons........... Books and stationery................... 18. 52
D.Ballauf......................... Contingencies. ............oovevenai. ... 3. 50
Barber & Ross .......ooovvvvniinnd] e do L e 10. 20
L.A Bauer...........coovvivuinn. BookS....oi i e 49.73
Arthur Baumgarten................ Stationery .. .....oveeeiiieiiiaiiiiiaan. 39.99
Bausch & Lomb Optical Co........ Photograph supplies................... 5.63
Anna Beckman.................... Contingencies. . ...coov i n 8.90
Benedict & Burnham Manufactur- | Instrument shop, etc................... 306. 38
ing Co.
C.L.Burger& Sons............... Instruments .................. ... 719. 35
JohnBliss & Co..........oovnvtn. Booksand charts..................o00t 48. 10
Blue Line Transfer Co............. Transportation......................... 7.15
Blum Bros............coeevuiuien. Contingencies..........ooveveiiiinennn. 92. 28
H. Bosswell & Co.................. Repairs........ooiiiviiiiiii i, 141. 00
R. R. Bowker.................vu Subscription.......... o il 5. 00
W. Andrew Boyd.................. BOOKS .o vteiiii e 25. 00
C.S.Braisted .............. ...l Stationery .......ooiiiiiiiiiiiii e 8 82
Brentanos.............iiviiien. BOOKS ..o vt e e e .25
R. M. Brown........... e Carpenter shop.........ccovvviininienn .93
J.H. Bunnell & Co................ Contingencies. . ...t 5.04
Bureau of Engraving and Printing. .| Printing supplies....................... 1 236,31
D.E.Burton...................... Carpenter sﬁ ......................... 19. 35
M.P.Bush .............ocvvilt Contmgenmes .......................... 24. 56
C. A. Woolsey Paint and Color Co..| Carpenter shop,etc..................... 6. 66
R.P.ClarkeCo................... Prmtmg supp 1es, ete .. e 550. 57
Clendenin Bros.................... COPPET ..o tir ettt 325. 34
JamesConnor..................... Officehorse. ............co it iiiies 34. 89
M. G. Copeland & Co ............. Contingencies ............oovevieiian, 2.75
H.S.CrockerCo.................. Books.......coiiiiiiiiiiinin, P 5.00
Joseph L. Crupper................. Contingencies ...............0oieiiann 23. 25
John B, Daish..................... Fuel ... ... ittt 1 047.75
Dennison Manufacturing Co ....... Stationery........ ... il 2,25
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, 19or—Continued.

GENERAL EXPENSES, 1gor—Continued.

‘To whom paid. On what account. Amount.
Thomas A. Dobyns ................ Contingencies ..............ooiia fo. 60
Dodd, Meade & Co ................ Books............. e 5.95
P. Dougherty ................o00. Officehorse................ooivviiann, 150. 00
Dulin & MartinCo............... Contingencies ...........covevvvinnn... 1. 20
M.DuPerow .......coveveeevenn . Instrument shop,etc................... 18. 65
C. R. Edmonston........ ......... Contingencies ..................coveune 15. 8o
Eimer & Amend............... ....| Instrumentshopand photograph supplies. 12. 66
Elliott Electric Blue Print Co...... Drawing division and photograph supplies 39. 17
E. Morrison Paper Co ............. Chart paper,etC..................vennnn I 260.29
Geo. T.Ennis & Co ............... Instrument shop..... ... ... .. ... . ... 150. 78
John B.Espey..........c.oovvin.n Instrument and carpenter shops......... 316. 85
Evening Star Newspaper Co........ Advertising........ ... ool 3.30
Felt & Tarrant Manufacturing Co ..} Stationery,etc......................... 50. 95
Geo. W. Knox Express Co......... Transportation.................. ... ... 59. 08
Gerstenderfer Bros................. Carpentershop ............. .......... 13.85
Henry F. Getz .................... Repairs ......oooviivniiiiinenrninnians 102. 25
Chas. U. Gibson...................]..... do e e 13. 00
Z.D.Gillman.................... Photograph supplies, etc................ 179. 43
Jas. D. Goldsmith ................. Contingencies ............coevvvinn..n. 3. 50
Andrew B. Graham................ Photolithographing .................... 2 249. 46
L. M. Graham .................... Repairs, e1C . ..ouviivneinnniinen e 17.00
Henry J.Green.................... Instruments .............. ... ol 62. 00
Hanlan & Goodman ............... Carpentershop ..............cconeinnts 1. 85
Harris & Shafer Co................ Instruments ...........ccovevvnnvnnnn.e 134. 40
Louis Hartig ............coviven., Carpenter shop, ete .................... 3.78
Harvard University........... .....] Subscriptions........ ... o0l 2.00
G.Hasler.................oeouil. Instruments .................coaiieiiln 109. 17
Jeremiah Hawkins................. Extralabor...................coiinln 600. 00
Hellman Oil Co ................... Contingencies .................coontn, 6. 00
Mrs, A. Hellmuth ................. Washing ..., 160. 80
G. N. Henderson .................. Extralabor........... ... .. ool 600. 0O
J.W.Hurley........ooooiiven. ... Repairs ... 978. 00
J . Hillengass ................... 0o O oot e 200, 00
H. E. Hooper ..................... BOOK. ..o irie it e 8.75
N. Humphrey..................... Contingencies .. ...................... 1. 30
Elwood Ivins......... ............ ; Instrument shop ..........ovvneinnenn. 11.29
JamesH. Johnson.................. Repairs,etc...........oooiiiiiei e 226. 00
Jones & Laughlin, Limited ........ Instrumentshop ....................... .93
Jordan & Christie ................. Contingencies .............c..ovvnne. 7. 00
M.E.Kahler...................... Instruments and instrument shop....... 155. 50
S.Kann,Sons & Co................ Contingencies .................c.ooo... 42.68
C.AshtonKay .................... Instruments . .........coi i, 38. 00
Thos, Keely .............cooivint. Contingencies .................c....... 6. 00
Keuffel & Esser Co................ Drawing division,photograph supplies,etc 681, 14
Richard L.Lamb.................. Instrumentshop .................... ... 27. 00
James B. Lambie .................. Instrument and carpenter shops, etc..... g0. 76
Lansburgh & Bro................. Contingencies ................oouvun.a. 138. 48
NannyD.Lee ..............ooev]onnt. do . .75
Lemcke & Buechner............... Books and subscriptions................ 115. 61
Arthur Leslie...................... Repairs, etC.........oovviiiiiianiin, 30.00
Library Bureau.................... Stationery, etC, . ...l 177. 94
Melville Lindsay .................. Photograph supplies........ ........... 17. 39
T.L.Lindsay...................... Contingencies ............coovvviinnnn . 50
Mrs. MLE. Little................... Office furniture, etc.................,.. 20, 25
W.H. Lowdermilk & Co ........... Books and subscriptions................ 97. 70
LuftonRuleCo.................... Instrumentshop............... ...t 15. 00
Tutz& Co ..ottt Office horse and wagon................. 51.60
Mackall Bros..........coovieinnn. Electric supplies, etc................... 201, 41




REPORT OF THE SUPERINTENDENT. ‘ 37

Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, r9or—Continued.

GENERAL EXPENSES, 1go1—Continued.

To whom paid. On what account. | Amount.

E. W.Mackintosh ................. Stationery, etC............iiiiiina... $l3 05
W.E.Maloney .................... Repairs ....... .o, 110. 00

Matthiessen & Hegeler Zinc Co....[ ZinC ...ttt iiiinnnns 163. 79
FPMay&Co.......ovvvvnnnnnnn, Carpenter shop,etc .................... 11.00
McDermott Carriage Co............ Officewagon............. ..ot 3.00
James H. McGill .................. Instrument shop and drayage........... 18. 70
W.H.Mehler ..................... Repairs ...l 43. 50
Geo, Meier & Co........covvvvnn.t Printing supplies ...................... 1. 50
F.H.Melville ...........coviiin. Stationtery.. ...t 1. 41
A.A Meredith..................... Extralabor.......... e 154. 84
Chas. E, Miller & Bro.............. Comntingencies ............... ... ....0. 27. 35
Francis Miller.................. ... Carpenter shop, etc .................... 210. 32
Moore Bros........ «..coiiiiinn... Contingencies ..o, . 50
F.J.Monrote. ..................... Instruments and repairs .. ............... 19. 75
W.B.Moses&Sons................ Office furniture, etc.................... 721.18
C. A. Muddiman & Co.............. Repairs ...l 2,00
Multiscope and Film Co ........... Photograph supplies ................... 39.35
PMunn &Co...ovvvvvnnnnnninne, Books and subscriptions................ 9. 00
C.A . Murdock & Co............... Stationery ..........iiiiiiieiiiienas 5. 40
N.Murray .......ocvivveininina.. Subscriptions . ... 7.50
Geo. F.Muth & Co................ Drawing and printing supplies and car- 633. 36

penter shop.
J. M. Myers.......ovviiinininnnan. Stationery ..o 90. 00
National Electric Supply Co....... Stationery, etc........... e 10. 55
National MosaicCo................ Repairs ...l 144. 00
Guy M. Neely................ e Contingencies ..v......coovvvvvenennns. .30
T.S. & J. D. Negus. .........cc.... INSLruUments ... vvternnrnnanrnnenrnns 9. 00
E.S. Newman ..............o.u.n. Stationery ......... .. il i 2. 50
New York Steel and Copper Plate Co.| Copper plates................ccooiiii . 1 282.95
F.E. OkieCo...oovvvvvneinannn... Printing supplies ...................... 12.00
Ottawa Literary and Scientific So- | Books...........cooiiiiiiiiiiia.e, 1. 68
Clety.
V.L.Ourdan ..................... Engraving machines, etc............... 6 008. 40
John C. Parker.................... Books and stationery ..... ............. 43. 20
Parsons Paper Co.................. Contingencies ...................... ... 5. 40
J.A.Plerpoint .......... ... .. oL do ... 36. 92
Chas. S.Platt ..................... Instrumentshop ....................... 14.79
Postal Telegraph Cable Co......... Telegrams . ... ..o riineiinernnnna. 36. 54
Postmaster, Washington, D. C..... Boxrent.......oovviiiiiniiinnnnnnennn 16. 00
J.D.Potter . ...................... BOOK ..\ iie ittt e 5.46
Professional Photograph Publish- Subsc'ription ........................... 1.00
ing Co.

E.J.Pullman ........... ......... Photograph supplies ............ ... 1 061. 57
G.R. Putnam..................... MaAPS. « .o e 73.38
Queen & Co., Incorporated......... Photograph and engraving supplies .. ... 61. 50
JohnC.Rau.........ooevvviiunnns. Repairs, etC......covviivi i, 483. 41
Reading Paper Mills...... e Chartpaper............oviiiiii it 2 657.56
JosephineReed.................... Extra labor............ ... o L 180. 00
Parker G. Reed ................... Contingencies .........ccovienin..., 375
Fred Rees................. DN do o e . .88
Hugh Reilly .............c.o0it. Carpentershop..............oo.ovin. e 8.¢8
F.J. Reutlinger................... Instrumentshop .................... ... 10. 80
Revenue Cutter Service............ Flags.....cooiiiiiiiiiiiiiiiiiiienen, 42. 25
Herbert L. Rice ................0... Book ...t e 3. 50
E. S Ritchie& Sons.............. Instruments ........coovvnniini e 180. 00
Rochester Optical and Camera Co ..| Photographsupplies.................... . 46
Aug. F.Rogers.................... Suboffice expenses, etc . ....... ... ...l 246. 44
Dr. JohnRome............... AN Officebhorse. . ...........ooiiiiivinennn. 10. 00
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year ended June 30, r9or—Continued.

GENERAL EXPENSES, 1901—--Continued.

To whom paid. On what account. Amount.
Rudolph, West & Co.............. Carpenter shop, etc..................... $114.18
Julius F, Sachse................... MapS. .. .v e 3.00
E. G. Schafer & Co............... Repairs,etc............cvoiiiiiia., 33. 81
Schmedtie Bros ................... Instruments ................cooiiin.... 3.00
Fred A. Schmidt .................. Drawing and engraving supplies, station- r 838, 52
ery, etc.
John Sellers & Sons............... Instrument shop....................... 30.00
Seth Thomas Clock Co ............ Instruments .......................... .. 25. 20
Chas. W.Sever & Co............... Stationery..............coiiiiiiiii, 2,25
B.F.Shaw............coooeiiieinn. Officehorse....................ooiue 268. 0o
Geo.A.S8hehan.................... Carpentershop........................ 465. 22
Shoemaker & Busch............... Contingencies ...................coeeue. 12. 98
M. Sickles& Sons................[..... Ao e 2.95
M. Silverberg & Co......oovvvuent. Carpentershop ..................counnn 27.55
Francis E.Smith.................. Repairs ... 18, 20
W.A.Smith....................... BOOKS ...ttt e 1.39
Smithsonian Institution ........... Transportation exchange ............... 357.85
Soule PhotoCo ................... Photographs ................ ... ... 3.33
Standard Oil1 Co................... Contingencies ......................... 15. 38
Gustav E. Stechert................. Books, charts, and subscription ......... 374.93
Sutherland & Carr ................ Instrument shop, etc................... 3.75
Guiseppe Tagliabue ............... Instruments........................... 70. 30
The Capital TractionCo ........... Officetravel ...................cviel, 51, 00
The Chesapeake and Potomac Tele- | Exchange rental and calls.............. 77.23
phone Co.
The Eveninismr Newspaper Co ...] Advertising............................ 3.90
Théa Fuchs & J.ang Manufacturing | Copper................ ... ... ..coouvnn. 10, 20
o.
The Grove Lime and Coal Co .. .... Contingencies ...................cvunn. 5. 80
TheJ.C.Ergood Co ...............[..... do . e 23.09
The Julius Lansburgh Furniture | Office furniture........................ 15. 66
and Carpet Co.
The L.A. Starrett Co............... Instruments ........................... 27.60
The Macmillan Co ................ Subscriptions............. ... oL 10, 0O
The McDermott Carriage Co....... Office wagon .......................... 7.00
The Monumental Label Co......... Instrument shop....................... 2, 50
The Newberry Library............. BOOKS .. ..ot i e 75.00
TheRed * C*’ Oil Manufacturing Co.| Contingencies ..................c.un .. 2§. 70
The Scovell & Adams Co. of New | Photograph supplies ................... 276. 00
York.
The Shaw-Walker Co.............. Contingencies .................ccoo.n. 6.91
‘The Strowger Automatic Telephone | Rent of telephones..................... 162, 00
Exchange.
The University of Chicago Press....| Subscriptions...................ov. ... 4.00
The United States Marine-Hospital | Printing supplies ...................... 43. 37
Service,
The Waterproof Paint Co .......... Contingencies .................cooi. 2. 50
The Woolaeger Manufacturing Co..|..... do ... 48.75
James 8. Topham.................. Instruments, etc .............c..o.0nennn 26. 50
R.J.Trostler,...........o.oounn... Extra labor........... e 216. 67
United States Electric Lighting Co..| Electricity ........................ ..., 221. 54
United States Express Co.......... Transportation. ..........ooeveveuennnn. 21. 40
United States Naval Institute ... ... Subscriptions............. ...l 3. 50
Unilted States Typewriter and Sup- | Typewriter ....................coou.... 92. 25
ply Co.
Chas, C. VanHorn................ Contingencies ......................... 18. 30
W.H.Veerhoff....................[..... do . e 15. 00
Wm. . Waple....................... Extralabor............... ..o 140. 32
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, roor—Continued.

GENERAL EXPENSES, 1901—Continued.

' To whom paid. On what account. Amount.
Wm. H. Warner................... Instrumentshop ....................... $14. g0
John Wanamaker.................. Books, etC..........oiiiiiiin 112, 00
Washington Gas Light Co ......... Gas .. ....oiiiiiiii 774. 40
Washington Post Co............... Advertising. ...l 8.70
J.G. Weide..........cooiiill Contingencies ......................... 7.50
Western ElectricCo ............... Instruments ........................... 77. 00
‘Western Union Telegraph Co....... Telegrams .......coovvineenennenonns, 320. 47
The Pratt-Whitney Co............. Instrumentshop ....................... 27.57
Williams, Brown & Earle.......... Contingencies ......................... 28, 32
Wyckoff, Seamans & Benedict ..... Repairs to typewriter................... ! . 9.70
Yawman & Erb Manufacturing Co..| Contingencies ......................... 5.00

Amount disbursed ...... ... . . e e 37 141.60
Accounts for stationery settled by Auditor ...l 671. 14
EXpenditures ... oueeu it e 37 812.74
ADPIOPriation ... vtittii et e e e e i e 38 000. 00
Expenditures. ... ..ot i e e 37 812.74
Unexpended balance.............iiiiiiiiiii ittt 187. 26

CLASSIFICATION OF EXPENDITURES FOR GENERAL EXPENSES, 1901.
On what account. Amount.
Instruments and repairs of SAMe ... ... ... ... e e $3 487.08
Instrument shop and carpentershop......... ... .. ... .. il 2 044.09
Drawing Qivision ... .. ... . . e i 39.18
Books, maps, charts, and subscriptions. .......... ... oo il 832. 30
Copper platesand zinc ..o i e 1 750. 82
Chartpaper .......coovvvnnnnn.. e EERTRPR R T PRURR 3 999.87
Engraving, printing, photographing, and electrotyping supplies.............. 4 919,89
Photolithographing and printing from stone and copper...................... 2 238.96
A Oy . o ottt e et e e e 1 726.46
Office horse and WaZOI. ... ottt ittt et iiieistiirreenaneanans 515.49
Transportation of instruments and supplies.....................oo00 Lol 490.83
ST P I 047.75
GaS . .t e e PP 774. 40
Electricily ... .o e e : 221. 54
T@IERIAIIIS . . vt vts ettt ettt e it i rne s ae ettt et 357.01
O oottt et e e e i ettt e e 1 267. 45
W aS N L oo e e e e ey eea 165. 29
CTElEPHONES. . Lo e e e e 306. 18
Miscellaneous expenses and contingenciesof all kinds........................ 1 424.39
Office furniture ..................... e e et e 576.57
REPAITS . .t e e i e e 2 661. 36
BXtra 1aDor. .. o e et 1 891. 83
Traveling expenses (office) ......... ... il 73.10
Automatic engraving machines . ........ ... i i i i 6 000. 00
037 ) AP 37 812,74
i !
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended fune 30, roor—Continued.

SALARIES—OFFICE OF STANDARD WEIGHTS AND MEASURES, 19orI.

To whom paid. Time employed. Amount,
INSPECTOR OF STANDARDS.
S. W, Stratton .................... Oneyear..........ooovt vvverinnnannn. $2 201.09
ADJUSTER. '
Louis A. Fischer, ..................|..... Ao i e I 500.00
VERIFIER.
Frank A. Wolff, jr................. ..., o U J P 1 500, 0O
MECHANICIAN.

Otto Storm . .....covvvviiiiieeee|onnn. [ 0o T P I 250.00 |

WATCHMAN. !
J. A. McDowell ........................ Ao e 602. 50

ASSISTANT MESSENGER.
George Newman ........... ......|..... Ao e e 720. 00
ADJUSTER’S HELPERS.

Walter S, Rich.................... Two months and thirty days............ 154. 57
Grace Kaiser...................... Thirtydays............cocoiviiiinnnn.. 58. 69
Geo. H. Draper.........c.oiuia... Two months and twenty-three days ..... 164. 28
Samuel W. Bogan ................. Two months and twenty-eight days...... 173. 74
Expenditures ... e 8 324.87
Eipenditares LI g e
Unexpended halance ............... / ..... 1 085. 13
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Statement of exper.zdz'tures of the United Slates Coast and Geodetic Survey for the fiscal
year ended fune 30, roor—Continued.

CONTINGENT EXPENSES, OFFICE OF STANDARD WEIGHTS AND MEASURES, 1go1.

MATERIALS AND APPARATUS AND INCIDENTAIL EXPENSES.

To whom paid. On what account. Amount.

Arthur H. Thomas Co.............. "Contingencies ..............c....ooun..., $6. 0o
Brown & Sharps Manufacturing Co.| Apparatus...............oovviiann. ... 17.45
M.DuPerow..........c...oonn. .. Contingencies ......................... 27, 27
Louis A. Fischer................... Traveling expenses. .................... 19. 75
George W. Knox Express Co....... Transportation,........................ 14. 8o
Z.D.Gilman ...................... Contingencies ...........c.....vveenn.. 4. 40
International Bureau of Weights | Apparatus...............coovieeeneun., 77. 69

and Measures.
James B. Lambie .................. Contingencies ......................... . 40
Library Bureau....................|..... do ... 2,25
A.CMcClurg & Co ...........oo et Aot e 1. 85
Chas. E. Miller & Bro................... A0 oo e 1. 25
Francis Miller..................... [, A0 e N 2. 70
W.B.Moses & SOns. ....ovvenuienniliin. Ao L. ; 31.00
Postal Telegraph CableCo......... Telegram.......... ... | .20
R.P.ClarkeCo.................... Contingencies ......................... [ 7. 10
Wm. Stocket & Co ................L.... do o ; .90
S.W.Stratton . ....... oo Traveling expenses ..............c.c.u.. ' 219, 50
United States Express Co.......... Transportation. .................... ..., j 1. 71
The Chespeake and Potomac Tele- | Telephone............................. | .50

phone Co. l

Expenditires. .. ...t et e [ 436. 72
i
Appropriation ....... ... e e I 475.00
Expenditures . oo i e 436. 72
Unexpended balance........ ... ... .. i i i 1 038, 28
PARTY EXPENSES.
ATLANTIC COAST, ETC.
!
To whom paid. On what account. Amount.

Adams Express Co ................ Transportation...............ooooaiL, $72. 85
Pedro Alvarez..................... ServiCes . ... i e 60. 00
Baltimore and Ohio Railroad Co....] Transportation......................... 13.02
Baltimore Marine, Railway, Ma- | Repairs of launches.................... 510. 70

chine and Boiler Works.
D.Bernhardt..................... Stores for Spy and Quick ............... 12. 75
W. H, H. Bixler & Co............. - Outfit for launches ........... ool 3.50
Blickensderfer Manufacturing Co. ! Typewriter .......................... 45. 00
Blue Line Transfer Co............. Transportation. .....c.oeeveviiiii i .. 3.96
Wm. H. Bohning.................. Oilforvessels ................... ... 1. 50
J. B.Boutelle ..................... Combined operations, schooner Eagre ... 7 172.24
Wm. Bowie ..........ooiiiiiiit, Traveling expenses.............oveenen. 2. 60
Robert Boyd .............ovviinn, MediCINeS oo vvvvriern cevneenneareenn. 4. 00
Wm, F.Butler .................... Building whaleboat .................... 290, 00
P B.Castles,............ooo00un SOIVICES v ittt ittt 463. 10
JohnClay.........c..ooooovii o StOrage. ... vttt e 22. 71
Cagt. J. T. Crabbe, quartermaster, | Forage ............c.otoirereenainnen. 90. 93

.S AL :
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Statement of expenditures of the United States Coast and Geodeti. Survey for the fiscal
year ended fune 30, r9or—Continued.

PARTY EXPENSES—Continued.

ATLANTIC COAST, ETC.—Continued.

To whom paid. On what account. ! Amount. *
L. P. Deleroix .................... Freightonlaunch. . .................... $15.00
John W, Dickey................... Storage ............. . iiaiiaieee 1 g 00
M. P Dimpfel ......... ....... . 0. do ... 30. 00
JohnW. Donn .................... Topography ............coeiveiiiiena... 4 819.24
CDurm& Son.................... Storage ... .ol 205.65
Lewis Ehrman .................... ‘Water for launches. ..........ccceemn... 5.25
Harry Ely ......oooiiiinoinns Traveling expenses.........c.ceveeenann 7.85
W. B. Fairfield.................... Triangulation. ... .. ... .cceiieaaan 3 843. 19
R.L.Faris ..........cociviinnn.. Traveling expenses. ... ...........-- - 24. 32
Geo. L, Flower ................... Colmbined operations, schooner Match- 4 124.34
ess,
HF Flynn...................... Traveling expenses ... ... ...cccacens 56. 65
ForbesCo ................ ... ... Outfit for Eagre and Matchless ......... 211. 80
Stehman Forney ... ...... ...... Combined operations...............-... 5 994. 31
O.B.French...................... Hydrography ... ..o.ooiiiiiiiiian, I 703.99
Geo. F. Blake Manufacturing Co...| Repairinglaunch ... ... ... .. ... ... 2. 10
Geo. W, Knox Express Co......... Transportation..........cceeeece.nennns 3. 34
W.FE.Glover .............ccovnn.. Traveling expenses. ......oc.ceeacennnn- 10. 9O
Graham'’s Wharehouses. ........... 151203 ¢:1 - 9. 00
C.L.Green.......coovvvenennnn.. Traveling expenses.............cccoaonn 18. 55
Chas. E. Hansen .................. ServiCes ...t iiiaeiceceeaaaan 500. 75
W. C. Hodgkins................... Hydrography ... ... ... ... ...co.ooal 36.59
JohnHubert ...................... 01l feeder for launch . ................_. 2. 06
JamesClark Co ................... Repairing launch ... .. ... . ...l 18. 37
James Reilly Repair and Supply Co.} Outfit for steamer Hydrographer........ 1 070.75
John L. MartinCo................. Storage. ...t 7. 00
S.M.Johnson & Son............... Coal for Hydrographer ................. 60. 03
John M. Rodgers Boat, Gauge and | Repairing launches .................... 1 564. 86
Drill Works.
James J.Lacy & Co........covnnn.. Repairing launch ......... ... ... .. 7.75
E.B.Latham...................... Topography ............ciiiiiiiinnn. 103. 02
Lebanon Chain Works............. Outfit, steamer Hydrographer ........... 233. 38
John E. McGrath.................. Triangulation and topography .......... 2 359. 59
James A. McGregor................ Traveling expenses. ........c............ 2.75
Mechanical FabricCo ............. Outfit, steamer Hydrographer......... .. 67. 45
T.S.and J.D.Negus...............o.... do ... ... 393. 50
JohnNelson....................... Triangulation and topography .......... 7 027. 42
New York and Porto Rico Steam | Tramsportation......................... 234. 34
Ship Co.
H.G.Ogden....... ............... ; Traveling expenses..................... 323.07
Chas. Culliber & Bro............... !Crating launch......................... 10. 00
Pennsylvania Railroad Co.......... i Transportation......................... 32,00
James F.Pfau..................... Services ... i 182. 25
E.D.Preston...................... Triangulation. . ........................ 712. 56
Revenue Cutter Service............ Flagsand bunting ..................... 337. 64
Rogers & Curran.................. Coal for Hydrographer ................. 54. 90
JohnRoss ............ociill, Hydrography and topography........... 457-79
C.S. Rossiter & Co ................ Building dinghy ..................... . 110. 0O
J.E.Shepherd..................... Traveling expenses..................... 45. 44
EdwinSmith...................... Triangulation. ......................... 260. 35
H.S.Smith ................... ... Traveling expenses. .................... 10. 27
V.Sournin..........cooveeviinnnn. Services . ...uut it e 368. 51
Spedden Shipbuilding Co .......... Repairing launch ...................... 62.04
Standard QilCo................... Oil for schooner Matchless.............. 119. 23
W. Stebbins & Sons................ Repairs and outfit for launch ........... 8.86
Stevenson & McGee ............... Repairing launch ................... ...} 45. 00
|
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Statement of expenditures of the United Stales Coast and Geodetic Survey jfor the fiscal
year ended June 30, rgor—Continued.

PARTY EXPENSES—Continued.

ATLANTIC COAST, ETC.—Continued.

‘I'o whom paid. On what account. Amount.
C.A, Thompson ................... Traveling expenses. .................... £3. 80
O.H. Tittmann....................0..... do ... 37.85
United States Express Co .......... Transportation ........................ 7.82
United States Marine Hospital Ser- | Medical stores for Matchless............ 8. 13
vice,

W.LVinal........................ Combined operations, steamer Bache. ... 4 093. 63
D.B. Wainwright..... ............ Combined operations................... 748. 62
A L.Webb................... ... Traveling expenses..................... 18. 50
FFWeld........................ Topography ......... ... L.l 2 230.90
P.A Welker ...................... Combined operations, steamer Blake . ... 11 831,12
Edwin F.White ................... Traveling expenses. .................... 1. 62
Wm, E. Woodall & Co............. Storage and repairing boats............. 254. 61
Fred A Young .................... Hydrography, steamer Endeavor........ 4 458. 25

Amount disbursed ....... ... e 70 393.71
Railroad accounts referred for settlement. .. ... ... ... cooiiiiiviiiiann 104. 9O
Accounts for medical stores settled by Auditor................... ... ool 811. 77

Expenditures . .. ...t e e e [ 71 310. 38
Balance on hand, report for 1900 . ... ..t e e i 64 785.87
Appropriation, sundry civil act March 3, 1901 .......... ... il i 70 000,00
Repayment from appropriation, pay, etc., of officers and men, vessels Coast

D T b i 645.45 |

Total amount available ...... ... ... ... ... . i i | 135 431.32
Expenditures as above ... . i i e e [ 71 310.38

Present unexpended balance ............ ... ... .. .. iieie.., l 64 120, 94

PACIFIC COAST, ETC.
‘To whom paid. On what account. Amount,

Adams ExpressCo................. Transportation......................... $74. 97
Adams Bros.............. ... ... Outfit ... e 3.00
W. D, Alexander.................. Combined operations................... 59. 00
American Steel and WireCo....... Sounding wire for Pathfinder ........... 25. 50
S. Applegate ...................... Services .. ... oo §00. 00
D.Ballanf................ ... ... ... Sounding tubes for Patterson ........... 21.00
Blue Line TransferCo............. Transportation......................... 19. 00
Wm. H. Burger ................... Traveling expenses..................... 19. 00
H.C.Denson..........c.ovnunen. Combined operations ., .................. 936. 70
E.F. Dickins ..., do ... 6 310.91
F. W Edmonds................... Traveling expenses..................o... 38.75
L.H. Emmert .................... Lumber and hardware.................. 20, 75
R.L.Faris.....ooooe viiiiinann, Traveling expenses..................... 108, 50
H L. Ford...................oo. Hydrography .............. . ... 444. 00
E.H.Francis..................... Services .. ... e 360. 00
J.J.Gilbert....................... Combined operations, steamer Pathfinder. 20 872. 42
J. Kilpatrick ............... o0 Storage..... ... 34.00
Marine Engine and Machine Co....| Qutfit, steamer Pathfinder.............. 39. 50
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended fune 30, rgor—Continued.

PARTY EXPENSES—Continued.

PACIFIC COAST, ETC.—Continued,

I

To whom paid. On what account. Amount. i

|

|
H. C. Mitchell .................... Combined operations................... $407. 08
Fremont Morse.................... Topography and hydrography .......... 7 861. 25
Ostheimer Bros.................... Oufit, steamer Pathfinder............... 260. 00
Pennsylvania Railroad Co.......... Transport,ation ......................... 5. 14
JoF. Pratt .. ...oooiiiiiiiiiiien Combmed operations, Steamer Patterson.| 16 321.31
G.R.Putnam..... ..............]o....do ..o i e e 12 368. 48
Revenue-Cutter Service....... .... Hydrogr dp .......................... 59, 60
H.W.Rhodes .................... Combme operations............. ... 375. 30
Homer P. Ritter .................0...odo .o 18 50I1. 10
Aug. F. Rodgers ............cooouefoeane do ................................ 1 198. 14
United States Express Co.......... Transportation......,......oooaeiniens 126, 52
Ferdinand Westdahl............... Combined operations, Steamer McArthur. 9 654. 94
C.C.Yates .....cooovvvvnnnnnnn s Traveling expenses.............ooenvne. 70 61
Amountdisbursed ......... ... ol i 97 096 47
Railroad accounts referred forsettlement ... ................................. I 295.47
Accounts for medical stores settled by Auditor............. ... ... ... ... 858. 20
Expenditures . ... ..ottt e 99 250. 14
Balance on hand, report for 1900. ... ... .ottt iiii i i 91 68s. 28
Appropriation, sundry civilact, Mar. 3, 1g0I... ...ttt 107 500. 00

Repayment from appropriation, Pay, etc., of officers and men, vessels Coast
B R (= A ; 3 399.07
Total amountavailable.............c.. i i it ! 202 584. 35
Expendituresacabove. ... ...t e 99 250.14
Present unexpended balance................. ... ... oL, 103 334. 21
SPECIAL SURVEYS.
To whom paid. On what account. : Amount.
—

O.B.French .....................0 Traveling expenses..............oeevuss $16. 40
C.H.Sinclair ..................... Northwest Boundary Survey............ 4 519. 58
Amountdisbursed .......... ... e 4 535.98
Railroad accounts referred for settlement............. ... ... . ..o veiiiiiens 224. 15
Expenditures... ... ..o e, 4 760.13
Appropriation, sundry civil act, Mar. 3, 1900 ........iiiiiiiiiiirie e, 13 400.00
Expendituresasabove ........ ... ..o 4 760.13
Unexpended balance...... ...t 8 639. 87
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal

year ended fune 30, r9gor—Continued.

PARTY EXPENSES—Continued.

RECAPITULATION.

[Showing expenditures in gross by sub-items.]

On what account. Amount.
Atlantic coast,etc.............. ... ...l e et e e $70 393. 71
Pacific CoBSt, BLC . oottt e e e e 97 096. 47
SPeCial SUIVEYS . .\ttt ittt e 4 535.98
Amount disbursed ....... ... .. . e 172 026. 16
Railroad accounts referred for settlement......... ... ... ..o i, 1 624. 52
Accounts for medical stores settled by Auditor............ ... ... o i 1 669. 97
EXpenditures. .. ..oou ittt i e e e 175 320. 65
Balance on hand, report‘for TQOO0. 4t ittt ve e ie e e eaeriisseneiarassaonone 156 471 15
Appropriation, sundry civilact, March 3, 190 ... ...ttt iiiiieaan 1g0 9OO. 00
Repayment from appropriation, Pay, etc., of officers and men, vessels, Coast
R € O P 4 044. 52
Total amount available. ... ... ... i it i i 351 415.67
Expenditures. ... ... i i e e 175 320. 65
Present unexpended balance........... ... il e, 176 095, 02
CLASSIFICATION OF EXPENDITURES FOR PARTY EXPENSHS.
Trangulation ... ....ieuuti it e $47 145. 26
03 o7 2 o) 56 055.18 "
Hydrography ......c..cuiiiiiiiiiiiiiiiii i e 67 360.08
ASEPOIOMIIC. ¢« vt ettt v ietesiaieaie et nnesaneesenaaronnsonaseensoessssannanss 4 760. 13
30003 € ) P 175 320. 65
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal
year ended June 30, rgor—Continued.

PAY, ETC., OF OFFICERS AND MEN, VESSELS, COAST SURVEY, 19oI.

PAY OF WATQH OFFICERS.

To whom paid. Time employed. Amount.

Charles F. Adae................... One year ... ...ui it $1 380.00
Frank H. Ainsworth...............|..... Lo ZP R I 500.00
William G. Appleton ..............[..... do e 1 620. 00
William M. Atkinson..............[..... QO L s 1 420. 00
Byron J. Crowley.................. Elevenmonths..................... ... 1 375.00"
JohnL.Dunn...............oodea, do oo 1 265. 00
Arthur H. Dutton .................[|..... do ..o 1 540. 00
Whitney I. Eisler ................. Oneyear...........ooviiiiinnroannenns 1 560. 00
Christopher W. Fitzgerald .........|..... o 1 550.00
Lawrence M. Furman..............|..... ' e O 1 500. 00
Canon I,. Green ................... Ao e 1 615.00
William F. Glover.................0..... do ..o 1 615.00
Victor R. Lyle ....................] ... do v e I 615.00
Charles Lyman....................J..... do i e 1 495.00
Joseph W, McGrath................ Elevenmonths......................... 1 210, 00
William B, Proctor ................ Oneyear.......ccoouvvurnnninerunnnnns I 179.67
George F. Thomae................. Twomonths. ......cooveiviiieiveninnns 245. 00
Charles A. Thompson.............. Oneyear.........ooiviiiiiiiiiinnennne I 435.00

Expenditures ..o i e 25 119. 67
ApPPropriation ......... e 27 500. 00
Expenditures ... ...ouuni i e 25 119.67

Unexpended balance ................oiiiii il e 2 380.33

PAY OF OFFICERS AND MEN.
To whom paid. On what account. Amount,
William Bauman, jr............... Pay ... $415. 16
J.B.Boutelle...................... Pay rolls, schooner Eagre .............. 11 672.59
Robert Boyd ..................... Pay ... e 35.00
Gershom Bradford, 2d .............[..... do ..o 23.23
E.F.Dickins..................... Pay rolls, steamer Gedney.............. 12 124. 20
Harry M. W, Edmonds............ Pay .. . 875.00
George L. Flower ................. Pay rolls, schooner Matchless........... 8 o51.29
Owen B. French .................. Pay rolls, steamer Blake................ 1 241.64
J.J. Gilbert. ...l Pay rolls, steamer Pathfinder ........... 21 362.76
Robert H. Hawkes ................ Pay ... e 138. 39
W. C. Hodgkins .................. Pay rolls, steamer Blake................ 763. 52
JG.Maupin .............o.ooafPay oo 14. 52
Fremont Morse ................... Pay of deck officer ..................... 236. 67
John Nelson .................. ... Pay ... i 50. 00
J.F. Pratt ... Pay rolls, steamer Patterson ............ 13 428. 41
George R. Putnam ................ Pay rolls, steamer Research ............ 780, 61
Louis C, Ritchie .................. Pay ... 795. 97
William Sanger ............coveeedo o 693. 00
W. Irving Vinal..... ............. Pay rolls, schooners Eagre and Match- 14 301.79
Iess and steamer Bache.

P.A . Welker ...........ocinen.. Pay rolls, steamers Bache and Blake . ... 20 215. 81
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal

PAY, ETC., OF OFFICERS AND MEN, VESSELS, COAST SURVEY, 1901—Continued.

PAY OF OFFICERS AND MEN—Continued.

T'o whom paid. On what aﬁcount. Amount.
Ferd. Westdahl ................... Pay rolls, steamer McArthur............ $14 751. 39
Fred. A. Young ................... Pay rolls, steamer Endeavor............ 12 587.66
Amount disbursed .......... it e i 134 558. 61
Account of Matts Solvin, deceased, settled by auditor ........................ 16, 66

Transferred to appropriation, ‘‘Party expenses, Coast and Geodetic Survey,” 4 044. 52
amount expended from that appropriation for pay of officers and men.

Trausferred to Navy appropriations amount expended by Paymaster M. M. 30 652. 16
Ramsey, U. 8. N, for pay of officers and men.

Expenditures. .. ..ot e e e RERRRRTR 169 271.95
APDropriation .. .. .....iiiiiii it i e e e e 182 745.00
Expenditures . ... ... i e e e e 169 271.95

Unexpended balance .............. ... ..., e I3 473.05

RECAPITULATION
Payof watch officers...... ... .. . ittt it e iieineneaene $25 119.67
Payof officersand men .......... ... .. i e i 169 271.95

Total expenditures. . ... ... ... it e 194 391.62
Total sum appropriated for pay of officersandmen........................... 210 245. 00
Total sum expended for pay of officersand men........................ .. ... 194 391.62

Unexpended balance .......... ... .. i ittt 15 853. 38

STEAMER BACHE, COAST SURVEY.

To whom paid. On what account. Amount.
L.B.Friendt...................... Services and traveling expenses......... $2 018. 90
Chas. C. Fulton & Co.............. Advertising............ ... o i 3.90
Journal Newspaper Co.............J.. O e e 5. 40
New York Press Co., Limited......}..... Ao o e e 13.20
Herbert G. Ogden................. Traveling expenses..................... 68. 25
Edw. L. Peacock........c..ovo.. .. Rebuilding steamer Bache .............. 50. 00
The Norfolk Landmark............ Advertising........... .o il 2.73
The Press Company................|..... do ... 7.20
The Times Company.... ..........[..... do ... I.95
O.H. Tittmann.................... Traveling expenses...........c.ccoeen.. 35. 80
Townsend & Downey Shipbuilding | Rebuilding Bache...................... 32 810. 50

and Repair Co.

Expenditures. ... ..ot e e 35 017.83
Appropriation . ... et 60 0o0. 00
EXPenAitures .. ..ottt e i e e {35 017.83

Unexpended balance ........... .. .o il ]) 24 982. 17
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Statement of expenditures of the United Stales Coast and Geodetic Survey for the fiscal

year ended June 30, rgor—Continued.

STEAMER FOR COAST SURVEY,

‘To whom paid. On what account. Amount.
| -
James Reilly Repair and Supply Co.| Building steamer Hydrographer......... $19 500.00
APPropriation ...ttt e e i i e 20 000, 00
Expenditires. .. ...ouu i i e i e 19 500, 00
Unexpended balance ....................coiinnnn.. [REEETTRRITRRITS 500. 00
PARTY EXPENSES, 18q9.
OBJECTS NOT NAMED.
To whom paid. On what account. Amount.
W. C. Hodgkins................... Hydrography, steamer Blake ........... t $11.58
' Balance on hand, report fOr 10O . ..ot tii  eeeae 675. 52
. Expended since,asabove..... .. ... . i e e 11. 58
Present unexpended balance............... ... i 663. 94
RECAPITULATION.
[Showing expenditures in gross by sub-items.]
© Objectsmot mamed .. ... e e $11.58
. Balance on hand, report for 1900 . ......... .. il e 2 750. 32
. Expended since,@s above. .. ... ...t it e 11.58
|
! Present unexpended balance........... ... ... i it 2 738. 74 |

CONTINGENT EXPENSES, OFFICE OF STANDARD WEIGHTS AND MEASURES, 1895.

MATERIJALS AND APPARATUS AND INCIDENTAL EXPENSES.

To whom paid. On what account. Amount,

— i— -
A. A, Michaelson.................. Traveling expenses...............ou.... || $336. 00
Balance on hand, report for 1600 .. ... ...ttt ittt i i e 494. 42
Expended since,asabove. ... ... .. ... ... i 336.00
Present unexpended balance.............. ..o i it i, 158. 42
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Statement of expenditures of the Uniled States Coast and Geodetic Survey for the fiscal
year ended June 30, rgor—Continued.

GENERAL EXPENSES, 1899.

‘To whom paid. On what account. Amount,
Western Union Telegraph Co ....... 'Telegrams............................, $3.56,
Balance on hand, report for 1900 ... ... .ot e 60. 20
Expended since,asabove. ... .. ... i e 3.56

Present unexpended balance.......... ..o i i 56. 64

PARTY EXPENSES, 1900.
STATE SURVEYS, ETC.

To whom paid. . On what account Amount,
Benj. E, Tilton .................... Leveling ....ooiiiiiii i inenanns $1. 60 i
United States Express Co .......... Transportation...........cocovuiiinnnn .35
Expenditures. ... .. e e e 1.95
Balance on hand, report for I000. ... ..u ittt v e e 239. 37 !
Expended since, asabove ... ... . i i i i i e 1.95
! Present unexpended balance............ ... .. i 237. 42
|

To whom paid. | On what account, Amount.
JJEF. Pratt.... ... ..coivviinnnn.. Traveling expenses.............c..coun. $107. 25
Balance on hand, report for 1900............... P 250. 99
Expended since, asabove .......... S N 107. 25
Present unexpended balance. .........o..vier et i 143. 74

OBJECTS NOT NAMED.

I
To whom paid. On what account. Amount,
|
L.B Frendt...................... Plans for steamer . ..................... | £150. 0O
Balance on hand, report for 1900............. . i ] 675. 52
Expended since, asabove ... .. . i e ] 150. o0
Present unexpended balance ........... ... ... . ool 1 525.52

S. Doc. so0——4
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Statement of expenditures of the Untted States Coast and Geodetic Survey for the fiscal year
ended June 30, rg9or—Continued.
PARTY EXPENSES, 1900—Continued.
RECAPITULATION.

[Showing expenditures in gross by sub-items.]

On what account. Amount.
SAte SUIVEYS, €1C . .ttt et et ettt et e $1.95
Navytravel, etc ... ... e e e e 107. 2§
Objectsmot mamed. ... ... .. e . 150. 00
Expenditures......... oot ] 259. 20
S,
Balance on hand, report for 1900. . ....... ...l e : 2 935. 50
Expended since,asabove ......... ... e | 259. 20
Present unexpended balance............. .. ... i i | 2 676. 30

REPAIRS OF VESSELS, 1900,

To whom paid. | On what account. Amount.
i I
i .
Moran Bros. Co ................... ! Repairs, steamer Patterson ............. i $4 064. 00
| m——————
Amount disbursed .......... . e ! 4 064. 00
Accounts settled by Auditor for repairs to steamer Gedney.................... 3 300.00 ‘
Expendituires . . .oooe v ettt e i 7 364.00 [
Balance on hand, report for 1900. .. ... ... . i i | 7 420.51
Expended since,asabove ......... .. | 7 364.00
Present unexpended balance.................. .. ... oL, | 56.51

CONTINGENT EXPENSES, OFFICE OF STANDARD WEIGHTS AND MEASURES, 1900,

MATERIALS AND APPARATUS AND INCIDENTAL EXPENSES.

To whom paid. l On what account. | Amount.
' |
United States Express Co.......... ‘ Trausportation......................... | $o. 8o
Balance on hand, report for 1900 ....... ... .. . .. ( 530.82
Expended since, asabove....... ... e | .80
Present unexpended balance................. ... .. ... oL , 530.02
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal year
ended June 30, 19or—Continued.

GENERAL EXPENSES, 1go0.

| To whom paid. || On what account, Amount,
¢ S.C.Chandler.................... | BOOKS ... ...t $5. 00
i Lemcke & Buechner............... Subseription ...l 4.70
" John C. Parker.................... BoOk....ovvur i 5. 00
|' G. E. Stechert .................... Books and subscriptions........ ....... 12, 00
The International Arithmachine Co.| Addingmachine ....................... 36. 00
. The MacmillanCo ................ BOOK ..\ 2. 50
i United States ExpressCo.......... Transportation................... ... ... 1. 55
I! Western Union Telegraph Co ... ... I Telegrams . .........coveve... 5. 45
Expenditures....... ... e 72. 20
( Balance on hand, report for 1go0. ... .. ... . 402. 60
© Expenditures since, asabove ... ... ... .o i 72. 20
i —_
i' Present unexpended balance......... PN 330. 40

GENERAL RECAPITULATION.,

[Showing appropriations and balances for the fiscal Kear ended June 30, igo1, and for all other accounts included in
t

is report.]
Name of appropriation. Approprimed.i Expended. | Balances.
: : |
Salaries, 1901, sundry civil act, June 6, 1900: | |
Pay of field officers............... ... ...l $116 460.00'%112 874. 75; $3 5S5. 25
Pay of officeforce................ ..o i, 141 640.00| 140 175.49 1 464.5!1
Party expenses, 1go1, sundry civil act, June 6, 1900.. ... i 72 500.00 67 086.8g| 5 4I13.11
Repairs (ci)f vesse{s, 1901 I ,
Sundry civil act, June 6, 1goo ......... 29, 600. 00
Deﬁcig’ncy act, March 3, Igg? ......... szg, 000, 00 } 54 600 00 41 434.41) 13 165. 59
Publishing observations, 1901, sundry civil act, June 6, ’

D (o o TS : I 000,00 1000.00...........,
General expenses, 1901, sundry civil act, June 6, 1goo....; 38 ooo.00| 37 812.74 187. 26
Salaries, Office of Standard Weights and Measures, 1901,

legislative act, April 17,1900 .. ............ e 9 410.00, 8 324.87| 1 08s.13
Contingent expenses, Office of Standard Weights and .

Measures, 1901, legislative act, April 17,1900 ... ..... 1 475.00 436.72| 1 038.28
Party expenses:

Balance on hand, report for 1goo. ..... $156, 471. 15
Sundry civil act, March 3, 1901....... 190, oo, 00
Repayment from appropriation, ‘‘Pay, 351 415.67| 175 320. 65176 095.02
etc., of officers and men, etc,
IQOI™ L e 4, 044. 52
Pay, etc., of officers and men, vessels, Coast Survey, 1901,
sundry civil act, June 6, 1900. .. ... R 210 245.00; 194 391. 62/ 15 853. 38
Steamer Bache,Coast survey, sundry civil act,June6,1900.| 60 000.00| 35 017.83i 24 982. 17
! Steamer for Coast Survey, sundry civil act, June 6, 1900, 20 000. 00| 19 §00. OO) 500. 00
| Party expenses, 1899, balatice on hand, report for 1g00. ... 2 750, 32 11.58) 2 738.74
Contingent expenses, Office of Standard Weights and

Measures, 1899, balance on hand, report for 1900. .. ... 494. 42 336. 00 158. 42
General expenses, 1899, balance on hand, report for 19o0. 60. 20 3. 56 56. 64
Party expenses, 1900, balanceonhand, report for 1goo. .. 2 935. 50 259.20] 2 676.30
Pepairs of vessels, 1goo, balance on hand, report for 1g00. 7 420.51 7 364. 00 56.51
Contingent expenses, Office of Standard Weights and

Measures, 1goo, balance on hand, report for 1900 .. ... 530. 82 . 80| 530. 02
General expenses, 1goo, balance, on hand, report for 1900. 402. 60| 72. 20| 330. 40

1o ) PR 1 091 340. 04| 841 423. 31,249 916. 73
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Statement of expenditures of the United States Coast and Geodetic Survey for the fiscal year
ended June 30, roor—Continued.

TREASURY DEPARTMENT,
OFFICE OF THE C0AST AND GEODETIC SURVEY,
Washington, D. C., December rg, 190r.

I certify that the foregoing statement is a correct exhibit of all expenditures made
by mie for the United States Coast and Geodetic Survey and for the Office of Standard
Weights and Measures, for the fiscal year ended June 30, 1901, and for preceding years,
including all accounts pzid to the close of business on November 30, 1901I.

Scorr NESBIT,
Disbursing Agent.
Approved:
O. H. TITTMANN,
Superintendent United States Coast and Geodetic Survey.

VI. OFFICE OF EDITOR OF PUBLICATIONS.

E. D. PrRESTON, Edilor, July 1 to Mar. 4.
Isaac WINSTON, Edilor, Mar, 5 to June 30.
Arthur F. Belitz, Stenographer and Typewriter.

The Annual Report for 1899 was comipleted under the direction of Assistant
Preston, and the proof of Special Publication No. 4, ‘ The Transcontinental T'riangula-
tion,”” was read. The MS. for Special Publication No. 6, ‘‘ Notes Relative to the Use
of Charts,”’ was prepared, sent to the printer, and the proof was read. Progress was
made in the preparation of the Annual Report for 19oo, but owing to the illness of the
editor, Assistant Preston, its completion was delayed.

On assuming the duties of editor on March 5 Assistant Winston found the
Annual Report for 1900 still incomplete.

The plan upon which it had been prepared was examined and revised in order to
make it accord more nearly with existing conditions, and the preparation of the illustra-
tions was continued until May 15, when the completed MS. was sent to the Public
Printer. '

In the latter part of May the MS. of a special publication (869 pages) covering
the discussion of the eastern oblique arc of the United States, by Assistant Charles A.
Schott, was received and prepared for publication, except the illustrations, which were
not all completed before June 3o.

Abstracts of the reports of field parties for the first half of the fiscal year were
prepared for the Annual Report for 1gor.

The MS. for all publications of the Survey passes through the office of the editor
and the proof is received and sent to the proper division of the office for revision. The
Tidal Division reads the proof of the Tide Tables, the Chart Division that of the
monthly Notices to Mariners, and the Coast Pilot Party that of the Coast Pilots and
Supplements.

The following publications were received and issued during the year: ,

Tide Tables for 1901.
Tide Tables for 1g02.

United States Coast Pilot, Part V (reprint).
United States Coast Pilot, Part VII (2d edition).
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United States Coast Pilot, Part VIII (2d edition),

Supplement to United States Coast Pilot, Part V.,

Bulletin No. 4o, Coast Pilot Notes on Fox Islands, etc. (3d edition).

Rulletin No. 41, Magnetic Survey of North Carolina.

Annual Report of the Superintendent 1899, with Appendices Nos. 3, 4, 5,6, 7, 8, 9 and 10,
also as separates,

Special Publication No. 3. An Atlas of the Philippine Islands.

Special Publication No. 4. The Transcontinental Triangulation.

Special Publication No. 6. Notes Relative to the Use of Charts,

Special Publication No. 6, 2d edition. Notes Relative to the Use of Charts,

Catalogue of Charts, 1900.

Twelve monthly Notices to Mariners,

Fourteen leaflets describing the work of the Coast and Geodetic Survey, for the Pan
American Exposition, English edition.

VII. OFFICE OF STANDARD WEIGHTS AND MEASURES.

S. W. STRATTON, fuspector of Weights and Measures.

Lounis A. Fischer, Adjuster.

Frank A. Wolff, jr., Verifier.

Otto Storm, Mechanician.

W. 8. Rich, Adjuster's Helper.

Geo. S. Draper, Slenographer and Typewriter.
Jas. A, McDowell, Walchman.

George Newmann, Jessenger.

The Office cohtinued under the general direction of the Superintendent, Coast and
Geodetic Survey, with Inspector Stratton in immediate charge until June 30, 1gor.

During the previous fiscal year an attempt was made to enlarge and reorganize the
Office of Standard Weights and Measures in order to meet the constantly increasing
demands upon it more efficiently, and the draft of a bill providing for the establishment
of a National Standardizing Burean was submitted to Congress by the Secretary of the
Treasury, with an appended statement of the conditions necessitating such legislation.
This bill received a favorable report by the House Committee on Coinage, Weights, and
Measures, and was under consideration by the Senate Committee on Commierce at the
adjournment of the first session of the Fifty-sixth Congress.

A great deal of interest was taken in the measure by manufacturers, scientists, and
others throughout the country, and it was-favorably considered and passed by Congress
in a somewhat modified form, and became a law on March 3, 1901. The act provides
that the Office of Standard Weights and Measures shall be known as the National
Bureau of Standards, the duties to be as follows:

1. Custody of the Standards. ' _
2. Comparison of the Standards used in scientific investigations, engineering, manufac-
turing, commercial, and educational institutions with the standards adopted or recog-

nized by the Government.

. The construction, when necessary, of standards, their multiples and subdivisions.

. The testing and calibration of standard measuring apparatus,

. The solution of problems which arise in connection with standards.

6., The determination of physical constants and the properties of materials when such data
are of great importance and net to be obtained of sufficient accuracy elsewhere.

Cllbb)

The Bureau will exercise its functions for the Government of the United States,
for any State or municipal government within the United States, or for any scientific
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society, educational institution, firm, corporation, or individual within the United States
requiring the use of standards or standard measuring apparatus. For all comparisons,
calibrations, tests, or investigations, except those performed for the Government of the
United States or State governments within the United States, a reasonable fee will be
charged. Provision is also made for the purchase of a site, the erection of a suitable
laboratory, its equipment with the most improved facilities, and the personnel necessary
for the organization of the Bureau.

Although the bill did not become fully operative until July 1, preliminary plans
were immediately prepared by the Office of Standard Weights and Measures for carrying
out the provisions of the act. This involved the examination of numerous sites, and
investigations as to equipment, personnel, and the immediate development of some of
the more important lines to be taken up by the new Bureau. Preliminary investigations
were made as to the construction and equipment of the more important laboratories of
this and other countries, and of the work that must, of necessity, be developed as soon
as possible after the organization of the new Bureau. A large number of sites were
very carefully inspected with reference to their freedom from mechanical and electrical
disturbances and accessibility, in order that a selection might be made as soon as
possible after July 1, 1901.

On account of the many requests for information received from Congressional
committees and individuals in public and private life, the work of the Office of Standard
Weights and Measures was greatly increased. Nevertheless the regular work of the
Office was not allowed to suffer, and the usual number of adjustments and verifications
of apparatus were made for the Executive Departments, for the States, and for others.

Numerous requests for information concerning the origin and present status of the
metric system were received, showing that the country is considering the commercial
advantages of the system in its transactions with European and South American
nations.

The use of this system in the Philippines, Porto Rico, and Cuba, and the close
relations existing between these islands and the United States since the war with Spain,
has doubtless much to do with the interest now manifested in the subject.

The division of the work of the Office into two sections was continued during the
year.

SECTION 1.

The usual number of verifications was made for the Executive Departments, for the
State authorities, for manufacturers, and others. In addition, a 5-meter standard was
determined for the Japanese Government, a roo-foot steel tape for the chief surveyor
of the Straits Settlements, and two j0-meter tapes for the Mexican Government.

The following is a summary of the work done:

59 tapes compared.
18 single weights verified.
13 sets of weights verified.

§ capacity weights verified.
53 thermometers compared.
28 hydrometers verified.

14 leveling rods compared.

6 balances verified.
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62 polariscope tubes verified.
I magnetometer deflection bar compared.
1 5-meter standard compared.
600 sugar flasks graduated and verified.
123 requests for information complied with,

983 Total number of calls.
SecrioN II.

A large portion of the time was devoted to making plans for increasing the range
of comparisons and for new lines of work to be undertaken.

A second complete intercomparison of all the resistance standards of the Office,
including two new 1-ohm coils, shortly before verified at the P. T. Reichsanstalt, were
made during the year, and showed a gratifying constancy of the preliminary standards
adopted. With a new intercomparison in contemplation, sufficient information
concerning the rate of change of the coils will be at hand to allow suitable corrections to
be applied and to enable the Office to guarantee results to within sufficiently small limits
of accuracy to meet the most exacting demands, which is at present impossible on
account of the absence of such information.

The various resistance boxes of the Office were also recompared and the master
standards of a number of manufacturers of scientific apparatus were verified.
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- TABULAR INDEX OF FIELD WORK.

EASTERN DIVISION—EAST OF THE MISSISSIPPI RIVER,

1. Maine. 10. West Virginia. 19. Michigan.
2. New Hampshire. 11. Maryland. 20. Wisconsin.
3. Vermont. 12. District of Columbia. 21. Illinois.
4. Massachusetts. 13. Delaware. 22, Indiana.
5. Rhode Island. 14. Virginia. 23. Ohio.
6. Connecticut, 15. North Carolina. 24. Kentucky.
7. New York, 16. South Carolina. 25. Tennessee,
8. New Jersey. 17. Georgia. 26. Alabama.
9. Pennsylvania. 18. Florida. 27. Mississippi.
N ! : :
merical Character of work. Locality. | Chief of party. Name of vessel. ‘ Page. ,
No. ! :
! |
1 | Magnetic. Maryland. Bauer. .70
District of Columbia. : ! .
Virginia. i I
Michigan. ! ;
Wisconsin. ‘ :
Illinois, [ (
Indiana. . ;
Ohibo. I |
Kentucky. | i
Tennessee. |
Mississippi. : .
| |
2 | Magnetic. Maryland. | Baylor. 73 |
j North Carolina. X
| b |
]
3 ' Hydrographic. New York. ! Boutelle. Eagre. 74
| Topographic. | | N
| Triangulation, | i |
! ! i i
j , | !
4 | Leveling. " Kentucky. | Burger. 75 |
! ( [ Tennessee. ! i
I . Alabama, [
I | e
; 5 I Magnetic. i Pennsylvania. ' Dibrell. 77 '
, ! . Michigan. i -
i i i Indiana, | j
| |
| | i ' T
.6 , Topographic. | Maryland. ; Donn. 78 i
; | Triangulation, ' b i
! i

61
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EASTERN DIVISION—EAST OF THE MISSISSIPPI RIVER—Continued.
| Nu- , . |
mg\rica]i Character of work. Locality. Chief of party. | Name of vessel, | Page.
NO.
| | |
|
7 | Triangulation. Maine. Fairfield. : S1 '
New Hampshire. '| :
Massachusetts. ! |
South Carolina. | l
8 | Direct measurement. | South Carolina. Fairfield, 82 ‘
Triangulation, Georgia.
Trigonometric level- |
ing.
9 | Leveling. Kentucky. Ferguson. 84
Tennessee. \
Alabama.
|
10 | Magnetic. Maryland. Fleming, ! Ss
11 | Hydrographic. Massachusetts. French. ‘ $6
Magnetic. Georgia. ‘
Tide. Florida.
Topographic. Illinois. :
Triangulation. |
12 | Topographic. Maryland. Forney. : | 88
| | |
13 i Leveling. District of Columbia. | Hayford. | g0
|
|
14 | Hydrographic. North Carolina, Hodgkins. . 91
Reconnaissance. Georgia. |
Topographic. ‘
Triangulation.
| |
15 | Topographic. Maryland. Latham. | o5 i
-
16 | Tide. Pennsylvania. Little, | 96 |
Delaware. ;
North Carolina. I
Florida. i |
| . I
17 | Topographic. New York. McGrath, i 97 |
18 | Hydrographic, Connecticut, Marindin, 98 !
Topographic, | |
l
19 | Topographic. Maine. Nelson. 99 |

New Hampshire.
Maryland.




APPENDIX NO. 1.

DETAILS OF FIELD OPERATIONS.

EASTERN DIVISION—EAST OF THE MISSISSIPPI R/VER—Continued.

63

1
Nu-
mz;-lilcal! Character of work. ! Iocality. | Chief of party. | Name of vessel, | Page.
o. . .
| | f
20 | Hydrographic. r Massachusetts. | Preston. ; 101
l Reconnaissance. | Rhode Island. : |
Topographic. | Georgia. |
Triangulation. )
I ; |
21 ' Coast Pilot. Florida. | Ross. 10
: | Alab ' >
abama.
1 Mississippi. . i
il Louisiana, | |
- - . |'
22 | Longitude. | Wisconsin. . Sinclair. : 104
' |
| | |
23 | Reconnaissance. . Maryland. | Smith. i 105
. Virginia.
| |
: i
24 | Tide observations | New York. 106 !
(continuous). Pennsylvania, :
I District of Columbia.
{ Florida, I
| . |
25 ; Hydrographic. . South Carolina, Vinal. - Matchless. 107
ograp ; ;
Leveling. | .
: Topographic. | | |
| | | |
26 | Hydrographic. i New Jersey. | Vinal. Bache. 108
Topographic. ! |
27 | Topographic. Delaware. ' Wainwright. 110
Triangulation. South Carolina. ;
28 Topographic. Maryland. Weld. 111
Triangulation.
29 | Hydrographic. Maryland. Welker. Bache. 112
Special duty. :
Triangulation.
30 Hydx:o‘graphic. Maryland. Welker, Blake. 115
Speciai duty. Florida,
Topographic,
31 | Hydrographic. South Carolina, Yates. 118
32 | Hydrographic. Delaware River, Young. Endeavor. 120
| Triangulation. Chesapeake Bay.
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MIDDLE
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28. Louisiana.
29. Arkansas.
30. Missouri.

MOUNTAINS.

32. Minnesota.

33. North Dakota.
34. South Dakota.

DIVISION—BETWEEN THE MISSISSIPPI RIVER AND THE ROCKY

36. Kansas.
37. Oklahoma.
38. Indian Territory.

31. Iowa. 35. Nebraska. 39. Texas.
I
Nu- : .
mt‘:\rioal Character of work. Locality. Chief of party. | Name of vessel. | Page.
No.
33 | Base measurement, | Nebraska. Baldwin. 122
Kansas. !
Oklahoma Territory.
Texas.
34 | Magnetic. Louisiana. Bauer. 124
Arkanmnsas, | ; :
Missouri, : ‘
lowa. i |
Minnesota. |
South Dakota. !
Nebraska. ; i
Kansas. |
: Texas. ‘ i
l —_ i i
35 | Magnetic. Kansas, Dibrell. I 126 ‘
Oklahoma Territory. ) i
Texas. )
t
36 | Reconnaissance. * Nebraska. Granger. 127
Triangulation. South Dakota. |
H )
{ . . |
I 37 | Magnetic. Texas. Little. H o128
38 | Triangulation. Kansas. Mosman. 129
| 39 | Coast Pilot. Louisiana, Ross. ‘ 131
; Texas. ' |
! ! :
j . : ! |
| 4o Leveling. . Nebraska, © Tilton, | 132
! . Kansas. I ‘
|
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WESTERN DIVISION—WEST OF THIE ROCKY MOUNTAINS.

65

40. New Mexico. " 44. Montana. 48. California,
41. Arizona, 45. Idaho, 49. Oregon. .
42. Colorado. 46. Utah. 50. Washington.
43. Wyoming. 47. Nevada.
Nu.
““1'\1_’:)(‘91 Character of work, Locality. Chief of party. Name of vessel. | Page.
41 | Magnetic. California. Bauer. 133
Oregon.
42 '| Magnetic. Washington, Dibrell. 134
Colorado.
43 | Coast Pilot. California. Dickins. Gedney. 135
44 | Extension of Speed | California. Edmonds. 136
Trial Course,
45 | Coast Pilot. California. Ford. 137
46 | Hydrographic. Oregon. Morse. 138
Reconnaissance. Washington.
‘Topographic.
Triangulation.
47 | Charge of Sub-Office. | California. Rodgers. 141
Tide.
48 | Astronomic. Western Division. Sinclair, 142
Northwest Boundary.
49 | Hydrographic. California, Westdahl. McArthur. 144
Washington,
DIVISION OF ALASKA.
50 | Magnetic. ' Alaska. Bauer. |! 145
[
51 [ Reconnaissance. Alaska, Dickins. Gedney. 146
—— !
52 | Magnetic. laska. Fleming. i 147
-

S. Doc. 50——5
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DIVISION OF ALASKA—Continued.

Nu-
merical
No.

Character of work.

Locality.

Chief of party.

53

Base line.
Gravity.
Hydrographic.
Magnetic.
Reconnaissance.
Special duty.
Tide.
Topographic.
Triangulation.

Alaska.

Gilbert.

Pathfinder.

Name of vessel, -

Page.

148

54

Coast Pilot.

Alaska,

Graves.

152

5§

Astronomic.
Base line.
Hydrographic.
Magnetic.
Reconnaissance,
Tide.
Topographic.

Triangulation.

Alaska,

Pratt.

Patterson.

153

56

Astronomic.
Base line.
Hydrographic.
Magnetic.
Reconnaissance.
Topographic.
Triangulation.

Alaska.

Ritter.

Taku.

159

57

Base line.

Coast Pilot.
Reconnaissance.
Triangulation.

Alaska.

Westdahl.

McArthur,

161

58

Register of Geograph-
ic Names,

Register of Geograph-
ic Positions.

Tide.

59

&

Magnetic.

Hydrographic.
Reconnaissance.
Tide.
Topographic.
Triangulation,

Hawaii.

QUTLYING TERRITORY.

Alexander.

Hawalii.

Porto Rico.

Bauer.

Boutelle,

164

Eagre.

165
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DETAILS OF FIELD OPERATIONS.

OUTLYING TERRITORY—Continued.

67

Nu- |

Examination of hydrographic methods in use in Europe.

mg\l_'ical‘ Character of work. - Locality. i Chief of party. Name of vessel. | Page,
NO, H
61 | Hydrographic. Porto Rico. Flower. Matchless. 167
Tide. _
62 | Magnetic. Porto Rico. Forney. 169
Topographic.
Triangulation.
63 | Base line. Porto Rico. | McGrath. 171
Reconnaissance. i
Triangulation.
64 | Magnetic. Porto Rico. Nelson. 174
Reconnaissance.
Topographic.
Triangulation. : .
65 | Collecting informa- | Philippine Islands. Perkins. 176
tion.
66 | Astronomic. Philippine Islands. Putnam. 177
Base line.
Hydrographic.
Magnetic.
Topographic.
Triangulation. '
SPECIAL DUTY.
Character of work. Name. Page.
|
Processes used in production of charts in England and France. | Fowler, E. H. 189
Resurvey of Mason and Dixon’s line. Hodgkins, W. C. 190 :
Marking the Virginia and Tennessee boundary line. {g;;lgfl?s’}zw' c }191
,J. B.
Marking proposed avenue through The Mall, District of | McGrath, John E. 192
Columbia. .
Establishing speed-trial course, Delaware Bay. Marindin, H. L. 193
Member of Mississippi River Commission. Marindin, H. L. 194
Gravity measures, London, England; Potsdam, Germany; | Putnam, G. R. 195
Paris, France.
Latitude observations for International Geodetic Association. | Smith, Edwin. 196
Marking provisional boundary between Alaska and British {Tittmann, O. H. .
Columbia. French, O. B. 97
Establishing tide gauges, Delaware River. i Wainwright, D. B. 198
Charge of exhibit at Pan-American Exposition. . Wainwright, D, B, 199
Delegate to International Geodetic Association meeting; I Winston, Isaac. 200
examination of instruments of precision at Paris Exposition. !
201

i Yates, C. C.
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TECHNICAL INDEX OF FIELD WORK.

Classification. Page.
A. CoasT PILOT:

Alabama....................... 103

Alaska,............. ... 152, 161

California.................... 135, 137

Florida............cooooiinn, 103

Louisiana.................... 103, 131

Mississippi ... 103

Philippine Islands.............. 177

Texas.......oooviiiiniinon. 131

B. GEODETIC:

1. Astronomic determinations—
Alaska................... 153, 159
Northwest boundary........ 142
Philippine Islands.......... 177
Wisconsin ................. 104

2, Base lines—

Alaska........... 148, 153, 159, 161
Kansas .................... 122
Nebraska .................. 122
Oklahoma Territory ... ..... 122
Philippine Islands.......... 177
Texas......ooovviiiinenn... 122

3. Gravity--

Alaska..................... 148

4. Reconnaissance—

Alaska,...... 146, 148, 153, 159, 161
Georgia.................... .91
Maryland .................. 105
Nebraska .................. 127
Oregon ........... T 138
Philippine Islands....... ... 177
Porto Rico............... 165, 171
South Dakota . ............ 127
Virginia ................... 105
Washington................ 138

5. Triangulation—

Alaska........... 148, 153, 159, 161
Florida .................... 86
Georgia............. 82, 86, 91, 101
Kansas. .................. , 129
Maine .............. .. 81
Maryland ......... 78, 111, 112, 120
Massachusetts.............. 81
Nebraska .................. 127
New Hampshire............ 81
NewVYork.......... ....... 74
Oregon .................... 138
Philippine Islands.......... 177
Porto Rico....... 165, 169, 171, 174
South Carolina............. 110
Washington................ 138
C. HYDROGRAPHIC:
Alaska................... 148, 153, 159
California...................... 144
Connecticut.................... 98
Delaware ........ ............. 120
Florida.............c.oovaunt 86
Georgia.............ooiini, 91
Maryland.............. ..... 112, 115
Massachusetts. .. .............. 86, 101

' Classification. Page
, C. HYDROGRAPHIC—Continued.
New Jersey .................... 108
New York ..................... 74
North Carolina................. 91
Oregon .......oovvviieennn 138
Pennsylvania .................. 120
Philippine Islands.............. 177
PortoRico................... 165, 167
RhodeIsland ... ............... 101
South Carolina .......... .... 107, 118
Washingtou.................. 138, 144
D. HYPSOMETRIC:
Alabama....................... 75, 84
District of Columbia............ 9
Kansas ............. .......... 132
Kentucky.................... . 75,84
: Nebraska ...................... 132
| South Carolina................. 107
Tennessee ...............c..... 75, 84
¢ E. MAGNETIC:
Alaska........... ‘145, 147, 148, 153, 159
Arkansas ...... ......c..0e... 124
California...................... 133
Colorado. .........ovvuinann.. '134
District of Columbia............ 70
Hawaiian Islands............... 164
Ilinois ......... ...t 70, 86
Indiana........................ 70, 77
Jowa ..o 124
Kansas ........ccovvuvivninn.. 124, 126
Kentucky............... ... ... 70
Louisiana...................... 124
Maryland................... 79, 73, 85
Michigan ...................... 70, 77
Minnesota ..................... 124
Mississippi..................... 70
MiSSOUIT . vveniiinennneasn 124
Nebraska ...................... 124
North Carolina................. 73
Ohio ......oiviiiiiiiiiaan. 70
Oklahoma Territory ............ 126
Oregon ........................ 133
Pennsylvania .................. 77
Philippine Islands ... .......... 177
PortoRico................... 169, 174
Tennessee ..........0.......... 70
Texas.....oovveevunnn ... 124, 126, 128
South Dakota.................. 124
Virginia ............. ... ... 70
Washington.................... 134
Wisconsin ................uen.. 70
F. TIDE:
Alaska........cooeiiiinian.. 148, 153
California...................... 141
District of Columbia............ 106
Flotida ... covvviinnnnnnnn.. 86, g6, 106
Hawaii ........................ 163
NewVYork...................... 106
North Carolina................. 96
Pennsylvania ................. 96, 106




APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS.

F. TipE—Continued.

G. TOPOGRAPHIC:

Classification. Page.
Philippine Islands .............. 177
Porto Rico................... 165, 162
Washington.................... 138
Alaska..................., 148, 153, 159
Connecticut ....................
Florida ........................ 86
Gecrgia.............oeiiilL 91
Maine .........coovvviviin... 99
Maryland........ 78, 88, 95,99, 111, 115
Massachusetts. ................. 101
New Hampshire................ 99
New Jersey ......ooooeinoi. 108
New York ..................... 74, 97
Oregon .........covvvvvnnennnn, 138
Philippine Islands.............. 177
PortoRico............... 163, 169, 174
South Carolina............... 107, 110
Washington.................... 138

H. SrrciaL DuTy:

Speed trial course, California.... 136

Speed trial course, Chesapeake
Bay.........ooiiiiiiiin, 112,115

Examination of process of chart
making in England and France 189

Classification.

H. SpeEciaL Durv—Continued.

Boundary, Pennslyvania and
Maryland ....................
Boundary, Tennessee and Vir-
ginia .. ... ...l
Marking avenue, District of Co-
Columbia ....................
Speed trial course, Delaware Bay.
Mississippi River Comumission . . .
Gravity  measures, England,
France, and Germany ........
International Latitude Service ..
Marking provisional boundary,
Alaska and British Columbia ..
Establishing tide gauges, Dela-
ware River...................
Charge of Coast and Geodetic
Survey exhibit, Pan-American
Exposition...................
Delegate to International Geodetic
Association meeting ..........
Examination of instruments, Paris
Exposition...................
Examination of hydrographic
methods in use in Enrope.....

69

Page,

190
191
192
193
194

195
196

197
198
199
200

200



DETAILED STATEMENT OF FIELD WORK.
EASTERN DIVISION.

MAGNETIC. MARYLAND. L. A. BAUER.
DISTRICT OF COLUMBIA.
VIRGINIA.
MICHIGAN.
WISCONSIN.
ILLINOIS.
INDIANA.
OHIO.
KENTUCKY.
TENNESSEE.
MISSISSIPPI.
J. B. BAYLOR, Assistant. May 17-18.
W. M. BrRowN, Magnelic Observer. July 1 to Aug. 2.
Oct. 31 to Jan. 30.
W. G. Capby, Magnetic Observer. Aug. 6 to Sept. 12,
Nov. 28 to June 3o.
C. W. DaAwWSON, Recorder. July 1 to July 31.
H. M. W. EDMONDS, Magnelic Observer. © Apr. 5to June 16.
C. K. EpMUNDS, Magnetic Observer. Aug. 25 to Sept. 8.
J. A. FLEMING, Aid. Mar. 25 to May §.
H. F. GLOETZNER, Recorder. July 1 to Sept. 29.
Nov. 19 to Apr. 15.
D. L. HazaRD, Computer. May 2, 3, 17, and 18,
F. H. Loup, Magnelic Observer. July 1 to Aug. 5.
J. W. MILLER, Jr., Magnelic Observer. July 1 to Aug. 17.

Oct. 30 to Nov. 3.
June :7 to June 3o.

R. W. WALKER, Z7emporary Aid. May 15 to May 21.
R. W. WALKER, Magnetic Observer., June 14 to June 30.
W. F. WaLL1s, Magnetic Observer, Dec. 2 to Apr. 12.
May 24 to June j3o.
W. WEINRICH, Jr., Magnetic Observer. July 1 to Aug. 31.

Dec. 3 to Apr. 10.

The determination of the constants and the comparison of various instruments
were made by Assistant Bauer, at the office in Washington, and he also occupied the
base station for the magnetic survey of Maryland, at Linden, Montgomery County, on
three occasions in July, May, and June.

Some special observations were made at Cheltenham, Md., by Assistant J. B. Baylor.
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The magnetic elements and bearings of lines were determined for the use of
surveyors at the following stations in Virgéinia: Elkton, Front Royal, Luray, Madison,
Stanardsville, and Washington, by Magnetic Observer W. M. Brown, July 1 to 12.
From July 13 to August 2, and from October 31 to January 31, he was temporarily
engaged at Washington, D. C., in reducing field observations and determining constants
and comparing instruments. Mr. Brown resigned on February 1.

Magnetic Observer W. G. Cady was on temporary duty at Washington, D. C.,
from August 6 to September 12 and November 28 to January 7, receiving instructions
in magnetic work and determining constants, comparing instruments, and in reducing
observations. From October 29 to November 27 he determined the magnetic elements
and established meridian lines in Wisconsin, at La Crosse, Prairie du Chien, and
Madison; in /linois, at Chicago; in /ndiana, at Michigan City, and in Mickigan, at
Kalamazoo and Detroit. From January 8 to June 30 he was in charge of the magnetic
observatory at Cheltenham, Md.

Recorder Dawson assisted Mr. W. M. Brown July 1 to 16, and Assistant L. A,
Bauer July 17 to 31.

Magnetic Observer H. M. W. Edmonds was on temporary duty at Washington,
D. C., April 5 to 19, receiving instructions in magnetic work. From April 20 to June
16 he was assigned to duty at the magnetic observatory at Cheltenham, Md. On
June 17 he started to Sitka, Alaska, to take charge of the magnetic observatory at that
place.

Magnetic Observer C. K. Edmunds was on temporary duty at Washington, D. C.,
August 25 to September 8, making magnetic observations and in making reductions.

Aid J. A. Fleming was stationed at the magnetic observatory at Cheltenham, Md.,
March 25 to May 5, assisting in the work. He was also engaged in preparing plans
for magnetic observatories at Sitka, Alaska, and in the Hawaiian Islands.

Recorder Gloetzner was employed in making observations of the magnetic declination
daily, except Sunday, at Gaithersburg, Md., July 1 to 6, August 4 to September 29,
and November 19 to April 6. He was temporarily employed at Washington in reducing
field work July 7 to August 3, November 16 to 18, and April 7 to 15.

Special observations at Washington, D. C., May 2 to 3, and at Gaithersburg, Md.,
May 17 to 18, were made by Computer D. I, Hazard.

Observations of the declination at Gaithersburg, Md., July 1 to August 5, were
made by Magnetic Observer F. H. Loud. '

Magnetic Observer J. W. Miller, jr., was engaged in making magnetic observations
and determining lines for surveyors’ use July 1 to August 17 in Kentucky, at Grayson;
in Okio, at Portsmouth, Chillicothe, Washington Court-House, Bellefontaine, Marion,
Ashland, Akron, Cleveland, Jefferson. and Warren; and in Virginia, at Round Hill,
Leesburg, Fairfax, and Stafford. He was temporarily employed in Washington, D. C.,
October 30 to November 5 and on June 17 in reducing field observations. From June
18 to 30 he assisted in the magnetic observatory work at Cheltenham, Md.

Magnetic Observer R. W. Walker assisted in the magnetic observatory work at
Cheltenham, Md., May 15 to 21, and from June 14 to 30 he was on temporary duty at
Washington, D. C., under instruction in magnetic work.

Magnetic observations were made and meridian lines were established December 2
to 13 in /fllinois, at Nashville and McLeansboro; in /ndiana, at Evansville; and in
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Kentucky, at Hawesville, by Magnetic Observer W. F. Wallis. From December 21 to
February 235 he was on duty at the magnetic observatory at Cheltenham, Md., and
from December 17 to 20, February 26 to April 12, and May 24 to June 30 he was on
temporary duty at Washington, D. C., determining constants, comparing instruments,
and reducing field observations.

Magnetic Observer W. Weinrich, jr., was on temporary duty at Washington,
D. C.,, July 1 to August 8, August 17 to 31, and December 3 to February 21, engaged
in receiving instructions in magnetic work and in reducing field observations. From
August g to 16 he assisted Magnetic Observer J. W. Miller in his work in Virginia.
He determined the maguetic elements and established meridian lines February 22 to
April 10 in Zennessee, at Memphis; and in Mississippi, at Holly Springs, Oxford, Tupelo
West Point, Winona, Yazoo, Jackson, Brookhaven, Forest, Meridian, and Ellisville.



MAGNETIC.

MARYLAND.

NORTH CAROLINA.

J. B. Bavior.

State.

County.

Alexander
Alleghany
Ashe

Burke

Clay...............
Davidson

Graham
- Haywood
Henderson.........
Jones..............

| Watauga...........
| Yadkin

Town.

Taylorsville,
Sparta.
Jefferson.
Morganton.
Lenoir.
Camden.
Yanceyville,
Newton.
Hayesville.
Lexington.
Mocksville.
Dallas,
Robbinsville,
Waynesville,
Hendersonville.
Trenton,
Bakersville.
Columbus.
Albemarle.
Danbury.
Boone,
Yadkinville,
Burnsville.

On the 1st of July Assistant Baylor was making magnetic observations at Rockville,
Md. A meridian line was established and the ends marked with granite monuments.
The magnetic declination was then determined by using a declinometer over this

line.

Upon the completion of the work Assistant Baylor returned to the Office on July 3.

On Jily 24 he proceeded to North Carolina to complete the magnetic survey of that
State, which had been undertaken during the previous fiscal year in cooperation with

the State authorities.

fiscal year.

This work was successfully completed before the close of the
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HyDROGRAPHIC. NEW YORK. J. B. BouteLLE, Commanaing,
TOPOGRAPHIC. schooner Eagre.
TRIANGULATION.

F. M. LirrLE, Assistant.

V. R. LYLE, First Watch Officer.

J. L. DUNN, Second Waick Officer.

W. B. PROCTOR, 7hird Waich Officer.

J. H. ULLRICH, Assistani Surgeon.

E. V. MILLER, Junior Captain’s Clerk.

SUMMARY OF RESULTS,

16 miles shore line surveyed.
7 miles of roads and railroads surveyed.
1 mile of creeks surveyed.
117 miles of sounding lines completed.
3 tide stations established.

From July 1 to August 4 the Kagre was at Baltimore, Md., making repairs, and
the party was employed in completing the records of the past season’s work in Porto
Rico. In accordance with instructions, Assistant Boutelle took the vessel to New York
for repairs, sailing on the sth of August and arriving on the 1oth. - The vessel was
placed in the dry dock for repairs, which were completed on September 12,

On September 17 the vessel proceeded to Irvington on the Hudson, and the resurvey
of the river at that point was begun. Watch Officer Proctor reported on board on Sep-
tember 19 and Assistant Little on September 29. The triangulation was taken up at
the stations Hook Mountain and Pagoda, and extended up the river to Stony Point
Light-house.

The hydrographic work was completed from Ardsley and Piermont to a point
opposite Hook Mountain.

The topography was extended from Ardsley and Piermont to a point above Tarry-
town on the east side and to Nyack on the west side. On the east side the topography
extends to the railroad track and on the west side to the road between Piermont and
Nyack. The weather was extremely unfavorable for field work on account of fog and
rain.

The work for the season closed on November 5, and the vessel sailed for Baltimore,
Md., to fit out for work in Porto Rico. The vessel reached Baltimore on November 13.
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LEVELING. RKENTUCKY. WiLLiAM H. BURGER.
TENNESSEE.
. ALABAMA.
OviD BELL, Recorder.
SUMMARY OF RESULTS.

315 miles completed line.
77 permanent bench marks established.

In order to extend the standard levels of the Survey, Aid W. H. Burger left
Washington on July 15 and proceeded to Somerset, Ky., where the arrangements for
the season’s work were completed and a party was organized. The work began on
July 23, and the line of levels was carried southward from Somerset, Ky., along the
line of the Cincinnati, New Orleans and Texas Pacific Railway to Harriman Junction,
Tenn., and thence eastward along the Southern Railway to Knoxville, Tenn. While
engaged in this work very little time was lost on account of bad weather, but the
inconvenient schedule of trains used in transporting the party caused some delay. The
route passed through a mountainous and sparsely settled portion of Kentucky and Ten-
nessee, and the towns afférding accommodations for the party were far apart.

The grades on the railway were heavy, the trestles were long and numerous, and
in the first hundred miles of the route the railway passed through 24 tunnels. The
topography of the country rendered it impracticable to carry the levels around
these tunnels and it was difficult to level through them. Various devices were used to
illuminate the leveling rods while at work in the tunnel, and an acetylene gas lamp,
such as used on bicycles, was found to be more satisfactory than any other device on
dark days and when the tunnels were not straight. In straight tunnels, when the sun
was shining, a mirror was placed at each end of the tunnel and the rods were illumi-

nated by reflected sunlight.
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From a point near Elverton, Tenn., the levels were carried over a branch line
12 miles long to a triangulation station on Melton Hill.

The levels were connected with bench marks established by the U. S. Geological
Survey at Knoxville, and the party then proceeded to Woodville, Ala., under instructions
to carry the levels from that point to Birmingham, Ala., via Decatur, Ala.

The route followed the Southern Railway as far as Decatur, where the levels were
connected with bench marks established there by the Corps of Engineers, U. S. A.
The route then followed the Louisville and Nashville Railway to Birmingham, where
connection was made with bench marks established there by the Corps of Engineers,
U. S. A., and the work for the season closed on January 12.

The work described above forms a portion of the leveling operations between Cincin-
nati, Ohio, and Birmingham, Ala., undertaken to connect the elevations determined at
the former place by the U. S. Coast and Geodetic Survey with those determined. at
Knoxvilleand Chattanooga, Tenn., by the U. S. Geological Survey, and those at Decatur
and Birmingham, Ala., determined by the Corps of Engineers, U. S. A.



MAGNETIC. PENNSVLVANIA, W. C. DIBRELL.
INDIANA.
MICHIGAN.

Stations vccupied.

State. County. Town .
|
Pennsylvania............... Montgomery ...... | Hatboro.
Indiana .................... Wayne ...... .... i Richmond.
Do..............ooii.. Decatur........... I Greensburg,
DO...oovvv v Jefferson.......... . Madison.
Do....oooviiiiil, Orange ............ Paoli.
Do v Greene ........... | Bloomfield.
Do.... v Vigo.............: Terre Haute,
Do................out Morgan........... : Martinsville.
Do.....ooooiiiiiine, Marion ........... ‘ Indianapolis,
Do.........oooiiiiiil, ' Montgomery...... Crawfordsville.
Do.................ae. Howard ........ ... Kokomo.
Do...........ooiiill Blackford......... ! Hartford City.
DOo.. .o Allen.............| Fort Wayne.
Do....coveeiiiiii, Kosciusko ........ ' Warsaw.
Michigan................... St. Joseph......... Sturgis.
i Indiana ...l do............ ‘ South Bend.

On July 1 Aid Dibrell, attached to the party of Aid J. A. Fleming, was making
magnetic observations at Hatboro, Pennsylvaria. ‘The observations were completed on
July 2, and on July 3 he reported at the Office. On September 4 he started to the field
to make magnetic observations in /ndiana and Michigan.

Observations were made to determine the three elements of the earth’s magnetism
at the fifteen stations named above, and the stations were all marked with a stone post
suitably lettered.

On September 29, at Terre Haute, Ind., special declination readings were made at
intervals of five minutes throughout the entire day, and the temperature was read and
recorded at intervals of fifteen minutes, seventy-fifth meridian time being used. Similar
observations were made by other magnetic parties in different parts of the country in
execution of a plan to determine the areas over which the diurnal variation of the
declination is the same. The work in this Division closed on October 16, and Aid
Dibrell started on the 17th to continue his season’s work by making observations in the
Middle Division.
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TOPOGRAPHIC. MARYLAND. J. W. Donn.
TRIANGULATION.

SUMMARY OF RESULTS JULY I TO JANUARY 7.

3 triangulation stations occupied.
103 square miles area of topography.
157 miles shore-line topography.

115 miles roads.
10 miles railroads.

SUMMARY OF RESULTS MAY 6 TO JUNE 30.
Elk Neck.

13 square miles area of topography.
22 miles of roads and railroads.
3 miles of creeks (tidal).

Little Choptank River.

13 square miles area of topography.
35 miles of shore line surveyed.
26 stations occupied and determined.

The work begun by Extra Observer Donn during the previous fiscal year was
continued by him after July 1. :

The triangulation and the shore-line and adjacent details of Miles River, and the
several creeks flowing into it from the east, were finished at the end of July, in addition
to a large portion of the work on the south side of the river, between McDaniel and
Bloomfield, the south margin being the Baltimore, Chesapeake and Atlantic Railroad.

In August all the interior work north of the Miles River and extending to the
heads of the creeks flowing into the Back Wye, including the heads of Leeds and
Hunting creeks, was completed.

In September the work was advanced in all the branches of the Wye River, from
points previously determined from the Eastern Bay and Miles River triangulation.
The work in this vicinity was completed, and on October 28 the party moved to Elkton.

The survey of Elk Neck began on November 1. Much delay resulted from the
difficulty of landing on the shore from a boat, the eel grass growing in the water
covering the approach out to a depth of 6 feet in many places, and while using a team,
from the necessity of driving long distances over bad roads to reach portions of the -
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shore line. 'The work closed on January 7, and Extra Observer Donn was instructed
to complete the records and topographic sheets resulting from the season’s work in the
field.

No. 2.
76700 ) 55’ 75150
35'
3930’
&*’ﬁ
TOPOGRAPHY OF ELK NECK =
CHESAPEAKE BAY
MARYLAND
Statute Miles 25
Fﬁ:iso % ;igi, ;
i Kilometers
FF&—HE%JT’E‘.—%—%;

On May 6 he organized a party and resumed topographic work on Elk Neck.
Unfavorable weather prevailed over the greater portion of the month, but in spite
of all obstacles the survey was completed on May 31.
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The party then proceeded to Little Choptank River, and began operations in that
vicinity on June 4. ‘Two old triangulation stations, James Point and Hills Point, were
recovered, signals were erected, and the triangulation was extended as far as the
entrance to Hudson Creek on the north side and Woolford Creek on the south side.
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The topographic survey was advanced from station Travers southward to Meekins
Neck station. The survey was then carried around Oyster Creek and up the south
shore of the river to Slaughter Creek, and up that stream to the bridge at Taylors

Island post-office.
The work was in progress at the close of the fiscal year.
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TRIANGULATION. MAINE. W. B. FAIRFIKLD.
NEW HAMPSHIRE,
MASSACHUSETTS.
SOUTH CAROLINA.

SUMMARY OF RESULTS.
Maine, New Hampshirve, and Massachusells,

. 8 old stations recovered.
27 stations occupied.
56 geographic positions determined.

South Carolina.

6 old stations recovered.
7 stations occupied.
27 geographic positions determined.

Under instructions to determine such positions as were required for the topographic
work in the vicinity of Portsmouth, N. H., and then to redetermine the position of the
Isle of Shoals Light-House, Assistant Fairfield proceeded to that place on July 18.

Operations in the field began on July 20, and on August 23 the geographic position
of all the points required for the work had been determined, computed, and furnished
to the topographic party. :

On August 24 the work of recovering triangulation .points began, and continued
until three old stations were found undisturbed.

On August 31 Assistant Fairfield went to Isle of Shoals Light-House, and the
observations there were made between September 5 and 15. The sea was too rough for
him to leave the Light-House until the 20th, when he returned to Portsmouth. Much
delay at the next station resulted from unfavorable weather, and the necessary obser-
vations were not completed until October 12. On this date he received iunstructions to
close work and report at the office, and immediately proceeded to do so.

On October 25 he proceeded to Beaufort, S. C., under instructions to determine the
geographic positién of the points required for making a hydrographic survey of the
entrance to Port Royal and of the Range Beacons on Hilton Head and Paris Island.

Field operations began on the 27th, and all the necessary observations were completed
on December 31, Some of the triangulation points were difficult to reach, and at several
of them it was necessary to erect high tripods and scaffolds for observing. Assistant
Fairfield makes special mention of the aid rendered and courtesies extended to him by
Admiral Sumner and the other naval officers at the Port Royal Naval Station,
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DIRECT MEASUREMENT. SOUTH CAROLINA. W. B. FAIRFIELD.
TRIGONOMETRIC LEVELING. GEORGIA.
TRIANGULATION.

SUMMARY OF RESULTS.

32 stations occupied.

34 positions determined.

99 miles tape measurement.

99 miles of leveling (by vertical angles).

Operations began on January 14 under instructions to undertake the connections
of the coast triangulation with that in the Blue Ridge Mountains by extending the work
from the coast triangulation to Augusta, Ga., and the work was assigned to Assistant
Fairfield.

The line Port Royal to Church in the coast triangulation was used as a base for the
work, and two other old stations, Parry and Brooklyn, were used in determining the
position of a new station, Salt Bridge, on the Charleston and Western Carolina Rail-
road, a short distance from Beaufort, from which a direct measurement was made along
the railroad to a station Beach, near Beach Island, and a short distance from Augusta.

The line was measured along the straight portions of the railroad and prolonged off
the track to a junction of the tangents, where a change in direction occurred. The
railroad is comparatively straight from Salt Bridge to Allendale, but there are fifteen
curves in the next 25 miles, and the tangents range from one-half mile to 6 miles in
length.

This condition made it necessary to establish and occupy a large number of stations
on this portion of the line. The remainder of the line was measured along a tangent 20
miles long to Beach Island, where final observations were made on June 11.

The direct measurement was made with a steel tape lying on top of one of the rails
along the straight portions of the railroad track and supported on wooden posts set at
intervals of 25 meters when it was necessary to extend the measurement off the track
to reach a station placed at the intersection of the two tangents wherever the railroad
changed its direction.,

The tape measurement began on March g, and was continued after that date
whenever the weather permitted until April 18, when it was completed to Beach Island
station.

The measurement was all made at night, except two short tangents which were
measured on a cloudy afternoon. The line was measured twice, once in each direction,
and the measures were made on different nights. The elevations were determined by
measuring double zenith distances on every 200-meter mark on the portion of the line
on the railroad, and on the so-meter marks on the portion not on the track where
the tape was supported by the posts. These observations were made while the tape
measurement was in progress.
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APPENDIX NO. 1, DETAILS OF FIELD OPERATIONS. 83

The azimuth was carried from the line Salt Bridge to Church by measuring horizontal
angles at all the stations established at the points where the line changed direction and
at some interpolated stations on the long tangents. These observations were made in
the daytime or at night, as was found most convenient, using heliotropes by day and

lamps at night.

No.6 Brunson

No.5 Varnville

No.4¢ Cumming

No.3 Early Branch
No.2 Davidson

iNo.l Sheldon
v
o
eldoc
e
B
No 8
b Chacrch 4
ooklyn,
No.7
\‘Port Royal

No.6 Brunsony

Statute Miles

Kilometers

Assistant Fairfield expresses his appreciation of the efficient service rendered by
Signalman Jasper S. Bilby in performing the duties assigned to him. He also reports
the courtesy shown by the authorities of the Atlantic Coast Line Railway in stopping
all trains between stations to take on or put off the party in going to and from work.

Thiswas a great convenience and greatly facilitated thework. The operations closed
on June 22, and on June 24 Assistant Fairfield reported in person at the Office.



LEVELING. KENTUCKY. O. W. FERGUSON.
TENNESSEE,

ALABAMA.
H. A. KELLEY, Kecorder.

SUMMARY OF RESULTS.

302 miles completed line.
103 permanent bench marks established.

The leveling party in charge of Assistant Ferguson was at work in the field on
July 1, extending the standard levels south from Cincinnati, Ohio, and had completed
the work as far as Corinth, Ky.

The work was completed to Somerset, Ky., on the 31st of August, and connected
with bench marks established at that place by Aid W. H. Burger in starting his lzveling
work a short time before.

The party then moved forward to Harriman, Tenn., where the necessary bench
marks were established from which to carry the line on toward the southern terminus.

The route followed the Cincinnati, New Orleans and Texas Pacific Railway to
Chattanooga, Tenn., where the levels were connected with bench marks established at
this place by the Corps of Engineers, U. S. A., and by the U. S. Geological Survey.

The levels were then carried along the Memphis and Charleston branch of the South-
ern Railway to Woodville, Ala., where connection was made with bench marks estab-
lished by Aid W. H. Burger, from which he started his levels toward Birmingham, Ala.

The work described above forms a portion of the leveling operations betwen Cin-
cinnati, Ohio, and Birmingham, Ala., undertaken to conuect the elevations determined
at.the former place by the U. S. Coast and Geodetic Survey with those determined at
Knoxville and Chattanooga, Tenn., by the U. S. Geological Survey, and those at
Decatur and Birmingham, Ala., determined by the Corps of Engineers, U. S. A.

After comnmleting the work as far as Woodville, Ala., Assistant Ferguson ran a
branch line of levels from that place to determine the elevation of the triangulation sta-
tion on Gunters Mountain. The field work closed on December 3, and Assistant
Ferguson reported at the Office on the 7th.
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MAGNETIC. MARYLAND. JNo. A. FLEMING.

The preparatory operations leading to the erection of pertnanent magnetic observa-
tory buildings at Cheltenham, Md., were assigned to Aid Fleming on July 12.

Under the direction of the Inspector of Magnetic Work an examination of the plans
and methods of past-and existing magnetic observatories was made. The result of his
examination indicated the following as the chief requisites desirable in the location and
erection of a magnetic observatory. .

The selection of a site without local magnetic disturbances, and well removed from
all probable future artificial magnetic disturbances; the elimination, in the construction
of the buildings, of all materials showing any magnetic propérties; the arrangements for
absolute and variation instruments to be such that mutual interaction of the different
instruments would be inappreciable; the building or buildings for the measurement of
absolute values to be so constructed as to admit of a number of simultaneous determina-
tions without danger of appreciable mutual interaction of the magnets of the various
instruments; the building for variation observations to be constructed so as to have,
without extensive heating, a uniform temperature throughout the year as nearly as
possible; the buildings for the variation observatory to have accominodations for at least
two sets of instruments, one eye-reading and one self-registering, both rooms to be of
sufficient size to meet all reasonable demands.

A site was selected at Cheltenham, Prince George County, Md and magnetic
observations were made in nine places within its limits to determine’ whether any local
magnetic disturbances existed in this vicinity.

The plans were made and the buildings were erected in practlcal accordance with
the requirements mentioned above. The unusual character of the buildings rendered it
impracticable to construct them by contract, as all of the bids were in excess of the
estimated cost and of the available funds. It was consequently decided to purchase
the material and to erect the buildings by hiring the necessary labor.

The work of excavating for the foundations and piers began on September 19,
and the buildings were completed and ready for the installation of the instruments on
December 22.
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HYDROGRAPHIC. MASSACHUSETTS. O. B. FRENCH.

MAGNETIC. GEORGIA.
TIDE. ‘ FLORIDA.
TOPOGRAPHIC. ILLINOIS.
TRIANGULATION.

On September 29, Assistant French left Washington for the field, as a member of
the party under charge of Assistant C. H. Sinclair, to be engaged in determining the
latitude and longitude of the Yerkes Observatory near Chicago.

This work was completed on October 28, and on the 2gth Assistant French proceeded
to Danville, Ill., under instructions, to determine the magnetic elements, and to
establish a meridian line at that place.

This work was completed on Novetnber 4, and he proceeded to the Office in Wash-
ington, reporting for duty on the 1gth.

On March 15 he left Washington under instructions to proceed to Pensacola, Fla.,
and transfer the schooner 7vansit to Madisonville, La., and to make an inspection of
the schooners Quick and Spy and the naphtha launch which were in charge of a ship
keeper at that place. This work was successfully accomplished, and Assistant French
proceeded to Darien, Ga., to complete the work assigned to Assistant E. D. Preston,
who was relieved some time previously on account of ill health. He reached there on
April 1 and immediately began operations for the purpose of determining the geographic
position of Sapelo Light-House and other objects near the entrance of Doboy Sound.

The old triangulation stations Spalding (recovered by Assistant Preston), Fox, and
Marsh were recovered, utilized, and remarked. Several objects formerly determined as
secondary points were also utilized.

A small sloop, hired for the purpose, was used as the means of transportation for
two weeks, but it proved unsatisfactory on account of contrary winds, and a small
steamer was used during the remainder of the season.

The geographic position of the Light-House was determined and also the position of
several old beacons, four range marks set for use in opening a proposed channel through
the bar, and several other prominent objects. The unfavorable atmospheric condition
caused considerable delay in the progress of the work. After completing this work
Assistant French proceeded to Pensacola, Fla., under instructions to make a hydro-
graphic examination of the channel into Pensacola Bay in the vicinity of the point
where the U. S. S. Massachusetts had grounded.

Deck Officer Roeth, Captain’s Clerk Sanger, and a leadsman were ordered to report
to him at Pensacola and aid him in the work. Active field operations began on May 1
and ended on May 23.

Three triangulation stations were occupied and the necessary positions determined
for use in the hydrographic examination. Lines of soundings were run across the
channel at the entrance to Pensacola Bay in several directions.
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In addition to this work, lines were run so as to develop the dredged channel
through Caucus Shoal and the channel from this shoal to deep water in the bay.

No work could be done on the bar after noon, and usually it was necessary to
suspend work at 10 o’clock in the morning on account of rough water caused by wind.
Whenever the bar became too rough for the work, the party was employed in topo-
graphic and hydrographic work in the bay. The topography of the western end of
Santa Rosa Island and around Fort McRae was completed and plotted on the hydro-
graphic sheet. The soundings covered the lower bay west of the navy-yard in a general
way to show what changes had occurred since the former survey.

Two tide gauges were established at the entrance of the bay and referred to bench
marks previously established in connection with the reduction of soundings to a common
plane of reference. Soundings were also made to develop the increase in depth of water
near the wharves resulting from the dredging done by the Louisville and Nashville
Railroad Company. .

As soon as this work was completed, Assistant French disbanded the party and
proceeded to Washington, D. C., reaching there on May 25.

He commends the efficient service of Messrs. Sanger, Roeth, and Nelsen.

On May 30 Assistant French left Washington under instructions to make a hydro-
graphic examination of Nantucket Sound in the vicinity of Horse Shoe Shoal, and
southwest of this shoal to Great Point.

Through the courtesy of the Chief of the Revenue-Cutter Service, the revenue
cutter Dexfer was detailed to transport the party and the commanding officer was
directed to furnish the necessary assistance in preparing for the work.

C. L. Green, first watch officer, William Sanger, captain’s clerk, A. C. L. Roeth,
deck officer, first class, and Joan Patterson, leadsman, were detached temporarily from
the Survey vessels on which ‘they were serving and ordered to report to Assistant
French on board the Dexter.

The Dexter proceeded to Nantucket Sound on June 3 and the work began on the
following day. Tide gauges were erected at Nantucket and Edgartown, and tide
observations were made at both places during the day for a period of fifteen days.

A tide gauge was also erected on Horse Shoe Shoal, and observations were made
on it while the soundings were in progress. On June 24 the Dexler was required for
other duty and the work was suspended. The party was disbanded and the members
of it returned to their respective stations. Assistant French proceeded to Washington
and reported at the Office on June 25.

His report states that Captain Hand and the officers of the Dexfer did everything
in their power to expedite his operations, and commends them highly for making it
possible to accomplish so much in the few days available for the work.



TOPOGRAPHIC. MARYLAND. STEEMAN FORNEY.

SUMMARY OF RESULTS.

21 square miles area covered.
5 miles of shore line of rivers,
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The topographic resurvey of the eastern shore of Chesapeake Bay, from Hills
Point, at the mouth of the Little Choptank River, southward, was taken up on
August 27 by Assistant Forney.
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The party left Washington on the launch Rudy, on the date stated, and reached
Cambridge, Md., on September 3, having been compelled to stop twice for repairs on
the way. Field operations began at once, but owing to the unsatisfactory condition of
the launch and the ill-health of the chief, very little work was completed by the party
during the season.

Assistant Forney reported himself sick on October 7, and was ordered to close
work at once.

The party was disbanded on October 12, and Assistant Forney reported by letter.



LEVELING. DISTRICT OF COLUMBIA. J. F. HAYFORD.

In response to a request from Col. Theo. A. Bingham, U. S. A., Superintendent
of Public Buildings and Grounds in the District of Columbia, Assistant Hayford was
directed to check the elevation of the permament bench mark established by this Survey
near the Washington Monument, and to determine the elevation of the four corners of
the Washington Monument.

The field work was done on April 1 and 2, by Aid O. E. Carr, under the direction
of Assistant Hayford, and indicated no change in the elevation of the bench mark as
determined in 18gg.
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HvYDROGRAPHIC. NORTH CAROLINA. W.C. Hopckins, Commanding,
RECONNAISSANCE. GEORGIA. steamer Blake.
TOPOGRAPHIC.

TRIANGULATION.

W. F. GLOVER, First Watch Officer.

H. C. MITCHELL, Aid.

C. A. THOMPSON, Second Watch Officer.
L. M. HorxiNs, Chief Machinist.

I. A. McGREGOR, Chief Yeoman.

G. E. MARCHAND, Hospital Steward.
J. E. Pravu, Drafisman.

H. J. ATWELL, Junior Captain’s Clerk.

SUMMARY OF RESULTS.
Georzia.

20 square miles area of reconnaissance.
6 points selected for stations,
20 square miles area covered by triangulation.
5 stations occupied. )
6 geographic positions determined.
9 square miles area covered by soundings.
165 miies of lines sounded.
1 tidal station established.
1 hydrographic sheet finished.
6 miles of shore-line surveyed.
I topographic sheet finished.

North Carolina.

90 square miles area covered by hydrography.
340 miles of lines sounded.
1 773 soundings made.
I hydrographic sheet completed.

On July 1 the Blake, Assistant W. C. Hodgkins, commanding, was at St. Thomas,
Danish West Indies, and on the same day sailed to San Juan, P. R. Two days were
spent preparing for sea, and on the 3d of July the ship sailed for the Savannah River,
Georgia, and reached there on the gth. The work covered by the statistics given
above began on the roth and was completed on the 20th. The operations included a
hydrographic examination of the bar at the entrance to develop the 3-fathom curve on
each side of the channel, as far as buoy No. 3, the determination of the position of the
range lights on Bloody Point, the southern end of Daufuskie Island, the resurvey of
the shore line of the eastern part of Tyhee Island, the resurvey of the inner bar at
the entrance of the jetties, and the inner anchorage near Fort Scieven wharf.

The temperature was very high and the excessive heat caused considerable

suffering and delay.
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After completing the work in the Savannah River the Blake sailed for Norfolk,
Va., on July 20 and reached that port on the 23d. Assistant Hodgkins received
instructions to proceed as soon as practicable to Cape Hatteras, North Carolina, and
make hydrographic examination of the Diamond Shoal off that cape for the purpose of
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determining its extent and selecting the best anchorage for the new Diamond Shoal light-
ship, It was impracticable to have the necessary repairs to the ship made at Norfolk
without delay and the vessel proceeded to Baltimore, Md., arriving there on July 26.

The repairs were completed on August 1, and on the sth the vessel sailed for
Norfolk; Va., reaching there on the 6th. '
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The ship was coaled and ready for sea on the 8th, and sailed on that day for Cape
Hatteras., After much delay, on account of the dense bank of smoke hanging over the
coast and ocean, the Blake reached Hatteras Cove on August q.

Owing to the conformation of the coast and the distance of the work from the shore,
the difficulty of accurately locating the ship while sounding would have been great under
the best conditions, but this difficulty was vastly increased by the very unfavorable
atmospheric conditions which prevailed while the work was in progress.

No, 8.

25 20’ 15’

16’}

oyl
//LD/‘\/’CAPE HATTERAS

Nautical Miles

1 (1] 1 2 3 o ] 6 7 8 9
Kilometers

35°00’

\;;..//

Authority was granted by the Light House Board to station an observer at Cape
Hatteras Light-House and on Diamond Shoal Light-Ship, and to moor the Blake to the
stern of the Light Ship at night when the weather permitted. The Superintendent of
the Life Saving Service gave authority to call on the crew at the Hatteras station for
assistance in landing observers, etc., when it did not interfere with the regular duties.
The officials of the Weather Service agreed to give prompt notice of the approach of
storms. All these were necessary precautions on account of the exposed position of
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94 COAST AND GEODETIC SURVEY REPORT, 1901.

the work and the very dafgerous character of this locality in rough weather. Very
fortunately, however, no occasion for such a warning arose, the weather during almost
the whole month of August being very moderate and the sea very smooth, though the
atmospheric conditions were most unfavorable.

The work was successfully completed on August 30, in spite of the difficulties
under which it was executed, and gave a very satisfactory delineation of this previously
unknown area, and developed the existence of an extensive mud bank, with a little
more than 3o fathoms of water on it, in a2 good position in which to anchor the light-ship.

‘The work closed on August 30, and thevessel sailed the same day for Norfolk, Va.,
and reached there on the 3i1st.

From Norfolk the Blake proceeded to Washington, D. C., and was at anchor
there from September 1 to 12, when she sailed for Baltimore, arriving there on the

following day.



ToroGRAPHIC. MARYLAND, E. B. LATHAM.

SUMMARY OF RESULTS,

45 square miles area revised.
60 miles of roads revised.

Under instructions to complete the topographic sheet which had been partly finished
by Aid Weld during his recent season in the field, by revising the interior topographic
work executed many years ago, Assistant Latham left Washington on November 30 and
proceeded to Royal Oak, Md. ‘

A party was organized immediately, and the work progressed until December 24,
when operations closed, and the party was disbanded.

The shore line and some of the interior work on the sheet had been surveyed by
Aid Weld, and Assistant Latham’s work consisted in checking the roads and other
topographic features as represented in topographic survey made many years ago by
sextant angles and sketching.

A summary of the results of this work is given above. Upon the completion of the
duty assigned him Assistant Latham returned to Washington and reported in person

at the Office on December 26.
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TIDE. PENNSVLVANIA. F. M. L1rTLE.
DELAWARE.
NORTH CAROLINA.
FLORIDA.

The erection of an automatic tide gauge at Philadelphia, Pa., was in progress on
July 1, under the direction of Assistant Little.

This work was completed on July 7, and the gauge was left in charge of Mr. H. E.
Olson, tide observer, and Assistant Little proceeded to Washington and reported at the
Office on the 8th. g -

Under instructions to establish deviation range marks on the Delaware Breakwater
for the use of vessels in adjusting their compasses, Assistant Little made the preliminary
arrangements and left Washington on the 14th, arriving at the breakwater on the r6th.

After this date he was engaged in establishing and marking the position of the
range marks on the breakwater and in work connected therewith until December 6,
when he left without erecting the range marks, as the result of the delay in their delivery
on the breakwater, and reported at the Office on the 7th. On January 18 he started
to Fernandina, Fla., under instructions to examine the tide gauge at that place and
place it in good order, giving any instructions that might be necessary to the tide
observer.

He completed the work at Fernandina, and left on February 15 for Jacksonville,
N. C., under instruction to collect the tidal and current data in New River and New
River Inlet necessary for the study of the tide in this locality. Four tide gauges were
established and observations made during several days, and a portion of the time the
observations were also made during the night. ‘The necessary current observations
were also made.

The work closed on March 4, and Assistant Little reported at the Office on the s5th.
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TOPOGRAPHIC. NEW YORK. JouN E. McGRATH.

The revision of the topography along the coast of Long Island was taken up in
July and the work assigned to Assistant McGrath, who was instructed to note such
changes as had taken place since the former topographic survey was made, with
particular reference to the construction of wharves, buildings, etc., which should be
shown on the charts. The preliminary arrangements were completed and on July 20
he proceeded to Brooklyn, N. V., and field operations began in the vicinity of that
city on July 21r. The work progressed without interruption until October 20, when
the field operations closed. As many of the old triangulation points were recovered as

. possible, and from these various objects, including new stations, were located, which
served to fix town plans, roads, etc., in position, so that these could be plotted on the
old topographic sheets or on new projections.

Numerous field notes and sketches were also made to cover the region examined,
and the position of all prominent buildings in the towns was noted on the town plans
obtained from the officials of each place. ‘ -

In this way such work can be done very rapidly, and with the required degree of
accuracy. During the season the details were revised on fifty-one topographic sheets,
covering the coast of Long Island on the south and east, from Coney Island to Mountauk
Point.

After closing work Assistant McGrath returned to Washington and reported at the
Office on Qctober 22.
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HvYDROGRAPHIC. CONNECTICUT. HENRY L. MARINDIN.

TOPOGRAPHIC.

F. M. LrrriE, Assistant.
F. H. AINSWORTH, First Walch Officer.
DvER SMmITH, Recorder.

SUMMARY OF RESULTS.

23 square miles area covered by hydrography.
117 miles of lines sounded.

4 hydrographic sheets completed.

6 miles of shore line of river surveyed.

4 miles of roads surveyed.

I  topographic sheet completed.

The revision of the hydrography and topography on the
Thames River, Connecticut, with a determination of the posi-
tion of the river lights and buoys between New London
and Norwich, was taken up in August and the work was
assigned to Assistant Marindin.

He left Washington on August 4, and field. operations
began on the sth.

The necessary signals were erected, and tide staffs were
established at five pointsin the river.

The hydrographic work above New London includes a
resurvey of that part of the Thames River from the railroad
bridge at New Londontothe upper limits of the United States
naval station, and from this point to Norwich a hydrographic
reconnaissance of the channel in connection with the deter-
mination of the position of the range lights and buoys.

The position of the buoys and of 2o range lights was
determined by using a plane table and the topographic sheets
of the original survey. A resurvey was made locating the
shore line and railroad on the left bank of the river between
the New London railroad bridge and Allyns Point, by using
a plane table. :

A hydrographic examination was made of the best chan-
nel across the shoal ground situated between the 3o-foot
contour in the sound at the mouth of the Thames River and
the deep hole below the railroad bridge at New London. A
weighted rope, 500 feet long, with each end attached to the
stern of a tugboat, was dragged along this channel, cover-
ing in all a width of about 600 feet, without discovering any
obstructions.

Anexamination wasalso made to discoverarock reported
as an obstruction to navigation in Greens Harbor, a portion
of New London Harbor. The rock was dis covered and its
position determined.

Upon the completion of the work outlined above, Assis-
tant Marindin closed the field operations on September 24
and reported at the office in Washington on the 25th.



TOPOGRAPHY. MAINE.

NEW HAMPSHIRE.
MARYLAND.

Jonn NELSON.

SUMMARY OF RESULTS.

42 square miles area covered by topography.
15 miles of coast line surveyed.
28 miles of shore line of rivers surveyed.

115 miles of shore line of creeks and ponds and marshes surveyed.
78 miles of railroad.

3 topographic sheets completed.
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The completion of the topography in the vicinity of Portsmouth, N. H., was taken
up in July by Assistant Nelson, and he left Washington on July 13.

The preliminary operations were completed and the plane-table work began on
July 1g.
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On August 24 the survey of the main shore line and the shore line of the rivers,
creeks, and ponds, and also the topography within reach from the shore, on the Ports-
mouth Harbor sheet was completed. The party then moved to Greenacre, Me., and
began work on the survey of the shore line and adjacent topography of the Piscataqua
River in Maine and New Hampshire, from the Portsmouth bridge to about 4 miles above
Dover Point. This work was continued until September 26, when the operations closed
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and Assistant Nelson proceeded to Galena, Md., and on October 2 organized a party
under instructions to complete the topographic sheet which he had not been able to
complete before the close of his previous season’s work in this locality.

The sheet covers the headwaters of the Sassafras River, and was completed on
November 30, and the party was disbanded immediately.

Assistant Nelson proceeded to Washington and reported for duty on December 1.



HyDpRrOGRAPHIC. MASSACHUSETTS. E. D. PresToON.

RECONNAISSANCE. RHODE ISLAND.
TOPOGRAPHIC. GEORGIA.
TRIANGULATION.

SUMMARY OF RESULTS.
Georgia.

200 square mijles area covered by reconnaissance.
12 stations selected.
4 observing tripods and scaffolds built.
15 old stations visited and searched for.
3 old stations recovered.

The examination of the territory included in the current edition of Chart 244,
covering the vicinity of Salem, Mass., on which no topography is shown, was assigned
to Assistant Preston and he was directed to report what steps should be taken to bring
the topography up to date. Ile was also directed to ascertain whether any existing
data could be supplemented by phototopographic methods. He left Washington on
October 5; the examination was made as directed, and a report submitted covering
all the necessary details.

Five stations were occupied with the phototopographic camera, and 18 negatives
obtained which indicate that it is not desirable to use the method for the purpose
desired in this region. Ten trigonomic points were visited and the report states
their present condition.

The published maps of the region can be relied on to furnish much information which
will aid in the compilation of topographic details when a new edition of the chart is
prepared. .

Assistant Preston proceeded to Providence, R. I., after completing the work in the
vicinity of Salem, under instructions to procure data relating to changes in the hydrog-
raphy of the harbor due to dredging.

Through the kindness of the city engineer, Mr. O. F. Clapp, all necessary informa-
tion covering this work which was done by the city was obtained and sent to the Office.
Mr. Clapp showed a most intelligent interest in the work of the Survey, and furnished
data from the records on file in his office of all recent improvements on the water front of
the city for use on the new edition of the chart.

Upon the completion of the work at Providence, Assistant Preston proceeded to
Newport and made an examination of the changes recently made in certain topographic
details on Conanicut Island, which resulted in locating some important roads on the
chart of the region. : :

He reports the kindness and material aid extended to him by Capt. J. P. Cotton, a
civil engineer, whois thoroughly informed in regard to the improvements which have
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been made on the island during recent years, and who furnished such information as
was desired. A great many changes have been made on the island, but Assistant
Preston bears testimony to the faithful and accurate character of the original topographic
work.

After completing this duty, he returned to Washington on November 10.

On January 8 he was again sent to the field under instructions to proceed to Darien,
Ga., and organize a party to determine the geographic position of Sapelo Light, and
make a trigonometric connection with the special survey made at that point by the Corps
of Engineers, U. S. A.

Assistant Preston reached Darien on January 8, and continued field operations until
February 22, on which date he was forced to suspend work on account of sickness.

The statistics of the work accomplished are given above.



Coast Piror. FLORIDA. JoHN Ross.
ALABAMA.
MISSISSIPPI.
LOUISIANA.

On November 22 Nautical Expert John Ross left Washington under instructions to
make an examination of the principal ports on the Gulf coast of the United States, for
the purpose of collecting such information as would be useful in revising the Coast Pilot
of this region. He arrived in Pensacola, Fla., on the 24th, and made arrangements to
examine the bar off the entrance to the harbor,

The pilots stationed at Warrington offered him the use of their steam tug, and to
assist him in any way in their power. This generous offer was accepted, and Mr. Ross
- proceeded to sound the Caucus Channel. Four lines of soundings were run up and
down the channel on ranges, and angles were measured to locate the positions on the
ranges. Mr. Ross reports the very valuable assistance rendered him by the pilots.

Dredging operations in the channel were in progress under the direction of an officer
of the Corps of Engineers, U. S. A. Mr, Ross proceeded to Mobile, Ala., and to
Pascagoula, Miss., where he obtained information covering the vicinity, and reached
New Orleans, La., on December 2.

He remained in New Orleans until December 7, collecting information, and during
this period visited Gulfport, West End, and Algiers. Mr. Ross left New Orleans for
Galveston, Tex., on December 7. and the account of his work during the remainder of
the season will be found in the account of the work in the Middle Division.
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LONGITUDE. WISCONSIN. C. H. SINCLAIR.
O. B. FRENCH, Assistant,

The determination of the difference in longitude between St. Louis, Mo., and the
Yerkes Observatory at Williams Bay, Wis., was undertaken in September, and the work
assigned to Assistant Sinclair.

Assistant French was instructed to report to Assistant Sinclair t> aid him in this
work, and was directed to begin work at St. Louis, while Assistant Sinclair went first
to the Yerkes Observatory.

The necessary preparations were completed, and observations were made on
October 4. A

After making observations and interchanging telegraphic signals on four nights,
the observers exchanged stations, and on the 16th observations on four more nights had
been made, and the determination of the difference of longitude was thus completed.

After finishing the records and computations, Assistant Sinclair returned to
Washington and reported for duty on October 22, leaving Assistant French at the
Yerkes Observatory to make observations to determine the latitude of the transit pier.
The latitude observations began on October 17 and were complete” on the 27th,
twenty-five pairs of stars having been observed on six nights.
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RECONNAISSANCE. MARYLAND. EDWIN SMITH.
VIRGINIA.

A topographic reconnaissance of the Potomac River was made by Assistant Smith
June 4 to 7 on a trip down the river and back to Washington on a passenger boat.

The positions of piers, wharves, and prominent buildings were plotted approxi-
mately when not found on the charts, and notes were made of such facts as would be
useful in a resurvey of the river.

On June 15 Assistant Smith left Washington under instructions to take up trian-
gulation work between Washington, D. C., and Mount Vernon, Va.

He made a reconnaissance and selected seven stations to cover the distance indi-
cated. Signals were erected at six stations and the work was in progress at the close
of the fiscal year.
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TIDE OBSERVATIONS. NEW VORK.
PENNSYLVANIA.
DISTRICT OF COLUMBIA.
FLORIDA.

Automatic tide gauges were kept in operation throughout the year at the following
places:

Fort Hamilton, N. Y., J. G. Spaulding, observer; Philadelphia, Pa., H. E. Olson,
observer; Washington, D. C., F. A. Kummel, observer; Fernandina, Fla., B. W. Weeks,
observer.
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HYDROGRAPHIC, SOUTH CAROLINA. W. I. ViNnal, Commanding,
LEVELING. Schooner Matchless.

‘TOPOGRAPHIC.

¥, H. AINSWORTH,First Watch Officer.
WM. SANGER, Chief Yeoman.

JouN W. CLirr, Chief Yeoman.
GEORGE OQLSEN,Chief Yeoman.
SWEPSON EARLE, Yeoman First Class.
R. McD. MosgR, Kecorder.

SUMMARY OF RESULTS.

10 square miles area covered by sounding,
89 miles of lines sounded.

1 hydrographic sheet completed.

3 miles of leveling work completed.

2 square miles area covered by topography
20 miles of coast line surveyed.

Theschooner Matchless, Assistant W. 1. Vinal, commanding, reached Charleston,S. C.,
on June 14. Assistant Vinal was instructed to make a new survey of the old channel
entrance to Charleston Harbor, in response to a.request from the United States Light
House Board, to furnish information upon which any change in existing lights and buoys
could be based, or any new ones established could be located. The survey of the old
channel was limited by adopting its intersection with the main channel for the northern
limit of the work, and the 4-fathom curve to the southward of the bar as the southern
limit,

He was also instructed to make a plane-table survey of the outside shore line from
Cummings Point southward to the limit of the hydrographic sheet furnished for the
work. The geographic positions for this work were determined by a triangulation
party and furnished to Assistant Vinal.

The tide gauge established at Fort Sumter was referred to Cummings Point and
connected by levels with Charleston Light-House, where a mark was established. A
tide staff was attached to the wharf on the north side of Light-House Inlet and referred
to the bench mark, to furnish a plane of reference for the soundings.

A plane-table survey was made of the shore line of Morris and Folly islands, from
Cummings Point southward to the limit of the hydrographic sheet. The work was
completed on July 27, and the Malchless sailed for Baltimore on July 28, and reached
that place on August 7. The vessel was placed on a dry dock for examination and
temporary repairs.

After coming out of the dock, the vessel was anchored off Sea Girt, and the party
was engaged in completing the recordsof field work until September 21, when Assistant
Vinal was relieved of the command of the vessel by Assistant George 1.. Flower.
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HyDROGRAPHIC.

NEW JERSEY.

TOPOGRAPHIC.

C. I.. GREEN, First Walch Officer.
\W. F. GLOVER, Second Watch Officer.
J. E. SHEPHERD, Surgeon.

H. J. ATWELL, Junior Captain’s Clerk.

SUMMARY OF RESULTS.

W. I. ViNnaL, Commanding,

Steamer Backe.

5 square miles area covered by plane-table triangulation.
33 positions determined with the plane table.
1 square mile area covered by topography.

9 milescoast line surveyed.
1 mile of creeks surveyed.
2 miles of road surveyed.

I square miile area covered by hydrography.

20 miles of lines sounded.
3 tide stations established.
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APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. 109

On December 17 the steamer Bache, W. 1. Vinal, Assistant, Coast and Geodetic
Survey, commanding, left Baltimore and arrived at Shooters Island, New York, on
the 1g9th. ‘The ship was placed in the dock of the Townsend and Downey Shipbuilding
and Repair Company, who had been awarded the contract for building a new hull,
and remained there during the remainder of the fiscal year.

Assistant Vinal continued in command of the Sllip, with a reduced crew, to care for
the Government property and render such assistance as might be in his power to hasten
the completion of the new hull.

On April 18 he began the survey of the shore line and the hydrography of lower
Newark Bay and Kill von Kull. This work: was continued whenever the weather con-
ditions permitted until May 31, when some of the officers were needed for more urgent
work, and operations were suspended and not continued until after the close of the
fiscal year.



TOPOGRAPHIC. DELAWARE. D. B. WAINWRIGHT,
TRIANGULATION. SOUTH CAROLINA.

B. E. TiLTON, Aid.

SUMMARY OF RESULTS.

Y square mile area covered by topography.
1 mile of coast line surveyed.
1 mile of shore line of river surveyed.
2 miles of shore line of creeks surveyed.
2 miles of road surveyed.
1 topographic sheet completed.
1 base line measured with tape.
3% mile of beach measured with tape.
4 square miles area cover. d by triangulation.
9 stations occupied.
8 geographic positions determined.

An examination to determine the desirability of establishing compass deviation
range marks at Delaware Breakwater for the use of vessels in adjusting their compasses
was made by Assistant Wainwright July 5 to 7. This work was completed and he
returned to the Office and resumed his regular duties.

On October 22 he again left the Office and proceeded to Charleston, S. C., under
dnstructions to organize a party and make a special survey in that vicinity in accordance
with a request from the Navy Department for the information of the Naval Board,
‘* organized for the purpose of examining into the expediency of changing the location
of the naval station now at Port Royal, S. C., to some point in the State of South Caro-
lina, at or near the city of Charleston.”’ A topographic survey on a large scale was
made of the locality known as the Lawton plantation, which is situated on the right
bank of the Cooper River, about 6 miles from the custom-house wharf, and extends
from Chicora Park southeastward along the river for nearly 1 mile.

A very small contour interval was adopted as the one most suitable for the topo-
graphic work. A number of bench marks were established by spirit leveling and used
by the topographer in his work. The plane table and wye level were both used in
delineating the details.

The topography was controlled by nine triangulation points, whose positions were
determined for this purposeand the determined distances depend on a base line measured
twice with a steel tape.

Assistant Wainwright reports that the services of Aid Tilton were particularly
valuable, on account of his familiarity with leveling operations, and states that with
some additional experience he will become a competent topographer.

He also makes special mention of Mr. R. J. Emory, jr., for the zeal and mtelhgence
with which he executed all the duties assigned to him.

Having completed the work assigned to him, Assistant Wainwright proceeded to
Washington and reported for duty at the Office on December 27.

110



05

Coast and Geodetic Survey Report,1901.
76720 ; 107
Smith

Little

TRIANGULATION
CHOPTANK RIVER

MARYLAND 38%0°
¥
Statute Miles
e T | T 3 3 W )
Kilometers
v ] ket St s < 7 ) 50
each)
Wheat 5
7
Wick
Jazh
War
Goose
Shell, 35’
erry
THE NORRIS PETERS CO., PHOTO-LITHO. WASHINGTON, . C




TOPOGRAPHY. MARYLAND. F. F. WELD.
TRIANGULATION.

E. B. LATHAM, Assistant.
SUMMARY OF RESULTS.

375 miles of shore-line of rivers surveyed.
20 miles of roads surveyed.
2 topographic sheets completed.
54 triangulation stations occupied.
6o geographic positions determined.

The duty of making a resurvey of the Choptank River and tributaries was assigned
to Aid Weld, and he left Washington for Tilghman, Md., on July 11.

After some preliminary work he organized a party on July 16 and began at once to
erect the signals necessary to extend the triangulation from a line already determined
by the Chesapeake Bay triangulation. The naphtha launch assigued to thee us of the
party was not ready for use unti! August 27, and much delay resulted from the use of
sailboats previous to that date.

On August 29 a subparty was organized and placed under direction of Assistant
Latham, who used a sailboat until October 13, when a launch was available for his
use. The triangulation was extended up the Choptank River, to Cabin Creek, 10 miles
above Cambridge, Md., and also up the larger tributaries. ‘The shore line was sur-
veyed by using a plane table and such adjacent topography was done as could be easily
rezched from the shore line.

The survey extends from Force Point, on the Chesapeake Bay, just below Poplar
Island, to Hills Point, and then up the Choptank River to Cabin Creek.

A good deal of the interior topography, as shown on the topographic sheets of the
former survey, made in 1847, was examined and the changes noted in order to transfer
it to the new sheets.

Aid Weld left the work in charge of Assistant Latham on November 15 and pro-
ceeded to the Office in Washington.

Aid Weld commends Assistant Latham for his zeal in executing the duties assigned
to him.

The work was continued by Assistant Latham until November 21, when he closed
work and reported at the Office in Washington on the 22d.

III



HYDROGRAPHIC. MARVLAND. P. A. WELKER, Commanding,

SpECIAL WORK. Steamer Backe.

TRIANGULATION.
G. L. FLOWER, Assistant, July 1 to Sept. 22,
C. L. GREEN, First Walch Opicer, . July 1 to Dec. 14.
H, C. MITCHELL, Aid, Sept. 22 to Nov. 13.
C. F. ADAE, Second Waitch Officer, July 1 to Sept. 18.
W. F. GLOVER, Second Waich Officer, Dec. 4 to Dec. 19,
H. S. SMmitH, Deck Officer, First (lass, July 1tojJan. 9.
GEO. OLSEN, Deck Officer, First Class, Sept. 18 to Dec. 3.
J. E. SHEPHERD, Surgeon, July 1 to Dec. 19,
HARRY ELY, Engineer, Third (lass, July 1 to Mar. 31,
H. I. McCRrEA, Deck Officer, Thivd Class, July 1 to Nov. 21,
H. J. ATWELL, Jutior Caplain’'s Clerk, July 1 to Dec. 19,

On July 1 the steamer Bache, P. A. Welker, Assistant, Coast and Geodetic Survey,
commanding, was at work in Chesapeake Bay below the mouth of the Potomac River,
engaged in executing the triangulation required for the resurvey of the hydrography of
this portion of the bay. A reference to the progress in this work before July r is
contained in the Report for 1g900. )

It was continued without interruption until July 24, when preparations began to
transfer the men on the Bache from the Navy pay roll to that of the Coast and Geodetic
Survey.

The transfer was completed and the necessary recruits to fill vacancies caused by
discharges were secured by August 6, and field work was resumed. On September 4
Lieut. Commander Charles E. Vreeland, U. S. N., member of the Board of Inspection
and Survey, Navy Department, was taken on board at Annapolis, Md., for the purpose
of making an examination of Chesapeake Bay to the westward of Barren Island, with
a view of establishing a trial course, 1 mile long, for torpedo boats. * The assignment of
the ship for this work was made at the request of the Navy Department. The exami-
nation was completed on the Sth and the vessel returned to the lower bay after landing
Lieutenant Commander Vreeland at Annapolis.

Preparations were made for a change in the command of the ship, and on September
15 Assistant Welker was relieved and ordered to command the steamer Blake.

First Watch Officer Green assumed temporary command of the Backe on September
15 and remained in command until September 21, when he was relieved by Assistant
W. 1. Vinal, who took command on that date at Baltimore, Md.

On September 26 the Backe left Baltimore, and on the 27th landed H. C. Mitchell,
aid, at New Point Comfort light-house to continue the ohservations at that station.

After repairing the damage to the triangulation signals resulting from a recent
storm, the vessel returned to Baltimore and was held open to inspection of bidders for
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the contract to reconstruct the ship, under the authority granted by Congress to do this
necessary work, until October 6. Coal and provision were taken on board, and on
October 10 the vessel returned to the working ground, where the work was continued
until the 25th, when the ship returned to Baltimore to permit measurements, etc., to be
made by those wishing to bid on the contract for reconstruction, and was detained there
until November 14, when she again returned to the lower bay and resumed active work
in the field, which was continued until the 28th, when the work closed and the vessel
returned to Baltimore.

On December 17 the Backe sailed for New Vork, and reached Mariner Harbor,
Staten Island, on the 1gth. The vessel was then placed in the hands of the ship
builders who had been awarded the contract to rebuild the ship.



HyDROGRAPHIC. MARYLAND.
SPECIAL DUTY. FLORIDA.
TRIANGULATION.

W. W. DU¥FFIELD, Assistant,

C. C. Yares, Assistant,

H. ¥. FLYNN, Assistant,

W. F. GLoVER, First Walch Officer,

C. A. THOMPSON, First Watch Officer,

C. A. THoMPsON, Second Waich Qfficer,

J. L. DuNx, Second Watch Officer,

J. A. MCGREGOR, Deck Officer, First Class,
R. McD. MOSER, Deck Officer, First Class,
Geo. OLSEN, Deck Officer, First Class,

L. McD. HopkiINs, Chicf Enginecr, Second Class,
G. E. MARCHAND, Assistant Surgeon,

H. J. ATWELL, Junior Caplain’s Clerk,

P. B. CasrtLES, Drafisman,

SUMMARY OF RESULTS.

Maryland.

P. A. WgLKER, Commanding,
Steamer Blake.

Sept. 24 to Oct. 5.
Sept. 24 to Oct. 5.
Dec. 14 to Mar. 6.
Sept. 17 to Nov. 30.
Dec. 1 to June 3o0.
Sept. 17 to Nov. 30.
Dec. 1 to June 3o.
Sept. 17 to June 3o.
Oct. 14 to'Dec. 1.
Dec. 3 to June 3o0.
Sept. 17 to June 30.
Sept. 17 to June 30.
Sept. 17 to Dec. I11.
Dec. 15 to June 30.

1 speed trial course established and marked.
4 triangulation stations occupied.
20 geographic positions determined.

Florida.

Triangulation:
48 square miles area covered.
5 stations occupied.

25 geographic positions determined.

Hydrography:
71 square miles area covered.
1 668 miles of lines sounded.
4 sheets completed.
1 tide station established.

On September 17 Assistant Welker assumed command of the Blake, relieving
Assistant W. C. Hodgkins. The necessary preparations for field work were made and
on September 26 the Blake left for Baltimore, under instructions to establish a trial
course I nautical mile in length in the vicinity of Barren 'Island, in Chesapeake Bay,
and this duty was assigned to Assistant C. C. Yates by the commanding officer.

It was found to be impracticable to measure a ba<e line on the island and a nautical
mile was determined by triangulation from the line Cedar Point Light, Cove Point
Light; this distance having been determined in the triangulation of the bay. The
work was checked by introducing Drum Point Light into the scheme as an additional

triangulation station.
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Ranges were established and on October 5 the vessel returned to Baltimore. .
On October 16 the vessel went to Barren Island under instructions to erect two pile

beacons as outer range marks.

These beacons were completed on October 21, and the
vessel again returned to Baltimore.

Assistant Welker testifies to the energy and efficiency displayed by Assistant Yates
in executing this duty.
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Some necessary repairs were made to the vessel and all necessary preparations were
made for field work in the Gulf of Mexico.

On December 17 the Zlake left Baltimore under instructions to make a hydrographic
survey in the vicinity of Dry Tortugas, Fla., and reached her destination on the 29th,
after several days delay at Key West, to obtain necessary supplies and make some slight

repairs to the ship.

Active field operations began at once, and by January 12 all the necessary signals for
use in the hydrographic survey were erected, the observations for their determination
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APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. 117

were in progress, and a sufficient number of positions had been determined to start the
hydrographic work. Four signals offshore were found to be necessary and were erected
with difficulty in water 6 to 25 feet deep.

The bottom was found to beof a hard, coral formation, and iron pipes could not be
pumped down as usual in such cases.

Where thewater was less than 12 feet deep a wooden tripod was framed, supported
by boats, and lowered into the water with the bottom heavily weighted. A pole with
targets attached was secured to the top of this tripod and held in place by guys attached
to anchors. In deeper water a gas pipe 2% inches in diameter, heavily weighted at the
bottom, was dropped overboard and secured in an upright position by guys with anchors,
as mentioned above, the usual targets being fastened to the top. Three of these signals
were destroyed by a gale before serving the purpose for which they were erected, and it
was necessary to replace them.

On February g Assistant Welker received telegraphic instructions, sent at the request
of the Light-House Inspector of this district, directing him to replace the Texas Rock
buoy, which had gone adrift and was then stranded in the southeast channel near the
entrance. ‘The buoy was recovered on the 11th, but was in such bad condition that it
was necessary for the vessel to visit Key West to obtain a new one. The new buov was
placed in position on the 18th, and in executing this work one of the ship’s anchors was
lost. ‘Two large hydrographic signals were carried away in a heavy squall on the 1gth.
This squall developed into a violent ‘‘norther’’ during the following night, and five of
the signals on the outer reefs were carried away by the heavy sea.

Stormy weather prevailed during the remainder of the month and early part of
March, and little progress was made.

On March g the vessel sailed for Tampa, Fla., to obtain a steam launch which had
been sent by rail to that place for the use of the party. Special arrangements for trans-
porting the launch were made, and it was necessary to wait for favorable weather for
the return trip on account of the weight of the launch and the consequent danger of the
lashings giving away. These conditions caused so much delay that the launch could
not be placed in the water at Dry Tortugas until March 18. Rapid progress was made
with the work during the early part of April, but after the 16th the weather was again
stormy and more signals were carried away, causing much delay. During May, more
progress was made than in the previous three months, and on May 24 the hydrographic
survey of all the approaches to Dry Tortugas was completed.

The ship sailed next for Key West towing the launch. The launch was put in
proper condition for storage and turned over to the commandant at the United States
naval station for safe-keeping. The necessary supplies were taken on board and the
Blake sailed for Baltimore on June 1 and reached that port on June 6. The rest of the
month was spent in putting the ship in condition for work on Nantucket shoals and in
making necessary preliminary preparations. Assistant Welker reports that Assistant
Flynn performed valuable and efficient service in navigating the ship, in the triangula-
tion and hydrographic work, and in directing the office work of the ward-room officers.

The Blake was at Baltimore at the close of the fiscal year,



HvyDROGRAPHIC. SOUTH CAROLINA. C. C. YaTEs.

A. C. L. ROETH, Deck Officer.
W>. SANGER, Caplain's Clevk.

SUMMARY OF RESULTS.

2 square miles area covered.
34 miles of lines sounded.

2 tide stations established.

1 sheet completed.

A hydrographic examination of the bar off the entrance to Port Royal, S. C., to
determine whether certain reported changes since the last survey existed in fact was
made in December under the direction of Assistant Yates.

The two officers mentioned above and a leadsman were ordered to join the party
and the revenue cutter Forward was instructed, through the courtesy of Capt. C. F.
Shoemaker, Chief of the Revenue Cutter Service, to take the party on board and to
render every possible assistance to Assistant Vates in the prosecution of the work
assigned to him,

The work began on December 5 and was continued whenever the weather condi-
tions permitted until it was completed on December 28.

The location of nearly all the signals used in connection with the work had been
determined by triangulation from the shore and the location of the other signals was
determined by measuring sextant angles on two of the triangulation points.

Tide observations were made at the Port Royal Naval Station and on the bar during
all the time that the soundings were being made.

The observations on the bar were made on a tide staff attached to the wreck of a
vessel lying about 3 miles inside of the bell buoy.

The plane of reference used for the reduction of the soundings and the time
correction for the distatice of the water tide staff from the bar were determined from
simultaneous tide observations at the outer tide staff and at the Port Royal Naval
Station,

All the soundings were obtained with a well-seasoned lead line, which was carefully
tested before and after the soundings were made. The leadsman was an expert with
many years of experience, and the soundings were made only when the water was
smooth. Especial care was taken to determine the height of long ground swells. ‘The
examination was made for a special purpose, and consequently no attempt was made to
develop anything but the best practicable channel over the bar and the relation of this
channel to the buoys in position at the time the work was in progress.

At the beginning of the work it was found that the location of the ranges did not
indicate the deepest water over the bar, and it was decided to adopt the channel used

118 '



APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. 119

by the local pilots as the base for the development of the examination. ‘The location of
the pilot’s channel was determined by having a pilof, who was selected by the local
pilot association, take the vessel four times across the bar through what he considered
the deepest water. The position of the vessel was determined at every minute while
running these lines, and soundings were made every twenty seconds. The development
of this channel did not change the results obtained.

Upon the completion of the work Assistant Yates returned to Washington.

His report expresses his appreciation of the effective aid rendered him by Capt. J. C.
Mitchell, First Lieut. F. S. Van Boskerck, jr., and Chief Engineer H. C. Barrows,
officers of the cutter Forward, and the interest they showed in the work.



HYDROGRAPHIC. DELAWARE RIVER. F. A. Youxg, Commanding,
TRIANGULATION. CHESAPEAKE BAY. Steamer Fndeavor,

July 1 o November 26,

A. L. GREEN, First Walch Officer.

M. F. FLANNERY, Chref Engincer, Third Class.

G. H. PHELPS, Junior +lid. July 1 to Sept. 13.
A. C. L. RoETH, Deck Officer, First Class.

D. B. WAINWRIGHT, Junior Deck Officer, First Class.

WM. BAUMAN, Junior Caplain’'s Clerk.

SUMMARY OF RESULTS—DELAWARE RIVER.,

28 square miles area covered by soundings.
370 miles of line sounded.
6 tide stations established,
4 hydrographic sheets completed.
3 triangulation stations occupied.

March 22 to June So.

M. F. FLANNERY, Chicf Engineer, Third Class
A. C. L. ROETH, Deck Officer, First Class.
H. S. SMITH, Deck Officer, First Class.

GERSHOM BRADFORD, Junior Deck Officer, Third Class. June 6 to June 3o.
H. J. ATWELL, Junior Caplain’s Clerk. Mar. 22 to Mar. 30.
WM. SANGER, Junior Caplain’'s Clerk. Apr. 1 to Apr. 26,

SUMMARY OF RESULTS—CHESAPEAKE BAY.

13 signals erected.
29 miles of line sounded.
4 tide stations established.

The steamer Endeavor, with Assistant Young in command, was engaged in making
hydrographic examinations and surveys in the Delaware River between Chester, Pa., and
Bombay Hook from July 1 to November 26. The work involved the determination of
the availability of the chanmnels that differed about 1 foot in depth, and resulted in
showing that changes in depth had taken place since the previous survey upon which
the ranges for the use of shipping were based.

The work was greatly facilitated by the data furnished by Lieut. Col. Charles W.
Raymond, Corps of Engineers, U. S. A., in charge of improvements on the river, which
included a large number of geographic positions, blue prints of hydrographic surveys,
and other information.

The triangulation executed under his direction was connected with the triangula-
tion of the Coast and Geodetic Survey, and can be used in the future as a part of the
Survey system,
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All recent hydrographic surveys of the Emngineers were a guide to the special
localities examined and rendered it possible to eliminate large areas from consideration.

Assistant H. G. Ogden, Inspector of Hydrography and Topography, was on board
the Endeavor during this examination and supervised the operations.

During the season two obstructions to navigation were discovered just off the
channel below Pennville by using a long fishing net. This net was weighted and
allowed to float downstream, being so arranged that when the bottom caught on
any obstruction the float immediately above the object would disappear beneath the
surface of the water. The sounding boats followed the net downstream and located
the obstructions.

On November 28 the vessel started to Baltimore, Md., via the Delaware and Chesa-
peak Canal, and reached that place on the 29th. '

Assistant Young commends the efficiency displayed by the officers under his com-
mand in performing the duties assigned to them.

The Endeavor remained at Baltimore from December 5to March 21, and minor
repairs were made to the vessel.

On March 22 Assistant Young left Baltimore under instructions to make a hydro-
graphic examination at the entrance of Sassafras and Elk Rivers in Chesapeake Bay.
The necessary signals were erected and tide gauges were established at Pooles Island,
Betterton, Reybolds Wharf, and Town Point. Observations of the tide were made by
simultaneous readings on the gauges at these stations between March 23 and 28.

The gauges were referred, by spirit leveling, to bench marks established in the
previous work, for the purpose of comparing the results with those formerly obtained.
On account of unfavorable weather, soundings were made on only four days, buta num-
ber of lines were sounded. ‘The soundings at mouth of Sassafras River were referred to
tide observations at Betterton, and those at the mouth of Elk River to tide observa-
tions at Betterton and at Reybolds Wharf. On April 17 the Zndeazor returned to Balti-
more for additional repairs, which were not completed until June 22. On June 23 the
Endeavor again left Baltimore, under instructions to continue the hydrographic recon-
naissance begun during the preceding fiscal year by Assistant Vinal in Lower Chesa-
peake Bay.

Thirteen triangulation stations were visited and the signals were repaired.

This work was in progress at the close of the fiscal year.



MIDDLFE DIVISION.

BASE MEASUREMENT. NEBRASKA. A. L. BALDWIN.
KANSAS.
OKI.AHOMA TERRITORY.
TEXAS.
WiLL1aM Bowig, Assistant.

E. H. BRUNDAGE, A7d.
O. M. LELAND, Aid.

L. A. FISCHER. July 16 to Aug. 12,
L. S. SMITH. July 16 to Aug. 31.
R. S. FERGUSON. Sept. 10 to Jan. 16,

SUMMARY OF RESULTS.

g base lines measured.

A party was organ zed under the direction of Computer A. L. Baldwin 1o measure
o base lines, distributed along the ¢8th meridian. These base lines had been located
and the ends marked during the progress of the reconnaissance for the triangulation.

The work began on July 16 and the following base lines were measured during the
season: Shelton base, near Shelton, Nebr.; Page base, Holt County, Nebr.; Anthony
base, Harper County, Kans.; E! Reno base, Canadian County, Okla.; Bowie base,
Montague and Clay counties, Tex.; Stephenville base, Erath County, Tex.; Lampasas
base, Lampasas County, Tex.; Alice base, Nueces County, Tex.; Seguin base, Guada-
lupe County, Tex. \

Five base apparatus were used in measuring each base, two j0-meter tapes, two
1oo-meter tapes, and the duplex bars,

At the first base a comparator, 100 meters long, was prepared and measured with
the standard bar in melting ice. On this comparator each apparatus was standardized
before beginning the base measurement. At the last base a comparator was established
in a similar manner, and the operation of comparing each apparatus with the standard
bar was repeated.

At every base 1 kilometer was measured once with each apparatus as the means of
comparison, and one-fifth of the remaining length of the base depends upon measure-
ments made with each apparatus. The portion measured with the duplex bars was
remeasured with these bars. A double portion was measured with one jo-meter tape
and remeasured with the other, and a double portion was measured with oné 100-meter
tape and remeasured with the other. This programme was successfully carried out,
and on January 16, 1901, six months after the work began, the last comparison was
made, after completing the measurement of the last base line, and a notable record in
the measurement of base lines for primary triangulation was an accomplished fact.

The nine base lines aggregate 69 kilometers or 43 statute miles in length, and are
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so widely distributed along the meridian that twenty-six days of the time during the
season were necessarily used in moving the party and outfit from base to base.

In addition to the officers, five laborers were used in the measurement.

At the first base advantage was taken of the comparator established there to stand-
ardize two 1oo-meter steel tapes for the Japanese Government, this work being domne
under the direction of Mr. Louis A. Fischer, adjuster of weights and measures, in
the Office of Standard Weights and Measures. At the Anthony base, the party
was inspected while at work by Dr. H. S. Pritchett, then Superintendent of the Coast
and Geodetic Survey, and at the Alice base Assistant John F. Hayford, Inspector of
Geodetic Work, visited the party and inspected all the details of the measurement.

Prof. A. E. Burton, of the Massachusetts Institute of Technology, accompanied
Assistant Hayford, and during their stay with the party some field tests were made with
thermophone tape apparatus belonging to the institute.

As an instance of the rapidity with which some of the work was done, it may be
mentioned that at the Stephenville base, 6.3 kilometers long, the interval between the
arrival of the party ot the line and the departure therefrom was eleven days, two of
which were Sundays, on which no work was done.

Mr. Baldwin reported in person at the office on January 31.



MAGNETIC. LOUISIANA. L. A. BACER.
ARKANSAS.
MISSOURI.
IOWA.
MINNESOTA.
_ SOUTH DAKOTA.

NEBRASKA.

KANSAS.

TEXAS.
W. C. BAUER, Magnetic Observer. July 1 to June 30 (at intervals).
W. M. BrRowN, Magnelic Observer. - Aug. 5 to Oct. 28.
W.G. Capv, Magnetic Observer. Sept. 12 to Oct. 27.
C. K. EpMUNDS, Magnetic Observer. July 1 to Aug. 21.
E. M. LrrrLE, Assistan!. Apr. 15 to May 14.
J. W. MILLER, Magnetic Observer. Aug. 21 to Oct. 27.
W. F. WavLL1s, Magnetic Observer. July 1 to Dec. 1, Apr. 15 to May 2r.
W. WEINRICH, jr., Magnelic Observer. Apr. 11 to June 3o.

Magnetic Observer W. C. Bauer assisted in the magnetic observatory work at
Baldwin, A%ans., July 1 to August 2, and August 17 to 21.  From August 3 to 16 he
made magnetic observations and established lines for surveyors’ use in Aansas at Holton
and Marysville, and in Nebraska at St. Paul and York. From August 22 to June 3o
he was in charge of the magnetic observatory at Baldwin, Kans., devoting about ten
days each month to observatory work.

Magnetic observations were made and lines for surveyors’ use were established
August 5 to October 28 in Nebraska by Magnetic Observer W. M. Brown at the follow-
ing places: Albion, Ainsworth, Alliance, Bartlett, Brewster, Bridgeport, Broken Bow,
Burwell, Chappell, Gandy, Gering, Harrisburg, Harrison, Hartman, Hewitt, Hyannis,
Kennedy, Keystone Ranch, Kimball, Marsland, Merriman, Mullen, Neligh, Newport,
Ogallala, Omaha, O'Neill, Seventh Parallel, Rock County, Rushville, School Section
No. 36, Schuyler, Sidney, Springview, Thedford, Tryon, and Valentine.

Magnetic Observer W. G. Cady was on duty at the magnetic observatory at
Baldwin, Kans., from September 14 to October 15. From October 16 to 27 he assisted
Magnetic Observer J. W. Miller at work in Minnesota.

Magnetic Observer C. K. Edmunds was in charge of the magnetic observatory at
Baldwin, Kans., July 1 to August 21.

Assistant Little was at work in Zzxas under the direction of Megnetic Observer
Wallis April 15 to May 14.

Magnetic observations were made and lines for surveyors’ use were established by
Magnetic Observer J. W. Miller August 22 to October 27 in Kansas at Hiawatha; in
Nebraska at Lincoln; in South Dakota at Gettysburg, Huron, Redfield, Sioux Falls, and

124



APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. I2§

Watertown; in Minnesola at Alexandria, Benson, Brainerd, Breckenridge, Crookston,
Detroit City, Glyndon, ‘Granite Falls, Heron Lake, Lake Benton, Mankato, Mantorville,
Minneapolis, St. Cloud, Wadena, and Walker.

Magnetic observations were made and hnes for surveyors’ use were established by
Magnetic Observer W. F. Wallis July 1 to December 1, in Jowa at Anamosa, Atlantic,
Boomne, Burlington, Carroll, Charles City, Cherokee, Corydon, Council Bluffs, Creston,
Decorah, Dubuque, Eldora, Emmetsburg, Fairfield, Fonda, Fort Dodge, Garner,
Hampton, Hartley, Idagrove, Keokuk, Lancaster, Lemars, Logan, Manchester,
Marengo, Menlo, Newton, Northwood, Onawa, Osceola, Oskaloosa, Perkins, Red Oak,
Washington, Waterloo, and West Union; in Nebrasha at Omaha; in Aissouri at
Chillicothe, Harrisonville, Hermann, Kansas City, Macon, Palmyra, St. Louis, and
Sedalia. From November 3 to 16 he was at Baldwin, Aans., comparing his instruments
and assisting in the observatory work. He made magnetic observations and established
meridian lines April 15 to May 21, in Zexas at Austin, Belton, Coleman, Groesbeck,
Kaufman, Lampasas, and Stephenville, and assisted Magnetic Observer Weinrich at
work in Arkansas.

Magnetic observations were made and lines for surveyors’ use were established by
Magnetic Observer W. Weinrich, jr., April 11 to June 30, in Lowisiana at Alexandria,
Columbia, and New Orleans; and in Ar»kansas at Batesville, Camden, Corning, Evening
Shade, Jonesboro, Little Rock, Malvern, Monticello, Murfreesboro, Newport, Paragould,
Pine Bluff, Searcy, Texarkana, and Walnut Ridge.



W. C. DIBRELL.

MAGNETIC. KANSAS.
OKLAHOMA TERRITORY.
TEXAS.
Stations occupied.
State. i County. Town,
| «
Kansas........oovovevennn i Norton............. Richfield.
Do......oooviiiiii Stevens...... ..... Liberal.
Oklahoma Territory......... " Beaver............. Beaver.
) 5 7 . Woodward ......... Woodward.
Do...................... Roger Mills........ Cheyenne,
Do.vviiiiiiiiiia i Greer.............. Mangum.
Texas ......ooovvvivnninun i Wilbarger.......... Vernon,
Do.......ovveveewvot Bavlor. Lol Seymour,
Do....ooooiiiiiii Stonewall.......... Aspermont.
Do...vovviviiiiiinn, - Mitchell ........... Colorado.

Magnetic observations were begun by Aid Dibrell in this division at Richﬁeld,

Kans., on November 17.

The stations named above were occupied and observations

were made to determine the three elements of the earth’s magnetism. The stations
were marked with stoue posts wherever it was practicable to obtain them, and with
cedar posts at the other stations.

The work for the season closed on December 19, and Aid Dibrell proceeded to
Coleman, Tex., under instructions to store the outfit, and completed this duty on
December 22, and then proceeded to Washington, D. C.
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RECONNAISSANCE. NEBRASKA. F. D. GRANGER.
TRIANGULATION. SOUTH DAKOTA.

SUMMARY OF RESULTS.

1 485 square miles area covered by reconnaissance.
10 triangulation stations selected.
9 triangulation stations occupied.
21 geographic positions determined,
958 square miles area covered by triangulation,

The continuation of the triangulation along the ninety-eighth meridian was in
progress under the direction of Assistant Granger on July 1 at Ono triangulation station,
Wheeler County, Nebr., and the work progressed without serious interruption until
the close of observations at station Old, Holt County, Nebr., on October 17. This
work is the continuation of Assistant Granger’s previous work along this meridian.

The actual time required in making the observations of horizontal and vertical
angles at the nine stations occupied was fifty-nine days, or an average of six and one-
" half days to a station. - The number of directions observed at a station ranged from 4
to 8, with an average of 5. After closing observations at station Old, and storing the
instruments and outfit at Page, Nebr., Assistant Granger took up the work of recon-
naissance northward from the line Walnut to Sparta, and selected two new stations
which formed a quadrilateral with the two already named.

Field operations were closed on November 8, and Assistant Granger reported at
the Office for duty on November 12.

On April 13, 1901, Assistant Granger left New VYork for Page, Nebr., under
instructions to continue his work of the previous season on the extension of the trian-
gulation along the ninety-eighth meridian northward through Nebraska and South
Dakota. ‘

He reached Page on the 15th and immediately prepared for reconnaissance work.
He continued the reconnaissance until June 20, when he returned to triangulation point
Walnut and prepared to occupy the station.

The observations at this station were in progress at the close of the fiscal year,

Assistant Granger expresses his appreciation of the efficient service rendered by

E. E. Torrey, foreman, and D. A, Lewis, driver.
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MAGNETIC.

TEXAS.

Stations occupied.

County

Runnels..........
Bandera

..................... Coleman... ......

Kerr

Gillespie.......... :

Edwards.......... :

F. M. LirrLe.

‘Town,

Ballinger.

Bandera, |
Brady.

Coleman.
Fredericksbury.
Kerrville.

Llano. :
Mason. ;
Paintrock.

Rock Springs.

San Saba.

The determination of the magnetic elementsat a number of places in Texas was
assigned to Assistant Little. He began this work on May 15 and continued it during
the remainder of the fiscal year. '

He used awagon and team as the means of transportation, and visited those places,
which are not easily accessible, as they are away from the railroad.

At each of the stations observations were made to determine the magnetic elements,
and a meridan line for surveyors’ use was established.

The work was in progress at the close of the fiscal year.
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TRIANGULATION. KANSAS. © AT, MOSMAN.
SUMMARY OF RESULTS.

8 stations occupied for horizontal mieasures.
19 geographic positions determined.
777 square miles area covered by triangulation.

The extension of the triangulation southward, from the transcontinental triangula-
tion, along the ninety-eighth meridian was placed under the direction of Assistant
Mosman.

- No.19.
45’
JIron Mo
Sherman and Loder
2y Assist Eimbeck tn 1899.
T T Yndom Water Tower
fes
e Statute Miles
0
Kilpmeters
16’ lFﬁF
\ // ~ ~ - \
AN ,/ T~ - \\
N / 3~ ‘\Gilmore
R it A —— REY

He reached Salina, Kans., on July 7, and preparations for the season’s work began
immediately and continued until the 22d, when the first observations were made at the
station Iron Mound. Stations Heath, Wilson, Central, Little River, and Chase were
occupied during the season in the order named, and observations were finished at Chase
on October 25.

S. Doc. 30
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On October 31 final disposition had been made of the outfit for the winter, and on
November 1 Assistant Mosman started to Washingtonand reported at the Office on the 6th.

Assistant Mosman left Washington on May 17 under instructions to proceed to
Sterling, Kans., and resume work on the triangulationalong the ninety-eighth meridian
in continuation of his work of the previous season.

Signalman Bilby was sent to the field a few days earlier to secure outfit and make
necessary preliminary arrangements.

He built tripods and scaffolds at Sunflower, Pretty Prairie, Kingman, and Cheney
stations and finished the structure at Arlington.

The scaffolds at Arlington and Kingman stations were extended above the tripod
to a height sufficient to allow the heliotropes mounted on top to be seen from other
stations, where it would otherwise have been necessary to mount the observing instru-
ments so high above the ground that it would have been dangerous to occupy the sta-
tions on account of strong wind when the screens were in place during the observations.

The screens were necessarily used on all scaffolds while observing, as the prevailing
wind in this region capsed too much vibration of the instruments to permit observations

-without them. )

On June 3 and 4 the camp outfit was moved from storage to Savage Station and the
station was ready for observations on the 8th. Strong wind prevented work until
June 12 and the observations were completed on the 14th.

It was difficult to procure teams for transportation to Station Gilmore, and this
station was not ready to begin observing until the 21st.

Unfavorable weather caused a delay of two days, but the observations were com-
pleted on the 25th. More time was lost in finding teams to transport the outfit to
Station Partridge, and this station was not ready for observation until June 3o.

Harvesting the crops goes on at this season in Kansas and all available transporta-
tion and labor are engaged.

At the end of the fiscal year the work was in progress.



CoasT PILor. ' LOUISIANA., JoHN Ross.
TEXAS.

In continuation of the work described in the Eastern Division, Nautical Expert
Ross left New Orleans on December 7 for Galveston, Tex., visiting Morgan City,
Sabine, Rockport, and Aransas Pass en route. While at Sabine he made a trip through
the Port Arthur Ship Canal.

He reached Galveston on December 14 and organized a party to make a hydro-
graphic examination of the bar off the entrance to the harbor. In connection with this
work, Mr. Ross reports the courtesy extended to him by Capt. C. H. Riché, Corps
Engineers, U. S. A., and the valuable assistance rendered by his orders.

He was given every facility to examine the original records of surveys made by the
Engineer Corps, and an assistaut engineer and several employees were detailed to assist
him in making the hydrographic examination of the bar,

The soundings made were more for the purpose of comparison and to note any indi-
cation of changes in the buoyed channel which might have occurred during the two
months which had elapsed since the survey than to develop the contours of depth over
the bar. '

The bar buoys were relocated during the progress of the work. The steamer
Pherabe, of Galveston, was hired and Mr. Ross was fortunate in having a day for the
work when there was no sea or swell on the bar, a rare condition at the season of
the year. )

After completing the duty assigned to him, Mr. Ross returned to Washington on
December 26. '
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LLEVELING. NEBRASKA. B. E. TIiLTON.
KANSAS,

SUMMARY OF RESULTS.

202 miles of levels completed.
44 permanent bench marks established.

The leveling work under the direction of Aid Tilton was in progress on July 1 at
Hadir, Nebr., and the party was at work continuing the line of levels between Norfolk
and Page, Nebr., as referred to in the Report for rgoo. The line was completed to
Page and connected with the south end of the Page base line of the triangulation along
the ninety-eighth meridian on July 28.

On the same day the party started to Solomon, Kans., to extend the levels south
from that place. The route from Solomon to Anthony, Kans., followed the Union
Pacific Railway to Salina, over the route of the transcontinental line of levels, thence
along a branch of the same road to McPherson, from which place the route followed the
Atchison, Topeka and Santa Fé Railway to Anthony, Kans., where the work was
closed for the season on October 14.

A branch line was run from Pretty Prairie, Kans., to a point near the selected
triangulation station of the same name, and from Kingman, Kans., to a point near the
selected triangulation station, also of the same name. As these stations had not been
occupied and marked, a stone bench mark was established at the end of each one of these
branch lines.

The line was connected with the stone marking the southeast end of the Anthony

_base line of the triangulation along the ninety-eighth meridian.

Aid Tilton reported in Washington on October 17.
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WESTIERN DIVISION.
CALIFORNIA., L. A. BAUER

OREGONXN.
WASHINGTON.

MAGNETIC.

W. WEINRICH, Jr., Magnelic Obserier. Nov. 7 to Nov. 27.

An examination was made on Mount Hamilton, California, by Assistant Bauer,
November 2 to 3, to determine whether it was available for a magnetic observatory, and
he also determined the magnetic elements.

Magnetic observations were made and lines for surveyors’ use were established
by Magnetic Observer W. Weinrich, jr., November 7 to 27, in Washington at Everett,

Mount Vernon, New Whatcom, and Seattle; and in Oregon at Portland.
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MAGNETIC. _ COLORADO. W. C. DIBRELL.

Stations occupied.

State. l County. i Town,
- — [ |
Colorado ................... | Logan............. | Sterling.
DO oo | Washington........ " Akron.
Do....coovvvviiinn i Yuma ............. : Yuma,
Do....coooiiiiiiit Kit Carson......... Burlington.
Do.................c...i Arapahoe ..........: Gerdts,
Do......ooooiiiiii Cheyenne. ..... “....} Chevenne Wells.
DO Towa ........c..... ' Sheridan Lake.
Do.....iocovivviiannn. | Prowers ...........  Lamar.
Do.........ooviil, i Baca............... I Springfield.

Various preliminary arrangements were made and magnetic observations in this
division were begun at Sterling by Aid Dibrell on October 29.

While engaged in this work a wagon and horses were used as a means of traus-
portation. The stations named above were occupied and observations were made to
determine the elements of terrestrial magnetism. .The stations were marked with stone
posts wherever -it was practicable to obtain them, and with cedar posts at the other
stations. ’

On October 30, at Sterling, special declination readings were made at intervals of
five minutes throughout the entire day, and the temperature read and recorded at
intervals of fifteen minutes, seventy-fifth meridian time being used. These observa-
tions were made by other magnetic parties in different parts of the country in execution
of a plan to determine the areas over which the diurnal variation of the declination is
the same. ‘The work in this division was closed on the 16th of November.
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Coast Piror. CALIFORNIA. E. F. Dickins, Commanding,
Steamer Gedney.

C. W, FITZGERALD, First Watch Officer.
J. W. McGRaTH, Second Waitch Officer.
F. G. Crist, Deck Officer, First Class.
W. W. MARKOE, Assistant Surgeon.

On July 1 extensive repairs were being made to the steamer Gedney at the Port
Orchard Naval Station, Wash. These repairs were completed on December 6, and
preparations for a cruise were made at that place and at Seattle.

The vessel sailed for San Francisco, Cal., under the command of E. F. Dickins,
Assistant, Coast and Geodetic Survey, on the 17th of December, and reached that port
‘on the 26th, having spent four days at Port Angeles, Wash., waiting for suitable weather
to go to sea.

Assistant Dickins immediately began preparations for a cruise along the coast of
California, to the southward as far as San Diego, conveying Nautical Expert H. L.
Ford, who had been instructed to report on board and to collect all necessary data for
the revision of the Coast Pilot volume covering this region. The officers of the ship
assisted Mr. Ford in performing the duty assigned to him, and the details of the work
accomplished will be found in this Report under the proper heading. The vessel
returned to San Francisco and anchored in the harbor on March q.

During the voyage the vessel visited all the landings and anchorages of importance
along the coast and on the shores of the islands off the coast of southern California.
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SANTA BARBARA SPEED-TRIAL CALIFORNIA. FraNk W. EbpMOXNDS.
CoURSE, EXTENSION OF.
SUMMARY OF RESULTS.
6 triangulation stations occupied.

4 geographic positions determined.
8 square miles area covered by triangulation.
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Speed Trial Course. Santa Barbara Channel.

The extension of the Santa Barbara speed-trial course having been requested,
Assistant Edmonds was assigned to the work, and on August 23 he proceeded to Santa
Barbara, Cal., under instructions to prepare a 32-mile (nautical) speed-trial course in
the Santa Barbara channel, for use in the builder’s trial of the U. S. S. Wisconsin.

Having made all necessary preliminary arrangements, he began field operations on
September 3, and the work proceeded without interruption. A distance of 32 nautical
miles was determined, and ranges were established marking the ends.

The work was completed on September 21, and on the 22d Assistant Edmonds
proceeded to San Francisco, Cal.
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CoasT PILoT. CALIFORNIA. HArRrY L. Forp.

A new edition of the Coast Pilot for California, Oregon, and Washington being
necessary, Nautical Expert Ford left Washington on December 20, under instructions
to proceed to the western coast for the purpose of collecting the information required
for the work of revision. ‘Assistant Dickins, commanding the steamer Gedney, was
directed to take Mr. Ford on board and afford him all necessary assistance in his work.
While waiting for the Gedney to sail, information was collected in San Francisco.

Mr. Ford reported on board the Gedney on January 16, and on the 28th the vessel
sailed from San Francisco for a cruise to the southward to verify the sailing directions
and Coast Pilot notes prepared in advance, covering the coast from San Francisco to
the Mexican boundary. ‘The ports south of San Francisco were visited, new wharves
were located, and all necessary information was collected. The Gedney returned to
San Francisco on March g, having completed the necessary work south of that port.

After returning to San Francisco, Mr. Ford was engaged for some time in
coémpleting the compilation of the notes made in the field. On May 16 he was detached
from the Gedney, and established headquarters in San Francisco and prepared to take
up the work on the coast north of that port, using local transportation as the best
available means of obtaining the desired information.

From May 25 to June 3o the necessary verification of data relating to the coast
between San Francisco and Trinidad Head was completed, except for a small part of
minor importance immediately to the northward of Point Reyes.

The work was in progress at the close of the fiscal year,

137



HYDROGRAPHIC. OREGON. FREMONT MORSE.
RECONNAISSANCE. ‘WASHINGTON.

TOPOGRAPHIC.

TRIANGULATION.

September s to Decemnber 7.

B. A. BaIrD, Aid.
F. G. Crist, Deck Qfficer.
J. N, FAHNESTOCK, Recorder.

SUMMARY OF RESULTS.

6 square miles area covered by hydrography.
156 miles of lines sounded.

1 hyvdrographic sheet completed.

5 square miles area covered by topography.
42 miles of shore line of river surveyed.

5 miles of shore line of creeks surveyed.
11 miles of shore line of ponds surveyed.

8 miles of roads surveyed.

I topographic sheet completed.

April 2o to June 3o.
E B. LaTHAM, Assistant.

SUMMARY OF RESULTS.

36 square miles area covered by reconnaissance.
18 triangulation stations selected. i
19 square miles area covered by triangulation.
10 stations occupied.

10 geographic positions determined.

3 square miles area covered by hydrography.
57 miles lines sounded.

The survey of the Columbia River between Vancouver and the Cascade Locks
was assigned to Assistant Morse. He left San Francisco, Cal., on September 5, and
proceeded to Portland, Oreg., to organize a party for the work.

On September 20, all the necessary preliminary arrangements having been com-
pleted and the party established in camp, the work of recovering old stations and the
erection of signals was taken up.

Tide staffs were set up to determine the plane of reference between Vancouver and
the Cascade Locks, and the low-water plane established at Vancouver by the Corps
of Engineers, U. S. A., during the previous year was adopted for the work. The
hydrographic and topographic survey of the Columbia River between Portland and
the Cascades proceeded without interruption until December 7, on which date the last
soundings for the season were made.
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The camp was stored and Assistant Morse proceeded to San Francisco, accompanied
by Aid Baird, where they arrived on December 13. He reports the kindness of Capt.
William W. Harts, Corps of Engineers, U. S. A., in charge of the work of improving
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the Columbia River, in furnishing information relating to the tidal plane previously
established at Vancouver and the Cascade Locks, and acknowledges the courtesy and
kindness of Mr. W. G. Brown, the overseer of the Cascade Locks, to himself and the
members of his party.
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Assistant Morse left San Francisco on April 18, under instructions to resume work
on the Columbia River and extend the triangulation, topography, and hydrography
from the point to which it had been completed during the previous season. He reached
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Portland, Oreg., on the 2oth, where he organized a party and made all necessary prep-
arations for the season’s work. The party left Portland on the 22d and proceeded to
Camas, Wash., where camp was pitched and active field operations began immediately.
Signals for use in the hydrographic work were erected and soundings were made until
May 9, when an unfinished sheet of the previous season was completed.

Assistant Latham reported on April 30 and was assigned immediately to active
duty. On May g the river was already high and rising rapidly to the regular flood
stage caused by melting snow in the mountains, and consequently the hydrography had
to be suspended and no topography could be done. Stations were selected for triangu-
lation points and at five of these the necessary observations were made. On June 8
the party moved to Prindle’s Landing, where the camp was pitched and the work of
. reconnaissance was.resumed.

By June 27 the scheme had been developed as far as Bonneville, 4 miles below
the Cascade Locks.

Three stations were occupied and observations were in progress at the close of the
fiscal year.



CHARGE OF SUB-OFFICE. CALIFORNIA. Avuc. F. RODGERS.
TIDE. ’

The Sub-Office of the Survey in San Francisco was continued under the charge of
Assistant Rodgers.” Numerous duties, largely of a routine character, were assigned to
him in connection with this duty. Government property, not needed for immediate use
in the field, is stored under his care by the officers from time to time, and the supply is
drawn upon by requisition to furnish or complete the outfit of parties going to the field.
This property includes instruments as well as camp equipage. In addition to the charge
of the Sub-Office, Assistant Rodgers supervised the tide observations at the Presidio
Station and kept the tide indicator on Alcatraz Island in order.

Mr. John S. Blough reported to him on October 22 as writer, and served the
remainder of the year. W. J. Diercks served as messenger throughout the year.
Information of interest to the Survey, collected by Assistant Rodgers, was promptly

transmitted to the Office.
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ASTRONOMIC. NORTHWEST ROUNDARY. C. H. SINCLAIR.

In accordance with the request of the Secretary of State, the Secretary of the
Treasury and the Secretary of the Interior assigned to the Superintendent of the Coast
and Geodetic Survey and the Director of the Geological Survey the duty of making a
reconnaissance along the forty-n.nth parallel, and especially from the Rocky Mountains
to the westward. These officers received more specific instructions from the Secretary
of State, and with his approval detailed officers of their bureaus to carry out the
reconnaissance. The following statement deals only with the work executed by
Assistant Sinclair and the party under his direction, except as stated in the paragraph
referring to the opening of the vista.

During February, March, and April Assistant Sinclair made an examination of the
records and other material relating to the northwest boundary of the United States, on
file in the State Department and deposited in the Congressional Library. He also
prepared a list of stars for latitude observations covering twenty-four hours of time, and
made all necessary preparations that could be made in Washington for taking up an
examination of the northwest boundary for the purpose of recovering the monuments
established by the International Commission and making the desired reconnaissance.
The principal work assigned Assistant Sinclair was the reoccupation of such old astro-
nomic stations as could be found and the determination of such new stations as might
be found desirable to establish.

He left Washington accompanied by Assistant H. F. Flynn, as a member of his
party, on May 7, and proceeded to Seattle, Wash., where the preparations for the
season’s work were completed and a party was organized.

The party left Seattle on May 16 and proceeded by way of New Whatcom and
Sumas to Chilliwack, British Columbia. A pack train was secured and the party started
on May 22 over 12 miles of road and 20 miles of trail to the boundary observation
station of 1859 on Silicia Creek, near which a number of mining claims had been located.
The trail was in very bad condition from constant rains and lack of repairs and was
traversed with difficulty. Several of the animals rolled down steep slopes, but fortu-
nately without serious damage to themselves or their packs. The astronomic station
was recovered and observations made which identified it beyond question. From this
station the distance stated in the old field notes was measured and the adjacent mark on
the boundary was recovered. Rain and clouds seriously retarded the work and satis- -
factory observations were not obtained before June 15. The constant rains also retarded
the work of clearing the vista along the line to such an extent that comparatively little
was accomplished. Tt was desirable to extend the vista from this boundary mark in
both directions to the adjacent marks, but the summits of the mountains in the vicinity
were covered with deep snow and it was impracticahle to do so at this season of the year,
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There were no trails open to the points east and west in June. but a party of
Canadian surveyors were reported working their way along the Chilliwack River toward
Chilliwack Lake.

A line was cut through the heavy timber 4 ooo feet west and 6 coo feet east of the
starting point by the conjoint parties, and four wrought-iron posts were placed in
position to indicate the random line forming the axis of the vista opened by cutting the
timber. ‘These posts are 4 feet long and 334 inches in diameter with a flange 10 inches
wide at the bottomn. Each post has a bronze cap with two lines aud the figures’* 1901 "’
cut in the top, and the intersection of these lines marks the random line.

An iron post suitably marked was also established near to, and due west of, the old
latitude station and a witness mark was made on a large bowlder a short distance to the
southeast of the station. The old wooden block is in bad condition and these marks
were established to assist in recovering the station at any future time.

On June 23 the pack train with the outfit started to Chilliwack and reached there
the following day. On the 26th the party left Chilliwack by steamer and proceeded via
the Columbia River and the Canadian Pacific Railway to Midway, British Colunibia,
arriving there on the 27th. Preparations were made to extend the work to the eastward
of Midway and the work was.in progress on June 30.

Assistant Sinclair calls special attention to the valuable service of Assistant Flynn
and meuntiouns in detail the work executed by him and states that his previous experience
in the field and office made him particularly valuable on this expedition.



HybprocraprHIC. CALIFORNIA. F. WesTpaHL, Commanding.
WASHINGTON. Steamer McArthur.

B. J. CROWLEY, First Watch Officer.
JaMES SULLIvAN, Chief Machinist.
R. H. Hawkes, Hospital Sleward. July 1 to July 30.
I.. H. WESTDAHL, Yeoman, First Class.

¥. G. CrisT, Chicf Yeoman. ’ 4
B. J. CrRowLEY, First Watch Ofjicer.

CHaS. LYMAN, Second Walch Officer.

JAMES SULLIVAN, Chief Engincer, Thivd Class. Nov. 1 to Dec, 15.
R. H. HAWKES, Assistant Surgeon.

L. H. WESTDAHL, Deck Officer, First Class.

SUMMARY OF RESULTS.
Washington.

2 square miles of area covered by hydrography.
163 miles of lines sounded.
1 sheet completed.

On July 1 the McArthur, under command of Assistant Ferdinand Westdahl, was
at Sausalito, Cal., engaged in completing the resurvey of the bar off the entrance to
San Francisco Bay. .

On July 14 the work was suspended for the season on account of the prevailing fog
and other unfavorable weather conditions. Only a portion of five days had been suitable
for the work during the month. A more detailed account of this work is published in
the Report for 19o0.

The vessel was taken to Oakland, where the boiler was cleaned and repaired, and
other necessary repairs to the ship were made. The transfer of the new crew from the
Navy pay roll to a civil establishment was effected. While engaged on this work,
orders were received on August 21 to proceed with the ship to Seattle, Wash.

After returning from the cruise in Alaska with the Coast Pilot party, Assistant
Westdahl received instructions to take up the hydrographic survey along the water
front at Seattle, Wash. Active field operations began on November 12 and were com-
pleted on December 6. »

The ‘weather was stormy, cold, and very unfavorable to rapid progress.- After
obtaining the results mentioned in the above summary, the work was closed because the
weather conditions indicated that thick weather and fog would prevail for a long period.

The McArthur left Seattle on December g and reached San Francisco on the 15th.

Various repairs were made, and the ship was ready for work on March 15. Active
field operations in making supplementary surveys to complete seven hydrographic sheets
of former work, covering portions of San Francisco and San Pablo bays, began on March
22 and continued until April 12, when the work *assigned to the ship was completed,
and the McArthur returned to Oakland Harbor in order to complete the field records for
transmission to the Office.
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DIVISION OF ALASKA.

MAGNETIC. ALASKA., L. A. BAUER.
W. WEINRICH, Jr., Magnetic Observer. Sept. 5 to Oct. 27.
S. K. PaUL, Recorder. Oct. 1 to June 30.

The selection of a suitable location for a magnetic observatory to serve as a base
station 'in the magnetic survey of Alaska was assigned to Assistant Bauer. He left
Seattle, Wash., on September 12 and made a magnetic examination at Fort Wrangel,
Juneau, Skagway, and Sitka. He was at Sitka from September 20 toOctober 4, and
made a thorough examination of all available sites in this vicinity, determining the
magnetic elements at four stations. ‘The observationsindicated that the distribution of
the earth’s magnetism was fairly uniform in the region covered by the stations, and it
was decided to locate the observatory at Sitka. ‘

On the return trip to Seattle he made mignetic observations at Dundas Bay and
Killisnoo and at variousstations in Gastineau Channel. He left Juneau on October g and
reached Seattle on the 12th. ‘ ' 4

In order to make such magnetic observations as circumstances permitted during a
cruise of the steamer MeArthwr in Alaska with a Coast Pilot party on board, Magnetic
Observer W. Weinrich, jr., reported for this duty at Seattle, Wash., on September g5,
and continued the work until the end of the cruise on November 1.

He made magnetic observations at Bartletts Bay, Battery Point, Chasitia Point,
Dixon Harbor, Dolomite, Juneau Isle, Carta Bay, Killisnoo, Ketchikan, McLean Arm,
Port Chester, Port Snettisham, Skawl Point, Sitka, Spasskaia Island, and William
Henry Bay. He also aided in the determination of the amount and direction of the
unusual local disturbance of the conipass existing in Peril Strait, Lynn Canal, near Bat-
tery Point, in Gastineau Channel, and at Port Snettisham. Magnetic observations were
also made at Comox, British Columbia.

Daily (except Sunday) declination readings at Sitka were made by Recorder Paul
from 7 a. m. to 3 p. m. October 1 to June 3o.
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RECONNAISSANCE. ALASKA. E. F. Dickins, Commanding,
Steamer Gedney.

C. W. FITZGERALD, First Watch Officer. Mar. 2, to Jan. 15.
W. H. BURGER, Aid. May 15 to June 30,
J. W. McGRrATEH, Second-Watch Officer.

F. G. Crist, Deck Officer, Second Class.

W. W. MARKOE, Assistant Surgeon.

The steamer Gedney, Assistant E. F. Dickins commanding, remained in San Fran-
cisco Bay March 10 to May 24, having repairs made and attending to routine matters.
On May 25 the vessel sailed for Seattle and reached there on the 29th. Bids were
obtained for a new boiler and a contract for one was completed on June 12. On June 13
the vessel proceeded to Victoria, B. C., and during the night Mr. Fitzgerald, first watch
officer, was attacked by pleurisy and it was necessary to return to Port Townsend and
place him in the marine hospital at that place. This was accomplished, and on June
16 the vessel sailed for Alaska.

The vessel reached Cross Sound, the working ground, on the 27th, having stopped
for coal at Union Bay, B. C., and at Juneau, Alaska, for coal, water, and lumber.

The work of the season began immediately and was in progress at the close of the
fiscal year.
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MAGNETIC. ALASKA. I~vo. A. FLEMING.

For the purpose of locating a magnetic observatory at Sitka, Alaska, and making
arrangements for the erection of the necessary buildings Aid Fleming proceeded to that
place in May. He reached Sitka on June 1, and remained there until the close of the
fiscal year. A final selection of the observatory site, and bids for the construction of
the observatory were obtained from Seattle, Juneau, Skagway, and Sitka. Estimates
of the cost of labor and material were also obtained. '

The selection of the observatory site involved the examination of five proposed
building sites. Special magnetic observations were made to determine the local disturb-
ance, if any, and also to determine the effect of iron ships anchoring in the harbor or
lying at the wharf. ’

The necessary preliminary work was completed during the month.
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BASE LINE. ALASKA.
GRAVITY.

HYDROGRAPHIC,

MAGNETIC.

RECONNAISSANCE.

TOPOGRAPHIC.

TRIANGULATION.

July r to October 14.

H. F. FLYNN, clssistant.

A. H. Durron, First Watch Officer.

J. T. GOLDSBOROUGH, Chief Engineer.
E. R. Frissy, Ard.

C. W. FITzZGERALD, Second Watch Officer.
W. M ATKINSON, 7Third Watch Officer.
C. F. DEICHMAN, Chief Yeoman.

J. J. MurpHY, Hospital Steward.

R. C. McGREGOR, KRecorder.

J. T. WaTKINS, Drafisman.

SUMMARY OF RESULTS.
Norton Sound and Bay.

24 triangulation stations occupied.
32 geographic positions determined.

J. J. GiLBERrT, Commanding,
Steamer Pathfinder.

2 600 square miles area covered by triangulation.

1 969 square miles of area sounded.
1 121 miles of lines sounded.
5 tide stations established.
6 hydrographic sheets completed.
144 square miles area surveyed.
440 miles of shore-line surveyed.
10 topographic sheets completed.
I magnetic station occupier.
1 pendulum station occupied.

April 18 lo June 3o.
C. C. YarTES, Assistant.
W. M. ATKINSON, Second Watck Officer.
M. FURMAN, Thivd Watch Officer.
T. GoLDSBOROUGH, Chief Lngineer.
H. BRUNDAGE, A1d.
J. J. MuRrPHY, Swigeon.
Carl F. DEICHMAN, Captain's Clevk,
F. Prav, Drafisman.
R. C. McCGREGOR, Deck Officer, Third Class.
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SUMMARY O¥ RESULTS.

Foa Island Group.,

25 triangulation stations established.
1 base line measured.
45 square miles area covered by triangulation,
15 triangulation stations occupied.
27 square miles area surveyed by topography.
42 miles general coast line surveyed.
979 soundings made (not plotted June 30).
4 tide stations established.

On July 1 the steamer Pathfinder, under command of J. J. Gilbert, Assistant, Coast
and Geodetic Survey, was at St. Michael, Alaska, engaged in preparation for the
season’s work. ‘The small steamer Yukon and two launches which had been hauled
out of the water at this place in the preceding year were launched.

On the evening of July 4 a party was sent in a launch to place buoys in the
approach to the Apoon entrance to the Yukon River, and on the 6th the work of con-
structing signals began.

Having recently arrived from Nome, against which a quarantine had been estab-
lished, the vessel was required to remain at the quarantine station fourteen days or
keep away from St. Michael during that period. The latter alternative was adopted,
and the topographic work began near Toik station instead of in St. Michael Bay.

Signals were erected and observations began in all branches of the work, every
effort being made to accomplish as much as possible during the short season available
for the work. '

Assistant Flynn returned on the 14th of July, after successfully placing buoys to
mark the Apoon entrance to the Yukon River. His work was much delayed by the
launch breaking down and the difficulty of covering the long distance traveled in safety.
The Ywkon, with the necessary complement of men, was assigned to Assistant Flynn,
and he was put in charge of the triangulation work. He occupied 24 stations, most of
which were difficult of access, and connected the triangulation at St. Michael with that
of Golofnin Bay.

It was evident that in order to complete the survey of the shoreline between St.
Michael and Golofnin Bay and of Golofnin Sound in one short season, the usual method
of executing such work would have to be abandoned and a more expeditious one
adopted. It was decided to proceed without waiting for geographic positions, to
dispense with projections, and to run the shoreline as carefully as these conditions
permitted, using sufficient expedition to accomplish the work as outlined above, and to
adjust the topographic work to the triangulation when the positions became available.
All the shore line was run by Assistant Gilbert and Aid Frisby, working from the ship
to a point a short distance beyond Cape Denbigh, when the work proved to be too far
away from the ship’s anchorage and it becanie necessary to use a tent.

Watch Officer Fitzgerald was placed in charge of the hydrographic work.

Owing to the great distance to be covered, it was decided not to extend the hydrog-
raphy beyond the 6-fathom curve, except on a few lines to verify the soundings shown
on the charts beyond that depth. ‘
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At the close of the season, while waiting to haul out the Yukon, a more careful
survey of the harbor at St. Michael was completed, and a special effort was made to
locate a sunken scow, but without success.

The survey of Golofnin Sound proved that it is not more than one-third of the size
shown on the published chart, in use at the time, and that more than half of it is too
shallow to be used except by small craft.

After completing the work the vessel returned to St. Michael for the purpose of
housing and storing all the boats and other property. Owing to unfavorable weather,
this work was not completed until September 21. On the 22d the ship went to Egg
Island and made a topographic survey of it on the 24th. On the 25th soundings were
made between Egg Island and Cape Darby.

All the members of the U. S. Geological Survey party, who were to return on the
LPathfinder, were on hoard by September 28, and the vessel started to Dutch Harbor
during the night. '

The vessel reached Dutch Harbor on October 2, was delayed three days coaling,
sailed for San Frangisco on October 5, and arrived at that place on October 14.

The Pathfinder remained in San Francisco Harbor until April 18, and on that day
sailed for Seattle. The vessel stopped at Port Stanley and the Government property
stored there was examined and disposed of, the useless articles being sold at public auc-
tion and the remaining property taken on board and carried to Seattle for storage or
shipment to Washington.

The vessel reached Seattle on the 25th and remained there until May 2, when she
sailed for Alaska, stopping for coal at Comox, British Columbia, and at Victoria, British
Columbia, where a ‘‘submarine sentry’’ was purchased. Attention was called to this
useful device by Captain Welbron of the steamer Quadra, who referred to its value in
exploring unknown waters and strongly recommended it as a safeguard in such work as
the vessel would have to do during the season. Assistant Gilbert was enabled to pur-
chase the device through the good will of the Canadian Pacific Navigation Company,
the owners. The voyage north was a stormy one, but was attended by no greater dis-
aster than the loss of one of the boat booms, which was washed away, and the vessel
anchored in Dutch Harbor on May 16.

The work was at once begun by the erection of an automatic tide gauge. The
great obstacle to work of any kind in this vicinity is the constant fog which covers all
the hills the greater portion of the time, and never disappears entirely at this season.

The line Flat to Grove was used as a base for work in Unalaska Bayv and a base
line was measured in English Bay and the triangulation extended to the passes. An
examination was then made as far east as Ugamuk Island, and a number of signals
were built to be used in extending the triangulation through the channel between the
Tagalda groups of islands and Akutan and Akur Islands. ‘This channel was examined
with the sentry and found to be free from dangers.

The observation of angles and topographic work was continued whenever the
weather permitted. Tide gauges were erected around Unalaska Island and tide obser-
vations were made.

The shores of the island are extremely interesting, the many picturesque bays, the
remarkable cliffs and bluffs of basalt, and the hundreds of outlying rocks, large and
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small, and of all shapes, the snow-capped mountains now and then showing through
the clouds, and the continual succession of waterfalls, all contribute to impress the visitor.

The ‘‘submarine sentry” proved to be very valuable. The device is set to give
warning when any required depth is reached, and when the vessel passes over a spot
with that depth of water on it, the sentry bell rings and a ‘' kite’’ is tripped and comes
to the surface, thus giving warning in time to steer away from danger. The ‘‘sentry”’
is reliable for any depth up to 25 fathoms with one ‘‘kite” and 4o fathoms with the
other, and it is also provided with a tube for sounding in same manner as with the Kel-
vin machine. .

This region offers few facilities for camping along the shore on account of the diffi-
culties of moving, as it is not possible to land except in sheltered places and most of the
work was necessarily done from the vessel. '

Assis.ant Gilbert reports that Assistant Yates, in addition to other duties, per-
formed those of executive officer in a very satisfactory manner, and the other officers
were equally attentive and efficient in their positions.

The work was in progress at the close of the fiscal year.



Coasr PirorT. ALASKA. H. C. GrAVES.

A new edition of the United States Coast Pilot, Pacific Coast, Alaska, having
become necessary, Nautical Expert Graves was assigned to the work, and on July 1, 1900,
was on board the U. S. Light-House Tender Columbine in Alaskan waters collecting the
material needed for the revision of the former edition.

Mr. E. H. Francis, the well-known pilot for Alaskan waters, was assoclated with
Mr. Graves in this work.

The Columbine left Sitka on July 6 for Unalaska on light-house inspection “ork
and visited the Fox Island passes and Unalaska Bay. A pilot from Unalaska was on
board while the vessel was cruising inthe Fox Island passes. Advantage was taken of
every available opportunity to acquire personal knowledge, and copious notes were
made of information useful to mariners.

The Columbine returned to Sitkaon July 24 and sailed on the 27thfor buoy and
inspection work in southeast Alaska. The route included all of the important channels
of commerce. The weather was exceptionally good and the runs were nearly all made in
daylight. The Coast Pilot information is practically complete for the principal channels
where the surveys are good.

Commander W. P. Day, U. S. N., and Capt. William C. Langfitt, U. S. A., the.
Light-House Inspectors, and Captain Richardson and the officers of the Columébine
kindly aided in the work to the extent permitted by their regular duties.

The Columbine reached Seattle on August 15, and Messrs Graves and Francis left
the vessel and reported at the suboffice. They were occupied with office work in con-
nection with their work in the field until September 2, when they reported on board the
steamer McArthur in accordance with instructions dated August 22.

The McArthur sailed on the 6th for Coast Pilot duty in Alaska, being used as a
transport for Messrs Graves and Francis.

On this trip the ship steamed 3 600 nautical miles and visited 87 harbors and
anchorages in southeastern Alaska and British Columbia. The weather was generally
good until October 6, but after that date it was quite the reverse until November 1, when
the voyage ended at Seattle.

Coast Pilot notes were made on all the waters visited, and numerous photographs
and sketches were made. As much information was collected asthe conditions per-
mitted without unduly delaying the voyage. Mr. Graves left the ship on November 7
and Mr. Francis on November 11.
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ASTRONOMIC. ALASKA.
BASE LINE.

HVYDROGRAPHIC.

MAGNETIC.

RECONNAISSANCE.

TIDE.

TOPOGRAPHIC.

TRIANGULATION.

July 1 to October 29.

R. L. FARIS, Assistant.

W. G. APPLETON, First Waich Officer.
H. S. PowELL, Chief Enginecr.

R. B. DERICKSON, Aid.,

H. W. RHopEs, Aid, .

W. 1. E1SLER, Second Waich Officer.
L. M. FurMAN, Third Watch Officer.
F. H. THOMPSON, Surgeon.

A. L. GIACOMINI, Chief Yeoman.

R. J. CHRISTMAN, Drafisman.

C. E. MORFORD, Recorder.

SUMMARY OF RESULTS.

1 azimuth station occupied.
1 latitude station occupied.

1 longitude (chronometric) determined.
1 995 square miles area covered by sounding.

2 095 miles of lines sounded.
.58 current stations occupied.
10 hydrographic sheets finished.
3 magnetic stations occupied.
2 base lines measured.

J. F. Prarr, Commanding,
Steanier Patterson.

6 stations for observing tides occupied.

850 square miles area covered by reconnaissance.

313 miles of general coast line surveyed.
561 square miles area surveyed.

1go miles of shore line of rivers and creeks surveyed.

2 miles of roads surveyed.
To topographic sheets completed.
850 square niles area covered by triangulation.
56 triangulation stations occupied.
130 geographic positions determined.
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May 16 to fune 3o.

R. B. DERICKSON, Assistant.

W. G. APPLETON, First Watch Officer.

W. 1. EISLER, Second Waich Qfficer.

F. H. THOMPSON, Surgeon.

W. E. PARKER, Aid.

A. L. GiacoMint, Deck Officer, First Class.
L. H. WEsTDAHL, Deck Officer, First Class.
R. J. CHRISTMAN, Drafisman.

SUMMARY OF RESULTS.
Iey Strail.

590 square miles area covered by reconnaissance.
540 square miles area covered by triangulation.
13 triangulation stations occupied.
27 geographic positions determined.
2 magnetic stations occupied.
2 tide stations established.

On July 1 the steamer Patterson, commanded by J. F. Pratt, Assistant, Coast and
Geodetic Survey, was making the voyage to Nome, Alaska, and reached that place on
July 6.

Mr. E. C. Barnard, Topographer, U. S. Geological Survey, and his three assistants,
had been authorized to take passage on the Patlerson, in the wardroom, from Seattle to
Nome, Alaska, and the eleven hands belonging to his party were carried in the forecastle.

A portion of the supplies and outfit for this party was landed at the United States
Army post on Nome River. The party and the remainder of their outfit, and nearly
all the remaining portion of their supplies, were landed at Chignick, Golofnin Bay.

At Mr. Barnard’s request a small portion of their supplies was kept on board to be
delivered to the party later in the season at Port Clarence.

During the season forage for the party was taken from the army post at Nome and
landed at Quartz Creek, in the vicinity of Cape Rodney. In addition to carrying out
his instructions in regard to transporting this party and outfit, Assistant Pratt furnished
them with a spare ship’s cutter and during the season supplied them with all the infor-
mation and data in his hands which they needed to facilitate the work of the survey Mr.
Barnard was making.

The survey work of the season began on July g, when the triangulation of Golofnin
Bay was taken up. It was extended across the high peninsula on the west side of the
bay and then westward along the coast. The hydrographic and topographic work pro-
gressed at the same time, and an effort was made to keep each branch of the work up
with the others. ‘

The season was an unusual one, and from the time the snow melted until late in
August there was no rain.

The tundra became so dry that fires, starting from the camp fires kindled by the
numerous prospectors in this region, spread and smoldered in all directions, and the
country between Rocky Cape and Cape Nome was enveloped in s:noke the greater
portion of the time for a period of five weeks. This atmospheric condition greatly
delayed the progress of all classes of the work, and kept the triangulation behind all the
other classes.
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During the season the following triangulation work was done. A chain of figures
beginning on the east side of Golofnin Bay was extended to the westward along the
coast to Sledge Island, a distance of about g6 miles. This work is checked by a base
line about 1 mile long, measured with a steel tape on the beach between Nome and Snake
rivers. 'The observations were made under difficult and dangerous conditions, as it was
necessary for the observing party to land every day through the surf on an outside
unprotected coast.

Another scheme of triangulation startsfrom a base line, measured with a steel tape
near the Teller reindeer station in the northeast corner of Port Clarence, and covers all
of Port Clarence, Grantley Harbor, Imurook Passage, and Imurook Basin, forming a con-
tinuous chain 58 miles in length. The triangulation work was done by Aids Derickson
and Rhodes.

The topography was taken up at the point where work was suspended at the close
of the season in the previous year, just inside Rocky Cape, Golofnin Bay, and extended
westward to Sledge Island, and a survey of this island was also made.

This work was also executed under extremely dangerous conditions, as it was neces-
sary for the topographic party to land through the surf on the outside unprotected
coast under many unfavorable weather conditions. A topographic survey of Port
Clarence, Grantley Harbor, Imurook Passage, and Imurook Basin was made.

The topographic work was done by Assistant R. L. Faris.

The hydrographic work was extended along the coast covered by the triangulation
and topography. '

. That portion between Golofnin Bay and Sledge Island is called the ‘‘ Gold Coast,”’
along which the landing of stores and provisions has been made at short intervals. A
careful hydrographic survey was made of the coast between Rocky Cape and Sledge
Island, from just outside the breakers out to a depth of from 5 to 7 fathoms of water,
covering the ground with lines normal to the coast and about one-half mile apart. The
steam launches were used on this work and lines normal to the coast were sounded by
using the ship out to the limits of the hydrographic sheets at intervals of about 214
miles. At intervals of 5 miles the lines of soundings extended to a distance of 25to 30
miles offshore. .

It was evident that a change had occurred in the entrance to Port Clarence, and
consequeuntly a careful survey was made and plotted on a large scale. Diligent search
was made for the shoal reported to be about 8 miles west of Cape Nome, and 124 miles
offshore, but it was not discovered. All of the hydrographic work resulting from the
use of the launches and boats was done by Messrs. Appleton, Eisler, Furman, and
Giacomini.

A self-registering tide gauge was erected at Tapkok, behind the rocky projection
at the southeast corner of the headland, at the United States Army post at Nome, at
Sledge Island, and at Cape Riley, Port Clarence. The record obtained by using the
gauges was supplemented by two tide staffs erected near the camps, from which all the
survey work was done in Imurook Basin. : '

The work in Port Clarence and Grantley Harbor was done in the tempestuous
weather of early winter. '

Imurook Basin was about 25 miles from the nearest anchorage for the ship, too far
to make the survey from the ship, and consequently rough camps were established.
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APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS. 157

In referring to the officers under his command, Assistant Pratt’s report contains the
following: :

The triangulation was executed by Messrs Derickson and Rhodes, aids, and it becomes my
agreeable duty to call attention to the persistent and painstaking manner in which they did their work
and the excellent manner in which they handled their boat' crews.

Successful surf landing under almost all weather conditions brings to light the good judgment
and capacity of the young officer to handle men, and I have the pleasure of stating that both of these
young gentlemen demonstrated their pos.sessiou of these gualifications far above the average.

Too much credit can not be given them for the hard and hamrdous duty that they have so
successfully performed.

I especially desire to call attention to the topographic work of f\ssxstant Faris on account of its
comprehensiveness and the great rapidity with which it was executed, and also to the unusual capacity
he possesses for the execution of all the different classes of the field work of the Survey, and to the
excellent judgment that he has displayed in handling work, officers, and crew. Assistant Faris was
constituted official and responsible navigator of the ship, and performed this work with unusual
promptness and precision.

It is with pleasure that I have to report that all the watch officers, chief engineer, yeoman,
surgeon, and draftsman were always more than willing to take hold, irrespective of what or how
disagreeable the duties might be, whenever their services could be made available.

The survey of Icy Strait and Cross Sound was assigned to Assistant J. F. Pratt,
commanding the steamer Patterson. He completed all necessary preparations and sailed
from Seattle, Wash., May 16, under instructions to proceed to southeast Alaska and take
up the work.

Assistant E. F. Dickins, commanding the steamer Gedney, was also assigned to this
work under Assistant Pratt’s direction, but he was delayed in San Francisco and Seattle
securing bids dor a new boiler for his vessel and did not report at Bartlett Bay until
June 25. The details of the work of the Gea’ney are stated elsewhere in the extract from
the report of Assistant Dickins.

On May 18 coal was taken on board the Patlersor at Union Bay, British Columbia,
and the vessel then proceeded to Sitka, via Juneau, and reached that place on May 26.

"'T'he steamer Cosmos was put in order and launched, and on May 30 the Patlerson started
to the field of work with the Cosmos in tow.

. A hurried reconnaissance was made of Icy Strait as far west as Bartlett Bay before
sending Pilot E. H. Francis back to Seattle to bring up the steamer (GGedney. On June 1

the Patterson took Pilot Francis to Juneau, and returned to the field of work on June 3.
Assistant Derickson was placed in. command of the Cosmos, and made observations at

triangulation points which it was impracticable to reach from the Patferson.

The triangulation points at the eastern entrance to Icy Strait could not be found,
and the line Don to Calm, on the eastern side of Chatham Strait, was used as a base
from which to extend the work. From this base the reconnaissance was carried as far
west as Dundas Bay, and the triangulation was completed as far west as Glacier Bay.

Whenever practicable, magnetic observations were made at the triangulation points
with a compass declinometer.

Self-registering tide gauges were estgblished at Funter Bay and Hooniah, for the
purpose of transferring the plane of reference for soundings to-Hooniah.

When the report closed only three anchorages—Swansons Harbor, Hooniah, and
the head of Port Althorp—had been found free from icebergs. Three others had been
utilized—Bartlett Bay, Mud Bay, and Dundas Bay—into which large icebergs floated.
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The currents were very much stronger than anticipated, and in the anchorages ranged
from slack water to 234 knots. The ice varied in size from small float ice to bergs
which grounded in 3o fathoms of water, and rendered the anchorages dangerous
when the icebergs could approach the vessel with a 2-knot current. In Mud Bay the
vessel was anchored in g fathoms of water, and pieces of ice grounded about one-quarter
of a mile outside the vessel. The strong ebb and flood currents running 4 to 5 knots
collect the ice and mass it across the passages, at times completely blocking them. The
narrow passages are full of swirls and eddies, and it was dangerous to use them. In
going through the passage to the north and west of Lemesurier Island one night in order
to anchor in Bartlett Bay, a windrow of ice in one of these swirls was encountered, and
a large piece struck the stem of the Patferson and carried off sideways the upper part of
her cutwater.
The work was in progress at the close of the fiscal year.
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ASTRONOMIC. ALASKA. H. P. RirrER, Commanding,
BAsSeE LINE. steamer 7aku.
HYDROGRAPHIC.
MAGNETIC.
RECONNOISSANCE.
TOPOGRAPHIC.
TRIANGULATION.

July r to October 25.

H:. C. DENSON, Aid. :

H. M. W. EDMONDS, Foreman.

SUMMARY OF RESULTS.

I azimuth station occupied.
1 base line measured.
175 square miles area covered by soundings.
271 miles of lines sounded.
1 tide station established.
3 magnetic stations occupied.
1 500 square miles area covered by reconnaissance.
155 miles coast line surveyed.
150 square miles area covered by triangulation.
29 triangulation stations occupied.
55 geographic positions determined.

April 2 lo June 30.
WiILLIAM Bowig, Assistant.
B. A, BalrDp, Aid.
CHas. FiIck, Sailing Master.
J. H. ROBINSON, Engineer.

SUMMARY OF RESULTS.

1 295 square miles area covered by triangulation.
go triangulation stations occupied.
86 geographic positions determined.
35 elevations determined by vertical angles.
125 miles general shore line surveyed.

The survey of Prince William Sound was in active progress on July 1, with Assistant
Ritter in charge of the work.

The work continued without interruption until the close of the season, October 10.

The party left Orca on the following day and reached San Francisco on October 25.

The following statement refers to the whole season, while the statistics given above
cover only that part of the work completed after July 1, the statistics covering the first
part of the season having been included in the Report for 1900.

The work of the season consisted of triangulation, hydrography, and shore-line
topography, including the location of prominent mountain peaks and the determination
of their elevation. A base line was measured with a steel tape line at the western end
of Hawkins Island, for the purpose of checking the triangulation already completed and

to serve as a base for the work in progress.
159
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Astronomic observations to determine the azimuth of a line were made at Orca.

Magnetic observations to determine the declination were made at Orca and at stations
10 and 30 miles west of Orca. :

Photographs for general and topographic use, and the usual tide and meteorologic
observations were made. The triangulation was extended from the head of Cordova
Bay to Point Johnstone, the north point of Hinchinbrook Island. It was connected
with the triangulation of 1899 at Orca and at Station Pond, which is near the check
base line. On a few days, when the clouds did not obscure the mountains, observations
of horizontal and vertical angles were made on them. All the observations of angles
were made by Aid Denson. The areas sounded during the season comprised Hawkins
Island cut-off from the eastern end, where it joins the work of the previous season, to
the northwestern extremity where it connects with Prince William Sound.

The so-called Middle Ground Shoal was developed. This shoal extends from
Makaka Point on the east, in a westerly direction toward Point Johustone, and in a
northerly direction toward Gravina Bay. From Makaka Point sounding lines were run
embracing the area to the eastward as far as the eastern end and head of Sheep Bay.

The hydrography of the upper end of Cordova Bay, joining and extending the
work executed in 1397 by the U. S. Fish Commission steamer AZbatross, was developed.

The topographic work consisted mainly in delineating, by using a plane table, the
shore line, the rocks, and the adjacent topography. The localities thus mapped
included the western end of Hawkins Island cut-off, the south shore of Prince William
Sound from a point 5 miles west of Salmo Point to Point Johnstone, and the north
shore of the sound in the vicinity of Sheep Bay. .

Thirteen stations were occupied with a phototopographic camera, most of these
being triangulation stations.

The survey of Prince William Sound was continued in April by Assistant Ritter
and his party. He arrived at Orca on April 11, and field operations began immediately.

It was decided to extend the triangulation from the line Makaka to Point Johnstone,
as a base, northward and then along the eastern shore of the sound, using stations on
the main land and adjacent islands. The camp was set up at Snug Corner Cove, a
sheltered harbor at the southwestern extremity of Port Fidalgo, 20 miles from Point
Johnstone and 45 miles from Orca. From this camp the work was completed south to
the base line and 15 miles to the northward.

On June 7 the camp was moved to the mouth of Jacks Bay, on the south shore of
Valdez Arm, 18 miles from Valdez, and the triangulation was completed to Jacks Bay
at the end of the fiscal year. '

In selecting the stations care was exercised in placing them in such positions that
future extensions of the work ‘will be comparatively easy at the points where such
extensions will be necessary. '

Auxiliary positions were determined wherever they were necessary to control the
shore line topography. In Galena and Jacks Bay, the angles in. the subsidiary
triangulation were measured by using a sextant. : :

The position of each prominent and characteristic mountain peak visible from two
or more triangulation stations was determined and the elevation obtained by measuring
vertical angles.

The work was in progress at the close of the fiscal vear.



Basg LINE. ALASKA. F. WestpanL, Commanding,
Coast Prror. Steamer McArthur.
RECONNAISSANCE.
TRIANGULATION,
Seplember 6 to November 1,
B. J. CROWLEY, First Walch Officer.

CHARLES LYMAN, Second Watch Officer.
JAMES SULIIVAN, Chief Enginecr, Third Class.

R. H. HAWKES, Assiscant Surgeon. Aug. 21 to Sept. 4.

W. W. MARKOE, Assistant Surgeon. Sept. 4 to Nov. 12.
L. H. WesTDAHL, Deck Officer, First Class.

F. G. Crist, Deck Officer, First Class. Aug. 21 to Sept. 4.

May 4 to June 3o0.

R. L. FAR1S, Assistant.:
B. J. CROWLEY, First Waick Officer.
CHARLES LYMAN, Second Waich Officer.
JAMES SULLIVAN, Chief Engineer, Third Class.
R. H. HAWKES, Assistant Surgeon.
O. M. LELAND, Aid.
SUMMARY OF RESULTS,

670 square miles area covered by reconnaissance.
19 triangulation points selected. -
1 base line measured,
1 triangulation station occupied.

On August 21, Assistant Ferdinand Westdahl, commanding the steamer McArthur,
received instruction to proceed with the vessel to Seattle, Wash., for the purpose of
conveying H. C. Graves, nautical expert, and E. H. Francis, Alaska pilot, to Alaska
and along the southeastern coast to enable Mr. Graves to collect the data required in
a revision of the Coast Pilot covering this region.

All the necessary preparations were made and the vessel left San Francisco on
August 28. 'The McArthur reached Seattle on September 1, and Messrs. Graves and
Francis came on board on the following day.

Mr., William Weinrich, jr., magnetic observer, came on board on September 5.
The vessel left Seattle on September 6 and went to Union Bay, near Comox, British
Columbia, where a supply of coal was taken on board, and on September 8 sailed for
southeastern Alaska. On this cruise the ship steamed 3:600 nautical miles and visited
87 harbors and anchorages in southeastern Alaska and British Columbia.

The weather was generally good until October 6, but after that date it was quite -
the reverse until the voyage ended at Seattle, Wash., on November 1.

The vessel on this cruise was used exclusively as a transport for the Coast Pilot
party, and the work accomplished will be reported in detail by Mr. Graves, Nautical
Expert. All possible assistance was extended to him and the ship was practically under
his orders during the cruise.
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Messrs Graves and Weinrich left the ship on November 7 and Mr. Francis on
November 11, and the vessel afterwards proceeded to San Francisco and was engaged
in supplemental survey work in the bay.

Preparations for work in Alaska were completed, and the steamer McArthur,
F. Westdahl, Assistant, Coast and Geodetic Survey, commanding, left San Francisco
on May 4 and reached Seattle on the gth. The steamer Patferson was almost ready to
sail for Alaska with a pilot on board and the McArthur waited to follow her. Both
ships sailed on the 16th and reached Juneau, Alaska, on May 23, having taken on coal
at Union Bay, British Columbia.

The McArthur filled her coal bunkers again and both ships proceeded to Fuuter
Bay on the 2 sth and anchored for the night. On the following day the ships separated,
and the McArthur passed through Icy Strait and Cross Sound to the Pacific Ocean. A
good deal of floating ice was encountered and the-land was covered with snow to the
water’s edge. The ship reached Kodiak on the 2gth and replenished the supply of coal
and water and engaged Paul W. Pavlof as pilot. The waters to be surveyed were not
familiar to the officers of the ship and were said to contain many dangerous rocks. The
ship proceeded to the working ground and reached there on June 6, after a very stormy
passage, being forced to seek shelter several times and to remain in Kuprianof Harbor
for two days.

Field operations began on June 7 and continued until the end of the fiscal year, but
very little work was accomplished. A reconnaissance was made and nineteen triangula-
tion stations were selected.

A base line was measured and lumber was landed through the surf for the erection
of signals. Only one triangulation station was occupied. The weather continued
stormy, and most of the time was spent in looking after the safety of the ship, as many
of the anchorages were roadsteads without much protection.

On June 13 it was necessary to proceed to Dutch Harbor for coal. While at that
port an unsuccessful effort was made to observe for a time at the astronomic station.
A comparison of the ship’s chronometers was made with those on the steamer Patlfinder
and also with those on the U. S. Army transport Warren.

The McArthur left Dutch Harbor on June 19 and anchored in Acherk Harbor on
the following day. '

The erection of signals continued whenever the weather conditions permitted. The
field of work was a difficult one with no safe harbors near, and no anchorages were
available where the ship was not liable to exposure to danger at any time from a sudden
change in the direction of the wind.

Safety in the open sea could not be considered on account of the dangerous rocks
in the area off the coast and the prevailing thick weather. The local knowledge of the
pilot was very useful, but could not be wholly relied on as to the safety of the anchor-
ages. His presence aided materially in advancing the work.

Views of the land for the Coast Pilot were made whenever the conditions permitted
and all other useful information collected as opportunity offered. The work was actively
in progress at the close of the fiscal year.

Assistant Westdahl commends Watch Officer Crowley, Second Watch Officer
Lyman, and Chief Engineer Sullivan for their attention to duty and interest in their
. work, and mentions particularly the care with which Watch Officer Crowley prepared
the accounts of the ship’s expenses.
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QUTLYING TERRITORY.

REGISTER OF GEOGRAPHIC HAWAIIAN ISLANDS. W. D. ALEXANDER.
NAMES.

REGISTER OF GEOGRAPHIC
POSITIONS.

TIDE.

On January 31, 19or1, Prof. W. D. Alexander took the oath of office as Assistant in
the Coast and Geodetic Survey. For many years previous to this date he held the office
of surveyor-general of the Hawaiian Islands, before and after the annexation of the
islands by the United States.

After his appointment in the Coast and Geodetic Survey he continued to supervise
the preparation of a large scale map for the Territorial government and had directions of
the tide observations made in the islands.

He prepared a list of the geographic positions already determined on the islands,
except the islands of Kauai and Niihau, reducing the latitudes and longitudes to one
uniform mean standard and converting the distance from feet to meters.

He also began the preparation of a dictionary of Hawaiian geographic names and
performed various duties in connection with the transfer of records and instruments
from the surveyor-general’s office to the Coast and Geodetic Survey.

He was engaged in performing the above duties at the close of the fiscal year.

163



MAGNETIC. HAWAIIAN ISLANDS. L. A. BAUER.

The selection of a location for the magnetic observatory in the Hawaiian Islands to
serve as a base station in the magnetic survey was assigned to Assistant Bauer, and he
left San Francisco on October 17 under instructions to make the necessary examination.
He examined various sites on Oahu and Hawaii Islands and selected a point on the
extensive coral plain in the southwestern part of Oahu Island, near Sisal, as the best
available site. He also made magnetic observations at Kahuku, Waialua, Honouliuli
Ranch (two stations), Ewa Mill, Sisal (two stations), Honolulu, Diamond Head, Puuloa
Railroad Station, and Puuloa Point (Pearl Harbor) on the island of Oahu, and at
Kilauea on the island of Hawalii.

He returned to San Francisco on November 2q.
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HYDROGRAPHIC. PORTO RICO. J. B. BouTELLE, Commanding,
RECONNAISSANCE. Schooner Eagre.

TIDE.

TOPOGRAPHIC.

TRIANGULATION.

V. R. LYLE, First Walch Officer.

F. F. WELD, Ad.

WM. B. PROCTOR, Second Waich Officer.

J. H. ULLRICH, Assistant Surgeon.

R. McD. MosgR, Deck Qfficer, First Class.
D. B. WAINRIGHT, Deck Officer, First Class.
V. SOURNIN, Drafisman.

SUMMARY OF RESULTS.

73 square miles area of reconnaissance,
73 square miles area of triangulation.
22 triangulation stations occupied.
26 geographic positions determined.
18 square miles area covered by topography.
87 miles general coast line surveyed,
2 miles river shore line surveyed.
22 miles roads surveyed.
5 topographic sheets completed.
55 square miles area covered by hydrography.
1 697 miles of sounding lines completed.
3 tide stations established,
3 hydrographic sheets completed.

The schooner Zagre, Assistant J. B. Boutelle, commanding, sailed from Baltimore
onn December 3 and reached San Juan, Porto Rico, on December 20. The vessel
remained at San Juan until January 8, taking on coal, lumber, and stores, making
repairs to the steam launch Jzspector, and other necessary preparations for the season’s
work.

The vessel left San Juan on January 8 and proceeded to Fajardo, on the east coast
of Porto Rico. Signals were erected along the Cordilleras Reef and southward along
the coast to Ensenada Honda, and the triangulation, topography, and hydrography in
this vicinity was commerticed. The topography was extended from the work of the
previous year to the eastern extremity of the Cordilleras Reef and southward to the
vicinity of Cabras Island. The hydrographic work was extended from Cape San Juan
Head to the Piraguas Rocks and about 6 miles to the eastward, off shore. On March 7
the vessel was moved to Ensenada Honda and the work was then extended from the
above limits southward. The triangulation and topography were completed as far as
Punta Yeguas, the southeast point of Porto Rico, and the hydrographic work to a line
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running a little west of south from the outer Piraguas Rock to Vieques Island, and from
the west side of Punta Arenas to Punta Cascajo, at the south side of Ensenada Honda.

The weather was much more favorable than during the previous season, light
southerly winds prevailing much of the time instead of the regular easterly trades; but
the hydrographic work was very much delayed by frequent repairs which were
necessarily made to keep the boiler of the steam launch in running order. The rainy
season began in the latter part of April, and after that date rain showers were of
frequent occurrence. Field work closed on May 31 and the vessel proceeded to San
Juan. The vessel sailed from San Juan for Baltimore on June 11, reaching there on
the 2oth, and remained there until the close of the fiscal year,



HYDROGRAPHIC. PORTO RICO. Geo. L. FLowgr, Commanding,
TIDE. Schooner Maichless.

E. V. MILLER, funior Captain’s Clerk.
SUMMARY OF RESULTS.

154 square miles area covered by sdunding.
1 203 miles of lines sounded.
5 tide stations established.

The AMatchiess was undergoing repairs at New York October 8 to November 26,
when the repairs were completed. Preparations for survey work in Porto Rico were
completed, and the vessel sailed on December 3 for Pouce, Porto Rico, under the com-
mand of George L. Flower, Assistant, Coast and Geodetic Survey. The Matchiess
reached that port on the 21st and field operations began immediately.

A tide gauge was erected at Ponce and in Guanica Harbor, and the hydrographic
survey of the harbor began on December 25. The soundings were made by using a
whaleboat, as no launch was available, and the party was too small to man two
sounding boats.

"Much time was lost while at work on the southern coast in making trips to Ponce
for water and stores, as it was the only port at which they could be obtained. The work
progressed as rapidly as circumstances permitted, and the boat work was completed on
January 16. ‘The vessel sailed the same day for Ponce for water and stores, and then
proceeded to Guayanilla Harbor and began the survey of the harbor on January 22, and
the boat work was completed on February 14. This harbor possesses a fine, deep
entrance, well protected, and affords a safe refuge for vessels.

On February 16 work began at Tallaboa Bay, still using the whale boat for the
sounding party. The bay is only partially protected by a few small islands, and the
progress of the work was much retarded by rough water. The sounding work at this
place was completed on March 5, and on the following day work with the schooner
began off the southern coast.

The water was continually rough and the soundings were made without waiting for
smooth water. '

On March 26 the launch Rudy arrived at Ponce, and afterwards aided materially in
advancing the work. ’

The development of the south coast from Ratones Island to "Point Brea out to the
28-fathom curve was completed on April 12. - On the 13th the vessel sailed for the west
coast, under instructions to develop the shoals and channels between Cabo Rojo and
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Mayaguez. A general reconnaissance of this portion of the coast was made, and an
automatic tide gauge was established at Puerto Real, but it was impracticable to place
it in charge of anyone on shore, as no one could be found with sufficient intelligence
in the vicinity.

The sounding work began on April 23 and continued until June 4. During this
time lines of soundings, normal to the shore line, averaging 400 meters apart, and
extending to a point approximately 5 miles off shore, were run between Cabo Rojo and
Mayaguez, and the shoals developed.
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In addition to this work a survey was made of Puerto Real. The mnortheast
winds of the northern coast meeting the southeast winds of the southern coast made the
wind of the west coast so variable that it was impracticable to work with the schooner.
Several attempts were made to locate the outlying shoals indicated on the chart.

Some of these were found, but the rainy season was so far advanced and the coast
so much hidden by rain squalls and haze that the attempts to locate them proved
unsuccessful.

Water and stores were procured at Mayaguez while working on the west coast.

On June 6 the launch was stored at Mayaguez, and on June 8 the vessel sailed for
Baltimore and reached her destination on June 17.



MAGNETIC. PORTO RICO. STEEMAN FORNEY.
TOPOGRAPHIC.
TRIANGULATION.

W. C. DIBRELL, Aid.

SUMMARY OF RESULTS.

12 square miles area covered by triangulation.
4 triangulation stations occupied.
3 geographic positions determined.
29 stations occupied for triangulation, with plane table.
34 positions determined, with plane table.
60 square miles area covered by triangulation, with plane table,
63 square miles area surveyed.
69 miles of coast line surveyed.
12 miles of shore line of rivers surveyed.
15 miles of shore line of ponds surveyed.
59 miles of roads surveyed.
2 topographic sheets completed.
5 magnetic stations occupied.

The topographic survey of Vieques Island, Porto Rico, was assigned to Assistant
Forney, and he was also directed to occupy a station in the main triangulation, located
on the island.

Stores and supplies were obtained in New Vork and the party sailed for San Juan,
Porto Rico, on January 5, and reached that port on January 10.

It was necessary to remain in San Juan until the 17th, in order to take passage on
the next steamer for Vieques Island. During this period of delay, Aid Dibrell occupied
one of the triangulation stations in this vicinity and made observations to determine the
magnetic elements. On the 17th the party proceeded to Vieques Island and pitched camp
on the ramparts of the old Spaunish fort south of the town of Isabel Segunda.

A reconnaissance of the island was made and the triangulation points established
and determined by Assistant Hodgkins were recovered.

Triangulation stations were occupied to complete the connection with the triangu-
lation previously executed and to connect two light-houses, Puerto Mulos and Puerto
Ferro. A plane-table triangulation was then executed, based upon the points already
determined, for the purpose of determining the additional positions necessary for the
topographic ‘work.

On the topographic sheets the heights were expressed in meters and refer to mean -
high water. The contour interval was fixed at 10 meters. The interior ridges and
valleys were shown by form contours depending upon a topographic reconnaissance with
the plane table. The Spanish names used on the plane-table sheet were obtained from
Clandomino Flores, a native of Vieques Island, who acted as pilot for Admiral Sampson,
U. S. N., while he was cruising in these waters during the war with Spain.
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Some confusion of names exists in this region and the island is called ‘‘ Crab
Island ”’ on many published charts, while the inhabitants and the old inhabitants of the
island of Porto Rico use the name ‘‘Isla de Vieques.’’

Large numbers of land crabs are found on the island and the name Crab Island
probably originated from this condition. Tide observations extending over a lunar
month were made at Puerto Ferro on the south coast.

Magnetic observations were made at a station near Isabel Segunda, at Great
Harbor, Culebra Island, at Ponce, and at Aibonita. .
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Assistant Forney expresses his appreciation of the service rendered during the
season by Aid Dibrell, who joined the party well informed on the theory of the plane
table and soon became proficient in its use in the field. Mpst of the topographic work
on the island was executed by him.

The work for the season closed on June 13. ‘The camp outfit was packed, trans-
ported to San Juan, and shipped by steamer to Washington. The party started to
Washington and reached New York on June 3o.
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BASE LINE. PORTO RICO. Jor~ E. McGRATH.
MAGNETIC.

RECONNAISSANCE.

TRIANGULATION.

THOMAS NELSON PAGE, Jr., Acting Aid.
SUMMARY OF RESULTS.

997 square miles area covered by reconnaissance.
31 triangulation stations selected.
997 square miles area covered by triangulation,
20 triangulation stations occupied.
45 geographic positions determined.
1 base line measured.

The determination of the geographic position of Mona Light-House, Monita Island,
and Desecheo Island, and the extension of the west coast triangulation to Point
Borinquen and the connection of the triangulation east of Ponce along the south coast
with the work which had been extended south and west from St. Thomas and Culebra
islands to Point Lima, Porto Rico, and Mount Pirata, Vieques Island, were assigned to
Assistant McGrath.

He spent two days in New York completing his outfit, then sailed for Porto
Rico on January 5 and reached San Juan on January 1o. Three days were spent in
San Juan, and during this time arrangements were made to obtain supplies from the
Quartermaster and Commissary Departinents of the Army, and information was obtained
from the Light-House Department. .

Assistant McGrath makes special report of his cordial reception by Col. John L.
Clem, chief quartermaster, U. S. A., at San Juan, and states that the Survey is greatly
indebted to him for the liberd!l arrangeiments made by him which greatly facilitated the
work. The Light-House Engineer and the Inspector were both absent on duty, but the
request for information was honored as fully as possible at their office. ‘The party reached
Mayaguez on January 14, and the deputy collector of customs in charge of the port,
Mr. F. Cuebas, kindly passed the outfit through the custom-house without delay.

_ Active field operations began at once and the position of Mona Light-House and
the offshore islands was determined by occupying the triangulation points at Mariquita,
Mesa, and Atalaya, which positions had been determined during the previous year.

The observations at the stations named above were completed on February 3, after
many delays and considerable hardship from lack of proper accommodations.

In connection with the determination of the offshore islands, several mountain
peaks were located and tangents were observed to coast lines of Mona, Monita, and
Desecheo islands. An effort was made to occupy Desecheo Island, and with this in
view a fisherman at Aguadilla who had more experience and local knowledge of the
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island than anyone else on the
coast was engaged to transport the
party to the island whenever the
proper weather conditions pre-
vailed to makea landing possible.
The triangulation was then ex-
tended from the point reached
during the previous year to Point
Borinquen, and all notable points
between Point Rincon and Point
Borinquen that were visible from
the triangulation stations and
which seemed to be of importance
for geographic or topographic pur-
poses were located. Observations
for magnetic declination were
made with a declinometer at three
of the triangulation stations.

While the work was in prog-
ress Assistant McGrath was ready
at all times to respond to a sum-
mons from the fisherman at Agua-
dilla when the conditions for
visiting Desecheo Island were fa-
vorable, and did respond to one
call, but found upon arrival that
an interval of two hours had so
changed the conditions as to make
the trip hopeless. After complet-
ing the triangulation to Point
Borinquen, and having no imme-
diate prospect of securing the
propér weather conditions, the
plan of occupying Desecheo Island
was abandoned. Several of the
signals at triangulation points on
the west coast were found undis-
turbed. ‘The respect with which
the signals and station marks on
this coast are treated by the native
population is very satisfactory, and
is in keeping with the consider-
ation and courtesy shown the
party in all their relations with
these people.

When the work on the west
coast was completed the party pro-
ceeded to Guayamas, and reached
there on March 8.



APPENDIX NO. 1. DETAILS OF FIELD OPERATIONS, 173

A reconnaissance of the coast was made, and the line Corazon to Point Figuras
Light-House was selected as the hase from which to extend the work. The necessary
observations to extend the triangulation to Point Lima and complete the work assigned
to the party were finished on May 3.

It was not necessary to use lamps as signals except at stations Guayanes, Can-
delero, and Lima, where they were necessary in obsérving from Mount Pirata, which
station was occupied by Assistant Forney in connection with his topographic survey
of Vieques Island.

The work was delayed by the lack of accommodation, the very inferior facilities for
transportation, the poor roads, and the necessity of using trails where there were no
roads.

Assistant McGrath makes special mention of his aid, Thomas Nelson Page, jr., who
proved to be a faithful, earnest, diligent, and ambitious worker, and showed a most
gratifying interest in his duties. After completing the work the party proceeded to
San Juan, and sailed for New York on May 14.

Assistant McGrath reached Washington on May 22 and reported in person at the
Office.



MAGNETIC. PORTO RICO. JouN NELSON.
RECONNAISSANCE.

TOPOGRAPHIC.

TRIANGULATION.

O. \WW. FERGUSON, Asststant..
B. E. TiLTON, Aid.
SUMMARY OF RESULTS.

450 square miles area covered by reconnaissance,
43 triangulation points selected.
300 square miles area covered by triangulation.
43 triangulation stations occupied.
77 geographic positions determined.
55 square miles area surveyed.
101 1iles of coast line surveyed.
68 miles of shore line of rivers, creeks, and ponds survgyed.
73 miles of roads surveyed.
7 topographic sheets completed.
5 magnetic stations occupied.

The triangulation, topographic, and magnetic work on the northwest coast of Porto
Rico was assigned to Assistant Nelson. He spent three days in New York purchasing
supplies and outfit and then proceeded, on January 5, to San Juan, P. R., and reached
that port on January ro0. '

A party was immediately organized and field work began without delay.

The triangulation points from which it was necessary to extend the work to the
westward were not conveniently located, and much time was spent in making a recon-
naissance and clearing the lines.

Observations in all three branches of the work began on January 22, and steady

‘progress was made until the close of the season. The party moved from San Juan to
Toa Baja, about 20 miles to the westward, on January 28. The lack of roads and
bridges and the primitive methods of transportation greatly retarded the work through-
out the season. Fortunately the railroad extends from San Juan 6o miles along the
coast to the westward, and this made it possible to complete the work to a junction with
that of the previous season, at Point Jiguero.

The roads are simply bull-cart tracks and trails all the way from San Juan to
Aguadilla and even to Anasco,

A few pieces of road were begun between Arecibo and Utuada and between Manati
and Ciales, but never completed, and landslides have since occurred which have rendered
these roads practically useless. The party moved to Vega Baja on February 28, to the
Manati River on March 14, to Arecibo light-house on April 4, and to Amador plan-
tation, near Camuy, on April 27. Therailroad ends at Camuy, and the road to the west-
ward hardly deserves the name at any time, and becomesalmost impassable in the rainy
season. It was over this road that the last move was made to Aguadilla, a distance of
26 miles, when, with the assistance of ten bull carts and a relay of bulls and drivers at
the Fortuna plantation, about the middle point, the trip was made in twenty-six hours.
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The reconnaissance and triangulation preceded the topography, and numerous
obstacles had to be overcome, and at all interior points it was necessary to cut lines
in all directions.

The difficulties in the way of triangulation increased as the work progressed to the
west, and Borinquen Light-House and Aguadilla were so unfavorably located that it
was almost impossible to make a connection with them from the east.

The plane-table work began near the eastern entrance to San Juan Harbor, and was
extended to Point Jiguero, on the west coast, where it joined the work executed during
the previous season. This was accomplished with comparative ease, as the coast line
consists largely of sand beach, with intervening cliffs and bluffs of soft limestone not
over 50 or 60 feet high. There are numerous outlying rocks of small size in places, and
along the beach sand dunes ranging from 10 to 30 feet in height were found, which
were difficult to represent on the topographic sheet. Aguadilla Bay is an open arm of
the sea, and vessels can approach to about one-quarter of a mile of shore.

The Arecibo anchorage is only suitable for small craft. The swell and surf are
heavy at all seasons of the year. In fact. the surf is so strong on the entire northern
coast that it is dangerous for small boats to land except behind Point Salinas and at one
other point near Camuy. The bar across the mouth of the Rio Grande de Arecibo
prevents anything but lighters and rowboats from going in or out.

The Rio Plata is the first river west of San Juan, and is the largest and longest on
the island. It is very turbulent and treacherous during the rainy season. ‘There are
two small towns, Toa)Baja and Dorado, near its mouth. There are no bridges over this
river except the railroad bridge, and it is not possible to cross over this with animals.
The Manati is the next river of importance, aud is considered the most dangerous on the
island. The partially completed railroad bridge was the only one over the river, and it
was necessary to use the ferry in crossing.

While in camp near this river in March, a hurricane visited this portion of the
island and lasted about ten hours. The camp was in danger of being washed away, as
the water rose 15 feet in six hours, but fortunately only one tent was lost, though the
party was cut off from field work_for two days. :

The mouth of the Rio Grande at Arecibo is about half a mile wide at high water,
but at low water is bare except the channel, which changes with every rain as the water
pours down out of the mountain gorges.

Sugar plantations extend along the valleys of all these rivers, and also for some
distance along the coast; at intervals, from Bayamon to Camuy River. The country
from Camuy west consists of irregular ridges heavily covered with brush, and in many
places with cocoanut trees, royal palms, mangoes, coffee, and banana trees.

Magnetic observations were made at the following places: Frmle, Baja, Amador,
Point Caracoles, and Aguadilla.

Assistant Nelson makes special mention of the kindness and aid extended to him
by Col. John L. Clem, chief quartermaster, U. 8. A., at San Juan, in furnishing forage
and transportation and in facilitating the work to the extent of his ability.

T'he rainy season began about April 15, and after that date there was rain every
afterncon. In spite of every obstacle, such as those mentioned above and others equally
as troublesome and difficult to overcome, the work was pushed steadily forward to
completion and a junction was effected in June.

On June 19 Assistant Nelson sailed with the officers of his party from San Juan for
New York, and reported in person on the 25th at the Office in Washington.,



COLLECTING INFORMATION PHILIPPINE ISLANDS. FrRANK WALLEY PERKINS.
RELATING TO SURVEYS.

As stated in the Report for 1900, Assistant Perkins was at Manila, P. 1., on July
1, engaged in the investigation of the existing conditions relating to surveys and in
collecting information as to the future needs of the Philippine Islands.

Several interesting communications were submitted by him containing important
information upon which to base the plans for the future survey of the islands, as
demanded by the necessities of the situation.

An abstract from his reports is given in the Report for 1900, under the heading
‘“ Special duty.” :

On July 15 he sailed for the United States on the U. S. transport Sherman, via
Nagasaki, Japan, and arrived in San Francisco, Cal., on August 6. He was detained
on duty in San Francisco until August 16, when he started to Washington and reported
for duty at the Office on August 28,
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ASTRONOMIC, PHILIPPINE ISLANDS.
BASE LINE.

HYDROGRAPHIC,

MAGNETIC.

TOPOGRAPHIC.

TRIANGULATION.

F. W. EDMONDS, Assistant.

H. C. DENSON, Assistant.

H. W. RHODES, Aid.

. C. MITCHELL, Aid,

E. MORFYORD, Recorder.

S. HiLy, Recorder.

. O. PIXLEY, Recorder.
ALEXANDER COLT, Recovder.
HENRY BERNHARDT, Recordey.

H. S. HOoDGSON, KRecorder.
WiLLIAMS WELCH, Chief Draftsman.
POTENCIANA ALONZO, Draftsman.
JosE ASUNCION, Draftsman.

JosE SALANGA, Copyist.

ETHAN E. ALLEN, Acting Chief Engineey.
PaBLo CARPIO, Messenger.

H
C.
].
H

SUMMARY OF RESULTS.
Astronomic work.

13 longitudes determined (by telegraph).
1 longitude determined (by chronometer).
15 latitudes determined.
14 azimuths measured.
14 meridian lines established.

Base lines.
2 measured.

Hydrographic work.

253 miles sounding lines,
7 sheets completed

Magnetic work.
13 stations occupied with compass declinometer,
Topographic work.

76 square miiles area covered.
119 miles general coast line surveyed.
35 miles roads surveyed,
8 sheets completed.

-8. Doc. 30 12

G. R. PurNam
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Triangulation.

78 stations occupied.
123 geographic positions determined.

The inauguration of the survey of the Philippine Islands and the establishment of
a suboffice in Manila, P. I., was assigned to Assistant Putnam.

After making all necessary preparations in Washington and San Francisco, he sailed
from San Francisco for Manila, P. 1., on November 16, and reached his destination on
December 15. ‘Two assistants, Edmonds and Denson, one aid, Rhodes, and five
recorders, Morford, Hill, Pixley, Colt, and Bernhardt, accompanied him as members of
his party. H. C. Mitchell, aid, and Williams Welch, draftsman, sailed at a later date
and reached Manila on December 31. X

The additional members of the party mentioned above were employed at various
dates between January 14 and March 22, as their services became necessary and suitable
men could be found. General instructions were given Assistant Putnam to make all
necessary arrangements for the inauguration of a survey of the coasts of the Philippine
Islands. A suboffice was established at Manila as headquarters from which the work
of surveying the coast could be managed and a place where all data could be collated for
the preparation and publication of preliminary results, when such publication would be
of immediate benefit to commerce and navigation.

Assistant Putnam presented his credentials promptly to the Commanding General
and as soon as practicable called on the President and members of the Philippine Com-
mission, on the Admiral of the Fleet, and on the officers of the Military Government.
The requests that it was necessary to make were granted, receiving such consideration
as could be expected in view of the disturbed condition of the country.

The Survey is especially indebted for assistance in its work to the United States
Philippine Commission, the Adjutant-General, Chief Quartermaster, Chief Signal
Officer, Chief Engineer Officer, Chief Commissary, Depot Quartermaster, Captain of
the Port, and other officers of the Division of the Philippines, as well as to the officers
of the Eastern Extension Australasia and China Telegraph Company and to the
managing director of the Campafiia Maritima.

Messrs. Edmonds, Denson, Rhodes, Mitchell, Morford, and Hill were assigned to
the charge of parties in the field away from Manila during the year by Assistant Putnam,
and he remained at Manila in charge of the suboffice and executed such field work in
the vicinity as was found to be desirable and practicable. The field work was considerably
retarded by lack of transportation facilities about the islands, by the condition of the
telegraph lines, by the lack of suitable boats for hydrographic work, and, toward the
close of the year, by unfavorable weather. No difficulty was experienced on account of
the insurgents, though Batangas was fired upon while a party was at work in the town.
At two places a party lived in towns not garrisoned. The work was delayed only to a
slight extent by sickness, as the general health of the party was good. The plan of
work followed comprised the determination of geographic positions and the making of
detached harbor surveys. ‘This plan was demanded by the existing conditions and the
small force and the limited equipment available for the work.

Great difficulty was experienced in obtaining suitable boats for hydrographic work
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and at one important place no boat could be obtained for this work. ‘The native boats
are long and slender, with wide bamboo outriggers, and can not be used for hydrographic
work. :

All the field parties received great assistance from the commanding officers of
military posts and other military and civil officers.

The following is'a condensed statement of .the work accomplished by the various
parties before the end of the fiscal year.

The statement of the work executed is presented in this form as a matter of
convenience.

The officers on duty under Assistant Putnam’s direction were placed in charge of
parties by him and were entirely dependent on their own ability and resources in carrying
out the instructions for the work assigned to them as chiefs of parties.

LONGITUDES DETERMINED.
Ry telegraphic method.

Place. | Island. | In field, i At Manila.

Sual ... Tuazon............. | Edmonds......... Putnain,
Vigan..........o..ooiiiiiie. do............ Rhodes............ Do,
Subig ...... o] do........... K R do............ Do.
Iba o do....ooiiiienee do............ Pixley.
SantaCruz..................L..... do............ v do............ | Do.
Batangas ...........c.ooeoii]onn do...........|..... do............ i Do.
Balayan ............... ... do ...l do............ J - Do.
Ioilo .....ooovviiiiiinean Panay............. cewndo ool Lot Putnam.
Carrimao....... ........... Luzon............. Mitchell........... | Do.

* San Fernando ..............[..... do.......o.. el do............ " Pixley.
Candon ... i, do............]..... do.....o..ot | Do.
Cape Bojeador ..............|..... do.......o.oo]l do............ Do.
Cegu (not completed)....... Cebu.............. Hill............... | Putnam.

|

By chronometric method.
Aparri (approximate determination). Mitchell.
LATITUDES BY ZENITH TELESCOPE OBSERVATIONS.

Observations for latitude were made at all longitude stations except Cebu by the
observers in the field and at Manila (Putnam, observer), making fifteen stations in all.

AZIMUTH OBSERVATIONS.

Azimuths were derived from the time observations at all the longitude stations
except Cape Bojeador, and meridian lines were permanently marked on.the ground
except in a few cases where this was impracticable, and in such cases the azimuth of
" some other marked line was derived as above stated. To control local triangulation,
azimuths were determined by theodolite observations on Polaris at Manila (Putnam)
and at Bolinao (Denson), and by theodolite observations on the sun at Santo Tomas
(Denson) and at Darigayos (Denson). e

MAGNETIC OBSERVATIONS.

Observations with a compass declinometer were made at all the longitude stations
except Cape Bojeador. ‘
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HARBOR SURVEYS.

TLocal harbor surveys, or reconnaissances, were made as follows (name of officer in

charge in parentheses):
Port Sual, Luzon (Denson).

Triangulation, hydrography and topography. (Hydrography of approaches not

completed. )

Statute Miles

2137’ o
<

18°21'

4
Nautical Milfs

[

Kilometers
o = = = =
55 i ¢

—_—

Entrance Cagayan River, Luzon Island, P. I.

Cagayan River Entrance, Aparri, Luzon (Rhodes).
Reconnaissance, topography and hydrography.
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Bolinao Harbor, Luzon (Denson).

Triangulation and topography.
San Fernando Harbor, Luzon (Denson).

Triangulation, topography and hydrography (north harbor).
Santo Tomas Harbor, Luzon (Denson).

Triangulation, topography and hydrography.

No. 37.

Coral{\ £
' Silaque Id..

Statute Miles
—=_='

Kilometers

Bolinao Harbor, P, L.

Balayan Anchorage, Luzon (Rhodes).
Reconnaissance, topography and hydrography.
Darigayos Inlet, Luzon (Denson).
Topography and hydrography.
Tacloban Harbor, Leyte (Morford).
Triangulation, topography and hydrography. (Survey in progress June 30.)
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TIDE OBSERVATIONS.

Observations were made as follows:
Manila, Luzon, February 11 to June 3o0.
Sual, Luzon, January 30 to March 6.
San Fernando, Luzon, January 26 to March 14.
Santo Tomas, Luzon, May 6 to May 23.
Darigayos, Luzon, June 17 to June 20.
Aparri, Luzon, January 3 to April 10.
Balayan, Luzon, May 14 to May 16.
Tacloban, Leyte (dates not given).

Reports were made by each chief of party, in which the details of the work
executed were stated. Office work was undertaken as soon as necessary quarters and
furniture could be obtained. The supply of many necessities for sale is very limited,
and no desks could be obtained for more than a month after the party reached Manila.
The demands upon Assistant Putnam were very exacting and his time was fully occu-
pied with the numerous details involved in directing the surveys in the field, in addition
to the routine work necessary in conducting the office, involving correspondence, com-
putation, furnishing information on request, preparing results for publication, disburse-
~ ment of funds, and many other details too numerous to mention.

Draftsman Welch was placed in charge of the Drawing Division and two Filipino
draftsmen were employed to assist hin.

Five charts were drawn and traced with lithographic ink, as follows:

Scale,
Port Sual ..... e e e e e e e e e 1:10 000
Cagayan River entratce .. ... ...t e 1:10 00O
Murcielagos Bay ... L. e 1:30 000
Port CArrilan ... ...ttt ettt ettt e et e 1: 5 000
Manila and Cavite Anchorage......... ... ... .. i i i 1:30 000

Four charts were completed ready for tracing with lithographic ink, as follows:

Scale,
Balayan Anchorage ... ....coooot i e 1: 5 000
San Fernando Harbor .. ..o e 1:15 000
POrt SANLO TOMIAS . . o o\ttt et ittt et e et et e e 1:20 000
Darigavos TNIEt ... ..ottt e 1 5 000

Five tracings were prepared for the Captain of the Port, one for the Captain of the
transport Skeridan, and one for the Collector of Customs at San Fernando.

Considerable work in plotting and verifying hydrographic sheets and some inking
of original sheets was done. When the tracing of a chart with lithographic ink on litho-
graphic paper was completed, the tracing was placed face down on a clean lithographic
stone, which was run through the press several times. This transferred the ink to the
stone and the paper can then be washed away without removing any of the ink. The
characters for sand, trees, swamp, hachures, lettering (in part), and the projection were
drawn directly on the stone. About 100 blue prints of various sketches were made
and distributed on request of the Captain of the Port and other officials. After over-
coming -many obstacles, three charts were published by lithography, and publication
was then suspended until suitable paper could be obtained, as there was none for sale in

Manila or Hongkong.
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Six additional charts, four from Coast and Geodetic Survey work and two from
Spanish charts needing publication with additions, were prepared for publication.

About 200 copies of the advance prints of the three charts mentioned above were
distributed. ‘Three numbers of a Notice to Mariners, dated March 1, April 1, and July 1,
were prepared and published in an edition of 500 copies, and most of these were distributed
to the various officials, including the collector of customs at every port. The Spanish
board of trade republished these notices in Spanish and they were received with favor
by others.

In response to a request addressed to the President of the United States Philippine
Commission, under date of December 24, 1901, the Commission, on March 8, 1901,
made an appropriation to purchase a small steamer for the use of the Coast and Geodetic
Survey, and subsequently appropriated money for repairing and refitting the steamer
and also an amount to purchase coal for the use of the steamer. The steamer Research
was purchased and at the close of the fiscal year was still undergoing alterations, as it
was found impossible to avoid long delays from lack of facilities and other causes.

The different classes of work were actively in progress at the close of the fiscal year,



SPECIAL DUTY.

PROCESSES -USED IN THE PRO- ENGLAND. E. H. FOWLER.
DUCTION OF CHARTS IN FRANCE.
ENGLAND AND FRANCE.

Advantage was taken of the presence of the chief draftsman, Mr. Edwin H. Fowler,
in London and Paris, during his vacation, to instruct him to make an examination of
the methods of photo-engraving and the reproduction of topographic charts and draw-
ings and other processes used in the production of charts, with the view of collecting
information which would result in the improvement of the methods used by this Survey.

He began the work on August 1 and continued it during the remainder of his stay
in Paris and London, and reported at the Office on September 8 to resume his regular
duties in the Drawing and Engraving Division.

In Paris he secured an introduction to M. Emile Levasseur, member of the Institute
of France, and professor in the College of France, through the courtesy of the United
States Ambassador, Gen. Horace Porter. M. Levasseur gave him letters of introduc-
tion which secured the authority and facilities he desired in the prosecution of his work.
He visited the office of the ‘‘Service Géographique de 1I'Armée,”’ the office of the
‘“ Service Hydrographique,’’ and the office of the ‘‘Directeur de la Carte de France et
du Statistique Graphique,”” where every courtesy was shown him as the result of
presenting the letters given him by M. Levasseur.

While in London Mr. Fowler visited the Admiralty Office and several of the large
publishing houses. Information was obtained bearing upon the subject under investiga-
tion and the details reported by Mr. Fowler after his return to the Office.
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RESURVEY OF MASON AND PENNSYLVANIA. W. C. HODGKINS.
DIXON’S LINE. MARYLAND.

The resurvey of Mason and Dixon'’s line, the boundary line between the States of
Pennsylvania and Maryland, having become desirable, a commission was authorized by
the legislature of the respective States to undertake the work.

This commission is composed of three members, the Superintendent of the United
States Coast and Geodetic Survey, the Secretary of Internal Affairs of Pennsylvania,
and the State Geologist of Maryland. Assistant W. C. Hodgkins was selected to
execute the necessary work in the field, and he was detached from duty at the Office for
that purpose. '

He left Washington on October 21 and proceeded to Cumberland, Md., and on the
following day began a reconnaissance of the region adjacent to6 the boundary.

Asa result of thisework he decided to begin operations at the northwest corner of
Maryland, and the actual running of the trial line began on November 5. Unfortu-
nately, winter weather was experienced at an unusually early date, and progress was
delayed by frost and snow. The work proceeded until December 20, when the party
was disbanded and operations were suspended to wait for more favorable conditions.

Assistant Hodgkins proceeded to Washington and was engaged on other work until
April 8, when he resumed the survey of the boundary to the eastward of the Susque-
hanna River. This portion of the line between Cecil County, Md., and Chester and
Lancaster Counties, Pa., was originally marked by monuments of cut stone, approxi-
mately 1 mile apart. Most of these monuments were found in place, but nearly all of
them had been disturbed, and many of them were in a mutilated condition. When any
monument; or portion of a monument, was found in its original position, this was
assumed to be the boundary line, and the position was marked in a much more perma-
nent manner than that originally adopted. -

Notes were made along the line in order to prepare a topographic sketch in its
vicinity. The progress of the work was seriously retarded by long-continued and heavy
rains, and to some extent by extremely hot weather in June.

On June 3o this work was still in progress, and a section 23 miles long had been
covered.

While engaged in this work Assistant Hodgkins was named as a member of the
commission appointed by the United States Supreme Court to re-mark the boundary
line between Virginia and Tennessee, and was absent on that duty May 17 to 22 and
June 10 to 26. During his absence the party continued at work under his assistant,
Robert H. Blain. The incidental expense of- this work was paid by the States interested.
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MARKING THE VIRGINIA AND VIRGINIA. W. C. HODGKINS.
TENNESSEE BOUNDARY, TENNESSEE. J. B. BAYLOR.

On April 30, 1900, a decree was announced for the United States Supreme Court
by Mr. Chief Justice Fuller which ordered the re-marking of the boundary line
between the States of Virginia and Tennessee, established in 1801-1803 by the joint
action of these States, commonly known as the ‘‘diamond line,”’ as the ‘‘real, certain,
and true boundary between the said States.”’ In this decree William C. Hodgkins,
of Massachusetts, James B. Baylor, of Virginia, and Andrew H. Buchanan, of Tennessee,
were appointed a Commission ‘‘to ascertain, retrace, re-mark and reestablish said
boundary line, but without authority to run or establish ‘any other or new line.”’

W. C. Hodgkins and James B. Baylor are Assistants in the United States Coast
and Geodetic Survey, and they were detailed to perform the duties imposed by this
. decree whenever the necessary conditions permitted.

On May 17, 1901, funds for field expenses provided by the States interested having
become available, the Commission met at Coast and Geodetic Survey Office in Wash-
ington and organized by electing Assistant Hodgkins, chairman; Assistant Baylor,
secretary, and Professor Buchanan, treasurer.

A considerable amount of preparatory work had already been accomphshed by the
Commissioners through correspondence. The necessary instruments and outfit were
furnished by the United States Coast and Geodetic Survey to the extent permitted by
the available supply.

On May 20 Assistant Baylor and Professor Buchanan proceeded to Bristol, Teml
to begin active field operations, and Assistant Hodgkins returned to his work on
the Pennsylvania and Maryland boundary. Assistant Baylor continued on the work
during the remainder of the fiscal year, and the work was still in progress on June 3o0.
Assistant Hodgkins was engaged on this work in the field from June 1o to 23.
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MARKING PROPOSED AVENUE  DISTRICT OF COLUMBIA. JounN E. MCGRATH.
ACROSS THE MALL,

In the latter part of May arequest was made by the Senate Committee on the
District of Columbia, through its clerk, that an officer be detailed to mark by flags the
lines of a proposed avenue across the Mall, between the Capitol and the Washington
Monument, in the City of Washington. This work was executed for the information
of a Commission for the Improvement of the Parks of the District of Columbia recently
created by Congress. Assistant McGrath was assigned to this work and completed it
on June 1 and 3, to the satisfaction of the Commission.
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ESTABLISHING SPEED TRIAL COURSE DELAWARE BAY. HexNry I.. MARINDIN,
IN DELAWARE BAY,

On May 8 Assistant Marindin left Washington under instructions to cooperate with
Commander C. E. Vreeland, U. S. N., representing the Board of Inspection and Survey
of the Navy Department in laying out, at the expense of the Messrs Cramp & Sous, of
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$peed Trial Course, Delaware Breakwater.

Philadelphia, a mile course in the Delaware for use in connection with the trial of
vessels built for the Navy, This work was successfully accomplished at the Delaware
Breakwater during the month, and a special report was submitted covering the necessary

operations.
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MEMBER OF MISSISSIPPI RIVER Hexry L. MARINDIN.
COMMISSION.

Assistant Marindin has continued to serve as a member of the Mississippi River
Commission under the appointment of the President.

The month of July was spent in attending to his duties as a member of the
Commission. On November 7 he went to St. Louis and attended a meeting of the
Commissien on the gth,’ and accompanied the Commission on a low-water inspection
trip to New Orleans. He was selected to prepare the annual report of the Commission,
and did so after his return to Washington. The Commission disbanded, and Assistant
Marindin returned to Washington, reporting at the Office on the 21st. He was
engaged upon routine matters connected with the Commission and other temporary
duties until April, when he again went down the river on an inspection trip which
lasted from the 8th to the 2oth. . )

From June 2 to 24 he was again attending to his duties as a member of the
Commission, during which time he completed the annual report, and submitted it to the
Commission at a meeting held in St. Louis.
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GRAVITY MEASURES. LONDON, ENGLAND. G. R. PurNan.
POTSDAM, GERMANY,
PARIS, FRANCE.

In continuation of the work of connecting the base station for gravity determina-
tions in the United States with the base stations for such work in Europe, Assistant
Putnam made observations at the above stations in July and August.

The Survey was requested to undertake this work, by the International Geodetic
Association, and all the incidental party expenses were paid out of funds furnished by
the association.

The work in Europe was completed, and Assistant Putnam returned to Wash-
ington, reporting for duty at the Office on September 21,

He was directed to prepare the results for transmission to the association and to
complete’ the connection by making the final set of observations in Washington.
These observations were made early in October, and on October 12 a report on the

work was submitted.
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LATITUDE OBSERVATIONS FOR INTER- EpwIN SMITH.
NATIONAL GEODETIC ASSOCIATION.

The charge of the International Geodetic Association latitude station at Gaithers-
burg, Md., was assigned to Assistant Smith from July 1 to January 4.

This special duty was assigned to him under the authority of the honorable
Secretary of the Treasury on July 1, 1899. As stated in the Report for 1goo, the
latitude stations at Gaithersburg, Md., and at Ukiah, Cal., are under the direction of
the Superintendent of the Coast and Geodetic Survey, who undertook this supervision
in compliance with a request from the association.

The party expenses at the Gaithersburg station were paid out of funds furnished
by the association for this purpose.

The records and reports were forwarded to the Central Bureau of the association
for discussion and publication.

On January 5 Dr. Herman S. Davis relieved Assistant Smith and assumed charge
of the station, ‘
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MARKING PROVISIONAL BOUNDARY BETWEEN O. H. TITTMANN.
ALASKA AND BRITISH COLUMBIA,

The work of marking the provisional boundary between Alaska and British
Columbia as defined in the modus vivendi agreed to by the United States and Great
Britain under date of October 20, 1899, was continued under the direction of Mr. O. H.
Tittmann, assistant superintendent, United States Coast and Geodetic Survey, com-
missioner of the United States, and Mr. W. F. King, British commissioner, after July 1
until the end of the month, when the demarcation of the temporary boundary was
completed.

Assistant O. B. French continued under Mr. Tittmann’s direction as United States
engineer and executed the necessary field work on the part of the United States.

Mr. Tittmann returned to Washington and reported at the office on August 20.
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ESTABLISHING TIDE GAUGES IN D. B. WAINWRIGHT.
THE DELAWARE RIVER. .

. In order to comply with a request from the Philadelphia Maritime Exchange for
the establishment of tide staffs in the Delaware River for the use of shipping Assistant
Wainwright was instructed to make the necessary arrangement and execute the work.
He left Washington on April 10 and erected large tide staffs, or gauges, on the principal
wharf at Chester, Pa., on the wharf of the United States Oil Company, near Marcus
Hook, and on the naval magazine wharf, near Fort Mifflin.

Each gauge was an inch board g inches wide and 13 inches long, firmly attached
to the outer face of the wharf. The face of the gauge was painted in square blocks
1 foot high, alternately black and white, with large figures on the squares of the opposite
color. Provision was made for the removal of the gauges when necessary to repaint
them and for replacing them in the same position.

The work was successfully completed on April 19, and Assistant Wainwright
returned to Washington. A steam tug was furnished by the maritime exchange and
was used as the means of transportation.
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PAN-AMERICAN EXPOSITION. D. B. WAINWRIGHT.

On December 27 Assistant Wainwright was instructed to resume charge of matters
-elating to the preparation of the exhibit intended for the Pan-American Exposition at
Buffalo, N. Y. He had already devoted such time as was necessary to this work when
permitted to do so by other duties assigned to him. He continued the work under the
conditions stated above until April 23, when he left Washington for Buffalo to instal
the exhibit. After this was completed he remained at Buffalo in charge of the exhibit

until the close of the fiscal year.
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DELEGATE TO THE INTERNATIONAL EUROPE. IsAAC WINSTON.
GEODETIC ASSOCIATION.

EXAMINATION OF INSTRUMENTS OF PRECISION
AT THE PARIS EXPOSITION.

The duty of representing the United States as delegate to the meeting of the
Irternational Geodetic Association at Paris, France, was assigned to Assistant Winston,
and he was directed to make the necessary preparations to attend the thirteenth
General Conference of the Association, which was to assemble at Paris on September 25.

While in Paris he was directed to avail himself of the opportunity presented by the
exhibit at the Paris Exposition and to examine and report upon the instruments of
precision which might be used in the various operations of this service.

He left the Office on August 17 and sailed the following day from New York for
Paris, where he arrived on September 13, having spent some time in England en route.

The examination of the instruments exhibited at the Exposition began on the 14th,
and this work continued until the 23d.

On the 24th preparations to attend the sessions of the International Geodetic Asso-
ciation were made and on the 25th the opening session was held. Assistant Winston
attended all the sessions of the conference until it adjourned on the 6th of October.
He then continued the examination of instruments and completed this work on
October 14.

After spending some time in Europe, on leave of absence, Assistant Winston
returned to Washington and reported for duty at the Office on December 6.

He submitted a report upon the instruments examined and also a report giving a
résumé of the work of the International Geodetic Association. :

The association publishes the proceedings of each conference in detail and conse-

- quently no extracts from this résumé are stated in this place.

He makes special acknowledgment of the many courtesies extended to him as
delegate of the United States by the officials of the French Republic and by the French
Geodetic Association.
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EXAMINATION OF HYDROGRAPHIC METHODS C. C. YATES.
IN USE IN EUROPE.

Advantage was taken of the presence abroad of Assistant Vates, and he was instructed
to make an examination which would enable him to submit a report upon the hydro-
graphic-surveys of England, France, and Germany, and upon the heliographic methods
of making copper plates for printing maps in use by the Military Geographic Institute
at Vienna, Austria.

He was also instructed to investigate the desirability of establishing foreign
agencies for the sale of Coast and Geodetic Survey Charts.

A reference was made to this work in the previous Annual Report.

As a result of presenting his credentials, Assistant Yates was granted unusual
authority to pursue the investigations under his charge and many courtesies were
extended to him by the representatives of the United States abroad and the officials of
the Government in the countries visited.

Many delays occurred and the investigation extended far beyond the date anticipated
in the beginning.

Various offices and institutions were visited and time was spent on board the survey
vessels of England and France, by special permission, watching the methods in actual
use in the field. Assistant Yates visited Berlin and Vienna, and, having completed the
duty assigned to him, returned to the United States and reported at the Office on August 20.

He expresses his great appreciation of the courtesy and kind attention shown him
and reports a long list of officials and others to whom the thanks of the Survey are due
for the aid extended to him in the .prosecution of his work.
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APPENDIX No. 2.

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 routine work of
the different divisions of the Office.
The following persons were employed under his 1mmed1ate direction:

|
Name. | Occupation,

|
George A. Fairfield, Clerk.
A. B. Simons, Do.
E. B. Wills, Clerk (January 6 to June 30).
Miss Kate Lawn, Writer,

TEMPORARY FORCE.

Miss E. M. French, Vriter.
Miss 1. Helen, Do.
Miss E. L. Mewshaw, Do.

An extract from the report of the Assistant in Charge is given below:

The Annual Report of the Office for the fiscal year ending June 30, 1901, is accompanied by the
Annual Reports of the various divisions thereof, namely: Computing Division, Division of Terrestrial
Magnetism, Tidal Division, Drawing and Eugraving Division, Chart Division, Instrument Division,
Library and Archives Division, Miscellaneous Division, and Special Duty.

The Computing Division continued under the direction of Assistant J. F. Hayford, whose report
shows a creditable amount of work accomplished, especially considering the limited force at his
disposal. The Division has, as heretofore, been reinforced from time to time by the temporary
detail of Assistants and Aids when not actively engaged on field duty. The regular employees of the
Division and the field officers temporarily detailed for office duty are given in Mr. Hayford's report
and need not be enumerated here, and the usual statistical information concerning the correspondence
and routine work are also furnished, Among the most important items of work accomplished may
be mentioned the following.

The work of reducing the geographic positious in southeast Alaska to a uniform standard was -
almost completed.

The computation of more than 1,000 miles of precise leveling was made,

A United States Datum, to which all connected geographic positions are to be reduced, was
adopted, and the positions of the primary points along the thirty-ninth parallel triangulation, along
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the eastern oblique arc, and along the western oblique arc were reduced to this datum hefore the
close of the fiscal year.

The Division of Terrestrial Magnetism continued under the charge of Assistant L. A. Bauer.
His report contains the usual detailed account of the correspondence, routine work, and distribution
of magnetic information. During his absences on field inspection the office work of the Division was
attended to by Mr. D. L. Hazard. Bulletin No. 41, ‘‘Magnetic Survey of North Carolina,’’ was prepared
for publication; various magnetic instruments were carefully examined and their constants determined;
plans were prepared for magnetic observatories at Sitka, Alaska, and Homnolulu, Hawaiian Islands;
the preparation of a new edition of the Magnetic Declination Tables was begun, and a revision of all
field mnagnetic observations to date was undertaken and good progress made. Mention may also be
made of the wide distribution of a circular to surveyors, professors of engineering, etc., requesting
information relative to 'magnetic declination, secular change allowed for in relocating old boundary
lines, etc. The large correspondence resulting from this circular has been critically examined and
the information derived therefrom has been tabulated for publication.

The Tidal Division, as heretofore, remained under the charge of Mr. L. P. Shidy, and his report
gives full details as to work accomplished during the year. The annual volume of Tide Tables (for
1902) was prepared, verified, and published, and the usual reprints for the Atlantic and Pacific coasts
were issued; the usual reductions and discussions of tides were attended to and information furnished
for tide notes of charts; tidal information has been furnished in response to numerous inquiries, etc.
Dr. R. A. Harris prepared for publication, as an Appendix to the Annual Report for 1goo, a paper
entitled, ‘‘ Outlines of Tidal Theory,’ and also a leaflet on tides and tidal currents for distribution at
the Buffalo Pan-American Exposition, Mr. Shidy also revised and extended the portion of *‘General
instructions for Hydrographic Parties’’ relating to tides and currents. In the Tide Tables for 1902
several new features were introduced, among which two current diagrams for New York harbor and
tables for finding the height of the sea at any time between high and low water are worthy of special
mention.

The Drawing and Engraving Division continued under the charge of Assistant W. W, Duffield,
and his report shows in detail the work accomplished by each of the five sections of the Division, and
gives the usual statistical information as to information furnished, etc. In the Engraving Section the
work of chart production has been facilitated and expedited by the introduction of the new engraving
machines. The one for engraving soundings especially has proved a great labor-saving device and
shortens very materially the time required for putting hydrography on copper. 1In the Drawing
Section, under the immediate supervision of Chief Draftsman E. H. Fowler, the principle of transfer
from negatives or copper plates has been successfully applied in the matter of makingtitles to original
sheets and in adding sanding, etc., to drawings for photolithographic reproduction. This has resulted
in a considerable saving of draftsmen's time and has enabled the section better to keep up with the
increasing demands upon it. In addition to the regular work of the scction, a map of the world,
8 feet by 20 feet, on which the Colonial possessions of all the great nations are shown in appropriate
colors, was prepared for the use of the President. In the Printing Section, under the immmediate
direction of Foreman D. N. Hoover, the regular work has heen kept up as usual and some progress
made in printing bond copies for the files of the old plates in the archives with a view of properly
cataloguing the same and eliminating useless plates. ‘The facilities of the Photographing Section
have been increased by the purchase of necessary new outfit and by the removal to the more com-
modious quarters in the attic of the main building. The increase of facilities, the new equipment and
the improvement of processes have resulted in a gratifying increase of the output and improvement in
quality of work of this section. The usual amount of work has been accomplished in the Electrotyping
Section.

The Chart Division, consisting of the Chart Section and the Hydrographic Section, has remained
under the charge of Assistant Gershom Bradford, the Inspector of Charts. In the Chart Section the
voluminous correspondence relating to charts, the keeping of the accounts with sales agents, the
general issue of charts, coast pilots, and tide tables to Departments of the Government and to the
outside public, the hand corrections of charts from recent information, and the coloring by hand of
lights and buoys, have received careful and prompt attention. The usual statistical information con-
cerning the work of the section and the distribution of charts, etc., is given in Mr. Bradford’s report.
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In the Hydrographic Section the usual monthly Notices to Mariners have been prepared for
publication, the aids to navigation were kept up to latest information on our various charts, numerous
hydrographic sheets of field parties were plotted or verified, and much miscellaneous work was done.
The Hydrographic Section was aided to some extent by occasional details for short periods of field
draftsmen, who, however, were usually confined to the work of the party from which they were detailed.

In the Instrument Division, under the charge of Chief Mechanician E. ;. Fischer, the usual

amount of work has been accomplished. This consisted of repairs to instruments, the construction of
such new instruments as are not obtainable in the open market, the issue of instruments, camp outfit,
and general property of the Survey, including the checking of the annual inventories. Minor repairs
to buildings, repairs of office furniture, construction of cases for library, etc., and the care of office
bells, pneumatic clocks, etc., also received due attention. The complete work of the Division during
the year is given in detail in Mr. Fischer’s report in statistical form. Mr, Fischer also modified and
improved an electrical tide indicator and attended to its installation at the rooms of the Philadelphia
Maritime Exchange, supervised the construction of a 5-meter iced bar and base tape apparatus for the -
Japanese Government, and subsequently aided in the standardization of the same. He also performed
like functions in connection with the construction and standardization of a 100-meter base tape
apparatus for the Trigonometrical Survey of the Straits Settlements. Much of the work of preparation
of the Coast and Geodetic Survey exhibit for the Pan-American Exposition also devolved on this
Division, .
The Library and Archives Division has continued under the charge of Mr. E. L. Burchard and
his report gives full statistical information in regard to the books, pamphlets, serials, maps, and charts
purchased, donated, or received in exchange, and the original sheets and records received from field
parties, Good progress has been made in the indexing of the archives.

The Miscellaneous Division has as heretofore attended to the purchase and distribution of
supplies required for the Office and making requisitions for printing and binding, the issue of
stationery to field parties and Office Divisions, the custody of the publications of the Survey, and
the keeping of the records relative to their distribution. The report is submitted in the usual
statistical form.

The special assignment of Assistant C. A. Schott was continued, but, owing to his illness in the
latter part of the fiscal year, the report of the work accomplished was submitted for him by Miss Lilian
Pike. The computation and discussion of the Eastern Oblique Arc from Maine to Louisiana occupied
the greater part of the year, and was finally completed and the report submitted for publication. The
computation of geographic positions in the New England States was also completed and the Tennessee
triangulation adjusted. The proof reading of Special Publication No. 4, the Transcontinental Arc,
was also completed and work resumed on the reduction of the California arc.

In the immediate Office of the Assistant in Charge Mr, George A. Fairfield has assisted in the
correspondence and attended generally to routine business; Mr, A. B. Simouns, in addition to his clerical
duties and the keeping of the accounts of moneys received from sale of publications, sale of old
condemned property, and for work done for outside parties, has had general charge of the watchmen,
the messengers, and labor force, and the keeping in order of the Survey buildings. Mr. E. B. Wills has
kept the time records of the Office and Field employees, the express and freight matters, and the
registered mail records. Miss Kate Lawn has in general attended to the typewriting and copying
for the Office and miscellaneous clerical duty. She has also attended to the distribution of Notice to
Mariners and largely to the distribution of other publications of the Survey. She has been assisted in
this work by temporary appointees—Miss E. M. French, Miss I,. Helen, and Miss E. L. Mewshaw—
their terms of serviée aggregating sixty-six days.

In conclusion I take pleasure in reporting that the condition of the Office is in general very
satisfactory and the reports of the various Divisions show an unusually large amount of work accom-
plished during the year. Thisis in part due to the introduction of new facilities, the improvement of
the methods, and the adopting of labor-saving devices, but due credit must also be given to the hearty
and efficient cooperation of all the chiefs of Divisions. Strenuous efforts have been made to expedite
the work of the Survey, particularly in the matter of preparation of charts for publication, and also to
s0 systematize the work as to eliminate as far as possible sources of error.

S. Doc. so—14
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The following extracts from the reports of the chiefs of Divisions contain additional
details:

COMPUTING DIVISION.

Personnel.

Name. Occupation.
J.F.Hayford......................... Chief of Division.
E.H. Courtenay ...................... Computer.
M. H. Doolittle....................... Do.
A . L. Baldwin ........................ Do.
W.H.Dennis..................... DI Do.
JH.Millsaps. . ....oooviiiienenian... Writer,

TEMPORARY ¥ORCE,

A T.MoSman ......oovvveennnniinnan, Assistant,
Wm, Eimbeck ........................ 1 Do.
C.H.Sinclair......................... Do.
F.D.Granger ........................ Do.
Isaac Winston...............ooveeen... Do.
S.Forney .. ..., Do.
E.Smith .. ........................... Do.
JLE. McGrath ................ ... Do.
R.L.Faris ......cooiiviiiiniinnenn.. Do.
O.B.French ............ccoiieeeunntn Do.
E.B.Latham......................... Do.
F.M. Little ...................oa... Do.
H.F.Flynn........................0. Do
W, BOWI€. c . ettt iveiiiiriiie e Do.
H.S. Davis.......coooviiiiiiiiinian.. Do.
E.R. Frisby...................... ... Aid.
W.H.Burger......................... Do.
O.M.Leland...................... . Do.
F. H.Brundage. ...................... Do.
W.E.Parker............c...ooveun. Do.
O.E.Carr.......ovvviuiinnan.. .. Do.
G.E.Selby.... ... Do
JK Mills.....oooooiiiin i, Do.

The work of this Division may be divided into four classes:

(1) Supplying information of various kinds to the field parties and to persons out-
side the Survey. )

(2) Final computations or revisions of computations in connection with recent field
operations:

(3) Computations which are necessary to reduce older field work to a standard
datum. :

(4) 'The preparation of results for publication.

The detail of the temporary force was made for short periods from time to time as
the necessities of the field operations permitted, and many of this temporary force were
engaged in completing their records of field work while attached to the Computing
Division. Consequently these temporary details only brought the average effective
force of the Division up to 8 men besides the chief.

The average effective force for the different months varied from 3 in August to
15 in March. From December 5 to 22, Assistant William Eimbeck acted as chief of
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Division, and from May 31 to June 3o Mr. A. L. Baldwin, computer, occupied this
position. During the first period Assistant Hayford was absent on field duty and during
the second period he was on leave of absence. Within the limits of this report it is
possible to state only a few of the more important results reached in the work of the
Division during the year. -

The routine work of answering correspondents and furnishing information to field
parties has always been heavy and is steadily increasing. For considerable periods it
has absorbed nearly all the energy of the Division. Some idea of the volume of the
correspondence may be obtained from the statement that during the year 2 319 geo-
graphic positions and 1 185 descriptions of stations were furnished to various parties.
In judging of the work involved in these descriptions and positions, it should be borne
in mind that the data required must be collected from numerous volumes covering the
operations of the Survey in past years, that nearly all the descriptions of stations
require accompanying sketches, and that many letters require special computations to be
made before an answer can be prepared.

Aside from this routine work and other routine computations necessary to make
the results of recent field work available, notable progress was made in the following
work ;

The work of reducing the positions in southeast Alaska to a uniform standard was
almost completed, and about 1 300 of the geographic positions were entered in the
register.

During the year more than 1 coo miles of precise leveling lines were completed,
and the Office computations made.

On March 13, 1901, a United States Standard Datum, to which all connected
geographic positions are to be reduced, was adopted. This datum is the one already
used by the Coast and Geodetic Survey in publishing the geographic positions of
several of the Eastern States. The positions of the primary points along the 3gth
parallel triangulation, along the eastern oblique arc to Mobile, and along the westem
oblique arc, were reduced to this datum before the close of the fiscal year.

The tables for the computation of geodetic positions published in Coast and
Geodetic Survey Report for 1894, Appendix No. ¢, extend from 18° to 72° of latitude.
The computation necessary to extend these tables from 18° to the equator was nfade,
and the result is published in Appendix No. 4 to this Report. This extension makes
the table available for all latitudes from 72° north to 72° south.

Assistant Hayford mentions the individuals of the regular force of the Division by
name, and highly commends the value of their service, and the ability and efficiency
with which they have executed the duties assigned to them.
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DIVISION OF TERRESTRIAL VAGCNETISM.

Personnel.
|
Name. i Occupation.
LA Bauer ......................... Chief of Division.
D. L. Hazard . .......... . ... . ... Computer.
W.H. Davis.......................... Clerk (July 1 to Aug. 1),
Miss L. L, Jones....................... Clerk (Jan. 30 to Feb. 24).
A.S. Barnes.......................... ¢ Clerk (Mar. 1 to May 31).
Miss J. E. Haslup..................... Clerk (June 21 to June 30).
TEMPORARY DUTY.
J-B.Baylor .......................... | Assistant.
JoA Fleming ........................ ©Aid.
W.C. Dibell.......................... Aud.
R.W. Walker ........................ Temporary aid.
G.H.Draper ...................... SN Clerll().

The work of this Division was continuedon the same lines as during the previous.
fiscal year. It was largely routine work and included furnishing a large number of
compass directions for the charts issued by the Survey, supplying declinations for the
Coast Pilots, and correcting the position of the isogonic lines on charts of Alaska for
secular change.

Numerous calls for information relating to magnetic declination and its secular
change were received and answered. The demand for information of this character is
steadily increasing. '

A circular requesting information relating to magnetic declination and the amount
of secular change allowed in relocating old boundary lines was widely distributed over
the United States by being sent to surveyors and professors of engineering and mechanics
and the information received in reply was critically examined and tabulated for publication.

Bulletin No. 41, ‘‘Magnetic Survey of North Carolina,” was prepared for
publication, and the proof of Appendixes Nos. g and 10, Report 1899, was read. The
preparation of a new edition of the Magnetic Declination Tables was begun, and the
revision of the computation of all magnetic observations previously made by the Survey
was undertaken, and nearly all the declinations were completed. Progress was made
in the preparation of the isogonic chart of the United States for 1go2.

Various magnetic instruments were compared and their constants were determined.

Plans were prepared for magnetic observatories at Sitka, Alaska, and at Honolulu,
Hawaiian Islands.

Mr. D. L. Hazard acted as Chief of Division from September 5 to December 10, and
also at other times when Assistant Bauer was absent on short trips of inspection.

About one-half of Assistant Bauer’s time was devoted to duties relating to the
direction and inspection of field work which devolved upon him as Inspector of Magnetic
Work. Assistant Bauer commends the able manner in which Mr. Hazard performed
the various duties assigned to him.
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TIDAL DIVISION,

Personnel.

Name. : Occupation.
L.P.Shidy............... .. ... ... Chief of Division.
R.A Harris................... o L Computer. i
JoC. Hoyt.....ooovvii Do. |
Artemas Martin. ...................... Do.
D.S.BlsS. .. .oveeeiiee e Do. :
Alice G. Reville ...................... Clerk. |
Virginia E. Campbell ..... ... ... ... Writer. |
Mary A. Grant. ..., ... Writer (July I to June 6). :
Fred A.Kummell ......... .. ... ... Tide observer.

The annual volume of Tide Tables for the year 1902 was prepared and published.
The separates for the Atlantic coast and for the Pacific coast were also published. The
volume has several new features, among which may be mentioned two current diagrams
for New York Harbor and some tables for finding the height of the sea at any
intermediate time between high and low water. '

Sixty-one volumes of tidal records were prepared for binding. Nonharmonic
reductions were made for 64 stations with about one month’s observations at a station.
Harmonic analyses were completed for a year of hourly ordinates at each of three
stations and also for several short series, which, together with the work in progress at
the close of the last fiscal year, brings the total to an equivalent of the complete analysis
of five years’ continuousrecord. The plane of reference was determined for 54 stations.
About twelve years of automatic tide-gauge record was tabulated as high and low
waters and also as hourly heights of the sea.

+  Tide notes were prepared for a large number of stations upon charts and hydro-
graphic sheets. Tidal information was prepared in response to requests from numerous
field parties and persons not connected with the Survey. ‘This involved the preparation
of tidal data for 566 stations and descriptions of 264 bench marks.

The following records were received during the fiscal year:

One year’s record from the automatic gauges at Fort Hamilton, N. Y., Philadelphia,
Pa., Reedy Island, Del., Washington, D. C., Fernandina, Fla., Presidio, San Francisco
Bay, California, and Seattle, Wash. One year’s record at Providence, R. I., from the
city engineer. One year’s record from 3 stations at Habana Harbor, Cuba, from the
Corps Engineers, United States Army. Records covering shorter periods from automatic
gauges and staff and box gauges were received from 37 stations in the Eastern Division,
16 stations in the Western Division, 14 stations in Alaska, 16 stations in Porto Rico,
and 4 stations in the Philippine Islands.

An aggregate of thirty-five years of record from automatic tide gauges was received,
examined, and registered. In addition to the above, an aggregate of two years’ record
from staff and box gauges at 77 stations was received.

A tracing of the original tide record at Wellington, New Zealand, for one year, and
a table of high and low water times and heights for three additional years were received
from an official of the Government. The above observations cover an aggregate of
thirty-seven years’ tide observations, all of which were examined and registered.
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A leaflet on Tides and Tidal Currents was prepared for distribution at the Pan-
American Exposition and the portion of the General Instructions for Hydrographic
Parties, relating to tides and currents, was revised and extended.

DRAWING AND ENGKAVING DIVISION.

Personnel.
Name, ! . Occupation.
W. W, Duffield.............. ‘. ...| Chief of Division,
James M. Griffin ................ Clerk.
E.Meads ...................... Writer.
Edwin H. Fowler ............... Chief draftsman.
Harlow Bacon .................. | Draftsman.
J.N.Baker......................}I Draftsman (Jan. 16 to ]une 30).
P.B.Castles .................... Draftsman (Aug. 16 to Dec. 1).-
Chas.H.Deetz .................. Draftsman.
D. Derickson.................... ! Draftsman (July 11 to Sept. 10).
F.CDonn...................... * Draftsman.
E.P.Ellis....................... Do.
P. Von Erichson ................ ! Do.
CMHahn..................... | Draftsman (Jan. 2 to June 30).
D.M.Hildreth.................. . Draftsman.
Jas.P.Keleher .................. | Do.
A.Lindenkohl ... ............... | Do.
H.Lindenkohl.................. ' Do
J. W. McGuire .. ...... e : Draftsman (Jan. 28 to June 30).
Chas.Mahon.................... i Draftsman
S.B.Maize...................... :
JEPfau............... . . Draftsman (Sept. 25 to Apr. 6).
E.J.Sommer.................... Draftsman.
V.Sournin..........cocoivnn... Draftsman (July 1 to Oct. 10).
R.W.Walker............ ...... ¢ Draftsman (Nov. 26 to Mar. 25).
J.T.Watkins ................... Draftsman (absent from Oct. 2to Nov. 26) .
Williams Welch ................ Draftsman (July 1 to Nov. 21).
W.H.Davis .................... Engraver.
H,E.Franke ................... Do.
R.H.Ford................. .... Do.
P.H.Geddes............... e Do.
F.Geoghegan................... Do.
Geo. Hergesheimer.............. Do.
W.H.Holmes .................. Do.
H.M.Knight............. ..... : Do.
Wm. Mackenzie................. ; Do.
W.F.Peabody .................. Do.
A H.Sefton .................... Do.
E.H.Sipe...................... Do.
H.L.Thompson ................ Do.
W, A. Thompson ................ Do.
W.A.VanDoren................ Do.
Theo. Wasserbach............... Do
F.G. Wurdemann ............... | Do.
D.N.Hoover ................... i Foretnan of printing.
E.F.Campbell.................. Plate printer.
W.M.Conn...........o.oooaL Do.
R.J.Fondren................... Do.
Eberhard Fordan ............... Do.
C.J.Harlow .................... Do.
C.J.Locraft .................... Do.
C. W. Buckingham .............. Printers’ helper.
E.MKline.................... Printers’ helper (Aug. 23 to June 30).
R.F.Le Mat........... +vv....... Printers’ helper (July 1 to Aug. 30).
W.B.Mehler ................... . Printers’ helper (July 1 to July 18).
|
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DRAWING AND ENGRAVING DIVISION—Continued.

Personnel—Continued.

Name, QOccupation.
C.F.Blacklidge................. Photographer and electrotyper (July 18
to June 30).
L.P.Keyser ... ....c.ooooou.., Assistant photographer.
Roy Thomas. .............. .... Assistant electrotyper.
George Newman ..... .......... Messenger.
W.J.Bickford ............... ... Laborer.
Hans Bowdwin ................. Do.
H.Murray.....oooooevveneeennnn. Do.
Frank Thomas.................. Do.
A.A.Meredith ................. .| Extra laborer (Mar. 29 to June 30).
R.J.Trostler.................... Extra laborer (July 1 to Dec. 10).
W.Waple ..........coviviiin. Extra laborer (Jan. 3 to Mar, 28).
TEMPORARY FORCE.
J.A.French ................... Aid (Jan. 14 to Feb. 15).
W.Sanger ........ «..ceinion.. Captain’s clerk (Sept. 24 to Nov. 26).

‘This Division is divided into five sections—the Drawing, the Engraving, the Print-
ing, the Photographing, and the Electrotyping sections. Each section executed the
work indicated by its title and the combined result is shown in the charts published by
the Survey.

DRAWING SECTION.

The following statements and tables show in detail the work accomplished in this
section, which was continued under the personal direction of Mr. E. H. Fowler, chief
draftsman. Several changes in the method of work were introduced to increase the
output without lowering the high standard of excellence in execution heretofore main-
tained. The process of transferring to original sheets the notes, titles, and general
lettering which are common to all has been perfected so that the work of preparing
these sheets for approval and registration is reduced to a minimum and results in saving
much labor and expense. :

A new sheet of standard letters (Roman capitals), accompanied by a self-spacing
device, was completed and the resulting method of building up titles will eventually
insure uniformity in the titles of all the field sheets and all the charts published by
photolithography and also result in saving much time in their preparation, thus reduc-
ing the cost of publication.

A large map of the world, 8 feet by 20 feet, was prepared for the use of the Presi-
dent, on which the colonial possessions of the great powers are shown by appropriate
colors,

The work of the Division, as a whole, is commended by its Chief, and Messrs
Fowler and H. Lindenkohl are specially mentioned for the energy and ability displayed
by them,
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During the year the following drawings were completed for photolithographing
or engraving:

Chart No. Title. Scale.

79 | Chesapeake Bay .......... ... ... ... il 1-200 000
293 i New London Harbor and Naval Station. .... P 1-10 000
517 ; Sabine Passand Lake......... ... ... i i 1-40 000
577 ~ Fernandina to Jacksonville....... ... ... ... ... ... ... ... . ... .. . 1-40 000
908 | San Juan Harbor, Porto Rico............ ... ... ... o iiiiiiiian... ; 1-10 000
911 | Ponce Harbor, Porto Rico. . ............ .. . i it 1-20 000
913 | Great Harbor, Culebra Island, West Indies........................... 1-6 500
919 | Fajardo Harbor, PortoRico..................... ... .. ... c.c.... I-10 000

1007 | Gulf of MexiCo. ... ..ot i i e e Mercator.
4104 | Maalaea Bay, Maui Island, Hawaiian Islands....... ... ....... ... ..... 1-10 000
4105 | Kahului Harbor and approaches, Hawaiian Islands................... 1-10 000
4106 | Kaunakakai Harbor, Hawaiian Islands............................... 1-10 000
4231 | Port of Manila, Philippine Islands...................... ... ....... I-10 000
5984 | Coos Bay, Oregom ......... ...ttt 1-20 000
6195 | Grays Harbor, Washington ................... . ... ... ......... 1-40 000
8244 | Sitka Harbor, Alaska...... ... .. ... . ... .. . . ... .., 1-10 00O
goo7 | Unalaska Bay, Alaska............... ... .. ... ... .. .. iiaie 1-40 000
9370 | Cape Romanzof to St. Michael .. . ... ... ... .. .. ... .. ... ... 1-300 000
9372 | Yukon River, Apoon Mouth to Head of Passes..................... 5. 1-80 o000
9373 | Yukon River, Kwiklowak Mouth.......... ... ...................... 1-8o0 ooo
9375 | St. Michael Bay, Alaska .......... ... ... ... . ... i oo, 1-20 000
9380 | Norton Sound, Alaska ........... ... .. o i i 1-400 000

The following drawings are in progress:

Chart No.! Title, scale,
109 | Boston Bay and approaches ........ ... .. i i 1-80 000
281 | Hudson River-—New York to Haverstraw ..................... ...... 1-40 Q00
920 | POrto RICO .. ...t e ..I Mercator,

5532 | Entrance to San Francisco Bay................. . ... i 1-40 000
6381 | Roche Harbor, Washington .............. .. ... ... ... ... .. ..., 1-10 000
6445 | Seattle Harbor, Washington............ ... ... ... ... ..., | 1-20 000
7002 ; Cape Flattery to Dixon Entrance........................coooviieo... ‘ Mercator.
8002 | Dixon Entrance to Cape St. Elias. .. ............ ... .. ............ " Mercator.
8502 | Cape St. Elias to Shumagin Islands..................... .. .. ... .. | Mercator,
Number of drawings finished fornew charts.............. ... ... ... o ... 13
Number of drawings finished for new editions. .. .......... ... .. ... . ... ... ... 9
Number of drawings corrected for new prints........... ..o, 5
Number of drawings unfinished fornewcharts ........ .. ... .. ... . ... ... S
Number of drawings unfinished for new editions. .. ............ ... .. ... ... ... 1

Four hundred and thirty-three charts were revised, corrected, and verified for new
editions or reprints from copper plates. Thirty-six topographic and 44 hydrographic
projections were constructed for the use of the Office and the field parties and 12
projections were made on copper plates. Nearly 400 illustrations were made for the
Annual Report and the Special Publications (including the Coast Pilot).

ENGRAVING SECTION.

The work in this Section continued under the personal direction of the Chief of
Division. During the year three engraving machines were installed and put into use.
The machine for engraving soundings works well, and makes it possible to engrave the
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hydrography of a chart in a short time (one to three days). A large border cutting
and tinting machine and a new and improved compass cutting machine have added to
the efficiency of the Division by increasing the output of charts.

Several charts were published by transfer from copper plates cut by machine work,
except the sanding, fathom curves, and bottom characteristics engraved by hand, and
the topography, notes, title, etc., which were added by photolithography from drawings

made to fi

t the engraved plates,

This process proved very successful and is very useful in the publication of prelim-

inary editions.

The following original plates were completed:

The following tables show the work of the section in detail.

Chart No.!

‘Title.

244
246
255
256
571
909
3 o8

Boston Harbor ........ S U
Higganum to Rocky Hill ... . ... .. ... .o .. ... ... ... ...
Rocky Hillto Hartford... ... .. .. .. ... ... ... .. . ... ...
Port Royal Souad ... .. i
Jobos Harbor, Porto Rico. ... ... ... ... ...
Olympia, Wash., to Mount St. Elias. ... ...........................
Catalogue plate ... e
Field sheet notes, transfer plate . ................. ... ..............
Buffalo Exposition plate ...... .. ... .. ... i
Curvesof equaldepth.......... ... .. ... ... ... .. i
Reducing lines, foursizes....... ... .. ... ... ...
Hydrographic symbols. ......... ... ... i

« Topographic symbols..........o ... i

Diagram for measuring mercator projection........................
Transfer letter plate ... ... .. . L e
Width and spacing of Roman capital letters........................

Standard note plate........... R R L
Superintendent’s letter transmitting Publication No. 4..............

The following plates for new editions of charts were completed:

_ Salem Harbor and Approaches . ... ..... ... ... ... . ... ...... ‘

Chart No. Title.

T | Generalchartof Alaska.......... ... . . :

14 Cape Canaveral to Fowey Rocks ... o
113 | Cuttyhunk to Block Island. ... ... ... . ... ... ... . ...
114 | Newportto Plum Island ........... . .. ... .. ...................
146 | Ocracoke Inlet to Beaufort... ... ... ... ... ... .. .. ... ...
154 | Isle of Palms to Hunting Island ..... ... ... .. ... .. .. ... .. .. ...
157 | Sapelo Islandto AmeliaIsland ... ... ... .. .............. ...........
157 1..... L e e e
158 | St. Mary’s Entrance to latitude 30° north ..........................
169 | Newfound Harbor Key to Boca Grande Key........................
169 |..... 4 oS
xgg Key West to Rebecca Shoals ........... .. ... ... ................
171 Regecca Shoalsto Dry Tortugas ........ ... ... ...
177 D Tampa Bay. ..o .vvoin it e e e e
203 ' Sabine Passto High Island.............. .. .. ... .. ........ ...
203 |..... ' L YU
204 | GAIVESLON BaAY ... ovv ittt e e
204 |..... QO ot
205 | Galveston BaytoOyster Bay ......................................
205 |..... do............oiiil e e
210 | Aransas Pass and Corpus Christi Bay........................ ......
246 | Boston Harbor ... ...t e

Scale.

1-20 000 \ .
1-20 000 :
1-20 000
1-20 000
1-40 000
1-20 000
1-3 600 000

Scale.
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Chart No. ' : Title. Scale.
246 | Boston Harhor ........... s P, 1-20 000
255 | Higganum to Rocky Hill ....... ... ... ... .. vt tiiiiiina., 1-20 000
256 | Rocky Hillto Hartford ....... ... .ot 1-20 000
337 | BostonHarbor......... ... 1-40 000
348 | Woods Hole, Mass......ooivtiiiiuniine et iiien i I-10 000
352 | Portof Providence ........ ..o i 1-10 000
353 | Narragansett Bay............cooi it 1-40 000
359 | New London Harbor and Approaches....................... ... ... 1-20 000
380 | Philadelphia water front, Delaware River .......................... 1-9 600
381 | Philadelphia water front, Schuylkill River .................. ...... 1-9 600
424 | Cape Fear River, entrance to Reeves Point ......................... 1-40 000
431 | Charleston Harbor, South Carolina .......................... .. ... 1-30 000
431 QO e e e e e e e 1-30 000
445 | Charleston and Vicinity............ .. ... .. il 1-20 000
455¢ | St. Johns River, Hibernia to Racys Point........................... 1-40 000
455¢ | St. Johns River, Tocoi toSan Mateo ............................... 1-4O0 000
469 | Key West Harbor ......... ... i 1-50 000
469 |..... QO i e e 1-50 000
520 | Galveston Entrance...............ooiiiiiiiiiiiiiieiiiiiinnn... 1-40 000
571 Port Royal Sound ......... ... .o it 1-40 00O
gog | Jobos Harbor, POorto RiCO .....c.oiiuniv i 1-20 000
5 002 | San Diego toPoint St.George........... ... .. il Mercator,
5 052 | San Francisco to Cape Flattery.................. ... ... ..., - Mercator.
5106 | SanDiego Bay ... ... e I-40 00O
6 100 | Cape Lookout to Grays Harbot .............. ................. ... 1-200 000
6 140 | Columbia River, entrance to Upper Astoria ........................ 1-40 000
6 145 | Columbia River, Fales Landing to Portland........................ I-40 00O
6 400 | Seacoast and interior waters of Washington..... e 1-300 000
8 800 | Alaska Peninsula...... ..., I-1 200 000
Number of plates for new charts completed. ................ ..o oo 7
Number of plates for new editions of charts completed....................... e 5I
Number of new miscellaneous plates completed ........................... ... ... 12
Number of plates for new charts commenced. ... .............oiiiiiiiiiia 9
Number of plates for new editions of charts commenced........................... 41
Number of new miscellaneous plates commenced..._............................. 12
Number of plates corrected for printing............... ..o il 992
Number of unfinished plates for newcharts................. .. ... ... ... .. L 14
Number of unfinished plates for new editions. ......................... ... . ... 23

PRINTING SECTION.

In addition to the regular work of this Section, file copies on bond paper from 1 395
old plates and similar copies from all plates for new charts and new editions of charts
were made, which accounts for the large number of bond proofs inthe tabular list. A
file of five copies of each plate is maintained.

Number of imipressions made for distribution ................. ... ... .. oL *59 287
Proofs. . ..ot e e 7 950
standards .......... ... . il 65
transfers, including those used in Drawing
Section ........iiiiiii i 517
onbond paper ......... .o, 7 511
Total number of impressions............... ...l 75 330

*This number includes 561 copies of the Pan-American Exposition plate and 52 copies of thé
base map of the United States. Thirteen hundred aud thirty-six copies required two impressions and
1 405 copies four impressions.
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In addition to the number of charts printed from copper plates, the following charts
were published by contract with photo-lithographers:

NEW CHARTS.

‘Chart No. Title Scale. i
293 New London Harbor and Approaches . ............................. I-10 000
517 | Sabine Lakeand Pass ... ... ... . ... ... .. ... ... i 1-40 000
577 ; Fernandinato Jacksonville........ ............................... I-40 000
913 | Great Harbor, Culebra Island, West Indies.:.............. ........ 1-6 500

| 919 | Fajardo Harbor, Porto Rico.....................c.ciiiiiiiin.., 1-10 000

i 1 002 | Straits of Florida and Approaches ..................c0iiiiniii... Mercator.

"1 007 ; GUIf of MexiCO. . vt Mercator.

i 4 103 | Hilo Bay, Hawaiian}slands ........... e e 1-10 000

' 4 104 | Maalaea Bay, Hawaiian Islands................................... 1-10 000

' 4 10§ | Kahului)Harbor and Approaches, Hawaiian Islands ................ 1-10 000

| 4 106 ; Kaunakakai Harbor, Hawaiian Islands ............................ 1-10 000

4 231 | Port of Manila, Philippine Islands................................. 1-10 000

I 4 241 Port Sual, Luzon Island, Philippine Islands........................ 1-10 000

08 455 | Yakutat Bay, Alaska ... ... 0 e 1-80 000

9 302 | Bering Sea, eastern part ....... .. ... . ... oo Mercator.
Three Maps of Provisional Boundary Line, Alaska, vicinity of Dalton
i Trail, White and Chilkoot Passes, :
NEW EDITIONS.

Chart No. Title, Scale,

244 | Salem Harbor and Approaches.................................... 1-20 000
268 | Sheffield Island to Westcott Cove............ .. ... ..iiiiinne I-10 000
269 | Stamford Harbor to Little Captain Island.......................... 1-10 000
468 | Palatka to Lake MONIroe ... ... .. . . ittt 1-80 00O
517 | Sabine Passand Lake ... ... .. .. . . . i i 1-40 000
549 | Approaches to Baltimore Harbor .................................. 1-40 000
571, i Port Royal Sound ......... ..ol 1-40 000
908 ! San Juan Harbor, PortoRico....... ... 1-10 000
91l Ponce Harbor, Porto RI.CO .......... F N 1-20 000

1 001 Chesapeake Bay to Jupiter Inlet. ... ... ... ... ... ... el Mercator.
3 089 | Olympia. Wash,, to Mount St. Elias. ....................oiiiiiLl, I-1 200 00O
4 100 | Hawatian Islands. ... ..ot ittt eiiiie i, 1-600 000
4202 | Guam Island. .. ..o.ooi it e e 1-80 000
5 002 San Diego to Point St. George ...... ... ... ... oo, Mercator.
5 052 | San Francisco to Cape Flattery....... ... ......................... Mercator.
5 832" | Humboldt Bay, California ......... ... .. ... e tee e, 1-30 000
6 195 Grays Harbor, Washington......... .. ... ... .. .. .. .. ... ... 1~40 000
6 400 | Seacoast and Interior Waters of Washington ....................... 1-300 000
7 000 | Cape Flattery to Dixon Entrance............ ..o, 1-1 200 000
i 8 050 | Dixon Entrance to and of LynnCanal...............c..oevivennn, 1~-600 000
8 179 Port McArthur, Washington ....... ... ... .. ... ... .. civiie ont. 1-10 000
g 007 Unalaska Bay, Alaska ... i e 1-40 000
9 302 | Bering Sea,eastern Part. ... ..ottt Mercator,
9 372 | Yukon River, Apoon Mouth ...... ... ... ... ... 1-80 000
9 373 | Yukon River, Kwiklowak Mouth.... ... ... ... .............. ..., 1-80 000
9 375 | St. Michael Bay, Alaska ... ... i i e 1-20 000
93 Norton Sounid, Alaska ... ... . i i i i it 1-400 000




220 COAST AND GEODETIC SUCRVEY REPORT, 1g01.

NEW PRINTS.

Chart No. ‘Title. Scale.
_|_ SO
‘549 j Baltimore Harbor ... ... ..ottt 1-200 000
1 000 | Cape Sable to Cape Hatteras .............. ... ... i, | Mercator,
1007  Gulf of MexiCo. .. ..o vi i et i Mercator.
5 052 | San Francisco to Cape Flattery............. .. .. ..o, i Mercator,
8 coo | Dixon Entrance to Cape St. Elias ... ......... ...t ine, ' I-1 200 00O

PHOTOGRAPHING SECTION.

The facilities of this Section were increased by moving it into larger and more
convenient quarters. Numerous negatives were made as required in the various
operations of the Office and more than 1 ooo prints were mounted. The work in this
Section greatly facilitates the work in the other Sections of the Division,

ELECTROTYPING SECTION.

+ Work in this Section was in constant demand and much depends upon the prompt
execution of all demands upon it.

Number of pounds of copper deposited ........... ... ... il 2 074
Number of altoplatesmade ......... ... .. .. i i 59
Number of basso platesmade ............... i i it 36

CHART DIVISION.

Personnel.
Name. Occupation.
Gershom Bradford ........................ Inspector of Charts and Chief of Division.
Miss L. A. Mapes .........coovveieiennnnn Chief of Chart Section.
W. C, Willenbucher...... ................ Draftsman.
EH. Wyvill ..o Chart Corrector.
H.R.Garland .................. oot Chart Corrector.
JB.Quinlan .................. .. ...l Clerk.
Neil Bryant...........cooiiiiiiiiionn... Clerk (July 1 to Dec. 25).
Miss M. L. Handlan ...................... Buoy Colorist.
A, B.Simons, jr ... Buoy Colorist.
R.F.LeMat....coooiviiiiiiiininnnnnan, Buoy Colorist (Sept. 1 to Jan. 30).
Wni, A, Naghten ......................... Buoy Colorist §Fe . 4 to June 30).
M, W, LOnZ ..o cvee ettt ceenans Buoy Colorist (May 9 to June 7).
Archie Upperman ......................... Map Mounter.
S.B.Wallace ............coioiiiennni, Messenger. "
TEMPORARY FORCE.
V. Sournin ... ... ... .o Draftsman (Oct. 16 to Nov. 27).
Wm. Bauman, jr.........ooovveiiinnen.. Draftsman (Dec. 15 to Mar. 23).
P.B.Castles........ ...cooiiiienvininnn. Draftsman (June 29 to June 30).

The Chief of this Division gave personal attention to the final inspection of new
charts and new editions in their various stages of progress. The work of the Division
was divided into two sections, the Chart Section and the Hydrographic Section,
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1. THE CHART SECTION.

In this Section all correspondence relating to charts was carried on, and the accounts'
with sales agents were kept. Corrections to printed charts were made before they were
issued to the persons requiring them. The work of coloring buoys on the charts, of
mounting maps and charts, and other routine work was done in this Section. A new
edition of the Chart Catalogue for 1900 was prepared and published. Copies of 15
new charts, printed by photolithography, were received for distribution. Forty-six new
copperplate editions, and 22 new lithographic editions, 71 in all, were received for issue.

Sale agencies.

Agencies established . ... L
Agencies discontinued. ... ... o L L I
Agencies now existing ... L 175

Publications sent fo sale agencies.

. Volumes.
United States Coast Pilot, Atlantic coast ....... .. .. ... ... ... ... ... ... 1 193
Pacific Coast Pilot, California, Oregon, and Washington......................... 46
Total I8sue . ..o e 1 239
Tide Tables, United States and foreign ports. ... ... . ... il 592
Tide Tables, Atlanticcoast ....... .. . . . . . . e 611
Tide Tables, Pacificcoast.... ... e 5 050
Total H8SUE .. oottt e 6 253

These figures represent only the volumes issued for sale. Omitting the issues for
1898 and 1899, when the issue of charts was abnormal on account of the war with Spain,
the total issue for the fiscal year ending June 30, 1901, was 14 per cent larger than the
average issue (1889 to 1gor). The net sales were 16 per cent larger and the net value
20 per cent larger for the same period.

Charts were received as follows:

From Drawing and Engraving Division ....... ... .. .. ... oo 53 125
From Hthographers ... oot i 15 009
68 134

Charts were issued as follows:
No. of
charts.
Salesagents .................. P 34 795
Sales at the OfiCe. . ..ot i e e e 1 018
Congressional ACCOUNL .. ..ottt i e 2 712
Hydrographic Office, United States Navy ... ... ... ... . ................. 11 991
Light House Board. .. ..o.vvenn i e e 2 321
Coast and Geodetic Survey Office ... ... ... . 6 o049
Coast and Geodetic Survey Sub-Officeat Manila ... .. ....... . ... ... ........ 108
Executive Departments ... ......ov veotet it e 1 042
FOreign gOVErmments ... ..vov ottt i 420
T aATIES |« o oottt e e e e 104
MESCEIIANEOUS -+« ottt ettt e e e e e e 936

1003 € AP 64 496
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HYDROGRAPHIC SECTION.

The work in this Section is shown in the following tabular statement. Messrs.
Willenbucher and Wyvill executed the work with the aid of the temporary force
assigned to the Division from time to time for short periods.

A notice to mariners was prepared and issued each month. The hydrographic
sheets received from the field parties were examined and verified and the work necessary
to complete them was done. This involved a large amount of plotting, as shown in the
tabular statement:

Charts corrected . .. ... ... it it e et e 2 034
Volumes of field records examined........ ... ... iiieiiiniiiniiinrnnnen 214
Angles plotted or examined ...... ... .. il e 54 279
Soundings plotted ... ... ... e e 179 092
Miles of sounding lines plotted ................. ... ..o 6 276
Original sheets prepared ........ ... ... it 14
Sheets verified. .. ... ... .o e 21
Sheets protracted .......... ... ... ...l e e e 2
Miscellaneous drawings and tracingsmade ............. ... ... o L 48
Reductions of hydrography verified .............. e e e e 48
Proofs overhauled ......... 37

INSTRUMENT DIVISION.

Fersonnel.

Name. Occupation.
E.G.Fischer ............. ..... Chief of Division,
W.C.Maupin................... Clerk.
C.Jacomini..................... Instrument maker.

W.R. Whitman .. ..... . e Do.

M. Lauxmann .......... ....... Do.

JJAClark ... ...t Do.
O.St.Marie..................... Instrument maker (June 18 to June 30).
H.O.French ................... Carpenter,
G.W.Clarvoe................... Do.

C.N.Darnall ......... e Do.
JW.Hunter.................... Messenger (July 1 to Dec. 24).

Jere Hawkins................... Messenger (Dec. 25 to June 30).

The accounting for the instruments and general property of the Survey was done
in this Division. This involved the checking of the inventories submitted annually by
all parties having charge of Government property in use by the Survey and the-entry
on the books of the Office of all property purchased by those employed in the Survey
in executing the work assigned to thein.

All instruments received from the field were examined and the necessary repairs
made before sending them out for use in the field. During the year more than 1 600
instruments of various kinds were cleaned, adjusted, and sent to the field. Minor
repairs to the Office buildings and to the office furniture were made.

The construction of twelve new plane table Alidades was undertaken and consid-

erable progress made.
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Two meridan telescopes (Nos. 2 and 16) were remodeled and repolished, and
several changes were made to improve the instruments. Considerable time was spent
in preparing the instruments loaned to the Baldwin-Zeigler Polar Expedition and in
instructing the observer in their use.

An electric apparatus for indicating changes in water level at any distance from
the point of observation was purchased for use in the Office of the Philadelphia Mari-
time Exchange, and the changes and improvements necessary to adapt it for use as a
tide indicator were completed.

The Japanese Government having requested the Survey to supervise the construc-
tion of a 5-meter iced bar and base tape apparatus by a private firm, the Chief of this
Division was assigned to that duty, and it was successfully performed. He also took
part in the comparisons necessary to standardize this apparatus. He performed similar
. duty in connection with the construction of a 1oo-meter base tape apparatus for the
Trigonometical Survey of the Straits Settlement.

The exhibit of the Coast and Geodetic Survey at the Pan-American Exposmon
was prepared and packed for shipment.

LIBRARY AND ARCHIVES.

FPersonnel.

Name. | Occupation.
Edw. L. Burchard...... .. ... Chief of Division.
JJH.Smoot .......coouiin. t Clerk.
A F, Zust.........c.conl, | Writer.
E.K.Foltz.....cooovvvnvn.. ' Writer.
Mrs. M. A. Grant............ Writer (June 7 to June 30).
W.H.Butler................ Messenger.

The library is essentially for the purpose of reference, and this use of it mvolved-
much labor on the part of the personnel,

The daily calls upon the archives for original records also requires much time in
charging the records issued to individuals using them and in crediting them when
returned. The system used enables the librarian to quickly locate the records in use
when they are not found on the shelves,

The indexing of the archives made steady progress, and during the year all of the
astronomic records and half of the geodetic records and computations were examined
and indexed. The principal growth of the library during the year was from exchanges
with various foreign institutions, as shown in the following table:

Items. Purchased. | Donated. Exchanged. Total.

|
Books ....... ...l 208 41 f 348
Pamphlets ..................... 29 311 333 I 673
Serials...........ooein ceil 69 303 | 710 | 1 o082
Maps and charts..............e 57 396 | I 267 I 720
Total .........coovvvvnnns 363 1.051 2 409 ‘ 3 823

1
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The issues from the library and archives were as follows:

Books and pamphlets ........... .. i 1 745
SEIIAlS . .o e e e 458
Records . ..o 2 371
Original sheets ... ... ... . i 2 793
Mapsand charts. ... ... ... . . i N 1 221

T Ota] L e e S 588

The following list shows the original records received:

| Volumes. Cahiers. Shects.
— . e e | —i
Astronomy ... 9 i ' 16
Goedesy . ... 137 |
Gravity ... ..o e 4
Hypsometry ... ... ........ .............. 132 1
Magnetics . ...l ; 428 ¢
Hydrography .................. ... ... 230 ' : 57
Tides ..o 100 | . 100
Topography ......... .. ... ... 134 ¢ 48
| Miscellaneous ............ ... ... ... 115 ! i
] |
: Total. ... ... .. ... ... ... .. 727 | 562 . 221

Three hundred and fifty-nine hooks (including records) were sent to the bindery
to be bound.
MISCELLANEOUS DIVISION.

Pevsonnel.
i Name. Occupation,
H.C Allen.................. Clerk.
E.B. Willis. ................. i Clerk (July I to Jan. 5).
C.W.Jones.................. Writer (Jan. g to June 30).
| Thomas McGoines ........... Messenger.

By direction of the Superintendent, Mr. Scott Nesbit, Disbursing Agent, performed
the duties of Chief of this Division during the year.

The Division was charged with the purchase and distribution of the supplies required
for use in the Office and of such supplies as are furnished to the field parties on requi-
sition; also with the making of requisitions for printing and binding, and the custody of
blank forms, stationery, etc., these duties having formed the greater part of the occu-
pation of the clerical force of the Division. '

In addition to the above, the Division was charged with the distribution of the
Reports of the Superintendent, and of all other publications of the Coast and Geodetic
Survey, with the exception of charts.

The following is a statement of the publications received and issued during the
year:

The following publications were received from the Public Printer:

Report of the Superintendent of the Coast and Geodetic Survey showing the prog-
ress of the work from July 1, 1898, to June 30, 1899 . ........oviireivinneenn.. 1 940
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Geodesy. The International Geodetic Association forthe Measurementof the Earth,
by Erasmus D, Preston, Appendix No. 3, Report for 1898-99...................
Geodesy. Determination of Gravity at Worcester, Mass., and New York City, by
Edwin Smith, Assistant, Appendix No. 4, Report for 1898-99 ..................
Hypsometry. Resulting Elevations from Spirit Leveling between Denver, Colo.,
and Rock Creek, Wyo., from Observations by Isaac Winston, Assistant, between
May and October, 1899, by Isaac Winston, Assistant, Appendix No. 5, Report for

Hypsometry. Resulting Elevations from Spirit Leveling between Abilene, Kans.,
and Norfolk, Nebr., from Observations by A. L. Baldwin, Assistant, and B. E.
Tilton, Aid, between May 8 and October 17, 1899, by B. E. Tilton, Aid, Appen-
dix No. 6, Report for 1898-99....... ... . . ..o i

Hypsometry., Resulting Elevations from Spirit Leveling between Gibraltar, Mich.,
and Cincinnati, Ohio, from Observations by O. W. Ferguson, Assistant, between
June 3 and November 28, 18g9, by O. W, Ferguson, Assistant, Appendix No. 7,
Report for 1898-99 . .. v\t e e

Hypsometry. Precise Leveling in the United States, by John F. Hayford, Assistant,
Inspector of Geodetic Work, and Chief of Computing Division, Appendix No. 8,
Report for 1898-99 . ... ... . i e e

Terrestrial Magnetism. General Report on the Magnetic Survey of North Carolina,
by James B, Baylor and Daniel L. Hazard, under the direction of L. A. Bauer,
Assistant, Inspector of Magnetic Work, and Chief of Division of Terrestrial Mag-
netism, Appendix No. g, Report for 1898-g9............. ... ... L

Terrestrial Magnetism. The Magnetic Work of the United States Coast and Geo-
detic Survey, by L. A. Bauer, Assistant, Inspector of Magnetic Work, and Chief

of Division of Terrestrial Magnetism, Appendix No. 10, Report for 18g8-gg. .. ..
Tide Tables for the Pacific Coast of the United States, including British Columbia
and Alaska, reprinted from Tide Tables for 1gor ......... ... . ... ... ... ...
Tide Tables for the Atlantic Coast of the United States, including Canada and the
West Indies, reprinted from Tide Tables forigor................... ... ... ....
Tide Tables for the year 101 ... ...ttt ittt ittt eiiereeeannannnnns
Tide Tables for the Pacific Coast of the United States, together with a number of
foreign ports in the Pacific Ocean, reprinted from Tide Tables for 1go2..........
Tide Tables for the Atlantic Coast of the United States, including Canada and the
West Indies, reprinted from Tide Tablesfor 1go2................... ... ......
Tide Tables for the year 1902. .. ... ... ittt it
Special Publication No. 3, Atlas of the Philippine Islands...................... .

The - Trauscontinental Triangulation and the American Arc of the Parallel, by
Chas. A. Schott, Chief of the Computing Division, Special Publication No. 4. .
Special Publication No. 6, Notes relative to the use of charts........... ..... ...
Bulletin No. 4o, Third Edition; with additions and changes. Alaska. Coast Pilot
Notes on the Fox Islands Passes, Unalaska Bay, Bering Sea and Arctic Ocean, as
far as Point Barrow. ... ... i et e
Bulletin No. 41. Magnetic Survey of North Carolina. Values of the magnetic
declination at the county seats from 1750 to 1910. Prepared by D. L. Hazard,
Computer, Division of Terrestrial Magnetism.................................
Catalogue of Charts, Coast Pilots, and Tide Tables, 1900.........................
'Supplement to the reprint of Second Edition United States Coast Pilot, Atlantic
Coast, Part V, from New York to Chesapeake Bay Entrance, December 1g, 190o. .
United States Coast Pilot, Atlantic Coast, Part VII, from Chesapeake Bay Entrance
1o Key West. ..o e e
United States Coast Pilot, Atlantic Coast, Part V, from New York to Chesapeake
Bay Entrance, Second Edition, reprint, with supplement............. ... .. ...
United States Coast Pilot, Atlantic Coast, Part VIII, Second Edition, Gulf of
Mexico, from Key West tothe Rio Grande......................... ... ......
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The publications issued were as follows:

Annual Reports (covering the years 18571 10 1899). ... ..covuuiniireininreeannns 2 864
Appendices to Annual RePOItS. .. .....vt i vttt et 2 473
Bulletings ... e 2 172
Tide Tables, General, 1898. .. ... ... ... ..ttt e 2
Tide Tables, General, 1899. .. . ...ttt it i e e 2
Tide Tables, General, 100, .. .o vttt ittt sttt ieee i 67
Tide Tables, General, 100I. . ... . ittt ittt iii e et ie i iaenas 1 250
Tide Tables, General, Ig02. .. .. .ttt ittt ie et ennaeeinerainennerans 52
Tide Tables, Atlantic Coast, 1893 .. ... ... ittt 2
Tide Tables, Atlantic Coast, 1894. . ...ttt e eieiaenennrenns 2
Tide Tables, Atlantic Coast, 1895, .. ..ttt ittt ittt eeeiieeenns 2
Tide Tables, Atlantic Coast, IGUO. . ... vttt et ne e iie et e iraireenneeenaannnn 4
Tide Tables, Atlantic Coast, IgOI. ... .. .t ittt it 839
Tide Tables, Atlantic Coast, 1g02. ... ... .. . i i i, 4
Tide Tables, Pac fic Coast, 1896 . ... ..o i it i it iee it 2
Tide Tables, Pacific Coast, IGO0 ...t u ittt it et eranns 307
Tide Tables, Pacific Coast, 1G0T .. .. ...v vt it 5 368
United States Ccast Pilot, Atlantic Coast, Parts I-II...................cev. o, 214
United States Coast Pilot, Atlantic Coast, Part I1L. . ... ... ... ... .c. i ivinn... 241
United States Coast Pilot, Atlantic Coast, Part IV. ... ... ... .cciviiinnnnenn. 480
United States Coast Pilot, Atlantic Coast, Part V.. .. ... ... ... .. e, 189
United States Coast Pilot, Atlantic Coast, Part VI.............................. 104
United States Coast Pilot, Atlantic Coast, Part VII............... ... oL 299
United States Coast Pilot, Atlantic Coast, Part VIII ........ ................... 30
Pacific Coast Pilot, California, Oregon, and Washington. ....................... 31
Pacific Coast Pilot, Alaska. ... ... . . e 5
Catalogue of Charts, Coast Filots and Tide Tables ... ..... ............ ... ... 1114
Supplement to Coast Pilot Rules of the Road at Sea.. . .. e e 1
Notice to Mariners, NOS, 25910 272 ... .oiiuiet ittt i e 59 412
Special Publication No. 1......... i 18
Special Publication No. 2......... e e e e e e 120
Special Publidation No. 3.... ..o i iii i 1 443
Special Publeation NO. 4. ..ot e e 1 719
Special Publication No. §......o i R 72
Special Publication No. 6. ... ... .. §5 140
Rules Governing Routine and Discipline aboard Ship .................. e 11
The Star Factors, A B C for Reducing Transit Observation......... ......... 3
Laws and Regulations relating to the Coast and Geodetic Survey of the Umted

RS T S 16
Laws of General Application ... ... .. ... . ... .. o 3
Treatise on Projections, Craig. ... ... ... i i iiii it s 18
Deep-Sea Soundings and Dredgings, Sigsbee.......... ... ... 5
Pillsbury's Gulf Stream ... ... .. it e e 12
General Instructions for Hydrographic Parties......... e e 37
General Instructions for Hydrographic Work.................... ... ... 1

Tables for Converting Customary and Metric Weights and Measures ............ 232
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SPECIAL DUTY.

Personnel.

I
Name. | Occupation.

C. A. Schott. l In charge of computation of arc measures,
Miss L. Pike.. Computer.
C. R. Duvall. .| Do.

Assistant Schott continued in charge of the discussion of arc measures in the
United States and the preparation of the results for publication.

The completion for publication of the computation and discussion of the eastern
oblique arc of the United States required almost the entire time of the personnel until the
MS. was submitted for publication on March 1, 19o1. This arc extends from Maine to
Louisiana along the eastern coast of the United States, and the discussion is based upon
observations made from time to time as the necessity of extending the survey of the
coast became urgent, covering nearly the whole period of the existence of the survey.

In consequence, the examination of records and reduction of results were excep-
tionally laborious.

The final proof of Special Publication No. 4, ‘‘ The Traunscontinental Triangulation,’’
was read and the publication was issued in October, 19oo. After March 1 the reduction
of the arc along the western coast of the United States was taken up and the adjustment
of the triangulation between the transcontinental triangulation and the Los Angeles
base net, involving the solution of fifty-six normal equations, was completed.

The computation of latitude observations at three stations, not previously reduced,
was completed, and the computation at four other stations nearly completed. ‘The
revision of former computations at other stations was in progress. On March 21
Assistant Schott was compelled to give up work on account of ill health and was not
on duty at the Office after that date, though he continued to direct the work during the
remainder of the fiscal year.

Miss Lilian Pike, computer, was in immediate charge of the work during this
period, and executed Assistant Schott’s directions.
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PREFACE.

Early in 1899 the writer was requested by Dr. H. S. Pritchett, then Superintendent,
to consider the general questions involved in deciding upon the location and number of
the bases which should control the length of the triangle sides in the ninety-eighth
meridian triangulation, and to prepare instructions for the measurement of these bases.
Among the suggestions made by Dr. Pritchett at this time, three were especially
emphasized, namely: That it would be better to measure many bases at comparatively
short intervals along the triangulation with a moderate degree of accuracy than to
measure few at longer intervals with a very high degree of accuracy; that the bases
could be measured at a much smaller cost if one party measured as many as possible in
a single season in advance of the triangulation than if the customary plan were
followed of measuring one base at a time as the connections with the triangulation
were completed, and that the degree of accuracy in the base measures which it is
necessary or desirable to attain should be ascertained, and the plans for the measurement
made with reference to securing this accuracy as quickly and economically as possible.
These suggestions have been followed faithfully. '

Looking upon the methods of fixing the lengths in triangulation in the broad-minded
manner forced upon one by these suggestions, one important point in regard to the
selection of base sites appeared to call for an immediate decision and action.

An examination of the manner in which errors of length in a triangulation
accumulate in passing from a base to a remote triangle side shows clearly that the most
accurate part of the operation is the base measurement; that the accumulation of error
is most rapid in passing from the base to the border lines of the base net, since poor
geometrical conditions are necessarily encountered in the expansion from the base, and
that the errors of length accumulate much more slowly in the chain of triangles
between base nets than in the base nets, but that even here the errors are large in
comparison with those involved in the base measures. If, then, in making a recon-
naissance for a base it is found that two sites are available, on one of which the grades
are small and uniform and the connection with the main chain of triangulation is
difficult, and on the other heavy and rapidly changing grades are encountered but the
geometrical conditions in the base figure are relatively good, it is evident that to select"
the second site is to weaken the base measures, which are the most accurate portion of
the operation of fixing the lengths in the triangulation, and at the same time to
strengthen the triangulation in the base net, which is the least accurate operation.
Rough bases and good base nets are much to be preferred to smooth bases and poor
base nets. Accordingly the reconnaissance party, which was about to select the sites
for the bases from Kansas to southern Texas, was instructed to pay especial attention
to securing good geometrical conditions in the base nets, even at a sacrifice of accuracy
in the bases, and was informed that the accuracy of the base measures could be kept up
to the required standard on any grade not exceeding 5 per cent, and that narrow, deep
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ravines or valleys should not be considered as obstructions to the base measures.
These instructions had a decided effect in fixing the location of bases, and account for
the relatively rough ground over which many of the bases were measured. The
Lampasas Base * is a good example of a rough base in a good base net.

What degree of accuracy is it desirable to strive for in the measurement of base
lines of which the sole function is to control the lengths in a triangulation? In the
transcontinental triangulation the computed probable errors for the ten bases vary
from 1 part in 128 ooo (Kent Island Base) to 1 part in 1 600 ooo (Salt Lake Base) and
for only one base beside the Kent Island Base is the probable error greater than 1 part
in 500 000, namely, the American Bottom Base, of which the probable erroris 1 part in
353 000. 'The probable errors of the border lines of the base nets in the transconti-
nental triangulation vary from 1 part in 78 ooo in the American Bottom base net to 1
part in 365 ooo in the Yolo base net. After omitting the Kent Island base net because
its base was measured with a very low degree of accuracy, in each of the remaining nine
base nets the accumulation of error was so rapid that the probable errors of the border
lines of the net, expressed as proportional parts, were from two to five times as great as
the probable error of the base itself expressed in the same manner. The probable error
of the lines in the triangulation most remote from the base varies from 1 part in 45 ooo
(Cape May to Cape Henlopen) to 1 part in 220 ooo (Toiyabe Dome to Lone Mountain,
between the Salt Lake and Yolo bases). From these figures, T and from similar indica-
tions from other triangulations in the United States and in foreign countries, it was
evident that very little increase in the average accuracy of the lengths of the triangle
sides of the ninety-eighth meridian triangulation would result from increasing the
accuracy of the base measurement beyond that represented by a probable error of 1 part
in 500 coo. It was therefore decided to use this standard of accuracy in writing the
instructions for the base measures.

A constant endeavor was made in planning for and making the base measures to
keep the accuracy up to the standard by strengthening the methods of the past at their
weakest points, while, at the same time, increasing the rapidity of the operation by such
omissions of refinements and of additional measures as would have simply the effect of
reducing the strength of the past methods at their strongest points.

A careful study of the past base measures, in which the writer was ably assisted
by Mr. A. L. Baldwin, indicated clearly that although such measures are ordinarily of
more than sufficient accuracy in'so far as accidental errors are concerned, they have two
weak points with reference to constant errors. Each base has usually been measured
with but one set of base apparatus, or, at least, with but one type of apparatus. The
apparatus is usually standardized under one set of conditions at headquarters, and used
under another set of conditions in the field.

In so far as the writer is aware, there has been no exception to the rule that, when-
ever a base or part of a base has been measured with two different types of base-measuring
apparatus, discrepancies between the measures have developed which were larger than
could be accounted for by the accidental errors and too large to be consistent with the
degree of accuracy which was supposed to be attainable with the apparatus. All of the

* See page — and the illustration opposite page —.
t See the ‘* Transcontinental Tnangulanon," pages 247, 350-351, 368 395,417, 434, 451, 480, 514,
551, 567, 592, and 611,
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evidence available indicates strongly that each type of base apparatus, and possibly each
particular apparatus even of one type, should be suspected of being subject to an error
peculiar to itself. In the base measures of 19oo it was determined to reduce such errors
to smaller proportions by making the length of each base depend on several sets of
apparatus of two different types.

A study in detail of the primary base measures made by the Coast and Geodetic
Survey during the last ten years, namely, of the Holton, St. Albans, Salina, Salt Lake,
and Versailles bases, and of the manner in which the apparatus was standardized in each
case, left little room for doubt that there is an intimate relation between the conditions
under which the apparatus is used or standardized and the systematic or constant errors
in the results obtained. The evidence is very strong that the more serious errors are
those due to erroneous determinations of the temperature of the measuring bar or tape.
In general it seems to be true that the bar thermometer and the bar do not have the
same temperature, and similarly mercurial thermometers seldom give the temperature
of a tape accurately. It is not certain that, even with the duplex bar apparatus
used independently of the thermometers, the temperature deduced from the relative
expansion of the two bars was accurate. The evidence indicated strongly that the
errors in temperature to be feared were dependent upon whether the apparatus was in
sunlight, shade, or darkness; in rapidly rising, stationary, or falling temperatures, or
inside a building, shed, or yard, or in the open. fields. It was apparent that it was unsafe
to assume that the length of either a bar or a tape as determined at the Office under a
selected set of conditions supposed to be favorable to great accuracy, as, for example, at
night under a shed and with nearly constant temperatures, is applicable to that same
apparatus under the widely different conditions encountered in the field. It seemed
obvious that the proper procedure is to standardize the apparatus in the field under
conditions as nearly as possible corresponding to those encountered in the base measures.

The Woodward iced bar is the only apparatus in the possession of the Coast and
Geodetic Survey to which the above statements do not apply.

In the instructions for the base mieasurement quoted at the beginning of the
following report there are four points on which especial stress is laid and of the
importance of which the preceding paragraph should be sufficient explanation: First,
the time and money to be used iz both the standardization and the base measurement
are limited strictly to the amounts necessary to keep the accidental errors down to the
limit indicated by a probable error of 1 part in 500 ooo; second, five sets of apparatus
of two different types are to be used on each base; third, the five sets of apparatus are
each standardized at the beginning and end of the season and intercompared on each
base on the so-called test kilometer, and therefore these measures afford unusual
opportunities to determine the actual accuracy attained; fourth, the standardizing in
the field is done under conditions which are as nearly as possible identical with those
encountered in the base measures. .

It was confidently expected that the unusual skill which would be acquired by a
party making measurements of several bases in quick succession would help greatly in
making the required measures rapidly and at a small cost. It may be noted also that
the instructions or orders as written and enforced prohibited experimenting and striving
for unnecessary accuracy, and encouraged the neglect of unessential precdautions.
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The writer feelsthat he can fearlessly invite a critical examination of the facts set
forth fully and fairly in the following report. He believes that under such a critical
examination these base measures will be found to have been made with a rapidity and
economy that is unexcelled; that in so far as accidental errors are concerned they are
more accurate than is necessary, the excess of accuracy having been attained, however,
by the use of judgment and skill rather than time and money; and that in so far as
systematic or constant errors are concerned, they bear within themselves positive evi-
dence of their degree of reliability, and that this degree of reliability is certainly not less
than in any of the base measurements of the past.

The writer desires to acknowledge here his full appreciation of the fact that the
success of the base measurements of 19oo is due to the zeal, ability, and faithfulness
with which the field operations were carried on by Mr. A. L. Baldwin and his party.

THE MASSACHUSETTS INSTITUTE TAPE APPARATUS.

It being known to the Superintendent that there had been developed at the
Massachusetts Institute of Technology a new form of tape apparatus of great promise,
the writer was authorized to use the opportunity afforded by a visit of inspection to the
base party at Alice, Tex., in December, 1900, to make a test of this apparatus to
determine its adaptability to the measurement of primary bases. The President of the
Massachusetts Institute kindly loaned the apparatus to the Coast and Geodetic Survey
for that purpose. Certain tests were made at Washington in November, 1goo. In
December the writer and Prof. A. E. Burton, of the Massachusetts Institute, aided by
the base party, made other tests of the apparatus on the Alice base. As these tests
are closely associated with the base measures here reported, it seems appropriate that
the conclusions derived from them should be stated here.

Little has yet been published in regard to this apparatus.* It has been developed
gradually during the last fourteen years by students of the Massachusetts Institute of
Technology, acting under the direction of Prof. A. E. Burton, several theses having
been written on different phases of this subject.

The important feature of this form of tape apparatus is the device for obtaining
the temperature of the tape. The whole length of the roo-meter tape and an
approximately equal length of German-silver wire form two of the arms of a Wheatstone
bridge. The two variable arms of the bridge, together with the telephone which is
substituted in the place usually occupied by a galvanometer, and the necessary
interrupter, batteries, and connections form the thermophone proper. The thermophone
has been patented by Messrs. Henry E. Warren and George C. Whipple, and is
manufactured by E. S. Ritchie & Sons. It has been used for determinations of
temperatures in various ways, and the work of the students at the Massachusetts
Institute now under consideration is mainly that of developing this apparatus to use
with long measuring tapes.

The electrical resistance of the steel tape varies more rapidly witha change of tem-
perature than does that of the German silver. The ratio of the resistance of the tape

*For a short account of the apparatus, together with a statement of the 1goo tests, see Technology
Quarterly, June, 1go1, p. 82.
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to that of the German silver is therefore a measure of their temperatures. Or, with
sufficient accuracy, it is a measure of the temperature of the tape, provided the German
silver is similarly exposed, so as to have approximately the same temperature as the tape.
This ratio is the quantity really measured by the thermophone. The thermophone
dial, over which moves a pointer which indicates the position of the contact point regu-
lating the two variable arms of the bridge, is graduated so as to indicate the temperature
of the tape in Fahrenheit degrees. :

In regard to the Massachusetts Institute tape apparatus as a whole, the writer is
convinced: -

1. That with the themophone apparatus in its present form, and using all refine-
ments, measures can be made even in daylight, and when the temperatures are varying
rapidly, with a much higher degree of accuracy than is possible with tapes and mercurial
thermometers even under good conditions at night.

2. That after the apparatus has been modified and strengthened at certain points
with reference to making it proof against comparatively rough usage and capable of
quicker manipulation, certain refinements being omitted, much more rapid measures can
be made with it than with any form of bars, and probably more rapid than with the
present form of tape apparatus if the tripod method rather than the stake method is used.

3. That it can be used efficiently with no more previous preparation of the ground
than is necessary for bar measurement by substituting tripods for the marking stakes at
the tape ends and for the intermediate supports.

A few remarks may be necessary to explain the reference above to a possible tripod
method of measurement with tapes. Base measurements with bars have ordinarily been
made with the bars supported upon portable tripods. It has not been feasible to measure
primary bases with tapes similarly supported upon tripods, since it was absolutely
necessary to make the measures at night to secure the necessary degree of accuracy with
the means heretofore available for determining the temperature. The thermophone
apparatus determines the temperature with all necessary accuracy in daylight. Hence,
it is now possible to substitute tripods or other portable supports, which may be placed
in position as the measurement progresses, for the fixed stakes which have heretofore
been used. With a well-organized base party, familiar with the work, the setting of
the stakes requires considerably more time than the subsequent double-tape measure of
the base.

Joun F. HAYFORD,
Inspector of Geodetic Work.
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ON THE MEASUREMENT OF NINE BASES ALONG THE
NINETY-EIGHTH MERIDIAN.

By A. L. BALDWIN, Computer and Chief of Party.

GENERAL STATEMENT.

The general plan for the measurement of nine bases along the ninety-eighth meridian
was presented to the writer in the form of instructions from Dr. Henry S. Pritchett, at
that time Superintendent of the Coast and Geodetic Survey. A thorough understanding
of the campaign will be hastened by printing an extract from these instructions, dated
in May and July, 1900:

You will be detailed to take charge of a field party which is to measure nine bases along the
ninety-eighth meridian, of which Page Base at the north, and Alice Base at the south end, are the
extrenies,

Four steel tapes, two 100 meters in length, and two so-meter tapes, and the duplex base bars, are
to be used in the measurement of the bases. A portion of each base, about 1 kilometer in length, is
to be measured with all five sets of apparatus, and of the remainder of the base a portion is to be
measured with the tapes and a portion with the bars,

Very little increase in the average accuracy of the lengths of the triangle sides of the ninety-
eighth meridian triangulation will result from increasing the accuracy of the base measurement beyond
that represented by a probable error of 1 part in 500 ooo. The following limits of accuracy on each
operation are selected with a view to attaining a probable error but little if any greater than 1 part in
500 000 on each base. You will strive to keep as far within these limits as is possible by the use of
good judgment and skill, but you will restrict the time and money expended upon each operation
substantially to that required to keep barely within these limits,

You will standardize each tape and the duplex bars at the beginning of the field season upon a
100-meter comparator, which you will establish near Shelton Base for that purpose, by measuring the
length of the comparator at least four times with each base apparatus. The measurements by each
apparatus must not all be made on a single day or night. If four measures do not suffice to reduce
the probable error of the mean for any apparatus below 1 part in 300 ooo, additional measures will be
made until the probable error is reduced below that limit. The length of the comparator is to
be determined by measuring it with the iced bar at such times that the longest interval between any
such measurement and any measure with a piece of base apparatus for the purpose of standardization
shall not exceed thirty-six hours. In computing the length of the bars and tapes, the length of the
comparator shall not be assumed constant, but instead will at the time of each duplex or tape
measurement be assumed to be that given by the nearest measurement with the iced bar, or by the
mean of the last preceding and first following measurements. The bars and tapes are to be
re-standardized in the same manner at or near the end of the field season. The conditions under
which each form of apparatus is standardized should approximate as near as is feasible to those under
which it is used in the actual measures of the base.

8. Doc. 50 16 241
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One kilometer of each base, to be known as the test kilometer, is to be measured with the duplex
bars and once with each of the tapes. If any oncof these five measuresshowsa residual from the mean of
more than 17 milimeters, an additional measure of the test kilometer shall be made with that apparatus.
Residuals of more than 17 milimeters on the test kilometer, which persist even after a remeasurement,
shall be considered to indicate the desirability of re-standardization, but in no case shall the apparatus
be standardized without special authorization, except at the beginning and ending of the season as
indicated above.

Of the remainder of each base not less than one-tenth nor more than one-third isto be measured
twice with the duplex bars; not less than one-fifth nor more than two-thirds is to be measured once
with each so-meter tape; and not less than one-fifth nor more than two-thirds is to be measured once
with each 10o-meter tape, Additional measures shall be made if the discrepancy hetween the two
measures on any section exceeds 20" A (in which A is length of the section in kilometers) until
two measures are obtained which agree within that limit. About one-fifth of the total length of all
the hases after the test kilometers are deducted should be measured with the duplex bars, and about
two-fifths each with the 50-meter tapes and the -100-meter tapes.

Such precaution should be taken to secure accurate horizontal and vertical alignment of the
tapes and of the bars as is necessary to insure that the errors arising from this source on any section
of the base shall be less than 1 part in 1 000 000. It is not desirable, however, to use any more time
on this part of the operation than that necessary to keep well within the limit stated. This principle
should also be applied to the determination of the tension on the tape while in use.

PARTY ORGANIZATION.

An effort was made to so arrange the party that the illness or disability of one man
should not stop the work. A working force of ten persons was decided on and this
number was varied only at the first base, where Mr. L. A. Fischer, Adjuster, of the
Office of Standard Weights and Measures, had immediate charge of the preparations for
and measures with the iced-bar apparatus, and when the employment of occasional day
labor would increase the party’s efficiency. The personnel of the party included the
following: '

A. L. Baldwin, Computer and Chief of Party, made all the contacts between the
duplex components and forward contacts on all tape measures.

William Bowie, Assistant, aligned the bars for the duplex measures, made rear
contact on tape measures, and had immediate charge of the setting of the tape supports.

Frank H. Brundage, Aid, spaced the trestles for the bar measures, ranged out the
bases, aligned the tape supports in the vertical, and recorded for the tape measures.

Ora M. Leland, Aid, kept the record of the duplex bar measures and leveled the
bases for tape grades and profile.

Prof. L. S. Smith, succeeded by R. S. Ferguson, Recorder, read the bar inclinations,
thermometers, and assisted in the leveling operations.

Five laborers completed the party.

TIME TABLE.

The base map shows at once the general location of the nine bases, and the railroad
lines there shown indicate the route followed by the party. July 16, 1900, was the date
of the arrival and organization of the party at Shelton, Nebr., and after this date
twenty-six days must be charged for each member of the party to the delays incident
to the transportation from each base site to the one next in order of measurement. The
movements of the party may be conveniently shown in tabular form,
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Name of base. ‘?:}ii‘ﬁf | Intg;;:.l m Remarks.
Shelton .............. July 16 31 | Includes all comparator preparations and
standardizations.
Page................. Aug. 16 25
Anthony ............. Sept. 10 17
ElReno.............. Sept. 27 25
Bowie................ Oct. 22 16
Stephenville.......... Nov. 7 13
Lampasas Nov. 20 17
Alice................. Dec. 7 14
Seguin ... Dec. 21 -18 | Includes all comparator preparations and
’ standardizations. -

The departure from the Seguin base began on January 18, 1901, so that, excluding
" the time spent in traveling, the average time spent at each base, not excluding Sundays
and holidays, was 15.6 days.

UNIT OF LENGTH.

The 5-meter steel bar No. 17, designated as B,,, when immersed in melting ice,
was the unit to which all determinations of length were directly referred. ‘This bar No.
17 has been compared directly with Prototype Meter No. 21, designated as M,,, and
known in terms of the International Meter. This makes, then, but two intermediate
standards between the bars and tapes actually used on the base, and the international
standard of length, the International Meter. Appendix No. 8, Report for 1892, pages
351—-393, contains the complete description of the various determinations of its length in
terms of the Prototype Meter No. 21, which were made previous to 19goo. The length
of the bar at the temperature of melting ice was there found to be 5 meters —16.2u%,
The probable error when referred to the Prototype Meter No. 21 is +0.44, but when
referred to the International Meter, including the uncertainties of M,,, is 4=1.14, or one
part in 4 500 00o0.

While this result was entirely satisfactory, the standardization of a similar bar for
- the Government of Japan, by the Office of Standard Weights and Measures, made the
opportunity for a very desirable check on the constancy of B,. These comparisons
were made in July, 1900, by Mr. L. A. Fischer, of the Office of Standard Weights and
Measures.

The Japanese 5-meter steel bar is identical in form and material with B, but has
not the defect of having defining lines of unequal width,{ these being, on the contrary,
of uniform and equal width on the Japanese bar. A determination of the length of
this bar, designated as J, was made to depend, first, upon comparisons with B, , and
second, upon comparisons with Prototype Meter No. 21.

Nine comparisons with B, five with B, direct, and four with it reversed (turned
end for énd), gave the value of J in terms of M_,,

]=5M,,—22#io.5/x.

*The separate values for B, in the sense A-end right or A-end left were neglected for this work
as too small and uncertain to be taken into account and no attention was paid to reversing the bar.
+ As described on page 340, Appendix No. 8, Report for 1892.
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Eight direct comparisons with M, in the manner fully described in sections 13 and
14 of Appendix No. 8, Report for 1892, were made with the resulting value of J in

terms of M_,
J=5M, —24.5441.04M.

This result would indicate that the old value for B, is too large by 2.54, or one
part in 2 ooc 000, but when judged in the light of the probable errors no such conclusion
can be reached. Viewed as a check this result is eminently satisfactory, and if weighted
according to its probable error it would have little effect on the adopted length.

THE SHELTOX 100-METER COMPARATOR.

This comparator was a line 100 meters long, prepared for measurement with the
iced-bar apparatus. Nineteen well-seasoned pine posts, 1™'8 long and 15 by 15™ in
cross section, to hold the intermediate microscopes, were set firmly in the ground with
o"™g projecting. The posts were accurately aligned and spaced with their centers 5
apart, and the tops were sawed to the same horizontal plane. The ends of the line were
marked by spherical-headed brass bolts cemented into the top of limestone blocks of
peculiar shape designed to give them great stability in the direction of the line. These
end monuments were 76 deep with a base 76 by 20™ and top 20" by 20" (see illus-
tration No. 2). They were set on a thin layer of gravel and rammed into position with
the long side parallel to the line of the comparator. Theend microscopes were mounted
on heavy plates bolted to wooden piers constructed from four posts like the intermediate
posts, well framed together (see illustration No. 3).

Alongside of the posts three sections of portable track were moved along the line
with the progress of the measurement and supported on posts set midway between the
microscope posts. .

The site was chosen for the comparator by the writer in the level pasture of Mr.
Joseph Owens, nearly a mile west of the town of Shelton, Nebr., and near Shelton East
Base. It is parallel to the baseline and distant only about 30 meters from it.

The stability of these posts, piers, and stones may be inferred from the measures of
the comparator interval which follow.

RESULTS OF MEASURES OF THE SHELTON COMPARATOR INTERVAL.

A detailed description of the iced-bar base apparatus, with instructions for its use and
specimens of record and computation, may be found in Coast and Geodetic Survey
Report for 1892, pages 338 to 350. Illustration No. 4 shows the apparatus in use on
the Shelton comparator, and illustration No. 5 shows the method of aligning the bar
in its trough horizontally, using a striding level resting on plugs about a meter apart.
The speed of measurement varied only slightly from 100™ per hour, although single
measures of the comparator interval were recorded in 50 minutes. The alignment of
the bars in the vertical was accomplished by mounting a theodolite in the line of the end
microscopes and bringing the intermediate microscopes into position as each was adjusted.
Cut-off cylinder No. 1 was used at both ends of the line and its length was 1™. 01, and
the value of the level 2”7.43.

The end microscopes A and B, now called Nos. 1 and 2, have a value of one turn
equivalent to 72.064 and 71.24, respectively. ‘The intermediate microscopes now num-
bered 3, 4, 5, and 6 have a value of one division equal to 1 u.
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The distance between the terminal splieres of the Shelton comparator was measured
10 times with B, in melting ice, between July 26 and August 10. A measure as here
designated meaus a determination of the comparator interval with readings both before
and after the interchange of observers in reading on the ends of the bar. ‘This inter-
change was made in all cases whether the observers were Fischer and Baldwin, as on
the first two days, or Fischer and Bowie, as on the last three days.

Table No. 1 gives all the data for the length of the comparator. The first and second
columns give the date and time of day of observations. The third column gives the
direction itt which the measure proceeded. The fourth column gives the results for the
length from the single measures after the correction for the length of B, has been
applied, (20) (—16.2 i), and the fifth column gives the mean result for the d'1y.

TABLE No. 1.- -Results for length of Shelton roo-meler comparator.

I g o | Resuts for lemathof - Meap repult for
I
—_ ] ! .
1§00, | h. mim. : m. mm,
July 26 | g¢.1am. E. toW. 100 meters +22. 39
z6 | 10.9 a.am., W. to E. -+ 22. 27 1C0--22. 33
27 9.1 a.m. E. toW. +22. 39
27 10.5 a.m. W.to E. +22. 26 +22, 32
30 9.4 a.1m. E. toW, +22. 35
30 Jo.7 a.m. W. to E. <22, 08 +22. 22
Aug. 2 i 4.8 p.m. E. toW. +22.08
2 5.9 p.m1. W. to E. +22.49 +4-22. 28
10 4.7 p.m. E. toW. +22.13
10 5.8 p.m, W. to E. +22. 60 122, 36
| Mean = 100--22. 30
| |

DISCUSSION OF RESULTS OF THE SHELTON COMPARATOR MEASURES.

An inspection of these results shows no movement of the terminal spheres during the
entire period and therefore a constant length for the comparator. The inspection
- also shows a decided tendency toward a large result when measuring away from
the sun.

In considering this peculiarity it must be remembered that the practice followed
throughout these measures was to shade the microscopes and iron caps which supported
them while they were holding the measure. As soon as the microscope is shaded the
side of the iron cap toward the sun begins to cool rapidly and the microscope begins to
move toward the sun. ‘The effect of this will be that, when the measurement proceeds
toward the sun, too short a length for the comparator interval will be obtained, and
vice versa. As there is no exception on the five days to this tendency, and as the
observations made when the sun was farthest from the meridian show it most decidedly,
it is apparent that a measure in each direction with the sun in the same position is
necessary for a correct determination of the comparator interval.

The probable error of a single measure of 100 meters with this apparatus, when the
entire comparator was protected from the sun, has been with various observers as follows:*

! mm.

At Holton (see Report for 1892, Part II, p. 399) PP +0.061
At Washington (see ‘‘ Transcontinental Triangulation,” p. 193).............n +0.030
At Washington (see ¢ Transcontinental Triangulation,”” p. 194)................ +0.038
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The residual from the mean, in the case of the tenth determination, exceeds five
times the mean of these probable errors and would become a subject for rejection if the
evidence of the sun’s effect should be neglected. Moreover, the result for the length of
the comparator interval will be 100 meters +22"".30 whether the mean be taken by
days or individually.

The evidence is sufficient to show that each value in column 5 of Table No. 1 must
be accepted as a single observation for the reason that it is necessary to take the mean
of two consecutive measures in opposite directions to eliminate the effect of movement of
microscopes. From the residuals from column 5 of Table No. 1 the probable error
of the mean was deduced, -=0"".02, and the probable error of each value, #4=0"".04.

THE SEGUIN 100-METER COMPARATOR.

, This comparator was a line 100 meters long prepared for measurement with the
iced-bar apparatus in exactly the manner previously described for the Shelton 100-meter
comparator. The site of the comparator was chosen by the writer in the pasture of
Mr. Henry Soefje, 8 miles north of the town of Seguin, Tex. The line of the com-
parator is nearly parallel to the Seguin Base Line, about 1oo meters south of it and
1 kilometer from East Base. The terminal monuments were similar to those already
described for the Shelton comparator except that they were of granite.

RESULTS OF MEASURES OF THE SEGUIN COMPARATOR INTERVAL.

The distance'between the terminal spheres of the Seguin comparator was measured
. five times with B, in melting ice between January 14 and 16. The new cut-off cylinder
No. 2 was used here for the first time. It was used at the east end of the line with
a length of 1™.04, while No. 1 was used at the west end with'a length of 1™.07. No. 2
carries a level with one division equivalent to 2".33, and is similar to No. 1 except that
its millimeter scale is extended to permit a reading of 12°". The three measures on
January 14 and 15 were made with Baldwin and Bowie observers, interchanging between
che first and second readings on the ends of the bar in each position. In the measures of
January 16 observers Baldwin and Leland exchanged in the same manner. Table No. 2
gives the data for the length of the comparator. The results for the length of the com-
parator in the fourth and fifth columns is given after the application of the correction
for the length of twenty bars of B, (—324 u).

TABLE No. 2.—Resulls for length of Seguin roo-meter comparator.

| i 1 i
: Direction of Results for length of M sult for th
Date. Time of day. ' measure. | co:npnraulﬁ. ean res:y. ertae
1901, h. l mm. ' mm.
Jan, 14 11.6a. m. E. to W. 100 meters+1. 54 100 meters+ 1. 54
15 1.8 p.m, W. to E. +1. 41
15 3.0 p.m. E. toWw, ~+1.55 +1.48
16 2.7 p.m. W. to E. +1. 69
16 4.1 p.m, E. to W. “+1.72 +1.70
| Mean=r100"-1, 58 |
i
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DISCUSSION OF RESULTS OF THE SEGUIN COMPARATOR MEASURES.

The agreement of the two measures in opposite directions on the 15th, and again on
the 16th, is so close as to show that there was very little, if any, systematic movement
of the microscopes tending to make the measurements too short when proceeding toward
the sum, as noted in connection with the Shelton comparator. If the small discrepancies
between the two results in each pair is attributed to such a movement of the micro-
scopes, the movement is in the reverse direction. The explanation of the different action
of the microscopes at Seguin from that at Shelton is simple when it is known that to
obtain proper illumination for the microscope pointings the shade was not used during
the measures of January 15, while on the 16th the day was overcast. To satisfy the
instructions not to assume the comparator length a constant, the length of the com-
parator interval was assumed to have changed, and 100™+1"".54 was used as its length
for any comparisons before the 14th, 100"+ 1"".51 between the 14th and 1sth, and
100™+41"" 59 between the 15th and 16th. ]

The probable error of the direct mean =4=0"".04, being the most unfavorable to the
accuracy, is adopted as the probable error of the length of the compafator used in stand-
ardizing the apparatus.

The probable error of the Shelton comparator being 40™".02, and of the Seguin
comparator £=0"".04, the probable error therefore of the mean length is not greater than
#+0™".03. As the length of each apparatus depends on the mean of the two compara-
tors the probable error of each hundred meters measured, in so far as the determination
of the lengths of the comparators is concerned, is +/(.03)"+ (.022)*==0"".037, or one
part in 2 700 0co. The probable error 4=0"".022 is the probable error of B, =1.14,
multiplied by 20, the number of bar lengths in 100 meters.

THE DUPLEX BARS.

The combined length of the duplex bars Nos. 15 and 16, with their coefficients,
has been determined twice since their construction. The reader is referred to United
States Coast and Geodetic Survey Special Publication No. 4, ‘‘ The Transcontinental
Triangulation,’’ pages 191-197, for the results of these comparisons. The determina-
tions of September, 1896, made on the so-meter office test line after the return of the
apparatus from the Salt Lake Base, might be expected to give a working length for the
apparatus. No use had been made of the apparatus during the interval between that
date and the Shelton determinations. However, it must be noted that the duplex contact
slide apparatus was used during this comparison for the first time without protection
from the direct rays of the sun. A complete description of the apparatus, by Assistant
William Eimbeck, the designer, is given in Appendix No. 11, Coast and Geodetic Survey
Report for 1897, pages 737-752. The directions for its use in the field as there stated
were slightly modified as shown in the description of the field procedure given on page 252.

The results from the measurement of the Salt Lake Base * showed that the lengths
resulting from the use of thermometers were more accordant than those from the use
of the duplex method depending entirely on the difference of expansion of the steel and
brass bars. They also showed that the three partially independent results were desir-

*See Appendix No. 12, Report for 1897, and *‘ Transcontinental Triangulation,’" pp. 198-200.



248 COAST AND GEODETIC SURVEY REPORT, 1gol.

able especially as they furnish information as to the thermic behavior of the apparatus.
The thermometers were therefore used throughout this work.

THERMOMETER CORRECTIONS.

The thermometers used in the determinations of tape lengths, and lengths of the
duplex bars Nos. 15 and 16, are the same as those used in the field measures. They
are centigrade thermometers, graduated to half degrees and were read by estimation
to 0°.05. '

The following table gives the corrections necessary to reduce the observed readings
of these thermometers to the hydrogen scale as determined by the Office of Standard
Weights and Measures, July 27 and October 31, 1900, and February 8, 1gor.

— i g o
| ! ! . : ! ' |
i 0° | 50 ) IO° ‘ ’50 200 : 250 , 300 | 350 400 | 450 !
[ T R SR i
i ; ‘ ' - | !

Corr. to 7231, July. -t |--.02 --.06 l—.05 |—. 07 '-~—. 04 f—--.ox - 04 .06 —. 11"
“ 42031 Teb, : i .oo'!-.04! .00, .00!—,04 --.05'—.02 —.07i —.05
o 7232, June. | | .00 '—. 0§ :—.07 i--.09 ‘--. 0§ '—.0l '—.0§ --.10 | —. 17
‘¢t 9233, June. | - .05 —.04 4.01--.01 +.02 .—-.01'—.05 -~ 13, —.20
4 7234, June. | --.03 :—.,04 — 02 -—.03 ,/—.04 i—.0§ '—.04 —. 09 -, 13
‘O 9235, June. |+ ~-.0I 4=, 02 —.03 ,—. 07 —.07 i—.05 |l—.04 —. 09 —.09
Y 9236, June. (4 4-.05 —.02 -—.0l i—,04 —.05 +=.04 =, 06 —. 10 . —.12
¢ 9237, June. i . 00 :-—.03 --.02 '--.04 —.05 --.07 -.05 -—.09 —.07
‘' 9237, Feb. i +.0I --.05 .00! .00 —.04 ;—.03 |7-07 -0 —. 08
¢ ¢ 2238, June. l —.02 —.06 —.0I '—. 04 —.04 —.06 --.07 ——.09, —. IO
$ 9239 June, +4- .00 -2, 03 =-.06 '—.09 =, 07 .~ 07 = 11 - 15 —. 16

“ 9241, June. -—.03 ,--.03 —-.08 -, 09 .-

3383888583888228388%
|

!
|
|
|
|
| :
: |
| |
| I
i . !
.10 1--.09 (~.09 —. 141 -~.08 |
; ; I
I
| |
Rty
i
i |
| )
! 1

tC ¢ 9241, Teb. 7. I1 44-.03 .5-.07 |5-.05 ;+.06 1 .00 :+.05 +-.05 | +.05
f6 4 2843, Oct. | ~.06 .04 —.,06 —.09 —. 03 —.071—.05 ='12 | —-. 10
¢ ¢4 2843, Feh. —.0I {~-,03 . .00 :—-.08 —.04 | .00!—.05 —. 10, —. 08
¢ 2851, Oct. —.08 ‘—. 07 —.04 |—.04 —.00 '-—.05 '— 06 .08 - 12
¢ ¢ 7851, Feb. I —.01 '—.07 . .00 .00 ;—.04 |—.06 ' —. 07 —. 06! .13
‘et 2852, Oct. | -.04 ~—. 10 =, 02 —.02 ,—.06 [—.07 |—.06 —. 111 —. 14
€ ¢ 9852, Feb. . --.0f ,--.07 .00, .00 ,—.04 [--.07 l-—.09 —.1I | —, 7
I ' :

On August 11 and August 30, and again on January 15, the re'ad‘mgs of these
thermometers when packed in melting ice were determined. The only appreciable
change was noted in No. 7241, which changed from 0°.00 on August 30 to —0°.15 on
January 15, and on examining the record it was found that on November 2 this
thermometer was heated to unite a parted column, and observations after that date in
comparison with others indicate such a change.

In the application of the thermometer corrections the mean of the determinations
by the Office of Standard Weights and Measures was accepted, except as noted for No.
7241. ‘Thermometers for which only one set of correctious is shown were broken

during the field season.
FIELD TRESTLES IN USE WITH THE DUPLEX APPARATUS.

The trestles which were used on the Holton, Salina, and Versailles Bases, belonging
to the secondary monometallic bars Nos. 13 and 14, were again used. The cradle arms,
namely, the fixed portion of the trestle above the tripod head, were found to be too
weak and flexible for the double-contact pressure of the duplex bars when used with
that apparatus at the Salt Lake Base.*

——— — ——— e b —_—

* See p. 759, App No. 12, Report for 1897, on the Measurement of the Salt Lake Base.
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Before the apparatus left the Office for the work under discussion, new cradle arms
with double the cross section of the old were substituted for them. A single trial of
their relative flexibility was made by applying a horizontal pull at the top. ‘This com-
parison showed a reduction of at least one-half in the horizontal flexure. 1In all other
respects the trestles retained their original form. The comparisons on the 1oco-meter
comparators were made with the bars supported on these field trestles, without foot-
plates, exactly as they were used in the measurement of the base lines.

SHELTON DETERMINATION OF THE LENGTH OF THE DUPLEX BARS.

Five measures of the comparator interval were made with the duplex bars, on
four different days, and at temperatures ranging from 22° to 33° C. The atmospheric
conditions were as varied as it was possible to secure without delaying the work. The
relative readings of the middle and end thermometers show that on the first measure
the middle thermometer indicated a temperature about 1°.5 higher than the end ther-
motneters, while on the second, third, and fifth measures they were close together. The
contacts between the components were all made by the writer and in the same manner
as in all previous measures with this apparatus.

The vertical alignment of the bars was controlled by pointing the adjusted aligning
telescopes on the barrels of the end microscope as each bar was placed in position.

The inclination of each bar was measured in the usual way by means of the attached
sectors.

Table No. 3 contains the data for the length of 20 bars of the duplex apparatus,
obtained at the beginning of the season on the Shelton roo-meter comparator. The
first column gives the number of the measure; the second and third, the date and hour
of the day; the fourth, the direction of the measure; the fifth shows whether the face of
the apparatus was up or down; the sixth gives the mean temperature as indicated by
the three thermometers in each bar; the seventh and eightl, the length of 20 bars of
steel minus 100 meters at the temperature of observation and after reducing to the
duplex temperature 26°.45; columns nine and ten furnish the same information for
the brass bars; while eleven and twelve furnish the gain of brass in the 100 meters,
and the consequent length of the 20 bars when the steel and brass components are of equal
length. In these determinations and those at Seguin, the coefficients of expansion,
11.544 per meter for steel, 18.454 per meter for brass, and the duplex coefficient 1.668,
were used. These coefficients were determined from 32 measures of the Office 50-neter
comparator in November, 1896.%

The duplex coefficient is the ratio of the coefficient of expansion of steel to the
difference of the coefficients of brass and steel. Necessarily it is independent of any
temperature. ‘The duplex length is the length of the bar when the steel and brass
components are of equal length and at the same temperature. It is evident that the
duplex length can be determined without reference to any thermometer indication by
the application of the duplex coefficient to the difference between the brass and
steel set-ups in the measurement of the comparator interval. When the duplex length
is once known, the length of any section may be computed from the gain of brass over
steel as measured by the readings of the scales which show the relative positions of the

*See ¢ Transcontinental Triangulation,”’ pp. 196 and 197.



250 COAST AND GEODETIC SURVEY REPORT, 1g01.

brass and steel bars. This can be most readily shown by a numerical example. In the
first measure, on October 16, of the west half of section 8 of the El Reno Base (see
Table 6), the brass component lost during the measurement 30™™.84, as compared with
steel. In other words, during this measure the length of 100 brass bars was 30™™.84
less than the lenth of 100 steel bars. The length of the 100steel bars was less than that
of the 100 bars at duplex length by the duplex coefficient times 30™".84.
Length of the section=100 {(duplex-length of bar)—30™™,84 (duplex coef,)— Zgrade corr’s,

=100 (§™-}0™™.0715)—30™".84 (1.668) —i7"™.45.

=499™.9382.

The derivation of the last two columns of Tables Nos. 3 and 4 furnishes a furtherillus-
tration of the use of the duplex coefficient. The first value, —4.89, in column 11, is the
+9.38 of columin 7 minus the 4+14.27 in column 9. This value, —4.89, is both the
difference between steel and brass set-ups and the difference between the length of 20
bars of steel and the 20 bars of brass during the measurement. 'The first value in the
last column, namely, 41"".22, is 4+9¢™".38 —4"".89 (1.668), the factor 1.668 being the
duplex coefficient.

SEGUIN DETERMINATION OF THE LENGTH OF THE DUPLEX BARS.

At the conclusion of the base measures, four measures of the Seguin 1co-meter
comparator were made with the duplex bars. These four measures were made on two
different days and in the same manner as described for the Shelton determinations.
The temperature ranged from 23° to 12° and, although the first two measures were
made under a cloudless sky, the thermometers were more consistent than at Shelton.
The last measures were made in cloudy weather with the temperature nearly constant.

Table No. 4 contains the results of these measures.

TABLE No. 3.—Standardization of the bars Nos. 15 and 16 of the Duplex Apparatus over
the roo-meter Comparalor at Shelton.

Steel, Brass. Duplex.
EW Length Length L th
3 g Mean | Length I of %o Length of %o g]l]%o
No. Date, Hour, ‘S & | Face, |temper-{ of 20 bars of 4 bars. bars
o3 ature. bars, reduced bm_zf: treduced| gcale when
=g to ot to S—B. equal.
a . 26%.45 C. 126945 C.
100 100 100 100 ' 100
C. meters meters meters nieters meters
1900, ! ° mm. mm. nm mni. mm. mm.
I | July 26 5.5 p.m. E U 13326 49.38 | +1.52 [+14.27 |41.71 | —4.89 |[+1.22
2 ‘27 11. 8 a.m. w U 1 27.60 4313 | +1.8 + 3.68 i+1.56 | —o0.55 |42 21
3| ¢ 28 10. 3 a. m. w D | 26.18| 40.98 | +1.29 ‘+ 0,51 {-+1.01 | 40.47 |+1.76
4 ‘¢ 28 11,5 a. m, E ' D |30.74| +6.26 | +1.31 [+ 9.12 [+1.20 | —2.86 I+1.49
51 Aug. 4 5.8a m. W I U |2223]| —3.92 ] +0.95 |— 6.61 i+1.18 | +2.69 [4-0.57
Means........ 4137 ol +1.33 ... +1.45
1
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TABLE No. 4. —Slandardization of the bars Nos. 15 and 16 of the Duplex Apparatus over
the roo-meter Comparator at Seguin.

i Steel. Brass. Duplex.
w g
s i Length Length Length
55 Mean | Length . of 20 Length | of 20 of 20
No. Date. Hour, S @ | Face. |temper-| of 20 bars of 20 bars bars
o8 ! ature. bars. | reduced | bars. |reduced| geale when
By ! . to to S—B equal.
a ! [ 26945 C. 269,45 C.
! 100 : 100 100 100 100
. C. meters meters meters neters meters
|
. o
X 1901. : S e mm, mm, mm. mm. mm. | mm,
1! Jan. 14 3.8 p.m. E | U |22.52|— 3.08: +1.46 |-- 5.75 (+1.50 |+ 2.67 +1.37
2% 14 4.9 p.m W | D |22.8 !— 261 -+1.50 — 4.96 ‘+1.61 |+ 2.35 |+x.3x
3 | Y16 9.5 a.m. E D | 11.95 —15.09 | 4+1.66 i—25.16 '+1.59 [+10.07 31.71
4 <16 10, 5 a. m, w U | 12.03 |—15.22 |___—+_—»I__._4_2_;—-25.09 l+1.51 {4+ 9.87 +1.24
Means........ +—I1.51 ........ +I1.55 «....... —+1. 41
Mean of all, from Tables Nos. 3and 4... +1.43 ........ 143 oo 1. 43

DISCUSSION OF RESULTS OF DUPLEX COMPARISONS.

It seemed- desirable to examine the results first to discover whether or not any

modification in the coefficients already adopted was mnecessary. If the assumed
coefficients were wrong the lengths reduced to a fixed temperature should vary with
the temperatures at which they were determined, or in the case of the duplex with the
amount of the scale difference. At Shelton no such grouping of the results was found.
At Seguin a most satisfactory check was obtained. For the twenty bars of steel the mean
of the two values determined at 12° only differs by o™".06 from the mean of those at
22°.7 when reduced to 26°.45, as shown in Table No. 4. For the twenty bars of brass
these two results are identical, and from the scale readings alone the two results differ
only 0™.13. As these facts showed that any change in the coefficients would be
minute and not authorized by the probable error of these results, the temperature at
which the steel and brass components are of equal length, called the duplex temperature,
was computed from the nine comparisons on the two comparators taken as one group.
The results were then reduced to this temperature, 26°.45, for the steel and brass
components, and the mean result, 100"+ 1"".43 for twenty bars of steel and brass, has
a probable error of £=0™".05, or 1 partin 2 coo oco. Computing the length of the twenty
bars independently of thermometers, we get an identical result, 100™4-1"".43, but with
a probable error of +=0™".10, or 1 part in 1 000 ooo.
_ It should be noted that the use of the bars during the season has apparently
lengthened the twenty bars of steel by o™™. 14, and of brass by o™".20, but when com-
puted independently of thermometers they seem to have shortened 0™™.04. The range
in the results at Shelton being great enough to contain the entire group of results at
Seguin, it is uncertain that any change has taken place. ‘The duplex bars had not been
in use since the determination of their lengths in September, 1896, when the lengths of
the twenty steel and brass components reduced to the temperature 26°.45 were +-1"".44
for steel and +2™".04 for brass. No reason has been discovered for this shortening of
the brass component equivalent to 1 part in 170 coo.
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FIELD PROCEDURE WITH THE DUPLEX BARS.

The modus operandi so carefully.described by Assistant Eimbeck on pages 763764,
Appendix No. 12, and the directions for the use of the apparatus on pages 747-751,
Appendix No. 11, Coast and Geodetic Survey Report for 1897, were carefully studied.
In certain particulars it was decided to modify these to suit the changed conditions and
to omit many readings in order to increase the speed. On starting a measurement,
the trestles having been arranged at the convenient height but in the rear of the section
mark, the zero bar (No. 15 in every instance) was aligned and in position ‘¢ face up,”’
the front end of the component which is in line of the base brought over the section
mark. Transit No. 149, in both direct and reversed position, was used at a distance of
about 3o feet and at right angles to the bar, in referring to the section mark. The
other component was theu set normal, either.by the plane mirror or with the front scale,
‘whose reading when normal was known. The components are said to be set normal
when their front agates are in the same plane normal to the bars. ‘The bar scales on
this bar were then read, recorded, and checked. 'The temperature was noted, and if
higher or lower than the duplex temperature, 26°.45, the brass component was shifted
backward or forward by an amount sufficient to permit the measuring of 250 meters if
possible without another set-back or set-up. This was done to make as few delays as
possible in the measurement. Next, the first bar of the measure was placed on the
trestles and simultaneously with the rough alignment by the observer at the forward
end, the rear end of the bar was raised or lowered by means of the sliding wedge (see
illustration No. 6), and securely clamped when at the correct height. The preliminary
coutact was then established by seizing the bar under the left arm and sliding it back-
ward bodily while the contact slides are held back and protected as much as possible
with the forefinger of the left hand. The signal ‘‘Ready for line’’ was given when
this approximate contact was begun, and generally with its completion the perfect
alignment was completed by the forward observer, who bisected the line flag at the
next section post ahead, which had previously been set five-eighths of an inch from the
line, which is one-half the space between the components. It will thus be seen that one
of the components traveled in the exact line of the base. The final contacts were then
established between the components as quickly as possible by means of the contact
screws (see illustration No. %), and at the same time the mercurial thermometers and the
inclination sectors were read and recorded. This completed the laying of the first bar.

Unless a set-up or set-back of brass became necessary no more scale readings were
taken until the end of the half section, usually after the laying of the hundredth bar.

Next the zero bar was launched (see illustration No. 8) and carried ahead by the
two men (see illustration No. g), called ‘“‘bar men,”’ and brought into line and contact
as the second bar of the measure. The inclination sectors were read, checked, and
recorded, and the thermometers again read and recorded.

Oun the third bar and until the ninth was reached the thermometer readings were
omitted, the mean temperature from eight sets not differing materially from that from
twenty. .

The observer in charge of the trestles spaced them and made them stable. The
gain in speed over former bar measures was in a great measure due to the observer
aligning the trestles simultaneously with the rough bar alignment, so that when he
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finally left the bar it was certain that the trestles ahead were in line. He then went to
the front trestle, and by sighting under the fixed bar set its roller at the general grade
of the ground. This enabled the forward bar man to immediately clamp his forward
trestle and assist in the work at the rear trestle. At the conclusion of the measurement
of 250 meters (or a quarter section), and at 750 meters, the bars were both reversed
with care but no scale readings were made unless a shift of brass was required to equalize
the amount of projection of the components beyond the protecting case.

At the end of the half section, where a stop was usually made, the forward agate
of the steel component was referred to the ground and the scales of the last bar were
read and checked. The brass component was then shifted to normal with steel, the
scales read, and the bars left standing.

On resuming the measure the front agate was referred to the ground mark and the
start made as described for the beginning of the section. When transferring to the
ground the readings were never made on a scale, but the end of the measurement was
preserved by a mark on a copper tack so that the set-ups (or set-backs) could be checked
at any time with a quarter-meter scale and dividers.

RESULTS OF DUPLEX MEASURES OF NINE TEST KILOMETERS.

One kilometer of each base called the fest kilometer was megsured once with the
duplex bar apparatus and once with each of the four steel tapes. The duplex measures
of these nine test kilometers, the first of them made August 1 and 2, 1900, and the
last January 5, 1901, will first be treated. T'able No. 5 contains the data resulting from
these measures. ‘The first column gives the name of the base; the second the date; the
third the mean temperature as indicated by six thermometers, whose bulbs were midway
between the components; the fourth and fifth the temperature at the beginning and end of
each half section; the sixth the length of the section computed independently of the
thermometers; the seventh the length from the steel bars in conjunction with the ther-
mometer readings; the eighth the length from the brass bars and thermometers; whilein
the ninth and tenth are the differences between the results, steel minus duplex, and
brass minus steel, respectively.
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TABLE No. 5.

B Observed temperature. ; Length of section. Differences.
: | |
Cgrrcct-| i | |
Name of base. Date. € f:f‘,fff"_ A;lg_e- Atend.: :
sixther-| ging. iFromduplex.| From steel. | From brass. | S—D, B-S8.’
moine- i i
ters. H
C. I C. C. |
1900~1Q01. o -9 ° ! m, m. ‘mm. mm,
Shelton..... Aug. 1,2] 26.92: :;g g?g }1 000. 2579] I 000, 2612! I 00O, 263I:|+3.3 +1.9
, 7.5 | 320 ) . ortra [+o8
Page........ Aug. 31| 31.82 133.3 | 34.0 |71 000. 2081 209_7, 2 OI;'H 2 |+
Anthony ... .| Sept.15,17 | 26. 32 | ‘;‘gg ?gg |} 999. 9192 . 9187 .9185'—0.5 |—o0.2
f11.8 .6 i
El Reno ....| Oct. 13| 20.64 Fé o ;g o :}r 000. 0816 . o821 .0825i+o. 5 |4+o0.4
; . 1.5 | 18.7 }
Bowie ...... Nov. 3[20.30 15475 | 26.2 ! 999. 7866, . 7889 .7904| 2.3 |+IL5
Stephenville | Nov. 14| 21.96 ;g; ;;g i 999. 9428 . 9461 .948143.3 |+2.0
. . |
Lampasas . . .| Dec. | 20.36 ;‘1‘ ; ;g f 999. 8524 . 8555 . 8573|+3. 1 |+1.8
Alice ....... Dec. 14 15.28 [*14.9 i*15.0  999. 98I0 . 9809 .9809i—o. 1 | oo
; S
: 13.9  17.2 _ _
Seguin...... Jan. 5! 17.95 {20‘0 213 } 999. 9222 . 9219 .9218| o. 3__ 0.1
| Means:i 1.62 | o0.97
' O R —— e .-

"No stop was made at the mlddle of this ktlometer

A full discussion of these results and the adoption of a mean for each section must
be postponed until the 13 sections on which duplicate measures were made can be

treated.
RESULTS OF REMAINING DUPLEX MEASURES.,

“['able No. 6 contains the data for the length of 22 sections and half sections with
an average length of 543 meters. The table is identical with Table No. 5 in form, except
that in the seventh, ninth, and eleventh columns are added the diﬁerences between the
two measures.
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TaBLE No. 6.
Observed tem- :
perature. Length of section or half section.
Cor-cl : i
R recte .
Base and section. Date. ?;_g‘::l‘ | &t_ At . Izlsiz I:;:g pif. | S—D. | B—=§
six ; gin-|end. Duplex. [ mi- [ Steel.| mi- | Brass. ;‘Slts
ther- | ning. nus nus sy
mom- 2nd. 2nd. and.
eters,
c. i C C.
Shelton: 1900. o ' o ° m.  ‘mm, mm wm. | mm. | mm.
Ju?§03o 37.94 i gg.g 38.8 | 600. 1211 . 1226 L1234 +1.5| +0.8
Beorrerornearionees 31| 38.32 i{“:z 28:4 } 1223 |—1.3 | .1243 |~1.7 | .1253 © — L9} +ILg [ +I.0
a Aug. 8| 27.60! 25.0 | 29.4 | 499.9965 . 9967 . 9968 | +0.2 | +o.1
6 E half ... { £ 10| 26.30 | 24.1 28.8 .9965 i 0.0 | .9970 [—0.3 ] .9973 i — ©.5 40.5| +0.3
8, 33.89 | 33.8 | 35.2 | §84.0456 . 0454 . 045 —0.2 | —o.1
6, W. haif.......... { 3 3?.31 . 27.2| 35.2 .0439 |+1.7 | .0462 (~0.8 | .0476 | -~ 2.3 +2.3 | +1.4
Page: H
g W. half 24 | 28.14 27.6 ¢ 28.0 | 499.9538 . 9546 .9550 +0.8 | +0.4
7,8W. half.... .. . 20,31 | 27.36 :{;;Z g;; } 9514 |+2.4 | 9522 |[+2.4 | .9526 | + 2.4 | +0.8 | +0.4
1 I
ey 25 ' 32.59 ; 30.8 | 33.4 | 500.1520 . 1545 . 1560 +2.5| +1.5
7, NE. half......... { 38 3643 : 23.7 28.8 : L1490 |+3.0 | .1504 |4+4.1 | .1512 | + 4.8 +1.4 | 4+0.8
' 27 | 24.96 1 21,21 30.1 | 599.9543 .9592 . 9621 +4.9 | +2.9
8, SW.half......... {i 29| 33.2533.6' 32.5 -9552 |—0.9 | .9548 |+4.4 .9544 7.7| —0.4| ~o0.4
: 23.21 27.6 .
8 NE. walf 0l 28 | 27.48 3.8 3§.1 }600.9864 .9894 .9912 +3.0! +1.8
28,29 | 30.30 ;ig §3:5 } 9885 |—2.1| 9893 [+0.11.9%S | + 1.4 | +0.8 | +o0.5
Anthony:
Y Sept. 21 20.50 | 19. 21, . 8812 . 8808 . 8806 —0.4 | —0.2
6 SE.half.......... { P 22 30.27 232 31.3 499.8818 —0.6 | .8822 |—1.4 | .8824 | — 1.8 | +0.4| +0.2
: . . . 86. 9240 .923 .9238 ~0,1 | —o.1
6, NW.half........ { 2; :?;g g;; :ig 4 32: —0.1 322? —0.2 3232 — 0.4 0.0 | 40.1
El Reno:
Oct. 15 16.88 | 16.0 | 18.2 | 444.3211 .3206 . 3204 —o.g —0.2
A A 16| 16,16} 15.4 | 16.7 .3199 |+1.2 | .3193 [+1.3 | -3191 .3| —o. -0.2
, 16 | 17.42 17.2 | 17.8 | 499.9382 .9376 .9372 —0.6| —-0.4
8 W.half.......... { 18| 19.66 | 17.5 | 21.§ .9366 |4+1.6 | .9368 |+0.8 | .9370 | + 0.2 | +o0.2| +0.2
1 14.35 | 14.2 | 14.5 | 500.2746 2739 . 2735 —0.7 | —o.4
8 E. half ......onn { 1 15.78 | 14.6 | 17.0 .2735 {+1.1 | .2734 (+0.5 [ .2733 | + 0.2 —o.I | —oO.1
Bowie:
Nov. 1 14.67 | 12. 17.2 | 499.8466 . 8485 . 8496 +1.9 | +1.1
7.SE.half ... ... { , 2 2?.4; 20.3 2:7;.2 99.8508 —4.2 | .8483 {+0.1 | 8470 | + 26| —2.4! —1.4
1 22.96 | 20.9 | 24.9 | 598. 2989 . 3019 . 3035 +3.0| +1.6
7 NW.half ... { 2| 1204 6.6 15.6 .2954 |4+3.5 | .2929 [+9.0 | .2914 | +12.1 —~2.5[ —=1.5
Stephenville: . p o3 orsa IO
15 18.43 1 16.0 ! 21.4 | 549.9115 L9139 L. 3 .
6 N.half .......... { 16 25.33 | 25.3 ] 25.3 .9143 |—2.8 | .9144 |—0.5 | .9145 | + 0.9 +o.1 | +o.1
26.6 | 27.
6,8 half........... 15| 26.96 {27.1 26.3 }6°6 2750 - 275t - 2751 +°'_1 o.0
16 19.63 16.8 | 23.1 .2736 (+1.4 | 2748 |+0.3 | .2755 | — 0.4 | +I1.2| +0.7
Lampasas:
P 30| 19.76 | 19.2 : 20.3 | 514.7329 7237 L7242 +0.8 | +o0.5
L A 30 19.90 | 20.3 | 19.1 .7266 |—3.7 | .7257 [—2.0| .7352 | ~ 1.0 —0.9 | —0.5
Alice
Dec. 1 16.00 = 13. 18. 4 499.7297 . 7621 . 7636 +2.4 | +1.5
S E half ... { 181 24.49 | 23.81 25.1 7617 |—~2.0{ .7631 | 0.0 .7623 | + 1.3 | +o.q4 | +0.2
1 25.34 | 24.6 | 25.2 | 471.5653 . 5665 .5672 +1.2 | +0.7
S'W'h““”""""{ 1 23.24 22.7 | 23.6 15655 |—0.2 | .5661 +0.4 | .5664 | + 0.8 | +0.6 | +0.3
Seguin:
6.8 .
6 Jan. 2,3 } 7.56 {6.6 gg }895. 1720 L1732 . 1740 +1.2] +o0.8
34| 10.76 .{:g; ;";g } 1749 |—2.9 | .1740 |—0.8 | .1734 | + 0.6 | —o0.9 | —0.6
4| 12.95 | 11.6 | 15.0 | 499.9137 9145 .9150 +0.8 | +0.5
7 W half.......... { 31 2336 ! 234 | 236 .9133 [+0.4 | .0123 |[+2.2 | .9177 [ + 3.3 | —1.0| Z0.6
4| 19.75 | 19.3 | 19.7 | 499.9366 +9375 .9381 +0.9 | +0.6
7E. half ... { 7 xg.gg 8.1 | 19.1 .935F |+1.5 | .9364 |+1.1|.9373 | + 0.8 | +1.3| +0.9
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In Table No. 7 the thirteen sections as they enter the base computation are treated.
These are the same measures shown in Table No. 6, where they were treated in the

shortest possible sections to display the residuals most completely.

The tenth column

contains the adopted length of the sections, obtained by taking a weighted mean of the

results from duplex, steel, and brass.

The weights assigned to the results from duplex,

steel, and brass, namely, 1o, 5, and 2, respectively, were determined as shown in the
discussion which follows. '

TaBLE No. 7.

|

"Corrrected
mean
Base and temp. Lfe;(]f)';h
s‘e.cti'on. 1 Date. J,T,',“’,gi,‘,_ duplex.
i eters, i
C. .
. ) | .
Shelton: 1900-1g01. | A m. l
{ July 30| a7 94l 600. 1211}
Jeenees 30 38. 32 . 12249
6 Aug. 8§, 9 | 30. 74/1 084. o421i
""" 9, 10 28. 8o .o4o4i
’ I
Page | 24, 25 30. 361 000 10581
Teeanns : ’ ’ :
{i 30, 31 26. 92 . Ioo4|
S, . { 27, 28 26. 22/1 200, 9407i
- ‘ 28,29  31.78 . 9437
Anthony: i o) .
6. .. . {. Sept. 21 21. bSl 986. 8052
et 22 26, 20 . 8059
El Reno: ,
7ot { Oct 15 16. SSI 444. 3211
. 1 16. 16, . 319G
8 ! 16, 17 15.881 000, 2128]
""" ; 18 17. 72 . 2101
Bowie | ‘ l
7 {l Nov. 1 19. 19,1 098. 1455
2 16. 34 . 1462
Stephenville:i i
; 15 22,901 156. 1865
6.0nnn 16 22. 34 . 1879 -
Lampasas: i |
4 f 30| 19.76 5147229
""" 1\ 30 19. gO' . 7266
Alice i
. {[ Dec 15 20. 671 971. 3250
AR . 18 23. 86| . 3272
Seguin
6 { Jan. 2, 3 7.56| 895. 1720
""" 3 4 10. 76 - 1749
7 {' 4 16. 35| 999. 8503
...... l 7 | 20. 94 . 8484

Diff.
186
minus
2d.

mnl,

—5L3

-1,

-+2.

—3.

9'

Diff.
Length] st
from | minus
steel. | 2d.
|
I mn.
. 1226|
L1243 ~-1.7
. 0421;
. 0432 —1.1
. 1091!
. 1026, +6.5
. 9486 .
.9441| +-4.5
.8047!
. 8063 —1.6
. |
. 3206 |
.3193| +1.3
. 2115| i
L2102 + r.3|
1
. 1504 |
. 1413] +09. 1
|
. 1890 !
. 1892 —o.2
. 7237
. 7257 —2.0
. 3286
. 3282 +o0.4
. 1732
.1740| —o. 8
| . 8520
8487 +3.3

+1.9

Diff.
rengnl DA |
brass. | llllllllsi
I 2( |
i mm.
. 1234
. 12531— 1.9
. 0421
.0449.— 2.8
C L1110
. 10384 7. 2|
.9533' '
.9442:—4— 9. 1‘
I| i
. 3044 |
. 8066|-- 2.2
. 3204|
.3191!—+— 1.3
. 2107,!
0.4

. 2103‘—;—

\’.._

. 1531
. 1384|414
|

- 160§, |
. 1900+ 0. 5.
. 7242 /
.7252|— 1.0
. 3308
.3287|+ 2.1
. 1740

. 1734{+ 0.6
. 5531

. 8490+ 4.1

: Final Diff.
l length of 15t
section. minus
2d.
mm.
600. 1218
. 12331—1. 5
084. 0421!
. 0418|+o. 3
000. 1074!
. 1014,+6.0
200, 9445!
. 9439| —-0.6
986. Sosoi
.8obri—1.1
444. 3209|
3196 +1.3
000, 2122
. 2102|+2, 0
0g8. 1478
. 1438+4.0
156. 1877
. 1885|—0.8
514. 7233
.7262{—2.9
971. 3267
.3277—1.0
89s. 1726
. 1745|—1.9
999. 8511
. 8486|+-2. 5




APPENDIX NO. 3. NINE BASES ON NINETY-EIGHTH MERIDIAN, 257

DISCUSSION OF RESULTS FROM DUPLEX MEASURES.

An inspection of the results in Tables Nos. 5, 6, and 7 reveals one specially impor-
tant feature of the results from duplex, steel, and brass, namely, that they are always
arranged in a certain order, with the result from steel between that from duplex
and that from brass. Moreover, the differences, steel minus duplex and brass
minus steel, bear a fixed relation to each other. ’This mean ratio in the case of

Table No. 5 is g_g= 167, and in Table No. 6 =1.66, and the individual values of

this ratio in the tables agree closely with this mean. Under the section 7emperature
errors of the duplex measures (p. 291) this discussion is continued at some length. At
this point it is deemed sufficient to compute the probable error of a single measure from
the double measures of each section, first neglecting the thermometers, second using the
. steel bars with the thermometers, and third the brass bars with the thermometers. The
probable error of a single measure of a mean section (543 meters) in Table No. 6 becomes
+1"".0 for duplex, £=1™".2 for steel, and ==1"".7 for brass.

In Table No. 7 (921 meters) these probable errors increase to ==1"".2 for duplex,
=+1"", 7 for steel, and =4=2"".6 for brass.

The weights assigned were inversely proportional to the squares of the probable
errors derived from Table No. 7, namely: For duplex 10, for steel 5, and for brass 2.

A weighted mean, derived in the same manner as in Table No. 7, can now be taken
and adopted for the duplex lengths of the nine test kilometers shown in Table No. 5, as
follows:

Shelton...... ... ..o it e e e e e e 1 000.2595
PaAge. . i e e e e I 000.2087
AN 0Ny L oot e e e 999.9190
Bl ReINO Lttt e e e e 1 000.0819
BOWAC ottt ittt ittt e e e e e 999.7877
TStephenville ... e 999.9444
JAAMIPASAS oot e e i 999.8539
A Lt 999.9810
S UIN . .ttt i e 999.9221

As a further check on the values adopted for the coefficients of expansion, the
relative results on section 6 of the Seguin Base and section 6 of the Shelton Base should -
be noted. The lowest temperatures of the season were encountered on the section at
Seguin, with the result that on the first measure, when the total rise of temperature was
3°.3, the result from brass was 2™" above the duplex, but on the second measure, when
the total fall of temperature was 0°.8, the result from brass was 1™.5 lower than the
duplex. On the west half of section 6 at Shelton the temperature was practically
constant, and 25° above that on the Seguin section, but the duplex and brass differ only
0™.3. ‘Therefore the coefficients can not be appreciably in error. '

THE STEEIL TAPE APPARATUS.

The 100-meter tapes Nos. 85 and 88 were used in the measurement of the Holton
and St. Albans base lines in 1891 and 1892. ‘Their cross section is 6™". 34 by 0™".47,
and the weight per meter of length was 22.32 grams originally, and had decreased to
22.29 for T, and 22.07 for Ty when tested after the completion of the nine bases under
discussion.

S. Doc. so0——17
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The so0-meter tapes Nos. 247 and 248 were cut from a steel ribbon of the same
approximate cross section as the 1oo-meter tapes. They are about 51™.0 meters in
length, and No. 247 weighs 21.8 grams per meter, and No. 248 20.g grams. Instead of
graduations ruled on the tape itself there are end graduations ruled on silver sleeves
riveted to the tape. ‘These tapes carry no intermediate graduations.

The tape stretchers used to give tension and alignment to the tape are described and
illustrated on pages 414 and 415 of Appendix No. 8, Coastand Geodetic Survey Report
for 1892. ‘The spring balance attached to the stretcher was similar to the one there
described, except that it was a metric balance reading directly to 25 grams, and which
could be easily held to 12 grams. Only one stretcher was used, the end of the tape
being held by a simple staff in the rear. Asa tension of 15 kilograms was applied to
the tape, the breaking link could safely be omitted, because there was little danger of a
tension over 15 kilograms being applied in carrying and manipulating the tape. A
strip of cotton cloth, which would not twist, was substituted for the breaking link.

The thermometers, which have already been described, were tied in a horizontal
position, with their metal backs in contact with the tape, and about 1 meter from the
marking sleeve.

A comparison of thermometers attached in this way with thermometers whose bulbs
were inclosed in steel sheaths was made in October, 1897, on the s0-meter office test
line, and continued through twenty-four hours. The thermometers with protected
bulbs were hung with these bulbs at the height of the tape alongside those tied to the
tape, as described. The length of the tape from thirty-seven determinations, as indi-
cated by the thermometers with protected bulbs, was 0™™.08 less than that from thirty-
eight determinations with thermometers tied to the tape. Moreover, the maxinrum
residual was 0"™. 50 (and four residuals exceeded 0™™.40) in the first case and only o™".28
in the second, while the signs of corresponding residuals from the two sets of thermom-
eters were nearly always the same, The o™".08 showed that the indicated temperatures
differed o°.15 centigrade, and the residual o™". 50 is equivalent to 0°.92 in temperature.

When in use for measuring a line or for a determination of itslength, the tape was
supported at equal intervals of 25 meters throughout its length. The intermediate
supports consisted of steel wire nails driven into 2 by 4 inch stakes set at these intervals
along the line. These support nails were ranged into a straight line for any tape

"length by means of one telescope of the binoculars brought to the right height at the
forward end of the tape (see illustration No 10). At the forward end the tape was
supported and aligned over the marking stake by the tape stretcher. These marking
stakes were wooden posts 4 by 4 inches in cross section, securely driven to the proper
height and with the top surface about parallel with the surface of the ground. Instead
of the zinc plates, as used at Holton, copper strips® 55" by 11" and with a thickness of
1"™.4 were nailed on top of these posts parallel to the line of the base and distant from
it half the width of the marking sleeve of the tape. The height of these strips brought
their top surfaces into the plane of the marking sleeve and allowed the tape graduation to
be prolonged onto this strip by means of a sharp awl and without the use of a try-square.
The rear-end graduation of the tape was supported and held by a plain staff and brought
into coincidence with these successive marks.

*These strips were first used in the Coast aud Geodetic Survey by the writer in 1897, on the
Versailles Base.
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THE FIELD PROCEDURE WITH THE STEEL TAPES.

The marking and support stakes for the measuement were ranged out and adjusted
beforehand. , For this alignment an 8-inch theodolite was used.

The measurements were all made at night. Eight men for the 50-meter tapes and
twelve for the 100-meter tapes were used when possible in the measurement.*

A description of the persounel for measuring with the so-meter tapes will suffice for
the 1oo-meter tapes when four extra men are added to carry the tape ahead. There
were required two observers, one at the front and one at the rear end of the tape, who
also read the thermometers, and the observer at the front end helped to carry the tape
ahead; one recorder, who also furnished the light for reading the teunsion and led the
party to the next marking post alhiead; two men to apply the tension at the front end and
hold it in the rear; and three men to handle lamps and carry the tape ahead. The
cooperation of the observers was secured by word of mouth, passed along by the man in
the center when the wind was unfavorable. When the stretcher at the front end had
brought his balance to the proper height and nearly to the proper reading the observer
at the front end called ‘‘Tension.”’ As soon as the rear-end observer had adjusted the
rear-end graduation of the tape to coincidence with the proper mark on the copper strip
he called ¢ Contact.”” The teusion was made perfect, and when the position of the
front graduation had been marked he called ‘* All done,’” and both observers read the
thermometers. The thermometer readings were repeated by the recorder when he
- entered them in the record. The observer at the front end unhooked the tape from the
balance, and at the command ¢ Come ahead’’ each carried the tape above his head as it
was moved to the next marking stake. The mean speed attained in this process was 2
kilometers per hour and a single kilometer was measured in 15 minutes. The copper
strips were put in position when the marking tables were set and aligned. - When a dis-
placement, called set-up or set-back, became necessary- or desirable by reason of the
expaunsion or contraction of the tape, a new mark was made and noted by the recorder.
By daylight these set-ups and set-backs were measured with a quarter-meter scale and
dividers. .

The record of the tape measures consisted, for each tape.length of the designation
of that tape length with the corresponding readings of thermometers, and a record of
the set-ups and set-backs, with an occasional record of the time and weather conditions.

METHOD OF DETERMINING LENGTHS OF TAPES.

The lengths of the 100-meter and so-meter tapes were determined by measuring
the interval of the 1oo-meter comparator, already described, in the same way as any
similar section of the base was measured, except that with the end microscopes point-
ings were made on the end graduations of the tape, after making the readings on the
cut-off (see illustration No. 13). , '

The tape stretcher was mounted on a section of the car track and the graduated
surface of the tape brought into the focus of the microscope, while the rear end was so
fixed in position by tying it to a fixed staff that its graduation could be observed. The
tapes were supported at intervals of 25 meters in the focal plane of the microscopes.

*It was seldom possible to use this number without delay to the leveling, and eight men were
often used when measuring with the 10o-meter tapes and only six with the so-meter tapes.
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The thermometers were tied to the tape in the manner described for the actual base
measurement. When the tape was put under tension on its supports and aligned it was
first brought to focus under themicroscopes. Atthesignal ‘‘ Ready '’ from the observer at
the front end both observers made pointings, and at the word ‘‘ Contact’’ from the rear
observer (see illustration No. 14), the front observer calling ‘‘ Finished,’’ the thermom-
eters were immediately read and recorded. ‘The observers then exchanged places, each
checking the other’s micrometer reading on arriving at the new position. These point-
ings were repeated and one determination of the tape length was completed, depending
on two sets of readings and thermometer indications.

The programme for the so-meter tapes was necessarily modified. A mark on the

usual copper strip was made in the center of the comparator and a contact made by an
observer as at the rear end of the tape in actual measurement. To relieve a man from
holding contact here a staff that could be swung out of the way was provided, and after
the tension had been applied the final contact was obtained by driving a small wedge
alongside this staff (see illustration No. 15). When the tape was under tension and the
contact made perfect by the observer in the center of the comparator (or rear end of the
tape) a pointing was made on the graduation, the reading recorded, and both thermom-
eters were' read. ‘The observers exchanged places and the same operation was repeated.
The tape was then moved to the other end of the comparator, the tension applied at the
opposite end of the comparator, and the same exchange of observers occurred here.
A single determination of a double tape length was thus obtained, which depended on
four contacts, four microscope pointings, and eight thermometer readings.
i The standard tension adopted for all the steel tapes was 15.0 kilograms. Before
it left Washington, spring balance No. 100 was set in accordance with determinations
by the Weights and Measures Office so as to give a correct tension of 15 kilograms
when in a horizontal position, and was carefully kept throughout the season as a
standard. ‘The working balances were tested by this one at the beginning of each
night’s work and at its close, if the index reading showed that a new comparison was
desirable. _

In February, after the return of the party from the field, a new determination by
the Office of Weights and Measures showed that at the close of the season a tension in
excess of 15 kilograms had been applied, amounting to 33 grams. This extra tension
means that on the last measures the derived length for the roo-meter tape or double
50-meter tape is 0™™.08, or one partin 1 250 000, too great. To avoid the labor of
distributing this amount through the season, one-half this quantity was added to the
length from the Shelton and one-half subtracted from the length from the Seguin
éomparisons.

DETERMINATION OF LENGTHS OF TAPES.

The first column of Tables Nos. 8, 9, 10, and 11 contains the date; the second the
time of- day; the third the mean temperature as indicated by two thermometers; the
fourth the observed length of the tape (or of two tapes in the case of the so-meter tapes);
the fifth the residuals in the sense of computed minus observed value, which result from
the eqliations of the tapes deduced later, and the sixth, the remarks as to location and
weather conditions.
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TABLE No. 8.—Resulls of observations for length of roo-mcicr steel tape No. 88.

|
| Corrected R
temperature Observed Residual
. from two ., length (computed
Date. Time of day. | thermome-, of tape. minus Remarks.
ters. ! observed
¢ i e value).
. | 100 meters+
1900. h. m. | ° mm. mm
July 27| 12 o5 a.m. ! 21. 40 32, 21 —o.01l | At beginning of season on Shelton
12 13 i 21. 07 32.31 —0.46 ! comparator. Moderate wind.
l'12 15 i 21, 60 32.53 —o0,12 : No dew.
12 26 . 21, 60 32.57 —o. 16
July 28| goop.m. : 15. 851 ° 25. 19 40.81 | Calm.
9 14 : 15. 26 25. 36 +o0. 38
g 21 15. 58 25. 88 0. 19 | Wind rising.
9 25 15. 11 25. 66 —o0.08 | Heavy dew.
9 30 14. 78 25. 46 —0. 23
19oI. ; :
Jan. 14| 7 38p.m. 12,00 22.22 ° +0.08 | At end of season on Seguin com-
7 49 11.86 22,02 { —Ho.14 parator.
7 59 11.80 22.04 | -0.05 | No dew.
S 11 11. 31 . 21.52 ; +o0.06 | Clear and calm.
Jan. 15| 8 3rp.m. 13.15 23.75 —O0. 24
8 38 13. 47 23. 96 —o. 11 | Partly cloudy, with light wind.
8 45 13. 90 24. 37 —0,07
8 53 14.53 25.19 | —o0.23

TABLE No. 9.—Results of obscrvations for length of roo-meter steel tape No. 85.

! | .
Corrected i

! temperaturel Observed , Residual
(- from two length | (computed -
Date. Time of day. | thermome-| of tape, | minus Remarks.
ters. observed
C. 100 meters+ value).
1900. h. m. ° mm., mm, L.
July 27| 9 30p.m. 23. 27 31.29 | —o.17 | At beginning of season on Shelton
9 48 22. 62 30. 61 —o0. 19 comparator. Moderate wind.
10 00 : 22, 51 30. 44 —o. 14 No dew.
10 15 : 22, 64 30. 37 —+o0.07
1qQ 24 | 22, §1 30. 42 —o. 12
10 35 22. 38 30, 24 —0.07
July 284 9 s55p.m. 14. 96 21. 57 +40.67 [ Calm.
10 05 14. 79 21.33 +o0.73
10 12 14. 92 21. 66 ~+o0.54 | Heavy dew.
10 18 14. 74 21. 62 +o0. 39
10 23 14. 56 21. 60 -t-0. 21
10 27 14.64 | 21.60| +o0.30
1901, .
Jan. 14| 8 52p.m. 10. 18 17.27 —o0.13 | At end of season on Seguin com-
9 02 - 10. 2§ 17.33 —0, 12 parator.
9 o8 10. 45 17.55 —o0. 13 | No dew. .
9 25 10. 55 17. 65 —o. 12 | Clear with light wind.
an, 1 4 p. m. 13. 15 20. 71 —0. 40 .
! > ; gr P xg. 31 20. 84 —0.36 | Clear with light wind.
7 59 13.31 20. 81 —o0. 33
8 o6 13. 70 21. 44 —o0. 54
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TABLE No. 10.—Results of observations for double length of 50-meter steel tape Nu. 247.

Corrected [ i .
temiperature; Ohscrved , Residual
- from two | length of | (computed
Date. Time of day. | thermome- | two tapes. ninus Remarks.
ters. observed
C. 100 meters+ ' value). i
1000. h. m. ° | mn. | mm. i
July 30| 10 10 p.m. 20.90 | < Q.31 —o0.37 | At beginning of season on Shelton
10 23 20.85 | + 9.19 —0.30 |  comparator, :
10 25 21.01 | —+ Q.27 —o0. 21 l
10 40 20. 60 - Q.04 —0. 41 |
July 31| 10 20 p. M. 21.47 | - 8.8 +o0. 56 :
10 30 21.17 | -+ 8.36 ~+-0. 87
10 38 20.90 | -+ 8.45 +0. 49
10 47 20.66 | + 8. .11 +o0. 58
Aug. 1| 8 35p.m. 25.32 | +13.83 —o0. 26
8 355 24. 99 +13. 41 -—0. 18
8 57 24. 81 —-13.12 --0. 08
9 03 24. 74 —+13.18 —o0. 22
1901,
Jan. 12 7 15 p.m. 8.03 | — 4.63 +o0.10 | At end of season on Seguin com-
7 33 7.32 | — 5.15 —o0. 12 parator.
753 6. 42 — 6.21 —o.01 | Partly cloudy with light wind. i
8 o5 6.281 -- 6.31 —o0. 06 '
Jan. 15| 10 25 p. M. 13.70 . + 1.43 —o0.02 | No dew. I
10 35 13.49 , + 1.26 —o.07 i Cloudy with light wind. :
| 10 26 12.99 | + o0.72 —o0.06 ‘
| 10 56 12.59 | -+ 0.47 —0.23 l Calm. !

TABLE No. 11.—Resulls of obscrvations jor dowble length of so-meter steel tape No. 248.

T i : i
' Corrected | Residual
ite;npeml}xre ()b:”crve(} (computed
Date. | Timeof day. | (ermone: | two tapes. | observed Remarks. '|
i ters. . value). i
} C. I{ 100 meters-4 i
1900, h. m. : ° mm. mm. ; :
July 30| 9 13p. m. | 21.38 | + 8.43 —o0. 40 | At the heginning of season on )
9 25 : 21.77 + 8.93 --0.49  Shelton comparator,
9 40 21.57 1 + 8.46 —0.23 | :
9 55 21.19 | + 8. 035 —o. 22 ! Clear, ‘
July 31| 9o3p.m.: 23.27 | 10,04 —o0.02
g 26 i 22. 51 - 8.75 +-0. 47 ; Clear, I
9. 38 22,071 -+ 8.52 +4-0. 23
9 45 21. 98 4 8.66 “+o. 15
i Aug. 1 9 20 p.m. 24.93 11,73 +o0.04 i
g9 28 25. 18 -+11.90 +0. 13 |
9 39 25.28 | --12.00 +-0. 14 !
9 48 25. 32 4-12, 04 +4-0. 14 |
(s ) |
Jan. 12| 8 42p.m. 6.71 [ -- 7.49 +0.06 | At end of season on Seguin com- -
8 53 6. 06 - 8.27 +o.15 parator. I
9 10 523 — 9.14 +o0.14 | Some dew. Partly cloudy with |
9 19 4.88 ) -- 9.42 +-0.05 light winds, [
Jan. 15) 9 18p.m. 14.47) + o.82 —o0.08 | Cloudy with light wind. i
9 39 14. 07 4 o0.38 —o0. 06 [
951 13. 48 -~ 0.29 —o0.01 | No dew.
10 03 13.43 | -~ o.19 -0. 16
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In order to simplify the computation it will be assumed that there was no change
in length of the tapes during the season. .

It is then possible to take a mean of all the observed lengths (x,) for the mean of
all temperatures (£) and leave the coeficient of expansion to be settled by a later
discussion. ‘The following values are thus derived for the four tapes from Tables Nos.
8,9, 10,and 11:

m, o
Teg =100 4 26™™.01I at 15.52 C.
Tg; =1004- 23", 32 at 15.97 C.
2T, ,=100+ 5™*.29 at 17.41 C,
2T, =100 4- 4™".19 at 17.74 C.
DETERMINATION OF COEFFICIENTS * OF EXPANSION OF THE STEEL TAPES.

The coefficient of expansion for the two 100-meter tapes was determined by Prof.
R. S. Woodward in 1891, at Holton, Ind., and the results found, with their probable
errors, were, for Tape No. 88, y=1"™ 0914=+0"".0032, and for No. 85, y=1"™.0947
+0™".0021. Although the probable errors were small, these coefficients, when applied
to the results in Tables 8, g, 10, and 11, are evidently too large. The discussion of the
1891 results seemed to tend toward greater uncertainty and larger residuals for deter-
minations made during the daylight hours, doubtless due to radiation effects. It had
been the experience of the writer that these uncertainties of temperature during the
day were not eliminated by the protection of a shed, as on the office test line and on the
Holton 1oo-meter comparator. It was therefore determined to again solve the observa-
tion equations (from the Tables V and VI¥), omitting the day observations. From
Table V there remain 26 observations on g different nights. These, treated in exactly
the manmner in which the full group of observations was originally treated, give the
following equation:
T, =20B,,+16"".4240™".023+ (1. 068 £=0"".0040) (/—11°.53 C.)
From Table VI, 24 remaining observations on 8 different nights give
Tge=20B, 4 16™".6240"".028 + (1"™".0484£0"".0056) ({—9°.49 C.)

It will be noted that when only the night observations, approximately one-third
the whole group, are used, the probable error of the length is scarcely affected, being
increased from ==0"".020 to 4=0"".023 in the case of T, and from =4=0"".024 to 0"".028
in the case of T,,. Moreover, the probable error of a single determination is decreased
from £0"".22 to 0" 14 for Ty, and from +0™.17 to 0™ 13 for Ty, The writer
believes that he can not be justly criticised, therefore, for using this newly determined
coefficient in conjunction with others, as all the measures and determinations with these
steel tapes were made at night during the measurement of the g bases under discussion.

When similarly treated, the data in Tables Nos. 8, 9, 10, and 11 of this Appendix
give for the coefficients of the 4 tapes the following results:

mm, mm,
For Tgs, ¥=1.075 0.012
For Ts, ¥=1.069 *0.0I1
For T,y;, y=1.044 %=0. 008
For Tss y=1. 056 0. 005

* This term as used in the following discussion must be understood to mean the amount of
expansion per hundred meters per degree centigrade.
1 Pages 424-427 of Appendix No. 8 of the Report for 1892.
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By comparison with the duplex bars, on the nine test kilometers, it is possible to get
still another determination of this coefficient. Using the data from the abstracts of these
test kilometers, which are found in their proper places in succeeding pages, equations
of the form (¢/—¢)y-+c=(/—/) where ¢ is the observed temperature; £ is the mean
temperature of standardization; ¢ is an unknown, representing the constant difference
between the bar length and the tape length under consideration; / is the length of a
tape at the observed temperature, as given by one-tenth of the kilometer, and /, is the
corresponding length x, from Tables Nos. 8, 9, 1o and 11, so corrected for inclinations
and set-ups as to be comparable with /. For Tape No. 88 the following equations were

formed:

nun Re',il(lll::lalq.
Shelton — 044y +~c=— L So —o. 50
Page “+ 2,70y + = - 2.30 —0. 30
Anthony |, + 3.69y+c=4- 3.50 —O0. 44
El Reno — g.00y +¢=—10.59 —0.29
Bowie “+ 3.6434+c=++ 3.48 —O0. 49
Stephenville — 6.07y 4 ¢= -— 7.58 +o0.36
Lampasas — 6.80y +~c=— 7.58 —O0. 41
Alice — LOSYy-=-c=— 3.15 +1. 21
Seguin —I11.74¥ - c= —12. 52 —o. 66

The resulting values of ¢ and y are: ¢=—0™".84 and y==1"".051 4=0"",028.
For Tape No. 85 the following equations were formed:

mmn ReSid':I‘V?llS.
Shelton — 0.34¥+c=— 1.17 —+o. 1§
Page + L.33y+c=+ 0.84 —o.05
Anthony + 2.26y+c=+4 2,15 -—0.37
El Reno — 8.87y4+c=— 9.97 —0.05
Bowie + 2,60y +c=+ 2.48 —0. 34
Stephenville — ¢.62y + ¢= —10. 78 —o0.04
Lampasas — 6,16y +~c=— 7.37 —+o0. 22
Alice — L18y+4ec=— 2.56 -+0. 69
Seguin —12,52¥ +¢= —13.62 —o0. 27

" The resulting values of ¢ and y are: ¢=—0"".62 and y=1"".060-£0"".0135.
For Tape No. 247 the following equations were formed:

min ReSi":llI’lals.
Shelton +6.79y + = +4- 6. 36 -to. 30
Page +1.15y+c=+ 0.36 +o0. 26
Anthony —5.98y 4-c=— 6.64 —O0. 30
El Reno —9. 48y - ¢= —10.99 —+o0. 34
Bowie +2.59y-+¢c=+ 2.83 —o0. 68
Stephenville —7. 46y +¢c= — 8.67 ~+o0.16
Lampasas —9. 35y -+ = —10. 2§ —o0. 26
Alice —2.98y 4= — 4.26 ~+o. 50
Seguin —4.62y+c=— §5.21 —o0, 29

The resulting values of ¢ and y are: ¢=—0™".60 and y=1"".06040"".018.
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For Tape No. 248 the following equations were formed :

Residuals.

mm, mm.,
Shelton +4. 28y+c=+ 2.96 +o0. 59
Page +1.12y4c=+ 0.91 —o0. 56
Anthony  —5.91y4c¢=— 6.43 -—0. 35
El Reno —9. 17y+c=—10. 72 ~+o0. 63
Bowie —1.5Iy+c=+ 0.99 —o. 2§
Stephenville—4. 043 +c=— 4.96 ~+o0.07
Lampasas —9.27y+tc=— 9.98 —o0. 21
Alice —3.18y+4c=— 3.98 —O0. 03
Seguin —4.24Y+c=— 5.09 0. 00

The resulting values of ¢ and y are: ¢=—0"".79 and y=1""014 =0™".022.
Collecting the several values of y, we: have for the four tapes the following
coefficients of expansion with their probable errors:

No. 88, No. 8s. » No. 247. I No. 248.
: i
. nun, mm. ; mm. . mm.
Observations on comparators. .| 1.075-0. 012 1.069-£0. 01T | I.044==0. 008 | 1.056==0. 005
1891 observations............. 1. 048-0. 0056 | 1.068+0. 004 )
Nine test kilometers . ......... 1. 0510, 028 1.060=0. 015 | I.060+0.018 | I.0142-0, 022
‘ Weighted means.......... 1.053=40.005 | I,068-0.00I | I.04730.004 | I.054=0.006

ADOPTED EQUATIONS OF TAPES.

Adopting, then, these weighted means as the respective coefficients for the four
steel tapes, and using these values in Tables Nos. 8, 9, 10, and 11, the residuals in the
fifth column are obtained.

The probable error of a single determination of a tape length (or of two tape
lengths in the case of the so-meter tapes) from these residuals becomes for T, 4=0™".19;
for Ty, =#=0"".24; for T, , 0™ 24; and for T, 4o™.15.

From these residuals any change in the length of the apparatus from use during
the season may be detected. Tape No 88, for instance, has a sum of the residuals at
Shelton equal to +0o™".32, or an average of 0™ .03, while at Seguin the residuals sum
up to —o™.32, or an average of —o™.04. This tends to show a lengthening of the
tape equal to 0™ .07, or 1 part in 1 400 ooo. In like manner Tape No. 85 has an
average plus residual of o™™. 18 at Shelton and an average minus one of o™™. 27 at Seguin.
This seems to be good evidence that No. 85 has increased in length o™™.45, or one
part in 220 coo. However, the residuals from the test kilometers display no apparent
change, and for this reason it seems desirable to accept the mean. The residuals for
No. 247 indicate a slight elongation of a double tape amounting to o™, 10, or I part in
1 000 000, while No. 248 by its residuals shows no appreciable change.

The equation for each tape may now be written as follows:

Tge== 100" + 26,01 0,045+ (I™™.053+0"M.005) (£—15°.52 C.)
Tgg=100"+23"™, 32~0"™, 054+ (I™™.068+0"".001) (¢{—15°.97 C.)
2T, ,=100"4 §"M 29--0"M 052+ (I1"™.047+=0"".004) ({—17°.41 C.)
2To=100"+ 4™™.193=0"".034-+ (I™™.054=£0"".006) ({—17°.74 C.)
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At the mean temperature of standardization the largest probable error for any tape
is 1 part in 1 goo 000. At the extreme temperatures of observation the largest probable
_error for ahy tape is 1 part in 1 100 00O.

SHELTON BASE LINE.

The site of the Shelton Base Line was selected in April, 1899, by Assistant F. D.
Granger. It is located in the valley of the Platte River and is parallel to the Union
Pacific Railroad track, between the towns of Shelton and Gibbon, in Buffalo County,
Nebr. Its middle point is in latitude 40° 46’ and in longitude 98° 47', and its elevation
above the ocean is about 608 meters. The length of the base is approximately 7.89
kilometers and its mean azimuth is 70° 02’

The terminal markings, which are 56.3 feet north of the north rail of the railroad
track, were put in position when the line was connected with the triangulation in May,
1899. The tripods and scaffolds were in place when the measuring party reached the
line, so that the surface marks, consisting of copper bolts with cross lines in limestone
posts 8 inches square and 2.5 feet long, were undisturbed. Since 1899 a fence, 8 feet
from the line, had been erected, which placed it in the public highway for its entire
length. '

East Base monument was used as a bench mark in a line of precise levels run in
1899 and the connection with the West Base monument was made by Prof. L. S. Smith,
a member of the base line party. It would be hard to imagine a more perfect base site
when considered topographically, no roo-meter length having a difference of elevation
as much as a meter. The only impediment to the progress of the measurement was the
team traffic along the line and the high winds encountered when measuring with the
duplex bar apparatus. Several thermometer readings over 44°.5 C. were recorded
while working with the bars.

The base was divided into eight sections, five of which were 1 kilometer in length;
the third (from East Base), 600 meters; the fifth, 1 200 meters, and the sixth, 1 084
meters. Between sections 3 and 4, and 5 and 6, permanent marks were established by
using duplicates of the stone marking the ends of the 10o-meter comparator. Instead
of the brass, spherical-headed bolts, brass screws were cemented into the top surface of
the stones. The other section marks were crosses in copper rivets in the top of 6 by
6 inch pine posts, set with 4 feet of their length below the surface.

Sections 3 and 6 (aggregating 1 684 meters) were measured in each direction with
the duplex bar apparatus. Sections 2 and 7 (2 ooo meters) were measured in one
direction with 50-meter tape No. 247 and in the opposite direction with No. 248. Sec-
tions 4, 5, and 8 (3 200 meters) were similarly measured with 100-meter tapes Nos. 85
and 88.

The test kilometer, section 1, was measured once with each apparatus. Of the
entire base, therefore, 0.24 depends upon the length of the duplex bar apparatus; o.23
on each 1oo-meter tape, and 0.15 on each so-meter tape. The fractional part of a bar
length on section 6 was measured with 3-meter steel bar No. 1, whose corrections are
known. Table 12 contains the results of the measures of the Shelton Base.
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TABLE No. 12.—Resulls of measures of Shelton Base.

l 9 ! S g FY S . o '
- g ! B R E= (%3 g B
‘ = ! = ] 18| =2 2 £y
g P E | 8 of|EoE F i¢
[ I . £ | L gL % EE
] ' n = I - .
s 3 g 3 E | g 8% 1laz 3 =%
«¥ 5 2 g & 5 lygleE = EPa
© . -~ & ¥ e = ¥ = «
s Y g g S | F Ew|3E; ® 2z
5 £ E £ & £ 1§ EF S g gF
Z o) = 2 < 2 | & ET B = L&
1900, h. m, h.m.| o(C. ° ! m. | mni, |
1, E.B. to 20 July 27 8 24- 9 00 F.to W, ‘Tape 247 | 24.20 | 0.4 |[R.F. [ C.W. 1 c0o.2676 +90.9
27 10 48-11 22 W.to E. Tape 248 | 22,02 0.7 ¥, C. W, .2750 ~—6.5
28 8 30~ 9 04 E.to W, Tape 85| 15.63| 0.6 | F. E.D, .2676 +0.9
28 9 50-10 25 F.to W. Tape &8 15.05 | 0.6 E. F.D. L2729 —4.4
Aug. 1,2 a.m, E.to W. Duplex. 26.92 : 23.3 | R. F.W. . 2595 .+9.0
2, 20t0 40 July 27 9 02- g 55 E.to W, Tape 247 | 23.01 1.9 <. C. W, I 000.0573 —I.1
27 | 10 12-10 4§ W.to E. Tape 248 | 22.38| 0.4 |R.F.|] CW L0551 +I.1
8, 40to 52 July 30 ' p.m. E.tow. Duplex. 37947 4.9 R. F 600, 1218 |+0.8
31 |a.m. & p.m. W.to K. Duplex. 38.32 ! 13.3 | R.E. 3 .1233 '—0.7
4. s2to 72 i July 24 7 55-84s E.tow. Tape 85 18.98 . 2.6 F. ¥, 1 000, 3057 +0.3
24 ! 10 Sc-11 33 W.to E. Tape 88| 15.¢6: 1.1 | R. ¥, .3062 !—o0.2
I 6. 72t0 96 July 24 i 8 50- 9 36 E.tow, ‘I'ape 85 17. 26 ‘ 0.5 . T 200.4019 —1.3
: 24 - 10 0O-10 45 W.to E. : Tape 88 16,36 ! 0.4 | I L3994 (41,2
i 6. ¢5to 118 Aug. 8,9 [a.m.&p.m. E.to W, ‘ Duplex. 30.74 | 5.8 R C.and 1 084.0421 |—O.T
i  FOwW, |
| 9, 10 a.m. W.to E. Duplex. 2S.80 | 12.7 ] R. |I F. W, L0418 |+0.2
I 7. 118to 138 Aug. 11 8 o7- 8§ 38 W.to E. Tape 248 | 22,36 o.9f F. F. 1 000.1523 [+0.:
11 8 48- ¢ 20 E.to W, Tape 247 | 21.66| 0.3 |R.F,j F. L1526 |—o0.2
‘ 8. 138toW.B. | Aug. 11 9 33-10 0O E.tow, Tape 85| 21.51| o.4 R.F.! KW, I 000.1431 |=0.7 |
| ! 11| 10 18-10 S0 W.to E. Tape 88| 21,09 | 10| F. | KW, L1418 [+0.6 |
I Total length | i i i 7 885. 4907
3 H

* The hours of tape measures refer to p. m,

To reduce the measured length to the sea level, the height of Shelton East Base is
taken from the precise leveling as 616.1 meters. ‘The levelings of the base in July and
Angust, 1900, gives the mean height of the eight sections and the corresponding
reduction to sea level,

m. mm. m. mmn.

Sec.1. 617.4 96. 7 Sec. 5. 621.5 116.8
2. 618.6 96.9 6. 624.7 106. I
3. 620.1 58.3 7. 626.1 93. 1
4. 620.1 97.2 8. 627.3 93.3

And the total reduction for the entire base becomes —o.7684 meters.

An inspection of the residuals developed on the test kilometer, where five appa-
ratus are involved, in comparison with the residuals on the other seven sections, where
but two, or in the case of the duplex but one, apparatus was used, is sufficient to decide
how the probable error should be computed. The errors of manipulation are evidently
very small compared with those which are constant for each apparatus.

Therefore, two measures with any single apparatus are regarded as one, and from
the probable error of a single measure of a kilometer section, determined from the resid-
uals on the test kilometer, the probable error-of the entire length is computed. This
probable error of a single measure from the test kilometer is #=4"".0, and the probable
error of the whole length, therefore, is 2=8"".5.



268 COAST AND GEODETIC SURVEY REPORT, 1901.

Thus, p. e. of whole base=

(_(_4;51’_,_(_4;2)_’_%_0. 6 (4.0):+(4.o)=+1. 2 (4. o)=_+_1. I (4'°)°+(-4;9.)_2-J,—<‘1'—())2>‘=t8“"“. s
5 2 1 2 2 1 2 2
If, on the other hand, the probable errors of the single measures had been taken
from the discord of the measures on each section and each divided by the square root of
the number of apparatus involved, the total probable error for the base would then
become only +2™".3, a quantity which is without doubt too small.

It is quite possible that in the case of the probable error 4=2™". 3 for the base, com-
puted from the discord of the individual measures on each section, there should be added
the uncertainty of the comparisons of each apparatus with the 100-meter comparator.
Moreover, it is evident that these uncertainties are already measured in the probable
error of a single measure of the test kilometer 4=4™".0, and therefore should not be
combined with the probable error £=8"".5, which is already a combination of the prob-
able error of measurement, and the probable error of measuring the comparator interval
with the different apparatus.

Summing up, the adopted probable error of the entire base becomes,

mm
Probable error of standardization and measurement ............................ +=8.5
Probable error of reduction tosealevel................... . ... .. .o L =o. 1
Probable error of 78.9 times comparator, 78.9 (0™™.037)................,........ *2.9
Adopted probableerror. ... ... .. ... +g.0
which is about 1/876 ooo of the length.
Length of the Shelton Base ........ ... ... .. i iiiiieenen.. 7884. 7223 meters.
+90
Andits logarithm. .. ... o e, 3. 8967864
*5

PAGE BASE LINE.

In the valley of the Elkhorn River north of the town of Page, in Holt County,
Nebr., the site of the Page Base Line was chosen. A reconnaissance by F. D. Granger,
Assistant, Coast and Geodetic Survey, in May, 1900, decided its exact location. Its
middle point is in latitude 42° 27’ and longitude 98° 24’ west, and about 592 meters
above the sea level. At its southwest end it attains its greatest elevation, 627 meters.
There is a general slope of the ground downward toward its northeast terminus of
nearly 46 meters. The length is approximately 8.25 kilometers, and the mean azimuth
39°.9. At 2.40 kilometers from southwest base a small ridge was crossed, on the
northeast face of which the maximum grade was encountered. The correction to the
5o-meter tape at this point for the 3.03 meters difference of elevation was g2.1 milli-
meters. The major part of the line was unbroken prairie used either as pasture or
meadow. Twelve barbed-wire fences and five cornfields were crossed in the measure-
ment.

The terminal marks were placed in position before the measurement began. They
consist of limestone blocks 6 by 6 by 8 inches in dimensions, set below the surface,
while blocks 24 by 24 inches and 14 inches deep, mark the stations at the surface. These
monuments, securely set in cement, are lettered and have copper bolts inserted at the
centers of their upper surfaces with cross lines marking the ends of the base. The
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ends of the sections were marked with copper rivets in the top of 4 by 6 inch posts set
at least 3 feet in the ground. Exceptions to this marking were made at each end of the
‘‘test kilometer’’ section 6, where limestone blocks 54 inches long, dressed to 6 by 6
inches at the top, carrying copper bolts with cross lines were used.

After the surface monument at Southwest Base had been placed in position, it was
connected with bench mark M, (1900), thus becoming a bench mark of the precise
level line. By means of a forward and backward line the Northeast Base monument was
connected with it by Aid O. M. Leland, using precise level No. 5.

The base was divided into eight sections for convenience of measurement. The
first, second, fourth, fifth, sixth, and seventh from the southwest end are each 1 kilo-
meter in length, the third 1 oso meters, and the eighth 1 201 meters.

The first three sections were measured in one direction with one so-meter tape
and in the opposite direction with the other so-meter tape. Sections 4 and 5 were
similarly measured with the 10o-meter tapes. Sections 7 and 8 were measured in each
direction with the duplex bars, while section 6 became the test kilometer. Of the length
0.29, therefore, depends on the duplex bar apparatus; o.21 on each so-meter tape,
and o.15 on each 100-meter tape. An extra measure of section 4 with Tape No. 88 was
made to detect a supposed error in the first measure. A mean of the two was accepted
and no extra weight assigned the result.

Table No. 13 contains the results of the measures made on the Page Base.

TaBLE No. 13.—Resulls of measures of Page Base.

- ' . ! 2 g T®ius3. £ £Z |
© . = = Rud ] —i
2% 5o . gy pE ECR ¥ gl
¥4 5 : N 2 28749 < 2
X s 5 Z §. £ E-|gRE ° Ty
: & S ! B 8 - g g | £ T ZZ .
o 3 v I I =} [N I te Tz
; < g . & i & Lo g Ew!lgyr € 72 |
S s R ; & | = I T | OF i $OV < YE |
Z a = =} < = IR i > ol .
1900, ' h.m. hom’ ! °c. | ° ! n l mn.
1, SW. . to 20 Aug. 24 8§ 15~ 9 o8 SW.to NK. | ‘Tape 248 15,59y 1.2 F. | F.© 999. B666 1—o. i
! 24 10 55-11 38 | NE. to SW. | Tape 247 14.64 1.5 F. F.D 8656 [+0.5 |
: i i :
2. 20to 40 i Aug. 24! g 12-9 50 SW.to NE. ! Tape 248 14. 30 1.6 F.R. | F.D 1 000.0560 |—0.4 !
24, 10 15-10 50 - NE. to SW. | Tape 247 14.13 .77 R | E.D 0353 [+0.3 ‘
8. goto6r Aug. 25; 7 25-8 11 " NE. to sW. Tape 248 18, 2 2.2, R. i F. 1 049. 8157 |+4.7
25 | 8 30- 9 15 ; SW. to NE. | Tape 247 18.65| 22 F. | F 8251 (—4.7 ‘
4. 61t0 81 Aug. 25 9 as-10 10 SW.to NE. | Tape 88 17.46 | 4.0 F. F. 0 2 —1.3 !
28| 740-Ro9 SW.toNE. | Tape 8 19.44 | 0.8 F. ‘ ¥, 1 000. 3079 o
27 0 10 ov-10 33 | NE. 10 SW. | Tape S5 16,59 | 20: R. | F.D. ! L3052 [+ 1.4
H |
6, 81to 101 Aug., 27| 714-740 | SW.to NE. | Tape 83 18,33 ] 1.5 K. r.! r 1 000.4470 |~0.6 |
27 ‘ 9 17- 9 58 . NH. to SW. | Tape 85 16,22 .3 F. | F.D <4459 [F0-5 |
! : : i
6. 101 tu 121 Aug. 27! 43- 8 20 . SW. to NE. | Tape 8§ 1822 | 1. F. K. 1 000.2141 |{-0.9
27, 45- 9 15 ; NIi. to SW. | Tape 85 17.30 | .o F. F.D. 2145 [—1.2
28 8 40~ 9 24 NE.to SW. | Tape 243 18.86 | 0.6 R.F. F. c2114 |+1.5
28! 9 33-10 25 | SW. to NE. | Tape 247 18.86 { 0.4 E.R. F. L2171 |—3.9
3t | a.m.&p.m.| NE. to SW. | Duplex 31.52 | §.2 | R. i F. L2087 |+4.5
7. 121 to 141 Aug.24,25 p.m, SW. to NE. | Duplex 30.36 | 3.0 R. | E.W. 1 000.1074 |—3.0
30,31 ra.m. & p.m. I NE. to SW. | Duplex 26.92 | S.1 R. I F.W. L1014 {+3.0
. | -
8. 141to NE. B, Aug.zz. 29 am & p.on | SW. to NE. | Duplex 26.22 | 14.6 ;. R. F. T 200.9445 |—0.3
28, 29 p.m. NE.toSW. | Duplex | 378 | 2.3 !R.¥.| F. 19439 |+0.3
‘I'otal length, . . ‘ | 8 251.7569
i 1 ! R S .- R

*‘I'he hours of tape measures refer to p. m.
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To reduce the measured length to the sea level, the height of Page Southwest
Base, taken from the precise leveling, is 626.6 meters. From the levelings of the base
in August and September the mean heightsof the eight sections and the corresponding
reductions to sea level are as follows:

m. min, m, mm,

Sec. 1. 614.2 g6. 4 Sec. 5. 590.4 92. 7
2. 602.4 94. 5 6. 587.8 92. 2
3. 599-4 98. 7 7. 583.9 91.6
4. 594.2 93. 2 8. s82.0 109. 6

and the total reduction for the entire base becomes —o0.7689 meters.

In the same manner as at Shelton Base the probable error of a single apparatus on
a kilometer as derived from the residuals on the test kilometer is =4=2™",1, and likewise
the probable error of the whole base is 4=4™".7. The probable error of the base from the
discord of the measures on each section is also #=4™".7. Combining this probable error
with the uncertainty in reduction to sea level and the length of the comparator, the
adopted probable error of the whole base becomes:

mm
Probable error of standardization and measurement............................. +4. 7
Probable error of reductiontosealevel................. ... ... ... .. ... *+o0. 1
Probable error of 82. 5 times comparator, 82.5 (0"™.037) .. .ottt +3. 1
Adopted probableerror........ ... . . +5.6
which is about 1/1 473 ooco part of the length,

Lengthof PageBase ............. ... ... ... iiiiiiiiiinneniannn, 8 250. 9880 meters.

+ 56

Anditslogarithmn ... .o i e 3. 9165060

= 3

ANTHONY BASE LINE.

The site of the Anthony Base was determined in a reconnaissance by Stehman
Forney, Assistant, Coast and Geodetic Survey, in the summer of 189g9. The base is
about parallel to Bluff Creek in Harper County, Kans. Its southeast terminal is
directly north of the schoolhouse in the town of Anthony and 114 miles from it,
The northwest terminal is on land belonging to W. W. Millican, of Thorntown, Ind.,
about equally distant from the towns of Anthony and Harper. ‘The permanent marks
at the base ends were put in position when the base was located. Below the surface a
limestone block 6 by 6 inches in cross section and 1 foot long (21 inches long at
Northwest Base) was set in concrete with its top 4 feet below the surface. Into the
top surface of this post a copper bolt was secured, and the center of the station
(underground) is a millimeter hole in this bolt.

At the surface a hard limestone block 23 by 23 inches and 16 inches high, weigh-
ing 700 pounds, set in a mass of concrete 4 feet square and 4 feet deep, carries at the
center of its top surface a bronze station mark, the millimeter hole in the center of
which marks the end of the base.

These station marks are made of a composition of copper and brass, and have a
shank 7™".6 long with a slit in its lower end into which a brass wedge is inserted, so
that when the bolt is driven home it bulges out at the bottom of the hole, which is made
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larger there than at the top, and in this manner is securely fastened in place. The top
of the station mark is 80™" in diameter, with an inner circle (countersunk) 37" in
diameter. The letters ““U. S. C. & G. S.” are cast on the space between the inner and
outer circles.

Between the bottom of the surface monumentand the bolt marking the point below
the surface there is an earthenware drainpipe 7 inches in diameter and 25 inches long.
This drainpipe is embedded in the upper mass of concrete and covered with a piece of
galvanized iron to prevent anything from falling on the underground mark.

The latitude of the middle point of the bhase is 37° 11/, and the longitude 98° 03'.
The height of its highest point is 423 meters above the sea level, while the azimuth of
the line is about 142°.5. The length is approximately 6.03 kilometers. At 2.40
kilometers and again at 2.70 kilometers from Southeast Base the measurement crossed
sharp ravines with the tape hung on tall supports 15 to 18 feet in height, and at 3.9
kilometers crossed Spring Creek.

The approach to this creek from the southeast is comparatively gentle, but to leave
it necessitated the breaking of the grade of the 1oo-meter tape length between stakes
79 and 81, where the difference in elevation on 75 meters of the length is 6.57 meters,
requiring a grade correction of g6"™,1 for a 25-meter span. These sections of the line
could not have been measured with any form of bar apparatus without expensive
preparations. In general, the line traversed cultivated fields except at the northwest
end, where there was some unbroken prairie.

It was divided into six sections—sections 1, 3, and 5 being a kilometer in length;
section 2, I 052 meters; section 4, 996 meters, and section 7, 987 meters.

Section 1, though by no meauns level, was used as the test kilometer, and its north-
west end was permanently marked by a stone 3.5 feet long and 6 by 6 inches in cross
section, set on solid rock and cemented in position with 1 foot of its height projecting
above the surface. A cross in a copper rivet set in the stone marks the exact point.
Section 2 was measured once with each of the 50-meter tapes. Sections 3, 4, and 5 were
similarly measured with the 1oo-meter tapes, except that on section 3 two measures
with each tape were made. Section 6 was measured in each direction with the duplex
bar apparatus. The fractional measures—less than 5 meters—on sections 2, 4, and 6
were made with the 3-meter fractional bar No. 1.

The monuments at Southeast Base and at the end of the test kilometer were used
as bench marks in a precise level line (1900) and, incidental to the work of determining
the tape grades, the pier at Northwest Base was connected with the levels during the
progress of the work by Mr. R. S. Ferguson, Recorder, using precise level No. 5.

Table No. 14 contains the results of the measures of the Anthony Base.
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TABLE No. 14.—ZResults of measures of Anthony Base.
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1900. | B om homi ! ec. © ©° ! m, mm.
1, SE. B. to 20 Sept. 16 | 1257 53 | NW.to SE. ; Tapez248 | 11.83| 0.4 | R.F, | C W. 999.9262 |—2.7
16 8 11- 8 43 , SE. to NW, Tape 247 11.43 | o8] F, |C. W, .9280 |—4.5
1517 :p.om.& a.m.j| NW. toSE. Duplex, 26.32, 1.4 F.R.|F. W, .9190 |+4.5
17 g 27~ 7 57| NW. toSKE. | Tape 8: 19.21| 0.8]| F. C. .9229 |+0.6
17 4 16- 850! SE.to NW. | Tape 85 18.23 | 0.8 | F. C. .9216 |+1.9
2. 20to 41 Sept. 17 9 18- 9 59 | SE. to NW. ‘Tape 248 | 16.82 Cosl F C. 1 052.3314 |+1.2
17 | 10 18-10 56 | NW.to SE. Tape 2471 16.20 | 0.5 | ®. C. L3338 |—1.2
8. 41to61t Sept. 19 732-755| SE.toNW. | Tape 85| 1545| 3.5 | R. ¥,
. 22 7 20~ 7 45 | SE. to NW. | Tape 85| 19.96| 0.4 { F. E. || 999-9630 1+4.8
19 | 10 42-11 08 | NW. to SE. | Tape 8§81} 15.06| 1.6 iR. F,; F. } 726 |—4.8
22 8§ o5- 8 30 | NW. to SE. Tape 38 | 19.31 | 0.6, F. F. -9726 =4t
4. 61 to 81 Sept. 19 8 0o- 8 30 | SE. to NW. Tape 85 14.68! 3.1 ‘R. r| F. 995.9068 —o0.4
H 19 | 10 10-10 40 | NW. to SE. Tape 881 13.34 | 3.5, F. R.i F. .9059 .+0.5
i
| 6. 81to 101 Sept. 19 8 34-qo00 | SE. to NW. Tape 85| 13.93! 3.0 F. F. I 000. 1640 !+1. 2
, 19 g 27-10 07 ; NW. to SE. Tape 88 | 14.24 1.5 | R. F.| F. L1663 1 —1.1
! : |
i 6. 101 to NW. B. | Sept. 21 [a.m&p.m.| SE. to NW. Duplex. 2.8 | 3.7 R. ¢ C 9%6.8050 +0.6
! 22 [a.m. &p.m.| NW. to SE. Duplex. 26.20 | 5.5 ! R. | C. 8061 :~o0.5
Total length i ; | 6 035. 1011 *
i ! : : . .

*The hours of tape measures refer to p. m.
1 The individual results from the measures of this section are as follows: Tape 85, 999.9628 and 999.9633. ‘Tape 88,

999.9728 and 999.9723.

The probable error of a single measure from the residuals on the test kilometer is
+2™" 4, and therefore the probable error of the whole base becomes +4™". 3.

From the discord of the individual measures on each section the probable error of
the whole base, 4=3"".9, isdeduced. Adopting the larger value and combining this with
the uncertainty in the sea level reduction and in the length of the comparator, the
adopted probable error of the whole base reduced to sea level becomes:

mm.

Probable error of standardization and measurement..................... ... ..., =4.3
Probable error of reductiontosealevel. ... ....cooviiiiii il =0. 1
Probable error of 60.3 times comparator, 60.3 (0™.037) v vnnrerrrinrnneennnn, 22,2
Adopted probable error....... ... i *+4.8

which is about 1/1 257 ooo part of the length.
The unreduced length is 6035.1011 meters.
+ 48

From the levelings of the base in September, the mean heights of the six sections
and corresponding reductions to sea level are as follows:

m. mim, m., mm,
Sec. 1. 419.6 65.9 Sec. 4. 413.7 64.6
2, 420.0 69. 4 5. 418.4 65.7

3. 414.9 65. 2 6. 422.8 65.5
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and the total reduction for the entire base becomes —396™™".3

Length of the Anthony Base reduced tosealevel ......................... 6034. 7048 meters.
4= 48
And itslogarithin. ..o o e e 3. 7806560
. = 3

EL RENO BASE LINE.

On the divide between the Canadian River and the North Fork of the Canadian is
located the longest base in the ninty-eighth meridian triangulation—the El Reno Base.

The reconnaissance by Stehman Forney, Assistant, in 1899, decided its location,
and the terminals were permanently marked by him. It is in Canadian County,
Okla., southwest of the city of El Reno.

Its middle point is in approximate latitude 35° 28’ and longitude 98° o2’ west and
is about 425 meters above sea level. The length is 12.9 kilometers and the azimuth of
the line is roughly 110°.

The western terminal is the highest point on the line, and the descent from this
point is 36 meters in the first kilometer. From this point the line retains this general
elevation for 7 kilometers. The last 5 kilometers are comparatively smooth, with a
rise in the last kilometer of 13 meters to East Base. ‘The western half is broken by
two sharp ravines, where 18-foot supports were needed for the 1oo-meter tapes. At the
approach to one of these ravines on section 4 the steepest grade was encountered, where
the difference in elevation in a 25-meter span was 2.85 mieters and the corresponding
correction for grade was 162™".7. About fifty wire fences intersect the line and two
large straw piles had to be removed before the measurement was made. At 1.2 kilo-
meters from East Base the line crosses the track of the Chicago, Rock Island and
Pacific Railway.

East Base is on the land of Mr. G. L. Newman, and the piers are similar to those
described for the Anthony Base. The surface .monument is a red sandstone 2 by 2
feet in cross section, 1 foot high, and weighs 600 pounds. A bronze station mark
similar to that used at Anthony in the center of this stone marks the end of the base.
This mark is 48 inches above the bolt in the limestone block which marks the station
below the surface.

At West Base a similar monument 'on the land of Mr. J. T'. Seawell marks the end
of the base. It is on the summit of a prominent hill 234 miles south and 634 west of
the Rock Island depot in El Reno.

The leveling for the tape grades and for the mean height of the thirteen sections
was not connected with any known bench mark. The end monuments, which are
bench marks of the most permanent character, will ultimately be connected with the
precise level net of the Coast and Geodetic Survey.

The base was divided into thirteen sections, numbered from West Base. Section
7 is 444 meters, and section g, 1 450 meters long, while the other eleven sections are
approximately 1 kilometer in length.

Sections 1, 2, 3, 4, and 5 were measured once with each 100-meter tape; sections
9, 10, 11, 12, and 13 were similarly measured, using the s5o-meter tapes, and sections
7 and 8 were measured in each direction with the duplex bars. Section 6 was chosen
as the test kilometer, being most easily accessible from the camp, and was measured

S. Doc. s0——18
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with each apparatus in the usual way, except that two extra measures were made with
100-meter tape No. 88, as additional checks on the constancy of its length, but the
mean of the three results used as one.

The base therefore depends for its length as follows: o.13 on the duplex bar
apparatus, 0.21 on each 100-meter tape, and 0.23 oneach 50-meter tape.

Table No. 15 contains the results of the base measures.

TABLE No. 15.—Resulls of measures of El Reno Base.

° .. 5 s
It g8 gu|dy TR
] = i “ g
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<? ° b= g o g g« |2 % = g3
° g ¥ ¢ 9 s & | &% | S8l & TE
| g -1 H 9 & 4 £ Ew| gy e T
K 4 .z £ = kA S | o8 TU | 4 &g
| z a “ i 2 < = R 2 ! ] [~
1900, h.m. h.m. oC. o, ! ‘ m. mm.
1. W.B. to20 Oct. 5 843-9 18| E.toW, Tape gg 21.62 | 0.8 R F. W, 999. 2040 |+2.7
5 9 35-10 02 [ W.to E. ‘Tape 22.06 | 0.8 'R.F.| F. W, 1 .2094 |—2.7
! 2. 20to 40 Oct. 5 803-837| E.toWw, Tﬁpegg 20,09 | 0.7 F. W, 9ub. 4257 [+2.1
| 5| 10 10~10 40 | W. to E. Tape 8 21.83 | o8| F F. W, ' .4300 |—2.2
! 8. gotoéo Oct. 5 7 35- 800 E,toW. Tape Sg c 2182 1.2 F. [F. W, . 999. 7729 (+2.7
| 5 10 45-11 10 ! W.to E Tape & | 21,271 o5, F. | F. W, L7783 [—2.7
' |
. 4 60100 Oct. 6 37-820 E.toW. | Tape88 | lg. 13/ .1 F. [E. W, i 994.6343 [—1.1
6 30-g o8| W.to E. -| Tape 85 18.26| 1.0° F, | F.W. .6320 |+1.2
| 5. Soto 100 Oct. 6 710- 733! E.toWw, Tape 88 19.95| 0.6 | F. [ F. W, 1 000, 3244 |—2.7
| 6 910- 945 W.to E, Tape 85 17.34 | 1.0} F. | F. W. .3190 |+2.7
|
i 8. 100to 120t Oct. 8 7 10- 742 W.to E. ‘Tape 248 8.57| 1.4 [R.F. F. 1 000.0924 |—3.1
i 8 7 52- § 251 E.to W, ‘Tape 247 7.93 | ©o.8 |R.F. F. L0925 |—~3.2
8 838- 903 | W.toE. Tape 85 7.10| 0.7 |R.F. F. .0869 |+2.4
81 g22-950| E.toW,. Tape 88 6.86 | 1.0 |R.F.| F.
8 9 55-10 17 | W. to E. Tape 88 6.64| 0.9 | R.F.| F.D. .0930 {—3.7
8 10 22-10 50 | E. to W. Tape 88 6.07 1.0 | R.F.| F.D.,
| 13 i am&pm.| W toE. Duplex 2064 7.8) R, i C .0819 |+7.4
' 7. 120 t0 128 Qct. 15 ! a.m. E.to W, Duplex 16.88 2,2 R. | C. ' 444. 3209 |—0.7
16 a.m. W. to E. Duplex 16.16 | 1.3} R. C. .3196 (4+0.6
;8. 128to 148 Oct. 16,17 | p.m. W. to E. Duplex 15.88 [ 0.9 ; R. C. 1 000.2122 |—1.0
| 18 a.m. E.toW. Duplex 17.72 | 6.4% R. | C. .2102 [+1.0
! I .
;9 148to 177 Oct. 1] 811845 | W to E, Tape 248 9.18 | 3.1 |F. R| F, 1 449.8521 +2.g
' 11| 10 07-10 32 | E. to W. Tape 247 | 7.65| 2.9 |R.F. F. .8578 |—2.
, | el |
. 10. 177 to 197 Oct. 11: g9oo-935|W.toE. Tape’ 248 .54 1 4.4 | F. F. 999.9762 :—1.0
s 111 g 36-1005 [ E. to W. Tape 247 .35 . 3.3:iR.F. F. .9743 i+0.9
1N 197 to 217 Oct. g 755 8620 W.toE. ‘Tape 248 8.06 ! 1.1 R. I C. D. 699.9038 |+1.2
9| 10 42-11 o8 i E.toW. » Tape 247 7.45 | 0.7 | F. R.I C.D. .9od2 |—1.2
. < ! |
i 12 217to 237 Oct. 9 822~850 | W.toRE. Tape 248 8.94| 0.6 |R.F.: C.D. | 10029765 |+1.5
i 9! 1007-10 40 { E. to W. ‘Tape 247 .10 0.9 R. C. D ! .9796 |—1.6
; |
| 18. 237to0 E. B. | | Oct. 9 i 852-925| W.to E, . ‘Tape 248 855 1.6 | F.R. C. D, 999.8387 i+1.
i 9! 9 3m-1005 | E. to W, ‘Fape 247 7.50 | 2.5 | F. ' C. D. .8422 |~1.
! Total length ' i i 12 887. 5395

*The hours of tape measures refer to p. m. : .
+The individual results from the measures of this section with Tape 88 are as {ollows: 1000M.0962, 1000™.0927, and

1000110902, ,
The probable error of a single measure from the residuals on the test kilometer is
423", 2, and therefore the probable error of the length of the whole base becomes 48"".4.

From the discord of the individual measures on each section the probable error of
the whole base, #5"".0, is deduced.
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Adopting the larger value and combining with the uncertainty in the comparator,

the adopted probable error of the base becomes

Probable error of standardization and (neasurement ............................. =84
Probable error of 128.9 times comparator, 128.9 (0™®.037) ... ...covtiiiniin +4.8
Adopted probable error ... ... i e . =0T
which is about 11 329 coo part of the length,
The length not reduced to sea level is 12887.5393 meters
=497

A provisional height was assumed for West Base of 461 meters, and the resulting
heights and corrections to reduce the thirteen sections to sea level are:

m. nmm, m., mu,

Sec. 1. 437.2 68. 5 ; Sec. 8. 423.9 66. 4
2, 425.5 66. 4 \ 9. 419.0 95. 2
3. 423.6 66. 4 | 10, 415.9 65. 2
4. 423.4 66.0 | 11, 414.7 65.0
5. 426.6 66.9 i 12, 417.3 65.6
6. 427.5 67.0 . ‘ 13. 428.8 67.2
7. 427.5 29.8 T
and the total reduction for the entire base becomes -0.8556 meters.
The provisional length of the E1 Reno Base then becomes ........... 12886, 6837 meters
=97
And its logarithm . ...... .. P 4. 1101411
+3

BOWIE BASE LINE.

During a reconnaissance by Stehman Forney, Assistant, in 1899, a site for the Bowie
Base was located on the divide south of the Red River in Clay and Montague counties,
Tex. It is west of the city of Bowie and south of the town of Bellevue. Its middle

point is in approximate latitude 33° 36’ and very near the meridian of g8° west. The
length of the line is 8.20 kilometers and its azimuth about 160°.

The northeast terminal is 1 mile southeast of the town of Bellevue, in Clay County,
on-a prominent knoll on the farm belonging to the Orton Brothers. It is almost exactly
6 meters below the southeast terminal which is on the highest part of a prominent ridge
on the farm of C. H. Bodeker.

The marks at the ends of the base are of the most permanent character. The piers
at the surface and the marks underground are duplicates of those described for the El-
Reno Base, with a single exception. At Northwest Base the native rock was found at 3
feet below the surface and a copper bolt in this rock was made the underground mark.

Nothing unusual in the topography was encountered. Beginning at the southeast
end, the line falls 20 meters in the first 700 meters, rises gradually for the next kilo-
meter, crosses several little creeks, and falls to its minimum height where it crosses a
small creek at 5.7 kilometers. The heaviest grades are on section 8 approaching North-
west base, where in I 100 meters there is a rise of 27 meters. ‘The maximum grade
occurs in a 25-meter span on which the difference in elevation is 1.64 meters and the
corresponding correction 54™".0. :

The grades and profile were determined by leveling in duplicate with precise level
No. 5, but as there were no bench marks in the immediate vicinity, the end piers pre-
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serve the base height for future determinations. The height of the northwest terminal
is about 317 meters above the sea level.

The base was divided into eight sections, beginning at Southeast Base, the first six
being 1 kilometer in length, the seventh 1 098 meéters, and the eighth 1 ogg meters.

Sections 1, 2, and 3 were measured once with each 100-meter tape. Sections 4, 6,
and 8 were similarly measured with the so-meter tapes. Section 7 was measured in
each direction with the duplex bar apparatus. Section 5 became the test kilometer on
account of its convenient location rather than its topography. The measurement of
this section with the bar apparatus involved the necessity of using very heavy grades,
amounting in one instance to 4° 41’. With the tapes, it became necessary to have a
different grade for the so-meter tape from that of the 10o-meter tape in order to cross
two small ravines without high marking stakes.

The base depends for its length as follows: o0.16 on the duplex bar apparatus; o.21
on each 1oo-meter tape, and o.21 on each jo-meter tape.

Table No. 16 contains the results of all the various measures made on the Bowie

Base.
TaBLE No. 16.—Results of measures of Bowie Base.
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| ] ! .o L. o . A
| : : g8 lgaliy g £
5 = | ol E|TFIE | 2 £3
{ o ! *, I v v ® Y o
E-F : = g CER -t § £
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1900. hom h.om, | oc. i o m. mm,
1, SE. B. to 20 Oct. 25 ' 9 26~ 9 47 - NW. to SKE. Tape 8 i 19.41, 0.5' R, I F., ! 999.8493 |—1.7
25 ¢ 1002-10 25 SE.toNW. | Tape 85 = 19.08'! 0.3, F E. L8459 [+1.7 i
: |
2. 20to 40 Oct. 251 9 03-9 24 NW, toSE, Tape 88 19.51 1 0.4 F, F. 999.9549 (+0.6
: 25| 10 30-10 36 | SE. to NW. : Tape 8g 18.70 | 0.6 F. F. .9561 |-0.6
B : : |
38, 40t0 60 Oct. 25 s 42- g 02 ' NW. to SE, | Tape 88  19.98 | o.s!| F. | F.W. 999.9375 |~3.3 |
25 i 1o 58-11 26 . SE. to NW, | Tape 85 | 15.42| o1 F F. L9310 +3.2
. !
4. 60 to 8o | Oct. 27 8 41- 909 | NW. to SE. Tape 248 19.38 | o.7 [F.R. C 999. 6568 ‘—o0.8,
27 9 20- 9 55 | SE. to NW. | Tape 247 | 19.27 ! 0.3 | F.R. C L6351 140.9
5. Ro to 100 Oct. 27 8o 8 25 | NW. to SE. | ‘Tape 83 ! 18. 57 201 R, C. 999.7905 | ~0.7
27 10 11-10 47 | SIZ. to N'W., Tape 8% 19.16 | o.4 | F.R. C 7910 '—1.2
29 8 22- 8 53 | NW. to SE, | Tape 248 . 19.25 1.3 | R. 1 L7934 '—3.6 i
29 904~ g 40 | SKH.toNW, | Tape 247 | 2000 | 0.7 R. F L7862 +3.6
Nov. 3|am&pam. | NW. to SE. . Duplex. ; 20.30 | 10.2| R, ¥ 877 421
i 1
8. 100 to 120 Oct. 29 7 5t- 8 20 | NW. to SE. ’ Tape 248 19. 21 1.4 | F. IR 999. 4917 '——o.g !
2 9 42-10 14 | SE. to NW. | Tape 247 I 19.52; o3 |F.R. ¥, . 4900 |+o0.
7. 120 to 142 Nov. 1lam&pm [ SE toNW. [ Duplex : 19.19| 5.9 R, F, 1 09%.1478 |—2.0 .
2{am&p.m. | NW.to SE. Duplex 16.34 | 12.2: R. F. .1438 +2.0 |
|
8. 142 to NW. B, | Oct. 31 7 a8~ 8§ 06 | NW. to SE. | Tape 247 ! 8.00 | 4.0 F. F. 1 099. 5830 l—-z,R {
31 5 22- 6 57 | SK.to NW. | Tape 248 | 7.00| 2.8 R. K. .5774 +2.8 |
Total length ‘ | —_—
! 8 196. 4299 i
i |

*The hours of tape measures refer to p. m.

The probable error of a single measure from the residuals on the test kilometer is
=+ 1"". g, and therefore the probable error of the length of the whole base becomes +4"".0.
From the discord of the individual measures on each section, the probable error of

the whole base, £3"".9, is deduced.
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Adopting the larger value and combining it with the uncertainty in the comparator,
the adopted probable error of the whole base becomes:

mni,

Probable error of standardization and measurement . " ................covurnn. .. +=4.0
Probable error of 82 times comparator, 82.0 (0"™.037) ... ... ittt =3.0
Adopted probable error. ... ... e i e, RS5O
which is about 1:1 639 000 part of the length.
The length before reducing to sea level is 8 196.4299 meters
=+ 30

Assuming a height for Northwest Base equivalent to 316.68 meters, the resulting
heights of and corrections to reduce the eight sections to sea level are:

m. mim. m. mm.

Sec. 1. 3l10.2 48.8 Sec. 5. 292.0 45.9
2. 3I14.1 49. 4 6. 285.8 44.9
3. 309.1 48.6 7. 292.6 50. 5
4. 302.3 47.5 8. 300.9 52.0
and the total reduction for the entire base becomes —o0.3876 meters.

The provisional length of the Bowie Base then becomes.............. S 196. 0423 meters

= 50

Andits logarithm. .. ..o o i e e 3. 9136041

: = 3

STEPHENVILLE BASE LINE.

The Stephenville Base was located by Stehman Forney, Assistant, Coast and Geo-
detic Survey, in the summer of 1899. Itison the eastern side of .the Bosque River,
Erath County, Tex. Itssouthern end is about three-fourths mile west of the town of
Selden, on a ridge between Indian and Simms creeks. It follows closely the crest of
this ridge until it culminates at North Base in a prominent knoll known locally as
Bunker Hill. The line is 7 miles southeast of the town of Stephenville. Its middle
point has an approximate latitude of 32° 10’ and is close to the ninety-eighth meridian.
Its azimuth is roughly 4° 15’ and its highest point is North Base, which is 442 meters
above sea level. Its length is 6.3 kilometers. The grades over the entire length were
gentle, the maximum being 1.42 meters in a span of 25 meters with a correction of
4™".0.

The permanent marks at the ends of the base were put in position by the recon-
naissance party in 18g9. The underground marks are small drill holes in the end of
copper bolts cemented into the tops of hard limestone posts. These posts are 14 inches
long and 6 inches square, and are set with their tops 34 inches below the surface, with
a mass of concrete 24 inches square surrounding them. Above the top of this mark
the mass of concrete. is 4 feet square, and embedded in it, at the surface, is a hard lime-
stone block 24 inches square and 14 inches thick, weighing 600 pounds. The center of
the station at the surface is secured by a metal station mark, a duplicate of that described
for the marks at the Anthony Base (page 270). North Base is 5% miles east of the
Court-House in Stephenville, and a half mile north of the road leading to Skippers
Gap. It is on the summit of Bunker Hill, on land belonging to Geo. W. Gentry, of
Selden, Tex. South Base is located on land of Mr. Willie Funk, of Midland, Tex.,
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and is near the public road between Stephenville and Hyco, Tex. A line cleared
through the timber, made by the measuring party, will readily guide one to the station.
The grades and profile of the line were determined by leveling in duplicate with
precise level No. 5. There being fio bench marks in the vicinity, the end piers preserve
the height of the base for future determinations. The base was divided into six sections.
Beginning at North Base, the first three were each 1 0oo nieters, the fourth 1 100 meters,
the fifth 1 ooo meters, and the sixth r 156 meters in length. Sections 1 and 2 were
measured once with each 1oo-meter tape. Sections 3 and 4 were measured with each
50-meter tape. Section 6 was measured in each direction with the duplex bar apparatus.
Section 5 was used as the test kilometer and was therefore measured once with each
apparatus.
" The base depends for its length as follows: o.21 on the duplex bar apparatus, o.20
on each 5o-meter tape, and o.19 oneach 10o-meter tape.
Table No. 17 contains the results of all the measures made on the Stephenville base.

TaBLE No. 17.—Resulls of measures of Slc/)/:bwz'//e Base.
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L. N.B.tozo |Nov. 12| 550-812/StoN. CTape 85 © S.06 20! F.R.| F. | 999.9668 [ +1.6 -
| 12 S 40- 9 09 " N.to 8. | Tape 88 7.85 L9 iR.F. ) SR L9700 —1.6
i . | :
2. 2010 40 Nov 12 7 23- 747 ' S.to N, ITape 85 | S.12 1.4 | R. ) S 999.8575 —~o0.3
12 9 11- g 35 | N.to§. s Tape 88 7-44; 1o F. | K. L8865 | +o0.4
3. 40 to 6o Nov. 13 7 36-8 01 | S.to N. ! Tape 248 I 1035, 4.2 F.R| F 999. 6872 -
13 8 14- 3 40 | N.to 8. 1’fape 247 , 10.09* 2.2: R, | F. . 6902
| | P .
4, 6o to 82 Nov 13 704-7 34 S.toN. S Fape 298 | 10.58 ' 4.3 F.R. ¥, 1 099. 8098
13 8 42- 9 11 ; N.to 5. ITape 247 @ 11,17 0.8 i R.F.| F.W. l .So72 i
1 1 '
5. 82to 102 Nov. 12 105071 11 S.to N, | Tape 85 © 6.35; 1.8 iR.J, F.
| 13 10 13-10 35 ! N.to 8. Tape 83 | 9.45: o4 VY. R F. |
. 13 6 35~ 7 02 S.toN. ‘Tape 248 i 13.70 3.7 | R.F.| F.
: 13 9 13- 9 43, N.to 8. Tape 247 .95 1.1 I | 1
14 la.m & p.m. S.to N, Duplex | 21.9g6 6.2 | R. 'F.toC.
: 1 i ’ H
6. 102t0 S. B. Nov. 15 [a.m & p.m. N.toS. | Duplex i 22.90 ' 5.8 | R.F.|Cto¥. 1 186.1877 ;
| 9 5.8 1
6 |lam&pm.- S toN. | Duplex 22.34 6.5, R. |C.toF. . 1585
! ; ! : ! . [ —
| Total Iength L | | ! ‘ i i 6 255 4918
H | i

*‘I'he hours of tape measures refer to p. m.

The probable error of a single measure, from the residuals on the test kilometer, is
+3"".0, and therefore the probable error of the length of the whole base becomes

:tsmm‘s'

From the discord of the individual measures on each section the probable error of
the whole base would be only =-2"". 3.
Adopting the larger probable error and combining with the uncertainty in the
length of the comparator, the adopted probable error for the Stephienville Base becomes:

Probable error of standardization and measurement............................. +5.5
Probable error of 62.5 times comparator, 62.5 (O™™037) .+« vviieiiii ... 4-2.3
................ 6.0

Adonted probable error

mm
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which is about 1/1 043 000 part of the length.
The length not reduced tosealevel is.......................L. ... 6 255.4918 meters
A provisional height for North Base was assumed at 442 meters and the resulting
heights and corrections to reduce the six sections to sea level are:

m mm m mm

Sec. 1.  435.5 68.5 Sec.4. 420.5 72.8
2. 424.9 66.9 | 5. 419.1 66.0
3. 422.5 66. 5 . | 6. 416.6 75. S
and the total reduction for the entire base becomes —o0.4165 meter.

The provisional length of the Stephenville Base then becomes....... 6 255.0753 meters

+60

Anditslogarithm. ... ... e 3. 7962326

g

LAMPASAS BASE LINE.

The problemn of the selection of a site for a primary base along the arc of the
ninety-eighth meridian near the thirty-first parallel of latitude was solved by Assistant
Steliman Forney in 18g9. The Lampasas Base lies across the drainage, with its north-
eastern terminal about 2 miles east of the city of Lampasas, in Lampasas County,
Tex. The southwestern end is on the brow of a prominent hill about 2 miles south of
the city and nearly a inile west of the Austin road. ‘The character of the topography
along the line of measurement makes it the roughest base yet selected in the meridian
arc, while its length, 6 kilometers, makes it also the shorfest. 'The middle point of the
line is in latitude 31° 02’ and its azimuth is 215°.

The highest point of the base is its southwest terminal, and the difference of eleva-
tion between the two ends exceeds 66 meters. Appended to this report is a profile
of the line and a sketch of the base figure.” Although this base is the roughest and
shortest of the nine measured, its accuracy in proportional parts is exceeded by only
two of the nine. 'This indicates that the principle on which the reconnaissance party
acted is correct, namely, that it was more desirable to secure good geometric conditions
in the base net than to get the most favorable top graphy for the base.

While the abruptness of the grades may seem startling, the results show that such
inequalities of the line are easily surmounted when the measuring apparatus consists of
long tapes. The maximum grade occurs in the first section, where it exceeds 3.1 meters
in a 25-meter span and has a corresponding correction equal to 200™". For 1 mile at
the northeast end the line required clearing, as it was covered with low, scrubby oaks.

The permanent marks were already in place when the measuring party arrived.
At Northeast Base, the sub-surface mark is a metal station mark, as described under the
heading Anthony Base (page 270), cemented into solid rock. A similar mark in the
top of a limestone block 24 by 24 inches and 13 inches thick marks the station at the
surface. This surface block is securely set in a body of concrete 48 by 48 inches, the
solid rock being cut away a few inches to allow the upper surface of the block to be
placed even with the ground. ,

At the southwest terminal, the underground mark is 6 by 6 inchesand 12 inches long,
embedded in concrete with its top surface 24 inches below the top of the surface stone.
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This surface stone is of limestone and 24 inches square and 14 inches deep. Itis
embedded in a mass of concrete 48 by 48 inches, 22 inches deep. Both stones carry the
station marks, the lower one being protected by a wooden box 8 inches long with a
board over the top. Northeast Base is about 250 meters north of the Belton road in a
pasture belonging to Mr. Howard, of Lampasas, and is near the northeastern brow of a
timbered hill. Southwest Base is in what is known as the Craft pasture.

As no bench marks exist in the vicinity, the grades and profile were determined by
leveling in duplicate with precise level No. 5 between the end piers, which will preserve
the provisional height of the base for future determination.

The base was divided into six sections beginning at Southwest Base; the first, second,
fifth, and sixth were each 1 ooo meters, the third 1 449 meters, and the fourth 515
meters in length,

Sections 1 and 2 were measured once with each 5o-meter tape; sections 3 and 6
once with each 100-meter tape; section 4 was measured in each direction with the
duplex bar apparatus. Section 5 became the test kilometer, and was measured once
with each of the tapes and once with the duplex bar apparatus.

The base depends for its length as follows: o.12 on the duplex bar apparatus; 0.24
on each 1oo-meter tape, and o.20 on each jo-meter tape.

Table No. 18 contains the results of the measures made on the Lampasas Base.

TABLE No. 18.—Resulls of measures of Lampasas Pase.
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w3 < 5 -1 g £ |E. i ° %3
- o 5 ' i o 2 |84 | 2TF = =0
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s g £ £ ;5 1§ 1§ |52 Sed: g ¢a
2 3 ’ & a i< | & |&F T X #
! ! T .
1§00, h.m. h.m. ! voeCc. - ©° i m. Cmm,
1, SW.B. to 20 Dec. 1 8 28~ 9 03 . NE. to SW. | Tape 248 | 7.59 2.3 R F 1 998. 7428 i+0.2
1 9 13~ 9 §5 | SW.to NE. | Tape 247 7.92| 1.o| F ¥ .7432 |--0.2
i |
2. 20 to 40 Dec. 1 7 57~ 8 25 ' NE. to SW. .I Tape 248 l 7.43 3.0 F F 999- 3494 |+0.6
1 9 59-10 30 = SW. to NE. l Tape 247 7.32 .z, R ¥ | -3509 0.7
8. 40 to 69 ! Nov. 28 7 45- 8 25 'SW. to NE. | Tape - 85 12.6 0.3, RF l c 1449.3423 |+1.2
' 28 8 39- 9 20, NE. to SW.  Tape 8%, 12.2 0.4 F c L3447 |—1.2
4. 69t0 79 . Nov. 30 a.m, . SW, to NE. ‘ Duplex ! 19.76| 09! R ! F ‘ 514.7233 |+1.5
: 30, p.m, ! NE. to SW. | Duplex 19. 90 .21 F F L7262 |—1.4
5. 79 to gy *Nov. 27: 8o01-S%19i8W toNE, | Tape 85| . 81 1.6 R ; F I 999.8616 [—4.1
271 927-955  NE.toSW. | Tape 388 .72 1.9 F | ¥ .B579 {—0.4 |
27 . 10 0510 40 : SW.to NE. ' Tape 248! 8.47 | 2.6 . FR . 8558 |+1.7
: 27 10 47-11 29 * NE. to SW. | Tape 247, ¥.08 1.5 FR | FD ' .8585 |--1.0
: Dec. 1iam&pm. . SW. to NE. Duplex | 20.36 | 7.2 | R F oo .8539 143.6
8. ggto NE.B. | Nov. 27 8 21- 844 SW.to NE. Tape 85! 9.a9| 2.6 e or | 999.4769 |+1.4
: 27 9o1-9 25, NE.toSW. ' Tape 88: 10.23| 1.8. R ‘ F .4797 |—1.4
. ! H I —_—
Total length ! i | i ' | ! 5961.4973

* The hours of tape measures refer to p.m.

The probable error of a single measure from the residuals on the test kilometer is
#+2™".0, and thus the prohable error of the whole base becomes +=3"".4.

From the discord of the individual measures on each section the probable error of
the whole base would be but +2""5,
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Adopting the larger probable error and combining with it the uncertainty in the
length of the comparator, the adopted probable error of the Lampasas Base becomes:

mm.

Probable error of standardization and measurement.................... ... ... ... +3.4
Probable error of 60 times comparator, 60 (O™™037 ) ++evvervrrinraiiiianiiiins +2.2
Adopted probable error. .. ... .. it it i, 24T
which is about 1/1 454 ooo part of the length.
The length not reduced to sea level is 5 961.4973 meters.
=41

A provisional height was assumed for Southwest Base equal to 420 meters, and the
resulting heights and corrections to reduce the six sections to sea level are:

m. mm. ; m. mi.

Sec. 1. 420. 4 63.2 } Sec. 4. 384. 4 3.1
2, 394. 8 62.0 | 5. 381 5 60.0
3. 392. I 89.3 6. 363.0 57.0

and the total reduction for the entire base becomes —o0.3626 meters.

The provisional length of the Lampasas Base thien becomes ......... 5 961. 1347 meters.
: 441
And its logarithm ....... L 3. 7753289
+3

ALICE BASE LINE.

About 7 miles south of the town of Alice, in Nueces County, Tex., the Alice Base
Line was located in 1899 by Assistant Stehman Forney. Its middle point is in lati-
tude 27° 46’ near the ninety-eighth meridian, and its azimuth is approximately go°.

The height of the base above sea level is approximately 64 meters, and its length
* 7 kilometers.

The line is smooth, traversing pasture land covered with scattering mesquite brush
and cactus. There is a very gradual slope from west to east, amounting to but 9.44
meters in the whole length of the line. The terminals were perpetuated in the same
manner as at Lampasas Southwest Base, and these piers were made bench marks for
future connection with the level net of the United States.

The West Base pier is only 300 meters from the house of Luciano Garcia, to whom
the land belongs, and is 3 888 meters west of the center of the Alice and Brownsville
stage road.

There are no prominent objects in the vicinity of East Base, which is 3 083 meters
east of the center of the stage road. :

The base was divided into seven sections, beginning at the east end. The first four
and the last two sections are each 1 kilometer long, while the fifth is g71 meters.

Sections 1, 2, and 3 were measured once with each 100-meter tape, sections 6 and 7
were measured once with each so-meter tape, section 5 was measured in each direction
with the duplex bar apparatus, while the test kilometer, section 4, was measured once
with each of the tapes and once with the duplex bar apparatus.

The base depends for its length as follows: o.17 on the duplex bar apparatus, 0.24
on each 1o0o-meter tape, and o.17 on each 50-meter tape.

Table No. 19 contains the results of the measures made on the Alice Base.
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TABLE No. 19.—ZResults of measures of Alice Base.
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1G00. | h.m hm \ | °C o ! | m mm,
1. E.B. to 20 Dec. 8 i 8 22- 8 47 W, to E, Tape 88 ' 4.551 2.0 ! ‘F. ! 1 000, 1029 — 2.6 :
8 | 9o4-9 27 E.toWw, Tape 85 3.74 | 0.7 l}-, R. 0978 |+ 2.5
2. 20 to 40 Dec. 8 7 §9- 8 20 W. to E. Tape 88 6.72 | 2.4. ¥. ! F. 1 000.1807 ‘+ 1.3
8 9 29- 9 52 E.toW, Tape 85 3.761 1.2 R.F. F. | 1833 i— 1.3
i
8. 40 to 60 Dec. 10 9 13- g 28 W.to E. Tape gg 14.35 | o1 R. | C. 1 C00.1430 | 1.3
i 10 9 42-10 03 E. to W, Tape 14.49 | o.2 'I ¥., C | L1456 1— 1.3 .
. 4. 60to 8o Dec. 10 8 05- 9 1o W.to E. Tape 85 14.79 1 Lo’ F. i G i 999.9939 |— 2.6 1
10 10 05~10 28 E.to W, Tape 88 14. 47 | o1 :F.R,, C | I 000.0013 ,—10.0
10 10 40-11 I0 W. to E. Tape 247 | 14.50! 0.2 F. | C. 999.49930 '— 1.7
10 11 22-11 §I E. to W. Tape 248 | 14.56| o4 ! F. | C L9872 + 4.1
14 p. m. W. to E. Duplex 15.28 ; o.5 |[R.F.| C .9810 +70.3 |
5. 8o to 100 Dec. 15 |a.m. &p.m. E. to W. Duplex 20.67 52| R, |F \\ 971.3267 '+ 0.5 |
18 p.n W. to E. Duplex 23.86 © 2.6 R, ; .3277 ~ 0.5 1
: i i '
6. 100 to 120 Dec. 15 7 14- 8 55 E.to W. Tape 248 | 15.65 0.6 F. ! C W. | 1 000.0026 [+ 1.3
15 9 57-10 22 W. to E. Tape 247 15,24 o1 . F. ! C. W i L0052 \— 1.3
7. 120t0W. B, Dec. 15 8 57- 9 24 E.to W, Tape 248 | 15.32 o137 F. | C.W. 1 000.0065 + 2.5 I
15 9 29~ 9 5% | W. to E, Tape 247 15.33 - 0.2 {R.F | C. W, ., o115 !— 2.5 ¢
Total length : : | 6 971. 7581 l

*The hours of tape measures refer to p. m.

The probable error of a single measure from the residuals on the test kilometer is
=+5™™.1, and thus the probable error of the whole base becomes ==¢™".8. 'This probable
error is larger than that of any other of the nine base lines measured, although the
conditions of topography and we~ther were most nearly perfect.

From the discord of the inuividua: measures on each section the probable error
would be but 3™".7. Adopting the larger probable error and combining +.ith it the
uncertainty in the length of the comparator, the adopted probable error of the Alice
Base becomes:

mm.
Probable error of standardization and measurement ............. .. .cooiiiiia. *= 9.8
Probable error of 70 times comparator, 70 (0™™.037) ..« covvvreinnntiieennneen, + 2,6
Adopted probable error ... e i +10. 1
which is about 1/690 000 part of the length.
The length not reduced to sea level is 6 971.7581 meters,
+10I1

A provisional height was assumed for the station mark at east base equal to 6o meters -
and the resulting heights and corrections to reduce the seven sections to sea level are:

m, mm. | m, mm,
Sec. 1. 59.9 9.4 '| .Sec. 5. 65.3 9.9
2. 62.0 9.7 | 6. 66.7 10.5
3. 63.0 9.9 7. 68.3 10.7
4. 63.0 9.9 .

and the total reduction for the entire base becomes —0.0700 nieters.
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The provisional length of the Alice Base then becomes ............. 6 971.6881 meters.
’ =101
And itslogarithm ... ... L e 3.8433380
+6

SEGUIN BASE LINE.

The site of the Seguin Base Line was chosen in 1899 by Assistant Stehiman Forney,
in the valley of the Guadalupe River, in Guadalupe County, Tex. It is about midway
between the cities of Seguin and New Braunfels and on the east side of the river.
Its middle point is in latitude 29° 40’ and its eastern terminal is very near the
meridian of ¢8°,

The height of the base above sea level approximates 165 meters, and its length is
6.8 kilometers. While lying at right angles to the course of the drainage, the entire
range in the elevations along the line is less than 14 meters. The maximum grade was
3.56 meters in 50 meters, necessitating a correction of 127™".0. The western terminal
is on a small hill, covered with scattering mesquite brush, on the land of Henry Steinman,
1 100 meters west of the Seguin-New Braunfels road and about 400 meters east of the
Guadalupe River. 'The easteru terminal is on the land of Henry Soefje, at the western
edge of the live-oak timber about 2 miles northwest of Von Beckman’s store and gin.
It is 1 o50 meters east of the main road between Von Beckman’s and New Braunfels,
and the line crosses the road at the northwest corner of Mr. Soefje’s dooryard.

During the year, between the location of the base and its measurements an enter-
prising farmer erected a barn directly on the line 1 464 meters from west base, but being
on a slope where the line of sight was not interrupted, it was a simple matter to remove
a board on the line and measure with the tape through the barn. Twenty-six fences,
most of them of barbed wire, were crossed by the line.

The permanent marks were put in position when the location was chosen and are
similar to those described for the Anthony Base (p. 270), with the exception that at East
Base thie underground mark is a copper bolt cemrented into the natural sandstone rock
about 32 inches below the surface. The mass of concrete in which the capstone was
set was kept clear of the bolt by means of a box g inches square.

The base was divided into seven sections, beginning at West Base, sections 1, 2, 5,
and 7 being each 1 kilometer in length, section 3, 700 meters, section 4, 1 200 meters,
and section 6, 895 meters in length. Between sections 6 and 7 and on the line a hole
in the top of a stone post 6 by 6 by 12 inches and 0.6 meter below the surface serves
as a witness mark for the recovery of the eastern terminal. ‘The other section marks
were copper rivets in 4 by 6 inch posts securely set in the ground.

Sections 1, 2, and 3 were measured once with each 50-meter tape and section 4
similarly measured using the 100-meter tapes. Sections 6 and 7 were measured in each
direction with the duplex bar apparatus, and section 5 was adopted as the test kilometer,
and a single measure with each tape and the bar apparatus was made over it.

It was impracticable to comnnect the terminal monuments with any precise level
bench marks, and the surface monuments were therefore left to preserve the provisional
height of the base for future connection with the precise level net of the Survey. The
counection between the two terminals was made in duplicate (by running in each direc-
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tion) using precise level No. 5, as such leveling was necessary to determine the tape
grades as well as the mean height of the base.

The base depends for its length as follows: 0.31 on the length of the duplex bar
apparatus, 0.23 on each 5o-meter tape, and o.12 on each roo-meter tape.

Table No. 2o contains the results of the measures of the base.

TABLE No. 20.— Reswlls of measures of Seguin Base.
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| t900. | h.m. h.m. ! | °c. | o m. mni,
1. W. I to 20 Dec. 29; 825-855| K toWw, ! Tape 248 4.05 | °3 ' . Cow, 999. 8345 ~3.1
. 29! 908940 W.t0E. ; Tape 247 4.14 | 06! F. . C W | L8406 '—3.0
i : . ' |
.I 2. 201040 i bec. 29 | 753~8 23| E.to \\:. Tape248 | 4.13 0.3 | R. | C.w, | 999. 7870 |+1.2 !
i | 29 9 42-10 15§ W.to E. *Tape 247 | 4.05 | 0.2 R. 1 Cow, L7893 i—1.1
; : : |
I 3. 4010 54 ! Dec. 29 7 30—~ 751 | E.toWw, Tape2sg8 i 4.03 o F.Cow. 700. €327 l+2.2
29 10 17-10 34 | W. to E. ‘Tape 247 3.93 0.2 FoooCow, L0371 1 —2.2
4. 54to 73 | Dee. 29 6 48- 715 | E. to W, Tape 85 4.02 1 0.3 IR, ' C.ow. 1 200.1798 1.0
29 10 47-11 1o | W, to E. Tape8s ' 3.86: 0.4 ] F. | c | L1819 |~1.1
5. 75 to ¢S I Dec. 29 6 21- 6 45 I E. to \\:. i ’I:apc Ss I 45 0.6 - F"‘R'i C.w, . 999.9245 41,1 |
29 1t 12-11 38 | W.to E. ; Tape8s . 3.7 o3 F. | .o .9236 [+2.0 -
1901, ' H , : ' !
Jan. 4 7 02~ 7 28 | E. to W, " Tape 248 I 13.49 l 0.3 F. C. .9281 |—2 5 I
4 7 40- 8 13 | Woto E. i Tapez47 | 13.19 | 0.5 F. C. .9299 |—4.3 ¢
siam &pm. | E tow. - Duplex - 17.95 | 4.6 | R. F.C. L9221 '+3.5
6. gSto 116 Jan. 2,3 'p.m &am. ‘ E. to W, | Duplex | 7.56 | 3.31 R. S | 895.1726 [+ 1.0 I
l 3.4 pm &am, | Ww. to E. " Duplex 10.76 X o.8' F. | c . L1745 |—o0.9
, 7. 116to E. B. Jan. 4 fam. & pm.; W.to E. ! Duplex 1 16.35 | 381 R. : C. ! 999.8511 [—1.3 |
. 7iam. & p.om. | E. to W, © Duplex | 20.94 | 1.2 }-‘.R.| C. L8486 |+1.2 |
i ‘ H ! . . _—
l Total length ) ; " 6 794.7905

*’I'he hours of tape measures refer to p. m.

The probable error of a single measure as deduced from the residuals on the test
kilometer is £2™".2, and therefore the probable error of the length of the whole base
becomes =4=4"".4.

' From the discord of the individual measures on each section a smaller probable
error for the whole base, namely, 4=3"™".4, may be deduced.

Adopting the probable error as first deduced and combining with the uncertainty
in the length of the comparator, the adopted probable error of the base becomes:

mm.
Probable error of standardization and measurement . ............................ +4. 4
Probable error of 68 times comparator, 68 (0"™.037) . ... ..c.vvviriiieii +2.5
Adopted probable error. . ... .. ... e e *5.1
which is about 1/1 333 0oo part of the length.
The length not reduced to sea level is 6 794.7905 meters.
+5I

A provisional height was assumed for West Base of 170 meters, and the resulting
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heights and corrections to reduce the seven sections to sea level are here given to
correspond to this assumption:

m. mm. . m. mm.
Sec. 1. 165.8 26.0 Sec. 5. I171.2 26.8
2. 165.9 26.0 6. 167.9 23.6
3. 170.8 18. 7 7. 165.2 25.9
4. 172.0 32.4

and the total reduction for the entire base becomes —o.1794 meters.

The provisional length of the Seguin Base reduced to sea level then becomes 6 794. 6111 meters.
51
And its logarithm............... PP 3. 8321639
+3
SUMMARY OF RESULTS.

T'o aid the reader in judging the value and extent of the work accomplished in this
field season of six months a brief summary is added.

B,;, whose length when immersed in melting ice was known with a probable error
of 1 part in 4 500 000, became the unit of length for all these measures. From this
unit of length two 1oo-meter comparators were prepared, 750 miles apart, and their
lengths determined with an average probable error of 1 part in 2 700 ooo.

Five sets of apparatus were determined on each of these comparators, with an
werage probable error of approximately 1 part in 2 000 000.

The nine base lines here tabulated were measured in such a way that on the average
one-fifth of each base depends on the length of each apparatus.

: |
Kame of buse Probable | pengin. | Probableerrores

mm, m, :
Shelton .......... ... ... , = o9qo0, 788472 1/876 o000
Page .... ...l © =+ 56 8 250.99 1/1 473 000
Anthony .............. .. ... .. i = 4.5 6034.70 1/1 257 000
ElRENO. ..o.oiiiitiiiiianins | = 9.7 12886 68 1/1 329 000
Bowie ............... ..ol + 5.0. 8 1g6.04 1/1 639 00O
Stephenville........ .......... ... + 6.0 6 255 08 1/1 042 000
LAMPASAS ..ot | += 41  5961.13 1/1 454 000
Alice..... ... .o oo - x=10.1 6 g71. 69 1/690 000
Seguin ... = 5.0 6 794. 61 1/1 333 000

]

These bases, aggregating 69.2 kilometers, with an average length of 7.7 kilometers,
have an average probable error of 1 part in 1 200 ooo, which was attained without the
expenditure of either time or money in excess of that necessary for the lesser accuracy
required by the instructions, namely, 1 part in 500 ooo. They, in connection with the
Salina Base of the transcontinental triangulation, control the lengths on 1 100 miles of
the arc of the ninety-eighth meridian.

COST OF THE BASE LINE MEASUREMENTS.

It is now deemed advisable to show the total cost of the work which has just been
summarized. The total amount expended for field expenses was $7 511.65. These
field expenses include all items of transportation, freight, etc., beginning and ending in
Washington, all material, camp equipage, and pay and subsistence of entire ‘party,
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except salaries of officers. Adding the pay of the officers, which is the only item of
expense not included in the field expenses, $2 546.84,% there results $10 058.50, which
is the entire amount expended for field expenges on the nine bases. Approximately 25
per cent of the $7 500 was spent for transportation of the party and outfit by train and
wagon, but this proportion of necessary travel and freight would have been considerably
greater if all the bases had not been measured in one season’s work. The cost of pre-
paring the results for printing, including all computations made at the Office, $1,016.28,
would bring the total cost of the bases to $11,074.78, which would be $1,230.53 per
base, or $160 per kilometer, The above amounts include all the cost of standardizing
the apparatus.
SPEED ATTAINED WITH BARS AND TAPES.

The actual speed of measurement during this season can be most readily shown in
tabular form. In Table No. 21 all the bar measurements where 400 meters or more
were measured consecutively have been tabulated. In column 3 there is shown the
total time which elapsed between the completion of the reference to the ground mark at
the start and the beginning of the reference at the end of the section. In column 6 the
average number of bars per hour for each of the seven months in which measurements
were made is shown. _

In Tables Nos. 22 and 23 similar information is tabulated for the 100-meter and 50-
meter tapes. In columns 5 and 6 the speed is expressed in kilometers per hour.

TABLE No. 21.—Showing the increasing speed of duplex measurements.

| \ Time of l l
| e — o,
Date. ] Name of base. | "clcudlmg o}'l bars Bmg;f“ hourrtzor Remarks,
‘all detays,] laid. each
‘ except month.
as noted.
]
| -
1900, : hrs. X !
July 30! Shelton ....... 473 120 ‘l 25.3 26.9 Three shifts of brass, but no
' : o . stop.
3T f.... do........ i 418 120 ¢ 28.7 A stoI;) for lunch deducted,
Aug. 1:..... do........ ;387 100 ! 25.8 i
2., do........ ©2.60 100 l 38.5 \
8 f ..... do........ i 282 100 5.5 |
; 8 ... do........ | 2.68 100 \ . 37-3 l
: [+ ST do....... 3.07 1y . 381 : !
i 10 ..... do........ bo2.07 100 | 48.3 | |
24t Page.......... | 2.67 100 37-5 !
! 25 L.... do........ 2,07 100 48.3 43.1 |
| 27 ... do........ L 2,52 120 47.6 Crossed very rough ground.
: 281..... do........ ;157 S$o! sLo
i 29 ..., do........ | 2.35 120 , 5.5
| 30 ... do........ i L.68 100 59.5
| 30 ..., do........ 1,07 6o 56. 1
' S SRIUU do........ | 173 100 57:8
3. do........ ' 1.97 100 50. 8
i

*In computing thxs, one-eleventh was added to the actual pay, as shown by the salary tables, to
cover the one month allowed for annual leave each year. :



APPENDIX NO. 3. NINE BASES ON NINETY-EIGHTH MERIDIAN. 287

)
TABLE No. 21.—Showing the increasing speed of duplex measurements.—Continued.

T |
Time of | | ‘ :
:::::":: Number i ; hx?tl'?gér
Date. Name of base. cluding . “of bars Bs;]rg;ugcr hour for Remarks.
. alldelays, laid. : cach
| except | ; month,
.as noted, ** . :
1900, o s, |
Sept. 15 | Anthony . ..... 2.92 100 | 34. 2 Encountered heavy grades.
7 |..... do........ Po2.13 100, 46.9
21 [..... do ........ 1.92 100 §52.1 6
21 ... do........ I 2.07 97 °  46.9 46.3
22 |..... do........ i 197 97 i 49.2
22 |..... do........ .83 100 54.6
Oct. 13 | ElReno.......i°" 2.45 100 40. 8
1300, do........ ' 2,03 100  49.3
15 ..... do........ 2.05 89 43-4
16 EERRS do........ 2. 35 Sg 37.9 49. 5
16 ... do........ 1. 82 100 54.9
17 . do........ 1.73 100 57.8
180 do........ I 3.30 200 .6 Deducting 39 minutes for
: ! lunch.
Nov. 1! Bowie......... 2.07 100 48. 3
I ..., do........ 2,33 120 ; SIL.§ i
2. do........ | 250 120 48.0 Deducting 18 minutes uniting
2., do ........ 1.65 100 60. 6 broken column in ther-
i moimeter, !
3. do........ 2,12 100 47.2 Steep grades on this section.
3 edoa 1 100 50.5 .
14 | Stephenville. .. 1. 68 100 59.5
147 .. .l,)do ........ 1. 68 100 59.5 54- 5
1S ..... do........ 1.87 110 58.8
15 ..... do........ 2. 15 121 | 56.3
16 ..... do........ 2,18 121 55.5
16 ..... do........ 1. 62 110 67.9
30 | Lampasas ..... 1.92 103 53.6
30 ... (e J , L9o 103 54. 2
Dec. 1 ..... do.........| 1. 47 So! 54.4
1 | do. ..., 2. 15 120' 558
14 ' Alice.......... 12,25 200 88.9
15 ... .. do........ . 147 100 68.0 6.8
15 ‘ ..... do........ 1. 40 94! 67.1 7.
) LI do 2. 88 194 | 67.4 Deducting 12 minutes refer-
: : ring to ground at middle ot
1901, ! section.
Jan. 3 | Seguin ........ t 2,52 129 | 51,2
3 e do........ | 2.3 129 | 54.9 NotTe.—The slow speed of
4 feenn do........ 1,75 100 | 57.1 Jan. 3 and the a. m. of Jau.
4 ‘ ..... do........ 1. 28 joo | 78.1 61. 2 4 and § was due to the low
; i : temperature, 6° to 14°C.
S peee.. do........ ¢ 1.g8! 100, 505 |.Deducting 32 minutes re-
5 | ..... do........ .68 100 ‘ 59.5 pairing trestle.
7 eenn. do........ i 1.00 100 | 100.0
71 d_o.........| 1. 47 1oo| 680
Mean || ................ 52.9
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TABLE No. 22.—Showing speed of measurement with roo-melev tapes.

|

Time of [
111::‘1::{& Lcng}hof!_ Kilo- k‘\i{gi:]e-
Date. Name of base. includh‘lg;oc‘?::lle‘:;_i meters ﬁ%‘frr}f; Remarks.
e;?:elgﬁxs i urement. | per hour.| ™% oh
noted. ' \ month.
1900, hrs. km. | ‘
July 24 | Shelton ....... .68 2,20 131
24 i, ....do........ 1. 55 2.20' 1.42 L. 46 -
28!, . ...do........ 0. 57 1.oo; I1.75 -4 i
28 (.....do........ 0. 58 1.00! 1. 72 '
Aug. 11 j.....do ...l 0.45 I.00 l 2,22 |
b & N do........ 0.53 1. 00 1. 89 :
25| Page.......... 0.58 1.o0| 1.72 I !
27 L....do Ll 1. 10 2.oo| 1. 82 -9
27 [oe.n. do........ 1. 60 3.00; 1.88
28 |.....do........ 0. 48 Lool 2.08 i
Sept. 317 Anthony ...... | o i 1.00 ' 2,00
17 ]... do........ ( 0.73 1,00 ! 1.37
9. ... do........ 1.47) 30| 204 Loz
19 (.. ... do........ | 1.68 300 | I 78 -9
22 (... do........ 0. 42 1.co : 2.38
22 |..... do........ ~ 0. 42 1.00 \ 2.38
Oct. 5 ElReno....... o172 3. 00 i 1.74
5l.....do........ . L.58 3.00! I1.go
6|..... do........ | 117 2,00 171
6.....do........ 1,25 2.oo| 1. 60
8(.....do........ 0. 42 100 | 2.38 198
P 8{..... do........ P47 3.00 2.04 -
25 | Bowie .... .... i r1.08 3.00 | 2. 78
25 | ... do....... 1. 40 3.00! 214
27 [ .... do........ | o.42 1. 00 2.38
27 |oee-- do........ 0. 60 1.coi 1.67
Nov. 12 | Stephenville...  0.82 200! 244
12 b, do........ i 0.92 2,00 | 217 |
12).....do........ 0.35 1. 00 2.86
13 ... do | 037 nool| 270] 242
27 | Lampasas. ..... | o072 200: 278 -
27 |.....do ... i o0.75: 200! 267
28 1.....do...... i 0.67! .40y 2.10!
28‘....(*10 ........ o.68l 140! 2.06 |
Dec. 8! Alice..........i 0.80 2.00| 2.50]
8j.....do......... 08! 200, 250,
10.....do........ | 078 200! 256 ,,  Deducted 36 minutes to get
10 ..., do ........ | 0. 77 ! 2,00 260 -45 new thermometer.
29 | Seguin........ 0.90 1 2.20 2.4 [
29|....do ........ ' 0.85 2.20 | 2.59l ;
! | =
Mean ....[........ e I 213‘




APPENDIX NO. 3.

NINE BASES ON NINETY-EIGHTH MERIDIAN,

TABLE No. 23.—Showing speed of measurement with so-meter tapes.

‘Time of

y Mean
Vet (FEeh ol kilo. | Sl
Date. Name of base. iincluding, ous meas.| neters hour‘}or
delays | rement. [PeT h°"r'| each
e’:f:tghf‘s ‘ month,
1
1900 ! hrs, k.
July 27 | Shelton ....... 1.22 2. 00 1. 64 L6
27 L., do........ 117 2. 00 1. 71 - 67
Aug. 11 ..... do........ 0. 52 1. 00 1.92
... do........ 0.53 1. 00 1.89 1
24+ Page.......... 1.58 2. 00 1.27"
24 ... do........ 1. 38 2, 00 1. 45 1. 46
25 l..... do........ 0.72 1.05 1. 46 -4
25 | ..... do........ 0. 75 1. 05 1. 40
28 I..... do........ 0.73 1. 00 1.37
28 | ..... do........ 0. 87 1. 00 1. 1§
Sept. 16 | Antlony ... ... 0.55 1. 00 1. 82
16 '..... do....... 0. 55 1. 00 1. 82
17 ... do........ 0. 68 1. 05 1. 54 1.70
17 [evne. do........ 0.63 1. 05 .67
Oct. 8: ElReno....... 0.53 1.00 1.89
S R do........ 0.53 1. 00 1. 89
TR do........ 1. 50 3.00 2.00
9 vt do........ 1.52 3.00 1.97
T ... do........ 1. 40 2. 45 1.75
) § S do........ 1. 13 2. 45 2,17
27 | Bowie......... 0.47 1. 00 2,13 .93
27 [oeen. do........ 0.58 1. 00 1.72
29 |..... do........ I.03 2. 00 1.94
29 [..... do........ I.17 2. 00 1.71
31 jeenn. do........ 0. 47 1. 10 2.13
30 |e.... do........ 0.58 .LIo| "1.72
Nov. 13 | Stephenville...© 1.43 3. 10 2,17
13 e.neen do........ I 1. 48 ‘ 3.10 2.09 .
27 | Lampasas ..... , 053 ILoo 1. 89 - 96
27 [vonn (N 0.70 i 1,00 1.43
! i
Dec. 1 {..... do........ . LIO| 200 1. 82
) G PR do........ | 28 2,00 1. 56
10 | Alice.......... I 050 | 1. 00 2,00
10 [..... do........ ! 048, 1.00| 2.08 .
1§ fovnnn do........ i 103! 200 1. 94 -0
15 Joevn do ....... 0.8} 200 2.27
29 | Seguin........ " L.42; 2.70 1. 90
29 [oeenn do ........ i 1.43 | 2.70 1. 89
1goI1 a .
an, I S P To B I 0.43} I1.0O 2. 33
] 4 feeenn do........ | 055 I I. 00 1. %2 2.04
Mean ... ..eieeiiiiieiinn 1. 81

Remarks.

Delayed 18 minutes to reset
support.

1 hour 8 minutes deducted.

289
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ERRORS OF THE DUPLEX MEASURES.

At the conclusion of his consideration* of the behavior of the duplex bar appa-
ratus the designer says: ‘' The duplex may be regarded as equally perfect and efficient
both as a bimetallic and a thermometric apparatus.”’ This conclusion was necessarily
based on results from the use of the apparatus when fully protected from the sun and
wind by means of the ‘“ Salt Lake sled,”’ which was a movable tent. The errors which
were not apparent under these ideal circumstances must now be considered as well as
errors which may have been in those measures and which are indicated by the additional
evidence of this season.

There was, during all of the duplex bar measurements of 19oo-o1r now under
discussion, no protection from the wind or from the direct rays of the sun except when
an umbrella was held to shade the contact ends to enable the observer to see the contact
lines more clearly. . '

The three sources of error described by Assistant Schott (p. 200, '‘ Transcontinental
Triangulation’') can here be neglected as practically nil. The first, due to the push of
the contact slide spring at the time of contact, was diminished to less than one-half by
the strengthening of thé cradle arms, page 249. Furthermore, the pressure of the
springs was throughout the season the same during the base measures as during the
standardization. The same trestles were used in the standardization measures, at about
the average height used on the bases, and any push of the contact springs would have
had the same effect on the duplex measures of the comparator intervals as they had on
the field measures of the bases. Finally, the springs were used with much less strength
than heretofore, being only strong enough to insure a contact between the agates when
in use. No oil was applied to these contact slides, and in consequence very little trouble
from an accumulation of dirt was encountered even on the days when the wind and dust
were troublesome.

As to the second source of error, due %o the wear of the knife edges during the
season, the restandardization at the end of the season revealed no such wearing away,
or an amount so small as to be absorbed in the errorsof standardization. Formerly such
wear was plainly discernible in the blunt appearance of the knife edges, whereas, at the
conclusion of this season the agate knife edges presented the same appearance under
the microscope as at the beginning of the season.

The third source of error is that due to the change in position of the components
relative to the point of support of the metallic casing during the time of laying the bar.
This source of error was rendered less effective by increasing materially the rapidity of
the base measure, and by reading thermometers at the time of contact at the front end
of the bar instead of at the rear, as has been the practice heretofore. It is evident that the
change in the time of reading the thermometers affects only the results from the bars as
a thermometric apparatus. ‘The amount of this error is dependent on the rate of change
of the temperature and on the manner of yielding of the trestles. Itseffect on the duplex
result may be readily computed, if we assume that the friction on the roller is so great
as to preclude the possibility of the brass casing of the bar advancing on the roller with
the small increases in temperature. In other words, the center of expansion of the brass
casing is at the center of the bar instead of at the knife edge of the rear trestle. The

*See Appendix No. 12 of the Coast and Geodetic Survey Report for 1897, ** Report on the
Measurement of the Salt Lake Base,’” in Utah, p. 774.
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steel and brass components are held against the rear end of the casing by springs at a
point 2.44 meters from the center of the bar. Between the beginning of any measure and
the end, an increase of temperature of the brass casing will pull back the front end of the
bars an amount equal to the expansion of the brass casing for this 2.44 meters and for
the whole range of temperature during the measure. Asan example: During the meas-
ure of the test kilometer at Shelton, p. 254, the temperature rose 23°.3. The correction
to the measured length of the kilometer from this source of error would be:
corrni. = — ,0000185 (2.44) 23.3 = — 1™™.05

Thus, in one of the most extreme cases of the season, the error from this source is only
one part in a million.

At this point it should be noted that the accuracy is greater for the thermometric
results than for the duplex result, when only the measures of the comparator interval
are considered. In the actual measures the probable errors for a single duplex measure
of a mean section of 543 meters (Table No. 6) was #=1™".0, from which would be expected

. 1.0 .
a corresponding probable error of &=——= mm.,or 2=0™".43 for any section 100 meters long.

v'5.43

In a similar manner from the probable error of a single duplex measure of a mean section

of 921 meters (Table No.7), equal to 4=1™". 2, we would expect :t‘/ z [ mm., or -+ 0o™.40
9.

for any section 100 meters long. The probable error of such a single measure actually
deduced from the nine observations on the 100-meter comparators in Tables Nos. 3 and 4
was +0™". 30.

Let the probable error of the steel be treated in the same manner, and the probable
error of a single measure of 100 meters from the nine observations on the comparators is

+0™".15; deduced from s43-meter sections is == \/5—2 3 mm. or 0™, 52, and deduced

from sections g21 meters long is == 7. mm. or o™ 56. Treating the probable

Vvg.21
errors of the brass in the same manner, the three corresponding probable errors are
+0"". 15, £=0™".73, and +0"".86.

The only conclusion possible from these figures is that the results from the duplex
follow closely the laws of the accidental errors, the probable errors increasing but little
faster than the square root of the lengths. With the steel and brass it is quite different.
In the case of the steel, the errors increase very closely as the length, while with the
brass the errors increase more rapidly than the length. The evidence of systematic or
constant errors is therefor greatest in the results from brass and steel, while the duplex
result is apparently not entirely free from such errors.

TEMPERATURE ERRORS OF THE DUPLEX MEASURES.

The discussion of the results shown in detail in Tables Nos. 5, 6, and 7 may now be
resumed. It is certainly true that the part of the accidental errors which would affect
the measure from brass differently from that of steel, such as faulty contacts, a lack of
contact between either set of components, and errors in reading and setting the scales

. S-D
on which the set-ups and set-backs are measured, would make the ratio p_¢ vary from

its mean value 1.67 (see p. 257). Referring to Tables Nos. 5 and 6, we may see that in
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the fifty-three sets of differences there displayed, in not one case is there a reversal of
sign (S-D is always plus when B-S is plus) even when these differences are less than

o™™.s5, and in all the results of the duplex bar measures (see Tables Nos. 5 and 6) there
is not a single case in which a correction of less than o™.2 to one of the results will not
produce exactly the ratio 1.67. This feature can hardly fail to surprise anyone familiar |
with the use of any measuring bars where the contact slide is involved, and when it is
remembered that from 200 to 400 contacts are involved.

Attention should here be called to the fact that this peculiarity of the ratio also
checks the computation. For instance, if one tries to compute the length of a section,
where 199 bars had been laid, as if it had been an entire kilometer, the result from the
scale reading (the gain or loss of brass over steel) would be so wild as to detect an error
at once. Again, suppose an error equivalent to o°.1 centigrade or more was made in
reducing the length of the steel from the mean temperature to the temperature of
observation, the changed ratio would detect the error. As a curicus example of this,
the reader is referred ,to the ‘‘ abstract of field results’’ on the Salt Lake Base (p. 774
of Appendix No. 12, Coast and Geodetic Survey Report for 1897), where the observer
rejected the result from the duplex on the second measurement of Section VI in com-
puting the probable error, doubtless because the residual was suspiciously large.
An examination of the ratio shows something obviously wrong in the value of the
ratio §_I_) 9802—-9772

B-S  ¢804-9802
been made in the field computation of the length from the steel component, and that
the rejected duplex value was correct.

An inspection of the results of the Salt Lake Base (pp 198 and 199 of the ‘“ Trans-
continental Triangulation’’) reveals this same ratio, even when the bars were carefully
protected from inequalities of weather. The correction to preserve exactly this ratio
g—g—x 67 in any one of the twenty-two single measures would not.exceed o"™.2.
These results, in conjunction ‘with those of this season, make up all that have been
obtained with the duplex bar apparatus. It is obvious, therefore, that the accidental
errors which affect the two components differently, such as faulty contacts, errors of
reading scales, etc., are of a much smaller magnitude than those which affect the bar as
a whole, such as are due to transfer measures, the inclination of the bars, etc.

What then has been the effect of removing the protection (movable tent) and sub-
jecting the bars to steep gradients (even exceeding 4° 40’) in all conditions of weather?

In the Salt Lake measures the probable error of a single measure of a section (1 coo
meters) is for the duplex ==1"".14, and for the steel and brass somewhat less, but on the
thirteen sections (averaging 921 meters) measured during the past season, on the nine
different lines, the probable error of a single measure of a section is very little greater
for the duplex, Z=1™".2, but the probable errors from steel and brass increased to 4=1"".7
and +£2"".6, respectively.

It is the opinion of the writer that a computation of the Sult Lake measures by half
sections, where the temperature was in one case rising and in the other falling, would
show probable errors much more favorable to the duplex result than to those from steel
and brass.

The evidence that the duplex result deserves more weight than the results from

10.5. But the office computation showed that an error had
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steel and brass is convincing. First, because the probable errors of the results of the
field measures from Tables Nos. 6 and 7 are much less than for either steel or brass.
Second, because the probable errors of the duplex results follow more closely the laws
of accidental errors, while for steel and brass the probable errors follow the laws of con-
stant errors more nearly, varying in direct proportion to the length. And lastly,
because by the removal of the tent and the subjection of the bars to different conditions
of the weather, the probable errors have not been much affected for the duplex result,
but the probable errors of the steel and brass have increased greatly.

In Tables Nos. 5 and 6 it is apparent that wherever the range in the temperature is
least the results from the three methods are most nearly in accord. In special cases,
such as the test kilometer at Alice Base, section 6 at Stephenville Base, and the north-
west half of section 6 at Anthony Base, where the temperature was either stationary
or varied little, the accord is perfect. With the one exception of November 2, when the
canvas jacketing had become wet with dew during the preceding night, there was a
decided tendency to have a large result from brass and steel when the temperature
was rising and the reverse when the temperature was falling. In other words, when
the temperature is rising the results stand in the order brass, steel, duplex, the braxs
being the highest.

It may occur to the reader to inquire why the evidence does not require the steel
and brass results to be rejected and show the assumption true that the thermometers
record the temperature in advance of the brass and steel componeunts, but that these
bars are of the same temperature. Let us first assume seven cases when the tempera-
ture is rising, where at least two of three involved temperatures are alike. In the first
one, let the thermometers and the brass component have equal temperatures, both above
that of steel, thus: Thermonslfgzlr —Brass. As the thermometer indication is higher than
the steel temperature, it follows that the result from steel would be greater than that
from the brass, which in this case is the correct result. Also, the temperature of the
brass being higher than that of steel, the gain of the brass component is too great, and when
multiplied by the factor 1.668, or duplex coefficient, would give a result from the duplex

Duplex
method greater than either. The three results would stand Steel . ‘This order and
Brass
the ratio of these results may be shown by a numerical example: Suppose the ther-
mometer and brass temperature to be 0°.2 above that of steel. The resulting value

Error,,,— Error,, _o0.2(1.15)—o0.2(I. 84)( - >
stee uplex - _ 6
Error,,_ ~— Error I 84 1 .15/ =1.67.

of the ratio would be

steel —o0. 2(1 15)
The seven assumptions with the order of their results are given below.

Ther.=Brass . Steel Ther.=Steel Brass Brass=Steel Ther. All alike
Steel, Ther.=Brass. Brass. Ther.=S5teel. Ther. Brass=Steel, '
(1) (2) 3) (4) (s) (8) m
Duplex Brass Brass Duplex Duplex Brass
Steel Steel Steel Steel Steel Steel Agree

Brass Duplex Duplex Brass Brass Duplex
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The ratio Error . — Errory,,., would in every case reduce to 1.67, which is the
Error, ,—Error_,,

ratio between results actually obtained (see p. 257), and is identical with the duplex
coefficient. Moreover, assumptions 2, 3, and 6 would therefore correspond with the
facts, the results having the right order and the same ratio. In a similar manner, by
assuming the temperatures all different, two cases out of a possible eight were found
where the order of the results and this ratio of the differences between the results would
agree with the facts.

In view of the fact that with a rising temperature five out of a total of fifteen
assumptions of the relation of the three involved temperatures would agree with the
relation as found, it would seem to the writer too radical to assert that assumption No. 6,
where the duplex result is correct and the thermometer is in error, is the only one
possible, and reject the other four as impossible. Not being certain, then, that the
two metals have exactly equal temperatures, it is not certain that the steel and brass
measures should be rejected and the duplex results alone retained. The three results
have been tried on their merits and the weights assigned inversely as the squares of the
probable errors.

CONSTANT TEMPERATURE ERRORS OF THE DUPLEX MEASURES.

The presence of constant errors in any bhase measure due to a defective knowledge
of the temperature of the bars has been explained in previous base measures by assum-
ing a lag of the mercurial or bimetallic thermometers. The variety of temperatures
encountered in the Shelton comparisons affords an opportunity to look for evidence of
such a lag of either themometric or bar temperature. On July 27, and the first measure

~of July 28 (Table No. 3, p. 250), the temperature was rising at the rate of 0°.05 centigrade
or more per minute, and these are the only two determinations of either comparator
interval with the duplex apparatus made with rapidly rising temperature. Comparing
the mean of these results with the mean of all for each method, the result from steel
is 0™, 12 higher than the mean, the brass result 0™ 14 lower and the mean of the two
determinations for the duplex method, becomes 1oo™-41"".gg9 for the 20 bars, inde-
pendently of thermometers. This is 0™ 56 longer than the adopted value.

The evidence of these two determinations with rapidly rising temperature indicates
that the temperatures as given by the thermometers on the 27th were too low and on the
28th too high, but on both days the brass temperature is apparently, from giving the
shorter result, greater than that of steel. On the other hand, with falling temperatures,
as on July 26 and August 4, the brass temperature is lower than that of steel (shown by
the greater result). In other words, brass seems to take the temperature in advance of
steel. This would mean that the duplex result, which is dependent on an equality of
temperature between the brass and steel components, is also affected by a constant error
from this cause.

Now, in the actual measurement on the nine test kilometers, the temperature con-
ditions at Shelton and Bowie Bases and on half of the section at Page, El Reno,
Stephenville, Lampasas, and Seguin Bases were the same as those on July 27 and 28.
The duplex length of these sections would be, therefore, increased in millimeters as
follows, to correspond with the fact that the comparator determinations show the bars
under these conditions to be o™".56 per 100 meters longer than usual: at Shelton and
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Bowie Bases by 5™".6, and at Page, El Reno, Stephenville, Lampasas and Seguin Bases
by 2™.8. Such achange would place the duplex result among the tape results in three
of the seven cases, and the agreement of the bars and tapes would be improved in
each case.

ERRORS O} STEEL TAPE MEASURES.

The errors affecting measurements with Jong steel tapes have been fully treated in
the pages discussing tlie tape measures of the Holton Base (Appendix No. 8, Coast and
Geodetic Survey Report for 1892, Part II).

As to errors in grade corrections they are of the compensating class. Errors in
determining the differences in altitude of consecutive marking tables are as likely to be
of one sign as another. Throughout this season’s work the interval between support
nails has been 25 meters, and on nearly all the bases the differences of elevation were
determined for each 25-meter interval, and thus the small cumulative error due to imper-
fections in the alignment of these support nails to a uniform slope has been eliminated.

The errors of alignment are necessarily very minute, as a lack of parallelism with
the base of any 50-meter tape to the extent of a decimeter would give rise to an error of
only o"".10. A decimeter is an impossible quantity, as each marking table and support
nail was aligned with an 8-inch theodolite to within 1 centimeter. Any departure of
the intermediate supports of the tape from a vertical plane through its ends would give
rise to errors of the same sort and sign. Supposing an extreme and impossible case of a
centimeter out of alignment on each support, the total accumulation could be but o™".8
on a kilometer, or 1 part in 1 200 000.

The question of economy, presented to the Superintendent when the plans were
made for measurihg the Versailles Base, brought about a change in the interval between
supports from 10 meters to 25 meters. ‘This was made possible by the increase in the
applied tension from 11.5 kilograms to 15.

TEMPERATURE ERRORS OF THE TAPE MEASURES.

The method of attaching the thermometers directly to the tape in hotizontal
position was first used in measurements of primary bases at the Versailles Base.

This departure from -the exact duplication of the Holton Base methods, it is
believed, has at least not increased the uncertainties in the tape temperatures.

That the day measures are more uncertain than the night measures has been
thoroughly established. Without doubt this is due to the differing capacities of the
tape and thermometer for absorbing and radiating heat under varying conditions. Some
evidences of errors of this sort may therefore be expected even where all measures and
standardization are carried on between sunset and daylight. These may be distinguished
as errors due to time of night. As the aim of the party was to attain results which
should conform in accuracy to the limits prescribed in the instructions and not to
experiment, there may not be data sufficient to come to any definite conclusion.
Whatever errors of temperature are present in the actual measurement on the base ought
also to be present in the standardization, which was made at similar times and under
similar conditions.

Referring to the results in Tables Nos. 8, g, 10, and 11, the reader needs to be
reminded that in these determinations of length there was no protection from the
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weather, and the results show considerable effect of the wind during the Shelton com-
parisons. But the Seguin comparisons are all free from wind effect and these alone
should be used in discussing temperature errors. ‘The maximum residual at the Seguin
comparator is o"".17 for Tape 85, o0™.20 for 88, 0™.16 for 248 and o™.17 for 247,
without any rejected observation and including observations on three nights which
were quite different in their atmospheric conditions. On the 12th of January there was
dew and a few clouds, the 14th was perfectly clear with no dew, and on the rsth it
began clear but became entirely overcast with storm clouds during the observations.
The probable error of a single determination of a tape length from the Seguin com-
parisons only, in the case of the 1oo-meter tape, or of two tape lengths in the case of
the so-meter tapes, is therefore 4=o"".09 for TBS, +0"™. 10 for Ty, =0™.07 for T, o
and #0™".06 for T, . The largest probable error of a single determination at Seguin
is only one part in 1 0oo 0oo. * When compared with the probable error of a single
determination, where only the night comparisons at the Holton comparator were used
(p. 263), the temperature errors here displayed are less.

The probable error of a single measure of a kilometer as deduced for the measures
on the Holton Base was #=1"".74. In a similar manner the probable error of a single
measure of a kilometer from the tape measures on the Versailles Base was 4=1™" 20.
From the results of all the measurements on the nine base lines under discussion the
probable error of a single measure of a kilometer section can be compiuted, for the
so-meter tapes =1™".7, and for the 10o-meter tapes 4=1"".8. It is shown, then, that
even though these probable errors are computed from sections which have been repeated
by a second tape and involve errors of standardization, the probable errors have not
increased over that attained in the Holton Base measures. ' .

A comparativetest of the two methods of handling the thermometers has already
been made on p. 258, which is entirely favorable to the method of attaching the ther-
mometer to the tape in a horizontal position, as compared with the Holton Base method
of incasing the bulbs in steel sheaths and holding at the height of the tape.

The departure, therefore, from the Holton Base method of handling the thermome-
ters, and of increasing the tension and distance between supports, is justified by the
resulting probable errors.

The liability of showing a constant error in tape measures from a lag of the mercu-
rial thermometers is not great, because the range of temperature during the measure of
a section is small.

An unsuccessful attempt was made to discover a lag of thermometers with respect to
the tape. There is apparently no decided lag effect either in the Versailles Base measures
or in the measures during this season. The results of the comparator determinations
and on the sections where measures were made on different nights show a tendency to
constant errors which does not correspond to an assumed lag of the mercurial thermome-
ter, but is probably due to a changed relation or persistent difference between the ther-
mometer and tape temperature due to atmospheric conditions. The magnitude of these
errors is hard to determine, but from the residuals on the test kilometers, on sections
involving measures on different nights and on the comparators, they are of about the
size indicated for the duplex result on the comparators (T'ables Nos. 3 and 4). The
maximum residual for any one of the four tapes is 0™™.87, and for the duplex result
it is 0™.86. For so-meter Tape No. 248 the maximum residual is 0™ .47, and the
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probable error of a single determination of 100 meters is £0"".15, the same as for the
steel and brass components of the duplex.

It seems desirable to examine the tape results with a view to discovering constant
errors peculiar to different nights. On July 28 measures were made with Tapes 88 and
85 on the same night as the comparisons. Referring to Tables Nos. 8 and g, the obser-
vations on 85 for this night make the tape 0.™™47 shorter than the mean, while on 88 this
night’s observations make the tape o"™.21 shorter than the mean. Applying these
two corrections to the measures of the Shelton test kilometer and the correction* +5"".6
to the duplex result (p. 254) there result these values:

Tape88............ 1000. 2708
Tape 85............ . 2629
Duplex ............ . 2635

The range in the results from these three sets of apparatus in Table No. 12, 13™" .4,
is thus reduced to 7"".9, the result from Tape 85 agreeing closely with that from
the duplex. :

CONSTANCY OF STEEL TAPES.

Although the 1oo-meter tapes used at the Holton and St. Albans Bases were again
used in this work, their equations can not be directly compared. The tension has been
increased from 11.5 kilograms to 15.0 kilograms, and the interval between supports from
10 meters to 25. On July 19, before any of the standardizing of this season began, when
unreeling tape No. 85 an undiscovered defect in the reel caused a kink in the tape which
could not be entirely removed. The difference between the tapes, T~T,,, was at
Holton 2™".45, at St. Albans 2™".57, and throughout this season 3"".16. The test of
constancy is greatest in this season’s work, extending as it does through six months and
involving nine base lines. The reader is again referred to the section, ‘‘Adopted
lengths of tapes’’ to note that three of the tapes, 88, 247, and 248, show no change -
during the season over 1 part in 1 000 ooo, while Tape 85 apparently increased in length
o™ .45, or I part in 220 coo. Again go-meter Tape No. 204 was tested both before and
after the measurement of the Versailles Base (p. 226, ‘‘ Transcontinental Triangula-
tion '’), with almost identical values for its length, which indicates that the tension of
15 kilograms is not excessive.

MAXIMUM GRADES FOR STEEL TAPES, AND BREAKING OF GRADES.

The rather unusual topography for a base line encountered on four of the nine
lines, as shown by the maximum grade corrections, mentioned in connection with each
base, will cause comment, and the manner in which it was overcome should be explained
and justified. As an exhibition of this the reader is referred to illustration No. 17, the
profile of the Lampasas Base. No grading to ease the grades on any of the lines was
‘attempted, and the 25-meter spaus of the tape measurement are nearly parallel to the’
surface of the ground traversed, except where such parallelism would necessitate placing
an intermediate tape support below the grade of the marking tables, a tall support being
substituted in all such cases. On section 1 of the Lampasas line it was necessary to
break the grade (have the middle support above the grade of the marking tables) on
three-fifths of the section. Also, on this section the maximum grade of the entire season
was encountered, 3.15 meters in 25 meters, involving a correction to the measured length

* As derived on pp. 294, 295.
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equivalent to 201 millimeters. An improbable error of 5 millimeters in determining
this difference of elevation would cause an uncertainty of o™.3. As has been pointed
out these errors are not cumulative and moreover occur but seldom.

When tapes are inclined in this manner it is plain that the distance between the
terminal marks will be greater than when the line is horizontal. The investigation of
this question, pages 487,488, Report for 1892, Part II, shows that for grades of 5 per
cent or differences of elevation cof less than 1.25 meters for each 25-meter span this
correction may be regarded as insensible, being considerably less than 1 partin 1 cco ooo.
On this, the extreme of all sections measured during this season, only thirteen of the
forty spans exceed this 5 per cent grade, and for these the corrections due to such slope
could be readily computed and applied. The correction would be about o™.8 in the
extreme case.

Any possible criticism of the method of breaking the tape grades may be most
readily disposed of by referring the reader to the test kilometer of the Bowie Base. On
this section the 100-meter tapes were practically unbroken from end to end of the section,
but for the 5o-meter tape four broken grades occur, making the grade corrections for
the so-meter tapes 234™".1, and for the 100-meter tapes 197™".2, yet the mean of the
length from the so-meter tapes differs only o™".¢ from the length from the 1oo-meter
tapes. It may be concluded from this and other similar cases that the increased friction
on the support nails has not produced errors of appreciable magnitude. In perfecting
the tension for the final contact it is as probable in a given case that the man applying
the tension will have to slack off a few grams as to take it up, and thus the errors from
the increased friction on the supports would be as likely of one sign as the other.

WIND EFFECT ON TAPES.

Very little attention has been paid to the effect of wind on tape measurements,
except to avoid making measures while a strong breeze was blowing, such measures being
not at all trustworthy. At the Shelton comparator delays were caused by high winds
which failed to subside with the setting of the sun. Observations were made on the
tapes for determinations of their lengths when the wind was disturbing the tape very
much. The effect seems to be that the results are erratic and necessarily not as trust-
worthy as those on calm nights. Experience soon taught the observers that when
using the tape under the conditions of tension and supports here used any wind which
did not set the tape to vibrating violently would not seriously affect the results. When
it is explained that during the five months after the completion of the Shelton Base
practically no delays to the progress of the base measurement were made necessary by
the wind, the liability of delays from wind will not be urged as an objection to measures
with long tapes.

ERRORS DUE TO TENSION ON THE TAPES.

The errors due to erroneously holding the pointer of the dial to the exact tension
are obviously not of the cumulative class. Any personal equation of the man applying
the tension in persistently applying too much (or too little) tension is eliminated by
having the same man apply the tension in the determinations on the comparator as in
the base measures, which was the practice during the season, with two or three minor

exceptions.
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TEN-METER INTERVALS FOR TAPE SUPPORTS VERSUS TWENTY-FIVE METER
INTERVALS.

Very little discussion is required to point out the advantage of the longer interval
of twenty-five meters over that of ten meters. The evidence already produced is
deemed sufficient to prove that there was no loss of accuracy from the change.

On the work of setting stakes and preparing for tape measurement a direct compar-
ison can be made by taking the figures in the table on page 332 of Coast and Geodetic
Survey Report for 1892. According to this table, for the 5.5 kilometers of the Holton
Base 53.5 days for one man were required, or 9.7 days per kilometer. In the work
under discussion, where the interval was 25 meters between tape supports, 201 days
for one man were spent in cutting and setting the tape supports for measuring 57 kilo-
meters, or 3.5 days per kilometer. Asa matter of economy this change, then, shows a
reduction in labor of preparation of something over one-half by reducing the number of
tape supports in a kilometer from 100 to 4o0. If the reduction in the lumber and cost
of transporting it were added, the comparison would become still more favorable to
the long interval between supports.

The setting of the tape supports was done by a party of from four to five persons,
consisting of one officer who had immediate charge of the work and handled the forward
end of the tape, one officer who aligned the tape supports, and two or three men. The
time necessary for such a party to set one kilometer of tape supports varied from two to
six hours.

TAPES VERSUS BARS.

For a proper discussion of the relative merits of the duplex bar apparatus and the
long steel tapes, it is necessary to state the relative cost of the two.

The cost, when computed in terms of a day of labor for an officer or laborer, of
measuring 57 kilometersof double measure with steel tapes was 406 days. For measuring
16 kilometers of double measure with the duplex apparatus the cost was 321 days; that
is, 7.1 days’ work for ome man was required to measure a kilometer twice with the
tapes and 19.5 days’ with the duplex apparatus. In making this comparison one-half
of all the time required for the leveling was charged to the tape measures and none to
the duplex measures, because the profile of the line necessary when bar measures only
were made would require much less time than the leveling for the grade of the tape.

The item of 406 days is made up of three parts, as follows: 201 days in cutting and
setting the tape supports, 112 days in the actual measurement, and g3 days for the extra
leveling required. There were 61 days spent in opening the lines and aligning the few
points required on the base, which were necessary for either type of apparatus. The
three to five hours during the evening were called a half day in making this compar-
ison. From these figures the labor of the bar measurement is two and three-quarter
times as great as that of the tape measurement.

When comparison is made of the probable errors of a single measure of a kilometer
section, that from the Salt Lake Base, 4=1™".14, and from this season, =1"".2, for the
duplex result, are practically identical with that attained in the measurement of the
Versailles Base for the so-meter tape, a=1™".2. It is true, however, that viewed in the
light of these probable errors the accuracy is greater from the duplex, for two reasons,
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viz, the duplex gives three results which, although they are not independent, are
desirable checks on a portion of the accidental errors to which the apparatus is subject,
and, second, because the errors due to determinations of the grade are displayed in
the case of the bar apparatus, while in the case of the tape measures such errors would
affect both measures alike.

FIFTY-METER TAPES VERSUS ONE-HUNDRED-METER TAPES.

The probable errors may be expected to reveal the relative merits of using a
so-meter and a 10o-meter tape. ‘The probable error of a single determination of the
comparator interval was for the two 100-meter tapes #=0"".19 and +0"". 24, respectively,
and for the 50-meter tapes 4=0™".24 and +0"". 15, respectively, which is slightly favorable
to the shorter tape. Again, the probable error of a single measure of a kilometer when
computed from all sections was =4=1™".7* in the case of the so-meter tapes, and =1"".8%
in the case of the 100-meter tapes.

While this gain in accuracy is small for the 50-meter tape over the 1oo-meter tape,
it is nevertheless instructive as showing that the accidental errors of the thermometer
indications are not decreased with a multiplication of the thermometer readings. As
the accidental errors of making twice the number of contacts made necessary by the use
of the s0-meter tape instead of the roo-meter tape are so smallt as to make no showing
in the probable error, it would naturally be supposed that the double number of ther-
mometer indications recorded for the 50-meter tapes would have a great effect on the
probable error. Such is not the case, however.

The ease with which 50-meter tapes may be adapted to obstructions of topography
makes the labor of setting the supports about equal to that required for the 100-meter
tapes.

The choice between the two must be made, then, in the comparison of the number of
operatives required with each length of tape. The minimim number of operatives
for the roo-meter tape is eight, and for the so-meter tape six, which means that italways
takes one-third more help to manipulate wne longer tape.

. While the speed of measurement with the 1oo-meter tape is about one-fifth faster
than with the s0-meter tape (see Tables Nos. 22 and 23), this is unimportant for two
reasons: First, because the time required for the measurement is much less than that
required for the preparation of the line for measurement; and, second, it is always
desirable to keep the measurement following closely the setting of the supports. In
measurements through pasture the tape supports were so frequently disturbed that it
was found convenient to complete the measurement as soon as 3 kilometers had been
prepared for measurement. The work of measuring 3 kilometers in each direction was
readily accomplished during an evening without regard to whether it was with the
100-meter or 50-meter tape.

The conclusion therefore is that the 100-meter tape has few if any advantages over
the so-meter tape, and requires a party at least one-third larger for its manipulation.

*These probable errors involve the errors of standardization and the constant errors of each tape,
so are not comparable with the probable errors stated on page 296, and therefore were not used in
discussing the relative accuracy of bars and tapes.

tSee page 474, Report for 1892.
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CONCLUSIONS.

The history of geodesy presents few if any examples of a base measured with more
than one apparatus which do not show outstanding differences very large in comparison
with those which are displayed by repeating the measurement with the same apparatus.
These constant errors, which are only detected by the use of several sets of apparatus,
have been revealed in this season, and it may be inferred that the abgolute accuracy is
therefore at least as great as in previous bases where but one type of apparatus is
involved. These constant errors are shown in the results of the measures of the nine
test kilometers. The maximum range in the, results was 20™", the tapes, as would be
expected, agreeing among themselves more often than with the bars. The bars give
a smaller result than the mean, ranging in the kilometer from 2™™.1 to 10™™. 3. This
outstanding difference between the duplex result and the mean of all is 1 part in
175 ooo on the average. In like manner, 100-meter tape No. 88 shows a tendency to
give the largest result, being above the mean in seven of the nine cases and averaging
I part in 385 ooo on the entire g kilometers. The source of these constant errors is
still problematic.

In concluding this report of a geodetic operation of this magnitude, in which in a
single season of six months nine primary bases were measured, the opinions of the
writer may not be amiss.

The accomplishment of the work was made easy by the complete cooperation of
every member of the party, and its success is due in great measure to their untiring
support. Special acknowledgment of the valuable advice and assistance of Assistant
Bowie should be made. .

The benefits accruing from keeping the same party throughout the season are
incalculable. Evidénces of the increasing efficiency of the party were the rapid prepara-
tion of the base sites; the record of the stub-setting party in setting 1 300 meters of
marking posts and intermediate supports at proper intervals and in accurate alignment
for the 50-meter tapes in one hundred and forty-three minutes on the Alice Base; and,
finally, the attainmment of tlre unprecedented speed of 100 bars (500 meters) in sixty
minutes for the duplex measurement at Seguin was the culmination of the increasing
experience on the eight bases which preceded.

The general conclusion, from a consideration of all the work done with the iced-bar
apparatus, must be its superiority over all types of base-measuring apparatus, displaying
no errors of the systematic or constant class. Also, that two to six measures under the
most trying conditions and without the protection of a shed will give an accuracy equal
to that represented by a probable error of 1 part in 2 500 ooo.

The duplex apparatus in use under the most trying couditions has shown itself to
be entitled to probably first rank among contact-slide bar apparatus. Its double con-
tact feature has proved no hindrance, and the results have shown that it is possible to
use it in high winds in which the secondary apparatus could not be used. This greater
stability is probably due to the greater weight of the duplex. An examination of the
resuits from duplicate measures and in competition with the tapes reveals constant errors
of some magnitude. These constant errors can be most nearly overcome by duplicating
the field conditions of temperature and atmosphere on the comparator determinations.

In summing up all the errors of tape measurements, except those involving the
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grades, and which are necessarily small, the real criterion is the probable error of a
single measure of a section where the observations extend through more than one day
or a variety of weather. Such a test occurred on nearly every section of the Versailles
Base,* and these errors were shown to be small. During this season such tests
occurred on but few sections, but the indications from these agreed with the Versailles
experience. It is not maintained that no constant errors are in evidence in the results
of the tape measures, but it is not believed that they are larger than those which affect
the duplex bar measures.

It is apparent that a field comparator whose interval should be measured with the
iced-bar apparatus is a positive necessity when an absolute accuracy of 1 part in
500 ooo is desired. It is also necessary with either the duplex bar or tape apparatus to
have the conditions of temperature and weather the same in the actual measures as in the
standardization. This duplication of conditions could be more readily attained with
the tape apparatus than with the duplex bars.

In future base measures with a field comparator at each base it would be feasible
to measure the comparator interval with the tape on each of the two to four nights when
measures were made on the base. In this manner a party no larger than the one of
this season could use two or three so-meter tapes and have a 5o0-meter comparator at
each base with no greater cost than in these measures, and attain an absolute accuracy
still greater than here attained.

*Page 230, ‘* Transcontinental Triangulation.”
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EXTENSION OF TABLES FOR THE COMPUTATION OF GEODETIC
POSITIONS TO THE EQUATOR.

By JouN F. Havrorp, Chief of Computing Division.

These tables are an extension of those published in Appendix No. g, of the Report
for 1894, which are applicable between latitudes 18° and 72°. The tables here printed
extend from 18° to the equatpr. They are based on the same constants as the tables in
the 1894 Report, namely, upon the Clarke Spheroid of 1866, of which the equatorial
radius is 6 378 206.4 meters, and the polar semiaxis 6 356 583.8 meters.

For the purpose of making these tables complete in themselves the derivation of the
formulz on which they are based is reproduced from the 18g4 Report.

To apply these tables to the computation of positions south of the equator it is only
necessary to bear in mind in using the formulee that all south latitudes are negative.
Whenever A @ as computed in these formulee is negative it indicates a numerical
increase in the latitude. In using the formula for A« it should be noted that for the
Southiern Hemisphere the term sin ¥4 (@4 @") is always negative and therefore Aa and
A always have the same sign in the Southern Hemisphere, whereas they have opposite
signs in the Northern Hemisphere.

To apply these tables to the computation of positions in east longitude it is only
necessary to consider that all east longitudes are negative.

These formule and tables, with those in 1894 Report, keeping in mind the above
statements, apply to the computation of geodetic positions over the whole sphere, except
in latitudes greatet than 72° north or south.

In the logarithms given in the tables a minus sign over the characteristic indicates
that 10 is to be subtracted from the characteristic as printed, and a double minus sign.
indicates that 20 is to be subtracted from the characteristic as printed.

FORMULAZA FOR THE COMPUTATION OF GEODETIC LATITUDES, LONGITUDES, AND
' AZIMUTHS.

When the geographical ccordinates of latitude and longitude of a point on the
eartl’s surface and the distance and azimuth to another point are known, the problem
of computing the latitude and longitude of the second point and the reverse azimuth
may be treated in two different ways.

We may either solve the spheroidal triangle formed by the two points and the pole,
as a whole, arriving at trigonometrical functions of the required co-latitude, azimuth,
and difference of longitude, or we may develop expressions for the differences of the

required and the given quantities.
307
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The former or direct method has the inconvenience of requiring the use of ten
places of decimals in the computation, in order to give the positions with a degree of
exactness corresponding to that of the known distance between the two points, while
the second leads to very convenient expressions, on account of the smallness of the
differential arcs in ordinary triangulation.

When, however, the arc between the two points reaches several degrees in length,
the direct method must be resorted to. This solution has been very completely and
elegantly effected by Bessel, and is given in Astronomische Nachrichten, No. 86, 1826.

Adopting the second method, we follow in the main Puissant (Traité de Géodésie )*
in the development of the difference of latitude of two points on the spheroid in terms
of the distance, azimuth, and latitude of the given point. It will be desirable first to
recall the expressions of several lines of an ellipse in terms involving the latitude @
which is the angle the normal to any point on the ellipse makes with the major axis.

Fig. 1.

Designating the major or equatorial semiaxis by a and the minor or polar semi-
axis by & then the ellipticity € or the ratio of their differences to the former is
. V E:‘i___b
a
The eccentricity ¢ is expressed by
_a—F
T e
and shown in fig. 1 by ¢f, the distance from the center to the focus.
The normal 2/ terminating at the major axis equals
a (1—¢)
‘ (1—e*sin® @)%
The normal 7m produced to the minor axis is

N

s

— L
T (11— sin® @)%

*Traité de Géodésie, par L. Puissant, troisi¢me édition, Tome I, Chapter XV, page 347 and fol.,
Paris, 1842.
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The abscissa cd or 70 equals Mcos . This is the radius of a parallel on the spheroid.
The tangent n/ ending at the minor axis equals -V cot ¢.

The ordinate nd equals
a (1—e") sin @

(1—¢ sin® @)%
The reduced latitude being 4, we have

b
tan 'l/‘:(; tan @

The radius vector p=a (1—¢ sin® )%,

Theradius of curvature 7p, #p', #’p” . . . at any point of the ellipse », ', 77" . . . is
a (1~—c’)
R= (1—¢ sin® @)}

Fig. 2.

The terminal points £, p, #’, 2", ¢ form an evolute; at the equator where sin @=o,
R= [; and the center of curvature is in the focus; at the pole, where sin @=1, R:f-lb.

The radius of curvature /and the normal &V are principal quantities used in geodesy.
It will be observed that radii of curvature for different latitudes do not intersect unless
produced, and that when they lie in different meridional planes on the spheroid they will
not intersect at all.

A and B in Fig. 2 are two points on a spheroid of revolution, having the latitudes
@, ¢, and joined by the geodetic line AB =, making the angles with the meridian
PAB = 180°— a, and PBA = a’—180°. The azimuths «, a’ are reckoned  from south
around by west in consequence of the latitudes being reckoned, by settled custom, from
the equator toward the poles, otherwise the meridional coordinate of a point would be
more properly measured from the pole and the azimuth of a line reckoned from the north.
The angle APB between the two meridional planes passing through A and B is the
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difference of their longitudes A, A, which being reckoned positive to the westward we
have ’— A = 4A. Furthermore, An, Bn’, Ar, Br’ indicate the normals &, /', and the
radii of curvature in the meridian &, &', at the points A and B.

This being premised and the latitude @ of the point A being given, as well as the
length s of the geodetic line AB and its azimuth a, we propose to find the latitude ¢’ of
the point B, the angle 4A, and the reverse azimuth @', by solving the geodetic triangle
ABP. Writing y, ¥/, for the co-latitudes, & for 180—a, and ¢ for the arc AB referred
to radius = 1, we have in a spherical triangle for ¥’ the following equation:

cos ¥’ =cos ¥ cos 6+sin y sin 0 cos &

Observing now that ¢ is always a small arc, rarely exceeding 1°, and generally less
than 30’, we can develop the increment of y with reference to that of ¢ in a rapidly
converging series, and will have, by Taylor’s theorem,

a3
y,—y+d0'o'+2d0"’+*d0}':- L. (a)

In order to determine the differential coefficients, we consider a differential spherical

triangle having the sides y, 4o, and y+dy, in which
cos (y+dy)=cos ¥ cos do+sin y sin do cos &,
and developing, as usual, by the differential calculus, we find
ZZ, —cos§, 4y sin® & cot ¥, fo_lg:sin’ & cos & (1+3cot’ )

Introducing these values in (a) we obtain

y' —y=—0cos&E+L0*sin*§ cot y+{a3sint& cos & (1+3c0t* y)+ .
and substituting @, @’, and « in this expression, we have for the difference of latitude

@p— @' =0ccosaticsintatan p—}t o3sin*wcosal1+3tan @)+ . . . . . ()

It will be readily seen that the first term expresses the distance on the meridian
PB from B to p, the foot of the perpendicular from A: the second term, the distance,
very nearly, from p to the parallel passing through A; while the third term is a further
approximation, and so on.

Referring now our case to an imaginary sphere of radius equal to , with its center
at the point where the normal An intersects the polar diameter of the spheroid, we have
o

N
substituting which, we get
scos & s*sin’atan ® .8 sin acosa

p—g' = 7 +13 G —} = (143tan* @)+ . .. (o)

This difference of latitude is, however, referred to a sphere whose radius is &V and
requires still to be transformed by referring it to one whose radius is £, the radius of
curvature in the meridian for the middle latitude. Since we do not at first know the
middle latitude, it is more convenient to refer to the radius of curvature R of the start-
ing point, the latitude of which is known, and then find the small correction due to the
ratio of Rto R,.

. N e . :
Multiplying then equation (¢) by 7o and dividing, moreover, by arc 1’/ in order to



APPENDIX NO. 4. TABLES FOR COMPUTATION OF GEODETIC POSITIONS. 311

express @— q/ in seconds of arc, we get
3

§ §
—Og= Rarc (77 €O @t by ey sin® @ tan @ —§zim o o sin® a cos (14 3 tan’ @)

P ()
The computation of this series is facilitated by tables giving the logarithms of the
following factors to the argument of @, viz:

I
Rarct”

_tang

2 RNarc1”

Moreover, substituting in the third term the value of the first term, designated by %, we
can write it

B= C:

e s sin® —(1+3 tan® @)
and tabulate another factor
_It3tan’ @
6 N* ’
when our formula for computation becomes
—d@p=scos a. B+gsinvva. C—h.ssina. E+ . . . (&)
In order, finally, to obtain the true J@ referred to R we must increase d@ by
R—R
R,

m

mé\q)

Now

: 1 1
ReRy=a (1= (o by (e s )
& (sin® g —sin® ¢
- (I_L’,)(I f"sn(l t/));p(l——e :11;.;) L
by developing and neglecting terms involving higher powers of ¢°; but
sin® @—sin*@, =sin (@—@, ) sin (@+ @, )= d@sin 1" sin @ cos @
very nearly, because 4 sin 2 = sin @ cos @; hence we write
R—R, _a(1—&)§ed@sin 1"sin@cosp (1—&sin’@ )i § e dgsin 1” sin @ cos @

R, (1—=¢sin’ @)l (1—¢sin'p, )i a(1—e) (1—¢ sin® @)1
nearly, but making
D:g & sin @ cos @ arc 1”
(1—¢* sin’ @)t
we get for the desired corrective term *
ER—I?H'(Y(/).: (6p)* D

m

and we finally have for the true difference of latitude
-dp=scos a . B+ssinca . C+(0@)°. D—h. s sina . F (1)

*In his *The Theory and Pracuce of Sur\ eying’’ Prof. ]J. B. Johnson develops this corrective
term in a direct manner as contrasted with the -approximate and laborious method given in the text,
and points out that the 3-power in the denominator of /7 should be replaced by unity. This has been
done in the appended tables; although the defect is not more than o.001 of the value of this term,
which is itself very small. —C. A. S.
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which formula, although of a somewhat complicated derivation, is very simple and
convenieut in practical computation with the aid of the tabulated log. factors 52, C, D, £.
The term* (d@)* D is here interposed between the second and third terms of the series
proper, because the latter is frequently not required, being insensible when the distance
s is less than about 1o statute miles or log s, in meters, less than 4.23. The term (§@)* D
should be used whenever log % exceeds 2.31, and 2* may be substituted for (d¢)* in all
cases where log s does not exceed 4.93.

The term depending on the fourth differential coefficient, neglected in equation (a)
never exceeds o”’.002 for ¢ =1° or s=100 kilometers, and may therefore be safely
neglected in practice. ¥

*This term was devised by the writer of this article in 1846, while arranging the formule for use
in the Coast Survey and putting them into the form above given, in which they have been employed
- ever since.—]J. E. H.
tThis additional term has, however, been lately developed by Mr. M. H. Doolittle, of the Com-
puting Division, who finds that it can be given as a function of the factors 4, C,and £ of the tables,
thus requiring no special tabulation. It is as follows:

The additional term of Taylor’s theorem )
214 ‘7{{‘;/_4 64=—%‘ 04 sin? & cot 7[(1——3 cos? §) (143 cot? y)—6 cos? & cosec? )/:I

Substituting go°—¢@ for y, 180°—a for E,-jvfor ¢, and multiplying by R‘::T in the same manner

as for the other terms

1 diy 1 st .
24 @68 O =733 RIVVare 17 S @ tan @ (143 taw @)
1 54 .
=+ 8§ RN arc 1 sin® @ cos?® a tan @ (143 tan? @)
1 54

—_—— izt e @ 2 3

+ 3 RNSarc 7 Sin® « cos’ a tan @ sec? @
Denoting the second term s? sin? @ C in formula (¢) by (;
c [‘___.i’__s_iu_’___a tan @ (1+3 tan? @)

e 12 KNV%arc 1”
L 87 sin? @ tan @
A=y RN
and we finally obtain
—dp=scos @ B-+-s2sin? «a C+ (8 @) D—h . s?sinra K

I . .o .
—; G /z—i-g s2costa G F +;2 §? cos? awsec? ¢ . A C, arc? 17

In the line from Ibepah to Ogden, in Utah, 230 kilometers long, the additional term amounted
to 077.038. In Puissant’s time no such long lines had to be provided for as have since heen ohserved
in triangulations; e. g., in California, Nevada, Utah, and Colorado. where several sides reach to nearly
2° in length, or slightly surpass this limit, with a maximum sight of 2%°. The formula applicable
for the computation of the largest triangles that it is possible to measure, given in Clarke's Geodesy
(Oxford, 1880) and in Appendix No. g, Coast and Geodetic Survey Report for 1885, pages 462-464,
and employed in the British Ordnance Survey, also in the extension of La Caille’s arc in South
Africa, may be employed for a check computation, but they demand the use of not less than g-place
logarithms.

For distances greater than any that can be directly observed, see development of formulae in
series by Dr. F. R. Helmert, ‘‘Theorieen der Héheren Geodisie, Leipzig, 1880," Vol. I, pages 296-298.
It includes terms of the fifth order.

DECEMBER, 1894.
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For secondary triangulation and when the sides do not exceed about 12 statute miles,
or say 20 kilometers, the formula (1) may be advantageously reduced to the following:

—Adp=scos a, B4+ sin® a. C+4*. D (2)

In order next to deduce the angle APB (Fig. 2) between the meridional planes
passing through A and B and intersecting in the polar axis, or the difference JA of the
longitudes A and A’ of the points A and B, counted from east to west, we avail ourselves
of the latitude @’ of B, which has become known by the prevxous calculation, and have
simply, using the same notation as before,

sin ’: sin &=sino: sindA
. . C s
Referring 0 to a sphere the radius of which is the normal Bn'=N’, we have 6= A7

and assuming for the present the small arcs 6 and 4A proportional to their sines, we
obtain

§sin a

I\ = ——
N'cos @' arc 1"

(3)
dividing by arc 1” in order to obtain JA expressed in seconds of arc. The table gives

I

N arc 7" which must be taken out for ¢’. We have

the logarithm of the factor 4=

S Slll 0
cos ¢

dA=

In order to correct for the assumption that the small arcs s and 4A. are proportional
to their sines we use a table giving the differences of the logarithms of the arcs and
sines. This table is given before the tabulation of the factors 4 to /. In using it
take out the differences for the arguments log s and log 4A, the first with a negative,
the second with a positive sign, and add their algebraic sum to log 4A.

We obtain finally the reverse azimuth «' by considering that in the spherical
triangle APB (Fig. 2) we have the following relation

o ey mn £ 00) S8 At ) ST

but &=180°—a, therefore
cot ¥ (180°—a+§&')=—tan % (&' —a)
and

sm Je (¢'+ @)

—tan % (da)=tan % (4A) cosys (¢ —¢)

Assuming the tangents of %% da and % 4A prdportional to their arcs, and writing
= Y% (@+¢') for the middle latitude, we have

—_ Slll q)m . r— =]
—~da=dAr s % (49) and a'=a+180°+Jda
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When the difference of longitude is very large it becomes necessary to correct 1. ...
error in the assumption that tan % (da): tan ¥ (JA) = da: JA, By an obvious
transformation we find the correction to be 1%y (4A)? sin @ cos® @, sin® 1”7, for which
we write (4A)3 F where log. Fis to be taken from the table (see last column of table of
factors). This term is only o”.o1r when log. 4A = 3.36 and need never be used for
secondary triangulation. A convenient table for finding the reciprocal of cos 1% (d@)
1s appended,

The following examples will illustrate the use of the formulee and tables:

The formulee for the computation of the geodetic differences in latitude d¢, in
longitude 4A, and in azimuth da are as follows:

g— dp=scos a. B+ssinra.CH+ (6@)* D —h.s*sin*a. E
AN = s sin asec @' . A
l— da = A\ sin Y% (@4 @'Y sec ¥ (d@)+(4A): F

where
¢ =9+ 4
M= A4 A and{—6q):scosa.b’—+—s’sin’a’.C—/z.s’siu’a.E
za’: o+ da + 180° also . =scos . B

For subordinate triangulation when the sides do not exceed say 25 kilometers, or
about 135 statute miles, the term involving £ in 4@ and the factor sec ¥ (d@), as well
as the term involving /in da, may be omitted.

Our formuleae can also be used for the solution of the inverse problem, viz, giren
the positions of two points on the spheriod, to find their distance and mutual azimuths,
i. e., giveng, A, @', X' (or @, @', 1), to find s, &, and a’. For its direct solution put

scosa=x=—[dp+C.y" + D (4d9) + E(d9) y + E.C. 3]

dX cos ¢
ssina=y= _c{zs___(/l

whence
tan &« = y. x and § = x sec & =y cosec &
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Position computation: Grven, @, N, s, and a; required, @', X', '
FORM FOR PRIMARY TRIANGULATION,
i ° s 144
«a ‘ Mount Blue to Mount Pleasant 26 19 28. 69
VA | Ragged Mountain and Mount Pleasant |— 85 35 25. 78
a« | Mount Blue to Ragged Mountain 300 44 02. 91
da |' -+ 50  03.88
180
a’ | Ragged Mountain to Mount Blue 121 34 06. 79
o ’ 44 [+ / 144
@ 44 43 41.437 Mount Blne A 70 20 33.157
de |— 30 56 052 S=110 743. 7 meters * 4A |— 1 11 27.830
@ . 44 12 45.385 Ragged Mountain A’ 69 09  05. 327
s 5.044 3191 52 10. 08864 h 3.2633
cos a q. 708 4678 sin? a 9. 86854 (6@)? | 6.5372 s?sin® a 9. 9572
B 8. 510 4887 I. 39991 D 2. 3926 E 6. 2069
h 3. 263 2756 . 1.35709 8. 9298 9. 4274
144 174
Ist term 41 833.478 | 3d term + o.0851 4A3 10. 897,
2d term +  22.756 | 4th term — 0. 2675 F 7. 844
-+1 856.234 8. 741,
3d and 4th
terms — o0.182
—de +1 856. 052
S 5.044 3191 .
o 4 s sin @ 9. 934 270In Arg. 4a 3.632 237,
3 (¢4 @) 44 28 13.4 8. 509 oro7 S — 218 ksin} (@+¢7)| 9-845 433
y dop o015 28,0 sec ¢’ 0. 144 6280 4A, + 314 | sec (4@) 0. 000 004
3 632 2375, Corr. ' + 96 3.477 674,
“”
41 —4 287.830 Ist term : —3 003. 82
2dterm | —  0.06
—da — 3003. 88

N. B.—Take out 4 from table for ¢’.

*68.8 statute miles, nearly.
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PLosition computation: Given, @, X, s, and a; requived, @', X', a’.—Continued.

FORM FOR SUBORDINATE TRIANGULATION.

|
] / 14