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LETTER

FROM

THE SECRETARY OF THE TREASURY,

TRANSMITTING

A report by J. E. Hilgard, Superintendent, of the progress of the Coast and Geodetic Survey for the
Jiscal year ending June 30, 1884.

DrcEMBER 17, 1884,—Laid on the table and ordered to be printed.

TBEASURY DEPARTMENT,
December 16, 1884.
S1B: In compliance with section 4690, Revised Statutes of the United States, I have the honor
to transmit herewith, for the information of Congress, a report addressed to this Department
by J. E. Hilgard, Superintendent of the Coast and Geodetic Survey, showing the progress made in
that work during the fiscal year ending June 30, 1884, and accompanied by a map illastrating
the general advance in the operations of the Survey.

Very respectfully
' H. MoCULLOCH,
Secretary.
Hon. JoBN G. CABLISLE,

Speaker of the House of Representatives.
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PP- 3, 48, 49 ; reference to, in estimates, p. 11; preparation of manu.
seript of part of, p. 17; reference to, p. 38.

ATTENDANCE OF A DELEGATE ON THE PART OF THE
COAST AND GEODETIC SURVEY AT INTERNATIONAL
GEODETIC CONFERENCE AT ROME, ITALY, p. 81

AUCKLAND, NEW ZEALAND. Pendulnm operations at, p. 7.

ATURORA, ALA, p. 50.

ATUSTIN, E. P. Computer on American Nautical Almanac, Salt
Lake City, Utah. Data furnished, Appendix No. 3, p. 102

AUSTRALIA, Teudulum operations in, p. 41.

AVERY, R. 8. In charge of Tidal Division of Coast and Geo-
detic Survey Office. Reference to, Appendix No. 4, p. 103, report
of, pp. 107, 108.

AZIMUTH. New edition of formule and factors for computa-
tion of, p. 7; observations for, in Pennsylvania, pp. 34, 35; in Cali-
fornis, p. 58; in Illinois, p. 75.

BACHE (steamer). TUbse of, in Section IT, p. 32 ; Section VI, pp. 52,
53 ; see, also, Appendix No. 5, pp. 123-126.

BACHE (schooner). Not used during the year, see Appendix No.
5, p. 127,

BACHE, LATE PROF. A. D.,, FORMERLY SUPERINTEND-
ENT. Reference to, p. 83.

BACHE, C. M., ASSISTANT. Topographic survey of New Jersey
coast from Cape May Court-House northward, p. 36 ; see, also, Ap-
pendix No. 1, p. 89.

BACHE FUND MAGNETOMETER, p. 46.

BACHE, R. M., ASSISTANT. Topographic re-survey of the New
Jersey ghore of Delaware Bay continued, p. 37 ; see, also, Appendix
No. 1, p. 89.

BACK BAY, VA, p.44.

BACON, HENRY, ASSISTANT ENGINEER OFFICER IN
CHARGE OF WORK ON CAPE FEAR RIVER. Courtesies
extended by, p. 48.

BAHAMA BANKS, p. 51.

BAKER, LUCIUS, AID. Services in Section X, p. 58.

BAKER, MARCUS, ACTING ASSISTANT. Services in Section
X, p.58; Appendix No. 1,p.91.

BAKER STATION, MO.,p.77.

BALD HILL, N.J., PRIMARY STATION, pp. 23,31, 83.

BALD PEAK, p.23.

BALTIMORE, MD. Gravity observations at, p. 3.

BALTIMORE AND OHIO RAILROAD. Lines of leveling near

track, p. 45.

BANGS STATION. Border of Indiana, pp. 73, 74.

BANTAM ROCK. Shoal south and east of, p. 22.

BARATARIA (steamer). Use of, in Section VIIL pp. 54, 55; see
Appendix No. 5, pp. 124,126

BARATARIA BAY,p. 55.

BARBOUR, PROF. V. G. Geodetic operations in Vermont, p. 22;
Appendix No. 1, p. 87.

BARKER, JOHN R., LATE OF COAST PILOT DIVISION,
COAST AND GEODETIC SURVEY OFFICE. Obituary, p.16.

BARKER, J. H. Reference to, Appendix No. 4, p.109.

BARNARD, A. P, AID. Services in Section XV, p. 77; Appendix
No. 1, p. 92,

BARNARD, PROF. L. L., OF STATE COLLEGE OF PENN.
SYLVANTA. Latitude and azimuth observations, p. 31.

BARNEGAT BAY, N.J. Sarvey near, p. 32

BARR, . C. Drawing Division, Coast and Geodetic Survey Office,
Avppendix No. 4, p. 110.

BARREL SIGNAL. Tide-gauge on, carried away in storm, p. 39.

BARTLAM'S LANDING, JONES'S CREEK, DEL., p. 88

BARTLE, R.¥. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 112

BARTLETT'S REEF, LONG ISLAND SOUND. FExamination
of, p.29.

BASE LINES. Number, length, &ec., Appendix No. 2, p. 95.
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BASSETT, R. T. Miscellaneous Division, Coast and Geodetic Sur-
vey Office, Appendix No. 4, p.117.

BAYLOR, J. B.,, SUBASSISTANT. Services in Section IT, p. 31.

BAY OF NORTH AMERICA. Model of depths of sea in, p.9;
see Appendix No. 17; name suggested by Superintendent of Coast
and Geodetic Survey, p. 83. y

BEACH-CHAPARRAL. Liuve of triangles, p. 59.

BEAR FORT STATION, N. J., p.33,

BEAR RIDGE STATION, CAL., p.57.

BEATUTY (barge). Replaced by new one, Appendix No. 5, p. 127.

BEAVER STATION, UTAHE, p. 78,

BERING STRAIT, p. 64.

BELEKNAP PEAK, TUSHAR MOUNTAINS, p.78.

BELOIT, WIS., p. 76.

BENNER, F. W.,, LATE OF ENGRAVING DIVISION, COAST
AND GEODETIC SURVEY OFFICE. Death noticed, Ap-
pendix No. 4, pp. 103,112

BENSINGER, 8., OF WASHINGTON, D. C.
schooner Fathomer, Appendix No. 5, p. 127,

BIBB, P. B.,, ENSIGN, U.8. N, Services in Bection X, pp. 61,66;
Appendix No. 1, p. 91,

BIG MOUND, MO, p. 77. )

BIG NESTUCCA RIVER, OREG., p. 67.

BIG PASS, ST. JOSEPH'S BAY, FLA,, p.52.

BIRD, G. ¥., AID. Services in Section VIII, p.56; in Section XV,
p.79; Appendix No. 1, pp. 91,92.

BLACK BAY, VA, Hydrographic survey, p. 3.

BLACEKHALL POINT, p. 25.

BLACKISTONE 1ISLAND, POTOMAC RIVER. Dangerous
sunken wreck near, reported, p. 5.

BLACK POINT, LONG ISLAND. Shoal near, p.29.

BLACK ROCK HARBOR. Re-sarvey of, pp. 3, 27; Appendix Ne.
5, p. 124,

BLAGDEN'S MILL, D. C., p. 42.

BLAIR H. W., ASSISTANT. InJanunary,1884, executive officerin
office of Assistant in charge of Coast and Geodetic Survey Office,
p- 82; manuscript of edition of Catalogne of Charts by, p.83; in
charge of exhibit of the Coast and Geodetic Survey at the South-
ern Exposition, Louisville, Ky., p. 80, see also Appendix No. 18,
PD. 489-493; mention of, Appendix No.1, p.92; Appendix No.4, p,
104.

BLAIR, HON. MONTGOMERY. Relative to examination of tri-
angnlation points near house of, p. 42.

BLAKE (steamer). Use of in section 1, p. 23, 24, 97; reference to
work in, p. 32, Appendix No. 5, pp. 123-127,

BLOCK ISLAND. Tidal observations on Breakwater at, pp. 3, 25.

BLOCK ISLAND SOUND. Re-survey of parts of, pp. 3, 26, 27.

BLUE MOUND STATION, WIS, p.76.

BLUE RIDGE, VA, p. 45.

BLUNT, EDMUND, LATE ASSISTANT. Reference to work in
1866, p. 31.

BOARD OF HARBOR AND LAND COMMISSIONERS OF MAS-
SACHUSETTS, p. 25.

BODIES’ ISLAND, N. C., p. 48.

BOLD ISLAND, ALASKA, p. 71.

BOLLES, T. DIX, LIEUTENANT, U. §. N. Hydrographic sur-
veys of Gray’s Harbor, and in the vicinity of Seabeck, W. T., p.
88; Appendix No. 1, p. 91; Appendix No. 5, p. 124,

BOMBAY HOOK LIGHT, DELAWARE BAY, p. 37.

BOOTH BAY ENTRANCE, p. 22.

BORDEN, T. P., AID. Services in section 1, p. 18; in section VI,
pp. 50, 51; Appendix Ne. 1, pp. 60, 81,

BOSTWICK, F. H., ENSIGN, U. 8. N. 8ervices in Seetion XTI,
PP. 70, 71; Appendix No. 1, p. 91.

BOUTELLE, CHARLES 0., Assistant in charge of Coast and Geo-
detic Survey Office, pp. 17, 82; reconnsissance farthe introdnetion
of additional lines in the triangulation between the Fire Island,
Magsachusctts, and Epping base lines, p. 23; completion of the pri-
mary trisngulation across the State of New York for connecting
the triangulation of the Hudson River and Eake Champlain with
that of the U. 8. Lake Survey, p. 31, #2] see, also, Appendix
No. 9, pp. 387-390; report of office operstions, Appendix No. 4, pp.
103-121; appendix No. 1, pp. 87, 83. )

BOUTELLE, J. B., EXTRA OBSERVER. Services in Section 1,
D. 23; in Section TI, pp. 31, 42; visit'to Kingston, Canads, in the
interests of the Survey, p. 82; Appendix No. 1, p. 87,

BOWSER, PROF. E. A., ACTING ASSISTANT. Geodetic opera-
tions in New Jersey, pp: 38, 345 Appendix No. 1, p. 80

Purchaser of
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BOYD, C. H., ASSISTANT. Triangulation and topography of
Machias Bay and vicinity, p. 18; Appendix No. 1, p. 87.

BRADFORD, GERSHOM, ASSISTANT. Location of Pinnacle
Rock, off Shagwong Point, Montauk, p. 27; supplementary trian-
gulation between Eaton's Point and Sand’s Point, north coast of
Long Island, and of the opposite shore, for the re-survey of Long-
TIsland Sound, pp. 30, 31; Appendix No. 1, p. 88; also Appendix No.
4, p. 105.

BRAID, ANDREW, ASSISTANT. Executive officer in office of
Assistant in charge; in January, 1884, transferred to office of the
Superintendent, p. 82.

BRAINARD, F. R., ENSIGN, U. 8. N. Services in Section II, p,
33; in Section VI, p. 52; see Appendix No. 1, pp. 89, 0.

BRANDYWINE SHOAL, p. 39,

BRAZOS SANTIAGO, TEX., p. 56.

BREEZE ROCK, LONG ISLAND SOUND. Search for, unsuccess-
ful, p. 27.

BRETEUIL, NEAR PARIS, FRANCE. Reference to bureau of
weights and measures at, p. 81.

BRIDGEPORT, LONG ISLAND SQUND, p. 30.

BRIGHT, W. T. Clerk of Drawing Division, Coast and Geodetic
Survey Office, reference to, Appendix No.4, p.103; for report soe
pp. 108 to 112,

BRIGHTWOOD, D. C,, p. £2.

BRISK (schooner). Sale of, reported, Appendix No. 5, p. 127.

BRITISH INDIA. Reference to pendulam experiments in, p. 7.

BRITISH STANDARD'S OFFICE, LONDON. References to, pp.
4, 6, 40, B1.

BROAD BRAXCH, D. C., p. 42.

BROKEN-PART-POLLOCK RIP, p. 23.

BRONAUGH, W. V., ENSIGN, U. 8. N. Services in Section XTI,
pp. 70, 71; Appendix No. 1, p. 81.

BROOKFIELD, CARROLL COUNTY, N. H., p. 22.

BROWNSON, W. H., LIEUTENANT-COMMANDER, U. 8. N.
Hydrographic examinations in Vineyard Sound, and re-survey of
Monomoy Passage, Nantucket Shoals, p. 23; dangerous shoals
developed, p. 24; hydrographic work off Shagwong Point, Montauk ;
re-survey of Black Rock Harbor, Conn.; exauination for rocks and
ledges in East River, N.Y., p, 27; reference to work of, in the Blake,
P.32; Appendix No. 1, pp. 87, 8; also Appendix No. 5, p. 123.

BROWNSVILLE, TEX,, pp. 4, 56, 57.

BRUMBY, T. M., ENSIGN, U. 8. N. Servicesin, Section I, p. 20;
Appendix No. 1, p. 87.

BRUSHY POINT, CAL, pp. 4, 65; also Appendix No. 5, 125.

BRUSHY BIGNAL, TEXNN,, p. 73.

BRUSSELS. Officer of Coast and Geodetic Survey sent on special
duty to, p. 2.

BUCHANAN, PROF. A. H., ACTING ASSISTANT. Continua-
tion of triangulation of Tennessee, p. 73; Appendix No. 1, p. 92.

BULKHEAD SHOAL, HATTERAS INLET, N. C., p. 48,

BULL RUN, VA, BASE LINE, pp. 45, 46.

BULL’S BAY, 8. C., p. 49.

BURDICK, W. L., ENSIGN, U. 8. N. Services in, Section X, p.
61; Appendix No. 1, p. 91.

BUREAU OF EDUCATION AND BUREAU OF ENGRAVING
AND PRINTING. Mention made of, as represented at Southern
Exposition, Loulaville, Ky., p. 80; see, also, Appendix No. 18,
pp. 489-483.

BUREAU OF WEIGHTS AND MEASURES, BRETEUIL,
FRANCE. RBeference to, p. 81.

BUREAU OF WEIGHTS AND MEASURES, WASHINGTON,
D.C,p. 82

BURKETT STATION, XY, p. 73.

BURLINGTON, VT, Hydrographic examinations near, p. 23.

BUTTERMILK HILL STATION, N. J., p. 33.

BUZZARD'S BAY. Tidal survey of, p. 25.

R C.
CALCASIEU PASS, LA., pp. 4, 55, 56.
CALDWELL STATION, MO, p. 77.
CALIFORNIA. Burvey of coast of, pp. 2,4, 57, 59, 60, 65 ; reference
to, in estimates, p. 11; heighits of parts of triangulation of, p. 8.
CALVES I8LAND, p, 25,
CAMBRIA, CAL, p. 59. -
CAMERON BTATION, TEX., p. 56.

CAMPBELL, PROF. J. L. Reconnaissance {or coutingation of tri
angulation of State of Indiana, p. 74; Appendix Ne.1, p. 92.

CANADA. Tnqairy respecting possible use of astronomieal station
in grounds of Queen’'s College, Kingston, p. 32.

CAPE COD CANAL. Proposed construction of, p. 24.

CAPE FEAR RIVER, N. C.. p. 48.

CAPE FOX, ALASKA, p. 7L

CAPE HENLOPEN, DEL. Development of dungerous shoal off,
Pp. 2, 5; topographic resurvey near, pp. 3, 33 ; important changes
from inroads of the sea at, pp. 6, 39.

CAPE HENRY, pp. 17, 48,

CAPE MAY (COURT HOUSE), pp. 3, 36; topographic re-survey
northward from, p. 36.

CAPE MAY LANDING. Comparison of tides at, with those at
Breakwater, p. 39.

CAPE MAY POINT. Topographic survey near, p. 37.

CAPERTON, W. B., ENSIGN, U. 8. N. Services in Section II, p.
32; ses Appendix No. 1, p. 88.

CAPE THOMPSON, ALASKA, p. 64.

CAPITOL HILL OBSERVATORY. Annual magnetic obgerva-
tions at, pp. 3, 41.

CASTLE MOUNTAIN, CAL,, p. 59.

CATALOGUE OF CHARTS. Manuscript of new and enlarged
edition, prepared by Assistant H. W. Blair, reference to, p. 83.

CAVITT, N. Y. Miscellaneous Division, Coaat and Geodetic Sur -
vey Office, Appendix No. 4, p. 117.

CAYUCOS, CAL., pp. 59, 61.

CENTRAL UTAH, p. 8.

CHAMFPION ROCK, LAKE CHAMPLAIN. Developmentof, p. 23.

CHANDLER'S RIVER, p. 20.

CHANDLER'S RIVER BAY, ME. Topographic survey of, pp.
2, 20.

CHAPEL HILL STATION, MO., p. 77.

CHARGE OF THE COAST AND GEODETIC SURVEY EX-
HIBIT AT THE SOUTHERN EXPOSITION, LOUISVILLE,
KY., ASSIGNED TO ASSISTANT H. W. BLAIR, p. 80; for
report, ses Appendix No. 18, pp. 489-493; see, also, Appendix No.
1, p.82.

CHARGE OF THE CONSTRUCTION OF THE COAST AND
GEODETIC SURVEY STEAMER CARLILE P. PATTER
SON, ASSIGNED TO COMMANDER . M. CHESTER, HY-
DROGRAPHIC INSPECTOR, AND LIEUT. RICHARDSON
CLOVER, U. S. N, pp. 79, 80; see, also, Appendix No. 1, p. 92,

CHARLESTON BAR, 8. 2. Report on condition of channel of,
p. 49.

CHARLESTON, W. VA, Determination of longitude of, pp. 3,
48, 72. !

CHARTS. Number distributed, p. §; ses, also, Appendix No. 4, pp.
110-112; completed statistics of work on, Appendix No. 4, p. 113;
received and issued from chart-room, p. 118,

CHEHALIS RIVER, WASH. T, p.68.

CHERRITON CITY, VA, p.43.

CHERRY GROVE STATION, CHESAPEAKE BAY, VA, p.43.

CHERRY ISLAND FLATS, DELAWARE RIVER, pp. 36, 37.

CHERRYSTONE, VA, EASTERN SHORE OF CHESAPEAKE
BAY, p.43.

CHERRYSTONE INLET, VA, pp. 3, 43.

CHERRYSTONE ISLAND, CHESAPEAKE BAY. Marked
change in, p. 43,

CHESAPEAEKE AND ALBEMARLE CANAL. Pass for the
Arago through the, by courtesy of Marshall Parks, esq., presi-
dent of company, p. 48. ’

CHESAPEAKE BAY. Leveling operations between Gulf of Mex-
ico and, p. 2; survey of, referred to in estimates, p. 11.

CHESTER, C. M., COMMANDER, U. 8. N., HYDROGRAVHIC
INSPECTOR COAST AND GEODETIC SURVEY. Reference
to work of, p. 17; for report from, see Appendix No. 5, pp. 123-134;
inspection of building of steamer C. P. Patterson, pp. 17, 18, 79,
80; Appendix No. 1, p.92.

.CHESTERFIELD, ¥. H., p.22.

CHICAGO, ILL. Proposition to establish a primary astronomical
station in, p. 72; determination of geographical position of, p.76.
CHICAGO UNIVERSITY, ILL. Courtesies extended officers of

the Cosst and Geodetic Survey by President of, Dr. G. And ,
. 72,
Cll;ILTON, W. B. Clerk in office of Superintendent Coasst and
Geodetic Survey,’p. 84.
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CHOLERA BANK. Examination of, in re-survey of approaches
to New York, p.32.

CHRISTIE, ALEXANDER 5. Computing Division, Coast and
Geodetic Survey Office, Appendix No. 4, p. 106,

CHURCH FLATS, STONE INLET, p. 40.

CITRONELLE, ALA, p.54.

CITY OF COLUMBUS (steamer).
of, off Gay Head Cliffs, p. 24.

CITY REEF, LAKE CHAMPLAIN. Development of, p.23.

CLARK, JOHN. Instrument Division, Coast and Geodetic Survey
Offiee, Appendix No. 4, p. 121; on duty with Assistant H. 'W.
Blair at Southern Exposition, Louisville, Ky., Appendix No. 1,
- 92

CLARKE SPHEROID. TUse of, pp. 5, 7, 8; see, also, Appendix No
6, pp. 135 to —

CLABK'S STATION (2), DELAWARE BAY, p, 37.

CLARVOE, G. W. Miscellaneous Division, Coast and Geodetic Sur-
vey Office, Appendix No. 4, p. 117,

CLINTON, LONG ISLAND, p. 28.

CLINTON STATION, WIS, p. 76.

CLINTON (OR KILLINGWORTH) HARBOR LONG ISLAND,
Pp. 29

CLOVER, RICHARDSON, LIEUTENANT, U. 5. N., ASSISTANT
TO HYDROGRAPHIC INSPECTOR IN SUPERINTENDING
CONSTRUCTION OF STEAMER C. P. PATTERSON, pp.
18, 80; command of steamer after completion, p. 18; see, also, Ap-
pendix No. 1, p. 92, and Appendix No. 5, p.129.

CLYDE STATION, WAYNE COUNTY, N. Y., p. 3L

COAST AND GEODETIC SURVEY. Remarks on progress and
condition of, for year ending June 30, 1884, pp. 1-4; abstracts of
progress of work, pp. 17-82; officers of, and office work, pp. 82-84;
see, algo, Appendices Nos. 1,4,5, pp. 87-134; estimates for fleld
and office work, pp. 11, 12; general estimates for repairs and main-
tenance of veassels, p. 13; statistics of fleld and office work for the
year ending June 30,1834, Appendix No. 2, pp. 95,96; exhibit of
the, at the Sonthern Exposition, Louisville, Ky., pp. 4, 9; also Ap-
pendix No. 18, pp. 489-493.

COAST AND GEODETIC SURVEY OFFICE. Progressof work
in the, pp. 5-9; officers and employés of, pp. 82-84; see, also, Ap-
pendices Nos. 1,4, pp. 87-93, 103-121 ; estimates for pay of officers
of, p.112; action taken at, on death of Gen. R. D. Cutts, Asaistant
in charge of office and topography, pp. 14,15; information far.
nished from the, in reply to special calls during the year ending
June 30, 1884, Appendix No. 3, pp. 97-102.

COAST CHARTS. List of, Appendix No. 4, p. 110.

COAST P1LOY. Estimates for, pp. 10, 11 ; verification of hydrogra.
phy for the Atlantic, pp. 48,49; additional information for the Pa-
cific, p. 60; of Southern coast, examinations for, Appendix No. 5*
pp. 124, 128.

COAST PILOT OF ALABKA. Reference to, p. 83.

COAST PILOT OF CALIFORNIA ) OREGON, AND WASHING-
TON TERRITORY, FOURTH EDITION OF, IN PREPARA-
TION, BY ASSISTART GEORGE DAVIDSON, p. 63; valuable
additions to materisal for, by Lieutenant Taussig, p. 65,

COCESPUR STATION, BLOUNT COUNTY, TENN., p. 73.

COLBY, H. G, 0., LIEUTENANT, U. 8. N. Reference to survey
by, off coast of Maine, in 1882, p. 20,

COLLEGE POINT, EAST RIVER, N. Y., pp. 27,28,

COLONNA, B. A., ASSISTANT. Completion of the survey of the
east coast of Florida, between Lake Worth and New River, pp.
50, 51; triangulation and topography of the Strait of Fuca, p. 70;
Appendix No. 1, pp. 90, 91; see, also, Appendix No. §, p. 125.

COLUMBIA RIVER, OREG. Topography of, p. 67; refsrence to,
in estimates, p. 11.

COMMISSIONER OF AGRICULTURE. Measurement of areas
of ealt and fresh marsh on Atlantic coast at request of, p. 82.

COMPARATIVE DETERMINATIONS OF GRAVITY WITH
THE KATER PENDULUMS AT WASHINGTON, D. C., pp.
40, 41.

COMPARISONS OF STANDARDS OF WEIGHT AND MEAS.
URE, AND INVESTIGATIONS RELATING TO DETER-
MINATIONS OF GRAVITY, pp. 80, 81; Appendix No. 1, p. 93.

COMPLETION OF THE HYDROGRAPHIC SURVEYS OF
NARRAGUAGUS BAY AND RIVER, AND OF PIGEON
HILL BAY, COAST OF MAINE, pp. 20, 21.

Re-sarvey in vicinity of wreck
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COMPLETION OF OBSERVATIONS WITH SELF-REGISTER-
ING TIDE-GAUGE AT FORT TRUMBULL, NEW LONDON,
CONN., p. 28.

COMPLETION OF PRIMARY TRIANGULATION ACROSS
STATE OF NEW YORK FOR CONNECTING THE TRIAN-
GULATION OF THE HUDSON RIVER AND LAKE CHAM-
PLAIN WITH THAT OF THE U. S. LAXE SURVEY, pp.
31,32; see, also, Appendix No. 9, pp. 387-3%0.

COMPLETION OF THE SURVEY OF THE EAST COAST OF
FLORIDA, BEYWEEN LAKE WORTH AND NEW RIVER,
pp- 50, 51.

COMPUTING DIVISION, COAST AND GEODETIC SURVEY
OFFICE. Reference to, p-7; referred to in estimates, p.12; for
report from, see Appendix No. 4, pp. 104-106.

CONLEY, J. M. Tidal observations at Block Island by, p.25; Ap-
pendix No. 1, p. 88,

CONNECTICUT.
23.

CONNECTICUT RIVER. Re-survey of mouth of, p. 25; shoalsde-
veloped off mouth of, p. 29.

CONNECTION AT LAKE ONTARIO OF THE PRIMARY
TRIANGULATION OF THE COAST AND GEODETIC SUR-
VEY WITH THAT OF THE LAXE SURVEY, p. 8; and Ap-
pendix No. 9, pp. 387-390.

CONNECTION OF THE ASTRONOMICAL STATION AT
STRASBURG, VA. WITH THE TRIANGULATION. Mag
netic observations at Strasburg, pp. 45, 46.

CONNECTION OF THE MAIN TRIANGULATION NORTH OF
POINT CONCEPCION WITH THE TRANSCONTINENTAL
TRIANGULATION NEAR THE THIRTY-NINTH PARAL-
LEL, p. 61

CONSTELLATION ROCK. Found, p.27.

CONSTRUCTION OF VESSELS. Appendix No, 5, p. 128.

CONTINUATION OF THE TRIANGULATION OF THE
STATE OF NEW HAMPSHIRE, p. 22.

CONTINUATION OF THE TRIANGULATION OF THE
STATE OF VERMONT, p. 22.

CONTINUATION OF SERIES OF TIDAL OBSERVATIONS
WITH SELF-REGISTERING TIDE-GAUGE AT SANDY
BOOK, X.J, p.38.

CONTINUATION OF TRIANGULATION AND RECONNAIS.-
SANCE OF THE STATE OF PENNSYLVANIA, p. 34.

CONTINUATION OF THE TOPOGRAPHIC RE.SURVEY OF
THE WESTERN SHORE OF DELAWARE BAY,p.37.

CONTINUATION OF THE DETAILED TOPOGRAPHICAL
SURVEY OF THE DISTRICT OF COLUMBIA, pp. 42, 43.

CONTINUATION OF THE SURVEY OF THE GULF COAST
OF LOUISIANA, WESTWARD OF THE MISSISSIPFI
DELTA, p.54. ¥rom Calecasieu Pass eastward, p. 55.

CONTINUATION OF THE SERIES OF OBSERVATIONS AT
THE MAGNETIC SELF-REGISTERING RECORD STATION
AT LOS ANGELES, CAL., pp. 57, 58.

CONTINUATION OF THE PRIMARY TRIANGULATION OF
THE COAST OF CALIFORNIA NORTH OF POINT CON-
CEPCION, pp. 58, 59.

CONTINUATION OF THE TOPOGRAPHICAL SURVEY OF
HOOD’S CANAL, WASH. T, p.69.

CONTINUATION OF THE TRIANGULATION AND TOPOG
RAPHY OF POSSESSION SOUND, WASH. I, pp. 69,70,

CONTINUATION OF THE TRIANGULATION OF THE
STATE OF TENNESSEE, p. 73,

CONTINUATION T0 THE EASTWARD OF THE PRIMARY
TRIANGULATION IN ILLINOIS NEAR THE THIRTY-
NINTH PARALLEL, pp. 74-76.

CONTINUATION OF THE TRIANGULATION
STATE OF WISSONSIN, p. 76

COOSA RIVER, ALA., pp. 48,50.

COPPER RIDGE STATION, MEIGS COUN'.l‘Y TENN., p. 73

CORBIN, M, AUSTIN. Owner of land on which Shmnes‘,ook Hilla
Station is located and marked, p. 30.

CORE SOUND, N. C., p. 48,

CORNFIELD POINT, CONN., pp. 25,29,

COURTENAY, EDWARD H. Computing Division, Const and
Greodetic Survey Ofice, Appendix No. &, p. 108,

COURTENAY, ¥. Engraving Division, Coast and GeodeticSurvey
Office, Appendix No.4,p. 112

Survey of coast of, pp. 3, 25; triangulation in, p.

OF THE
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COVINGTON, VA. Determination of geographical position of, pp.
3,41

COW POINT, MASON'S BAY, ME,, p. 18,

COX, G. F. Miscellaneons Division, Coast and Geodetic Survey
Oftice, Appendix No. 4, p. 117.

CRANE REEF, CONN,, p.29.

CRAVEN, J. E.,, ENSIGN, U. 8. N. Services in Section VI, p.
53; Appendix No.1, p. 90.

CROSBY, F. H., LIEUTENANT, U. S. N. Temporary charge of
party in Section I, p.24; services in Section II, p. 27; Appendix
No. 1, pp. 87, 88.

CROSS ISLAND, ME,, pp. 2, 18, 19.

CROSS.LEDGE LIGHT, DELAWARE BAY, p. 38.

CROYDON, N. H., p. 22.

CURRENT OBSERVATIONS, pp. 33, 40, 51; Appendix No. 5, p.
124.

CURRITUCK SOUND, VA. pp. 44,47.

CUTLER, ME,, p. 18,

CUTLER, W. G., LIBUTENANT, U. 8. N. Services in Section 1I,
pp. 27,40 ; Appendix No. 1, pp. 88, 89.

CUTTS, RICHARD D. Obituary, p. 14; Assistant, in charge of office
at time of his death, December 13, 1883, pp. 17, 82; see, also, Appen-
dix No. 4, p. 104; delegate to annnal conference of the International
Geodesic Asseociation at Rome, Italy, p. 81; reference to former
work, p. 61 ; see, also, Appendix No.1, p. 93,

CUTTYHUNK ISLAND, ENTRANCE TO VINEYARD SOUND,
p. 23,

DALOP BAY, WASH. T, p. 69.

DALL, W. H,, ASSISTANT. Preparation for publication of new
edition of Coast Pilot of Alasks, p. 83.

DAMISCOVE ISLANDS., Development of dangerous ledge off, p.
22,

DANGERS TO NAVIGATION. Mention of certain, pp.2, 5, 6, 19,
20, 22-24, 26, 27, 29.

DANIELS, DAVID, LIEUTENANT, U. 8. N. Services in Section
1, p. 21; Appendix No. 1, p. 87.

DAVIDSON, GEORGE, ASSISTANT. In charge of sub-office at
San Francisco, Cal., p. 63; the run of the micrometer, p. 7, see
Appendix No. 8, pp. 377-385 ; connection of the main triangulation
north of Point Concepcion with the transcentinental triangulation
near the thirty-ninth parallel, pp. 61, 62; special magnetic obser-
vations, pp. 62, 63 ; observations of solar eclipse of October 30, 1883,
at San Francisco, ¢al., p. 63 ; Coast Pilot of California, Oregon, and
‘Washington Territory, p. 63; tidal observations at Saucelito un-
der the supervision of, p. 64; Appendix No.1, p. 91.

DAVIDSON OBSERVATORY, SAN FRANCISCO, CAL., p. 63.

DAVIDSON POSITION CIRCLE. TUse of, in Section X, p. 62.

DAVIDSON QUADRILATERALS. Trigonometrical determina-
tions of heights of the stations of the, resultsof, by C. A. Schott,
Assistant, Appendix No. 10, pp. 301405 ; see, also, in present veport,
PP 8,9,

DAVIES, PROF.J.E.,, ACTING ASSISTANT. Stations ocenpied
in continuation of triangulation of the State of Wisconsin, p. 76;
Appendix No. 1, p. 92.

DAVIS STATION, W. VA, p. 47.

DAVIS, W. H. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 112,

DEAN, G. W., ASSISTANT. COccupation of the longitude station
at Louisville, Ky., for the determination of the longitudes of sta-
tions in Tennessee, Kentucky, West Virginia, Indiana, and Ili-
nois by exchanges of telegraphic signals; observations for latitude
ot stations not before determined, pp. 46, 71, 72; determination of
the longitudes of Loganasport, Ind,, and of Chicage, 11l by ex-
changes of telegraphic aignals with Lounisville, Ky.; observations
alse for the latitudes of Logansport and Chicago, p. 76; Appendix
No. 1, pp. 80, B2.

DEARBORN OBSERVATORY, CHICAGO, ILL., p. 72

DECLINATION MAGNETIC. Observations for, pp. 41, 50, 51, 58,
62, 63, 71, 79. M

DEEP-WATER POINT, DELAWARE RIVER, p. 36.

DELANQO PEAK OF TUSHAR MOUNTAINS, p. 78.

DELAWARE. Progress of work on coast of, p. 3.

DELAWARE BAY. Topographic re-snrvey of the New Jersey
sh«;: of, continned, pp. 87, 38; hydrographic survey of Lower,
P y

.aw
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DELAWARE BAY{AND RIVER. Physical hydrography of, com-
parison of recent with former surveys, pp. 9, 36,37; AppendixNo.
12, pp. 431-434 ; progress of work on resurveys of, pp. 2, 3; refer-
ence in estimates, p. 11.

DELAWARE BREAKWATER. Shoal reported inside of. p. 5;
tidal observations at, pp. 39, 40.

DELTA OF THE MISSISSIPPI. Progress of survey on Gulf
coast west of, p. 4; reference to, in estimates, p. 11.

DENNIS, W. H., ASSISTANT. Topographical survey of Har-
rington River and of Chandler's River Bay, Me.. p. 20; topo-
graphic re-survey of the north shore of Long Island Scund be-
tween New London and Four Mile River, and between Saybrook
and Clinton, p. 28; Appendix No. 1, p. 88.

DENVER STATION, ILL., p. 75. -

DEPARTMENTS OF THE GOVERNMENT. Information fur-
nished to, and to individuals in roply to requests, p. 5: see Appon-
dix No. 3, pp. 97-102.

DEPARTURE BAY, p. 70.

DEPTHS OF THE SEA IN BAY OF NORTH AMERICA AND
THE GULF OF MEXICO. Reference to model of, pp. 9,83. See,
also, description of model of, Appendix 17, pp. — —.

DESCRIPTION OF A METHOD OF SKETCHING IN SHORE-
LINE WHEN MAKING PRELIMINARY OR RUNNING
SURVEYS, AVOIDING THE NECESSITY OF ESTIMAT-
ING DISTANCES OR OF DEPENDING OX THE EYE TO
GET THE CONFIGURATION OF THE SHORE-LINE, BY
ENSIGN J. H. FILLMORE, U. 8. X., attached to party of Lieut.
Com. H. E. Nichols, U. 8. N. See Appendix No. 5, pp. 133, 134,

DESCRIPTION OF A RELIEF MODEL OF THE BAY OF
NORTH AMERICA AND THE GULF OF MEXICO. BY,J. E.
HILGARD, SUPERINTENDENT. Appendix No. 17, pp. — —.

DETERMINATION OF LONGITUDE OF CHARLESTON, W.
VA., BY EXCHANGES OF TELEGRAPHIC SIGNALS WITH
THE STATION AT LOUISVILLE, KY., p. 46

DETERMINATIONS OF GRAVITY BY PENDULUM EX-
PERIMENTS, AND COMPARISONS OF STANDARDS IN
EUROPE AND IN THE UNITED STATES, BY ASSISTANT
CHARLES 8. PEIRCE. Meution of, pp. 6,7, 40 ; determinations
of gravity with the Kater pendulums, by Assistant Edwin Smith,
Appendix No. 14. pp. 430-473; refercace to, pp. 2, 3, 40, 41.

DETERMINATION (TRIGONOMETRICAL) OF HEIGHTS OF
THE STATIONS OF THE DAVIDSON QUADRILATERALS.
Report upon, by Assistant C. A. Schott, Appendix No. 10, pp. 391-
405,

DETERMINATIONS BY MEANS OF THE ELECTRIC TEL-
EGRAPH BETWEEN THE YEARS 1846 and 1885. Longi-
tudes deduced in the Coast and Geodetic Survey from, by As-
sistant C. A. Schott. Appendix No. 11, pp. 407-430; reference to, in
present report, p. 8.

DETERMINATION OF THE BOUNDARY LINE BETWEEN
THE STATES OF PENNSYLVANIA AND WEST VIR.-
GINIA, p. 47.

DETERMINATIONS OF THE FORCE OF GRAVITY IN SAN
FRANCISCO, IN CONNECTION WITH SIMILAR OBSER-
VATIONS IN ALASKA, p. 64.

DETERMINATIONS OF LONGITUDES OF STATIONS IN
TENNESSEE, EENTUCKY, WEST VIRGINIA, INDIANA,
AND ILLINOIS, BY EXCHANGE OF TELEGRAPHIC SIG-
NALS, p. 7L

DETERMINATIONS OF LONGITUDES OF LOGANSPORT,
IND., AND OF CHICAGO, ILL., BY EXCHANGE OF TELE-
GRAPHIC SIGNALS WITH LOUISVILLE, KY. Observa-
tions also for latitades of above places, p, 76.

DETROIT, MICH. Longitude of, included in discussion of tele-
graphic longitudes, p. 8.

DEVIL'S BRIDGE. Dangerous reef off Gay Head CLff, p. 24;
relative to formation of, pp. 24, 25.

DEVOL, PROF. R. 8., ACTING ASSISTANT. Ocoupation of
stations for the extension of the triangulation of the State of
Ohio, p. 74; Appendix Ne. 1, p. 92

'DEWEY, T. C.. ENSIGN, U. 8. N. Services in Sestion II, p. 29, in

Section VI, p. 50; detached, p. 51; see Appendix No. 1, pp. 85, 90.

DIABLO STATION, CAL., p. 62.

DICKINS, E.F., ASSISTANT. Services in Section X, pp. 61, 62;
Appendix No. 1, p. 0L

DICTIONARY OF ALTITUDES. Loaned by officers of the Geo-
logical Sarvey, p. 83.
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DIPLOMATIC CONFERENCE IN WASHINGTON FOR LS.
TABLISHMENT OF UNIVERSAL PRIME MERIDIAN. Ref-
erence to, pp. 6, 81.

DISBURSING AGENT, COAST AND GEODETIC SURVEY,
W. B. MORGAN, p.83.

DISCOVERIES AND DEVELOPMENTS. Progress of work on,
p. 1; special mention of, pp. 2, 5, 6, 19, 20, 22-24, 26, 27, 29.

DISCOVERY AXD EXPLORATION ON THE COASTSOF U. 8.
History of, by J. G. Kéhl, Ph.D., Appendix No. 19, pp. 495-817.

DISTRIBUTION OF THE PARTIES OF THE COAST AND
GEODETIC SURVEY UPON THE ATLANTIC, GULF OF
MEXICO, AND PACIFIC COASTS, AND THE INTERIOR
OF THE UNITED STATES DURING THE FISCAL YEAR
1883-'84, Appendix No. 1, pp. 87-93.

DISTRICT OF COLUMBIA. Progress of topographical survey
of, pp. 2, 3, 42, 43; occupation of stations for connecting with the
triangulation the eorner stones and boundary monuments of the,
pp- 41, 42.

DIVISION OF INSTRUMENTS AND REPAIRS. See Appendix
No. 4, pp. 120, 121.

DIVISION OF TIDES. See Appendix No.4, pp. 107, 108.

DODGE, 0. G., ENSIGN, U. 8. N. Services in Section I, p. 21;
Appendix No. 1, p. 87.

DOMINGUEZ STATION, CAL, p.57.

DONA CREEK AND LANDING, DELAWARE BAY, p.38.

DONN, J. W,, ASSISTANT. Continuation of the detailed topo-
graphical survey of the District of Columbia, pp. 42, 43; see, also,
Appendix No. 1, p. 89.

DOOLITTLE, MYRICK H. Compnting Division, Coast and Geo-
detic Survey Office, Appendix No. 4, p. 105.

DOVER, DEL., p. 38.

DRAWING DIVISION, COAST AND GEODETIC SURVEY
OFFICE. Reference to work of, p.5; reference to, in estimates,
p-12; see, also, Appendix No. 4, p. 103; report from, p. 108-112; list
of charts completed or in progress June 30, 1884, pp. 110-112.

DRIFT (schooner). Use of, in, Section If, p.33; in Section VI, p.
51; see, also, Appendix No. 5, pp. 124, 125, 127,

DRIFT STATION, BOOD'S CANAL, WASH. T., p.69.

DUCK ISLAND HARBOR. Tidal observations at, p.29.

DUMPLING LIGHT, p.26.

DUNCAN MEMORIAL CHAPEL, AT RANDOLPH-MACON
COLLEGE, ASHLAND, VA. Bench-mark established at, p. 45.

DUNEDIN POST.OFFICE, HILLSBOROUGH COUNTY, FLA.,
p. 58,

EAGLE ISLAND, CAPE FEAR RIVER, p.48.

FEAGLE (schooner). Use of, in Section I, p. 20; see Appendix No.
5, pp. 124, 125; repairs and cost of, pp. 126, 127,

EARNEST (schooner). Use of, in Section X1, pp. 68, 69; see, alse,
Appendix No. 5, pp. 124, 125 repairs and expenses of, p. 127,

EAST CAYE, SIBERTA, p. 64.

FAST COAST OF FLORIDA. Survey and current observations
off, pp. 4, 51; completion of sarvey of, between Lake Worth and
New River, p. 50.

EASTERN ASIA. Determinations of gravity at stations in, p. 41.

EASTERN BAY, GREAT WASS ISLAND, ME,, p. 19,

EAST RIVER, N. Y. Diacoveries of rocks in, pp. 2, 5,6, 29; survey
of, pp. 27, 28; reference to, in estimates, p. 12.

EATON’S POINT, L. T, p. 3; triangulation near, pp. 30, 31.

ECLIPSE (SOLAR) OF OCTOBER 30, 1883. Observations by As-
sistant Davidson, p. 63.

EDENTON, N.C,, p.48.

EDGEWOOD, EFFINGHAM COUNTY, ILL., p.75.

EFFECT OF FLEXURE OF A PENDULUM ON ITS PERIOD
OF OSCILLATION, BY C. S. PEIRCE, ASSISTANT. Appen-
dix No. 16, pp. 483-485.

EFFINGHAM, EFFINGHAM COONTY, ILL,, p.75.

EFFINGHAM, CARROLL COUNTY, N. H,, p. 22.

EGGEMOGGIN REACH, ME. Reef discovered in, p. 5.

EGG ROCKS, NEAR FISHERMAN'S ISLAND, p. 18,

EICHHOLTZ, HUGO G. Miscellaneons Division, Coast and Geo-
detic Survey Office, Appendix No. 4, p. 117.

EIMBECK, WILLIAM, ASSISTANT. Occupation of station in
Nevada, snd reconnaissance in Utah for extension eastward of the
primary triangnlation near the thirty-ninth parallel, pp. 78, 79;
Appendix No. 1, p. 92

|
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ELDRIDGE'S CHART. Reference to, p. 23.

ELECTROTYPING AND PHOTOGRAYHY. Appendix No. 4,
pp. 103-113.

ELLICOTT, EUGENE, ASSISTANT. Topographical surveys of
Harrington River, and of Chandler’s River Bay, Me., p. 20; to-
pographical survey in the vicinity of the headwaters of Lynnha-
ven Bay, Va., p. 43; Appendix No. 1, pp. &7, 89,

ELISHA'S LEDGE, OFF WARREN’S POINT, R. L., pp. 5, 24.

ELIZABETH RIVER, VA. Survey of shores of, pp. 3, 44.

ELLIOTT, E. P,, LIEUTENANT, U. 8. N. Services in Section X,
p. 66; also Appendix No. 1, p. 91.

EL PASO, TEX. Magnetic observations at, p. 62.

ELSINGBOROUGH POINT, DELAWARE BAY, p. 37.

ENDEAVOR (Steamer). Use, of in Section II, pp. 26, 27; see Ap-
pendix No. 5, pp. 124, 125, 126.

ENGLISHMAN'S BAY, ME. Dangerous ledge developed off, pp.
2, 8; reference to, in estimates, p. 11. )

ENGRAVING AND PRINTING OF PUBLIC CHARTS, COAST
PILOT CHARTS, ETC., Appendix No. 2, p. 96.

ENGRAVING,ELECTROTYPING, ANDPRINTING DIVISION
OF COAST AND GEODETIC SURVEY OFFICE. Reference
to, Appendix No. 4, p. 103 ; for report see pp. 112-116.

ENTHOFFER, J. Engraving Division, Coast and Gevdetic Survey
Office, Appendix No. 4, p. 112,

EPPING BASE LINE. Triangulation near, pp. 3,23.

ERICHSEN, P. Drawing Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 109.

ESHLEMAN, E. Instrument Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 121

ESQUIMAULT, BRITISH COLUMBIA, p. 70.

ESTERO BAY,CAL. Hydrography in, p. 60.

ESTERO POINT, CAL. Triangulation near, p. 50.

ESTERO BAY, FLA. Reference to, in estimates, p. 11.

ESTIMATES. Explanation of, p.10; in detail, pp.1,10.

EUROPE AND UNITED STATES. Determination of gravity by
pendunlum experiments and comparisons of standards in, by As-
sistant C. S, Peirce, p. 40.

EVANS, H. C. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 112.

EXECUTIVE DEPARTMENTS. Heference to large number of
charts furnished the, p. 5; see, also, Appendix No. 3, pp. 97-102.
EXPEDITION TO POINT BARROW, ALASKA, TO DETER-

MINE GRAVITY AND THE MAGNETIC ELEMENTS, p. 71.

EXPLORATION ON THE COAST OF THE UNITED STATES.
History of Discovery and, by J.G. Kohl, Ph., D., Appendix No.
19, pp. 405-617.

EXPOSITION (SOUTHERN) AT LOUISVILLE, KY. Account
of the exhibit wade by the Coast and Geodetic Survey at the, by
H. W. Blair, Assistant; Appendix No. 18, pp. 489, 493 ; reference
to, pp. 4, 9, 80. :

EXTENSION WESTWARD OF THE PRIMARY TRIANGULA -
TION NEAR THE THIRTY-NINTH PARALLEL IN WEST
VIRGINIA AND OHIO, p. 46.

.

FAGIN, V.J. Clerk in office of disbursing agent of Coast and
Geodetic Sarvey, p. 83.

FAIRFIELD, W. B.,, EXTRA OBSERVER. Services in Section
1, p. 47; in Section V, p. 50; Appendix Xo. 1, p. 90.

FAIRFIELD, G. A., ASSISTANT, Reference to triangulation in
Kentucky, by, in 1£79, p. 73; continuation to the eastward of the
primary triangulation in Ilinois near the thirty-ninth parallel, pp.
74,75,76 ; Appendix No.1,p.92.

FALEKNER'S ISLAND, p. 27.

‘FARALLO‘NES. Viewsof;for Coast Pilot of California, Oregen, and

Washington Territory, p. 63.
FARINA, FAYETTE COUNTY, ILL,, p. 75. B
FARMS (OR FROST'S) POINT, LONG ISLAND BOUXD, p. 3.
FARQUHAR, HENRY. Computing Division, Coast and Geodstic
Barvey Office, Appendix XNo. 4, p. 106. .
FATHOMER (steamer). Sale of, reported, Appendix No. 5, p.127,
FAYETTE STATION, ILL., p. 78.
FECHTELER, A. ¥, ENSIGN, U.8. N, Setrvices in Section IT, p.
33; in Seetion VI, p. 52; ses, slso, Appendix No. 1, pp. 89, 90,
FENWICKE WHARF, LONG ISLAND SOUND, p. 29.
FERNANDINA, FLA. Tidal observations at, referred to in esti.
mates, p.11; inspection of inland p g£68 near, p.49.
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FERRIELL STATION, XY., p. 7.

FERRY POINT, CONNECTICUT RIVER, p.25.

FIELD AND OFFICE WORK OF THE COAST AND GEODETIC
SURVEY FOR THE YEAR ENDING JUNE 30,1884. Statistics
of, Appendix No.2, pp. 95, 96.

FIELD AND OFFICE WORK RELATING TO THE TIDES FOR
THE YEAR ENDING JUNE 30, 1884. Report of, Appendix No.
4, pp. 107, 108.

FILLMORE, J. H., ENSIGN, U.S.N. Services in Section XII, p.
71; Appendix No. 5, p. 125; see, also, description of rongh plane table
designed by, used in making hydrographic reconnaissance, pp. 133,
134,

FIRE ISLAND BASE LINE, MASS,, pp.3, 23.

FISCHER, LOUIS. Instrument Division, Coast and Geodetic Sur-
vey Office, Appendix No. 4, p.121.

FISH BAY, SOUTHEASTERN ALASKA. Dangers in anchor-
ages of, p. 6.

FISH COMMISSION, U.S8. Reference to, at Southern Exposition,
Lonisville, Ky., p. 80; reference to use of soundings made by, p.
83.

FISHER, E. N., ENSIGN, TU. 8. N. Services in Section II, p. 27;
Appendix No.1,p. 88,

FISHER, W.J., TIDAL OBSERVER AT ST. PAUL, KADIAK
ISLAND, ALASKA, p.71; Appendix No. 1, p. 92.

FISHERMAN'S ISLAND. Boundings near, p.19.

FISHER'S ISLAND SOUND. Location of dangerous ledges in, p.
26; re-survey of, pp. 3, 26; Appendix No. 5, p. 124.

FIVE-MILE BEACH, COAST OF NEW JERSEY, p. 86.

FLORENCE, OREG., p. 66.

. FLORIDA. Survey of coasts of, pp. 4, 50, 52, 53; referred to in esti-
mates, p. 11; current observations off, pp. 4, 33, 51 ; see, also, Appen-
dix No. 5, p. 124.

FORMULZ AND FACTORS FOR THE COMPUTATION OF
LATITUDES, LONGITUDES, AND AZIMUTHS. (Third Edi-
tion.) Appendix No.7, pp. 323-375; see p.7 of Report.

FORNEY, STEHMAN, ASSISTANT. Survey of the coast of
California, between More Bay and San Simeon Bay, pp. 59,60; Ap-
pendix No. 1, p. 9L

FORSE, CHARLES T., LIEUTENANT, U. 8. N.
p. 125,

FORT LAUDERDALE, FLA,, p.50.

FORTRESS MONROE, VA, Lines of levels run towards, pp.3,

Appendix No. 5,

44.

FORT TRUMBULL, NEW LONDON, CONN. Tidal observations
at, pp. 3,28.

FORT YUMA, ARIZ,, p. 63.

FOUNDRY BRANCH, D.C,, p. 42.

FOUR-MILE RIVER. Re-survey near, pp. 3, 25, 28.

FOWLER, E.H. Drawing Division, Coast and Geodetic Survey
Office, Appeudix No. 4, p. 108,

FOXHALL ROAD, D.C., p. 42.

FOX'S WHARF, WEST HARBOR, FISHER'S ISLAND, p. 26.

FREDERICKSBURG, VA, p. 45,

FREMONT, J.C., LIEUTENANT, U.8.N. Observations of cur-
rents and other hydrographic work off New York entrance, p. 38;
current observations off east coast of Florida continued, p.51; Ap-
pendix No. 1, pp. 89, 90; Appendix No. 5, p. 124.

FRENCH, G.R., ENSIGN, U. 5. N. Services in Section IT, p 40;
in Bection IV, p.48; Appendix No. 1, pp. 89, 80,

FRENCH, H. 0. Miscellancons Division, Coast and Geodetic Sar-
vey Office, Appendix No. 4, p. 117.

FRENCH, W. B. In office of Assistant in charge of office, Appen-
dix No.4,p.

FREKCHMAN S BAY, ME. Topographic survey near, pp. 3, 21

FRONTIER, TEX. OHM triangnlation station, p. 56.

FROST POINT, LONG ISLAND SQUND, p. 3.

FROTHINGHAM, MR., DRAUGHTSMAN IN OFFICE OF NA-
VAL CONSTRUCTOR AT NAVY YARD, WASHINGTON.
Reference to services rendered by, p. 79 ; see, also, Appendix No,
5, p. 128, drawings and model of steamer C. P. Patterson pre-
pared by,

FUCA. (steam lannch). Upe of, in Section X1, p. 69.

FUCA STRAIT, WASH. T. . Progress of eurvey of, pp. 69, 70.

FULTON, MO., p.77.

FURNISHING POINTS FOR STATE SURVEYS. Reforence to,
on page 1, and in-esthnates, pp. 10, 12.

.

GALVESTON, TEX., p. 56.

GALVESTON ENTRANCE. Hydrographic survey of, pp. ¢, 56.

GANNETT, HENRY, of Geological Survey. Acknowledgment for
loan of “ Dictionary of Altitudes,” p. 83.

GARDINER’'S BAY, L. 1., p.3; topographic and hydrographie re-
survey in vieinity of, p. 27.

GARDINER'S ISLAND. Re-survey of, p. 28.

GAUTIER PENDULUMS. TUse of, in Paris, by Assistant C. 8.
Peirce, p. 40.

GAY HEAD CLIFFS. Saurvey to fix position of wreck of steamer
off, pp. 3,24, 25.

GEBHART STATION, W. VA, p. 47.

GEDNEY, C. D., CLERK IN OFFICE OF SUPERINTENDENT,
p. 84.

GEDNEY (steamer). Use of, in Section I, pp. 18-21; in Section
IX, p.56; Appendix No. 5, pp. 123-135 ; repairs needed, p. 126.

GEDNEY’S CHANNEL, NEW YORK ENTRANCE. Soundings
off, p. 33.

GENERAL COAST CHART (Atlantic coast),
pp. 110, 111,

GENERAL STATEMENT OF PROGRESS OF SURVEY, pp.
2-4.

GENEVA, SWITZERLAND. Officersof Survey sent to make cer-
tain pendulum experiments at, pp. 2, 40, 80.

GEODESIC ASSOCIATION (INTERNATIONAL) CONFER-
ENCE AT ROME. Oflicer of Survey sent as delegate, pp. 2,4, 6.
17, 81.

GEODESIC LEVELING. ¥or connection of tidal levels of Chesa-
peake Bay and Gulf of Mexico with transcontinental line of, p. 2.

GEODETIC OPERATIONS. General remarks on progress of, p.2;
continued in New Hampshire and Vermont, pp. 3, 22; in New
Jersey, pp- 3, 33 ; in Pennsylvania, pp. 3, 84, 85; in Kentucky and
Tennessee, pp.72,73; in Ohio and Indiana, p.74: in Wiseonsin,
p. 76.

GEODETIC RECORDS, COMPUTATIONS, ETC.,, IN ARCH-
IVES OF COAST AND GEODETIC SURVEY OFFICE, Ap-
pendix No. 4, p. 119.

GEOGRAPHICAL SOCIETY OF THE PACIFIC. Paper fur-
nished to, by Assistant Davidson, on alleged shoaling of the har of
San Francisco Bay, p. 63.

GEQOLOGICAL SURVEY. Reference to Exhibit of, at Southern
Exposition at Louisville, Kv., p. 80.

GEOLOGY OF THE SEA BOTTOM IN THE APPROACHES
TO NEW YORK BAY, BY A. LINDENKOHL, p.9; Appendix
No. 13, pp. 435-438.

GEORGIA. Progress of work on coast of, p. 4; reconnaissance in
Northern, pp. 4, 49, 50, 54 ; exeminations of coast of, pp. 48, 49.

GERDES, FERDINAND H., LATE ASSISTANT. Notice of
death of, pp. 15,16 ; surface marks placed on station at Shinnecock
Hill, N.J., in 1879, by, p. 30.

GILBERT, J. J., ASSISTANT. Continuation of the topographi-
cal survey of Hood's Canal, Wash. T., p. 60; Appendix No. 1,
p.9l.

GILPATRICK, W. W., LIEUTENANT, U. S.,N. Examination
and location of a rocky ledge reported by, p. 24.

GILROY CHURCH, STATION, CAL, p. 62.

GOODFELLOW, EDWARD, ASSISTANT. Notice of assistance
rendered in preparation of Report, p. 84.

GOOSE ISLAND, p. 27.

GORGAS, M. C,, ENSIGN, U. 8. N. Services in Section I, p. 24
in Section II, p. 27; Appendix No. 1, pp. 87, 88.

GOSHEN CREEK, DELAWARE BAY, p. 37.

GOSHEN POINT, LONG ISLAND SOUND, pp. 3, 20.

GOULD STATION, ORIO, p. 47.

GOULDSBOROUGH, ME., p. 21.

GOULDSBOROUGH BAY. Topographic survey in, pp. 3, 2L

GOVERNMENT PRINTING OFFICE. Acknowledgment for co-
opersation in bringing the pablication of the annual reports upto
.to date. Appendix No. 4, p.116.

GOVERNOR DICE. Triangulation station in Pennsylvania, p. 34.

GRAHAM, A. B., Drawing Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 109.

GRANGER, F. )., ASSISTANT. Occupation of stations for con-
tinuing to westward the primary triangulation in Missouri amd
Kansas noear the thirty-ninth parallel, pp. 17, 78; Appendix No.1,
P 92,

Appendix No. 4,
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GRAVITY CONFERENCE. Reference to, p. 6.

GRAVITY DETERMINATIONS. By Assistant C. 8. Peirce in
Europe, pp. 4, 6, 80; reference to, in estimates, p. 11; see, also,
Appendices Nos. 15 and 16, by Assistant Peirce, pp. 475-485;
with the Kater pendulums, by Assistant Edwin Smith, Appendix
No. 14, pp. 439-473.

GRAY, E. Tidal observations at Saucelito, Cal., p. 64 ; see, also, ap-
pendix No. 1, p. 9l.

GRAY, J. HOWARD, ACTING AID. Services in Section III, p.
42; Appendix No. 1, p. 89.

GRAY’S HARBOR, WASH.T. Completion of hydrographic survey
of, pp. 4, 68.

GREAT GULL ISLAND, p. 27.

GREAT LAKES. Completion of the primary triangulation across
the State of New York for conneeting triangnlation of Hudson
River and Lake Champlain with that of the survey of the, pp.
31, 32,

GREAT POINT, VINEYARD SOUXD, p. 24.

GREAT WASS ISLAND, ME,, p. 19.

GREENBUSH, HUDSON RIVER, N. Y, p. 3L

GREEN MOQUNTAIN, IN EFFINGHAM, CARROLL COUNTY,
N.H., p.22

GREENPORT, LONG ISLAND, p.27.

GREENWICH, ENGLAND. TUse of Kater pendulums at, p. 41.

GREENWICH, N. J., p. 37.

GREYLOCK MOUNTAIN, MASS. p. 23,

GRIFFIN, T. D., ENSIGN, U. 8. N. ServicesinSectionIl, p.26;
Appendix No. 1, p. 83.

GULF COAST. Line of levels carried from the, mear Mobile
towards point in transcontinental linc of leveling, pp. 4, 54: con.
tinnation of survey of, p. 4; reference to in estimates, p. 11; re-
connaissance for the extension of the primary triangulation in
Northern Goorgia and Alabama towards the, pp. 49,50 continu-
ation of survey of, of Louisiana westward of the delta of the Mis-
sissippi, pp. 54, 55; of Louisiana from Calcasien Pass eastward, pp.
55, 56.

GULF OF MEXICO. Beginning of lines of level connecting tidal
level of Chesapeake Bay and, with framscontinental line of geo-
desic leveling, pp. 2, 4; referenco to reliet model of the Bay of
North America and the, pp. 5, 9, 80, 82, 83; Appendix No. 4, p. 109;
for description see Appendix No. 17, pp. — —; depths of the sea
in the Bay of North America and, p. 9; reconnaissance for exten-
sion of primavy triangulation in (Northern Georgia and Alabama
towards the, pp. 49, 50, 54 ; distribution of the parties of the Coast
and (Geodetic Survey upon the Atlantic, —, and Pacific coasts and
the interior of the United States during the fiscal year 1883-'84
Appendix No. 1, pp. 87, 93.

GULF STREAM. Deep-sea sonndings, temperature, and current
observations throughout, pp. 10, 33, 51 ; reference to, in estimates,
p. 1.

GULL ISLANXD. Resurvey of, p. 28.

HAGERSTOWN, MD. Lines of leveling from, towards Fort Mon.
roe. Va., pp. 3, 4, 45.

HALL, A, L., ENSIGN, U, 8. N. Services in Sectien I, p. 20; in
Section TI, p. 26; Appendix No. 1, p. 88.

HALTER, R. E., ASSISTANT. Reconnaissance for conneeting
the triangulation in the vicinity of Point Isabel and the mouth
of the Rio Grande with Brownsville, Tex., pp. 86, 57; Appendix
No. 1, p. 91.

HAMMONASSETT POINT, LONG ISLAND SOUND, p. 3; hy-
drographic re-survey near, p.29.

HAMPTON ROADS, VA, p. 48

HANUS, G. C., LIEUCTENANT, U.8.N. Hydrographic re-survey
of Lower Delaware Bay, pp. 39, 40; hydrographic snrvey in the
south branch of Elizabeth River and in North Landing River and
Back Bay, Va., p.44; triangulation, topography, and hydrography
of North River, N. C., pp. 47, 48; temporary charge of work of
Lieutenant Heald, U. 8. N, in Section IX, p. 56; Appendix No.
1, pp. 89, 90, 91; Appendix No. 5, p. 124 ; reference to water signal
devised by, p. 125.

HARBOR CHARTS. See Report of Drawing Division, Coast and
Geodetic Survey Oftice, Appendix No. 4, pp. 110, 111,

HARDIN COUNTY, KY. Triangulation in, p. 73.

HARPER J. L., RECORDER. Services in Section X1V, p. 75.
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HARRINGTON, WASHINGTON COUNTY, ME,, p. 20,

HARRINGTON RIVER, ME. Topographic survey of, pp. 2, 20.

HARRISBURG, PENN. Triangulation near, p. 34.

HARRISONVILLE, CASS COUNTY, MO. Triangulation near,
Pp. 77,

HARWICK PORT, MASS,, p. 23.

HARVEY,R. M., CUSTODIAN OF ARCHIVES OF COAST AND
GEODETIC SURVEY OFFICE, Appendix No. 4, p. 103; for re-
port see pp. 119, 120.

HASSLER (steamer). Use of in, Section XI, pp. 70, 71; Appendix
No. 5, pp. 124, 125; necessity for new boilers for, p. 126,

HATCHETT'S POINT, LONG ISLAND. Small shoal off. exam-
ined, p. 29.

HATTERAS INLET, p. 48.

HAULOVER HEAD, FLA., p. 50.

HAYSTACK ROCK, OREG., p. &7.

HEAD HARBOR, p. 19.

HEAD HARBOR ISLAND, ME,, p. 19.

HEALD, E.D. ¥, LIEUTENANT, U. S. N. Completion of the
hydrographic surveys of Narraguagus Bay and River, and of
Pigeon Hill Bay, coast of Maine, pp. 20, 21; hydrographic survey
of the coastas of Texas and Louisiana between Galveston entrance
and Calcasien Pass continued, p. 56; Appendix No. 1, pp. 87,91;
Appendix No. 5, p. 124.

HENLOPEN LIGHT-HOUSE., Notice of catting away of sea face
of dune of, p. 39.

HERGESUEIMER, E., ASSISTANT. Topographicre-survey of the
north shore of Long Island Sound from Bridgeport to Farms {or
Frost's) Point, p.30; topographic re-survey in the vicinity of Cape
Henlopen, p. 39; topographie re-survey of the shores of Cherry-
stone Inlet, Va., p. 43; Appendix No. 1, pp. 88, 89.

HERGESHEIMER, JOSEPH, ASSISTANT. Triapgulation of
west coast of Florida in the vicinity of Punta Rasa, p. 52; Ap-
pendix No. 1, p. 80; Appendix No. 5, p. 124.

HERSCHEL, LIEUT--COL. R. E. Reference to pendulum opera-
tious by, p. 4L '

HETHERINGTON, J. H., ENSIGN, U. 8. N. Services in Section
I, p. 20; Appendix Wo. 1, p. 87.

HIGH ENOB STATION ON THE BLUE RIDGE, VA, pp. 43, 46.

HIGH MOUNT, N. J., STATION, p. 33.

HIGH SCHOOL, LOGANSPORT, IND. Station established at,

T2,

HEGH TORNE, . J, SIGNAL STATION, p. 33.

HILGARD, J. E., SUPERINTENDENT UNITED STATES
COAST AND GEODETIC SURVEY. Report for year ending
June 30, 1884, snbmitted to Hon. Hugh McCulloch, Secretary of
Treasury, pp. 1-84. Reference to model, in relief, of basin of Gulf
of Mexico and of Bay of North America, constructed by, pp. 82,
83; for description of, seo Appendix Ne. 17, pp. ——; name of
“Bay of North America” suggested by, note to page 83.

HILL, C.B. S8ervices in Section X, p. 63;Appendix No. 1, p.91.

HILLSBOROUGH INLET AND RIVER, FLA., p.50.

HISTORY OF DISCOVERY AND EXPLORATION ON THE
COASTS OF THE UNITED STATES. Prepared by J. G. Kohl,
Ph.D.; Appendix No. 19, pp. 405-617.

HITCHCOCK (steamer). Not used during the year; Appendix No.
5,p. 127.

HOBOKEN, N.J. Pendulum experiments at, p.41.

HODGKINS, W.C., SUBASSISTANT. Topographie re-surveys of
Stouington, Coun., and vicinity ; also of the coast of Conmectiount
in the vicinity of Saybrook and Lyme, pp. 25, 26; services in Sec
tion VIII, p. 56; Appendix Ne. 1, pp. 88, 91.

HOLMES BAY, ME .. 18,

HOLTZHAUSEN STATION, ILL., p.75.

HOOD'S CANAL, WASH. T.  Topographic survey of, pp. 4, 69,

HOQUIAM RIVER, GRAY'S HARBOR, WASH. T. Tidat Ob-
servations at, p. 68.

HORSESHOE (THE), SANDY HOOK BAY, p.33.

HORTON'S POINT, LONG ISLAND, Old stations nesr, recov-
ered, p. 30.

HOSMER, CHARLES, ASSISTANT. Topographic and hydro-
graphic re-surveys in the vicinity of Montauk Point, Gardiner's
Bay, and Orient Hatbor, Long Tsland; also completion of hydrog.
raphy between Stepping Stones Light-house and College Point,
East River, pp. 27, 28; ocontinustion of the survey of the Gulf
m&uﬁmmafﬁe Delta of the Mississippi, pp.
54, 55; Appendix No.1, pp. 85,00; Appendix No. 5, p.124.
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HOUGH, PROY. G. W., DIRECTOR OF DEARBORN UNIVER.
SITY, CHICAGO, ILL. Official acknowledgments to, p.72.

HUDSON RIVER. Triangulation of, pp. 8,31.

HUGHES, E.,, M. LIEUTENANT, U. 8. N. Hydrographic surveys
between Cross Island and Nash Island, in the vicinity of Moos-
a-bec Reach and Muscongus Bay, coast of Maine, pp. 18, 19, 20;
Appendix No. 1, p. 87; in Appendix No. 5, p. 123; relieved from
duty on survey, p. 124. ‘

HUMMOCKS (THE).
completed to, p. 37,

HUNTINGTON BAY, LONG ISLAND SOUXD, p. 30,

HUTTON MOUND, MO., p.77.

HYANNISPORT, MASS., p. 23.

HYDROGRAPHIC DIVISION, COAST AND GEODETIC SUR-
VEY OFFICE. Reference to, in estimates, p. 12; report of, Ap-
pendix No. 5, pp. 123-134.

HYDROGRAPHIC EXAMINATIONS, pp. 22, 23; of Days and har-
bore of Southeastern Alagks continued, p. 70.

HYDROGRAPHIC INSPECTOR. Report of, Appendix No. 5, pp.
123-134,

HYDROGRAPHIC OFFICE OF THE NAVY DEPARTMENT.
Plates furnished for; see report of Engraving Division, Appendix
No. 4, p. 113

HYDROGRAPHIC RE-SURVEYS. Progress of, pp, 2-4, 18-20, 26,
83, 44, 52, 53, 56, 60, 61, 65, 68, 70.

HYDROGRAPHIC RECORDS. Seereport from archives of Coast
and Geodetic Survey Office, Appendix No. 4, pp. 119, 120,

HYDROGRAPHY. General statement of progress, pp. 2-4; be-
tween Stepping Stones Light-house and College Point, East River,
PP- 27,28; off New York entrance, p. 33; Appendix No. 2, pp.
95, 96,

HYDROGRAPHY (PHYSICAL) OF DELAWARE RIVER
AND BAY, pp. 9, 35; see, also, Appendix No. 12, pp. 431434,

Topographic re-sarvey of Delaware Bay

x.

IARDELLA, €. T., ASSISTANT. Continuation of topographic
re-survey of the western shore of Delaware Bay, p. 37; Appendix
No. 1, p. 89.‘

ICY CAPE, ALASEA, p. 4.

ILLINOIS. Determination of latitude and longitude of stations, pp.
4,76; continuation of triangulation in, pp. 4, 74, 75, 76.

INDIANA. Progressof triangulation in, pp. 73,74, Determination
of latitude and longitude of stations in, pp. 4, 76.

INDIAN RIVER, FLA. Cowmpletion of survey of, p. 50; Appendix
No. § p. 125

INFORMATION FURNISHED TO DEPARTMENTS OF THE
GOVERNMENT IN REPLY TO OFFICIAL REQUESTS, AND
TO INDIVIDUALS UPON APPLICATION DURING THE
YEAR ENDING JUNE 30, 1884, Appendix No. 3, pp. 97-102.

INLET POINT, LONG ISLAXD SOUND, p. 26.

INSTRUMENT DIVISION, COAST AND GEODETIC SURVEY
OFFICE, Appendix No. 4, pp. 120, 121.

INTERIOR STATES. Progress of work in, p. 4, 71-79.

INTERNATIONAL BUREAU OF WEIGHTS AND MEAS.
TURES OF FRANCE. Reference to, pp. 4, 81, 82.

INTERNATIONAL FISHERIES EXHIBITION IN LONDON
p. 83.

INTERNATIONAL GEODESIC CONFERENCE AT ROME, pp.
4,86, 81, 82. .

INTERNATIONAYL STANDARDS BUREAU AT BRETEUIL,
FRANCE, pyp. 7, 81.

IPSWICH, MASS., p. 22

IPSWICH HARBOR ENTRANCE, COAST OF MASSACHU-
SETTS. Examination of, p. 23.

ISLAND CREEK (ILL.) STATION, p. 75.

ISOGONIC CHARTS OF MAGNETIC VARIATION IN UNITED
STATES (report of 1882). Attention called to frequency of calls
for, Appendix No. 4, p. 103,

IVY HILL, CONN., p. 8.

X,

JACKSON STATION, XY., p. 78.
J .thOBB CREEK, N. J., p. 87; description of some leading features
oL PR

JAMES BIVER, VA. Sarvey of shoreslof, p. 3.

“H. Bx, 481y
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JAPAN. Deotermination of gravity at stations in, p. 7.

JAPAN STREAM. Current observations in, explanation of esti-
mates for, p. 10

JAVA. Earthquake waves from, recorded at Saucelito tide-gange,
pp. 64; also on tide-gauge at Saint Paul, Kadiak Island, Alaska,
p. 71,

JEFF. DAVIS PEAK, pp. 78, 79.

JEFFRIES, ALFRED, ENSIGN, U, 8. N, Services in Section I,
p- 21; in Section VIII, p. 55; Appendix No. 1, pp. 87, 90.

JELLICO STATION, TENN., p. 71

JEPTHA STATION, KY., p. 73.

JEWELL, LIECTENANT-COMMANDER, U. 8. N.
to survey of Pigeon Hill Bay, Me., in 1878, by, p. 20.

JOE FLOGGER SHOAL. Soundings across, p. 38.

JOINT COMMISSION UPON PENNSYLVANIA AND WEST
VIRGINIA BOUNDARY. Survey made at request of, pp. 2, 7,

8, 34, 35, 47.

JONESBOROUGI, ME,, p. 18.

JOXNES POINT. Initial point of southern corner of District of Co-
lumbia, pp. 41, 42,

JONESPORT, ME. Oldbench-mark at, not found, p. 20.

JONES ROCK, OR CHAMPION ROCK, LAEKE CHAMPLAIN.
Recommended to be buoyed, p. 23.

JONES, W. 4., MAJOR, U. S. ENGINEER CORPS. Longitude
determinations in co-operation with Assistant Davidson, p. 63.

JONES, W. 0., RECORDER. Services in Section III, p. 47.

JORDAN, J.N., ENSIGN, U.S.N. Services in Section XI, pp. 68,
69: Appendix No. 1, p. 91; Appendix No. 5, p. 125.

JORDAN'S DELIGHT LEDGE. Examination of, prevented by
sea, tide, and weather, p. 21.

JOSEPH’S HARBOR BAYOU, LA, p. 55.

JUAB, SALT LAKE VALLEY, p. 9.

JUMP (THE). An outlet of Mississippi River at Red Pass, p. 55.

JUNGEN, C. W,, ENSIGN, U.8.N. Services in Section IT, p.29;
Appendix No. 1, p. 88,

JUNKEN, CHARLES, ACTING ASSISTANT. Examination of
ledges in Lake Champlain, p.23; Appendix No. 1, p. 87; Appen-
dix No. 4, p. 109,

JUPITER INLET, FLA., pp. 50, 51.

Referende

K.

KADIAK ISLAND, ALASKA, Tidal observations at, pp.4, 71;
Appendix No. ¢, p.107.

KANSAS. Primary triangulation in, pp. 4, 77.

KARCHER, L. Drawing Division, Coast and Geodetic Sarvey
Office, Appendix No. 4, p. 109.

EKATER INVARIABLE PENDULUMS. Operations with, pp. 3,
7, 40, 41; determinations of gravity with the, discussed by Edwin
Smith, Assistant, Appendix No. 14, pp. 439-473.

KEARNEY, G.H., PASSED ASSISTANT ENGINEER, U.S8.N.
Repairs on Steamer Blake planned by, Appendix No. 5, p. 125.

KEARNEY, 8. Instrnment Division, Coast and Geodetic Survey
Oftice, Appendix No. 4, p. 121.

KEELER, JOHN D, LIEUTENANT., U.S.N. Hydrographic re-
survey along the north shors of Long Island Sound between Goshen
Point and Hammonassett Point, p. 20; Appendix No.1, p. 88; Ap-
pendix No. 5, p. 124.

KELLER STATION, VA., p. 46.

© KELLOGG, F. W., ENSIGN, U.S.N. Services inSection II, p. 33;

in Section VI, p. 52; Appendix No. 1, pp. 89, 80.

KELLOGG, MR. GLOVER, OF SAN FRANCISCO. Voluntary
assistance in magnetic observations from, p. 3.

KELSEY'S POINT, LONG ISLAND SOUND, p.28.

EKENTUCKY. Determinations of longitudes of stations by ex-
change of telegraphic signals at Louisville, pp. 4, 71; extension of
reconnaissance and triangulation in the State of, pp. 72, 74.

KENTUCKY AGRICULTURAL AND MECHANICAL COL-
LEGE, LEXINGTON, ». 72.

EKENTUCKY CENTRAL COLLEGE. Station established st, p.
71

EEW, ENGLAND. Pendulum experiments at, pp. 8, 40, 81.

KEW OBSERVATORY. Refercnce to comstruction on ruins of
ancient monastery, p. 40.

KEY BISCAYNE BAY, ¥LA., p.50.

KEY WEST. Cosling of Coast Survey Steamer at, p. 52.

EILLINGWORTH HARBOR, LONG ISLAND BOUND, pp. 28, 29.
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KING'S CREEK, VA, p. 43.

KINGSTON, CANADA, p.32.

KINGSVILLE, JOHNSON COUNTY, MO., p. 7.

ENAPP, H. 8., ENSIGN, U.S.N. Services in Section I, pp. 24, 27;
Appendix No, 1, p. 87.

KNIGHT, H. M. Engraving Division, Coast and Geodetic Survey
Office, AppendixNo. 4, p. 112

KNOPF, G.W. PRIVATE, U.8. A. Bpecial duty in Computing
Division, Coast and Geodetic Survey Office, Appendix No. 4, p.
105.

ENOTT'S LANDING, VA, p.44.

ENOXVILLE, MO, p.77%.

KOCH, E., SERGEANT, U.S. A. Tidal observer at Fort Trum-
bull, New London, Conn., p. 28; Appendix No,1. p. 88,

KOHL,DR.J.G. Preparation of paper, * History of Discovery and
Exploration on the Coasts of the United States,” Appendix No.
19, pp. 493-617,

KRAKATOA,OFF COAST OF JAVA. Earthqnake waves from,
recorded at Saucelito tide-gauge, also at tide-gauge at Kadiak,
Alaska, pp. 64, 7L

KUMMELL, CHARLES H. Computing Division, Coast and Geo-
detic Survey Office, Appendix No.4, p. 106.

L.

LAFAYETTE PARK, SAN FRANCISCO, CAL. TUsse of instru-
ments at Longitude Observatory, p. 63.

LAKE CHAMPLAIN. Examipation of ledges in, pp. 3, 23; refer.
ence to former work in triangulation of. 8; completion of the
primary triangniation across the State of New York for connect-
ing the triangulation of the Hudson River and, with that of the
T. 8. Lake Snrvey, p. 31.

LAKE ONTARIO. Relative to completion of connection at, of
trinagulation of Coast and Geodetic Survey with that of the Lake
Survey, pp, 2, 38, 31; sece, also, Appendix No. 9, pp, 387-390, by
Assistants C. 0. Boutelie and C. A. Schott.

LAKE SURVEY. SeeLake Ontarie. Fuundamental longitude sta-
tion of, at Detroit, Mich., p. 8.

LAKE WORTH, FLA. Cempletion of survey near, pp. 4, 50.

LANGHAM, ENXGLAXND. TUse of Kater invariable pendulums
at, p. 41,

LATITUDE, LONGITUDE AND AZIMUTH COMPUTATIONS.
Reference to formule and factors for, based ou the Clarke sphe-
roid. p. 7; see, also, Appendix No. 7, pp. 328-375. Determination of
latitudes of places in Pennsylvania and West Virginia, p.35; at
Covington, Va., p. 41; at Charleston, W. Va,, p. 48.

LAWSON, JAMES 8., ASSISTANT. Continuation of primary
triangulation of the coast of California north of Point Conoepeion,
pp. 58, 59 ; reconnaissance by, p. 61 ; Appendix No. 1, p. 9L

LEAMING'S BEACH, N. J.,p.36.

LEAMING'S SOUND, N. J, p.26.

LEARY, MR.J. D., OF BROOXLYN, N.Y. Contractor for con-
struction of steamer Carlile P. Patierson, pp. 79, 80.

LEBANON, KY. Triangunlation near, p.73.

LEBANON, PA., p.34.

LEDGES AND SBOALS DEVELOPED, General reference to,
pp.2, 3, 5, 6; in Lower Delaware Bay, p. 6; inside of Delaware
Breakwater, p. 6; in :Little Kennebec and Machizs Bays, Me., p.
18; off const of Maine, p. 19; off Muscongus Bay, p. 2¢; in Narra:
guagus Bay, p. 20; Pemaquid and Outer Heron Ledges, p.22; in
Lake Champlain, p.28; L'Humme Dieu Shoal, Vineyard Sound,
P.23; Shoaling off Vineyard Sound |Channel, p.24; off Warren's
Point, R. 1., p.24; survey of Gay Head Cliffs, pp. 24, 25, in Fish-
er's Island Sound, p. 26; soundings of ledges in Block Island
Sound, pp. 26, 27; in East River, N. Y., p.27; reference to Joe
Flogger Shoal, p. 38; in Bull's Bay, p.49.

LEFAVOR, F. 4., LIEUTENANT, U. 8. N. Services in Section
X, p.61; Appendix Ne.1, p. 51

LEGGET'S POINT, EAST RIVER, N. Y. Sheal in channel nesr,
p-27.

LEHMAN'S RANCH, NEV., pp. 78, 79.

LEIPER, E. F., ENSIGN, U. 8. N. Services in Section 1L, p. 40;
in Section IV, p. 48; Appendix No.1, pp. 89, 90,

LEIPSIC CREEK, DELAWARE BAY, p.38

LEIPSIC VILLAGE, p.38

LEMON BAY, Hydrographic gurvey iy vieinity of, pp. 52, 53,

ATLPHABETICAL INDEX,

LEVELING, GEODESIC. Reference to lines of, connecting tidal
levels of Chesapeake Bay and Gulf of Mexico, p.2; lines of, from
Hagerstown, Md., towards Fortress Monroe, Va., pp. 3, 44, 45;
lines of, carried to Gulf coast near Mobile, towards & point on the
line of, pp. 4, 54; reference to, in estimates, pp.11, 12.

LEWES, DEL. Tidal observations at, pp. 38, 39.

LEWES LIFE-SAVING STATION, p.39.

L’'HOMME DIEU SHOAL, VINEYARD SOUND.
of, p. 23.

LICK OBSERVATORY, MOUNT HAMILTON, CAL., p.62

LIFE-SAVING SERVICE, Reference to exhibit of the, at South-
ern Exposition at Louisville, Xy., p. 80.

LIGHT-HOUSE BOARD. Special surveys for, referred to in esti-
mates, p. 11; ofledges in Lake Ckamplain, p.23; buoy placed by,
on a pi le rock developed in East River, pp. 28,30; notice of
changes in characteristics of lights of Cape Henlopen issued by, -
p. 39; advising establishment of night signals on Gulf Coast of
Louisiana, pp. 55, 56.

LIME POINT STEAM FOG-HORN. Position of, determined,
p. 62.

LINDENKOHL, A. Construction of model in relief of depths of
the sea in Gulf of Mexico and Bay of North America devired by
Superintendent J. E. Hilgard, p. 83 ; see, alao, Appendix No. 17, pp.
~— —;Drawing Division Coast and Geodetic Survey Office, A ppen-
dix No. 4, p. 108

LINDENKOHL, H. Assistance rendered in construction of a
model in relief of depths of the sea in Gulf of Mexico and Bay of
North America, p. 83; Drawing Division, Coast and Geodetio
Survey Office, Appendix No. 4, p. 109.

LIST OF PUBLICATIONS OF THE COAST AND GEODETIC
SURVEY, received from the Public Printer during the fisoal
year ending June 3v, 1884 ; report of Miscellansous Division, Ap-
pendix No. 4, 118,

LISTON'S POINT, DELAWARE RIVER, p. 36.

LITTLE BOMBAY ISLAND. Disappearance of, noted, p. 38.

LITTLE CREEK, DELAWARE BAY,p.38.

LITTLE GULL ISLAND. Tide gauge established at, p. 26.

LITTLE KENNEBEC BAY. Burveyof islandsand ledgesof, p. 18,

LITTLE NARRAGANSETT BAY. Survey of shores of, pp. 25, 26,

LITTLE NESTUCCA RIVER, OREG., p. 67. .

LITTLE RIVER, CAL. Tidal cbservations at, p. 65.

“LOCALITIES OF WORK"” OF PARTIES OF COAST AND
GEODETIC SURVEY, Appendix No. 1, pp. 87-93. -

LOCXWOOD, Mr. JOHN, HELL-GATE PILOT. Reports shosl
water in Kast River, N. Y., p. 27,

LOGAN, PRESIDENT OF THE KENTUCKY CENTRAL COL-
LEGE AT RICHMOND, KY. Acknowledgment of courtesies
received from, p. 72,

LOGANSPORT, ILL., p. 72, Determination of longitude and lati-
tude of, p. 76.

LOMA PRIETA (or MOUNT BACHE), CAL., pp. 61,03

LONDON, ENGLAND. Pendulum experiments st, p. 2; relstive
to transportation of valuable standards of weights and measures
from office, pp. 4, 40, 81.

LONGFELLOW, A, W., ASSISTANT. Topographical surveys
between Gouldsborough and Frenchman's Bays, coast of Maine,
P. 21; Appendix Nu. 1,p. 87.

LONG ISLAND. Re-surveys off,p.3.

LONG ISLAND SOUND. Re.survey of, pp. 2, 8,27, 28; reference
to,in estimates,p.11. Tidal cbservations in, pp. 25,26,27. Topo-
graphical re-survey, pp. 25, 28; hydrographicsurvey of east part of,
P-26; north shore of, p.29; topographic re-survey of north ahore
of, p. 30. Triangulation points established on south shore of, p.
30; of north coast of, pp. 30, 3L.

LONGITUDES IN KENTUCKY AND WEST VIRGINIA, p.3;
formula and factora for the computation of Iatitndes, longitudes,
and azimuths, reference to, p..7, see, slso, Appendix No. 7, pp. 323-
375; longitudes dedunced in the Coast and Geodetic Survey from
determinati by of the electric telograph between the
years 1846 and 1885, .second adjustment, by Assistant C, A,
Schott ; mention of, p. 8; see Appendix No. 11, pp. 407-430. Of De-
troit, Mich., p. 8; for dstermination of, of places in Pennsylvania
and West Virginia, p.35; of Covington, Va., determined, p, 41 ;

of Charleston, W. Va;, p.46 ; obeervations for, at Lafayette Park,
San Francisce, Cal., p.83; for dstermination of, of stations in
Tennessee, Kentusky; Wost Virglois, Indiaua, Tllinols, P
of Logausport, Jod wnd Clioago, T, .76, ‘

Examination
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LOOMIS STATION,N. Y., p.32.
LOS ANGELES, CAL., Magnetnc observations at station, pp.4,
57, 58,

LOS CERRITOS STATION, p. 57.

LOUISIANA. Survey of Gulf coast of, pp.4, 54, 55, 56 ; reference
to, in estimates, p. 11.

LOUISVILLE, KY. Observations for determinations of longitude
by exchange of telegraphic signals with station at, pp. 3, 4, 35, 46,
71,72,73,76. Assignment of an Assistant to dutyin charge of ex-
hibit of the Coast and Geodetic Survey at the Southern Exposition
at, pp. 4, 80. Reference to exhibit, p. 9; Appendix No. 4,121; ac-
count of the exhibit, &o.; Appendix No 18, pp. 485-493,

LOWER DELAWARE BAY Hydrographic re-survey of, p. 39.

LOWER MISSISSIPPL Surveys of bays, passes, and bayous of,
pp- 54, 55.

LUCAS STATION, ILL., p. 75.

LUPER STATION, TENN,, p. 73.

LYME, CONN. Topographical re-surveys in vicinity of, pp. 3,25.

LYNNHAVEN BAY, VA. Topographic survey in the vicinity of
the headwaters of, p. 43.

M.

MACHIAS, ME,, p. 18.

MACHIAS BAY. Triangulationand topography of, pp. 2, 18, 19, 20.

MACHIASPORT, ME., pp. 18, 19.

MACHIAS RIVER, p. 18.

MADISON, LONG ISLAND SOUND, p. 28.

MAEDEL, E. A. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 112.

MAFFITT, LIEUTENANT, U. 8. N. Relative to early survey of
Bull's Bay, S. C., by, and changes noted, p. 49.

MAGNETIC DECLINATION. Annual determination of, at Cap-
itol Hill, pp. 3, 41; for continuing observations on, see estimates,p.
11; in California, p. 62; in Alaska, pp. 64, 65.

MAGNETIC MAP OF NORTH AMERICA, Explanation of es-
timates p. 10.

MAGNETIC OBSERVATIONS. Special, by Assistant Davxdson
at El Pago, in Texas, and at national observatory at Tacuhayo
City of Mexico, pp. 62, 63; by Acting Assistant Marr at Point
Barrow, Alaska, pp. 64 and 71.

MAGNETIC WORK. See Appendix No.2, p. 95; and Appendix
No. 4, pp. 105, 119.

MAHOXN'S DITCH, DELAWARE
p. 38.

MAHON'S RIVER, DELAWARE BAY, p. 38,

MAINE. Operations on coast of, pp. 2, 3, 17, 18, 20, 21, 22; vefer-
ence to, in estimates, p. 11; triangulation of coast of, p. 18.

MANATEE, FLA,, p. 52

MANCHESTER, BENNINGTON COUNTY, VT. Station estab-
lished at, p. 22.

MANGROVE—MUD LAKE, LA. Trisngulation line, p. 55.

MANNSVILLE, N. Y. Lake Survey Station, p. 32.

MANSFIELD, H. B, LIEUTENANT, U. 8. N. Hydrographic
re-survey of the approaches to New York, p. 32; hydrographic
surveys in vicinity of the Anclote Keys, in Lemon Bay, and near
8an Carlos Bay, west coast of Florida, pp. 52, 53; Appendix No.
1, pp. 88, %0; Appendix No. 5, pp. 123, 126.

MAP OF THE UNITED STATES. Progress on, p. 5; reference
10, in estimates, p.11; Appendix No. 4, p. 109,

MAP MOUNTING AND CHART ROOMS. Appendix Xo. 4, p.
104,

MAPS AND CHARTS. Appendix No.2, p.96.

MAPES, W. B, ACTING AID. Services in Section IT,p.36; Ap
pendix No. 1, p. 89.

MARE ISLAND NAVY-YARD, CAL. Schooner Yukon laid up
at, p. 88; the Hassler Inid up for repairs at, p. 70.

HABIHDIN, H.L., ASSISTAXT. Comparison of recent surveys
of Delaware River and Bay with former ones, pp. 36, 37; report
on this comparison, Appendix No. 12, pp. 431-43¢; assigned to
duty aa consulting engineer of the U. 5. Advisory Commission for
the port of Philadelphia, p. 87.

MARIPOSA PEAK, CAL., p. 61.

MARR, R. A., ACTING AID. Services in Section X, pp. 61, 62,64,
63; Acting Assistantin expedition to Point Barrow, Alasks, for
obiaining deternitnationn of gravity and tho magnetic elements, p.
91 medix oul, pp. 91, 92,

peclal description of,

Xix

MARTINEZ EAST, STATION, CAL., p.9; Appendix No.4 p.
105.

MARYLAND. Work on coast and boundary of, pp. 3, 8, 47.

MASON'S BAY, ME., pp. 18, 26.

MASSACHUSETTS. Examination of ledges on coast of, p. 22;
reference to, Mass. and Epping base lines, p. 23.

MASSANUTTEN RANGE, VA, p. 45

MASSENA STATION, TEX, p.56.

MAXFIELD, SERGEANT J. E,, U. S. SIGNAL OFFICE. On
special daty in Computing Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 105.

MAY ISLAND, ALASKA, p. 71,

MAYVILLE, N.J. Appendix No. 5, p. 127,

McARTHUR (steamer). Use of, in Section X, p. 61; see Appendix
No. 5, pp. 124, 125 ; relative to repairs on, p. 126.

McCLAIN, C.S., ENSIGN, U. 8. N. Services in Section II, p. 32;
Apperdix No. 1,p. £8.

McCORKLE, 8. C., ASSISTANT. Re-establishment of points of
the old triangulation, and determination of additional ones on the
south shore of Long Island Sound between Horton's Pointand Old
Field Point, p. 30; Appendix No. 1, p. 88; Appendix No. 4, p.
105.

McCULLOCH, HON. HUGH, SECRETARY OF THE TREAS-
URY. Report of Superintendent of Coast and Geodetic Survey
transmitted to Congress by, iii; addressed to, p. 84.

McDANIEL STATION, HOCKING COUNTY, OHIQ, p. 74.

McGRATH, J. E, AID. Services in Section XV, p. 77; Appendix
No. 1, p. 92.

MEASUREMENTS OF FORCE OF GRAVITY, pp. 4, 6,7, 64, 65+
71, 80.

MEMORY ROCE, BAHAMA BANKS, p. 51

MENDOCINO COUNTY, CAL. Hydrographic work off coast of,

p- 61.

MENDOCINO HARBOR, p. 65.

MENEFEE, D. P., ENSIGN, U. 8. N. Services in Section II, p.
28; Appendix No. 1, p. 88.

MERIDIAN, MIS5., p. 54,

MERRIMAN, PROFESSOR MAXNSFIELD, ACTING ASSIST.
ANT. Continuation of the triangulation and reconnaissunce of
the State of Peunsylvania, p. 34; Appendix No. 1, p. 89.

METEOROLOGICAL OBSERVATIONS AT PULPIT COVE,
NORTH HAVEN ISLAND, PENOBSCOT BAY, p. 21.

METHOD OF SKETCHING IN SHORE-LINE, WHEN MAK-
ING PRELIMINARY OR RUNNING SURVEYS, AVOIDING
THE NECESSITY OF ESTIMATING DISTANCES, OR DE-
PENDING ON THE EYE TO GET THE CONFIGURATION
OF THE SHORE-LINE. Devised by Ensign J. H. Fillmore, U.
8. N., Appeundix No. 5, pp. 133, 134.

MEXICO, GULFOF. Connection of tidal levels of Chesapeake Bay
and, with transcontinental line of geodesic leveling, pp. 2, 54 ; ref-
erence to, in estimates, p. 11; model in relief of basin of, and West-
ern Atlantic, pp. 5, 82, 83, Appendix No. 4, p. 109; Appendix No.
17, pp. —; depths of the sea in the Bay of North America and
Pp. 9, 83; reconnaissance for extending primary triangulation in
Northern Georgia and Alabama towarda coast of, at or near Mobile,
Pp. 49, 54,

MICROMETER. The runof the, p.7; sesc Appendix No. 8, pp. 377-
385, by Assistant G. Davidson.

MIDDLE CLUMP, FISHER'S ISLAND SOUND. Dangerous
ledges north of, p. 26.

MIDDLE GROUND, NEW YORK ENTRANCE. Exawination
of, p. 33.

MIDDLE POINT, FLA. Recovery of former atations, p. 52.

MILITARY ROAD. Survey of District of Columbiaas far as the,
p. 42.

MILL POINT, CHERRYSTONE INLET, VA, p. 43

MILLBRIDGE, NARRAGUAGUS RIVER, ME., p. 21,

MILLBRIDGE STEAMBOAT WHARY. Tidal observations at,
p. 21

. MILLSTONE POINT, LONG ISLAND SOUND. Tidal observa

tions at, p. 20.

MILTON, J. B., LIEUTENANT, U.S. N. Services in Section X,
p. 66 ; Appendix 1, p. 9L

MILTON, W. VA., p. 46,

MINOT'S LEDGE LIGHT-HOUSE, MASSACHUSETTS BAY.
Development of ledges off, pp. 2, 6
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MISCELLANEOUS DIVISION, COAST AND GEODETIC SUR-
VEY OFFICE, Reference to, in eatimates, p. 12; Appendix No.
4, p. 104; report of, p. 116.

MISCELLANEQUS MAPS. Seereport of Drawing Division, Coast
and Geodetic Survey Office, Appendix No. 4, pp. 111, 112

MISHAWAKA, SAINT JOSEPH'S COUNTY, IND,, p. 74.

MISPILLION CREEK LIGHT-HOUSE, pp. 37, 38.

MISSISSIPPI. Survey west of delta of, pp.4, 54; roference to, in
estimates, p. 11.

MISSOURI. Primary triangulation in, pp. 4, 77.

MITCHELL, BENRY, ASSISTANT. Physical hydrograpby of
Delaware River and Bay, and location of port-warden lines in the
harbor of Philadelphia, p. 36 ; review of progress report of Assist-
ant H, L. Marindin on surveys of Delaware River and Bay, pp-
36, 37; service as a member of the Mississippi River Commission,
p. 36.

MOBILE, ALA. Primary triangulation near, p. 4; reference to, in
estimates, p. 11 ; lines of levels near, pp. 4, 54; reconnaissazce for
extension of primary triangulation in North Georgia and Alabama
towards coast of Gulf of Mexico at or near, pp. 49, 54.

MOBILE BAY. Re.survey of, reference to, in estimates, p. 11.

MOCHO, CAL. Triangulation station, p. 62

MODEL (IN RELIEF) OF THE BAY OF NORTH AMERICA,
AND THE GUL¥ OF MEXICO. Description of, by J. E. Hilgard,
Superintendent, Appendix No. 17, pp. —; Appendix No. 4,p. 109.

MOLEOW,E. DrawingDivision, Coastand Geodetic Survey Office,
Appendix No. 4, p. 109

MONADNOCK, VTI. Station established at, p. 22

MONHEGAN LIGHT-HOUSE. Dangerons rocks near, p. 5.

MONOMOY PASSAGE. Discovery of dangerous shoals in, pp. 2,
6; re-survey of, pp. 3, 23.

MONTAUK POINT. Re-survey of, pp.3, 27, 28, 33.

MONTEREY, CAL,, p.6L.

MOORE, ¥. Eugraving Division, Coast and Geodetic Survey Of-
fice, Appendix No. 4, pp. 103, 113. .

MOQRE MOUNTAIN (STATION), IN BROOKFIELD, CAR-
ROLL COUNTY, N.H,, p.22.

MOU8-A-BEC REACH. Bydrographic survey in vicinity of, pp. 2,
6, 18, 19; dangerous ledge developed near entrance to, p. 20.

MORGAN, W. B, DISBURSING AGENT, COAST AND GEO.
DETIC SURVEY, p.83.

MORO BAY, CAL. Survey of California coast near, pp. 4, 59, 60.

MORO ROCK, CAL,, p.60.

MORSE, FREMONT, AID. Observation of solar eclipse in San
Francisco, October 30, 1883, p. 63; services in Section XTI, p. 71.
MOSER, JEFF. F., LIEUTENANT, U. 8. N,, ASSISTANT HY-

DROGRAPHIC INSPECTOR, p. 17; Appendix No. 5, pp. 127, 128.

MOSMAN, A. T, ASSISTANT. Extension westward of the pri-
mary triangulation near the thirty-ninth parallel in West Virginia
and Ohio, pp. 46, 47; Appendix No. 1, p. 90.

MOSQUITO CREEK, p. 49.

MOUND STATION, NEAR ALTAMONT,
COUNTY, ILL., p. 75.

MOUNT BACHE (LOMA PRIETA), CAL., pp. 61, 62.

MOUNT BELENAP, UTAH, p.78.

MOUNT BUCHON, CAL., p. 60.

MOUNT DESERT ISLAND, ME., p.21; views of, Appendix No.
4, p.115.

MOUNT DIABLO (CAL.) STATION, p. 9; Appendix No. 4, p. 105.

MOUNT ELLEN, UTAH, p.78.

MOUNT EQUINOX (STATION), MANCHESTER, BENNING-
TON COUNTY, VT., p. 22

MOUNT RAMILTON (LICK OBSERVTATORY), CAL., p. 62

MOUNT HORESB, N.J., p. 33.

MOUNT MARSHALL, VA, pp.45, 46.

MOUNT NEBO, UTAH, pp.78,79.

MOUNT OLIVE, N.J., p. 8.

MOUNT PLEASANT (STATION), GREEN COUNTY, WIS,
p. 76

MOUNT TOP, KY. Trisngulation station, p. 78.

MOUNT TORO, CAlL., FORMERLY BALINAS MOUNTAIN,
p. 6L,

MUD-HOLE CHANNEL, MACHIAS BAY, ME, p. 10.

MULDERAUGH'S HILL, XY., p. 73.

MUBDEEKILL CREEK, DELAWARE BAY, p. 38.

MUSBCONGUS BAY, COAST OF MAINE, Hydrographic sarvey
in, pp. 2,18 ; dangerous Jedge reported in, p. 20,

EFFINGHAM
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N.

NAMES OF VESSELS, THEIR TONNAGE, ETC., IN THE
SERVICE OF THE COAST AND GEODETIC SURVEY
DURING THE FISCAL YEAR ENDING JUNE 30, 1884,
Appendix NO. §, p. 131,

NANTUCKET SHOALS. Development of dangerous shoals near,
Pp. 5, 6, 23 ; reference to; in estimates, p. 11.

NANTUCKET SOUND. Re-survey of, referred to in estimates,
p. 11

NAPATREE POINT, CONX., pp. 25, 26.

NARRAGANSETT BAY. Tidal observations in, p. 25.

NARRAGUAGUS BAY AND RIVER, ME. Hydrographic sur-
veys of, pp. 3, 20, 2L

NASH ISLAND, ME. Hydrographic survey near, pp. 2, 18, 19.

NATIONAL ACADEMY OF SCIENCES. Reference (pp. 82, 83)
to model in relief of basin of Gulf of Mexico exhibited by Super-
intendent J. E. Hilgard at meeting of, in 1880; also, as enlarged to
include Bay of North America and shown at meeting in April, 1884

NATIONAL MUSEUM. Exhibit of, at Sonthern Exposition st
Louisville, Ky., p. 80.

NATIONAL OBSERVATORY, AT TACUBAYO, ON EDGE OF
CITY OF MEXICO, pp. 62, 63.

NATTITUCK INLET, LONG ISLAND. Tide.gauge established
near, pp. 26, 27.

NAVAL CONSTRUCTOR 8. H. POOK, WASHINGTON NAVY-
YARD. Assistance rendered by, in preparing drawings and
model of steamer C. P. Patterson, p.79; see, also, Appendix No. 8,

. 128,

NI;VAL OBSERVATORY, WASHINGTON, D. C. Longitude
signals from, p. 41.

NAVAL OFFICERS ON COAST SURVEY SERVICE. Hydro-

. graphic examinations and surveys which developed da.ngors_ to
navigation made by, pp. 5,6; explanation of estirnates for subsist-

“ance of, p.10; traveling exponses of, reference to, in estimates,
p. 11. For names and number of, see Appendix Xo. 5, pp. 129~
131,132,

NEATIE AND LEVY. Contractorsat Philadelphia for machinery
of steamer C. P. Patterson, p. 80; Appendix No. 5, p. 120.

NEBO. NEV. Triangulation station, p. 78.

NEEDLES, ARIZ. Longitude determined, p. 63.

NELSON, JOHN, ACTING AID. Bervices in Section 11X, p. 45;
in Section VILL, p. 54 ; Appendix No. 1, p. 90.

NEPHI, UTAH, p. 79.

NES ROCK, EAST RIVER, X. Y. Discovery of dangerous rock
near, pp. 2, 29.

NESTUCCA BAY AND RIVER, OREG. Surveys of, pp- 4, 7.

NETTLE ISLAND,SQUTH BAY, WASH. T. Bench-mark estab-
lished at, p. 68.

NEVA STRAIT, ALASKA. Dangers developed in, p. 6.

NEVADA. Stations occupied in, near thirty-ninth parallel, pp. 4,
78; State boundary between, and Utah, connected with the geo-
detic work, p. 79.

NEWAREK STATION, NEWARK COUNTY, WIS, p. 76.

NEW CUT ROAD, WEST WASHINGTON, D. C, p. 42 .

NEW EDITIONS, 1884, OF PLATES COMPLETED IN EN-
GRAVING DIVIRION, COAST AND GEODETIC SURVEY
OFFICE. BSee Appendix No. 4, p. 114,

NEW ENGLAND STATES. Progress of field work on borders
and within, pp. 2, 17, '

NEW HAMPSHIBE. Geodetic operations in State of, pp. 3, 22.

NEW INLET, FLA,, p. 50,

NEW JERSEY. Work on coast and within limits of State of, pp,
3,32, 83; reference to, in estimates, p. 11; geodetic operations in,
PP. 3,33; topographic survey of coast of, from Cape May Court-
Honse, northward, p. 36; topographic re-survey of the New Jersey
shore of Delaware Bay continued, p. 37. ‘

NEW LONDON, CONN. Topographic re-survey near, pp- 8, 28, 29;
tidal observations at, pp.27, 28,

NEW LONDON LIGHT, p. 29.

NEWPORT, CAL., pp. 4, 57.

NEW RIVER, FLA., pp. 4, 50. .

NEWTON, J. T, ENSIGN, U, 8. N. . Bervices in Section I, p. 24; in
Section I, p. 27; Appendix No.1, pp. 87,88 i

NEWTON STATION, TASPER COUNTY, ILL., .75

NEW YORK (State). 'Work on coast and Jimits of, pp. 8,81; tri.
angunlation across, p. 8. .
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NEW YORK BAY. Geology of the sea-bottom in the approaches,
to, p. #; see, also, Appendix Ne. 13, pp. 435438 ; explanation of esti-
mates for re-survey of, p. 10; estimates, p.12; trial trip of steamer
C.P. Patterson down, Appendix No. 5, p. 129; observations of cur-
rents at stations off, pp. 8, 33; Appendix No.5,p. 124,

NEW YORK (city). Re-survey of approaches to, pp. 3,32, 33; ref-
erence to, in estimates, p.12; construction of the steamer C. P.
Patterson at, p. 18, 80; pendulum observations in, 1881, 1882, ref-
erence to, p. 41,

NEW YORK NAVY-YARD. Work on Coast Survey steamer
Endeavor at, Appendix No. 5, p. 126.

NEW ZEALAND. Determinations of gravity at Auckland, pp. 7,
41.

NIANTIC BAY, LONG ISLAND SOUND, p. 28.

NICHOLS, H. E., LIEUTENANT COMMANDER, U.S.N. Hy-
drographic reconnaissance of the bays and harbors of Southeast-
ern Alaska continmed, pp. 70, 71; Appendix No. 1, p. 92; detached
from command of steamer Hassler, Appendix No. 5, p. 124; at-
tention called to report of, Appendix No. 5, p. 124; relative to plane
table devised by Ensign J, H. Fillmore, U. 8. N., pp. 133, 134.

NOANK, CONN., p. 25.

NORFOLE, VA. Surveys in vicinity of, p. 43.

NORMAL, JOHNSON COUNTY, MO., p. 77.

Xxi

OBSERVATIONS OF CURRENTS. Reference to, in estimates, p.
10; in New York entrance, pp.3,33; off Delaware Bay, referred
to in estimates, p. 11; off east coastof Flovida, p. 51.

OBSERVATIONS OF SOLAR ECLIPSE OF OCTOBER 30, 1883,
BY ASSISTANT G. DAVIDSON, p. 63.

OBSERVATORY AT GENEVA, SWITZERLAND. Determina-
tions of gravity at, pp.6,40.

OBSERVATORY AT KEW, ENGLAND. Determinations of
gravity at, pp. 6, 40.

OBSERVATORY AT SAN FRANCISCO, CAL. Obscrvations of
solar eclipse of October 30, 1883, by Assistant G. Davidson, at the,
pp- 62,63,

OBSERVATORY AT TACUBAYQ, NEAR CITY OF MEXICO.
Special magnetic observations at, pp. 62, 63.

OCCUPATION OF STATIONS. In continuation of the triangu-
lation of the State of Vermont, p. 22; for connecting with the tri-
angulation the corner stones and boundary monuments of the
District of Columbia, p. 41; at Louisville, Ky., for determination
of longitude of stations in Tennessee, Kentucky, West Virginia,
Indiana, and Illinois, by exchanges of telegraphic signals, pp,71,
72; for extension of the triangulation of the State of Ohio, p.74;
for continuing to westward the primary triangulation in Missouri
and Kansas, near the thirty-ninth parallel, p. 77; in Nevada and

NORTH AMERICA. Magpetic map of, reference to, in estimat
Pp. 10.

NORTH AMERICA, BAY OF. Model in relief of depth of the sea
in the, and the Gulf of Mexico, p.9; see Appendix No. 4, p. 108;
also Appendix No. 17, pp. —.

NORTH ANCLOTE KEY, FLA., p.52

NORTH'ATLANTIC. Levels ran for connection of tidal level of
Gulf of Mexico with, p. 54.

NORTH BASE, ILL. Monuments placed by authorities of Fayette
County to mark, p. 76.

NORTH BAY, WASIL. T., p. 68

NORTH EROTHER. Rocks in East River, N. Y., Tear, pp. 2, 5.

NORTH CAROLINA. Progress of work on consts and within, p-3;
reference to, in estimates, p. 11.

NORTH DUMPLING LIGHT-HOUSE.
P- 26.

NORTH EDISTO RIVER, S. C., p. 49.

NORTHERN ALABAMA. Extension of triangulation across, PP.
49, 54,

NORTHERN GEORGIA. R
triangulation in, pp. 4, 49, 54.

NORTH HAVEN ISLAND, PENOBSCOT BAY, ME. Meteoro,
logical and tidal observations at, pp. 3, 21.

NORTH LANDING, N. C. Hydrographic survey at, p. 3; Ap.
pendix No. 5, p. 124,

Tidal observations at,

forext

of primary

NORTH LANDING RIVER, VA, p.44; head of river in Virginia, .

entrance in North Carolina, p. 47.

NORTHPORT, LONG ISLAND, p. 30.

NORTHPORT BAY, LONG ISLAND, p- 30.

NORTH RIVER, N. C. Topographic survey im, pp. 8, 47; Ap-
pendix No. 5, p. 124,

NORTHWESTERN RAILWAY FREIGHT STATION. Door-
way on boundary line between Wisconsin and Illinois, p. 76,

NOTICES TO MARINERS. Discoveries and developments of
dangera to navigators, p.2; lst of, and dates, pp. 5,6; No. 40, p. 24;
No. 41, pp. 20, 22 ; No.42,p.27; No. 45,p.24; No. 47, p. 26; No. 48, p.
29; No.49,p. 20; No. 51, p. 80; number of copies printed of, Ap-
pendix Xo. 4, pp. 117, 118,

NUMBER OF MEN ATTACHED TO COAST SURVEY VES-
BELS FOR FISCAL YEAR ENDING JUNE 30, 1884, Ap.
pendix No. 5, p. 132,

NUMBER OF NAVAL OFFICERS ATTACHED TO COAST
AND GEODETIC SURVEY VESSELS FOR FISCAL YEAR
ENDING JUNE 30, 1884, Appendix No. 5, p. 132.

0.

OAKLAND, KX. BSignal station, p. 46. )

OAX NECK POINT, LONG ISLAXD SHORE, pp. 80,31.

OBITUARIES, pp. 14-16. '

OBSERVATIONS FOR LATITUDE AND LONGITUDE, pp. 4, 8,
(41,46, 71,72, 78,

r issance in Utah for the extension eastward of the primary
triangulation near the thirty-ninth parallel, p. 78.

OFFICE EXPENSES. Explanation of estimatea for, p.10; refer-
ence to, in estimates, p. 12.

OFFICE REPORTS FOR THE YEAR ENDING JUNE 30,
1884. See report of Assistant in charge of Office and Topogra-
pby, Appendix No. 4, pp. 103, 121; of Hydrographic Inspector,
Appendix No. 5, pp. 123-134.

OFTICERS OF THE U. 8. NAVY ON COAST AXD GEODETIC
SURVEY SERVICE DURING FISCAL YEAR ENDING
JUNE 30, 1884, Appendix No. 5, pp. 129, 130,

OFFICE WORK, p. 5. See Appendix No. 4, relating to tides, pp.
107, 108; of the Hydrographic Inspector’s office, Appendix No. 5,
pp, 127,128,

OGDEN, H. G., ASSISTANT. Reference to base established at
Anpna Maria Key, Tampa Bay, by, p. 52; in charge of Engraving
Division, electrotyping and printing, p. 82; Appendix No. 4, P
103 ; for report see pp. 112-116.

OGDEN, UTAH. Loengitude of, principal point of reference for
the longitades obtained in the U. 8. Geographical Surveys west of
the one hundredth meridian, pp. 8, 79.

OHIO. Extension westward of triangunliation in, pp. 3,4, 46, 47, 74;
marking of boundary line between States of Pennsylvania and,
pp. 7,34, 85,47,

OIL SPOT. Special examination in and around the, p. 33.

OKALONA, MISS. Leveling near, p. 54.

OLD COLONY STEAMBOAT COMPANY REPORTS EXIST-
ENCE OF DANGEROUS ROCK IN EAST RIVER, p.29.

OLD DUCK CREEK, DELAWARE BAY, p. 38.

OLD FIELDS POINT, LONG ISLAND, pp. 3, 80.

OLD LANDING, LONG ISLAXND, p. 26.

OLD MAN AND OLD WOMAN LEDGES, COAST OF MAINE.
Dangerous rocks discovered between, pp. 5, 20.

OLD MAN'S POINT, DELAWARE RIVER, p. 36.

OLNEY, RICHLAXD COUNTY, ILL., p. 75.

ON THE GEOLOGY OF THE SEA BOTTOM IN THE AP
PROACHES TO NEW YORK BAY, BY A. LINDENKOHL,
Appendix No, 13, pp. 435-438.

ON THE USE OF THE NODDY FOR MEASURING THE
SWAYING OF A PENDULUM SUPPORT, BY C.S. PEIRCE,
ASSISTANT, Appendixz No. 15, pp. 475482,

OOGLAAMIE, POINT BARROW, ALASKA, p.64. Ses Appendix
No. 4, pp. 104,105.

OONALASHEA, ALASKA. Magneticobservations at, p. 64. .

OPERATIONS OF COAST AND GEODETIC SURVEY PAR-
TIES, Appendix No. 1, pp. 87-93.

ORCHARD, J. M., ENSIGN, U. S.N. Services in Section II, p.
'32; in Bection VI, p. 83; Appendix No. 1, pp. 88, 90.

OREGON. Progress of work in, pp. 4,66, 67. Coast Pilot of, publi-
cation of fourthedition by Assistant Davidaon,pp. 83, 65; reference
to comparison of tidal observations of Sandwich Islands and,
p. 82,

ORIENT HARBOR, LONGISLAND, p. 3. Topographic and hydro-
graphic re-surveys in vicinity of, pp. 27, 28.
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ORIENT POINT, LONG ISLAND, p. 28

ORTOXN'S POINT, N. €. Dredging of channel through three shoals
off, p. 48.

O'SULLIVAN, T.J. Drawing Division, Coast and Geodetic Sar-
vey Office, Appendix No. 4, p.109.

OSWEGOQ, N. Y. Lake survey station, pp. 31, 32.

OUTER HERON LEDGE, COAST OF MAINE. Hydrographic
examination of, pp. 3, 22.

OVER, FRANK. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p.113.

OWEN, MONROE COUNTY, TENNXN,,p.73.

OYSTER BAY, FLA., p.52

OYSTER RIVER, CONN,, p. 25.

P,

PACIFIC COAST. Triangulation betweeen Atlantic and, pp. 2,
11, 57; ehort summary of work on, p. 4; reference to, in estimates,
pp. 10, 11 ; transcentinental line of levels referred to in estimates‘
pp. 11,12; tidul and magnetic observations om, referred to in es-
timates, p.12; complete historical statement of discoveries and
explorations on, by Dr. J. G. Kobhl, reference to, p. 83, and Ap-
pendix No. 19, pp. 495-617 ; sailing charts, &ec., of, see tables in re.
port of Drawing Division, Appendix No.4,p. 111; use of the
steamer McArthur on, Appendix No. 5, p. 125 ; distribution of sur-
veying parties mpon the Atlantic, Gult of Mexico, and, and the
interior of the Tuited States for the fiscal year ending June 30,
1884, Appendix No. 1, pp. 87-93.

PACIFIC COAST PILOT. New edition in preparation, p. 80; for
Alaska, publication of, p. 83; reference to, Appendix No. 4, p.
116.

PAGE, PROFESSOR. Reference to former triangulation in Ken-
tucky by, p. 1.

PALINURUS (schooner). Use of, in Section II, p. 26; Appendix
No. 5, pp. 124,125; repairs on, at New York navy-yard, Appendix
No. §, pp. 126, 127,

PAMPLICO ARC OF THE MERIDIAN, p. 32.

PAMPLICO RIVER, p. 48.

PAMPLICU SOUND, p. 48,

PAN HANDLE of West Virginia. Boundary between Pennsyl-
vania and, p. 7.

PARIS, FRANCE. Pendulum experiments at,p. 2; relative to
transportation of important standards to the International Ba.
reau of Weights and Measures at, pp. 4, 8t, 82.

PARKER, J.P., ENSIGN, U. 8. N. Services in Section I, p. 27
in Section VI, p. 53 ; Appendix No. 1, pp. 88, 00.

PARKINSON AND FRODSHAM SIDEREAL CHRONOMETER.
Use of, p 34.

PARKS, MARSHALL, PRESIDEXT OF CHESAPEAKE AND
ALBEMARLE CANAL COMPANY. XKindness of, in furnish-
ing pass through the canal for the Arago, p. 48.

PARSONS, F. H., SUBASSISTANT. BServices in Section III, pp.
40, 41,46, in Bection XIII, pp. 71,72; in Section XIV, p.76; see
Appendix No. 1, pp. 86, 80,92

PARSONSY, JOHN W., ACCOUNTANT TO DISBURSING
AGENT OF THE COAST AND GEODETIC SURVEY,p. 83.

PARTI. Report for 1884, pp. 1-16; Part II, Report for 1884; pp.
17-84; Part 111, Appendices to Report of 1884 from Nos. 1 to 19,

p. 87, —

PARTIES OF THE COAST AND GEODETIC SURVEY UPON
THE ATLANTIC, GULF OF MEXICO, AND PACIFIC
COASTS, AND THE INTERIOR OF THE UNITED STATES
DURING FISCAL YEAR, 188381, Distribution of, Appendix
No. 1, pp. 87-93.

“PARTY EXPENSES.” Explanation of estimates for p.10; ref-
erence to, in estimates, p. 12.

PASSAMAQUODDY BAY. Partial survey of, reference to, in
estimates, p. 11.

PATERSON, PASSAIC COUNTY, N.J.,p.33

PATMOS HEAD, UTAH,p. 78.

PATTERSON, C. P., LATE SUPERINTENDENT OF COAST
AND GEODETIC SURVEY. Reference to, us projector of
steamer for survey of Alaskan waters, Appendix No. 5, p. 129,

PATTERSON, THE C. P. (steamer). For service on .Alaskan
coast, completion of, p. 18; charge of construction of, pp.79,80;
soe, also, Appendix No. 5, pp. 128, 129.

PATTERSON, PRESIDENT, OF KENTUCKY AGRICULT-
TURAL AND MECHANICAL COLLEGE, AT LEXINGTON.
Courtesies extended by, p. 72.

PAWCATUCK RIVER, CONN. AND R. I, pp. 25, 26.

PAY OF FIELD OFFICERS. Explanation of estimates for, p.10;
reference to, in estimates, p. 12.

PAY OF OFYICE FORCE. Explanation of estimates for, p. 10;
reference to, in estimates, p. 12.

PEIRCE, CHARLES 8., ASSISTANT. Determinations of gravity
by pendulum experiments, and comparisons of standarde in
Furope and in the United States, by, pp. 40, 80, 81 ; Appendix No.
1, pp- 89,93; on the use of the noddy for measuring the swaying
of a pendulum support, by, Appendix No. 15, pp. 475-482; effect
of flexare of a pendulum on its period of oscillation, by, Appen-
dix No. 16, pp. 483485,

PEMAQUID LEDGE, COAST OF MAINE. Examination of, pp.
3,22,

PENDULUM EXPERIMENTS. At Paris, France, pp. 2, 40; 8t
Baltimore and Washington, pp. 3,40, 41; at New Zealand, British
India, Japan, &c., pp.7.41; see Appendix No. 14, pp. 439-473, by
Assistant Edwin Smith; notice of comparisons of standards in
Europs and the United States, by Assistant C. S. Peirce, pp. 40, 80,
81; at San Francisco, in connection with similar observations in
Alaska, pp. 64, 65

PENNICK STATION, KY., p.73.

PENNSYLVANIA AND WEST VIRGINTIA. Survey of bound-
ary lines between, notice of, pp. 2, 7, 8, 34, 35,47, 72 ; geodetic opera-
tions in, pp. 3, 34.

PENOBSCOT BAY. Tidal and meteorological observatv,ons in, pp-
3,21

PERIL STRAIT, ALASKA. Notes on dangers in, p. 6.

PERKINS, F. W., ASSISTANT. Continuation of the survey of the
Gulf coast of Lonisiana from Calcasien Pass eastward, pp. 55, 56;
services in Section X1V, p.75; Appendix No. 1, pp. 91, 82.

PERSONS CONDUCTING OPERATIONS OF THE COAST
AND GEODETIC SURVEY, Appendix No. 1, pp. 87-83.

PETERSEN, A. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 112,

PETTIT. WILLIAM L., OF BALTIMORE, MD. Contractor for
repairs on steamer Blake, Appendix No. 5, p. 125,

PHELPS, HARRY, ENSIGN, U. 8. N. Services in Section II, p.
32; in Section VI, p.53: Appendix No.1, pp. 88, 90.

PHELPS' LEDGE, BLOCK ISLAND SOUND. Soundings near,
p. 26

PHILADELPHIA, PA. Location of port-warden lines in har-
bor of, pp. 3, 36, 37; construction of machinery of steamer C. P.
Patterson at, pp. 18, 80; Appendix No. 5, p. 129.

PHOTOLITHOGRAPHY. Reference to maps and charts, p. §;
special notice of, north shore of Long Island Sound, p. 30; Ap-
pendix No. 4, p. 109.

PHYSICAL HYDROGRAPHY. Of Delaware River and Bay, pp.
3,36; see. also, Appendix No. 12, pp. 431-434; reference to, in esti-
mates, . 11; for continuing researches in, relating to harbors and
bays, reference to, in estimates, p. 11; location of port-warden
lines in Philadelphia, p. 36.

PIEDRAS BLANCAS LIGHT-HOUSE, CAL., p. 50.

PIGEON HILL BAY, ME. Hydrographic survey of, pp. 3, 9, 20
21.

PILLAR POINT, STRAIT OF FUCA, p. 70.

PILLAR ROCK, MORO BAY, CAL., p. 60.

PILLSBURY, J. E, LIEUTENANT, U. 8. N., ASSISTANT
HYDROGRAPHIC INSPECTOR, p.17. Hydrographic examina-
tions on Pemaquid amd Outer Heron Ledges, coast of Maine, and
Ipswich Harbor entrance, coast of Massachusests, p. 22; verifica-
tion of hydrography, Atlantic Coast Pilot, in Section IV, p. 48,
and in Section V, p.49; Appendix No. 1, pp. 87,90 ; Appendix No.
5, pp. 124, 127, 128.

PINEY BRANCH VALLEY,D.C,, AND PINEY BRANCH, p.42.

PINEY POINT. Relative to sunken wreck in Potomac River
near, p. 5.

PINEY POINT BAK, CORE SOUND, p. 48.

PINEY STATION, W. VA, p. 48.

PINNACLE ROCK, IN EAST RIVER., N. Y., pp. 6 20; buoy
placed on, by Light-House Board, pp. 8, 30.

PIOCHE STATION, LINCOLN COU)ITY NEV. Mountain 8,800
foet in height, pp. 78, 79.
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PLANE TABLE SHEETS OF PACIFIC COAST, Appendix No.
4,p. 111

PLATES COMPLETED OR COMMENCED DURING THE
FISCAL YEAR ENDING JUNE 30, 1884, ENGRAVING DI-

VISION, Appendix No. 4, pp. 114-116.

PLEASANT HILL, CASS COUNTY, MO, p. 77.

PLOVER BAY, EASTERN SIBERIA, p. 64.

PLUM ISLAND. Topographic re-survey of, p. 28.

PLUM ISLAND SOUND. Examination of chang
to, p. 22,

POINT BARROW, ALASKA. Determinations of gravity and
magnetic elements at, pp. 4, 71; station of Internanonal Polar Com-
mission established at, p. 64.

POINT BELCHER, p. 64.

POINT BUCHON. Hydrographio survey near, pp. 4, 60; Appen-
dix No. 5, p. 125,

POINT CONCEPCION, Triangunlation north of, pp. 4, 58, 59, 61.

POINT HIGGINS, ALASKA, p. 7L

POINT HOPE, AMERICAN SIDE OF SIBERIAN COAST, p.
64.

POINT ISABEL, TEX. Triangulation near, pp. 4, 56.

POINT OF MAIN, ME, p.18,

POINT SAN MATEQ, CAL., p.57.

POLLOCK RIP LIGHT-VESSEL. Development of several dan-
gerous, shoals near, pp. 6, 23, 24.

POOK, 8. H, NAVAL CONSTRUCTOR. Assistance rendered
by, in preparing drawings and model for steamer C. P. Patterson,
P.79; also see Appendix No. 5, p. 128.

POOR SHOAL, ME. Examination of, p.22,

PORT ANGELOS, WASH. T. Tide-gange at, p.70.

PORT CHESTER, ALASKA, p. 7L

PORTER JERMAIN G. Computing Division, Coast and Geodetic
Survey Office, Appendix No, 4, p. 105.

PORT HARFORD, SAN LUIS BAY, CAL. Description of, pp.
60, 61.

PORTLAND, ME. Examination by Lisutenant Pillsbury, U.8. N,
of rocks pear, p. 22

PORTLAND, OREG. Triangulation of Willamette River as far
as, pp. 47, 63.

PORT MORRIS, N. Y. Rocks near, p. 27.

PORY ROYAL ENTRANCHE, SAVANNAH RIVER, p. 49.

PORT SIMPSON, ALASKA, p. 70

PORT TONGAS, ALASKA, p. 71

PORT TOWNSEND, WASH. T. p.70.

POSSESSION SOUND, WASH.T. Continuation of triangulation
and topography of, pp. 4, 60, 70

POTOMAC RIVER. Examination of sunken wreck near Piney
Point in, p.5; triangulation of District of Columbia from lineson
the, pp. 42, 45; reference to Aqueduct Bridge across the, p. 45

POTTS BTATION, IND., p.73.

POWDER HOLE, MONOMOY POINT, p.23.

PRATT, J, F,, SUBASSISTANT. Services in Section III, p. 48;
continuation of the triangalation and topography of Possession
Sound, Wash. T., pp. 69, 70; services in Section XIII, p.73; Ap-
pendix No. 1, pp. 90, 91, 92.

PRIMARY TRIANGULATION. Progress of; in interior States,
P 2; extension of, in Northern Georgia and Alsbama, pp. 4, 54; of
coast of California, pp. 4, 58, 69; reference to, in estimates, p. 11;
in Ilinois, Missouri and Kansas, pp. 4, 77: connection at Lake
Ontario of the, of the Coast and Geodetic Survey with that of the
Lake Burvey, p.8; in Nevada and Utah, p. 78; see, also, Appendix
No. 9, by Assistants C. O. Boutellesnd C. A. Schott, pp. 387-300.

PRINCETON, MASS., p. 23,

PRINTING. Number of impressions, Engraving Division, Coast
and Geodetic Survey Office, Appendix No. 4, p.114.

PROCTER, PROF. J. R., STATE GEQOLOGIST, KENTUCKY,
Reference to services in placing Coast and Geodetic Survey ex-
hibits at Southern Expesition, Louistille, Ky., p. 80.

PROGRESS SKETCHES. See Appendix No. 4, p. 114,

PROJECTION TABLES AND FORMULX AND FACTORS
FOR LATITUDE, LONGITUDE, AND AZIMUTH COMPU-
TATIONS, BASED ON THE CLABKE SPHEROIU, p. 7; ses,
alse, Appendix No. 7, pp. 828-375; reference to, in Appendix No. 4,
P 104,

P:OVH)EBCE, B. I Continuation of tidal obsprvations at, pp.

FROVQ STATIQH. UTAR a7

in enirance
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PUBLICATIONS OF THE COAST AND GEODETIC SURVEY
RECEIVED FROM THE PUCBLIC PRINTER DURING THER
FISCAL YEAR ENDING JUNE 3¢, 1834, Appendix No. 4, p.
118.

PUBLISHING OBSERVATIONS. Explanation of estimates, p.10;
reference to, in estimates, p. 13.

PUGET SQUND, Appendix No. 5 p. 125.

PUOLGAS BASE, CAL. Measured by Assistant Cutts, p. 61.

PULPIT COVE, NORTH HAVENX ISLAND, PENOBSCOT BAY.
Meteorologival and tidal obrervations at, pp. 3, 21: Appendix No.
4, pp. 107, 108.

PUMPKIN CHANNEL, CHARLESTON BAR, p.49.

PUNGO, N. C,, p. 18,

PUNGO FERRY, N.C. OR VA, p. 4.

PUNTA RASA, FLA. Triangulation near, pp. 4, 52, 53.

PURCELL, J. L., ENSIGN, U. 8. N. Services in Section XT, p.
68; Appendix No. 1, p. 81,

Q.

QUADRILATERALS (DAVIDSON). Trigonometrical determina-
tions of the heights of the stations of the, pp.8,9; see, also, Ap-
pendix No. 10, pp. 391405, and Appendix No. 12, of year 1883.

QUALCINE BAY, WASH. T, p. 69.

QUANTICO, VA, p.45.

QUIAMBAUG COVE, CONN., p.25.

QUICK (schooner). Use of, in Section VI, p. 52; see, also, Appen-
dix No. 5, pp. 124, 131.

QUIMBY, PROF. E. T.,, ACTING ASSISTANT. Continoation
of the triangulation of the State of New Hampshire, p. 22; Ap-
pendix No. 1, p. 87.

QUODDY HEAD (WEST), ME. Triangulation near, pp. 2, 18;
1efurenc to, in stimates, p. 11,

R.

RACE ROCK, LONG ISLAND SOUND, pp. 25, 27.

RAMAPO, ROCKLAND COUNTY, N. Y., p. 33.

RAMAPG MOUNT, p- 33.

RANDOLPH AND MACON COLLEGE, ASHLAND, VA,
Bench-mark established at, p. 45.

RAY, LIEUTENANT, OF SIGNAL SERVICE. Cowmmanding
expedition to Point Barrow, Alaska, in co-operation with officers
of Coast Survey, p. 64.

RAYMOND, MAJOR C. W, U. S. ENGINEER CORPS. Exami-
nation of dangerous ledge in Muscongus Bay reported by, p. 20.
READY (schooner). Use of, in Section 1V, p. 48; reference to, in

Appendix No. 5, pp. 124, 127.

BECONNAISSANCE. In Rockingham County, N. H., p. 22; for
extension of triangulation in southern part of New Jersey, p. 33;
for continuing triangulation of State of Pennsylvania, p. 3¢4; for
extenaion of primary triangulation in Northeru Georgia and Ala-
bama, pp. 49, 50, 54; for connecting the triangulation in the vicinity
of Point Isabel and the mouth of the Rio Grande with Browns-
ville, Tex., pp. 56, 57; of the bays and harbors of Southeastern
Alaska, pp. 70, 71; extension of, and triangulation in the State of
Kentucky, pp 72, 73; for continuation of triangulation of State of
Indiana, p: 7¢; in Utah, p. 78; see Appendix No. 2, p. 95.

RECORDS OF FIELD AND OFFICE WORK OF COAST AND
GEODETIC SURVEY, Appendix No. 2, p. 96.

RED HILL, CAL. Line of levels carried up, by late Assistant
Cutts, p. 62.

REEDY ISLAND, DELAWARE BAY, pp. 3¢, 37.

REISSUES, 1884, OF PLATES FROM ENGRAVING DIVISION,
Appendix No. 4, p. 114,

RENT OF OFFICE BUILDINGS. Explanation of estimates, p.
10; reference to, in estimates, p. 13,

REPAIRS AND MAINTENANCE OF VESSELS. Explapation
of eatimates, p. 10 ; reference to, in estimates, p. 13.

REPORTS. Of the Assistant in charge of office and topography for
t.he year ending June 30, 1884, Appendix No. 4, pp. 103-121;
including reports from all the Divisions of the Coast and Geodetio
Survey Office ; of Hydrographic Inspector for year ending June 30,
1884, Appendix No. 5, pp. 123-134.

REPSOLD PENDULUM. Measurement of floxure of, p. 8; see,
also, Appendix No. 15, pp. 478-482; Appendix No. 18, pp. 483-485.

BESEARCH (sghooger), Nof used during year, Appendtx No. §,
j i,



Xx1v

RE-SURVEY OFDELAWARE BAY AND RIVER, pp. 36-39; ref-
erence to, in estimates, p. 11.

RE-SURVEY OF NEW YORK BAY AND HARBOR. Reference
to, in estimates, p. 12.

RHODE ISLAND. Work on and near boundary of Connecticut
and, p. 25.

RIKER'S ISLAND, EAST RIVER, N. Y. Discovery and devel-
opment of dangerous rocks near, pp. 2, 5, 27.

RILEY STATION, KXY, p. 73.

RIO GRANDE RIVER, TEX. Reconnaissance for connecting tri-
angulation at Brownarille, Tex., and in the vieinity of Point Isabel,
with the mouth of the, pp. 56, 57.

RIPLEY’S NECK, HARRINGTON RIVER, ME., p. 20.

ROCK CREEK, D. C., p. 42.

ROCK CREEK CHURCH ROAD, ROCK CREEK VALLEY, p.
43,

ROCKINGHAM, WINDHAM COUN' TY VT. Occupation of Sta-
tion Stowellin, p. 22.

ROCEINGHAM COUNTY, N. H. Reconnaissance in, p. 22,

ROCEWELL, CLEVELAND, ASSISTANT. Survey of Nestucca
Bay and River, Oreg., and continuation of the triangulation and
topography of the Willamette River, and of the topography of the
Columbia River, pp. 67, 68: Appendix No. 1, p. 91,

ROCKS AND SHOALS DEVELOPED. General reference to, pp.
2, 3; special Tefurence, pp. 5, 6; in Mud Hole Channel and vicin-
ity, coast of Maine, p. 19; in Muscongus Bay, p. 20; off Damiscove
Islands, p. 22: in Lake Champlain, p. 23; in Vineyard Seund, p.
23; off Gay Head Cliffs, p. 24; Little Narragansett Bay, full of, p.

; in Long Island Sound, pp. 26, 27, 29; in East River, N. ¥., p.
97, character of, off Counecticut River, p. 29,

ROCKY BUTTE, CAL. p.59.

ROCKY MOUND STATION, CAL,, p. 62.

ROCKY MOUNTAINS. Reference to model constructed at Coast
Survey Office. including. p. 83.

RODGERS, A. F., ASSISTANT. Survey of the Coast of California
between San Diego and Newport, p.57: Appendix No.1, p. 81,

ROGERS., PROF. W. A. Value of a meter given by, p. 81.

ROHAN STATION, KY..p. 73

ROME, ITALY. A delegate from Coast and Geodetic Survey sent
to the International Geodesic Conference held at, pp. 4, 6, 81, 82.

ROUND TOP STATION, PA.,p. 34.

RUEBSAM, A.C. Engraving Division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 112.

RUN OF THE MICROMETER. The, p.7; see Appendix No. 8, pp.
393-375; by Assistant Greorge Davidson.

s,

SABINE PASS, Soundings off, p. 58.

SADDLE PEAK, CAL., pp. 59, 61.

SAEGMULLER, G. N., CHIEF MECHANICIAN, COAST AND
GEODETIC SURVEY OFFICE. Appendix No.4,p. 104; Report
of work done in Instrument Division, Coast and Geodetic Survey
Office, Appendix No. 4, pp. 120, 121

SAILING CHARTS OF PACIFIC COAST, Appendix No. 4, p. 111.

SAINT BELENA SOUND, p.49.

SAINT JOHN'S RIVER, FLA. Continuation of survey of, refer-
ence 1o, in estimates, p. 11,

SAINT JOSEPH'S BAY, FLA. Continuation of survey of, pp. 52,
53; reference to, in estimates, p. 11.

SAINT PAUL, KADIAK 1ISLAND, ALASKA. Tidal observa-
tions at, pp. 4,71,

SALINAS MOUNTAIN. Old triangulation station found to be
Mount Toro, p. 61.

SALMON POINT, CAL. Hydrographic survey near, pp. 4, 85;
Appendix No. 5, p. 125,

SALT LAKE CITY, UTAH. Triangulation in vicinity of, p.79.

SALT LAKRKE VALLEY, p.79.

SAN CARLOS BAY, FLA., pp. 52, 53.

SAN CARLOS ENTRANCE, FLA. Survey near, p. 4
SAN DIEGO, CAL, pp. 4, 57, 63.
SANDS POINT, LONG ISLAND, pp. 8,30,

SANDWICH ISLANDS. Tidal observations continued at, p. 82.

SANDY CREEK BASE, LAKE SURVEY, p. 32

SANDY HOOK, N.J. Tidal observations at, pp. 3, 32, 33; sound-
ings off, p.33; connection of bench-mark at Hagerstown, Md.,
with tidal level at, in 1881, p. 44 ; reference to tidal bench-mark at,
p. b4
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SANDY HOOK BAY. Tidal observations at ** The Horse-shoe " in,
p.33.

SANDY HOOK LIGHT VESSEL. Re-survey near, p.32.

SAN FRANCISCO, CAL. Pendulum observations at, pp.4, 7, 64;
triangulation near, referred to in estimates, p.11; instruments
stored at sub-office, p. 57; observations of solar eclipse of October
30, 1883, at, p. 63.

SAN FRANCISCO BAY. Tidal observations in,p.4; examination
of bar at entrance to, pp. 60, 61, 63.

SAN JOSE COURT-HOUSE, p. 62.

SAN JOSE PEAK, CAL., pp. 59, 61.

SAN JUAN CAPISTRANO, LOS ANGELES COUNTY, CAL, p.
57.

SANJUAN VALLEY, p.57.

SAN LUIS OBISPO CITY, p. 61.

SAN LUIS OBISPO STATION, IN SAN LUIS OBISPO COUNTY,
CAL., pp. 59, 60.

SAN PEDRO, CAL,, p. 57.

SAN SIMEON, CAL., pp. 4, 59, 61.

SANTA ANA, CAL, pp.57, 61, 62.

SANTA BARBARA, CAL., p. 5.

SANTA CRUZ. Station built at, p. 62.

SARGENT ROAD, D. C.. p. 42.

SAUCELITO, CAL, Tidalebservations, pp. 4, 64,71 ; see, also, Ap-
pendix No, 4, p. 107; line of levels from, referred to in estimates,
p. 11.

SAVANNAH, GA., p. 49.

SAVANNAH RIVER, p. 49,

SAYBROOK, CONN. Survey near, pp. 3, 25. 28.

SAYBROOK LIGHT, CONNECTICUT RIVER, p. 29.

SCHENK. CARL, ACTING ASSISTANT. Services in Seetion
XILL, pp. 72, 73; Appendix No. 1, p. 92.

SCHINDLER, A.D., ACTING AID. Assistance rendered in work
at Point Barrow, Alaska, by, p. 64; Appendix No. 1, pp. 91, 92.

SCHOODIC PENINSULA, ME,, p. 21,

SCHOTT, CHARLES A., ASSISTANT. Temporarily in charge
of office during absenco of Assistant Cutts in Europe, and after
death of Assistant Cutts, pp. 17, 82: annual determination of
magnetie declination, dip, and intensity at the station on Capitol
Hill, Washington, p. 41; Appendix No. 1, p. 89; report from
Computing Division, Coast and Geodetic Sarvey Office, by, con-
tained in Appendix No. 4, pp. 104-106; relative to improvement of
the galvanometer, p. 113; longitudes deduced in the Coast and
Geodsetic Survey from determinations by means of the electric
telegraph between the years 1846 and 1885, second adjustment,
by, Appendix No. 11, pp. 407-430; trigonometrical determinations
of heighta of the stations of the Davidson quadrilaterals, by, Ap-
pendix No. 10, pp. 391-405; connection at Lake Ontario of the
primary triangulation of the Coast and Geodetic Survey with that
of the lake survey, by Assistants C. O. Boutelle, and, Appendix
No. 9, pp. 387-390.

SCHWERIN, R. P., ENSIGN, U. 8. N. Services in Section IT, p.
28; Appendix No. 1, p. 88.

SCOFIELD, H. G.,CITY ENGINEER OF BRIDGEPORT. Map
of the city furnished officers of the Sarvey by, p. 30.

SCORESBY (schooner). Use of, in Section II, pp. 27, 28; repairs
on, Appendix No. 5, p. 127.

SEA (depths of the), In the Bay of North America and Gualf of
Mexico, as represented in relief model constructed at the Coast
and Geodetic Survey Office, p. 9.

SEABECK HARBOR, PUGET SOUND, WASH. T., PP- 4, 68, 89;
tide-gange at, p. 69; Appendix No. 5, p. 125.

SEA HORSE ISLANDS, p. 64,

SEA HORSE ROCKS, ME., p. 19.

SEAL ROCKS, OFF NAPATREE POINT DEVELOPED, p, 26.

SEATTLE, WASH. T., pp. 69, 70.

SENGTELLER, A. Lite of Engraving Division, Coast and Geo-
detic Survey Office, notive of death of, p. 16; Appendix No. 4, pp.
108, 112.

SENGTELLER, LOUIS A., ASSISTANT. Survey of Siuslaw
River entrance, and continuation of triangulation und tupography
of Umpgush River, Oreg., pp. 68, 67; Appendix No. 1, p. 91,

SERIES OF TIDAL OBSERVATIONS WITH SELF.REGISTER.
ING TIDE-GAUGE CONTINUED, AND METEOROLOG-
ICAL OBSERVATIONS RECORDED AT PULPIT COVE,
NORTH HAVEN ISLAND, PENOBSCOT BAY, p. 21.

BEVIER RIVER, UTAH. Reconnsisssnce nesr, p. 78,
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SEVRES, FRANCE, p.82.

SHACKFORD, NORTH ALA., p. 50.

SHAGWONG POINT, MONTAUK. Hydrographic work off, pp.
3, 27.

SHELTER ISLAND, LONG ISLAND SQUND, p. 28.

SHELTER ISLAND SOUND, p. 26.

SHEPHEARD, F. W. Tidal observations at Sandy Hook, by, p
33; Appendix No. 1, p. 89.

SHERMAN, F. H., ENSIGN, 1. §. N. Services in Section IT,
pp. 29, 30; Appendix No. 1, p. 88.

SHIDY, L. I’. Tidal Division, Coast and Geodetic Survey Office,
Appendix No. 4, p. 108.

SHINNECOCK HILLS. Permanent station mark on, p. 80.

SHOVELFUL LIGBT-VESSEL. Dangerous shoal betweon Pol-
lock Rip and, pp. 6, 24.

SIBERTA. Coast of, p. 64.

SIERRAS, CAL., p. 59.

SIERRA MORENA,CAL., p. 62.

SIGNAL SERVICE. Co-operation of. with officers of Coast and
Geodetic SBurvey in establishing station at Point Barrow, Alaska,
v. 64; see, also, Appendix No. 4, p. 105.

SILLIMAXN (schooner). Use of, in Section 11, p. 29; Appendix
No. 5, p. 124.

SILVER SPRING, D.C., p. 42.

SIMPSON, JR., E., ENSIGN, U. S. N. Services in Section 1, p. 24;
in Section II, p. 27; Appendix No. 1, pp. 87, 88.

SIMS STATION,KY., p. T4.

SINCLAIR, C. H, SUBASSISTANT. Sm‘vay of the boundary
line between the Sm(es of Penusylvania and West Virginia, pp.
34, 36; longitude of Covington, Va., determined by telegraphic
exchanges of signals with Washington, D. C., also observations
for latitude of Covington, p. 41; occupation of stations for cen-
necting with the triangulation the corner stones and boundary
monuments of the District of Columbia, pp. 41,42; reconnaissance
for connection of astr 1 stations at Strasburg, Va., with the
triangnlation, magnetic observations at Strasburg, pp. 45 46;
exchange of longitude signals, p. 72; Appendix No. 1, pp. 89, 90.

SIPE, E. H. Engraving Division, Coast and Geodetic Survey Office,
Appendix No. 4, p. 112,

SIUSLAW RIVER, OREG. Survey of entrance of, Pp. 4, 66, 67.

SIX-MILE SWITCH, FLOYD COUNTY, IND, p. 14.

SMITH, EDWIN, ASSISTANT. Reference to former pendnlnm
experiments at transit of Venns station in New Zealand, &c., by,
p- 41; pendulum operations at the Smithsonian Institution, p. 41;
Appendix No. 1, p. 89; determinations of gravity with the Kater
pendulums by, Appendix No. 14, pp. 439, 473.

SMITH, GENERAL W. H., VICE PRESIDENT OF LOUISVILLE
AND NASHVILLE RATLROAD. Acknowledgment of servines
‘rendered officors of Corst and Geodetic Survey by, p. 72.

SMITH'S FERRY, BEAVER COUNTY, PA., pp. 84, 85, 72,

SMITHSONIAN INSTITUTION. Pendulum experiments at, D,
7,41

SMOOT, J. H. Engraving Division, Coast and Geodetic Survey
Office, reference to services, Appendix No. 4, pp. 103, 113.

SNAKE VALLEY, UTAH. Maguetio station, p. 79.

SNOW, A.8., LIEUTENANT-COMMANDER,U. 8 N. Inshore
soundings in Musconges Bay and off Moos-a-bec Reach, p. 19;
dangerous ledge developed by, in Englishman’s Bay, p. 20 ; hy
drographie survey of the Strait of Fuca, pp. 70,71; Appendix No.
1, pp. 87, §1; Appendix No. 5, p. 124,

SOLAR ECLIPSE OF OCTOBER 30, 1883. Obaervation of, at San
Francisco by Assistant G. Davidson, p. 63.

SOLDIERS' HOME, D. C., p. 42

SOMMER, E. J. Drawing Division, Coast snd Geodetic Survey
Offics,. Appendix No. 4, p. 100.

BOUTH BASE, ILL. Permanently marked by stene monuments,
p. 76,

SOUTH BAY, WASH. 'L, Tide-gauge established at, p. 88,

SOUTH BEND, IND. - Triangnlation near, p. 7.

SOUTH AROLINA. Work on cosst and within, pp. 3, 48, 49 ;-

reference 1o, in estimates, p. 11,
SOUTH CHANNEYL, NEW YORK ENTRANCE, p. 33.
SOUTH BDISTO BIVER, p. 48,
SOBT'H JUPITER NARROWS, HEAD OF KEY BIBCAYNE
X, p.80.
M’L‘Kmﬁl’a LIGETRHTP, Umeooufhl a.ﬁ-em;:t to find
ol reported off, p. .. :
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SOUTHEAST FARALLON LIGHT, p.62.

SOUTHEAST LEDGE. Of the Damiscove Islands, p. 22.

SOUTHEASTERN ALASKA. Hydrographic reconnaissance of
bays and harbors of, pp. 4, 70, T1.

SOUTHERN CALIFORNIA. Refersnce to, in estimates, p. 11.

SOUTHERN EXPOSITION AT LOUISVILLE KY. Exhibit of
Coast and Geodetic Survey at, pp. 4.9,80; account of exhibit at,
by Assistant H, W, Blair, Appendix No. 18, pp. 489-493,

SPAULDING, J.G. Tidal observations at Pulpit Cove, Penobscot
Bay, Me., by, p. 21; Appendix No. 1, p. 87; in Tidal Division,
Coast and Geodetic Survey Office, Appendix No. 4, p. 108,

SPECIAL MAGNETIC OBSERVATIONS, pp. 62, 63.

SPECIAL OPERATIONS OF COAST AND GEODETIC SUR.
VEY. Construction of steamer designed exprossly for service on
coast of Alaska, pp. 4,17, 18,79, 80; assignment of officer in charge
of exhibit at Southern Exposition, Louisville, Ky., pp. 4, 9,80,
comparisous of standards of weight and measure, and determina-
tions of gravity in Kurope, pp. 4,6, 80,81; transportation of im-
portant standards of weight and measure from London to Paris,
pp. 4, 8L, 82; attendunce of Assistant in charge of the office as
delegate on part of the Coast and Geodetic Survey tv the Inter-
national Geodesic Conference held at Rome, ltaly, pp. 4, 6, 17,
81, 82.

SPECIAL SCIENTIFIC WORK, pp. 1, 6-9, 79-82.

SPURLING STATION, KY., p.73.

STANDARD MEASURES. Comparisons of, pp. 4, 40, 80, &1 ; traus-
portation of important, from London to Paris, pp. 4,81, 82,

STANSBURY, P. R. Computing Division, Coast and Geodetic Sur-
vey Office, Appendix No. 4, p. 106,

STARBOARD CREEK, MACHIAS BAY, ME,, p.18.

STATE NORMAL SCHOQL, LOS ANGELES, CAL. Signal sta-
tion at, p.57.

STATIONS OCCUPIED IN CONTINUATION OF TRIANGU.-
LATION OF THE STATE OF WISCONSIN, p. 76.

STATISTICS OF ENGRAVING DIVISION, COAST AND GE-
ODETIC SURVEY OFFICE, Appendix No. 4, pp. 113-116,

STATISTICS OF FIELD AND OFFICE WORK OF THE U.S,
COAST AND GEODETIC SURVEY FOR THE YEAR END-
ING JUNE 30,1884, Appendix No. 2, pp. 95, 96.

STEADYAST (sloop). Use of, in Section VI, p.50; relative to de-
struction of, and erasurs of name from list of vessels, Appendix
No. 5, p. 127,

STEEL HARBOR ISLAND, ME., pp. 19, 20.

STEPPING STONES LIGHT.-HOUSE, EAST RIVER, N. Y.,
p.27.

STEVENSON, H. N, PASSED ASSISTANT ENGINEER, U. 8.
N. Services in superintending construction st Philadelphias of
machinery of steamer C.P. Patterson, pp. 18, 80; Appendix No. 5,
p-129.

STEWART, GORDON A, LATE KEEPER OF ARCHIVES OF
COAST AND GEODETIC SURVEY. Notice of death of, p.16.

STODDARD STATION, N, H., p.22.

STONE HORSE SHOAL, VINEYARD SOUND, p. 24.

STONINGTON, CONN. Topographic re-survey of, and of vieinity,
Ppp. 3, 25.

STONINGTON HARBOR, CONN. Completion of survey of, and
establishment of tidal station at, p. 26.

STONO INLET, p. 49.

STONO RIVER, p.49.

STOWELL STATION, ROCKINGHAM, VT., p. 22.

STRAIT OF FUCA. Continuation of triangulation, topography,
and hydrography of, pp. 4, 70.

STRASBURG, VA., pp.3,45,46.

STUMP PASS. One of the entrances to Lemon Bay, Fla., pp. 52,
563,

STURGESS STATION, NEAR VANDALIA, ILL., p. 75,

SUBMARINE GEOLOGY OF THE APPROACHES TO NEW
YORK, BY A, LINDENKOREL, Appendix No. 13, pp. 435-438.

SUB.OFFICE WOBK AT SAN FRANCI3GOQ, CAL., IN CHARGE
OF ASSISTANT GEORGE DAVIDSON, p. 63.

SUESS. WERNER. Mechanician Coast and Geodetic Survey Oﬁic«e,
Appendix Neo. 4, p.113.

SULLIVAN, J. A., ASSISTANT. Work of, in 1874, p. 30.

SULLIVAN, JOHN T., LIRUTENANT, U. 8. N. Hydrographic
surveys of eastern part of Long Island Sound and s portion of
Block Istand Sound, pp. 28, 27; services in Section II, p. 20; Ap-
pondix No. 1, p. 88, and Appendix No. 5, p. 124.
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SUPPLEMENTARY TRIANGULATION BEITWEEN EATON'S
POINT AND SANDS POINT, NORTH COAST OF LONG ISL-
AND, AND OF THE OPPOSITE SHORE, FOR THE RE-SUR-
VEY OF LOXNG ISLAND SOUND, pp. 30,31,

SURVEYING PARTIES UPON THE ATLANTIC, GULF OF
MEXICO, AND PACIFIC COASTS, AND THE INTERIOR
OF THE UNITED STATES, DURING THE FISCAL YEAR
1883-'84. Distribution of, Appendix Ne. 1, pp. 87-93.

SUCRVEY OF THE BOUNDARY LINE BETWEEN THE
STATES OF PENNSYLVANIA AND WEST VIRGINIA, p.
34

SURVEY OF THE COAST OF CALIFORNIA, BETWEEN SAN
DIEGO AND NEWPORT, p. 5§7; betwesn Moro Bay and San
Francisce Bay, p. 59.

SURVEY OF GAY HEAD CLIFFS. To fix position of wrecked
steamer, pp. 24, 25.

SURVEY OF NESTUCCA BAY AND RIVER, OREG., AND
CONTINUATION OF THE TRIANGULATION AND TOPOG-
RAPHY OF THE WILLAMETTE RIVER, AND OF THE
TOPOGRAPHY OF COLUMBIA RIVER, pp. 67,68,

SURVEY OF SIUSLAW RIVER ENTRANCE, AND CONTIN-
UATION OF THE TRIANGULATION AND TOPOGRAPHY
OF UMPQUAH RIVER, UREG., pp. 66,67.

SWASH CHANNEL. Over Bulkhead Shoal, Hatteras Inlet, pp.
48, 49,

T,

TABLES FOR THE PROJECTION OF MAPS, BASED ON A
POLYCONIC DEVELOPMENT OF THE CLARKE SPHE-
ROID, Appendix No. 6, pp. 135-321; reference to, p. 7.

TABLES OF FORMULZX AND FACTORS FOR THE COMPU-
TATION OF GEOGRAPHICAL POSITIONS (third editicn),
Appendix No. 7, pp. 323-375; reference to, p.7.

TACOMA, WASH. T., p. 0.

TAMALPAIS, MOUNT. Station in California, p. 62.

TAMGAS HARBOR, SOUTHEASTERN ALASKA, p. 71

TAMPA BAY, FLA, p. 52,

TANEY, E. L., AID. Services in Section II, p. 28; in Section VI
p. 50; see Appendix No. 1, pp. 88, 80.

TARRY-NOT (steam-launch). Use of, in Section XI, p. 69.

TAUSSIG, E. D, LIEUTENANT, U. 8. N. Hydrographic survey
in the vicinity of Point Bachen, Cal., and exsmination of bar at
entrance to San Francisco Bay, pp. 60, 61 ; hydrographio survey of
the California coast, between Salmon Yoint and Brushy Point, pp.
65,66; Appendix No. 1, p. 91; Appendix No. 5, p. 124.

TAZEWELL STATION, VA, p. 43.

TELEGRAPHIC LONGITUDES. Progress of, p.3; of Coving-
ton, Va., p. 41; of Charleston, W, Va., p. 46; occupation of station
at Louisville, Ky., for determinations of, in Tennessee, Kentucky,
‘West Virginia, Indiana, and Illineis, pp. 71, 72; determinations of,
Logansport, Ind., and Chicagoe, I1l., p. 76 ; see, also, Appendix No,
11, by Assistant C. A. Schott, pp. 407430, and reference to same
on page 8.

TENNESSEE. Determinations of longitude atations in, pp. 4, 71;
geodetic operations in, pp. 4, 73.

TERRY, J. CARLISLE, AID. Services in Section IIL p. 46; in
Section VIIL, p. 55; in Section X, p. 58; in Section XIII, pp. 71.
72; in Section XIV, p. 78; Appendix No. 1, pp. 90, 61,92,

TEXAS. Progress of survey of coast of, pp. 4, 56; reference to, in
estimates, p. 11; magnetic observations in, p. 62.

THE ESTUARY. DELAWARE RIVER AND BAY, p. 36.

THE HORSESHOE, SANDY HOOK BAY, p. 33.

THE JUMP. An outlet of the Missiseippi River at Red Pags,
p. 55

THE RACE, LONG ISLAND SOUND. Rocks developed in, p. 27,
The ron of the Micrometer, by Assistant George Davidson, Ap-
pendix No. 8, pp. 377-385, reference to Appendix No. 8, on p. 7.

THE TRIANGLE. See Triangle Recks.

THOMAS, LIEUTENANT-COMMANDER, U. 8. N. Reference
to bench-mark at Norfolk Navy-Yard, established by, p. 4.

THOMAS, M. Tidal Division, Coast and Geedetic Survey Office,
Appendix No. 4, p. 108,

THOMPSON, J. G. Engraving Division, Coast and Geodetic Sur-
vey Office, Appendix No. 4, p.112.

THOMPSON, W. A. Engraving Division, Cosat and Geodetio Sur-
vey Office, Appendix No. 4, p. 112,

THORNTON STATION, MO., p.77.
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THROG'S NECEK, N. Y. Re-survey, reference to, in estimates, p, 12.

TIDAL DIVISION, U. 8. COAST AND GEODETIC SURVEY
OFFICE. Reference to, in estimates, p. 12; reference to report
from the, Appendiz No. 4, p.103; Report, Appendix Neo. 4, pp. 107,
108.

TIDAL OB8SERVATIONS. On coast of Maine, pp. 2,3; on Pacific
coaat, p.4; veference to, inestimates, p. 12; at Pulpit Cove, North
Haven Island, Penobscot Bay, p.21; at Providence, R.1., p.25;
at Bloek Island, p. 25; at Truman's Beach, L.1., p.26; at Fort
Trumbull, New London, Conn., p. 28; at Sandy Heok, N.J., p. 33;
at Saucelito, near San Francisco Bay entrance, p. 64; at Little
River, Cal., p. 65; at Seabeck Harbor, Wash. T., p.69; at Saint
Paul, Xadiak Island, Alaska, p.71; at Honoluln, Sandwich Isl-
ands, p. 82.

TITLES OF CHARTS. Drawing Division, Appendix No. 4, pp.
110-112.

TITTMANN, O. H.,, ASSISTANT. “Triangulation of coast of
Maine, between West Quoddy Head and Cross Island, p.18; re-
conpai © for the extension of primary triangulation in Nerth-
ern Georgia and Alabama toward the Gulf coast and Mobils, pp.
49, 50, 54 ; Appendix No. 1, pp. 87, 90.

TOPOGRAPHIC (AND HYDROGRAPHIC) SURVEYS. List of,
Appendix No. 4, p.120.

TOPOGRAPHIC SURVEYS AND RESURVEYS. Of Harring-
ton River and of Chandler's River Bay, Me., p. 20; between
Gouldsboreugh and Frenchman’s Bays, Me., p. 21; of Stonington,
Conn., and vicinity ; also of coast of Connecticut, near Saybrook
and Lyme, p. 25; in vicinity of Montauk Point, Gardiner's Bay,
and Orient Harbor, L. I, p. 27; of north shore of Long Island
Sound, between New London and Four-Mile River, and between
Saybrook and Clinton, p.28; of north shore of Long Island Sound,
from Bridgeport to Farms (or Frost's) Point, p. 30; of New Jer-
sey coaat, from Cape May Court-House northward, p. 36; of New
Jersey shore of Delaware Bay, continued, p. 37 ; of westera sbore
of Delaware Bay, pp. 37,38; in the vicinity of Cape Henlopen, p.
39; continuation of, of District of Columbia, pp. 42, 43; of the
shores of Cherrystone Inlet, Va., p.43; in vicinity of headwaters
of Lynnhaven Bay, Va., p. 43; from Anclote Xeys sonthward,
weat coast of Florida, p.53; of Hood's Canal, Wash. T., p.69; of
Possession Sound, Wash. T., pp. 69,70 ; of Strait of Fuca, p. 70,

TOPOGRAPHICAL VIEWS. Appendix No.4, p. 115,

TOPOGRAPHY. Of Maina coast, refe e 10, in estimates, p.11;
of Machias Bay snd vicinity, p. 18; of North River, N.C., p.47;
of Umpguah River, Oreg., pp. 66, 67; of Willamette and Colum-
bia Rivers, pp. 67, 68; of Possession Sound, Wash. T., pp. 69,
70; Appendix No. 2, p. 95, for report of Assistant in charge of
office and, Appendix No. 4, pp. 103-121.

TORO MOUNTAIN, p. 82.

TOWNSEND HILL, OHIO, Station destroyed by storm, p. 74,

TRANSCONTINENTAL GEODESIC WORK, pp. 2, 4, 44, 43, 54;
explanation of estimates in regard to, p. 10 ; refereunce to, in esti-
mates, pp- 11, 12.

TRANSIT OF VENUS STATION OF 1882. Relative to penda-
lum experiments at, pp.7, 41 ; triangulation station established at,
p. 79.

TRANSPORTATION OF VALUABLE STANDARDS OF
WEIGHT AND MEASURE FROM ENGLAND TO FRANCE,
pp- 81, 82.

TREASURY DEPARTMENT. Construction of maps showing
limits of custom-house disjricts in United States, for, p. 5.

TRESCOT, EDWARD A., COPYIST, COMPUTING DIVISION,
COAST AND GEODETI( SURVEY OFFICE. Appendix No.
4, p. 106,

TRES-PINOS, UTAH. Magnetic station, p. 78.

TRIANGLE ROCKS, QR “THE TRIANGLE.” Developmentof,
P. 29. . .
TRIANGULATION. Of Machias Bay aud vicinity, pp. 2, 18; prog-
reas of, on Atlantic coaat, pp: 2,3 ; progress of, on Pacific eoast,
PP. 4, 58; in interior, pp. 4, 72-74; connection of the primary,
of the Coast and Geodetie Survey with that of the lake survey,
pp- 8,81, 82; see, also, Appendix No. 9, pp. 387-390; from Atlanta
towards Mobile, p. 54 ; referred to, in estimates, p. 11; of coast
of Maine between West Quoddy Head and Cross Island, p. 18 of
State of New Hampshire, p. 22; of Slate of Vermont, p. 22; be-
tweon the Fire Island and M husetts and Epping base lines,
p- 28; northern patt of State of New Jersey, p. 33; of Pennayl-
veals, pp. 34,35, G1; refersnce to she, of District of Colmmbia, pp.
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TRIANGULATION-Continued.

41, 42; extension westward of primary, near tke thirty-ninth paral-
lel, in West Virginia and Ohio, pp. 46, 47; of North River, N.C.,
p.47; T for ext of primary, in Northemn Geor-
gia and Alabama, towards the Gulf coast, pp. 49, 54; of west coast
of Florida, vicinity of Punta Rasa, p. 52; of Umpquah River, Oreg.,
pp. 66, 67; of Willamette River, pp. 67, 68; of Strait of Fucsa, p. 70;
in State of Kentucky. pp. 72, 73; in State of Tenneasee, p. 73 ; in
States of Ohio and Indiana, p. 74; in State of Ilinois, pp. 74, 75;
in State of Wisconsin, p. 76; for continning primary, in Missouri
and Kansas, near the thirty-ninth parallel, p.77; for extenaion sast
of primary, in Nevada and Utah, p. 78; see, also, Appendix No. 2,
p. 95.

TRIGONOMETRICAL DETERMINATIONS OF HEIGHTS OF
THE STATIONS OF THE DAVIDSON QUADRILATERALS.
Repert upon, by Assistant C. A. Schott, Appendix No. 10, pp. 391-
405 ; see, also, in Report, pp. 8, 9.

TRUMAN'S BEACH, LONG ISLAND. Tidal observations at,
p. 26.

TRUXTUN, WILLIAM, ENSIGN, U. 8. N. Services in Section
II, p. 38 ; Appendix No. 1, p. 89.

TURNBULL, C. B. Tidal division, Coast and Geodetic Survey
Office, Appendix No. 4, p. 108.

TURNER, J. H,, ACTING AID. Services in Section II, p. 25;
in Section V, p. 50; in Section VI, p. 52; Appendix No. 1, pp. 88,
90.

TUSHAR MOUNTAINS, UTAH, p. 78.

TWQ-TREE ISLAND SHOAL, LONG ISLAND SOUND, p. 29;

TYBEE ENTRANCE. Inspection of, p. 49.

w.

UMPQUAH RIVER, OREG. Continuation of triangulation and
topography of, pp. 4, 66, 67.

UNION CITY, WASH. T., p. 69.

UNITED STATES. Progress made on map of, p. 5; reference to,
in estimates, p. 10; see, also, Appendix No. 4, p. 109; exhibit of
the Southern Exposition, Louisville, Ky., p. 80.

TUNITED STATES ADVISORY COMMISSION FOR IMPROVE-
MENT OF DELAWARE BAY AND RIVER, pp. 8, 37.

UNITED STATES BUREAU OF WEIGHTS AND MEASURES,
p. 6.

UNITED STATES ENGINEERS. Destruction by storm of tripod
erected in 1874 by, p. 31; intention of, to improve vicinity of Cape
Henlopen, p. 39.

UNITED STATES GEOGRAPHICAL SURVEYS. Mention of
Ogden, Utah, as point of reference for longitudes, p. 8.

UNITED STATES LAKE SURVEY. Reference to, p. 8; see, 8lso-
Appendix No. 9. pp. 387-300.

UTAH. Reconuaissances in, pp. 4, 78, 79,

Y.

VALIANT SHOAL AND ROCK. 1n ‘‘the Race,” Long Island
Sound, p. 27.

VANDALIA, ILL., p.75.

VAN DUZEN, LOUIS 8, ENSIGN, U.8.N. Services in Sedffon
I, p. 38; Appendix No. 1, p. 89; Appendix No. 5, p. 130.

VAN HELMS, CAPTAIN JOHN, OF PACIFIC COAST NAVI,
GATION COMPANY. Acknowledgment of hydrographic infor-
mation furnisbed by, p.65.

VAN ORDEN, C. H., SUBASSISTANT. Services in Section I,
Pp. M4, 35; in Section ITl, p.47; Appendix No.1, p.90.

VENUS, TRANSIT OF, OF 1882. Refoerence to pendulum opera.
tions at stations for observation of, pp. 7, 41, 70.

VERIFICATION OF HYDROGRAPHY, FOR THE ATLANTIC
COAST PILOT, pp. 48, 48, )

VERMONT. ' Geodetic operations in, pp. 8, 22.

VESSELS OF COAST AND GEODETIC SURVEY.
No. 5, pp. 131, 132,

VICTORY. Lake Survey station, p. 31

YIERBUCHEN, P. Instrument Division, Cosst and Geodetio Sur-
vey Office, Appendix No.4, p. 121

VILLA-STONE. - Triangulation line, p. 59.

VINAL, W. IRVING, SUBASSISTANT. Services in Section I,
PP 2, 83; in Seation VI, p. 52; topographic survey from. the

Appendix

Andlote Keys scuthward, eaat coast of Florida, p. 58; Appendix -

Mo, 1, p. 90,
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VINEYARD SOUND. Hydrographic examinations in, pp. 3, 23, 24
reference to. in estimates, p. 11

VIOLET (light-honuse tender). Us¥ of, in Seetion IV, p. 48.

VIRGINIA BEACH RAILROAD, p. 4.

VIRGINIA, WEST, Survey of boundary lines betwesn Pennsyl-
vania and, pp. 2, 3, 7, 8, 34, 35,47, 72; see, also, in index, West Vir-
gioia.

w.

WACHUSETT MOUNTAIN, PRINCETON, MASS. p.23.

WADHAMS, A. V., LIEUTENANT, U.S. N. Hydrographic re-
surveys of Fisher's Island Sound, and its adjacent waters contin-
ued, p.26; Appendix No. 1, p. 88; Appendix No. 5, pp. 124, 129,

WADHAMS. Triangulation station in Wisconsin, p. 76.

WADHAMS GROVE, STEPHENSON COUNTY, ILL,, p.76.

WADMELAW SOUND,p. 49.

WAINWRIGHT, DALLAS B., ASSISTANT. Servicesin Section
IIT, p. 42; Appendix No. 1, p. 89.

WAINWRIGHT INLET, ALASKA, p. 64.

WAEKENSHAW, H.C., ENSIGN, U.S. N.

WAPPOOQ CREEK, 8. C, p.49.

WARBURTON, E. T., PASSED ASSISTANT ENGINEER, U. 8.
N. Appendix No. 5, p.130.

WARRENSBURG, JOHNSON COUNTY, MO, p. 77.

WARREN’S POINT, R. I. Location of dangerous rock off, pp. 2,
24

WASATCH PLATEAU, UTAHR, p. 78.

WASHINGTON CITY, D. C. Completion of comparative doter-
minations of gravity at, with Kater pendulums, pp. 2, 3. 40, 41,
reference 1o, p.7; annual determinations of declination, dip, and
intensity at Capitol Hill, p.41; telegraphic exchange of signals
with, for longitude of Covington, Va., p. 41.

WASHINGTON STATION, WIS., p.76.

WASHINGTON TERRITORY. Work on coast of, p. 4, reference
to, in estimates, p. 11; new edition of Coast Pilot for California,
Oregon, and, p. 65.

WASHINGTON COUNTY, MD.,, BRANCH OF BALTIMORE
AND OHIO RAILROAD. Line of levels carried over, p. 45.

WASSERBACH, T. Engraving Division, Coast and Geodetic Sur-
vey Office, Appendix No. 4, p. 112,

WATCH HILL, LITTLE NARRAGANSETT BAY, CONN. P,
25. Tidal observations at, p. 26.

WATCH HILL POINT, p.26.

WATTS, PROF. J. K., SUPERINTENDENT OF PUBLIC
SCHOOLS AT LOGANSPORT, IND. Acknowledgement of
courtesies and assistance rendered by, p. 72.

A ppendix No. 5, p. 130.

. WATTERS, JOHN 8., ENBIGN, U.8.N. Services in Section II,

p- 38; Appendix No. 5, p. 130.

WEASEL STATION, N.J., p. 33.

WEIGHTS AND MEASURES. United States Bureau of, pp. €,
7,82.

WEIR, J. B.,, SUBASSISTANT. Lines of leveling of precision
carried from Hagerstown, Md., towards Fortress Monros, Va., pp.
44, 45; line of levels of precision carried from the Gulf coast near
Mobile towards a point on the tr: tal line of geodesi
leveling, p. 54; Appendix No. 1, p. 90.

WELKER, P. A,, AID. Services in Section X, pp. 58, 59; Appen-
dix No. 1, p. 81, .

WEQUETECOCK COVE, CONN., p. 25.

WERLICK, P.J., ENSIGN, U.5.N. Appendix No.5, p. 130.

WEST BEACH STATION, CAL., p. 57.

WESTBROOK HARBOR. Rocks discovered near, p.29.

WESTCOTT'S POINT, VA, p.45.

WESTDAHL, FERDINAND. Services in Section X, p.63.

WESTERLY, R.I., p. 26.

WESTERN ATLANTIC BASIN. Modsl of, p. 5.

WESTERN BAY, ME., p.19.

WESTERN UNION TELEGRAPHCOMPANY. Official acknowl-
edgments for courtesies and assistance rendered by, p. 72.

WEST HARBOR, CONN. Tidal observations at, p. 26.

WEST JERSEY RAILROAD. Reference to, p. 36.

WEST QUODDY HEAD. Trisngulation of coast of Maine near,
pp. 2, 18; refersnce 1o, in estimates, p. 11.

WEST VIRGINIA, Survey of boundary lines between Peunsyl-
vania and, pp- 2, 3, 7, 8, 34, 35, 47, 72; determinations oflongitade
of station in, pp. 4, 71: extension westward of primary triangu-
lation near thirty-ninth parallel in, p. 46.




xxvill ALPHABETICAL INDEX.

WEST WASHINGTON, OR GEORGETOWN, D.C,, p.42.

WEVERTON, MD, p. 45. "

WHALE ROCK, VINEYARD SOUND. Determined in position,
Pp. 23.

WHEELER, HON. RICHARD A. Thanks for information given
officers of the Survey by, p. 26

WHIDBEY ISLAND, p. 70.

WHITING, H. L., ASSISTANT. Sarvey of Gay Head Cliffs tofix
position of wrecked ateamer, pp. 24, 25; Appendix No. 1, p. 88,

WHITING, HOLMES BAY, ME,, p.18.

WHITE LICK STATION, IND,, p.73.

WHITE SWORD POINT STATION, FLA., p.52

WHITE, W. P., ERSIGN, U.8.N. Services in Section XI, p.70;
in Section XII, p.71; Appendix No.1, p.91; Appendix No.5, p.
130.

WIGGINS PASS, FLA., pp. 52, 53.

WILLAMETTE RIVER, OREG. Triangulation and topography
of, pp. 4, 67, 68; reference to, in estimates, p. 11.

WILLAMETTE VALLEY, p. 67,

WILLENBUCHER,.E. Hydrographic Office, Appendix No. 5, p.
128,

WILLENBUCHER, W. C. Hydrographic Office, Appendix No. 5,
p. 128.

WILLIAMS (IND.) STATION, p.73.

WILLIAMSTOWN, GLOUCESTER COUNTY, N.T., p. 34.

WILMINGTON, CAL., p.6L

WILMINGTON, N.C., p. 48,

WILNER, F. A., LIEUTENANT, U.8. N. See Appendix No.5,
P. 130.

WINDFALL STATION, WASH. T., p. 69,

WINES, M. W., CHIEF OF MISCELLANEQUS DIVISION,
COAST AND GEODETIC SURVEY OFFICE, Appendix No.
4, p. 104; for report of, see Appendix No. 4, pp. 116-118.

WINSLOW, C. McR., LIEUTENANT, U. S. N. Hydrographio
re-survey of Delaware Bay from Mahon’s River to Mispillion Creek
Light, p. 38; Appendix No, 1, p. 88; Appendix No. 4, p. 124.

WINSTON, ISAAC, AID. Services in section XIV, p. 75; Ap-
pendix No. 1, pp. 90-82; Appendix No. 5, p. 130.

WINTER HARBOR, ME,, p. 21,

WINTERSTOWN, YURK COUNTY, PA., p. 54.

WINYAH BAY, p. 49.

WISCONSIN., Geodetic operations in, pp. 4,76,

WITZEL, H. M., ENSIGN, U. 8. N. Services in Section I, p. 20;
Appendix No. 1, p. 87; Appendix No. 5, p. 130.

WOODWARD, WIGHT & CO., OF NEW ORLEANS, LA. Sale
of schooner Brisk to, Appendix No. 5, p. 127.

‘WRAY, OHIO, p. 46.

WRIGHT, MAJ. J. M., MANAGER OF SOUTHERN EXPOSI-
TION AT'LOUISVILLE, KY. Reference to, p. 80.

WYVILL, E. H. In Office of Hydrographic Inspector, Coast and
Geodetic Survey. Appendix No. 5, p. 128.

Y.

YEATMAN, A., LATE OF MISCELLANEOUS DIVISION,
COAST AND GEODRTIC SURVEY OFFICE. Notice of death
of, p. 16; Appendix No. 4, p. 117.

YUKON (schooner). Use of, in Section XI, pp. 66, 67, 70; repairs
on, Appendix No. 5, pp. 127, 131.

YUMA, CAL., p. 64.

ZIWET, ALEXANDER, Computing Division, Coastand Geodetic
Survey Office. Appendix No. 4, p. 106.

ZUMBROCK, A. Reference to, in Appendix No. 4, p. 103; in
Electrotyping Division, Coast and Geodetic Survey Office, Ap-
pendix No. 4, p. 113.



ERRATA.

In Coast and Geodetic Survey Report for 1884,
Page 23, fourth line from bottom, for companion read comparisen.
Page 115, plate number 1643, for Nakivitti read Nahwitsi.
Page 116, chart 600°, plate number 1755, for Stait read Strait,



REPORT.

UNITED STATES COAST AND GEODETIC SURVEY OFFICE,
Washington, December 15, 1884.

S1r: In compliance with law and with the regulations of the Treasury Department, I have
the honor to submit herewith my report of the progress made in the work of the Coast and Geo-
detic Survey during the fiscal year ending June 30, 1884.

Up to that date the general progress of the survey is shown graphically in the two maps
(sketches Nos. 1 and 2) which accompany this report.

During the past fiscal year field operations have been carried on in thirty States and three
Territories, and in the District of Columbia. In conformity with the aet of March 3, 1871, trigo-
nometrical surveys were continued in nine States, which have made requisite provision for their
own topographical and geological surveys.

The tabular statement in Appeundix No. 1 shows the distribution of the ficld parties, and the
nature of the work executed. :

It must be apparent upon a brief consideration of the extent of territory now included by law
in the operations of the Survey that true economy, based upon a regard for the best interests of
the public service, demands for each field party an appropriation based upon a careful estimate of
the cost of its transportation to and from the locality of work, and the cost of keeping it in the
field during the whole of the season most available for its operations. To be obliged to recall par-
ties for want of funds during the best part of the working scason, or to delay sending them till
bat part of a season’s work can be accomplished, are unavoidable results of insufficient appropria-
tions.

I would therefore most earnestly renew the recommendation made in my last annual report that
for the next fiscal year the sum appropriated for party expenses should be at least half again as
large as it has been of late years. In the ‘“Estimates in detail” I state the amount which can be
expended to advantage for this purpose. ’

The arrangement of the parts of this report is the same as that of last year, Part I being mainly
occupied with general statements of progress under the several heads of Field-work, Office-work,
Discoveries and Developments, and Special Scientific work, and with a statement and explanation
of the estimates for the next fiscal year; in Part II appear the detailed recitals of field-work and
a reference to the office-work ; in Part III are comprised the several appendices relating to field
and office work which are published annually, and such professional papers, discussions, and
reports, as illustrate the methods and results of the Survey.

H. EXx. 43 1




PART 1.

Reference may be made to Appendix No. 1, as showing in a geographical arrangément the
localities of the several operations in the field, beginning at the eastern part of the coast of Maine,
and following southward to the southern point ot Florida and thence along the Gulf coast to the
Rio Grande; passing then to the southern part of the coast of California and going northward to
Alaska; and in the interior States, beginning with those nearest to the Atlantic coast.

Among the more important developments of the past fiscal year, affecting immediately the
interests of commerce and navigation, may be mentioned the location of a dangerous ledge in Eng-
lishman’s Bay, coast of Maine; the development of ledges off Minot’s Ledge light house, Massa-
chusetts Bay; the discovery of several dangerous shoals in Monomoy Passage; the location of a
dangerous rock off Warren’s Point, R. L., and of dangerous ledges in Fisher’s Island Sound; the
discovery of rocks in East River, N. Y., near North Brother and Riker’s Islands, and of a dangerous
rock in East River in the prolongation of Twentieth street; near Nes Rock; the survey and
development of dangerous shoals off Cape Henlopen, and of important changes of high-water line
near that point.

To these and other dangers, attention was promptly called by the publication of ¢ Notices to
Mariners.”

In the general geodetic work of the Survey, and the special scientific investigations incidental
to it, the report enumerates the following operations, which by their importance demand mention
here :

The completion at Lake Ontario of the connection of the triangulation of the Coast and Geo-
detic Survey with that of the Lake Survey; the advance toward completion of the resurveys
of Long Island Sound, and of Delaware River and Bay; the survey of the boundary lines between
the States of Pennsylva_nia and West Virginia, for the Joint Commission of those States; the
completion at Washington of the series of comparative determinations of gravity with the Kater
pendulums; the determination in geographical position of the corner-stones and boundary monu-
ments of the District of Columbia, and the advance toward completion of the topographical sur-
vey of the District; the beginning of lines of level of precision connecting the tidal levels of
Chesapeake Bay and the Gulf of Mexico with the transcontinental line of geodesic leveling ; and
the continuation of the primary triangulation near the thirty-ninth parallel for connecting the
triangulation of the Atlantic coast with that of the Pacific.

Two officers of the Survey were sent to Europe on special duty during the year; one of them
to London, Paris, Brussels, and Geneva to make certain experiments with penduluoms and com-
parisons of standards; the other to represent the Survey at the seventh conference of the Inter-
national Geodesic Association at Rome.

GENERAL STATEMENT OF PROGRESS.
1L.-FIELD-WORK.

ATLANTIC CoAsT.—Upon the coasts and within the borders of the New England States, the
work of the Survey has included the following operations during the fiscal year ending June 30,
1884 : Triangulation of the coast of Maine between West Quoddy Head and Cross Island; con-
tinunation of the triangulation and topography of Machias Bay and vicinity ; hydrographic surveys
between Cross Island and Nash Island, in the vicinity of Moos-a-bec Reach, and in Muscongus

Bay, coast of Maine; topographic surveys of Harrington River and of Chandler’s River Bay, Me.;
9
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completion of the hydrographic surveys of Narraguagus Bay and River, and of Pigeon Hill Bay,
coast of Maine; topographic surveys between Goldsborough and Frenchman’s Bays, coast of
Maine; continuation of the series of tidal observations with self-registering tide-gauge and of
meteorological observations at Pulpit Cove, North Haven Island, Penobscot Bay; hydrographic
examinations of Pemaquid and Quter Heron Ledges, coast of Maine; geodetic operations contin-
ued in the States of New Hampshire and Vermont; examination of ledges in Lake Champlain ;
reconnaissance for the introduction of additional lines in the triangulation between the Fire
Island, Mass., and Epping base-lines; hydrographic examinations in Vineyard Sound, and resurvey
of Monomoy Passage, Nantucket Shoals; survey of Gay Head Cliffs to fix position of wrecked
steamer; continuation of observations at Providence, R. L., with a self-registering tide-gauge loaned
to the city engineer, and of observations with a similar gange established on the breakwater, Block
Island; topographic resurveys of Stonington, Conn., and vicinity ; also of the coast of Connecticat
in the vicinity of Saybrook and Lyme; hydrographic resurveys of Fisher’s Island Sound and its
adjacent waters completed; hydrographic resurveys of the eastern part of Long Island Sound and
a portion of Block Island Sound; completion of observations with self-registering tide-gauge at
Fort Trumbull, New London, Conu:; topographic resurveys of the north shore of Long Island
Sound between New London and Four-Mile River, and between Saybrook and Clinton; hydro-
graphic resurvey along the north shore of Long Island Sound between Goshen Point and Ham-
monassett Point; topographic resurvey of the north shore of Long Island Sound from Bridgeport
to Frost Point, and hydrographic resurvey of Black Rock Harbor.

Work apon the coasts, and within the limits of the States of New York, New Jersey, Pennsyl-
vania, and Delaware, has included hydrographic examinations off Shagwong Point, Montank, Long
Island; topographic and hydrographie resurveys in the vicinity of Montank Point, Gardiner’s Bay,
aud Orient Harbor, Loug Island; re-establishment of points of the old triangulation and determi-
nation of additional points on Long Island between Horton’s Point and Old Fields Point; supple-
mentary triangulation between Eaton’s Point and Sands Point, north coast of Long Island, and
of the opposite shore for the resurvey of Long Island Sound; completion at Lake Ontario of the
connection of the primary triangulation of the Coast and Geodetic Survey with that of the Lake
Survey; hydrographic resurvey of the approaches to New York; observations of currents at stations
off New York entrance; contiruation of series of tidal observations with self-registering tide-gauge
at Sandy Hook, N. J.; geodetic operations in the States of New Jersey and Pennsylvania con-
tinued; boundary lines between the States of Pennsylvania and West Virginia surveyed and
marked ; topographic survey of the New Jersey coast continued, from Cape May court-house north-
ward; progress made in the investigations of the phiysical hydrography of Delaware River and
Bay, and in the location of port-warden lines in the harbor of Philadelphia; topographic resurvey
of the shores of Delaware Bay nearly completed; advance towards completion of the hydrographic
resurvey of Delaware Bay; topographic resurvey in the vicinity of Cape Henlopen completed.

Within the District of Columbia and the State of West Virginia, and upon the coasts and within
the boundaries of the States of Maryland, Virginia, and North and South Carolina, the operations
of the Survey have included comparative determinations of gravity with the Kater pendulums at
Washington, and similar determinations at Baltimore and Washington in conneetion with the yard
and meter pendulums ; annual determinations of the magnetic declination, dip and intensity at the
station on Capitol Hill, Washington; geographical position of Covington, Va., determined ; occu-
pation of stations for determining the position of the corner stones and boundary monuments of

- the District of Columbia, and the continuation of the detailed topographic survey of the District;
topographic resurvey of the shores of Cherrystone Inlet, Va.; topographic surveys of the shores of
the estuaries of James and Elizabeth Rivers; hydrographic sarveys in the south branch of Eliza-
beth River, and in North River and Black Bay, Va.; lines of leveling of precision carried from
Hagerstown, Md., towards Fortress Monroe, Va.; conuection of the astronomical station at Stras-
burg, Va., with the triangulation; magnetic observations at Strasburg; determination of the longi-
tude of Charleston, W. Va,, by exchanges of telegraphic signals with the station at Louisville, Ky.,
extension westward of the primary triangulation near the thirty-ninth parallel in West Virginia
and Ohio; hydrographic surveys in North Landing and North Rivers, Va. and N. C.; and verification
of hydrography for the Atlantic Coast Piloton the coasts of North and South Carolina.
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Upon the coast of Georgia, the east and west coasts of Florida; in the approaches to this coast;
and upon the coasts and within the limits of the Gulf States, the following operations were in prog-
ress or completed : Reconnaissance for the extension of the primary triangulation in Northern
Georgia and Alabama towards Mobile; completion of the survey of the east coast of Florida
between Lake Worth and New River; observations of currents off the east eoast of Florida contin-
ued ; triangulation of the west coast of Florida in the vicinity of Punta Rasa ; hydrographic sur-
vey in the vicinity of San Carlos Eutrance and topographic survey in the vicinity of Anclote Keys,
west, coast of Florida ; line of levels of precision carried from the Gulf coast near Mobile towards a
point on the transcontinental line of geodesic leveling ; survey of the Gulf coast to the westward of
the Delta of the Mississippi; continuation of the survey of the Gulf coast of Louisiana from Cal-
casieu Pass eastward ; bydrographic survey of the coasts of Texas and Louisiana continued between
Galveston entrance and Calcasieu Pass, and reconnaissance for connecting the triangulation in the
vicinity of Point Isabel and the mouth of the Rio Grande with Brownsville, Tex.

Paciric CoasT.—Upon the coasts and within the boundaries of the States of California and
Oregon, of Washington Territory, and of Alaska, field work has included triangulation and topog-
raphy of that portion of the California coast between San Diego and Newport; continuation of the
series of observations at the magnetic self-registering record station at Los Angeles, Cal.; contin-
uation of the primary trangulation of the coast of California north of Point Concepeion; survey
of that part of the coast between Moro and San Simeon ; hydrographic survey in the vicinity of
Point Buchon; connection of the main triangulation north of Point Concepcion with that near the
thirty-ninth parallel ; determinations of the force of gravity at San Franciseo in connection with
similar observations in Alaska; tidal observations with self-registering tide gauge continued at
Saucelito near San Francisco Bay euntrance; hydrographic survey of the California coast between
Salmon Point and Brushy Point; survey of Siuslaw River entrance, and continuation of the tri-
angulation and topography of Umpgquah River, Oreg. ; survey of Nestucca Bay, Oreg., and con-
tinuation of the triangulation and topography of the Willamette River; hydrographic survey of
Gray’s Harbor completed, and topographic survey of Hood’s Canal, W. T., nearly completed ;
hydrographic survey made in and near Seabeck Harbor, Puget Sound, W, T., continuation of the
trangulation and topography of Possession Sound, W. T., and of the triangulation, topography,
and hydrography of the Strait of Fuca; hydrographic recounnaissance of the bays and harbors
of Southeastern Alaska continued; tidal observations with self-registering tide-gauge continued
at Saint Paul, Kadiak Island, Alaska, and expedition dispatched to Point Barrow, Alaska, for
determinations ot gravity and the magnetic elements.

INTERIOR STATES.—Field work in localities between the Atlantic and Pacific coasts has in-
cluded the determination of the longitudes of stations in Tennessee, Kentucky, West Virginia, In-
diana, and Illinois by exchanges of telegraphie signals with the station at Louisville, Ky., and also
observations for the latitude of stations not before determined; continuation of geodetic operations
in the States of Kentucky, Teunessee, Ohio, and Indiana; continuation to the eastward of the pri-
mary triangulation in Illinois near the thirty-ninth parallel ; geodetic operations continued in the
State of Wisconsin; oceupation of stations for continuing to the westward the primary triangula-
tion near the thirty-ninth parallel in Missouri and Kansas, and stations occupied near this parallel
in Nevada and reconnaissance in. Utah for the extension to the eastward of the transcontinental
triangulation. .

SPECIAL OPERATIONS during the fiscal year included the construction of a steamer designed
expressly for service on the coast of Alaska; the assignment of an Assistant to duty in charge of
the Coast and Geodetic Survey exhibit at the Southern Exposition in Louisville, Ky.; comparisons
of standards of weight and measure and investigations relating to determinations of gravity made
in Europe by an Assistant designated for that duty; the transportation of important standards of
weight and measure from the British standards office, London, to the International Bureau of
Weights and Measures, Paris, and the attendance of the Assistant in charge of the Office as a dele-
gate on the part of the Survey at the International Geodesic Conference at Rome, Italy.
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IITL-OFFICE-WORK.

The usual disposition has been made of all records of field-work in the varied departments of
the Sarvey carried on during the past fiscal year.

All such records of reconnaissance, triangulation, astronomical and magnetic observations,
tbpographic and hydrographic sheets, tidal records, physical geography, hydrography and gravity
researches, and those relating to every description of scientific investigation carried on during the
vear have been registered in the archives and referred to the appropriate divisions of the office.

Drawings of forty maps and charts have been in progress; of this number eighteen have been
finished, including twelve photolithograplhis. Three minute and carefully drawn maps have been
made for the use of the Treasury Department, showing the limits of all custom-house districts in
the United States.

A pew feature has been introduced in the reproduction upon the original scale of important
plane-table sheets ; thirty-four such sheets have been carefully inked for this purpose.

Numerons drawings and diagrams have been made for illustrations to the annual report, and
sizty-nine tracings and drawings have been furnished in answer to calls for information from other
Departments of the (xovernment, and from private parties.

Models of the Western Atlantic Basin and of that of the Gulf of Mexico have been made in
plaster and progress made upon the large map of the United States.

Eighty-two projections have been made for use of the topographical and hydrographieal parties
in the field, and fifteen projections have been finished on copper for new charts. Ten new charts
have been begun on copper, while seven charts and thirty-six sketches on copper have been
completed.

Corrections and additions have been made on four hundred and twenty-six plates; fifty-one
thousand and thirty-seven prints have been made from copper; of this number five thousand two
hundred and twenty-six were for illustrations to the Alaska Coast Pilot, and ninety-six were
transfer-proofs to be printed from stome. Thirty-six basso and fifty-nine alto electrotype plates
have been made for office use, also five basso and eight alto plates for other Departments of the
Government,

A series of polyconic projection tables based upon the Clarke splieroid, and extending from the
equator to the pole, has been computed and is in course of publication.

During the year thirty-three thousand six huundred and thirty-eight copies of charts were
distributed, of which number thirteen thousand three huzdred and forty-seveu were for the use of
the several Executive Departments, and for Senators and Represeuntatives.

ITL-DISCOVERIES AND DEVELOPMENTS.

General reference has already been made to the discoveries and developments of the past
fiscal year affecting the safety of navigation, with mention of the more important of these
discoveries. The *Notices to Mariners,” printed and widely circulated during the year were as
follows:

No. 40 (October 31, 1883 ) gave the result of the examination of a dangerous rock off Warren’s
Point, R. I, known locally as ¢ Elisha’s Ledge.”

No. 41 (November 9, 1883) described dangerous rocks on the coast of Maine, between Old
Man-and Old Woman Ledges, near Monhegan light-house, and ledges off the Damiscove Islands.

No. 42 (November 13, 1883) reported the discovery of a reef not before known in Eggemoggin
Reach, coast of Maine, and deseribed rocks in East River, N. Y., near North Brother and Riker’s
Islands, :

No. 43 (November 26, 1883) gave notice of a dangerous shoal and extension of the point off
Cape Henlopen, the existence of which had been déveloped in the course of the survey of Lower
Delaware Bay. A shoal inside of Delaware Breakwater was also reported and described.

No. 44 (December 8, 1883) warned navigators of a sunken wreck in the Potomae River between
Blackistone Island and Piney Point.

No. 45 (Mdrch 20, 1884) reported that the recent resurveys in the vicinity of Nantucket Shoals
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had developed the existence of several dangerous shoals between Shovelful light-vessel and Pollock
Rip light-vessel, in Monomoy Passage.

No. 46 (May 27, 1884) contained notes on dangers in Neva and Peril Straits, and on anchorages
in Fish Bay, Southeastern Alaska.

No. 47 (May 28, 1884) gave notice of daungerous ledges in TFisher’s Island Sound.

No. 48 (May 31, 1884) warned navigators of a dangerous pinnacle rock in East River, N. Y.,
on the prolongation of Twentieth street. A danger buoy has sinee been placed on this rock.

No. 49 (June 1, 1884) reported the existence of a dangerous ledge in Englishman’s Bay, near
the eastern entrance of Moos-a-bec Reach, coast of Maine. «

No. 50 (June 10, 1884) described the location of ledges-off Minot’s Ledge light-house, Massa-
chusetts Bay,

No. 51 (June 30, 1884) gave notice of important changes, produced by the inroads of the sea,
at and near Cape Henlopen, and of changes proposed by works of improvement in that vicinity.

The hydrographic examinations and surveys which developed the dangers and obstructions to
navigation above enumerated were made by officers of the Navy on Coast Survey service, and are
referred to again in Part IT of this report in the detailed notices of work in their several localities.

IV.—.SPECIAL SCIENTIFIC WORK.

INTERNATIONAL GEODESIC ASSOCIATION.

The importance of the questions to be discussed at the seventh annual eonference of the Inter-
national Geodesic Association, held at Rome in October, 1883, and the desirability of continuing
the intimate relations heretofore existing hetween the Coast and Geodetic Survey and similar
organizations in Europe, led to the detail of an officer of the Survey, under authority from the
Secretary of the Treasury, as a delegate to that Conference.

The letter of convocation of the Conference having indicated as one of its leading objects the
consideration of the question of the unification of longitude by the adoption of a universal prime
meridian, and of the unification of time by the adoption of a universal time, the delegate on the
part of the Survey was instructed to express the opinions entertained by scientific and practical
men in the United States in relation to the same. He was instructed also to take occasion to urge
upon the Conference the desirability of expressing an opinion in favor of the several Governments
participating in a Diplomatiec Conference at Washington, as proposed by this Government, for ar-
riving at a settlement of the questions mentioned.

After due deliberation, the conelusions of the conference, representing fifteen separate nation-
alities, were formulated in a series of resolutions, to be brought to the knowledge of the several
Governments, and recommended to their favorable consideration. This action led to the meeting
of the Diplomatic Conference held at Washington in October, 1884.

Special report has been made by the delegate of the Coast and Geodetic Survey in regard to
the part taken by him in the discussions,

DETERMINATIONS OF GRAVITY AND COMPARISONS OF STANDARDS.

Reference was made in my last annual report to the detail of an Assistant in the Survey for
the purpose of obtaining in Europe certain observations necessary to complete the connection of
the American and European initial gravity stations., This duty involved the measurement of the
flexure of the Repsold pendulum tripod at the observatories at Kew, England, and Geneva, Swit-
rerland; the charge of the construction of new pendulums and of apparatus for gravity investiga-
tions, and special inquiries respecting matters discussed at the Gravity Conference. Papers relat-
ing to the method adopted for the measurement of flexure, and to the effect of flexure of a pendu-
Jum npon its time of oscillation appear as Appendices 15 and 16 to this report.

Advantage was also taken of this detail to have made comparisons of the jron yard No. 57,
belonging to the United States Bareau of Weights and Measures, with its mate, No. 58, deposited
in the ordnance office at Southampton, and with the bronze yard No. 6, known as the “ generator,”
and kept at the British Standards Office, The Arago platinum kilogram of the United Statse
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Weights and Measures Bureau was transported to the International Standards Bureau at Breteuil,
for comparison.

The valuable series of comparative determin:i tions of gravity by means of the Kater pendulums
was completed at Washington early in the fiscal year by the Assistant in whese charge they had
been placed to be swung at the Transit of Venus station of 1882, at Auckland, New Zealand, at
stations in New South Wales, British India, and Japan, and at @ station in San Francisco. A ful}
report of these observations appears in Appendix No. 14. At Washington, the station occupied
was the one at the Smithsonian Institution, at which these pendulums had been swung by Lieu-
tenant-Colonel Herschel, R. E,

PROJECTION TABLES, AND FORMULZE AND FACTORS FOR LATITUDE, LONGITUDE, AND AZIMUTH
COMPUTATIONS, BASED ON THE CLAREE SPHEROID.

In February, 1880, the Clarke spheroid of 1866 was adopted by direction of the Superintendent
as the basis of development of the area covered by the entire operations of the Coast and Geodetic
Survey. 1t superseded the Bessel spheroid, which had been in use since 1844, and its adoption
made desirable the preparation of new editions of the Projection Tables, and of the auxiliary tables
for the computation of geodetic latitudes, longitudes, and azimuths. »

The new Projection Tables appear in Appendix No. 6. They have been computed under the
direction of the Assistant in charge of the office, and cover the entire distance from the equator to
the pole. Some changes and additions in the body of the tables will, it is hoped, make them more
convenient for use. They have been prepared for the polyconic projection,* so long in use npon
the survey, bat answer equally well for all kinds of conic projections,

In Appendix No. 7 is given a third editio: of the Tables of Formule and Factors for the
computation of geographical positions. Thefirst edition appeared in the Report for 1860, A ppendix
No. 36, and the second in the Report for 1875, Appendix No, 19. The present edition has been
carefully revised by the Assistant in charge of the Computing Division, under whose direction it
has been prepared.

THE RUN OF THE MICROMETER.,

In Appendix No. 8 is given an investigation of the facts and conditions which should guide
an observer in determining for the different fractional arcs measured on the graduation of a
theodolite the due apportionment of the run of the micrometer, or the quantity by which the
micrometer measures more or less than the prescribed number of the seconds of the graduation.

This investigation is followed by examples showing the forms ot record and reduction as
employed in actual field-work, and also methods of forming tables of rau-corrections by means of -
which these corrections can be readily applied during the progress of the observations.

Tables of this character, in manuscript form, have long been in use by observers and in the
Computing Division of this office.

BOUNDARY LINES BETWEEN THE STATES OF PENNSYLVANIA AND WEST VIRGINIA.

Reference was made in my last annual report to a request from the Joint Commission of the
States of Pennsylvania and West Virginia for the detail of ofticers of the Coast and Geodetic
Survey to execute the work of tracing out the boundary line between Pencsylvania and the ¢ Pan
Handle” of West Virginia. The two Assistants assigned to this duty completed the survey and
marking of the boundary early in the fiscal year, the line adopted by the Joint Commissioners being
a straight line through the southwest corner of Pennsylvania and the first stone south of the Ohio
River, which had been placed in the meridian of the large granite monument marking the south
end of the boundary line between the States of Pennsylvania and Obio.

Subsequently, with my approval, a further request from the Joint Commission was acceded
to—the tracing out of a portion of the boundary between Penunsylvania and West Virginia run-

* See Appendix No. 15, Report of 1880, for an account of this and other projections.
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ning eastward along the parallel from the southwest corner of Pennsylvania to the Maryland
corner.

Full reports of this work, with detailed maps of the two boundary lines, have been transmitted
to the Joint Commission. Duplicates of these reports and maps are preserved in the archives of
the Survey.

CONNECTION AT LAKE ONTARIO OF THE PRIMARY TRIANGULATION OF THE COAST AND
GEODETIC SURVEY WITH THAT OF THE LAXE SURVEY.

In Appendix No. 9 is given the result of the computation and adjustment of the main tri-
angulation across the State of New York, which connects at Lake Ontario the triangulation of
Hudson River and Lake Champlain with that of the United States Lake Survey.

That portion of the triangulation of Lake Champlain which forms the immediate basis of the
work across the State of New York was executed between 1876 and 1879, and this work itself be-
tween 1880 and 1883. TUpon Lake Ontario the work of the Lake Sarvey was done between 1874
and 1878.

The general accuracy of the Coast and Geodetic Sarvey work is expressed numerically in the
report, and the satisfactory character of the junction of the two Government surveys is pointed
out in the length of the line Sodus-Oswego, on the lake shore. The diserepancy amonnts to but
1-52800 part of the length of this triangle-side, or about an inch and a quarter to the statute mile.
In latitude, Jongitude, and azimnth, the accordance of results is equally satisfactory.

In making this and other junctions with the triangulation of the Lake Survey, which, as well
as our own, has been developed on the Clarke spheroid of 1866, the usefuluess of that work will
be extended, and its results can readily be brought into harmouy with those of the Coast and
Geodetic Survey.

LONGITUDES DEDUCED IN THE COAST AND GEODETIC SURVEY FROM DETERMINATIONS BY
MEANS OF THE ELECTRIC TELEGRAPH BETWEEN THE YEARS 1846 AND 1885. SECOND
ADJUSTMENT.

Appendix No. 11, on longitudes deduced in the Survey from determinations by means of the
electric telegraph, is a valuable contribution, in the form of a general table of results for longitude
and their probable errors, troin the time of inception of the method, and the first transmission of
telegrapbic signals in 1846 to the middle of the year 1884, It contains also the resnlting longitudes
of all stations between the measures of which mathematical conditions exist requiring adjustment
by the use of the method of least squares.

A preliminary adjustment and report on telegraphic longitude results was published as
Appendix No, 6 to the Report for 1880. The paper now referred to gives the results of the second
adjustment, and was demanded by the additions made to the field longitude work since 1880.
These additions comprise new stations, as well as new conditions between old and new stations.
The general table contaius one hundred and fifty-seven separate longitude determinations.

In the discussion has been included the longitude of Detroit, Mich,, the fundamental lon-
gitude station of the United States Lake Survey. A value has been derived also-for the longitude
of Ogden, Utah, which is the principal point of reference for the longitudes obtained in the United
States Geographical Surveys west of the one hundredth meridian.

Reference is made in the report to the relative aceuracy of the results of the American and
European systems of telegraphic longitudes, and it will be seen from the comparison given of the
average probable error of a lorrgitude determination by the two systems that the results of the
American system compare favorably in accuracy with those of the European.

TRIGONOMETRICAL DETERMINATION OF THE HEIGHTS OF THE STATIONS OF THE DAVIDSON
QUADRILATERALS.

A furth.er contribution to hypsowmetry is made in an appendix (No, 10), in a discussion of the
trigonometrical measures for the heights of that part of the great triangulation of California kpown
as the Davidson quadrilaterals,
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The experimental study of atmospheric refraction in copnection with meteorological condi-
tionr, for the purpose of increasing the accuracy of the determination of heights from observations
of zenith distances, has of late years claimed much attention in Europe as well as here, and it is
believed that the present paper will be regarded as an advance in this kind of research. It is
based upon the theoretical considerations of the atmospherie refraction as given by Jordan, whose
researches were found to be most directly applicable in connection with the results deduced from
the special experiments made in 1880 on the stations Mount Diablo and Martinez East. These
results were given in my report of last year (Appendix 12), and it is there pointed out that trigo-
nometrical hypsometry stands much in need of results from similar direct observations of hourly
zenith distances, continued day and night, with corresponding meteorological observatious, to be
made in localities having a distinet climate, in order that for these special regions the results of
their discussion, especially with reference to decrease of atmospheric temperature with increase of
altitude, may be advantageously employed in the computations for heights.

COAST AND GEODETIC SURVEY EXHIBIT AT THE SOUTHERN EXPOSITION.

In Appendix No. 18 is given a brief account of the exhibit made by the Coast and Geodetic

Survey at the Southern Exposition, held at Louisville, Ky., in the summer and automn of 18s3.
~ The several branches of field-work of the Survey were illustrated by a collection of instru-

ments and apparatus; the results of the work by sets of the charts and other publications. Sets of
standards of weight and measure, and a line and end comparator were sent as specimens of the
results of work and of the apparatus employed in the office of weights and measures. The exhibit
made by the Government, in which eight other Bureaus were represented beside the Coast and
Geodetic Survey, was a marked feature of the Exposition, and to it were confined most of the dis-
plays of a scientific character.

Two awards were made to the Survey—one, a medal for the exhibit as a whole; the other, a
diploma, for the line and end comparator.

PHYSICAL HYDROGRAPHY.

The advance toward completion of the resurvey of Delaware River and Bay has furnished
material for the study of the physieal hydrography of that important highway of commerce.
A paper foreshadowing the probable results of this study has been subwmitted by the assistant
who has been specially charged with the consideration of this and kindred subjects. Comparisons
already made between the recent hydrographic surveys and those of forty years ago have afforded
means of determining the nature and extent of physical changes in important localities. A report
embodying the results of some of these investigations appears as Appendix No. 12.

The services of the assistant by whom this report was prepared, and who has had charge for '
some years of one of the hydrographic parties, were made available during a portion of the fiscal
year to the United States Advisory Commission for the improvement of the navigation of the
Delaware by his detail as consulting engineer.

GEOI;OQ-Y OF THE SEA BOTTOM IN THE APPROACHES TO NEW YORK BAY.

The existence of a submarine river-channel in the gsea-approaches to New York Bay, as devel-
oped by recent hydrographic surveys, has led to a discussion of the probable origin and formation
of this chaunel which will be of interest to geologists and students of physieal hydrography.
This paper appears as Appendix No. 13.

DEPTHS OF THE BEA. IN THE BAY OF NORTﬁ AMERICA AND THE GULF OF MEXICO.

In Appendix No. 17 is deseribed a model of the depths of the sea in the Bay of North Amer-
ica and Galf of Mexico. The wodel presents, also, the characteristic features of the eastern part
of the North American continent, and shows at a glance the relation of those fe«ztures to the great
snbmariue basins of the Gulf and the North Aﬂanmc

EE:.«LS——-E%

&
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EXPLANATION OF ESTIMATES,

The estimates for the Coast and Geodetic Survey are presented under the following heads:

“ Party expenses” comprises the pay of those temporarily employed as recorders, signal-men,
hands, cooks, drivers, or boatmen, as the case may be, the subsistence and transportation of the
parties, and all requisite materials, tents, boats, and all other necessary expenses iucident to the
work. .

“ Furnishing points for State surveys” gives the amount proposed for extending the geodetic
work in different States.

“ Transcontinental geodetic work ? proposes the sum to be expended for continuing the trian-
gulation connecting the work on the Atlantie coast with that on the Pacific, including the line of
leveling between the two oceans.

“ Pay of field officers ” comprises the pay of the regular staff of surveyors.

“ Pay of office force” comprises the pay of persons regularly employed in the office.

“Office expenses” provides for the purchase of material of all kinds required for the use of

the office.
# Rent of office buildings,” ¢ Publishing observations,” and ¢ Repairs and maintenance of

vessels.”

The estimates under these several heads are substantially the same as apprepriated for during
several years past, except the tirst item, that for ¢ Party expenses,” which is increased for the fol-
lowing reasons:

In order to conduct the work with reasonable economy, it is requisite that surveying parties
should continue in the field at the several localities where the work is in progress during the whole
season of favorable weather. The expenses of moving the parties and their equipments to and
from their several localities of work, which are for the main part remote from ordinary facilities,
are no greater for a season of seven months than for one of four months, For the sake of main-
taining a proper economic relation between party expenses and results, the Saperintendent recom-
mends an increase of about one-third in this item.

The additional item of $18,000 for resurvey of New York Bay and Harbor is introduced at the
instance of the maritime and commercial bodies of the city of New York. The commercial impor-
tance of the port of New York is so great that a constant watch should be kept on the changes in
the harbor, and the Department recommends the appropriation asked for this purpose.

The last item, for “ Repairs and maintenance of vessels,” is $12,000 less than last year, that
amount having been specifically appropriated to provide new boilers for the steamer Hassler, which
has now been done.

ESTIMATES IN DETAIL. .

For every expenditure requisite for and incident to the survey of the Atlantie, Gulf, and Pasifie
coasts of the United States, including the survey of rivers to the head of tide-water or ship navi-
gation ; deep-sea soundings, temperature and current observations along the coasts and through-
out the Gulf Streaw and Japan Stream Howing off the said coasts ; tidal observations; the neces-
sary resurveys; the preparation of the Coast Pilot; a magnetic map of North America; and the
compilation of data for a general map of the United States; and including compensation not oth-
erwise appropriated for of persons employed on the field-work, in conformity with the regnlations
for the government of the Coast and Geodetic Survey adopted by the Secretary of the Treasury,
and including allowance for subsistence to officers of the Navy attached to the Buarvey, not ex-
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ceeding $1 per day, as allowed by act of Congress approved June 12, 1858, and also including the
repairs, outfit, and equipment of vessels used on the Survey, to be expended under the following
heads: )
PARTY EXPENSES:

For continuing the survey of the coasts of Maine eastward from Englishman’s Bay

towards Quoddy Head, and inclulding portions of Passamaquoddy Bay...... ... . $10,500
For examination of reported dangers and changes on the eastern coast and necessary
resurveys in Nantucket and Vineyard Sounds -....... .. . i iiiiinaanns .. 3, 500
For continuing resurvey of Long Island Sound.... «... ..ol ciiiii i iennn. 21, 000
. For completing resurvey of Delaware Bay, including current observations..... .... 4, 500
For continuing examination of changes, and resurveys on the sea coast of New Jer-
T 3, 000
For continuing the survey of estuaries of Chesapeake Bay, and of sounds and tide-
water-passages in North and South Carolina not heretofore surveyed ... ......... 5, 000
For continuing the survey of the Saint John’s River,Fla...... ... ...... et 3, 000
For continuing the survey of the western coast of Florida from Estero Bay south-
" ward and frowm Saint Joseph’s Bay northward, and hydrographky of same ......... 9, 000
- For resurvey of Mobile Bay and supplementary surveys on the east side of the Missis-
BippiDelta .o o e s e iiiiiieiiee e e 5,000
For continuing the survey of the coast of Louisiana west of the Mississippi Delta, and
hydrography on the coasts of Louisiana and Texas ............................ 9, 600
For making the requisite verification of the work near the boundary, and for examina-
. tion of entranceson the coast of Texas ..... ... ... .. ... i . i e aiann. 3,000
For making off-shore soundings along the Atlantic coast and observations of currents
and temperatures in the Gulf Stream...... ... ... ... . ... i iiiieiiiiiiae. 9, 000
For continning the researches in physical hydrography relating to harbors and bars. 5, 000
For determinations of geographical positions (longitude party) .................... 5, 000
For continuing the primary triangulation from Atlanta towards Mobile ............ 4, 500
For continning an exact line of levels from the Gulf to the transcontinental line of
levels between the Atlantic and PacificOceans. ........... ...l 2, 500
For tidal observations on the Atlantic coast, including the establishment of a tide
station at Fernandina, Fla. ... .. ... ... ... .. ... ... B e ieieeaaaan. 3,500
For continuing magnetic observations on the Atlantie and Gulf coasts ............. 2, 000
For continuing gravity experiments . ...... . ... ... ... it 5, 000
For continuing the preparation of the Coast Pilot and making special hydrographic
examinations forthe same ......... ... .. il i 4,000
For continuning the compilation of data for a general map of the United States . 2,000

For continuing the topographical survey of the coast of Southern California, mclud
ing the necessary secondary triangulation and supplementary surveys near San

B v:8 4T T T 9, 000
For continuing the primary triangulation of (Jahforma, mcludmg a line of precise levels

from Sancelito to the transcontinental lineof levels ............ ... ....... ... 186, 000
For continuing hydrography off the Californiacoast ...............ccoiot tuun... 7, 500

For continuing the survey of the coast of Oregon, including off-shore hydrography,
and the survey of the Columbia and Willamette Rivers to the head of shlp naviga.

1 {1 10, 500
For continuing the survey of the eoast of Washington Territory ................... 15, 600
For eontmnmg explorations in the waters of Alaska and making hydrographic sur-

VOYSINthe BAMO. L. .. e e iee e ceeeaiaeieaee aaas 10, 000

For traveling expenses of oficers and men of the Navv on duty, and for special sur-
-veys that may be required by the Light-House Board or other proper anthority, and
mﬁngantexpensesmmdentthembo soveverresontateatann e rrsemraaeeaanann 5, 000
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PARTY EXPENSES—Continued.

For continuing tide observations on the Pacificcoast ....... ..... oo ian... cambas $3, 500
For magnetic observations on the Pacific coast...... ... ... ool 3, 600
For traveling expenses of the Superiutendent and his party on duaty of inspection .. . 1,500
For objects not hereinbefore named that may be deemed urgent ................... 10, 0v0

Aund ten per centum of the foregoing amounts shall be available mterchangeably for
expenditure on the objects named.

Total party expenses............coueeiuan.. e e eaar e 210, 500

RESURVEY OF NEW YORK BAY AND HARBOR.—For resurvey of Néw York Bay and
Harbor, including BEast River to Throg’s Neck .......... ... . ... ..., 18, 600

FurnisaING PoInTs FOR STATE SURVEYS.—For furnishing points for State surveys 20, 000
TRANSCONTINENTAL GEODETIC WORE.—For transcontinental geodetic work, including

line of leveling between the Atlantic and Pacific Oceans ...... ... ... ... ... 36, 000
PAY or FIELD OFFICERS : ’ )
For pay of the Superintendent. ... ............ ... . oLl ceen 6, 000
For pay of six Assistauts at rates between $3,000 and $4,000 perannum.. ......... 20, 800
For pay of nineteen Assistants at rates between $2,000 and 83,000 per annnm ... ... 43, 000
For pay of tweuty-one Assistants at rates between $1,500 and $2,000 per annum .... 36, 000
For pay of nine Subassistants at rates between $1,100 and 81,400 per anvum ....... 11,250
For pay of nine aids at rates between 8720 and $900 per annom.................... 7,920
Total payin fleld. .. ...oovi i i i ittt e ceree e ceeee 124,970

————— e
P ——1

PAY oF OFFICE FORCE:
In the office of the Superintendent; of the Assistantin charge (including all suboffices);
of the Hydrographic Inspector and of the Disbursing Agent, twenty-nine persons

from $400 t0 $3,000 PP @ADL .« .. o0 vei i ives vererr cam et hamen smeeanenn. 34, 800
In the Computing and Tidal Divisions, twelve persons from 500 to $2,000 per annum. 14, 800
In the Drawing and Engraviyg Divisions, thirty-seven persons from $500 to $2,100

per anpum....... et tet et eeatee e acact tase st et sas b a e 54, 400
In the Miscellaneous Division and the Instrument Shop, twenty-five persons from $300

to 2,400 per annum...... e e et e eteae e aae e et et eeiaaane 25,400

Total pay of office force........... ... PP e ese e ieeen. 129, 400

OFFPIOE EXPENSES:

For purchase of new instruments, for material and supplies for instrument shop, car-

penter shop, and drawing division, and for books, maps, and charts ...... ... .., 12,600
For copper plates, chart paper, and printers’ ink ; copper, zine, and chemicals for

electrotyping, engravers’ and printers’ supplies; axtra engraving and photolitho-

BTAPRIDE - . seees ot it ceeie e e e et i e 14, 200
For stationery for office and field parties; transportatmn of instruments and sap-

plies; office wagon and horses; fuel and gas; telegrams; ice; washing and extra

labor; and allowances to assistautﬂ in charge of office details, in. accordance with -

the regulations of the Secretary of the Treasury .. ... ... .. . ......... ... ... 13, 450
For office furniture and repairs; traveling expenses of assistants and others sent on

special duty in the service of the office, and for miscellaneous-expenses and contin-

gencies of all kinds...oov oo e 3,950

Total office exXpPeNSes.cooeesecenrcansna. Seeest muiate swe st sn et nent i anaas. 44, 200
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RENT oF OFFICE BUILDINGS:
For rent of buildings for offices, work-rooms, and workshops in Washington....... £10, 500
For rent of fire-proof building No. 205 New Jersey avenue, including rooms fog stand-
ard weights and measures; for the safe keeping and preservation of the original
astronomical, magnetic, hydrographic, and other records ; of the original topograph-
ical and hydrographic maps and charts; of instruments, engraved plates, and other
valuable property of the Coast and Geodetic Survey................... .. ..... 6, 000

Total for rent of office buildings ...................ii0 Lol ceeeneas 16, 500

PuBLIsSHING OBSERVATIONS.—For continuing the publication of observations and their
discossion, made in the progress of the Coast and Geodetic Survey, iucluding com-
peusation of civilians engaged in the work, the publication to be made at the Gov-
ernment Printing Office. ..... ... . o . il e e e 6, 000

REPAIRS AND MAINTENANCE OF VESSELS.—For repairs and maintenance of vessels
nsed in the Coast and Geodetic Survey -............ e e 30, 000

Total amount estimated for United States Coast and Geodetic Survey for 188586 633, 570
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OBITUARIES,

RicHARD D. €UTTS, Assistant, United States Coast and Geodetic Survey, died in Washington
on December 13, 1833.

Mr. Cutts was born in Washington, September 21, 1817. Having been appointed Subassist-
ant in the Coast Survey, June 1, 1843, under the Superintendency of Mr. Hassler, he reached the
grade of Assistant under Superintendent Bache less than three years later. That the fine abilities
and untiring energy of Mr. Cutts were fully appreciated by Professor Bache is shown, not only by the
rapid promotion accorded to him, but also by his assignment to duty in positions of great responsi-
‘bility, where quick perception, sound judgment, and a readiness to meet every emergency of his
profession were esseutials.

For five years during the early times of the settlement of California he was in charge of the
triangulation and topography upon that coast; upon being relieved from that duty in 1855, he
was appointed United States surveyor under the reciprocity treaty with Great Britain; in 1861 he
became a member of General Halleck’s staff and served with distinction till the close of the civil
war. Soon after Professor Peirce became Superintendent he was appointed by that eminent
geometer inspector of the secondary triangulation of the SBurvey, in order to introduce a more
thorough system into the field-operations; in March, 1873, the President sent him as honorary
commissioner to the Vienna Exposition; at the date of his assignment in 1881 to the charge of the
Coast and Geodetic Survey Jffice, he had completed the connection of the primary triangulation
of the New England coast with that of the Hudson River and of Lake Champlain.

His failing health under the steady pressure of office duty excited grave apprehension among
his friends, but their hope was that his journey to Rome as the representative of the United States
at the abnunal meeting of the International Geodesic Association would recruit his strength and
insure his being spared to them and to the work for some years to come. This hope was not
destined to be fulfilled. On his return he was warmly welcomed, and soon resumed the active
charge of the office. But signs of failing health were only too evident. He remained at his post,
though, till he was prostrated by an attack which in less than a week had a fatal termination.
With his associates on the Survey his remembrance will ever be present as that of a valued
friend, a man of warm heart, instinctive honor, great ability, and thorough devotion to the interests

of the Survey.
ACTION TAKEN AT THE OFFICE OF THE COAST AND GEODETIC SURVEY.

At a meeting of the Asaistants and other persons employed in the Coast and Geodetic Survey,
held at the office of the Survey, December 13, 1883, upon the occasion of the death of Richard D.
Cutts, Assistant in charge of the office and topography, the Superintendent, having taken the chair,

spoke as follows:

There devolves upon me the painful duty of announecing the death of one of our
oldest and most faithfnl associates,

Richard D. Cutts, Assistant, United States Coast and Geodetic Survey, died in
this city on December 13,1883, in the sixty-seventh year of his age and the forty-first
year of his service on the Coast Survey.

Asggistant Cutts was born in Washington, D. C., in September, 1817, and entered
the Uoast Survey in June, 1843. An experience previously acquired upon the North-
east Boundary Survey, added to his native alility, soon brought bis name into prom-
inent notice; and the prompt and efficient discharge of every duty assigned showed
how well placed was the coufidence so early reposed in him,

During bis connection with the Coast Survey his labors bave been extended into
every department of the work. In his earlier years his efforts were directed towards
raising the standard of topographieal work, which he did with eminent snecess.  Of
late years the higher scientific work of the Survey has occupied his attention, and his
operations have extended to all parts of the country. The shores of the Chesapeake,
the coasts of the Pacific, the plains of Texas, and the mountains of New England
equally bear testimony to his professional ability and untiring energy. To him the
navigators of the Pacific are indebted for the first surveys of 8an Francisco, S8an
Diego, and Monterey Bays, and some other minor harbors on that coast, L

On several occasions he has represented this Government in international matters,

In 1855 he was appointed as United States surveyor upon the International Fish-
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eries Commission for the settlemient of the limits of the fishing grounds between the
United States and the British dominions in North America.

Throughout the civil war he performed distinguished services, retiring with the
honorary raunk of brigadier-general.

In 1873 be was one of the United States Commissioners to the Vienna Exposition;
and only two months before his death he attended the International Geodesic Con’
ference at Rome, as the representative of the United States in that conference, which
was held with the special view of considering the question of a universal prime
meridian and the unification of time.

For two years before his death he filled the position of Assistant in charge of
office and topography, and the manner in which he discharged the arduous duaties de-
volving npon him was but in keeping with his discharge of every trust confided to him.

Distinguished as he was for his professional acquirements, he was even more
noted” for the possession of every quality that marks the perfect’gentleman. Wise
in counsel, firm in purpose, unswerving in principle, gentie in manner and kind in
heart, he was a man without fear and withont reproach; and to us who remain
behind he leaves an example worthy of our highest emulatiun.

Remarks were made by Assistants Edward Goodfellow and H. G. Ogden, and by Commander C.
M. Chester, U. S, N,, Hydrographic Inspector.

The fol]owmg telegrams, addressed to the Superintendent from Assistants unable to be present
were read :

From Assistant Boutelle;

Say for me that I grieve with you for the accomplished officer and noble gentleman
whom we all loved so dearly.

From Assistant Davidson :

The Assistants on the Pacific join in the sorrow of those on the Atlantic in the
grievous loss of General Cutts. His devotion to the work of the Survey, his ability
in execution, and his integrity in administration commanded the respect and admira.
tion of all his brother workers.

To the older officers he was endeared by the early associations and anxieties of the
Suarvey in the beginning; to the younger ones by his active interest in its continued
success and development; to all by the ready sympathy and genial encouragement of
a great heart and a elear head.

‘We appreciate but cannot express in words the deep bereavement of his family.

The following resolutions were then unanimonsly adopted, after which the meeting adjourned.

“ 1., That the able and faithful services of General Cutts during the forty years of his labors on
the Survey and his fidelity to the public interests in the discharge of the responsible duties of his
position make his loss one to be deeply deplored.

% 2. That the traits bappily combined in the character of our honored asseciate, his sound judg-
ment, absolute integrity, and kindliness of heart gained for him the respect and confidence of his
brother officers, and the warm attachment of his friends.

4 3. That the officers and members of the Survey assembled here to-day desire to have placed
ou record this expression of their great loss, both personal and official, and they would ask the
privilege of extending their deep sympathy to the family of General Cutts in their bereavement.”

FERDINAND H. GERDES, Assistant, United States Coagt and Geodetic Survey, died in Wash-
ington, June, 27, 1884, in the seventy-fifth year of his age.

Mr. Gerdes was not only the oldest of the Assistants, but the senior on the work in point of
service, having entered the Survey as Subassistant in June, 1836. He was born in Hanover, Ger-
many, September 15, 1809. The training he had received in the land of his birth had its usual
character of thoroughness, and was enforced by habits of clese application and unremitting labor
upon the part of its recipient. He rose rapidly in his profession, and was appointed Assistant in
March, 1837, and assigned by Superintendent Hassler to the charge of a topographical party on the
shores of Long Island Sound.

Between 1841 and 1844 he was engaged in pnmax‘y triangulation in New Jersey and Maryland,
and in topographiecal work on Delaware Bay and River,

In 1844, when the need of beginning the survey of the coast of the Gulf of Mexico became
manifest, Superintendent Bache showed his appreciation of Mr. Gerdes’ capabilities by assigning
to him the charge of that important reconnaissance, and the execution of the triangulation that it
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ghould develop. He thus became the pioneer of the Survéy on that coast, and was identified for
many years with its progress.

Soon after the outbreak of the civil war he was assigned to special service with the Gulf
Squadron under command of Admiral Farragnt, and subsequently to duty on the Misgissippi,
Yazoo, and Arkansas Rivers in the fleet commanded by Admiral Porter. Both of these officers
acknowledged the valuable co operation of Assistant Gerdes, and attributed to his work much of
the success of the naval operations.

Towards the close of 1864, a commission having been authorized by Congress to examine
and report on sites for a navy-yard in Western waters, Assistant Gerdes accompanied the commis-
sion as tepographer, and on being relieved from that duty was directed to report to Admiral S. P.
Lee to continue sarveys on the Mississippi between Cairo, 111., and Saint Mary’s, Mo,, and on the
Tennessee and Lower Ohio. The reconnaissance charts whu.h were among the results of these
surveys were highly appreciated by the officers of the Mississippi squadroa.

For the two years following the close of the war Mr. Gerdes was in charge of the hydrography of
the Passes of the Mississippi; between 1867 and 1875 he was engaged on special surveys in which
his long experience on the work had become of exceptional value. During this period he made a
resurvey of the approaches to New York for the Harbor Commissioners; an elaborate report for
the Light-House Board on changes in the chanunel of the Hudson with reference to the location of
lights on that river between Hudson and Albany, and completed a topographic and hydregraphic
survey of the Raritan River and Valley from South Amboy to New Brunswick. His strong con-
stitntion and robust frame succumbed but slowly to the infirmities of advancing age und the
inroads of iil health, and his indomitable energy kept him part of every season in the field till
within little more than a year before his death. His last duty was performed on Long Island in
the winter of 1832-'83, when he gave his personal supervision to work at a time when the ground
was frozen and often covered with snow.

In the death of JOHN R. BARKER, draughtsman and artist, which occurred February 28, 1884,
the office has sustained a serious loss. Mr. Barker was born in Philadelphia, April 29, 1824, and
in early life served as passed midshipman in the Navy. Resigning to enter upon civil pursuits,
he cultivated his taste for the arts, and in 1873, baving entered the service of the Coast Survey,
was assigned to daty in making the views required for the Coast Pilot. The graphic delineations
of the approaches to nearly every harbor on the Atlantic coast, and the artistic sketches of prom-
inent headlands and other features which illustrate the volumes of that work are due to his skillful
pencil.  Some of the finest of his views are those of the Hudson River. About two years before
his death, Mr. Barker took up the art of etching, and with great success, many of the views of
harbors on the southern coast being from his own etchings. His quickness of perception, skill in
execution, and entire devotion to his work cannot easily be replaced.

Mr. A. SENGTELLER, who had served continuously in the office as topographical engraver for
twenty-seven years died on the 11th of Aungust, 1833. He was a native of Poland, but came to
this country from Paris in 1856. His work was marked by strong characterization of topographical
details, combined with harmony of tone, and many of our best charts bear witness to his skill. Mr.
Sengteller had reached his seventieth year.

Mr. GORDON A. STEWART, keeper of the archives, died after a prolonged illness November
19, 1883. Mr. Stewart was born in the town of Monroe, State of Ohio, April 18, 1833, He received
a legal education, and had entered upon the practice of the law just before the beginning of the civil
war. In April, 1861, he volunteered in an Ohio regiment, and rose rapidly to distinction, having
reached the grade of licutenant-colonel not very long after his enlistment. Hardship and exposure
in the field gradually undermined his health, and ip 1861 compelled his retirement from the Army.
His connection with the Coast and Geodetic Sarvey Office began in 1874 in the capacity of libra-
rian ; in 1875, he was transferred to the archives, where he remained till his death. His last years
were passed in suffering from a disease, the seeds of which were sown during his service in the war.

Mr. A. YEATMAN, who had been in the employ of the office for thirty-one years as carpenter,
died on the 2d of December, 1883, in his sixty-eighth year. Mr. Yeatman had been master var-
penter since 1856. He gave to the work intrusted to him hia best skill as an artisan, and devoted
to it the scrupulous care and integrity which were characteristic of him as a man.



PART IL

Statements in detail of the operations of the parties of the survey, afield and afloat, are given
in this part of the report in & geographical order, and arranged under the heads of the several
sectional areas into which for convenience of reference the territory of the United States has been
divided. ,

Beginning at the northeastern part of the coast of Maine, work upon the coasts and within
the borders of the New England States is noticed, proceeding thence to accounts of work done
upon the coasts and within the boundaries of the Middle and Southern States; thence to the
Pacific States, commencing at the southern part of the coast of California and proceeding northward
to Alaska, and thenee to the work executed in the interior States. A tabunlar statement of the
distribution of the several parties, the names of the personsengaged in the work, and the nature
of the work performed appears in Appendix No. 1. ,

The charge of the Coast and Geodetic Survey Office was continued with Assistant Richard
D. Cutts until his assignment to duty as a delegate to the annual conference of the International
Geodesic Association at Rome in October, 1883. During his temporary absence Assistant Charles
A, Schott was directed to act in his stead.

On the return of Assistant Cutts towards the close of November, he resumed his duties as
Assistant in charge of the office, though evidently in failing health. Early in December, he was
prostrated by an attack which on the 13th of that month proved fatal. This sad event called forth
from his associates on the work expressions of their deep sense of personal loss, and tributes of
respect to his memory, which are placed upon record in Part I of this report.

Until January 7, 1884, Asgistant Charles A. Schott was acting as Assistant in charge. At
that date Assistant Charles O. Boutelle, who had been designated to sneceed Assistant Cutts, en-
tered npon his dnties. The report of the operations of the office during the fiscal year, accompa-
nied by the reports of the chiefs of its several divisions, as presented by the Assistant in charge,
appears in Appendix No. 4. .

Commander C. M. Chester, U, 8. N., Hydrographic Inspector, has submitted a comprehensive
report of progress during the fiscal year in the several branches of hydrographic work committed
to his charge. These include the care and maintenance of the vessels of the Survey ; the direction
of details of hydrography under my general instructions, and the oversight of the work of the
hydrographic dranghtsmen in the office. This report, which appears as Appendix No. 5, bears
witness to Commander Chester’s careful and energetic supervision of all operations under his
charge. : . ‘

Special reference is made in it to the valuable assistance rendered him by Lieut. J. E. Pillsbury,
U. 8. N,, on duty as assistant hydrographic inspector, in charge of chart corrections, &c., up to
January 29, 1884, and after that date by Lieut. Jefferson F. Moser,U. 8. N. Upon being detached
from office duty, Lientenant Pillsbury was instructed to take charge of the preparation of the
manuscript of the Atlantic Coast Pilot from Cape Henry southward. The verification by actual
inspection of the courses and distances, and the collection of the latest data for this volume
involved hydrographic service on the outside coast, reference to which will be made under the
heads of Sections IV and V in this part of my report.

. Much of Commander Chester’s time during the year was necessarily devoted to the performance
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of his duties as inspector on the part of the Government of the construction of the stenmer Carlile
P. Patterson, for service on the coast of Alaska. Lieut. Richardson Clover, U. 8. N., who had
been associated with Commander Chester in the preparation of the plans and specifications of the
new vessel was assigned to the immediate oversight of the details of construction in New York,
while Passed Assistant Engineer H. N. Stevenson, U. S. N., superintended the construction of the
machinery at Philadelphia. The Patterson was successfully launched January 15,1884, and is now
on her voyage to the Pacific. A full report of her construction, equipment, and adaptability to
the special service for which she was designed will be prepared b) Commander Chester at as early
a date as practicable.

SECTION 1.

MAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING COAST AND
SEA-PORTS, BAYS, AND RIVERS. (SxrrcHES Nos. 1 AND 3.)

Triangulation of the coast of Maine between West Quoddy Head and Cross Island.—In order to
determine the points required for the continuation of the topographical and hydrographical survey
of the eastern coast of Maine, Assistant O. H. Tittoiann organized a party in pursanance of instrue-
tions issued in July, 1883. The secondary and tertiary triangulation which he executed covers the
ground between West Quoddy Head and the eastern end of Cross Island. Stations were estab-
lished about a mile apart along the shore between the points mentioned, and, with but few excep-
tions, were marked by holes drilled into the solid rock, so as to be permanent and easily recover-
able. The smoke of forest fires burning in the locality of the work seriously interfered with its
progress. Field operations were closed abont the middle of October. The statistics are as follows:

Number of signals erected............... ... .. ... ... ..... p et e s 28
Number of stations occupied ... ... ..o i il i e e 15
Number of points determined ... ... . ... . ... i e 31

All of the records and computations relating to the work have been transmitted to the office.
Duty subsequently assigned to Assistant Tittmann will be referred to under the heads of Seotlons
V and VIIL

Triangulation and topography of Machias Bay and vicinity.—In continuation-of the topograph-
ical survey of Machias Bay and vicinity, and of the incidental triangulation, Assistant C. H. Boyd
took the field, in pursuance of instruetions, early in July, and having determined in position the
points needed, carried the survey of the shore-line from Cow Point, on the east side of Mason’s Bay,
around Little Kennebee Bay and the Point of Main, joining the Machias Bay shore-line surveyed
in 1882 at Starboard Creek. This work isin the towns of Joneshorough, Machias, and Machiasport.

The shore-line of Holmes Bay was then completed in the towns of Machiasport, Whiting, and
Cutler to a junction with the survey of 1882 ; thus finishing the shore-line survey of the mainland,
the islands and the ledges of Little Kennebec and Machias Bays, both branches of Machias River
to the first bridges, and of Holmes Bay and the western face of Cross Island.

As regards weather, the season was generally a favorable one, except during the month of
September, when the atmosphere was obscured by dense smoke from forest fires.

Mr, T. P. Borden rendered efficient assistance in the work of the party. For the field opera-
tions, which closed October 15, the following statistics are reported :

Number of stations occupied in triangulagion...... ...... ... .. ... .. e 4
Number of anglesmeasured . .. . ... ... .. . . .. ciiii e iieieeieaa . 58
Number of geographical positions determined.... .. ... ..... ... .......... 10
Miles of shore-line surveyed. ... ... .. .. ... e 50
Miles of roads surveyed. .. ... c..oo it i it e ieenecaanaaas 5
Area surveyed in square miles........... ....... ... e e e 15

Hydrographic surveys between Cross Island and Nash Island ; in the vicinity of Moos-a-bec Reach,
and in Muscongus Bay, coast of Maine.~—The Coast and Geodetic steamer Gedney, under command of
Lient. E. M. Hughes, U. 8. N., Assistant Coast apd Geodetic Survey, left New York July 3, 1883, in
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pursuance of instructions directing that officer to continue off-shore soundings westward from Cross
Island at the entrance of Machias Bay, and to make a detailed hydrographic survey of Mud Hole
Chanunel between Head Harbor Island and Great Wass Island. Upon the arrival of the Gedney
at Machiasport, Me., July 10, work was actively begun ; signals were established at every interval
of clear weather, and a few lines of offshore soundings were run, but as the frequent fogs, with
smoke from forest fires, retarded this part of the work greatly, it was decided by Lieut. Commander
A. 8. Snow, U. 8. N,, Assistant Coast and Geodetic Survey, who had relieved Lieutenant Hughes in
command August 15, to give attention for a time to the inshore soundings entirely.

Not unfrequently the sheet of water between Head Harbor and Great Wass Island, the locality
.of the boat work, would be comparatively free from smoke and fog, while the off-shore signals,
standing higher on the islands, were completely hidden from view.

By the 29th of September, the atmosphere being much clearer, and the survey of Mud Hole
Channel and vieinity having been practically completed, off-shore soundings were again begun
and carried on until the close of the season.

With reference to the hydrographic survey of Mud Hole Channel, Lieutenaut-Commander
Snow remarks that his sheet, scale 1-10000, covers the areabetween Head Harbor, Steel Harbor,and
Great Wass Islands (locally known as Eastern Bay, in contradistinction to Western Bay, to west-
ward of Great Wass Island), and includes Head Harbor between Steel Harbor and Head Harbor
Islands. It offers several harbors of refuge to coasters who are familiar with the locality, is much
used in heavy weather, and may be easily entered by any one provided with a chart. It provides
also a passage to Moos-a-bee Reach from the sea, which is often used by fishermen and small vesseis
familiar with the locality, but as this passage is tortuous, beset with dangerous ledges, not buoyed.
and accessible only to light-draught vessels having a leading wind, it should not be attempted by
strangers. '

Owing to the large number of ledges, it was deemed necessary for the proper development of
the bottom to run the lines of soundings no farther apart than one hundred meters, and this dis-
tance was maiutained, except nearer the sea, when it was increased to two huundred meters in deep
water. The general direction of the lines was parallel to the general trend of the shores; these
lines being crossed by normals to the shore. All of the ledges with regard to which any intorma-
tion could be obtained, or which were suspected by the character of the soundings, were visited
at low water, and two hundred and ten positions and soundings taken and reduced to the plane of
reference, the ledges being mostly uncovered at mean low water. In all cases of uncertainty, or
where the lines did not cross in a satisfactory manner, they were ran over a second time. The
character of the bottom, except on ledges, is generally soft mud.

Full details and descriptions—the results of very close examinations—are given in Lieuten-
ant-Commander Snow’s report respecting the rocks and ledges in Mud Hole Chaunel and vicinity.
Soundings were taken also to the westward of Fisherman’s Island, to develop the bottom in the
vicinity of Egg and Sea Horse Rocks, aud lines were run with the ship parallel to the general
trend of the shore, and quite near to it, from Sea Horse Rock to Head Harbor Island.

The lines of off-shore soundings were run out to distances of 10 miles, and about eight- tenths
of a mile apart, beginning with the most westerly line, near Nash Island, and carried to the east-
ward—as weather permitted—to Cross Island, near the eastern limit of the projection. Starting
- from the coast in from twenty to forty fathoms (which is obtained in close proximity toit), the lines
were run in 4 south by east direction the required distance, then east by north eight-tenths of a
mile, then returning to the coast north by west. When the coast was reached at an early
hour, shorter intermediate lines were run aboat two miles off shore and back. Crossing lines were
also run at a distance of two and four miles from the coast.

The soundings were found to be very irregular, varying from twenty to ninety fathoms, and
the bottom, as shown by the specimens obtained, is generally brown mud, with shells.

No regular observations of currents were made in consequence of there being no anchorage
for the vessel off the coast, but observations of the drift were obtained during the progress of the
work, and a current of three-quarters to one knot found, the flood tide setting to the eastward,
the ebb to the westward. Between Great Wass and Fisherman Islands the ebb tide sets up the
bay, escaping to the westward through the various passages. From the Eastern and Machias
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Bays the ebb sets to the southward, until it meets and joins the current near the coast, when it
turns to the westward.

To obtain a plane of reference for the soundings, observations of the tides were made daily
near the steamer’s landing at Jonesport, between the hours of 6 a, . and 7 p. m., every fifteen
minutes, from July 20 to October 31, inclusive. A supplementary tide gauge was established on
Steel Harbor Island, which was connected with that at Jonesport by simultaneons observations.

The old bench-mark at Jonesport could not be found. A new one was established, and the
reductions for all soundings were computed from the tidal observations (during the hours above
named) of two lanar months.

Lientenant-Commander Snow’s survey developed a dangerous ledge in Englishman’s Bay,.
near the eastern entrance of Moos-a-bec Reach, the least depth over it being nine feet. ¢ Notice
to Mariners No. 49,” issued in June, 1884, gives the bearings of this ledge, with directions for
avoiding it.

On November 1 the Gedney left Jonesport, and on her way to New York Lieatenant-Com-
mander Snow made an examination of the locality between Old Man and Old Woman Ledges,
southeast of Muscongus Bay, near which a dangerous ledge had been reported by Maj. C. W,
Raymond, United States Engineers. A ledge of small extent, having a depth of 12 feet over
it, was found, and the bearings and distances of prominent points in the vicinity were given
in ¢ Notice to Mariners No. 41.”

The officers attached to the Gedney were Ensigns H. M. Witzel, T. M. Brumby, A. L. Hall,
and J. H. Hetherington, U. S. N. TFor the interest which they took in the progress of the work
and their zeal for its advancement, Lieutenant-Commander Snow expresses high commendation.
The statistics of the survey are as follows, including the work off Muscongus Bay:

Miles runinsounding .. - ... oo L el . 584
Anglesmeasured....... ... ... ... .. ii Liiany e et e 6, 035
Number of 80undings. ..... ... . vttt e i s e 13,430

Later in the fiscal year Lieutenant-Commander Snow was transferred to duty on the Pacific
coast, Mention of this will be made under the heading of Section XI.

Topographical surveys of Harrington River and of Chandler’s River Bay, Me.—Under instructions
issued in July, 1883, Assistant Engene Ellicott proceeded to Jonesport, Me., and toward the cluse
of that month began the work of filling in topography upon a sheet which had been begun by
Assistant Dennis, comprising Harrington River, Ripley’s Neck, and the town of Harrington,
‘Washington County, Me. This sheet was completed near the end of August. Mr. Ellicott then
took up the survey of the western shore of Chandler’s River Bay, and carried it around the shores
of Mason’s Bay, and thence to include both shores of the entrance to Chandler’s River.

During part of the season disastrous forest fires raged in the immediate vicinity, causing
much delay in the work by dense smoke.

The statistics are:

Shore-line surveyed, miles - .... .. ..ol iiiiiiiiiiiis s e aeaen 23
Roads, miles. .. .. ... .. e i, et eaaa 19
Area of topography in square miles...... ... ... i 18

Mention will be made under the head of Section IIT of duty subsequently assigned to Assist-
ant Ellicott.

Completion of the hydrographic surveys of Narraguagus Bay and River, and of Pigeon Hill Bay,
coast of Maine.—Having organized his party on board the schooner Eagre, in pursuanee of instrugc-
tions received in June, 1883, Lieut. E. D. F. Heald, U. 8. N., Assistant Coast and Geodetic Sur.
vey, upon arriving in Narragnagus Bay, early in July, began the hydrographic survey of that part
of the bay included between its entrance and Half Tide Ledge.

The projection, scale 1-10000, which was furnished to him for this survey, included also the
upper part of Pigeon Hill Bay. Lieatenant Heald’s work exhibits a very complete development
of this locality by close lines of soundings, joining on the westward with Lieutenant Colby’s su-
vey of 1882, and on the southward with that of Lieutenant-Commander Jewell in 1878. A careful
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survey of the Jordaw’s Delight Ledge, lying southeast of the island of that name, had been kept
in view during the progress of the work, but at no time during the season were the conditions of
sea, tide, aud weather, in the very exposed position of this ledge, favorable to success.

The upper sheet of Lientenant Heald’s work inclndes the head of Narraguagus Bay and the
Narraguagus River to Millbridge on a scale of 1-10000,

" Local authorities were consulted upon every available occasion as to the existence of hidden
dangers, but in no case were any named that had not already been indicated by the soundings.

Tidal observations were made at Millbridge Steamnboat Wharf and at a point on the western
shore of Pigeon Hill Bay.

Lieut. David Daniels, U. 8. N., and Ensigns O. G. Dodge and Alfred Jeffries, U. S. N., were
attached to the party. Upou the completion of the work, toward the close of October, Lieutenant
Heald proceeded in the Gedney to New York.

The statisties of his survey are:

Miles runin sounding. .. . ot e e 413
Anglesmeasured ... ... .. ... ceveeeaes 3,166
Number of soundings .. ... . i e 28, 900

During the following winter, Lientenant Heald conducted a hydrographic survey on the Gulf
coast, reference to which will be made under the head of Section IX,

Topographical surveys beticeen Gouldsborough und Frenchman’s Bays, coast of Maine.—The speeial
topographic work assigned to Assistant A. W. Longfellow by instructions dated in June, 1333, was
the filling in of additional topographical details upon certain sheets which bad been partly com-
pleted by Assistant Rockwell in 1862 and 1865, but upon whieh, for the purposes of the engraved
charts, it was desirable to have the roads and buildings shown, as well as the ground contours of
the interior.

Having arrived in the field at Winter Harbor about the middle of July, Mr. Longfellow fouud
it necessary to select and determine with the plane table numerous supplementary siguals, the
country being found to be very rough and so overgrown with trees and bashes as to be extremely
difficult of access and affording but little outlook or command of the ground. XNot unfrequently,
after the occupation of a station, the plane table had to be dismounted and packed in order to reach
the next one. '

Extensive forest fires raged in Gonldsborongh and on Mount Desert daring August,and at
times approached so near the locality of work as to threaten the headquarters of the party.

By the middle of October, when field operations were discontinued, the topography had been
finished over the area of Schoodic Peninsula, around the shores of Winter Harbor, and to a point
about three and a half miles north of it. The statistics of the survey are :

Shore-line surveyed, miles ...... ... .. e e il 2
Ponds, creeks, and streams, miles. ............... e e e e e 18
Roads, miles. ............... ... ... e e e e e 34
Area of topography in squaremiles ...... ...l it eeeee. 9

Assistant Longfellow,in his report of the season’s work, acknowledges the valuable assistance
rendered by Subasgistant W. Irving Vipal. )

Series of tidal observations with self-registering tide-gauge continued and meteovological observations
recorded at Pulpit Cove, North Haven Island, Penobscot Bay.—The valuable series of tidal and mete-
orological observations at Pulpit Cove, North Haven Island, which was begun in 1870, has been
kept up contivuously by Mr. J. G. Spaulding. This series, if continued a few years longer, will
complete the shortest lunar period required for a theoretical discussiou of thie laws of the tides on
the Atlantic coast of the United States, and for the purposes of this discussion will supply a series
of observations, almost uninterrupted, at a fundamental station.

During the extreme cold of winter the apparatus for circulating hot water to prevent freezing
in the float-tube has always proved efficient; without it the record could hardly have been kept
continaous. Meteorological observations are taken daily,
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Hydrographic examinations on Pemaquid and Outer Heron Island Ledges, coast of Maine, and
Ipswich Harbor entrance, coast of Massachusetts.——Depths having been reported much less than
now shown on the charts on the Pemaquid and Outer Heron Ledges, to the eastward and south-
ward of Booth Bay entrance, Lieut. J. E. Pillsbury, U. 8. N., assistant hydrographic inspector
Coast and Geodetic Survey, was directed in June, 1883, to proceed to Booth Bay, and examine the
ledges referred to. His instructions included also a visit to Ipswich, Mass., to examine the vicinity
of the entrance to Plum Island Sound, so as to determine the extent of changes in that locality.
‘With reference to the shores in this neighborhood, Lientenant Pillsbury remarks that, being com-
posed almost wholly of sand, nearly every winter gale changes the conformation ot the shore-line
as well as of the bottom, and that the range-beacon has not unfrequently to be changed to follow
the movements of the channel from about a northeast course to one to the southward of east. The
recommendations submitted by Lieutenant Pillsbury will be considered in the preparation of future
editions of the chart of Ipswich and Annisquam Harbors. While in Portland, op his way to Booth
Bay, a ledge, known locally as ““Southeast Ledge,” off the Damiscove Islands, was reported as dan-
gerous, and upon examination Lieutenant Pillsbury found a small patch of rock having a depth of
seven fathoms upon it at mean low water. Another ledge, called ¢ Poor Shoal,” of the same char-
acter, having a depth of six and three quarter fathoms over it, was found to the southward and
eastward of Bantam Rock. The bearings and distances taken from these ledges were published
as part of ¢ Notice to Mariners No. 41,7 While not dangerous in smooth weather, they become so
when a heavy sea is running.

Lientenant Pillsbury’s examination of Outer Heron and of Pemaquid Ledges showed least
depths of 8% and 113 feet, respectively.

Continuation of the triangulation of the State of New Hampshire.—Geodetic operations in New
Hampshire were resumed by Prof. E. T. Quimby, Acting Assistant, in accordance with instructions,
early in July. The first station occupied was Moore Mountain, in Brookfield, Carroll County.

Fine observing weather facilitated the progress of observations at this station; by the 4th of
August all that were needed had been obtained, and in a few days more the party was ready for
work on Green Mountain,.in Effingham, Carroll County. Here many delays were met with, arising
in part frown haziness in the atmosphere, and in part from the persistent brush fires lighted by the
farmers for clearing land, some of these fires creating dense smoke in lines that it was desirable
to observe. These obstacles prolonged the occupation of the station until the close of September.

The remainder of the season was occupied by Professor Quimby in determining the direction
of the line Whiteface-Green Monntain, and in a reconnaissance in Rockingham County, to fix
upon poiuts suitable for extending the triangulation in that direction. The statisties of the work,
which was closed in October, are as follows :

Number of horizontal angles measured ... .... ... ... ... ... L., 67
Number of vertical angles measured............. ... . ..., 36
Number of pointings with horizontal cirele. .. ... ................. e e 4,830
Number of pointings with vertical circle .............. _.......... e 364

Occupation of stations in continuation of the triangulation of the State of Vermont.—At Mount
Equinox, in the town of Manchester, Bennington County, Vt., a station was occupied at the
beginning of the season of 18383 by Prof. V. G. Barbour, Acting Assistant, in accordance with
instructions directing him to continue the triangulation of the State.

This station having been previously oceupied in the primary triangulation, but little cutting
to open lines of sight was required, and by the 24th of July the work there was completed.

Stowell station, in the town of Rockingham, Windham County, was next occupied. For the
purpose of connecting the Vermont geodetic work with that of New Hampshire, in this locality,
signals were erected at Stoddard and Monadnock, and observations made upon these points, as also
apon signals previously established at Croydon and Chesterfield, in New Hampshire.

Field-work was closed September 10. The statistics are:

Number of horizontal measurements. ., ... ... .uveiiiir tiiitiinnr cinnnenae.. TId
Number of vertical measurements . ... .....c.u.uinvans covssomsracsanenannn.. 510
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Bramination of ledges in Lake Champlain.—Certain shoal spots having been reported by the
Light-House Board as existing in Lake Champlain and not shown upon the charts, Mr. Charles
Junken, Acting Assistant, was directed to proeeed to Burlington, Vt., in November, 1883, and make
the necessary hydrographic examinations, His report shows that both of the shoals referred to
are shown upon the charts, the first one, known as ¢ City Reef,” having upon it a least depth of
" 43 feet. The second shoal was shown on the chart by the name first given to it, ¥ Champion Rock,”
from the name of the vessel that struck upon it in 1863 ; subsequently, however, it received the
name of her captain, and became locally known as ¢ Jones Rock.” Mr. Junken determined with
out doubt the entire identity of «“Jones Rock” with ¢ Champion Rock,” and recommends that this
rock, as well as ¢ City Reef,” be buoyed.

Subassistant W. Irving Vinal rendered prompt and efficient service in the work.

Reconnaissance for the introduction of additional linesin the triangulation between the Fire Island
and Massachusetts and Epping base lines.—In order to strengthen the connection in the primary
triangulation between the Fire Island base and the Massachusetts and Epping bases, Assistant
Charles O. Boutelle was instructed to make the arrangements necessary for a reconnaissance from
certain primary stations in Massachusetts and Connecticut, with a view to determine the intervisi-
bility of the points proposed for oceupation.

Under his direction Mr. J. B. Boutelle, extra observer, visited Wachusett Mountain, Prince-
ton, Mass., and Bald Hill in Suffield, Conn. The lihes that it was desirable to obtain were
Wachusett-Greylock, Bald Hill-Greylock, and Bald Hill-Bald Peak. At Wachusettthe sammit of
Greylock, near the northwestern part of the State, and distant about sixty-eight miles, was found
to be distinetly visible. From Bald Hill both Greylock and Bald Peak, the latter in the south-
western part of Massachusetts, aie visible. The introduction of these lines into the triangulation,
in connection with those from Ivy Hill in Connechcut and from Bald Peak to Greylock, will mate-
rially strengthen it.

The reconnaissance intrusted to him having been satisfactorily completed, Mr. J. B. Boutelle
transmitted to the office the records of the work.

Hydrographic examinations in Vineyard Sound and resurvey of Monomoy Passage, Nantucket
Shoals.—The hydrographic examinations and resurveys required in Vineyard Sound, Monomoy
Passage, and on Nantucket Shoals, in order to obtain data for correcting the pablished charts,
were executed during tfe summer of 1883 by the party on the steamer Blake, under command of
Lieut. Commander W. H. Brownson, U. 8. N., Assistant Coast and Geodetic Survey.

Leaving New York on the 11th of July, Lieutenant-Commander Brownson anchored on the
following day inside of Cuttyhunk Island, at the western entrance to Vineyard Sound, for the
purpose of making an examination of certain rocks, reported as at that time not properly shown
on the charts. Two rocks were determiped in position, one of these being Whale Rock, which is
bare at half tide, and readily seen at any time by the discoloration of the water; the other a pin-
nacle, with eight and a half feet at low water. Bothof these rocks have been placed apon the
charts.

A detached shoal having been reported as existing at the western end of I’Homme Dien
Shoal, Vioeyard Sound, the examinations made by Lieutenant-Commander Brownson indicated a
very decided change in the western end of the shoal, it having worn away and a hook having
formed to the southward; hence the detached shoal given on Eldridge’s chart is simply an exten-
sion of I’Homme Dien.

The examinations in Vineyard Sound havi mg been tinished, Lieutenant-Commander Brownson
started for Monomoy, stopping at Hyannisport on the way to locate a rock in New Harbor, to the
westward of Hyannisport, Mass.

On the 18th of July was begun the principal work of the season, the resurvey of Monomoy
Passage, Mass. Finding by experiment that at Powder Hole, Monomoy Point, where it had been
at first intended to erect a tide-gauge, the ebb and flow of the tide was too much impeded by the
narrow entrance, a gauge was established on the wharf at Harwich Port, Mass., and a companion
gauge was kept for a saitable time outside near Monomoy Point.

Lientenant-Commander Brownson states that his work shows a gradual filling in of the channel
between Pollock Rip and Broken-Part-Pollock Rip; that the average depth of water over the shoals
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to the westward of this channel seems to be increasing, thus restoring the equilibrium, and that
he thinks it not at all improbable that in the course of a few years this channel will be useless to
vessels of beavy draught. That part of the channel to the eastward of Pollock Rip light-ship,
formerly much used by ships of heavy draught passing in and out of Vineyard Sound, is now shut
off by a bar running nearly across it, with seventeen feet at mean low water. Should this shoaling
continue so as to shut off these two channels for heavy-draught vessels, there still remains the
main chanuel between Great Point, Nantucket, and the Stone Horse Shoal. An extended exami-
nation of this locality showed that a channel of twenty-four feet can easily be buoyed out. This
new channel would increase the distance of vessels bound around the cape about eleven miles, and
would be another point in favor of construeting a Cape Cod canal.

Several dangerous shoals baving been developed by Lieutepant-Commander Brownson’s sur-
vey between Shovelful light-vessel and Pollock Rip light-vessel, consisting of patches with a least
depth of thirteen and a half feet near the northern extremity, and forming an extension of Stone
Horse Shoal in a vortherly direction, a  Notice to Mariners” (No. 45) was issued from the office
giving directions for avoiding them.

A shoal baving been reported west-southwest of South Shoal light-ship, three separate attempts
were made to find it, all of which were unsuccessful. This result, together with the testimony of
the keeper of the light-ship, that for ten years he had seen vessels of heavy draught passing over
the supposed locality of the shoal, led Lieatenant-Commander Brownson to the belief that it does
not exist. The report may have arisen from the fact that in very heavy weather the sea breaks
all along from northeast to southwest of the light-ship in from six to eight fathoms.

Uypon the completion of this work jvstructions were received to locate a rocky ledge, reported
by Lient. W. W, Gilpatrick, U. 8. N, as lying off Warren’s Point, R. 1. This was done on the
26th of September. The ledge was found to be of small extent, with a least depth of thirteen feet,
dropping off' suddenly, in less than a boat’s length, to four fathoms, and to six fathoms only a few
yards away. DBearingsand distances to prominent objects were taken from the rock, and a “Notice
to Mariners” (No. 40) was promptly issned from the oftice. This rock, known locally as Elisha’s
Ledge, has since been buoyed.

The statistics of work to the date of this examination are given in Lieutenant-Commander
Brownson’s report as follows:

Miles run in sounding ....... e e e e e e 1, 000
Angles measured.......... e U e 5, 708
Number of soundings. ... .. ...t il i i it e e e 21,955

During an evforced absence for about a month of the chief of the party from ill-health, Lieut.
F. H. Crosby, U. 8. N,, Assistant, was in charge of the work, and conducted its operations with
muech zeal and judgment. Other officers in service on *the Blake were Ensigns J. T. Newton,
H. 8. Knapp, E. Simpson, jr., and M. C, Gorgas, U, 8. N,

Snbsequent work accomplished in Long Island Sound and East River, N, Y., by Lieutenant-
Commander Brownson will be referred to under the heading of Section II.

Survey of Gay Head Cliffs to fix position of wrecked steamer —Questions arising out of the events
attending the wreck of the steamer City of Columbus off Gay Head Cliffs in January, 1834, espe-
cially those relating to the position of the buoy near where the steamer struck, led to the detail of
Assistant H. L. Whiting to make a resurvey of the immediate vicinity of the disaster for the pur-
pose of determining the position of the wreck, the buoys in the vicinity, and the location of as many
objects on shore as might ultimately serve for a close hydrographic survey.

The positions of the wreck, of the temporary buoy established near it, of the black buoy, and
the line of the beach at high water were marked by Mr. Whiting on the original topographic sheet,
which was transmitted to him for that purpose.

With regard to that dangerous reef known as the ‘“ Devil’s Bridge,” Mr. Whiting observes
that it is a bed of bowlders only. There is probably no ledge under any part of the island, or near
it. These bowlders were probably on the sarface of the Tertiary formation of which Gay Head is
composed, and as the earthy material has been washed away, these bowlders have remained within
the area of the original headland.
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In many cases of single steep hills on the island, the fact is illustrated that larger bowlders and
larger nwinbers of them have been originally deposited or have rolled down aronnd the base of these
hills than haveremained on the sides or summits, and it may be found that a Targer bed of bowlders .
exists around what was the original base or outline of this headland, if it was a single hill, than
are distributed over its general area. ’

Daring a portion of the year Assistant Whiting was occupied with duties pertaining to his
special assignment as a member of the Roard of Harbor and Land Commissiouers of Massachiusetts.

Tidal obserrations at Providence, K. 1.-~The self-registering tide-gange loaned by the Coast and
Geodetic Survey in 1872 to the engineers engaged on the improvements of the city of Providence,
R. L., is still retained by them. From the records for the earlier years which were trauswitted to
this office good re~ults were obtained, and more valuable ones may be expected when the complete
series is available for discussion.

Tidat observations at Block Island.—In January, 1884, the series of tidal observations with the
self-registering tide-gauge established on the breakwater at the eastern end of Block Island was sud-
denly brought to a close by the tide-bouse and gauge being crushed by a vessel. The records from
this gauge had been continnous for nearly a yvear and a bhalf. Staff observations were made by the
observer, Mr. J. M. Couley, for a few duys to complete the last half year. This station had been
made the base in the tidal surveys of Buzzard’s Bay, Narragansett Bay, and Long Island Sound,
and observations may be resumed if found necessary in completing the resurvey of the Sounnd.

SECTION I1I.

CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLVANIA, AND DELAWARE, INCLUDING COAST,
BAYS, AND RIVERS. (8kercurs Nos. 1, 3, aAxND 4.)

Topograplic resurveys of Stonington, Conn., and vicinity; also of the coast of Connecticut in the
vicinity of Saybrook and Lyme~—~Having received instractions to resame the topographic resurvey
of Stonington, Conn., and vicinity, Subassistant W. C. Hodgkins took the field immediately after
July 1, 1883, In the course of.the next six weeks the detailed survey was extended to include
the shores of Little Narragaunsett Bay, lying between Stonington and Wateh Hill, and also
‘Weqguetecock Cove and the mouth of Pawcatuck River. Additional shore-line was sarveyed in
Stonington Harbor and in Quiambaung Cove, above the railroad bridges. The borough of Ston-
ington and village of Noank weresurveyed in detail, as also the collection of hotels and dependent
buildings at Watch Bill, a popular watering place, located on a cluster of sharply rouuded
hillocks just at the junction of the long curving sand-spit called Napatree Point.

The work in this vicinity embraces portious of the States of Connecticut and Rhode Island,
the boundary between these two States following the channel of the Pawcatuck River.

By the middle of August the survey in this locality was completed within the limits assigned,
.and the party was transferred to Lyme, Conn., to take up the resurvey of the mouth of the Con-
necticut River. East of the Connecticut the work extended along the north shore of Long Island
Sound fiom Four-Mile River to Blackball Point and thence nortbward to Calves Island, the belt of
topography averaging six hundred meters in width., West of the river, Cornfield Point was in-
cluded in the work as well as the shore beyond, with Oyster River and the intervening creeks.
On the banks of the Connecticut itself the shore-line of all creeks and coves was surveyed, as far
as they were unobstructed by bridges, the work on the west side of theriver extending as far north
as Ferry Point.

Iu some cases, owing to the formation of the land, the width of this surveyed area was increased
beyond the six huudred meters adopted as a standard. The alluvial marsby islands in the estnary -
of the Connecticut were completely surveyed. Within the limits of the sheet the towns of Lyme
and Saybrook were included.

Work was closed for the season November 15. Mr. J. H. Turner, Acting Aid, joined the party
on Aungust 1 and rendered efficient service until his detachment early in November.

. In May, 1884, Subassistaut Hodgkins was iustructed (o resume work on his topographical
sheet of 1883 to complete the survey of Saybrook and Lyme, and the unsurveyed portions of shore-
line. _In this duty he was occupied at the close of the fiscal year.

H. Ex. 43—4
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During the winter of 1883-84, Mr. Hodgkins was assigned to service which will be referred to
under the head of Section VIII.

« Hydrographic resurveys of Fisher’s Island Sound, and its adjacent waters continued.— Mention was
made in my last annual report of the resumption of the survey of Stonington Harbor by the party in
theschooner Palinurus, under the command of Lient. A. V. Wadhams, U. S. N., Assistant Coast and
Geodetic Survey. Statisties of the progress made up to June 30, 1883, were then given. During
the season ending in November, 1883, the hydrography of Stonington Harbor was finished, also
that of Fisher’s Island Sound and Little Narragansett Bay.

To obtain a plane of reference for the soundings, a principal tide-station was established at the
fish-market wharf in Stonington Harbor, and subsidiary stations at the steamboat wharf at Watch
Hill, in Little Narragansett Bay; at Fox’s Wharf, in West Ha: bor, Fisher'’s Island, and at the North
Duompling light house. With the aid of these subsidiary tidal stations a good plane of reference
was obtained for all parts of the work.

With reference to Stonington Harbor, Lieutenant Wadhams remarks that it iz chiefly impor-
tant as the terminus of the Stonington line of steamers from New York, and as furnishing a safe
anchorage for vessels bound to the eastward. It has been greatly improved by the breakwaters
lately built, which furnish a complete protection from the southeast gales. Navigators would be
much aided in seeking a harbor if bug lights were placed, one on the west end of the eastern break-
water, the other on the east end of the western break water.

Little Narragaunsett Bay, Lieutenant Wadhams states, is full of shoals and nnimportant for com-
mercial purposes, except as furnishing a means of communication with Westerly, R. I., on the Paw-
catuck River. For this purpose a channel hasbeen dredged on the east side of the bay to the mouth
of the river. )

Three stations were occupied during the progress of the survey for observations of currents, one
at the eastern entrance of Fisher’s Island Sound, off Watch Hill Point, one on board the Eel Grass
light-ship, and one at the western entrance of the sound north of Dumpling light. At each of
these stations observations were continued during one flood and one ebb tide.

Lieutenant Wadhams expresses himself as under obligations to' the Hon. Richard A. Wheeler,
of Stonington, for information furnished in regard to the names of islands, coves, &e.

Among the most important results of the work was the development of several dangerous
ledges in Fisher’s Island Sound; the first off Napatree Poiut, the second to the northeast of Seal
Rocks, and the third vorth of the Middle Clump. 'I'he least depthson these ledges were found to be
fifteen, thirteen, and seventeen feet, respectively. A ¢ Notice to Mariners ” (No. 47) was published
by the office giving the exact location of these ledges and their bearings from prominent objects.

The following-named officers were attached to the Palinurus: Ensigns T. D. Griffin, A. L.
Hall, and W. C. Caufield, U. 8. N. ‘

On November 23 the Palinarus left New London for New York, where she was laid up for the
winter. The statistics of the season are as follows:

Miles run in sounding -.... e teresseneniiaeeneanas i e 780
Angles measared ........c.ciieeriiinianas e ettt 10, 949
Number of soundings........ e e e e 42,102

Hydrographic surveys of the castern part of Long Island Sound, and a portion of Block Island
Sound.—The work assigned to the hydrographic party under charge of Lieut. John T. Sullivan, U.
8. N., Assistant Coast avd Geodetic Survey, commanding the steamer Endeavor, comprised the
resurvey of the eastern part of Long Island Sound from Race Rock to Inlet Point, and thence to
Old Landing, Long Island, and additional soundings in Block Island Sound from Phelps’ Ledge to
Southwest Ledge. The inshore hydrography included the islands in the Race and the north shore
of Long Island within the limit named. Conneeting with this work, lines of soundings were run
across the sound at intervals ranging from a quarter of a mile to a mile, far enough in to connect
with the inshore work of other parties.

At the outset of the season, in July, 1883, tide-gauges were established at Little Gull Island,
off Truman’s Beach, Long Island, and in the vicinity of Nattitack Inlet, Long Island. Much diffi-
culty was experienced in maintaining the two gauges last named on aceount of the exposed char-
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acter of the Long Island shore and the prevalence of northerly winds. The plane of mean low
water as established by the above gauges is practically that at New London.

Valiant Shoal and Rock in ¢ The Race” were fully developed, and the search for Constellation
Rock to the southward of Great Gull Island resulted successfully. Breese Rock, reported as lying
about half a mile south of Constellation Rock, could not be found.

Lientenant Sullivan’s work is complete as far westward as the meridian passing clear of Goose
Island, to the westward of Falkner’s Island. It is plotted on three hydrographic sheets and one
tracing ; the former on scales of 1-206000 and 140000, embraciug the surveys in Long Island Sound ;
the latter, on a scale of 1-40000, shows the soundings made in Block Island Sound.

The officers attached to the party were Lieut. W. G. Catler, U. S. N,, and Eunsigns E. N. Fisher
and J. P. Parker, U. 8. N. TUpou the close of the season in November the Endeavor proceeded
to New York. Statistics of the hydrographic work, as presented in the report of Lieutenant
Sullivan, are:

Miles run in Sounding ... .vv it i i e e 912
Anglesmeasured...... ... ..ol e 8,428
Number of soundings ... ... it e 25, 849

Hydrographic work off Shagwong Point, Montauk ; resurvey of Black Rock Harbor, Conn. ;
examinations for rocks and ledges in Fast River, N. Y.—The hydrography executed by the party
in the steamer Blake, under the command of Lieut. Commander W. H. Brownson, U. 8. N., Assist-
ant Coast and Geodetic Survey, during the first three months of the fiscal year, has been referred
to under the heading of Section L

Towards the close of September, after completing his work at Warren’s Point, R. 1., Lieuten-
ant-Commander Brownson was instructed to place a buoy and sinker on a pinnacle rock off Shag-
wong Point, Montauk. This rock had beenlocated by Assistant Gershom Bradford. The depth of
water on the pinnacle having been accurately ascertained, the obstruction buoy was placed near
the rock.

On the 6th of October, the Blake proceeded to Black Rock, Conn., where a hydrographio
resurvey of the harbor was begun, the work being carried well up the small entrances so as to
give sufficient data for determining whether certain proposed improvements were practicable or
desirable. Being favored with fine weather, the survey was pushed rapidly, and finished on the
12th of October.

Information having been received from Mr. John Lockwood, Hell Gate pilot, of the existence
of shoal water in the East River, N. Y,, in the vicinity of Riker’s Island, Lieutenant-Commander
Brownson was directed to make an examination of that locality. He found a shoal of small exteunt,
having eighteen feet upou it at low water, iu the middle of the chanuel between Riker’s Island and
Legget’s Point; also another rock with but seventeen feet over it in the bight between Port Mor-
ris and Legget’s Point, .

Navigators were promptly warned of these dangers in % Notice to Mariners No. 42,” the bearings
of each shoal spot to prominent objects being given.

As already stated in noticing the earlier work of the season,the officers attached to the party
were Lieut. F. H, Crosby, U. 8. N. Assistant, and Ensigns J. T. Newton, H. 8. Knapp, E. Simpson,
jr.,, and M. C. Gorgas, U. 8. N. The statistics of the work in this section are :

Miles run in sounding ........... ....... b e e e e e s s 9t
Angles measured ...... ..o L i iy eeeeeaeiaas 786
Number of 80nndings ... ... .. ittt i e e 7,709

In December the Blake was taken to-Baltimore to be fitted with new boilers.

Topographic and hydrographic resurveys in the vicinity of Montauk Point, Gardiner’s Bay and
Orient Harbor, Long Island ; also completion of hydrography between Stepping Stones light-house
and College Point, East River.—At the beginning of the fiscal year, Assistant Charles Hosmer, in
charge of the party on the schooner Scoresby, having executed certain resurveys in the western
part of Long Island Sound, as mentioned in my last annual report, trausferred his party to the
vicinity of Greenport, Long Island.



28 UXNITED STATES COAST AND GEODETIC SURVEY.

During the summer and autumn, topographic resurveys were made of Montauk Point, and of
Shelter, Gardiner’s, Plum, and Gull Islands. Also of Orient Harbor and vicinity. Hydrographic
work was done in the northern part of Shelter Island Sound, aud in Long Island Sound, to the
north of Montank Point.

Leaving a topographic party to finish the work at Orient Point, Assistant Hosmer proceeded
in the Scoresby about the 10th of October to the western part of the Sound to complete the
hydrography between Stepping Stones light-house and College Point, East River.

All of the hydrography laid out for the party having been finished by the middle of November,
and the season being too far advanced to continue topographic work to advantage, field operations
were then closed.

Acssistant Hosmer expresses his high appreciation of the services of Ensigns R. P. Schwerin,
and D. P. Menefee, U. S. N, who were attached to his party., The statistics of work accom-
plished are: :

Number of angles measured in triangulation. .. ...... .. ... .o L. 51

Xumber of points determined. ... ... ... . L i e en. 5
Nuomber of miles of shore-line surveyed including low Water line and creeks 205
Miles of roads surveyed.. ... covove cniinonnn. . e e taeeeiaaae s 31
Area surveyed in square miles. . ... ... . liiiil il e 13
Miles runin sounding .. ... .o i et ittt reas caas 486
Angles measured .... ... ...l e eseetaiee il e e L. 4,722
Number of soundings ... i it i it vaas 38, 044

Under the head of Section VIII reference is made to duty subsequently assigned to Assistant
Hosmer on the coast of the Gulf of Mexico.

Completion of observations with self-registering tide-gauge at Fort Trumbull, New London, Conn.—
The obLservations at Fort Trumbull; New London, Conn., with a self-registering tide-gauge which
had been established there early in October, 1882, were brought to a close November 20, 1883, a
fine record for somewhat more than a year having been secured by the care of the observer, Ser-
geant F. Koch, stationed at the fort.

This gauge was established on account of its utility in the resurvey of Long Island Sound; it
will yield also improved data for use hereafter in predicting the tides, New London having been
selected as one of the principal ports to which the tides of neighboring ports are referred in the
tide tables published annually by this office.

Topographic resurveys of the north shore of Long Island Sound, between New London and Fouwr.
Mile River, and betiwceen Saybrook and Clinton.—In continuation of the topegraphic resurvey of the
shores of Long Island Sound, Assistant W. H. Denuis, in July, 1883, took up the detailed topog-
raphy upon the sheet of New London and vicinity, the shore-line and part of the details upon
which had been done daring the previous season. Mr. Dennis completed a margin of topography
upwards of four hundred meters in width upon this sheet, and then began work upon the next sheet
westward, which incladed the shores of Niantic Bay and Four-Mile River. Having carried the
topography upon this sheet from one-fourth to one-half a mile inward, and finished it September
25, the party was moved to Clinton and work begun from Saybrook westward. Details of shore
topography to the same extent inland as on the previous sheet having been completed to include
the shores of Killingworth Harbor, west of Kelsey’s Point, in the town of Clinton, and the next
sheet westward, at the town of Madison, having been begun, the field season was closed Novem-
ber 28,

Assistant Dennis acknowledges in his report the thoroughly competent and efficient service ren-
dered in his party by E. L. Taney, Aid. The statistics are:

Miles of shore-line surveyed ... .. il iiiii e it annaanas S
Miles Of 10adS « . oot i it ettt ttraen ettt aesana 106
Miles of creeks - i i i i e e i tmea e 25
Miles of marsh-line. ..ol i i iiii i ieernaiaeaaaac v 35
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Hydrographic resurvey along the north shore of Long Island Sound between Goshen Point and
Hammonassett Point.—Having organized his hydrographic party on board the schooner Silliman,
Lieut. John D. Keeler, U. 8. N., Assistant Coast and Geodetic Survey, left New York and arrived
at New London, Conn., early in July, 1883. The work intrusted to his charge was a hydrographic
resurvey of the shoal water along the north shore of Long Islaud Sound. beginning at Goshen
Point, one-half mile west of New London Light, and extending to Hammonassett Point at the
western entrance of Clinton (or Killingworth) Harbor.

At the outset of operations an arrangement was made with Lieut. John T. Sullivan, U. 8. N,,
Asgistant Coast and Geodetic Survey, commanding the steamer Endeavor, with regard to the limits
of work to be done by each party, Lieutenant Sullivau’s lines of soundings across the Sound being
carried far epough in to conneet with the inshore work.

Tide-ganges were established at Millstone Point, Fenwick Wharf, and, as the work progressed,
at Duck Island Harbor, the last-named gauge being observed for reference only, while the observa-
tions at the two first-named ones were continuous for at least a lanar month.

The several reefs and shoals ineluded within the imits of the survey were thoroughly examined.
Among them were Bartlett’s Reef, Two Tree Island Shoal, the small shoal off Hatchett's Point, the
shoals off the mouth of the Connecticut River, Long Sand Shoal, the shoal off Curnfield Point, the
Hen and Chickens, and Crane Reef. '

On Bartlett’s Reef no new dangers were discovered, but a group of rocks just to the eastward
of it, known locally as ‘“The Triangle,” or “Triangle Rocks,” was snccessfully searched for and
located.

‘While working to the southwest of Black Point, a shoal sounding was taken in four fathoms;
this locality was afterwards examined, but nothing shoaler than this was developed.

The extensive shoals off the mouth of the Connecticut River were developed with great care.
Lieutenant Keeler callx attention to the fact that these shoals are changing the character of their
surface constantly, and almost with every shift of wind; certainly so when the wind blows with
violence.

With regard to the Connecticut River, he observes that the usnal entrance throngh the jetties
can be used in almost any weather, but that after passing Saybrook light there is nothing to mark
the channel, which is quite narrow, although the river is wide. On the eastern side of the channel
there are several sunken stone piers, covered at half tide, and the strong current running makes it
difficult for a stranger to proceed up the river with confidence. Lieutenant Keeler recommends
that the channel be buoyed. With his report he has submitted a tabular statement of the number
of vessels of all kinds passing in and out of the Counnecticnt from September 8 to 30, inclusive,
The whole number is four hundred and twenty-nine, an average of about nineteen a day,

‘While surveying Westbrook Harbor two rocks were discovered which bad not been marked on
the charts; their positions were carefully determined Ly bearings and otherwise.

Lieutenant Keeler’s report, of which an abstract only is here given, is exceedingly full and com-
plete in its detailed statements respecting the localities included in his sarvey. He expresses bis
gratification with the spirit manifested by the officers who assisted him in eonducting the work.
These were Ensigus F. H. Sherman, C. W. Jungen, and T. C. Dewey, U. 8. N,

The statistics of the season, which closed early in November, are:

Milesrun in sounding .. . .. ... ..o . L eeiiiiieiiiaa.. . 7560
Angles measured ........... ...l 3 O 11,630
Number of sonndings ...... ............. RN e J 44,146

During the winter the Silliman was laid up in New York, in charge of Ensign Sherman,

Information having been received at this office fromn the Old Colony Steamboat Company of the
existence of a dangerous rock in Bast River, Ensign Sherman was directed to examine the locality.
He found a pinnacle rock not over four yards square, and situated one hundred and fifty yards out-
side of Nes Rock, and on the prolongation of Twentieth street, New York City. The least water
found over the rock was tweive and a half feet. A ¢Notice to Mariners” (No. 48}, giving exact
location and bearings, was immediately published, and information baving been furnished to the
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Light-House Board, they caused a danger buoy to be placed on the rock May 28. This buoy may
be passed on either hand.

In the search for the rock Ensign Sherman had the aid of Ensign W. C. Canfield, U. 8. N,

Topographic resurvey of the north shore of Long Island Sound from Bridgeport to Farms (or
Frost's) Point.—Assistant E. Hergesheier, nunder instructions issued in June, 1883, reached the
field July 1, and began a topographiec resurvey of the north shore of Long Island Sound from
Bridgeport westward to Farms (or Frost’s) Point.

Between these limits the belt of topography sarveyed extended on the average seven-eighths of
a mile from the coast. The topographic sheet included the city of Bridgeport, the solid interior of
which was compiled from the records of the city survey department, furnished by H. G. Scofield,
city engineer.

Field operations closed October 25. The exceedingly skillful and artistic delineation of details -
of topography and lettering on the field sheet, as brought out distinetly in the inking, led to its
reproduction by the photolithographic process without reduction from the original scale of survey
(1-10000), and with marked sucecess.

Following are the statistics:

Miles of shore-line surveyed, including shore-line of rivers, creeks, and ponds... 59
Miles Of TOAUS < ..ot ittt ittt i cee t i et eaiae e aaan 57

Re-establishment of points of the old triangulation and determination of additional points on
the south shore of Long Island Sound, between Hortow's Point and Old Field Point.—In order to
furnish points for the resurvey of Long Island Sound, Assistant S. C. McCorkle was specially
charged with the recovery of the old stations between Horton’s Point and Old Fields Point on the
north coast of Long Island, and with the determination of such additional points as might amply
suffice for the uses of the topographic and hydrographic surveys.

In pursuance of this duty, after having selected as a base the line Osborn-Shinnecock, Mr,
McCorkle was fortunate in identifying seven stations of the former triangulation. His recon-
naissance and subsequent occupation of stations in the scheme laid out, between the limits .
just referred to, provided all the points needed in the progress of the survey on that coast.
His report states in detail the characteristics of the country passed over.

The statistics of the work, which closed November 30, are as follows:

Number of stations occupied.. ............ e iaeeas e aneieien e 27
Number of angles measured .. ... ........... e e eeii e e 225
Number of observationsmade...................... .. ... e 2,064
Number of positions determined ... ... ... ... ... .l il 38

It was deemed desirable to mark permanently the station on Shinnecock Hills, and, in accord-
ance with arrangements made to that effeet with Mr. Austin Corbin, the owner of the land on
which the station is located, Assistant McCorkle, in May, 1884, placed 2 granite pillar over the
iron cone beneath the surface which had been secured in position as an underground mark by
Assistant J. A, Sullivan in 1874. The surface marks placed by Assistant F. H, Gerdes in 1879
were found to be in good order.

Supplementary triangulation between Eaton’s Point and Sands’ Point, north const of Long Island,
and of the opposite shore, for the resurvey of Long Island Sound.—The duty of executing the sup-
plementary triangulation of the shores of Long Island Sound, from Eaton’s Point to Sands’ Point
and opposite, was committed to Assistant Gershom Bradford by instructions issued early in Angust,
1883.

Having organized his party, and established his headquarters at Northport, L. L., as a central
point, Mr. Bradford pushed the triangulation across the Sound to the westward from the lines
Eaton’s Point~Copp’s Island, and Eaton’s Point~-Chimon’s Island.

At the close of the season, December 13, the triangulation finished included the country about
Huntington Bay and Northport Bay, reaching westward on the Long Island shore to Oask Neck



UNITED STATES COAST AND GEODETIC SURVEY. 31

Point and to stations on the Connecticut shore; these in turn counectmg with the triangulation of
Mr. Bradford’s previous season in Connecticut.

During the winter Mr. Bradford was engaged in office-work pertaining to his field operations,
and in a special investigation relating to the several methods of reading the mariner'’s compass.
On this subject he made a detailed report.

Towards the end of May he was directed to resume the triangulation of L.ong Island Sound,
and to connect it with the original primary stations Bald Hill and Round Hill. Provisional
stations had been established near those points by Mr. Bradford in 1882, but as the work pro.
gressed it became desirable to refer it to the original line. By applying azimuths and dis-
tances from the approximate positions of 1882, the station marks left by Assistant Edmund Blunt
in 1866 were recovered with but little digging. The old station, Eaton, on Eaton’s Neck, was
recovered also.

At the close of the fiscal year 1883-1884 the triangulation was in active progress. Statistics
of the work to that date are:

Number of stations oceupied ...... .cco.vouon.. T e 16
Number of pointings made ......... e e e i 3,897
Geographical positions determined...........oooi il 13

Complotion of the primary triangulation across the State of New York for connecting the triangula-
tion of the Hudson River and Lake Champlain with that of the survey of the Great Lakes.—At the
beginning of the fiscal year, as mentioned in my last annnal report, the party of Assistant Charles
O. Boutelle was about to occupy Howlett Station, about 9 miles west of Syracuse, a point identical
with the State survey station of that name, and one of the last in the scheme for connecting the
survey of Hudson River and Lake Champlain with that of the Great Lakes by a primary triangula-
tion across the State of New York.

Harly in July, 1883, the observing tripod and scaffold of the State survey at Howlett was
rebuilt and occupied at an elevation of about 50 feet for the measurement of horizontal directions.
The usual observations for latitude and azimuth were made by Mr. J. B. Boutelle, extra observer,
and Prof. L. L. Barnard, of State College, Pennsylvania, who was temporarily attached as Acting
Assistant to the party. Local time was determined by Subassistant J. B. Baylor, who also made
the observations for magnetic declination and intensity.

Twenty-inch theodolite No. 113 was used for the measurements of horizontal directions.
Twenty-four pairs of stars were observed for latitude with zenith telescope No. 5. For local time
the new prismatic transit was used for the first time in the field. Assistant Bouatelle reports favor-
ably upon this instrument as both accurate and exceedingly convenient for field observations.

At this station, as at all others of the primary chain, vertical angles were carefully observed.

Upon the close of observations at Howlett’s station, Professor Barnard was detached from the
party, and Subassistant Baylor was directed o occapy the station of the Lake Survey, Clyde,
in Wayne County, for the determination of horizontal directions, vertical angles, and magnetic
declination and intensity. While this work was in progress, Assistant Boutelle proceeded to
Oswego to occupy the Lake Survey station of that name in the southwestern part of the city.
A tripod one hundred and nine feet bigh had been built here by the United States Engineers in 1874.
Finding it much decayed, repairs wefe about to be begun, when by a furious gale which swept over
Lake Ountario, the whole structure was blowa to the ground. A new observing tripod and scaffold,
forty-six feet high, was at once begun, and finished in five days, being in readiness for occupa-
tion October 1. Subassistant Baylor was at this date detached from the party. Observations of
horizontal and vertical augles were finished October 16. A double line of levels was run from the
Lake Survey station “Oswego” to their bench-mark close to the shore of Lake Ontario. This
bench-mark had been previously connected by the Luke Survey parties with the Coast and Geodetic
Suarvey beach-mark at Greenbush on the Hadsoen, opposite Albany, by a double line of levels.

The Lake Survey station ¢ Victory,” about seventeen miles in a southwesterly direction from
Oswego, was next occupied. The tripod originally built at the station was found to be in good
order, and the twenty-inch theodolite was mounted upon it October 18, with the telescope at an
elevation of over ninety feet. The observations of horizontal and vertical angles at this station
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were made by Mr. J. B. Boutelle, and upon their completion, October 30, field operations were closed
for the season.

In orcer to establish a thorongh connection between the Coast and Geodetic Survey and Lake
Survey systems of triangalation, Mr. J. B. Boatelle was instructed to proceed to Mannsville,
N. Y., in May, 1334, and under the direction of Assistant Boutelle, to occupy the Lake Survey
station of that name for the purpose of measuring the angles between stations Loomis, Oswego,
and North base. By these observations a direct connection was obtained with the Sandy Creek
base of the Lake Survey. This work, inclnding a determination of the magnetic declination and -
intensity, was completed on the 18th of June.

A report upon the resalts of Assistant Boutelle’s triangulation across the State of New York,
and its connection with the triangnlation of the Lake Survey will be found in Appendix No, 9.
These resnlts verify the indications referred to in my last annual report as derived from the pre-
liminary computations, and show that a close and satisfactory agreement Lias been reached at the
janection of the two systems of triangulation, ¢ an agreement which-is the more satisfactory, since
each system is an absolutely independent work, starting from bases widely separated on the
Atlantic coast and on the Great Lakes, and carried on by independent methods, instruments,
and observers.” ‘

After closing work at Mannsville, Mr. J. B. Bountelle was directed to visit Kingston, Canada,
to make inquiry respecting the possible use of an astronomical station in the grounds of Queen’s
College and University as the north end of the Pamplico arc of the meridian. This service, as well
a8 other duty already referred to under the head of Section I, was executed with skill and diligence.
Mr. Boutelle’s report has been transmitted to the office.

Hydrographic resurvey of the approaches to New York.—In accordance with instractions issued
in Juune, 1883, Lieut. H, B. Manstield, U. S. N., Assistant Coast and Geodetic Survey, organized a
hydrographic party on the steamer A. D. Bache for the resurvey of the approaches to New York.

About the 15th of July, all preparations having been completed, the work was begun. As far
south as latitude 40° 12/ north, and as far east as longitude 732 23/ west from Greenwich, lines were
run from both the New Jersey and the Long Island shores a quarter of a wile apart to the five
fathom carve; a half a wmile apart to the ten fathom curve, and to the limits of the sheet, the curves
of fifteen and twenty fathoms, a mile apart. Additional lines were run normal to the New Jersey
coast and two miles apart as far south as the head of Barnegat Bay to connect this work with that
of Lientenant-Commander Brownson in the steamer Blake.

The weather upon the whole was not favorable for offshore work, but by taking advantage of
every favorable opportunity, the resurvey was completed October 11.

Close lines of soundings were run over the locality known as the ¢ Cholera Bank,” but no
depths were found of less than ten to eleven fathoms.

Lieatenant Mansticld observes that the most interesting resnlt of the resurvey appears to be
the development of the so called “holes” in the approaches to New York entrance into a clearly-
defined gully, easily traced from the outer limit of the work to the viciuity of the Saudy Hook light-
vessel. There are great differences in depths of water in this gully, but its bottom in every part

consists of blue elay and fine sand, characteristics found nowhere else within the limits of the sur-
" vey, thus reducing all sailing directions for the light-vessel in thick or foggy weather to the simple
use of the armed lead.

All soundings were referred to the datum plane of the permanent tile-gauge at Sandy Hook,

Acknowledgment is made by Lieutenant Mansfield of the cheerful assistance rendered in the
work and the good judgment shown in its conduct by the officers attached to the Bache—Eusigns
W. B. Caperton, J. M. Orchard, C. 8. M¢Clain, and Harry Phelps, U. 8. N. The statistics are:

Miles run in sounding ... .. .vin coinininiii i e ereaeaaas . 1,094
Angles measured. .... .. e etk A vt eetarr e e nn s veesacaceans 1, 969
Nuwber of soundivgs. ...... ... il teeeararevraniane Cremeaceaan 8,029

Specimens of bottom were taken ab every position occupied.
Early in the winter Lieutenant Mansfield was instructed to fit the Bache for work on the west
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coast of Florida. Duty assigned to him on that coast will be referred to under the head of Sec-
tion VI.

Observations of currents and other hydrographic work off New Yorkentrance.—The work assigned
to Lieut. J. C. Fremont, U. 8. N., Assistant Coast and Geodetic Survey, by instructions dated early
in July, 1883, was to make observations for currents at stations near the one bundred fathom
" curve between Montauk Point and Cape May, and upon the completion of these observations to
take up the examination of certain localities of shoal soundings off New York entrance.

Having organized his party on board the schooner Drift, Lieutenant Fremont left New York
July 16, and after having occupied ten current stations returned to New York October 10. All
along the one hundred fathom curve the same currents were found, the current swinging the vessel
with the sun with great rogularity. To this regular swinging with the sun the exceptions were
at stations 9 and 10, near to or in the gully leading out of New York Harbor. At both of these
stations the observations showed the current to run alternately about northwest and southeast.
There was also an absence of the usual tide rips.

The remainder of the season was occupied in soundings off Sandy Hook, off the New Jersey
coast, and in Gedney’s Channel, New York entrance. Special examinations were made in and
around the Oil Spot, the outer Middle Ground, and around the obstruction buoy which is over the
eighteen-foot spot between the whistling buoy and the second mid-channel buoy of the South
Channel ; also around buoy No. 3, and the second mid-channel buoy of Gedney’s Channel.

Lieutenant Fremont had the aid of Ensigns A, F. Fechteler, F. W. Kellogg, and F. R. Brain-
ard, U. 8. N, .

The Drift returned to port November 17, and during the winter was fitted for a cruise in the
Gulf Stream. Reference will be made to Lientenant Fremont’s observations of currents of the east
coast of Florida under the head of Section V1.

Continuation of series of tidal observations with self-registering tide-gauge at Sandy Hook, N. J .~
For the last two years the self-registering tide-gauge at Sandy Hook, N. J,, has been in charge of
F. W. Shepheard. The gauge is now located close beside the station office of the New Jersey
Southern Railroad, at the north end of the bight known as “ The Horseshoe” in Sandy Hook Bay.
Some interruption of the observations has occarred during the year by reason of extensive repairs
that have been made to the wharf, and in the winter by the ice which is forced across the bay and
congeals in thick masses near the float-box. New piles have been driven and heavy braces
arranged about the float-box so that hereafter it will be better protected. There is ample depth
of water at the gauge.

Triangulation of the northern part of the State of New Jersey continued, and reconnaissance begun
Jor the extension of the triangulation in the southern part.—Geodetic operations in the State of New
Jersey have been continued as heretofore by Prof. E. A. Bowser, Acting Assistant.

Field-work was begun June 1, 1883, by the occupation of station High Mount, about 5 miles
north of Paterson, Passaic County. Signals were erected at Mount Horeb, Mount Olive, Bald
Hill, Bear Fort, High Torne, Weasel, and Buttermilk Hill; at the two latter stations in order to
form a direct connection between the New Jersey triangulation and the primary triangulation of
the coast. At Mount Horeb, 35 miles southwesterly from High Mount, a heliotroper was estab-
lished.

Observations were completed at Mount Horeb August 11, and the party was then moved to
station High Torne, near Ramapo, in Rockland County, N. Y. The signals Bald Hill, Bear Fort,
Buttermilk Hill, and Weasel were readjusted, and a signal erected at High Mount. A vista was
opened through the woods on Ramapo Mount, two miles east of High Torne, to render visible the
station on Buttermilk Hill. Work at High Torne having been finished October 4, Professor
Bowser made preparations for resuming the reconnaissance in the southern part of the State. Five
stations had been selected before the beginning of the fiscal year, starting with the line Ridgeway-
Applepie Hill. Continuing the exploration of the country to the southward and westward, four
additional stations were selected, though not without much difficulty, the country being flat and
thickly wooded. What seemed like a ridge would not unfrequently be found to be, on a nearer
inspection, a low swamp with very tall trees, while, on the other hand, the trees on some of the

H. Bx. 43—35 i
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ridges were so low that their tops were not visible from the station of reconnaissance. At many
of the points scaffolds and tripods of forty feet in height will be needed.

Field operations were closed November 3. In the spring of 1884 Professor Bowser was author-
ized to resume the reconnaissance, carrying it west and southwest from Williamstown, Glouncester
Gounty. ‘

Continuation of the triangulation and reconnaissance of the State of Pennsylvania.—Geodetic oper-
ations in the State of Pennsylvania were resumed by Prof. Mansfield Merriman, Acting Assistant,
early in July, 1883. Three stations were occupied during the season for the continuation of the
triangulation to the sonthward and westward.

From Gov. Dick, the first station occupied, about six miles south of Lebanon, Lebanon County,
observations were made upon eight stations, at six of which heliotropers were posted. .

On July 30, the work at Gov. Dick having been completed, Professor Merriman occupied a sta-
tion at Winterstown, York County. From this point four stations were observed, and the work
was finished August 7, when the party proceeded to Round Top, a station about eleven miles in a
southerly direction from Harrisburg. With the occupation of Round Top, from which' five other
points were observed, the measurements of horizontal angles closed, and during the remainder of
the season Professor Merriman visited other stations in the scheme to the westward, for the pur-
pose of selecting positions nearly enough approximate to facilitate the final selection during the
next year.

Statistics of the work are as follows:

Number of angles measured ... .......co .. .. L i i 34
Number of pointings .................. e e eieaeiaaaa. 3, 264
Stations approximately selected .. ...... ..o iimiiiiiel ciiiiiiaas 3

Survey of the boundary line between the States of Pennsylvania and West Virginia.—Mention was
made in my last annual report of the detail of Subassistant C. H. Sinclair to execute the work of
tracing out the boundary lines between Pennsylvania and West Virginia, in compliance with a
request from the Joint Commission of those two States.

Subassistant C. H. Van Orden was instructed to report for duty to Mr. Sinelair.

An understanding having been arrived at with the Joint Commissioners as to the most desirable
mode of tracing and marking the meridian boundary line, the work was begun at Smith’s Ferry,
Beaver County, Pa., by measuring an azimuth and passing & meridian through the apex of the
large granite monument that marks the south end of the boundary line between the States of Penn-
sylvania and Ohio.

The observations for azimuth and time were made with the ten-inch repeating theodolite No.
82, and recorded by means of a Parkinson and Frodsham sidereal chronometer, The diaphragm of
this theodolite had been fitted with three vertical wires; its horizontal axis was perforated and
provided with a lamp and mirror for illuminating the threads; these, with a vertical circle and
diagonal eye-piece comprised the set of attachments which were removable at pleasure. This
instrument was used also for ranging out the line. A 6.inch Brunner theodolite provided with telem-
eter wires and a vertical arc; a graduated rod, chain, and pins, a steel tape, two pocket helio-
tropes for ranging in points at long distances, and the necessary field-glasses completed the instru-
mental outfit of the party.

Mr. Sinclair’s plan of operations was to secure as long lines of sight with the large theodolite
as possible; to clear the line of all obstructions and locate points on the prominent hills for the use
of the second party under Mr. Van Orden, who, with the 6-inch theodolite, located all the old
boundary-line marks, measured the length of the line, and established in position peints for the
new monuments. On account of the broken character of the country, the first plan of chaining
the line for distance was abandoned, and a series of small triangnlations was carried on from short
measured bases, this method giving the lengths required with expedition and accuracy.

At the distance of eleven miles from the initial poiot, as the meridian was found to diverge
from the old line-stones, a check azimuth was measured and the meridian found practically perfect.
Beyond this point a series of long sights was secured, ranging from three to eleven miles, and at
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a point fifty-three miles and seven-tenths from the initial point another azimuth was measured, the
line being found accurate as at the preceding test.

From this point to the sonthwest corner of Pennsylvania the distance was only ten miles, and
was traversed in three sights.

The deviation of the line, as marked by the old line-marks, from the meridian line traced sonth
- from the Ohio and Pennsylvania granite monument, was rather regular to the west, and at the
southwest corner of Pennsylvania it amounted to fifty-four feet and five and a half inches.

As soon as the line had been measured and the positions of the old line marks located with
respect to the meridian, the Joint Commissioners, at a meeting held July 3, adopted for the boundary
a straight line through the southwest corner of Pennsylvania and the first stone south of the Ohio,
placed in the meridian of the granite monumenton the Ohio and Pennsylvania boundary.

Twenty-four of the old line stones were found, twenty of which were deemed authentic. From
these the old line was reproduced, and it was found that the new boundary would cause a loss of
but ten and four-tenths acres to West Virginia.

This boundary it was decided to have marked with large sandstone monaments.

For the longitude of Smith’s Ferry, signals were exchanged on two nights in July with the
longitude party at Louisville, Ky. Additional exchanges could not be obtained owing to the gen
eral strike of the telegraph operators which began July 19. Latitede was determined with the
zenith telescope by sixty observations. The position of the longitude station was carefully marked,
and connected with that of the boundary monument by the measurement of a base and a small
scheme of triangulation.

In the following month, with my approval, Mr. Sinclair was authorized by the Joint Commis-
sioners to trace out a portion of the boundary between Pennsylvania and West Virginia running
eastward from the southwest corner of Pennsylvania along the parallel of 39° 43°.3, nearly. This
boundary to the Maryland corner is about fifty-five miles in length. This distance Mr. Sinclair
divided into four sections by five latitude stations, each located near some authentic mark on the
old line. At each station latitude was observed with zenith telescope No. 6 on twenty-three pairs
of stars on three nights, except at the initial point, the southwest corner of Pennsylvania, where
observations were obtained on four nights.

Thése observations having been completed and the field computations made, the party as-
sembled at the initial station September 26, to begin tracing the parallel boundary.

The method employed was to observe an azimuth, lay off an angle of ninety degrees from the
meridian, and range out a tangent in the prime vertical of the initial point as a line of reference
for the old boundary marks and for the positions of the new monuments, Three sections of the
parallel boundary were thus traced out for a total distance of thirty-five miles and eight-tenths,
when it became necessary to suspend operations for the season.

In the first twenty-one miles from the initial point towards the east there were five well-
authenticated line marks, and the boundary, as reproduced from these, very nearly coincided with
the theoretical parallel through the southwest corner of Pennsylvania (supposing the spheroid
uniform).

The work of Mason and Dixon in 1767 terminated about twenty-one and a half miles east of the
initial point. Upon reaching their boundary, the line was found to bend to the south with moderate
uniformity for nearly ten miles, where it has a maximum deflection of one hundred and seventy-
four and a half feet south of the theoretical curve through the southwest corner. East of this, and
for a distance of nearly five miles, the boundary turns northward and is nearly a true parallel.
Mason and Dixon’s marks were large monnds six to eight feet in diameter, and most of them about
gix inches high. For twenty-one miles from the initial point towards the east the old line marks
were old posts' or post-holes in heaps of stones.

Twenty-one miles of the parallel boundary were ready for marking in November, 1883, but the
rest of it cannot be marked until the survey has been completed to the Maryland corner, a distance
of about ninateen miles. The meridian boundary was permanently marked during July and Angust
1883, and the meridian itself preserved by extra monuments.

Sabassistant Sinclair acknowledges the very efficient aid rendered to the work by Subassistant
Van Orden, who had charge of the second party and made the map of the two boundary lines,
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The original maps and a full report of the work have been transmitted to the Joint Commis -
sioners; a duplicate of the report and tracings of the maps are deposited in the Coast and Geodetic
Survey archives.

Statisties of the work are as follows:

Number of miles of meridian boundary surveyed...... .. ... ...... ... ... 64.1
Number of miles of parallel boundary surveyed.._ ........................... 35.8
Number of azimuths measured on meridian boundary.. .................. ... .. 3
Number of azimuths measured on parallel boundary.... ..... .. .............. 3
Number of observations made for azimuth. _...... . ... .. .. ... oo L 202
Number of observations made for latitude ....... .. ... ... . .iL... 355
Number of stations oceupied for latitude ......... ... ... il 6
Number of stations occupied for longitade............... ... ... oLl 1
Number of observations made for time...... ...... et iaeeieiseraaneans 725

Reference will be made under the head of Section III to duty subsequently assigned to Mr.
Sinclair.

Topographic survey of the New Jersey coast from Cape May Court-House northward.—Under
instructions issued at the beginning of the fiscal year Assistant Charles M. Bache resumed the
topographic survey of the coast of New Jersey in the vicinity of Cape May Court-House. A new
barge was being constructed for the use of his party, and while awaiting its arrival Mr. Bache was
occupied in locating on a former topographic sheet a newly-built railroad running from the Cape
May Branch of the West Jersey Railroad to Anglesea, a seaside resort lately established on Five-
Mile Beach, near Hereford Inlet.

Time was utilized also in tearing away such parts of the old barge as could be made service-
able for the new one. On the 14th of August, the new barge having arrived and certain needful
additions having been made, the party proceeded to the locality of work, and by the middle of
October, when field-work was closed, had carried the topography from Cape May Court-House
northward to Leaming’s Sound and towards the coast at Leaming’s Beach and Townsend’s Inlet.
High winds were very prevalent during the season, retarding the plane-table work.

Mr. W. B. Mapes served in the party as acting aid from September 1 to the close of the season.

Statistics of the survey, which was on a scale of 1-20000, are: .
Miles of road surveyed....... feeaseat s m et aiaes e ce eesriniaas 7
Miles of shore-line of ereeks.........c covveanenniiins (aeas Ceesesenereiians 70
Area surveyed in square miles. ... ... .coeeinieir ieriiiiiiie veaesirann e N 1

Physical hydrography of Delaware River and Bay, and location of port-warden lines in the harbor of
Philadelphia.—The attention of Assistant Henry Mitchell has been specifically directed during the
past year to the study of the physical hydrography of Delaware Bay and River, although duties
pertaining to membership in the Mississippi River Commission, and in other boards where he rep-
resents this Survey, have also occupied much of his time.

A great amount of data for his studies of the Delaware River and Bay have been furnished by
the recent surveys, and in a carefully prepared article, published as Appendix No. 8 to my report
for 1883, he discussed the laws of variation in seetional area, mean depth, mean channel depth,
&c., in that portion of the stream which has been designated as “The Estuary,” lying between the
city of Philadelphia and the head of the snbmerged delta, fifty miles below.

He has since submitted a paper in which he reviews a progress report by Assistant H. L. Marin-
din, who is engaged upou a comparison of the new hydrographic surveys with those executed forty
years ago. Mr. Mitchell's paper (not designed for publication) is a prospectus of the new stady,
foreshadowing probable results, and justifying the great expenditure of: labor required.

The progress report of Mr. Marindin, m which reference has just been made, is published as
Appendix No. 12 to this report.

It discusses the changes in the Delaware between Old Man’s Point and Deep Water Point,
including Cherry Island Flats, and in the bay between Reedy Island and Liston’s Point. Mr.
Marindin was directed to take up the comparison of these disconnected localities because of the
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opportunity afforded of studying the effect of artificial changes by dredging in the channel to the
west of Cherry Island Flats, and because the vicinity of Reedy Island is generally accepted as the
head of Delaware Bay, and as the future locality of an ice-harbor.

With regard to Cherry Island Flats, Mr. Mitchell remarks that they are not only growing, but
traveling, That the movement of the center of gravity is down stream and towards the concave
(right) banks, probably in the direction of a small resultant of flood and ebb streams; and that
the observations to be made to explain the existence of this bank, its growth, and its movement,
80 28 to predict its future, would consist of current measurements in a cordon of stations during
the dry season, and a gauging of the river discharges in the wet season.

An inference of value drawn by Mr. Marindin from his investigations in the same locality is
that of the two rival channels aroand the Flats, the eastern chaunnel would have been the better
one for improvement by dredging, the comparisons showing that without any aid outside of nat-
ural forces the eastern channel has gained in depth since 1841, notwithstanding the adverse
conditions of opening a rival channel by the removal of a million and a half cabic yards of material.

Mr, Marindin’s assignment to duty as consulting engineer of the United States Advisory Com-
mission on port-warden lines for the port of Philadelphia occupied him during the first half of the
fiscal year. In December he returned to the suboffice in Boston, and has since been engaged con-
tinually in the party of Assistant Mitchell, in comparisons of the Delaware River hydrographic
surveys. Mr. J. A. Sullivan was attached to the party during the year, and has made, under Mr.
MitcheiVs direction, a number of investigations requiring the most critical study and careful labor.

Topographic resurvey of the New Jersey shore of Delaware Bay continued.—Early in July, 1883,
Assistant R. M. Bache organized his party for the continuation of the topographical resurvey of
the New Jersey shore of Delaware Bay. His first work was to finish a topographic sheet begun
the previous season, and extending from Elsingborough Point to Jacob’s Creek, in the vicinity of
Greenwich, N. J. Then, under instructions, he went to Cape May Point, and beginning the plane-
table survey there, worked up the shore of the bay to the mouth of Goshen Creck, where, on the
15th of November, field operations were brought to a close. This part of the work is comprised
in two topographic sheets, one from Cape May Point to the Hummocks (finished), and one from
the Hummocks to Goshen Creek (unfinished). The scale of these sheets, as of the one previously
referred to, was 1-20000.

Mr. Bache observes in his report that the mapped margin back of high-water line varies from
a quarter of a mile to a mile in width, depending npon the configuration of the country, no attempt
being made to go back beyond what clearly shows on the one hand the relation of the space delin-
eated to the bay, and on the other hand to the back country; no arbitrary line, where there is no
natural bounaary, being able to-give to a topographical margin the true suggestive significance
of the conntry beyond. The statistics of the season are:

Miles of shore-line of Delaware Bay surveyed .......... ... .. ... ........... 21
Miles of shore-line of creeks and ponds ... ... ... ... ... ... L. oala... 51
Milesof roads ........o......o ot et e e e 26
Area surveyed in squaremiles. ....... . ...l .l 14

During the winter Assistant Bache inked, lettered, and sent to the office two topographic sheets
of his survey, and towards the close of the fiscal year prepared to take the field at as early a date
as the state of the appropriation would permit.

Continuation of the topographic resurvey of the western shore of Delaware Bay.—Assistant C. T.
Iardella took the field for the coutinuation of the topographic resurvey of the western shore of
Delaware Bay about the beginning of July, 1883. The two topographic sheets which he completed,
on a scale of 1-20000, included a margin of topography varying from half a mile to a iile and a
half in width along the shore of the bay between Bombay Hook light and Clark’s Station (2), about
three and a half miles north of Mispillion Creek light-house. Comparisons with the survey of 1845
showed marked changes in the shore line, many of the old triangulation marks having been washed
AWAY. .
ilr. Jardella has made note of some of the leading features of the creeks surveyed in the
progress of the work, as follows:
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“Leipsic Creek is one hundred and eighty meters wide at its entrance. Bold water can be
carried to the depth of ten feet at high tide as far as Leipsic village. The survey of 1845 con-
nected Leipsic Creek with Old Duck Creek and Dona Creek, forming an island called Little Bombay
Hook, This island has entirely disappeared, there being now nothing but marsh between Leipsic
and Dona Creeks,

¢ Dona Oreek is one hundred and twenty-three meters wide at its mouth. Bold water can be
carried from the entrance to Dona Landing to the depth of from ten to fifteen feet. Vessels draw-
ing six feet can enter at high tide; at low tide there is shoal water.

¢ Mahon’s Ditch entrance is one hundred and fifty meters wide. Great changes have taken
place in this locality within the past few years; the shore on each side of the creek has been
washed away, so that the light-house is nearer the bay by forty meters than it was when first
built. High spring tides surround it for about a quarfer of a mile to the westward.

‘ Little Creek is sixty meters wide at its mouth and forty-five meters in width from its mouth
to Little Creek Landing, distant in a straight line about four miles, but by the creek, which is
very crooked, about nine miles. To the landing there can be carried some fifteen feet of water.

“Jones’s Creek is one hundred meters wide at its entrance. Large vessels drawing seven
feet can go as far as Bartlam’s Landing. It is navigable for small boats from said landing to
Dover.”

Field-work was closed November 13. The statistics of the season are:

Miles of shore-line surveyed ..... ... o it 41
Miles of shore-line of ponds, creeks, marsh line, and ditches............ Caeeaes 43
Miles Of TOadS. - oo ocv it i i et it i eeeaiteaciar e asa 10
Area surveyed in square miles........cooeeeenannn emeeeeeaneaaa e 26

Hydrographic resurvey of Delaware Bay from Mahow’s River to Mispillion Creek light.—In pur-
snance of instructions issued about the beginning of the fiscal year, Lieut. C. McR. Winslow,
U. 8. N., Assistant Coast and Geodetic Survey, commanding the schooner Ready, organized a
hydrographic party for continuning the resurvey of Delaware Bay.

The working ground extended from Mahon’s River light to Mispillion Creek light, on the
western shore of Delaware Bay, and lines of soundings were run normal to the direction of the
bay and shoals, and extended across the Joe Flogger Shoal to the main ship-channel. A suffi-
cient number of cross-lines were run to verify the soundings. On the flats between Mahon’s
River and Murderkill Creek, to westward of the deep holes and channels, the lines of soundings
were run at a greater distance apart, as the bottom in this portion of the survey is very regular.
Oysters are planted all over these flats. The shoal to northward-of Cross Ledge light was also
surveyed.

A plane of reference for the soundings was obtained by observations of high and low water
for a month at the tide-gauge established at Mahon’s River. A second gauge was erected on the
beach between Mispillion Creek light-house and Muarderkill Creek, and a third at Cross Ledge
light-house. Comparisons were made between these gauges and the gauge at the iron pier,
Lewes, Del. At the tide-ganges on Mahon’s River and on the beach near Mispillion Creek light-
house bench-marks were established.

Before the close of the season, November 17, one hydrographic sheet, scale 1-20000 had been
completed, and another one begun. Lieutenant Winslow calls attention to the want of proper
buoyage on the channel side of Joe Flogger Shoal, and remarks that additional buoys in that lo-
cality would greatly facilitate navigation. Speclal meutlon is also made in Subdivision 15 of the
Atlantic Coast Pilot of this absence of buoys.

The following-named officers were attached to the party and aided in the work: Ensigus
William Truxtun, John S. Watters, and Louis 8. Van Duzen, U. 8. N. Statistics reported are:

Milesrun in 8ounding ... i e e - 346
Angles measured............. ... e eaeediecteressecaseiciieecaaaa 3,315
~ Number of soundings . _....coo.oiiiiiiiiiiiii veercaees 25,201
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Topographic resurvey in the vicinity of Cape Henlopen.—Changes of shore-line produced by the
action of the sea in the vicinity of Cape Henlopen rendered a speedy resurvey of that locality
advisable. Assistant E. Hergesheimer was accordingly directed to proceed to Lewes, Del,, in
April, 1884, and to make a survey of the shore-line and adjacent topography of Cape Henlopen
from the ocean shore at the Henlopen light-house sand-dune to the new piers of the fish house on
the shore of Delaware Bay. This work was executed on the 17th and 18th of April, and com-
prised three and a half miles of coast line, four and a quarter miles of extreme high-water line,
and about one-quarter of a square mile of area.

Mr. Hergesheimer reports the following results of his survey: The sea face of the Henlopen
light-honse dune, immediately in front of the light-house, and two hundred and twenty meters
therefrom, is catting away, so that for a distance of about one hundred meters it shows a caving
face of sand, ten to fifteen feet high. The high-water line at the northeast point of the dune has
retreated about five meters since 1882,

At two points four hundred and seventy and six hundred and seventy meters in a direct line
from Cape Henlopen light-house, the sea washes at extreme high water through openings in the
beach of widths of ten and seventy-five meters respectively, communicating between the sand hills
with a low wet flat, which lies to the northward of the dune and extends for about a mile east and
west,

The beacon light, which in 1882 stood above high-water line, is now about twenty meters out-
side of the same and seems to be in great danger of destruction by storm.

Since 1882 the extreme northeast point of the cape has advanced forty meters seaward while
the extreme northwest point has retreated twenty meters. )

At extreme high water the sca washes over the northwest face of the cape, and is gradually
undermining and cutting away the sand hills between that face and the beacon light, having
made inroad at a point about one hundred meters below the beacon to within fifty meters of the
ocean.

Two piers, each three hundred meters in length, and one hundred and seventy meters apart,
the nearest six hundred meters westward of the Government pier, have been built within the last
twelve months, as has been also the Lewes life-saving station, located four hundred and twenty
meters east of the railroad wharf and about twenty meters from the beach.

These facts being of much importance as involving chauges in ¢ aids to navigation” in the
vicinity of Cape Henlopen, a ¢ Notice to Mariners” (No. 51) was issned with special reference to
the inroads of the sea upon the position of the beacon light, and to the intention of the United
States Engineers to fill in the channel between the eastern end of the ice-breaker and the western
extremity of the breakwater by laying the foundation for a continuous wall of stone.

Since the publication of this notice the Light-House Board has issued one informing naviga-
tors of changes in the characteristics of the lights of Cape Henlopen.

Under a previous heading in this section report was made of duty executed by Assistant
Hergesheimer on the shores of Long Island Sound. Other service assigned to him will be referred
to under the head of Section IIL

Hydrographic resurvey of Lower Delaware Bay.~During the summer and autumn of 1883 the
hydrographic resurvey of the lower part of Delaware Bay from Mispillion Creek light-house, on
the western shore to Cape Henlopen, was carried on by the party in charge of Lieut. G. C. Hanus,
U. 8. N,, Assistant Coast and Geodetic Survey, commanding the steamer Arago. His work was
comprised in two hydrographic sheets, each on a scale of 1-20000, the first one including the area
between the shore and the main channel; the second, that part of the lower bay between the
breakwater and Brandywine Shoal.

The tide-gauge taken as a standard was a plain box-gauge, established on the Government
iron pier at the Delaware Breakwater. Observatjons were taken at this pier every day during the
season of hydrographic work, and night observations were taken also when needed for compari-
sons with other gauges. A. temporary gauge was established at Cape May Landing to make a
comparison between the tides at that point and those at the Breakwater. Other temporary gauges
were put in place, but were abandoned after a few days’ observations, two of them being carried
away by gales. One of these was the gauge secured to Barrel signal, at which enough observa-
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tipns were obtained to be used for a comparison with the tides at the iron pier. For the tides at
this last named point, Lieutenant Hanus has submitted a full tide-table, derived from observations
made during one lunation.

* Many recommendations are made by Lieutenant Hanus in regard to changes in the location
of buoys in the lower bay, some of which are deserving of careful consideration. He has made
notes also of changes desirable in the sailing directions as depending upon facts brought out
daring the progress of his survey. The intended closing of the gap between the eastern end of
the ice breaker and the western end of the Breakwater will, he observes, very much improve the
harbor. The current being then compressed between the eastern end of the Breakwater and Cape
Henlopen Point will gradually wear away the latter, and lead to a deepening of the water in the
harbor. -

The following-named officers were attached to the party: Lieut. W. G. Cutler, U. 8. N.;
Ensigns E. F. Leiper and G. R. French, U. 8. N.
Statistics reported are:

Miles run in sounding ... ... . L. it ieaiaaaaaaaan 946
Angles measured .. ... . L. ..o i e iieieaiciiciiaaa 4 717
Number of soundings .......... e et saeeeeiicaeieeaaaaan 43, 996

Other hydrographic duty assigned to Lieutenant Hanus during the year will be referred to
under the heads of Sections 111, IV, and IX.

SECTION II1I.

MARYLAND, VIRGINIA, AND WEST VIRGINIA, INCLUDING BAYS, SEAPORTS AND RIVERS.
(SEETCHES Nos. 1,4,AND 5.)

Determinations of gravity by pendulum experiments, and comparisons of standards in Europe and
in the United States.—The special duty assigned to Assistant Charles 8. Peirce in Europe towards
the beginning of the present fiscal year was referred to in my last annual report. In June and
July, 1883, he carefully compared the Coast and Geodetic Survey standard yard No. 57 with the
imperial yard No. 1, and also with the iron yard No. 58 at the British Standards Office, London.

At the Kew Observatory he determined the flexure of the pier used for pendulum experiments
in 1878. This could not be done at the time because the Kew Observatory is built upon the ruins
of an ancient monastery, and the pier used rested upon three stories of old vaulting. Tt was
impossible to get to the bottom of this, it being filled up with old rubbish. There was, therefore,
nothing to rest a microscope upon so that it would be immovable while the pier swayed, and the
attempt to determine the flexure was at the time abandoued. Subsequently Mr. Peirce invented
the method of measuring the flexare by a noddy or inverted pendalum, which is set in motion by
the swaying of the pier. A memoir upon this subject appears in Appendix No. 15. Also in
Appendix 16 a paper on the effect of the flexure of a pendulum upon its period of oscillation.

Afterwards, in Geneva, he measured the flexure of the table upon which his pendulum support
rested in the experiments of 1875, these experlments having been made just before his discovery
of the importance of taking account of the flexure of pendulum supports,

Arriving in Paris, he directed further work on the designs of the new Gautier pendnlums, and
continued to give attention to this subject after his return to the United States in September, 1883.

Having resumeil the direction of the pendulum work at the Coast and Geodetic Survey Office,
he was engaged there during part of the winter in swinging the yard and meter pendulums at high
and low temperatures, thus determining the ratio of the yard to the meter, and also the coefficient
of expansion of the two pendulums.

At the pendulum station at the Smithsonian Institution, pendulums Nos. 2 and 3 were oscil-
lated and the length of pendulum No. 3 was measured.

From February 1 to June 30, 1884, Subassistant F. H. Parsons was attached to Mr. Peirce’s
party, and observed oscillations at the office.

Oomparative determinations of gravity with the Kater pendulums at Washington.—Special refer-
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ence was made in my last annual report to the valuable comparative determinations of gravity
obtained by Assistant Edwin Smith with the Kater pendalums at the Transit of Venus station in
New Zealand, at stations in Australia and Eastern Asia, and at the pendulum station in San
Francisco. These three invariable pendulums had been swung by Lieutenant-Colonel Hersebel,
R. E., at Kew, Greenwich, and Langham, England, and at Washington, and Hoboken near New
York, in 1881-'82, and to complete the series of comparative determinations Assistant Smith
was instructed to swing them at the station of Lieutenant-Colonel Herschel in the Smithsonian
Institution, Washington.

The rebuilding of one of the wings of the Smithsonian Institution, which was in progress at the
time of Mr. Smith’s return to Washington in July, 1883, delayed the experiments,and it was not
till March, 1884, that the room occupied by Lieutenant-Colonel Herschel could be placed at his dis-
posal.

A full report and record of the observations made at this and other stations in pursnance of
my instructions issued in September, 1882, has been submitted by Mr. Smith, and will appear as
Appendix No. 14.

Annual determination of the magnetic declination, dip, and intensity at the station on Capitol Hill,
Washington.—For the determination of the annual change in the values of the magnetic declina.
tion, dip, and intensity, observations have been made every year fogmeventeen successive years by
Asgistant Charles A. Schott at the magnetic observatory on Capitol Hiil, Washington.

In 1883 the days of observation were June 18 and Jaly 5; in 1884 June 16 and 17.

The annual change of these elements, as recognized heretofore, is sustained by the new obser-
vations. The expression for the declination was reconstructed, resulting in a slight improvement
of the representation, which extends now over twenty-eight separate valuesbetween 1792 and 1834,

Longitude of Covington, Va., determined by telegraphic exchanges of signals with Washington, D. C.;
also observations for latitude of Covinglon.—Application having been made by citizens of Virginia
for the determination of the geographical position of Covington, Alleghany County, Subassistant
C. H. Sinclair was instructed to organize a party for that work by the occupation of a station in
Covington. Subassistant F. H. Parsons was directed to co-operate with Mr. Sinclair by exchanging
longitude signals with him from the Coast and Geodetic Survey station at the Naval Observatory,
Washington. ° i

Preparations were complete at each station about the 20th of December, 1883, but owing to
cloudy and stormy weather it was not till December 28 that an exchange of longitude signals was
effected. On January 3 and 5 two more nights were obtained for longitude signals, completing
the determination to the degree of accuracy required.

From the center of the transit pier at Covingtou, & weridian line was traced by Mr. Sinclair for
adistance of 3104 feet, and its northern extremity was marked by a stone post. This postand the
transit pier were placed under the protection of the town authorities.

For the latitude of Covington fifty observations were made on fifteen pairs of stars on four
nights with meridian telescope No. 13.

Early in January field operations were closed at the two stations. The records and results of
the work have been forwarded to the office.

Occupation of stations for connecting with the triangulation the corner stones and boundary monu-
ments of the District of Columbia.—It having become desirable to determine in geographical posi.
tion the original corner stones of the District of Columbia, and such of the original mile-stones us
remained on the boundary lines, Subassistant C. H. Sinclair was instructed in March, 1884, to
make the arrangements necessary for this work.

The data extant in the office archives in relation to the points of the original surveys had
previously been carefully collated by the Assistant in charge. He found that the initial point at
the south corner of the district, which was marked with much ceremony at Jones Point, near
Alexandria, on the 15th of April, 1791, is shown on a topographical sheet executed in 1864, Two
of the boundary stones are also plotted in position upon this sheet, and the accuracy of the
original work by Ellicott is indicated by the fact that a line drawn upon the topographical sheet
of 1864, starting from the initial point and (as originally laid out) making at the outset an angle
of 45° with the meridian of that point passed exactly through these two boundary stones. A sec-

H. Ex. 43—6 -



42 UNITED STATES COAST AND GEODETIC SURVEY.

«ond topographical sheet, executed in 1863, shows nearly all of the original measurements along
the southeastern line from the Potomac to the east angie of the district. The north angular point,
near the house of the late Montgomery Blair, is shown upon a topographical sheet of 1864. Of
the west angular point nothing definite could be learned.

The positions thus shown on the topographical sheets were as accurate as their scales of sur-
vey, 1-10000 and 1-15000 would admit of. To bring these positions into connection with the tri-
angulation Mr. Sinclair began his reeconnaissance at Jones Point towards the end of March, and by
the 19th of April had completed it, erected the necessary signals, and made the observations,
The stations of this triangulation and those of the triangulation of 1880-’81 were then carefully
marked, earthenware bottles, placed three feet below the surface, being used for the underground
marks, and for the surface marks, granijte blocks 6 inches square and 2 feet long,

Forty stations were thus marked. Field work was finished May 21. Mr. J. Howard Gray
rendered acceptable service in the party. The statistics are:

Number of angles measured .. .. . ... ... . . . . i iiis ciiae e 76
Number of observationsmade. ......... ... . .o o il e eeeaeaan 926

Other duty assigned to Mr. Sinclair is referred to elsewhere under the heading of this section
and under that of Section T

Continuation of the detailed topographical survey of the District of Columbia.—At the beginning
of the fiscal year, July 1, 1883, the topographical survey of the Distriet of Columbia which had
been carried on since February, 1881, on a scale of 1-4800, had been generally completed over an
_ area bounded on the east by a line drawn northeast from the junction of North Capitol street and
Boundary avenue to the northeast boundary line of the District, thence following the District line
to a point midway between the Sargent and Riggs roads; thence about southwest to the northwest
corner of the grounds of the Soldiers’ Home; thence following the Rock Creek Church road to
Seventh street ; thence up Seventh street to Piney Brauch. Following the eastern slope of Piney
Branch Valley to its junction with Rock Creek, the line referred to erossed in a westerly direction
to a point midway between the creek and the Tenallytown road, and thence ran in a sonthwest-
erly direction to the northwest corner of West Washington (Georgetown).

In addition to the area thus outlined, the survey covered a considerable margin on each side
of the New Cut road from West Washington to the distributing reservoir. Within the larger
area some places, chiefly woodland, remained to be finished.

On the 1st of July Assistant Donn moved his party to the vicinity of Brightwood and began
the extension of the survey out the Seventh-street-road to Silver Spring, the point of crossing the
District line, and over the area lying between that line and the western margin of the work com-
pleted during the preceding fiscal year.

There were no large bodies of woodland to impede progress, but, before the period of harvest,
the growing grain and corn-fields and the numerous fences overgrown with briars and bushes
presented obstacles of not a slight character. About the 1st of October, work in this loeality
having been completed, the survey of the unfinished areas already alluded to was taken up, and
early in the winter was finished. The survey was then resumed in Rock Creek Valley, at the mouth
of Piney Branch, and carried up the creek to the dam of Blagden’s mill. The winter was favorable
for the survey of the extensive woodland upon the Blagden and Shoemaker estates, but the con-
touring was of an intricate character. By the close of the winter or before the coming of the leaves
the most difficult part of the contour work in the District was completed, the survey having been
finished in Rock Creek Valley to Blagden’s mill, and in Broad Branch nearly to the Military road.

When the foliage became so dense as to prevent a further coutinuation of the survey of those
valleys, the party was transferred to the vicinity of the Potomac,above West Washington. The
shore-lines of the river were surveyed as far as the distributing reservoir, and the topography was
extended out the Foxhall road and along the western slope of Foundry Branch.

A map showing the area surveyed to the close of the fiscal year accompanies the report of
Assistant Donn. He acknowledges the earnest and intelligent assistance rendered by Assistant
Wainwright. With regard to the character of the work executed, he observes that little was left
to imperfect or uncertain methods. It represents actual determinations by the plane table, or by
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that and the level combined. Not only the positions of every house and outbuilding were deter. .
mined; but their lines were accurately laid down. The completed record of the survey will embrace
not only the topographical sheets, but the positions and descriptions of thousands of bench-marks,
the great value of which will become apparent when the time arrives for laying out avenues, parks,
and other works of improvement demanded by the development of the rapidly growing capital.

The statistics presented by Mr. Donn are for the details of field-work during the forty months
that the survey has been in progress:

Miles of shore-line of creek sarveyed............. et e e e 42
Miles of shore-line of river ......... e et e e e 3
Miles of shore-line of eanal. ...... ... .. o 3
Miles of avenue and publicroads........... et 60
Miles of park and other privateroads.................. e b e aaaaae 40
Miles of railroads (horse and steam) surveyed.................coiiii.l 3
Number of actual eontour inesrun . ... ..ooviiiii i 2,500
Number of level-lines (direct and connections) ...................... cereen 200
Number of level stations for contouring............ ... ... ... oL 10, 000
Number of plane-table stations for coutouring .......... ... ... ... ..., 2, 500
Number of bench-marks established ...... e i 2, 000
Area surveyed, in square miles...... ... ... e i e 16

At every opportunity Mr., Donn continued the office work of transferring topography from the
three plane-table sheets upon which the survey was originally projected to the smaller sheets sab-
stituted for them as the work advanced. The large sheets had become much worn by exposure
during several field seasons, and by handling in the processes of copying and tracing.

Topographic resurvey of the shores of Cherrystone Inlet, Va.—In pursuance of instructions issned
towards the end of May, 1884, Assistant E. Hergesheimer proceeded to Cherrystone, Va., on the
eastern shore of Chesapeake Bay, and made a resurvey of the shores of Cherrystone Inlet from its
entrance to Cherriton City, and to Westcott’s, on the opposite shore.

Comparisons with Assistant Donn’s survey of 1870 showed the following changes: At West.
cott’s Point, the outer point of the north side of the inlet has advaneed southward one hundred
and twenty meters; at Mill Point, on the southeast side of the inlet the northwest face of the point
has retreated about twenty-five meters; the northwest face of Fisher’s shore, on the southeast side
of the inlet, above King’s Creek, has retreated about sixty meters; Cherrystone Island at the north
end has retreated five hundred and fifty meters, and since Assistant Bradford’s survey in 1873, one
hundred and twenty meters; the south end of the island has advanced one hundred and tweunty-
five meters. At the southeast eutrance to the inlet below King’s Creek, at the extreme point of
the eurve between Tazewell station and King’s Creek, the shore has retreated thirty meters.

On the 10th of June, at low water, Mr. llergesheimer measured with special care the width
between low-water lines of the entrance to King’s Creek and found it to be sixty-nine meters, or very
nearly 76.5 yards. A knowledge of this width is important to the owners of land ou the creek, as
the laws of Virginia provide for certain oyster privileges where the entrance to a creek between
low-water lines is not more than one hundred yards.

The marble post marking Cherry Grove station was found and Tazewell station was re-marked,
but of Cherrystone station, on the island of that name, no trace could be found, the severe gale
that swept over the island in August, 1878, having probably obliterated the station marks.

Other field-work executed by Assistant Hergesheimer has been referred to under the heading
of Section II.

Topographic survey in the vicinity of the headwaters of Lynnhaven Bay, Va.—Additional details
of topography being needed to complete the surveys in the vicinity of Norfolk, Va., Assistant
Eugene Ellicott was directed to proceed to that eity towards the end of May, 1884, and take up
the wopography of the headwaters of Lynnhaven Bay.

On reaching the field he found that most of the points of the old triangulation had been lost
or destroyed ; this occasioned delay in beginning the plane-table survey, and it became advisable
to devote the limited time available for the work to the completion of shore-line and the location
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of the pew Virginia Beach Railroad. This was accomplished by the 28th of June. Statistics of -
the work are:

Miles of shoredine surveyed...... .........c..... e e mee eeemasteceeiaaenns 18
Mile8 Of TOAAS + o ccr i teiiae coteet et taiae cre e ten s eesreranenecnnann 5
Miles of railroad .......... ... e e et e emerete it ieeraraeas 4
Area surveyed insquare miles. .. ... .o .ol ii i ittt e e 15

Reference has been made under the heading of Section I to other field-work assigned to
Assistant Ellicott.

Hydrographic surveys in the south branch of Elizabeth River,and in North Landing River and
Back Bay, Va.—Upon the completion of certain hydrographic work in North Carolina, which will .
be referred to under the heading of Section IV, Lieut. G. C. Hanus, U. S, N., Assistant Coast and
Geodetie Survey, commanding the steamer Arago, was directed in the spring of 1884 to make a
hydrographic reconnaissance of the south branch of Elizabeth River and of North River and
Back Bay.

To obtain a plane of reference for the soundings in Elizabeth River (south braneh), the bench-
mark established by Lieutenant-Commander Thomas, U. S. N., on the sea-wall in the timber slip
at the Norfolk navy-yard was used, and for comparison with it a second gauge was placed at the
iron railroad bridge five miles above the navy-yard. The soundings show that the water has
deepened since the former survey, and Lieutenant Hanus attributes this to the fact that the exten-
sive dredging vear Norfolk has caused stronger tidal currents above. For this work the statistics
are :

Miles runin sounding. ...l e e 45
Number of sonndings...... ..o il e e 4,268

For the hydrographic reconnaissance in Back Bay, which is an extension northward of Curri-
tuek Sound, Lieutenant Hanus anchored the Arago as close to the entrance of the bay as possible.
He found that only two and half feet of water could be carried from Currituck Sound into Back Bay,
but in the bay proper an average depth of from five to six feet was developed. A species of grass
grows all over the bottom of this bay, and in summer, when it reaches its full height, it is said to
be almost impossible for boats to move about in it. KEven flat-bottomed vessels, drawing only
two or two and a half feet, have to exercise care in navigating this bay on account of the thou-
sands of obstructions in the shape of old ¢ duck-blinds,” many of which no longer show above the
surface of the water. The shores of the bay ure thickly settled, and the annual exports of fish and
game are a great source of wealth. Statistics of the work in Back Bay are:

Miles run in sounding...... e ettt teeaareaaaaa e ana. 13
Angles MEASUred . . ... ottt ittt e it i iar e et 11
Number of 80URGINESE. .o coy it iaet it tite it s et et 11,289

As it is well known that the tides in Back Bay are affected only by the wind, the permanent
water-mark ou the wharf at Knott’s Landing was taken as mean low water, all other gauges and
observations being referred to this mark.

Iu North Landing River, the head of which is in Virginia and the entrance in North Carolina,
Lieutenaut Hanus obtaived all the soundings desired, and carried the work up the Albemarle and
Chesapeake Canal, thus counecting it with the work in the south branch of Elizabeth River. In
North Landing River, as in Back Bay, the only rise and fall in the water is due to the wind, and
the permanent water-mark on the landing at Pungo Ferry was taken as mean low water,

All records of these several surveys have been transmitted to the office.

Lines of leveling of precision carried from Hagerstown, Md., towards Fortress Monroe, Va.—
For the purpose of referring the height of the bench-mark in the transcontinental line of geodesic
leveling at Hagerstown, Md., to a second point on the Atlantic coast, this bench-mark having
been connected with the tidal level at Sandy Hook in 1881, Subassistant J. B. Weir was instrueted
to proceed to Hagerstown early in the fiscal year, and organize a party for running a line of geo-
desic levels towards Fortress Monroe,
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Having determined the constants of his instrument, Mr. Weir began work at Hagerstown, July
24, and from that station to Weverton, Md., carried his line of levels over the Washington County
Branch of the Baltimore and Ohio Railroad. The grades along thisroad are very heavy, in some
places ag much as 1 in 57, and in order not to have the line of sight running too near the ground,
the sights taken were very short. 1t was found by experience that work done on clear and calm
days during the time of the greatest heat from about10.30 a. m. to 2.30 p. m. was not trustworthy.

From Weverton to Alexandria, Va., the line of levels followed the tow-path of the Chesa-
peake and Ohio Canal. No special difficulties were encountered in this reach except those due to
the numerous sharp curves in the canal, which compelled many short sights to be taken. On reach-
ing the aqueduct bridge across the Potomac, it was found that the instrument could be readily set
up on any one of the eight stone piers on which the bridge rests, thus permitting short and equal
sights to be taken under very favorable conditions. A bench-mark having been established on the
north side of the river, and one on the south side, three independent lines were run between these
benches.

From Alexandria to Ashland, Va., where the work closed for the season, the line was carried
along the Alexandria and Fredericksburg Railroad to Quantico, and thence along the Richmond,
Fredericksburg and Potomac Railroad to Ashland. Between Fredericksburg and Ashland there
were four bridges or trestle works; great care was exercised in crossing these, the instrument being
first set up on solid ground, as near one end of the bridge as possible, and the two leveling rods
set up successively on a bench-mark established at a suitable distance from the instrunment. The
readings of the rods having been noted, they were transferred to the center of the bridge, and have
ing been placed suceessively on the same point, from three to five sets of observations were made
on each rod. The instrument was then transferred as scon as possible to a station established
on the solid ground near the other end of the bridge, the rods remaining at the center, and from
three to five sets of observations again made on each. The series over the bridges was then com-
pleted by placing therods on a bench-mark at some distancefrom the instrument and again reading
them. The foresights and backsights being taken in opposite directions over distances of nearly
equal length, and the time elapsing between the two sights being short, it was assumed that they
were made under the same atmospheric conditions, and that they were equally affected by any
change of refraction caused by the line of sight passing over water,

Field-work was suspended for the season on October 31, and a bench-mark established on the
Duncan Memorial Chapel at Randolph and Macon College, Ashland, Va.

The method of working throughout the season was that followed on the line of transcontinental
levels, namely, to run two parallel lines simultaneously in the same direction, one by rod A, the
other by rod B, the rods being placed at different distances from the instrument—geodesic level
No. 1. In order to eliminate any cumulative error that might result from running constantly in
one direction, alternate sections of the line were run in opposite directions.

As the work progressed the field computations were kept up, and after the close of the season
the records, original and duplicate, and statements of resulting heights of bench-marks were com-
pleted and forwarded to the office. For the two lines the field computations indicated a probable
error of eight-tenths of a millimeter per kilometer, or about three-hundredths of an inch in five-
eighths of a mile, and in the height of the bench-mark at Ashland a probable error of a little more
than half an inch (13.3=%).

Mr. John Nelson served as acting aid in the party; the efficient and cheerful assistance ren-
dered by him is acknowledged by his chief.

Later in the year Mr, Weir was assigned to duty, reference to which will be made under the
heading of Section VIII, '

Connection of the astronomical station at Strasburg, Va., with the triangulation; magnretic observa-
tions at Strasburg.—The geograpbical position of Strasburg had been determined in 1881, but
as it was not then practicable to connect the station with the primary triangulation, that work
was postponed. Towards the end of May, 1884, Subassistant C. H. SBiuclair was directed to make
a reconnaissance for the parpose of completing this connection. Starting from the line Bull Run-
Mount Marshall as a base, Mr. Sinclair found that a third peint, «“ High Knob,” could be located
on the Blue Ridge, commanding views of Strasburg and of the Massanutten Range, from which
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also the Strasburg statiou could be seen, On this range a new point, “Keller,” was established,
and the connection made with Strasburg by means of the triangles, Bull Run-High Knob-Mount
Marshall; Keller-High Knob-Mount Marshall; and High Knob-Keller-Strasburg, All of the
stations needed were occupied and observations finished June 24. .

For comparison with the results obtained at Strasburg for magnetic declination in 1873, at
which time it had been occupied as onc of the stations in the Bache Fund magnetic series, asecond
determination was made by Mr. Sinclair vear the old station, June 25, 26, and 27, with the Bache
Fnond maguetometer.

Mr. Sinclair commends the untiring energy of Mr. Isaac Winston, who was attached as aid to
the party. Statistics of the triangulation are:

Number of stations ocenpied...... ... ... oo iiiiiiin i Cheearmeeaen s
Number of angles measured.... .. .. ..o aaaiai il e 26
Number of observations made... ... ... .. .. ... iiiiiiiaaiaan 546

Other duty executed by Mr. Sinelair is referred to under the heading of this section and under
that of Section 1I.

Determination of the longitude of Charleston, W. Va., by exchanges of telegraphic signals with
the station at Louisville, Ky. All observations for the latitude of Charleston.—A longitude station -
had been erected in 1881 in the grounds of the State capitol building in OCharleston, W. Va., in
anticipation of its immediate occupation, Unforeseen events compelled a postponement of the
work. In August, 1883, advantage was taken of the presence of a longitude party at Louis-
ville, Ky., in charge of Assistant G, W. Dean, to determine the longitude. Subassistant F. H.
Parsons was directed to occupy the Charleston station. .

Between the 16th and 25th of Angust, longitade signals were successtully exchanged on five
nights, after which Mr. Parsons exchanged places with Mr. Carlisle Terry, jr., who had made the
observations at Louisville, In the new position of observers successful exchanges were obtained
on six nights between August 29 and September 5, completing the longitude work.

For the latitude of the station at Charleston, one hundred and eleven observations were made
ou twenty-one pairs of stars on six nights, Mr. Parsons observing on three nights and Mr, Terry
on three. In these observations transit No. 6, which had been adapted for use as a zenith tele-
scope, was employed.

Other determinations of longitude by Assistant Dean, Subassistant Parsons, and Mr. Terry,
are referred to under the headings of Sections X1II and XIV.

Ertension westward of the primary triangulation near the thirty-ninth parallel in West Virginia
and Ohto.—TReference was made in my last annual report to the work of Assistant A. T. Mosman,
in charge of a party which, at the beginning of July, 1883, had been engaged since the 20th of May
of that year in the continuation of the primary triangulation near the thirty-ninth parallel in West
Virginia and Ohio. It was found necessary to erect high tripods and scaffolds at three of the sta-
tions to be observed upon. In this duty Assistant Mosman bad the aid of Subassistant Pratt
from May 29 until June 30, when he was detached. All of the difficalties presented by the nature
of the country, and by the necessity of hiring inexperienced hands for this service, were overcome
by the skill and energy of Mr. Pratt, to whom, as Mr. Mosman states in his report, isdue the suc-
cessful completion of this portion of the work in a short time and at small expense.

On the 9th of July Mr. Mosman organized his party at Milton, W. Va., and by the 15th of
that month was at Pigeon station, thirty miles distant,in readiness to begin observations. Helio-
tropers having been posted, and all lines opened, the work was pushed at allintervals of favorable
weather. By the 5th of August all needed observations had been obtained. A road having in the
meantime been built up the monutain at Piney station, W, Va., camp was pitched there about
August 11; concrete piers for the theodolite and the meridian telescope were built, and by the 21st
all was in readiness for observations. Measurements of horizontal angles, and observations for
time, latitude, and azimuth, were made until September 24, many interruptions having occurred
from raioy and stormy weather. While work was in progress at Piney station two tripod and scaf.
fold signals were built, one at station Wray, in Ohio, eighty feet high, and one atstation Oakland,
Ky, fifty feot in height.

ERRATUM.
(At foot of page 46.)
. Line 17 of this page, for ¢ All” read “Also.”
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Unfavorable weather delayed the beginning of observations at the next station, Davis, in W
Va., until October 8. The measurements of horizontal angles required here were completed Octo-
ber 19, and station Gebhardt, W. Va., was occupied between October 28 and November 10. After
that date, and until December 4, when the season closed, the party was employed in visiting and
marking stations, and obtaining reconnaissance angles, to get the height needed for a tripod and
scaffold signal at station Gould, in Ohio. In this duty very cold and stormy weather was encoun-
tered.

Mr. W. B. Fairfield, extra observer, was attached to the party from July 15 to the end of the
season. The highly efficient and satisfactory manner in which all of his duties were discharged is
commended by Mr. Mosman in his report. The observations for zenith distance with the vertieal
circle, and those for latitude and value of micrometer, were made by him, and he assisted in the
observations for time and azimuth. Mr. W. O. Jones served as recorder.

Statistics of the field-work are as follows :

Number of stations oceupied ... ... .......... . ... e . 4
Number of tripod and scaffold signals erected. .. ... ...... .. .. ......o.. b
Measurements of primary horizontal directions.. ... ............ .. ... ... 1, 634
Measurements of tertiary horizontal directions ... . ...... . ......... .. ... 43
Heights determined with vertical circle ...... ......... ... ... ... . ..., 882
DBifferences of heights measured with micrometer ....... .. .. ........ ...... 227
Number of observations for time ...... ............ ... ... ... ... 475
Number of observations for latitade .... . ... ... ... ... ...l 230
Number of observations forazimuth...... ... . ... . ... ... .. ... 144

The original records of the work were sent to the office as each station was completed. During
the winter Assistant Mosman was engaged in making the computations and preparing the duplicate
records for transmission to the office. In May, 1884, he was instructed to resume the triangulation,
and was so occupied in the field at the close of the fiscal year.

Determination of the boundary lines beticeen the States of Pennsylvania and West Virginia.—A full
account has already been given, under the heading of Section 11, of the survey and marking of the
meridian and parallel boundary lines between the States of Pennsylvania and West Virginia at
the request of the Joint Commissioners of those States. The meridian boundary, as determined
by Subassistant Sinclair, and as marked by himself and Subassistant Van Orden, after adoption by
. the Joint Commissioners, was a straight live througn the southwest corner of Pennsylvania and
the first stone south of the Ohio, this stone having been placed in the meridian of the granite
monument on the Ohio and Pennsylvania boundary. After the completion of this work, a portion
of the boundary which runs eastward from the southeast corner of Pennsylvania was traced out
and marked. This line follows the parallel of 30° 43/.3 nearly for a distance of about fifty five miles
to the Maryland corner. More detailed mention of these operations will be found, as just stated,
under the heading of Section I1.

SECTION IV.
NORTH CAROLINA, INCLUDING COAST, SOUNDS, SEA-PORTS, AND RIVERS. (SEETCHES Nos. 1,5,AND 6.)

Triangulation, topography, and hydrography of North River, N. C.—In pursuance of instructions
issned in February, 1884, Lieut. G. C. Hanus, U. 8. N, Assistant Coast and Geodetic Survey, com-
manding the steamer Arago, proceeded to North River, N, C,, for the purpose of making a survey
of that stream. Having measured a base line, signals were erected for the triangulation, and after
# sufficient number of points had been determined, the topography of the shores of the river was
connected with the south end of the southern cut of the Albemarle and Chesapeake Canal, and
the hydrography was completed to Currituck Soand.

The tides in North Landing River being affected by the wind only, Lieutenant Hanus assumed
a mean low-water level corresponding to the permanent water-mark on the coal wharf, observing
that this mark agreed with the two-foot mark on the gauge which he had established on this
wharf.
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Ensigns E. F. Leiper and G. R. French, U. 8. N,, assisted in the survey. The statistics are:

Number of stations occupied in the triangulation............ ... ... ... ... 37
Number of stations determined...... ............. e meie et enetee e 40
Number of angles measured ... ...... ... .ci. L aiiiiiiiiiiiiiiiiaea. 421
Miles of shore-line sarveyed ....... ... ..ol e e 20
Miles of creeks and roads . ... .. .. .. . iiiee i ieaeaaaas 6
Area of topographyin square miles............. ... ... i e 9
Miles run in sounding ... ..... et et e eee e, 41
Angles measured ..................... e e e eiee e 177
Number of soundings .... ...t i e .. 3,940

Other hydrographic work executed by Lientenant Hanus is referred to under the headings of
Sections II, III, and IX.

Vemﬁcatzon of hydrography for the Atlantw Coast Pilot.—1n order to obtain & careful revision
of sailing directions for the Atlantic Coast Pilot by following the same and verifying the courses
and depths, Lieut. J. E. Pillsbury, U. 8. N., Assistant, Coast and Geodetic Survey, was directed in
November, 1883, to make the verifications needed for the first subdivision of Volume 1V, Atlantic
Coast Pilot, south of Cape Henry.

Proceeding to Hampton Roads with the intention of taking command of the schooner Ready,
Lieutenant Pillsbury availed himself of an interval before the arrival of that vessel to make a short
preliminary cruise through the sounds of North Carolina. For this opportunity, which he found to
be of great advantage in obtaining a personal knowledge of these sounds, he was indebted to the
courtesy of the officers of the light-house tender Violet. He was thus enabled to visit Pamplico
River, the Pango, Hatteras Inlet, Bodie’s Island anchorage, and Edenton, returning to Hampton
Roads to join the Ready. Thence he proceeded to the outside coast, and subsequently to Wash-
ington, where he awaited the arrival of the steamer Arago.

The Arago having been fitted for winter work, Lieutenant Pillsbury resumed command of her,
and jeft Washington December 12. Through the kindness of Marshall Parks, esq., president of
the Chesapeake and Albemarle Canal Company, a pass was obtained for the Arago through the
canal. While passing through, a reconnaisance of it was made to obtain data for showing its course
and direction on the smaller scale charts.

All the important points in Pamplico and Albemarle Sounds were visited in the Arago. On
reaching Core Sound it was found impracticable without very great labor to take the steamer over
Piney Point Bar; Lieutenant Pillsbury decided, therefore, to leave the vessel and proceed by rail
to Wilmington to make the examinations required in Cape Fear River. At Wilmington a steam-
tug was placed at his disposal through the kinduness of Mr. Henry Bacon, assistant engineer officer
in charge of the improvements in the lower river. These improvements are still in progress; chan-
nels are to be dredged through three shoals between Orton’s Point and Eagle Island; the changes
in topography and in the soundings, resulting from works of construction, will involve the neces-
sity of resurveys as soon as these works have progressed sufficiently.

In order to make the present chart of the river of value, Lieutenant Pillsbury forwarded to the
office a copy corrected by means of data obtained from the assistant engineer.

The two charts showing the river from near Wilmington to its mouth have been brought up
to date, and are now ready for issue,

Having remarked a considerable change in the Swash Channel over the Bulkhead Shoal at
Hatteras Inlet, he made a survey at this point to develop the amount of change and to correct
the published charts.

Similar daty of inspeetion performed by Lientenant Pillsbury on the coast of South Carolina
and Georgia is referred to under the heading of Section V.
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SECTION V.

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS
AND RIVERS. (SkeTcHEs Nos. 1 aND 6.)

_ Verification of hydrography for the Atlantic Coast Pilot.— To complete the verification of courses,
depths, and sailing directions for subdivision number twenty of the Atlantic Coast Pilot, included
in which are the coast from Winyah Bay to Savannah, and the continuous inland passages from
Winyah Bay to Fernandina, Lieat. J. E. Pillsbury, U. 8. N,, Assistant Coast and Geodetic Survey,
in the spring of 1884, was instructed to make examinations similar to those referred to under the
heading of Section IV, on the coasts of South Carolina and Georgia.

Beginning at Winyah Bay, inspection was made successively at Bull’s Bay, Charleston Bar,
Stono Inlet, North Edisto and South Edisto Rivers, Saint Helena Sound, Port Royal and Tybee
entrances, Savannah River, and the inland passages from Savannah south to Fernandina. But
few changes of importance were noted. These are referred to in the following extracts from Lieu-
tenant Pillsbury’s report: -

‘ BulP’s Bay, I think, has altered somewhat since the survey by Lieutenant Maffit. 1 could not
discover on the courses generally used in entering the bay as much water by about oune foot as
called for, and the shoals inside have changed to such an-extent as to render an entirely different
course necessary in crossing the bay.

¢ Charleston Bar.—1 have seen recently many statements in print as to the changes in the
Pumpkin Hill ehannel, and that vessels have been obliged to wait for spring tide to carry fourteen
and a half or fifteen feet of water. I have endeavored to ascertain the correctness of the state-
ment relating to the change, and my conclusion is that the chart as now issued is correct. At the
office of the U. S. Army Engineers in charge of the improvements I was allowed to examine their
latest surveys, and one made but three months before showed a good channel of eleven and a half
feet in depth. It was, however, a very little to the southward of that shown on the chart, but so
little that the chart may be said to be correct. The South Channel as shown is correct also, and
at the point at which the depths of over twelve feet are coutinuous across this bar, the chaunel
may be followed exactly as indicated. The Swash Channel, now under improvement, has a nar-
row and tortuous twelve-foot chanuel, but for strangers it is practicable only for ten feet.

% Stono Inlet.—This bar has changed radically. At the time of the survey it was shallow, and
was situated far to the southward of the mouth of the inlet. It has now broken through nearlyin
the prolongation of the inlet, and has deepened considerably, making it necessary to correct the
entire chart. ’

Lieutenant Pillsbury calls attention to the need of a survey of the two most difficult parts of
the inland passage between Charleston and Savannah, the first extending from the Stono River,
near Wappoo Creek, through Chureh Flats and Wadmelaw Sound; and the other, Mosquito Creek,
between the South Edisto and Ashepoo Rivers.

He observes, also, that additional surveys are required in the Ashley and Cooper Rivers—par-
ticularly in the former, which has assumed considerable importance commercially since the estab-
lishment of phosphate mills on its banks.

Lieutenant Pillsbury will embody the results of his examinations in a forthcoming volume of
the Atlantic Coast Pilot. )

Reconnaissance for the extension of the primary triangulation in Northern Georgia and Alabama
towards the Gulf coast—In May, 1884, Assistant O, H. Tittman was instructed to organize a party
for reconnaissance, with a view of developing a scheme for carrying the primary triangulation in
Northern Georgia and Alabama towards the coast of the Gulf of Mexico at or near Mobile, Ala.

After visiting a number of stations in Northern Georgia, Mr. Tittman found that none of the
lines connecting them were available as a base for the extension of the triangunlation southward.
Further examinations from points to the westward of those first visited made it apparent that the
live Indian-Aurors iu Northern Alabama was best suited to his purpose. The former station, just
west of the boundary between the two States, is on the crest of the highest ridge east of the Coosa
River, the latter on the highest ridge to the west of it, the distance between the two stations being

H. Ex. 43—T
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about forty-five miles. From this line as abase it appeared practicable to carry the triangulation
down the river. East of the Coosa the highest ridges are found, and they rise to relatively mount-
ainous proportions about twelve miles south of Anniston, Calhoun County, Ala., attaining therc
an altitude of about two thousand five hundred feet above the sea.

A dense haze which prevailed until the middle of June, and after that date incessant rains,
delayed greatly the advance of the reconnaissance.

The last point visited was Shackford, about sixty-one miles southwest of Aurora. The heights
are all thickly wooded, with a growth of hickory, oak, and pine, generally not exceeding a height
of seventy feet. On account of the dense foliage it will be advantageous to continue the recon-
naissance after the leaves are off the trees.

Mr. Tittman was efficiently aided by Messrs. W. B. Fairfield and J. H. Turner. He closed
work towards the end of June and will resume it about the beginning of winter.

SECTION V1.

PENINSULA OF FLORIDA, FROM SAINT MARY'S RIVER, ON THE EAST COAST, TO AND INCLUDING
THE ANCLOTE KEYS ON THE WEST COAST, WITH THE COAST APFROACHES, REEFS, KEYS, SEA-
PORTS, AND RIVERS. (SkercHES Nos. 1,7aq, 75, AND 8,)

Completion of the survey of the east coast of Florida, between Lake Worth and New River.—At
the close of the last fiscal year the shore survey of the eastern coast of Florida had been finished
with the exception of that part of the coast between Lake Worth and New Inlet. In November,
1883, Assistant B. A. Colonna was directed to organize a party to fill up this gap in the general
mapping of the east coast.

The officers assigned to assist him in this duty were Ensign T. G. Dewey, U. 8. N,, who acted
as executive officer of the sloop Steadfast, and who was placed by Mr. Colonna in charge of the
hydrographic work, and Messrs. T. P. Borden and E. L. Taney, Aids, who had each a plane-table
for the execution of the topography.

All preliminary arrangements having been completed, the party rendezvoused at Hillsboro’
Inlet about the middle of December. The hydrography of New River and Inlet was begun soon
after by Ensign Dewey, aided by Mr. Taney, and upon its completion Messrs. Colonna and Dewey
sounded out Hillsboro’ River and Inlet and the creeks in the vicinity, The hydrography of Lake
‘Worth was done by Messrs. Dewey and Borden, and the unfinished portion of hydrography of
Jupiter Inlet by Messrs. Colonna and Dewey. At Key Biscayne Bay, the hydrography of the head
of the bay was finished, and also that of the creeks flowing into it from the northward and west-
ward. The general limits of hydrographic work were from South Jupiter Narrows to the head of
Key Biscayne Bay.

That portion of the topography beginning at Fort Lauderdale, about three and a half miles
north of New River Inlet, and extending north to Hillsboro’ Inlet, was executed by Mr. Taney. At
Hillsboro’ Iniet his work joined with that of Mr. Borden, by whom the topogrophy from Hillshoro
Inlet was completed to Lake Worth.

With regard to the character of the country surveyed, Mr. Taney remarks that on the east is
the ocean beach sand ridge; back of this, New River and a mangrove swamp cut up by a great
many creeks, bays, &ec.,and west of this pine woods. A mile or two north of Fort Lauderdale the
mangrove disappears and the country between the sand ridge on the east and the pine woods on
the west is simply an immense marsh, covered with saw-grass and cut up by innumerable creeks.
There is, however, one principal creek, and during high water small boats may pass through to
Hillsboro’ Inlet. ,

The piece of topography which Mr. Borden regarded as the most difficult of his season’s work
was through the saw-grass route from Haulover Head on Lake Worth to the Rapids on Lake Worth
Oreek. This grass, often more than breast-high, with serrated edges and a very dense growth,
did not admit of rapid progress with the plane-table. Mr. Border began work through it at noon
of one day, sleptin it in his boat at night, and reached the rapids next day at 3 p.m., completing the
topography. .

Four statious were occupied under Mr, Colonna’s direction during the season for determining
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the magnetie declination, dip, and intensity. His report expresses his gratification with the earnest
efforts made by the members of his party to advance the work, and praises their cheerful endur-
ance of all privations and discomforts incident to its rapid execution. Field operations were
closed early in April. Upon returning to the office Assistant Colonna remained in charge of the
party, directing the office work until May 15, when he was relieved and directed to prepare for duty
in the Strait of Fuca, W.T. Ensign Dewey was detached May 1. The records and computations
of the survey were completed by Mr. Borden.
The statistics presented of the season’s work are:

Miles of shore-line sarveyed ....... ... . ittt it 150
Miles of creeks and saw-grass .......... .. e, e iaea. 28
Area of topography in squnare miles .. ... ... ... .. .. ... ... .. ... .... 90
Miles run in sounding..... I 205
Inlets and bars sounded out tosea ...........ccool il iii.L. 4
Number of soundings ... ... . ociir ittt i e e e, 18,128
Magnetic stations occupied. .........o oot wii L oo iiiiiae e e e 4

Observations of currents off the east coast of Florida continued.—Mention has been made under
the heading of Section II of the continued prosecution of the observations of ocean currents by
Lieut. J. C. Fremont, jr., U. S. N., Assistant, Coast and Geodetic Survey, commanding the schooner
Drift.

In February, 1884, the Drift was prepared for similar work in the Gulf Stream, and ieft port
under the command of Lientenant Fremont March 4.

The stations occupied crossed the stream between Jupiter Inlet, east coast of Florida, and
Memory Rock, Bahama Banks.

The experience acquired during previous seasons led to improvements in the plans of the cruise
and in the instruments and methods of observation. Except in the case of the station near Memory
Rock, the general characteristics of the current of the Gulf Stream were the same as those ob-
gerved the year before. The direction of the current at the several stations was north, though
varying a few degrees on either side. The velocities differed according to locality, those very near
the shore being of less velocity than those farther out. But, contrary to expectation, the greatest
velocity was not found at the supposed center of the stream, but somewhat westward of it. The
greatest velocity noted was four and seven-tenths knots, in latitude 27° 05/ north and longitude
790 44’ west., The depth here was only one hundred and ninety fathoms ; the distance west from
the supposed axis of the stream nearly ten miles, and from the Florida coast about twenty miles.

At Memory Rock a current was found running in a direction between east and south, with a
velocity of only from one-tenth to six-tenths of a knot. Lieutenant Fremont refers to this station
as a very dangerous one to occupy in the event of a strong wind coming up from the westward. The
shelly bottom has not sufficient tenacity to keep the vessel from dragging towards the rocks or
bank, and if sail is made the vessel will not pay off after the anchor is clear of the bottom, but
will ride to the long drift of the hawser, as to a drag, and drift rapidly to leeward. He observes
further that the weather in the Gulf Stream cannot be depended upon even in April, May, and
June, but that in the vicinity of his work severe and sudden blows are not infrequent. The strains
npon the vessel are then enormous.

In the report of his season’s work Lieutenant Fremont has embodied suggestions in regard to
methods of handling the cable, the advantage of having a separate reel upon which to keep it
permanently, &e. These suggestions, the result of much experience in current observations, will
receive due consideration. 4 :

The Drift returned to port June 27. The statistics of hydrographic work executed by the party
during the fiscal year are:

Number of current stations eccupied...................... e e 17

Miles run in sounding. . ... ... oot iii e e ... 13
Angles measured...... ..oovovenraannrt iiiiniinaaens herenentacinneanaann 1,152

Number of soundings .......ccoven onen. e tees.sesiscasssare sessaiaans 2,887
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Ensigns A. F. Fechteler, F. W. Kellogg, and F. R. Brainard, U. 8. N,, were attached to the
Drift.

Triangulation of the west coast of Florida in the vicinity of Punia Rasa—Having refitted the
schooner Quick at Manatee, Fla., in the latter part of November and beginning of December, 1883,
Assistant Joseph Hergesheimer proceeded in her to Punta Rasa, on San Carlos Bay,and, in accord-
ance with instructions, began in that vicinity a triangulation to be carried southward along the
coast. The stations White Sword Point and Middle Point were recovered, and from this line as a
base the triangulation, supplemented Uy a beach measurement, was pusLed southward from San
Carlos Bay across to and over Oyster Bay, and thence to Wigging Pass, between latitudes 260 17/
and 26° 18’ north. A distance of twenty-five miles of coast line was thus covered.

Towards the close of March preparations were made for suspending field work. On the
return to Manatee to lay up the schooner, Mr. Hergesheimer stopped at Anna Maria Key, Tampa
Bay, and in order to test the accuracy of the apparatus used in his beach measurement, measured
with it a base 2,950 meters in length which had been established there by Assistant Ogden. This
test proved satisfactory.

Mr. Hergesbeimer had the services of Acting Aid J. H. Turner during the season, and found
him efficient and competent in all branches of the work.

‘The weather was not favorable to rapid progress, high winds prevailing and much haze.

Following are the statistics of the season:

Length of beach measure in meters. ................ A 18,917
Number of positions determined.. ... ... . ... ool i 28
Number of angles measured - ........... .o cieii ... e 102
Number of observations......... e e oo 1,692

Hydrographic surveys in the vicinity of the Anclote Keys, in Lemon Bay, and near San Carlos Bay,
west coast of Florida.—Towards the close of January, 1884, the steamer Bache, having on board
the hydrographic party of Lieut. H. B. Mansfield, U. 8. N ., Assistant Coast and Geodetic Survey,
arrived in the vicinity of Anclote Keys, in pursuance of instructions, for hydrographic surveys on
the west coast of Florida from the Anclote Keys sonthward, and in Lemon Bay and near San Carlos
Bay. .

In co-operation with Subassistant Vinal a search was immediately begun for shore stations,
and on the 10th of February soundings were commenced and continued whenever the weather per.
mitted, the season being unusually stormy, until April 17, During this period the hydrography
was completed from latitude 28° 15/ north, to the northward of North Anclote Key, as far nearly as
latitude 28° 00/ north, just to the southward of Big Pass entrance into Saint Joseph’s Bay.

At Anclote the mean low-water plane of reference for the soundings was obtained from the
mean of high and low waters taken day and night for two weeks. Lieutenant Mansfield states thay
the harbor formed by the Anclote Keysis a fine anchorage at all times for vessels drawing not over
seven feet of water, being easy of access and sheltered from all winds, with good helding ground.
At high water, vessels drawing nine feet can enter. Once inside no harm will ensue should the
vessel ground at half-tide, the bottom being soft. This harbor is a favorite one for the spongers;
as many as thirty-five small schooners have been seen there at anchor at one time.

For the inshore hydrography north of Big Pass and the soundings in Anclote River the statis-
tics are: '

Miles run in sounding ......... ... ..... e e e tteet i, 701
Anglesmeasured....... ... .. Ll 4,204
Number of soundings......................... ... e e e 36,656
Specimens of bottom taken............ ... .. . oee ooila... e 1, 600

A sufficient number of characteristic specimens of bottom were carefully preserved with the
recorde of the work.

After coaling at Key West, the Bache proceeded in May, 1884, to Stump Pass, one of the en-
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trances to Lemon Bay. Having anchored off that pass, soundings were begun in the bay May 5,
and completed on the 7th. For this survey the statistics are:

Miles ran in sounding ... ... . ... .. ... il i e, 52
Angles measured.... ................. et e A ) §
Number of soundings........ e e 4,844

Proceeding thence to execute the coast hydrography from the vicinity of San Carlos Bay south-
ward, Lieutenant Mansfield arrived at Punta Rasa, and began work off Estero Key about May 12.
He found signals established in position by the topographical party that was in advance of him,
and was thus enabled to push the work forward at once; he was favored also by the weather,
which from having been very uncertain all winter, had then become settled. On reaching the
limit of the triangulation and beach measurement at Wiggins Pass, he carried the hydrography
about 10 miles further down the coast, completing it to that limit May 29.

At Lemon Bay and in the vicinity of San Carlos Bay permanent bench-marks were estab-
lished near each temporary tide-gauge.

Full specimens of the bottom were taken at each angle and position, and atter careful selection
characteristic specimens were preserved and sent to the office.

Ensigns J. M. Orchard, J. P. Parker, J. E. Craven, and Harry Phelps, U. 8. N,, rendered
service in the work which meets with cordial acknowledgment from Lientenant Mansfield.

For the survey south of San Carlos Bay the statistics are:

Miles run in séunding ....... e it e eeeeeeeaeieeaen et eeieeans 507
Apglesmeasured ..... ... ... it it catei e . 1,003
Number of soundings...... ... ... Lol ciel il Sl 10,426

Other work of Lieutenant Mansfield’s party bas been referred to under the heading of Sec-
tion 1L

Topographic survey from the Anclote Keys southward ; west coast of Florida.~In continuation
of the topegraphic survey of the west coast of Florida Subassistant W. I. Vinal reached Anclote,
Fla., January 17, 1884, and awaited there the arrival of the steamer Bache, expecting to obtain
by the courtesy of her commander transportation for himself and party and other facilities for the
work. In co-operation with Lieutenant Mansfield, a careful examination was made of the coast
for station marks, but nearly all traces of the triangulation of 1857-1861 had disappeared. One
tertiary point was identified and the positions of two oceupied stations were closely approximated.
With assistance from the party on the Bache, signals were erected as near as possible to the posi-
tion of the original triangulation points. These and such other signals as were necessary for
continuing the topbgraphic and hydrographic surveys were located and plotted by determinations
with the sextant and plane-table.

The work was carried steadily forward, covering part of the Anclote Keys, the shores of
Anclote River and of Saint Joseph’s Bay, till the latter part of May, when it had reached a point
about two miles south of Dunedin post-office, Hillsborough County. More than usual difficulty
was experienced in conducting the survey on account of extremely shoal water along the coast.

Following are the statistics of the work:

Miles of shore-line sarveyed........................... e e 91
MileB Of CreEKS . ..oviveuer tt i e et e 12
Milesof roads .... ........ ... .. ... e e ee e 59
Miles of boundaries of salt marsh.... ........... et eaanan s . 31
Miles of boundaries of fresh marsh...... .. ... i iiin et . 34
Area surveyed in square miles .......... e e eae it aeae caren s 22

Topographic surveys executed elsewhere by Mr. Vinal are referred to ander the heading of
Section I.
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SECTION VIII.

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS, INCLUDING GULF COASTS, PORTS, AND RIVERS.
(SKETCHES Nos. 1,6, aND 9.)

Reconnaissance for the extension of the primary triangulation in Northern Georgia and Alabama
towards Mobile—This reconnaissance, begun in Northern Georgia and Alabama by Assistant S.
C. McCorkle in January, 1883, and resumed by Assistant O. H. Tittman, under instructions dated
in May, 1884, was fully referred to under the heading of Section V. Starting from the line Indian-
Aurora,—stations in Northern Alabama at elevations of two thousand and fifteen hundred feet
respectively, Mr. Tittman, at the close of his examinations in June, reported a scheme of trian-
gulation from this line extending in a southwesterly direction about fifty miles. He will resume
the work about the beginning of winter, the absence of dense foliage being then more favorable
to rapid progress.

Mention is also made, under the heading of Section I, of other duty assigned to Assistant
Tittman, o

Line of levels of precision carried from the Gulf coast near Mobile toward a point on the transconti-
nental line of geodesic leveling.—For the purpose of connecting the tidal level of the Gulf of Mexico
with that of the North Atlantic by earrying a line of geodesic levels from a station near Mobile to
a point on the transcontinental line of precise leveling, already referred by that line to the tidal
bench-mark at Sandy Hook, Subassistant J. B. Weir was directed early in February, 1884, to pro-
ceed to Mobile and organize a geodesic leveling party.

Haviog established a permanent bench-mark on the custom-house in Mobile as the initial point
of the line, Mr. Weir garried the work forward along the Mobile and Ohio Railroad to Citrouelle,
Ala., a distance of thirty-two miles. At this point, owing to the want of transportation at times
suitable for the work, a bench-mark was established and the party transferred to Meridian, Miss.,
at which point the line of levels was resumed, and continued along the same line of railroad to
Okalona, Miss., which is iwo hundred and sixty-one miles from Mobile. The gap of one hundred
and two miles between Citronelle and Meridian will be filled hereafter. Field operations were
closed at Okalona May 5.

The original records and duplicates, with maps showing the route followed, and a table of result-
ing heights of the bench-marks from the field computations, were traunsmitted to the office soon
after the close of the fiscal year.

Throughout the season the method of working was that pursued on the transcontinental line of
geodesic leveling, namely, to run two parallel lines simultaneously and in the same direction, one
by rod E and the other by rod F, the rods being placed at different distances from the instrument,
and any cumulative error that might result from running constantly in one direction being guarded
against by running alternate sections of from ten to twelve miles in apposite directions.

By the field computations a probable error is shown for the two parallel lines of seven-tenths
of a millimeter for a kilometer, or about three-hundredths of an inch in five-eighths of a statute
mile. The instrument used was geodesie level No. 1.

Mr, Jobn Nelson served as acting aid in the party with credit to himself and satisfaction to
his chief. :

Similar duty executed by Mr. Weir is referred to under the heading of Section II1,

Continuation of the survey of the Gulf coast of Louisiana westward of the delta of the Mississippi.—
Instructions issued to Assistant Charles Hosmer, in November, 1883, directed him to organize a
party for the completion of the sarvey of the coast of Louisiana immediately to the west of the
Mississippi River. Assistant Hosmer, at the time these instructions reached him, was engaged in
work on Long Island Sound, reference to which was made under the heading of Section I, in this
report.

At as early a date as practicable he proceeded to New Orleans, and took charge of the steamer
Barataria, the necessary repairs to which were not completed till early in January, 1884. The
survey was begun January 17, and the most important part of it finished by the 1st of April. Its
locality being chiefly in the network of bays, passes, and bayous between the Lower Mississippi



UNITED STATES COAST AND GEODETIC SURVEY. 55

and Barataria Bay, progress was much interfered with by the high stage of water in the river,
and the consequent inundation of the country under survey.

Special difficulty was met with in what is known as “ The Jump,” an outlet of the river into
Red Pass. This outlet, wide and deep at first, soon divides into a number of small streams, all of
which maintain a considerable depth to the marsh line which represents the Gulf coast, and then
shoal up so rapidly that it was found impossible to cross the bars in even the smallest boats.
This made it necessary to postpone the execution of the inshore hydrography of the Gulf. The
main passage way to the Gulf was scunded out, but it was not deemed advisable to sound the
smaller streams in consequence of the continuous changes. Work in The Jump had just been
completed when the great rise in the river took place, and soon after it became necessary to find
a safe mooring place for the Barataria. Fortunately this was found at the custom-house wharf at
the quarantine station. Field operations were closed, and the steamer taken to New Orleans,
April 3. .

Mr. Carlisle Terry, jr., was attached to the party as Aid, and rendered acceptable service
till his detachment, March 19, for other duty.

Ensign Alfred Jeﬂ"rlea, U. 8, N, served as executive officer and aided in the hydrographic
work. The vessel was transferred to his charge to be laid up on the 10th of April.

The statistics reported are as follows:

Miles of shore-line surveyed .......... ..... ... .. ... e e 160
Miles of Creeks . ... .. ..ot e e e 90
Area surveyed in square miles ... . ..., ... ... 157
Miles run in sounding .. ... .. ... ... e e e 29
Number of soundings. ..... ... ... e 4,153

One topographic sheet, scale 1-30000, aud one hydrographic sheet, on the same scale, have been
finished and forwarded to the office.

Continuation of the survey of the Gulf coast of Louisiana from Calcasien Pass eastward.—In De-
cember, 1883, in pursuance of instructions issued towards the close of November in that year, As-
sistant F. W. Perkins proceeded to the vicinity of Calcasien Pass, La., and by the 14th of Janaary,
1884, had begun the triangulation and topography of the coast from the line Mangrove~Mud Lake,
Jjust fo the west of the pass. From this line the survey was carried eastward along the Gulf coast
for a distance of about forty miles to a point within about three miles of Joseph’s Harbor Bayou.

Owing to the nature of the shores, which are low and subject to overflow, the impassable swamps
separating the coast from the hard ridges in the back country, and. the shallow bars at the en-
trances tu the few inlets along the coast, camps are in a measure unsafe, and vessels of ordinary
build are not available.

Under these cirenmstances, Mr. Perkins deewed it advisable to push the triangulation ahead
as rapidly as the small appropriation allotted for the work would permit, and to confine the to-
pography to those sections which conld not be reached from a vessel lying in the large inlets, or
from camps loeated on the hard ridges in the back country. By this plan the topographic survey
of the more difficult and inaccessible places was completed.

For transporting camp equipage, signal lumber, and stores along the coast a small schooner
of light draught was chartered, and by taking advantage of calm weather for landing on the beach
no serious accident occurred, though the force of but three men was hardly enough to guard the
camp against the not infrequent inroads of the sea, which threatened to sweep it away, and to
take care also of the schooner outside till the water should rise sufficiently on the bar of some
neighboring inlet to admit of making a harbor. :

 With regard to passes or inlets having shifting sand-bars off their mouths, like Calcasieu Pass,
Mr. Perkins observes that the changes in depth and direction of channel are so rapid and great
that no hydrographic survey or sailing directions are a safe guide to an entrance. On the Gulf
coast, where the sea is 80 tranquil that on most days a pilot can go out in a swmall boat and locate
the deepest part of the bar, it is not uncommon to find a system of range-beacous maintained on
shore by means of which vessels enter. But as this is nearly always a private enterprise and
supported by rather irregular contributions, Mr. Perkins suggests that at such entrances a system
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of light movable tripods, with the necessary day and night signals, might be maintained by the
Light-House Board. The cost would be slight compared with the great advantage to commerce.

Mr. W. C. Hodgkins was attached to the party as Subassistant, and Mr. George F. Bird as Aid.
To the untiring energy and industry of these officers Assistant Perkins attributes much of the good
progress made in the work. The statistics are:

Number of stations occupied in triangulation ................ ... ... L. 12
Number of points determined . ... .. ... . .. ... .. . iiiieiiaa 40
Number of observations made. ... ... e et e teaaieee aiee eeaaas 2,920
Miles of shore-line surveyed............ e e e e e ite e 50
Miles of creeks and POBAS. - . ... v cr it it i eeie s aeeaeeeiaaeanan 9

Field operations were closed on the 6th of May. Duty performed by Assistant Perkins during
the earlier portion of the fiscal year is referred to under the heading of Section XIV.

SECTION IX.
TEXAS AND INDIAN TERRITORY, INCLUDING GULF COAST, BAYS, AND RIVERS., (SKETCHES Nos. 1 AND 9.)

Hydrographic survey of the coasts of Texas and Louisiana between Galveston entrance and Cal
casieu Pass continued.—In continuation of the hydrographic survey of the coasts of Texas and
Louisiana between Galveston entrance and Calcasieu Pass, Lieut. E. D. F. Heald, U, 8, N,, Assistant
Coast and Geodetic Survey, was instructed in the winter of 1883-"84 to take command of the steamer
Gedney, and, after completing her preparation for service, to proceed with the vessel and party
organized on board of her to Galveston.

The soundings were begun early in 1884, at a point off the coast about thirty miles to the west-
ward of Sabine Pass, and carried on to a position about thirteen miles to the eastward of that pass.
Lines of soundings normal to the shore were run to an average distance of forty-five miles from it.
This survey was executed on a scale of 1-80000. A special survey of Sabine Pass was made on a
scale of 1-20000, To obtain a plane of reference for the soundings, tidal observations were made
at Galveston from March 1 to June 16, inclusive, and at Sabine Pass from June 6 to June 10,
inclusive. )

In April Lieutenant Heald was obliged to come north on sick leave, and the command of ves-

" sel and charge of the work was temporarily assigned to Lieut. G. C. Hanus, U. 8. N., Assistant
Coast and Geodetic Survey. By this officer the following statistics of the season, which closed
June 16, are reported : :

Miles run in sounding......... e e e e e e 1,521
Angles measured ...... .. P 1,616
Number of soundings ... c.ooniiit it i i i e 43,075

Reference is made to other hydrographic duty performed by Leiutenant Hanus under the head-
ings of Sections I, II, III, and 1V,

Reconnaissance for connecting the triangulation in the vicinity of Point Isabel and the mouth of
the Rio Grande with Brownsville, Tex~—The work assigned to Assistant R. E. Halter for the winter
of 1883-'84 was a reconnaissance to connect the triangulation in the vicinity of Point Isabel and
the month of the Rio Grande with Brownsville, Tex., and the continuation of the reconnaissance
towards Barranco.

Mzr. Halter arrived at Point Isabel, Brazos Santiago, about the middleof November, and assoon
as the weather permitted began his reconnaissance. Much difficulty was experienced in recovering
the points of the old tiiangulation, some of them baving no underground marks, and the surface
marks having either entirely disappeared or nearly rotted away. Having recovered stations
Frontier (pear the light-house), Massena, and Cameron, the reconnaissance was started from the
line Frontier-Cameron, and by the close of the season in February. 1884, it had been ecarried to
Brownsville. -

Mr. Halter remarks that for abount twelve or fourteen miles from the coast the locality is ver
much cut up with lagoons and boggy flats, and that drinking water is very bad and scarce through-
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out the back country. About six or eight miles from Brownsville there is a thickly-wooded belt,
to get over which tripod and scaffold signals of about forty-five feet in height must be built. A
sketch showing the scheme of triangulation developed by the reconnaissance has been submitted
by Mr. Halter with his report.

SECTION X.
CALIFORNIA, INCLUDING THE COAST, BAYS, HARBORS, AND RIVERS. (SkercHEs Nos. £2,10.11,axp 12.)

Survey of the coast of California between San Diego and Newport.—Act the beginning of the
fiscal year Assistant A. F. Rodgers was on duty connected with the primary triangulation of the
-north coast of California. In August, 1883, he was instructed to proceed to Washington for special
duty, and on his return to California made arrangements for closing operations on the north coast
in accordance with directions to that effect. Having visited the primary stations Bear Ridge and
Mud River in order to secure reference marks for future use, and stored the instruments of the
north coast survey in the suboffice at San Francisco, Mr. Rodgers made preparations for work in
the new field to which he was assigned—the filling up of the gap in secondary triangulation and
topography on the Pacific coast between San Diego and Newport, Cal.

This work, it had been arranged, should be begun in the vicinity of San Juan Capistrano, Los
Angeles County, but before taking it up Mr. Rodgers was instructed to determine the geographical
position of the magnetic observatory at Los Angeles, to the north of Newport. For this purpose
the stations occupied were West Beach, Dominguez, and Los Cerritos, these being the most avail-
able ones within a circle of twenty miles from the observatory. Signals were erected upon the
observatory and upon the tower of the State Normal School, and pointings made upon these and
upon all prominent spires, towers, &c., in the city of Los Angeles and vicinity. Mr. Rodgers then
returned to San Francisco, made the computations of this fleld-work, and forwarded a summary of
the results to the office.

On the 5th of February, the organization of his party for the southern work having been com-
pleted, he sent forward the men and animals to San Pedro by steamer; but the winter, which up
to that date had been very light, started in with a succession of rain storms which for several
weeks completely blocked travel by the county roads and made rail transportation for the party
necessary to Santa Ana; from thence to San Juan even the twenty-five miles remaining were
traversed with some difficulty. Mr. Rodgers’ own movements were delayed up to the 8th of March
by a continuance of rain storms which entirely stopped travel from Los Angeles, where he had
arrived on the 3d instant. Railroad bridges were washed away and stage roads rendered impass-
able by swollen streams. .

On the 11th of March be reached San Juan Capistrano and immediately began work by meas-
uring a base in San Juan Valley and occupying stations in the triangulation. Two topographical
~ sheets were projected, each on a scale of 1-10000, and extending from a point five miles west of
San Juan Capistrano anchorage to Point San Mateo, nine miles to the southward. The shore-line
on these sheets was delineated and the relative position of objects on shore determined so as to furnish
the means for a hydrographic examination of the offing and approaches to San Juan Capistrano.
Field operations were suspended in June.

Following are the statistics of the survey :

Number of stations occupied in the triangulation . ....... .............. ... 28
Nuwmber of positions determined .... .. ..o i it oo e 48
Number of directions measured ............... e et 1,653
Number of horizontal angles measured............ .. e e 3,467
Length of shore-line surveyed, inmiles .. ......... ........... .....lL 16
Length of shore-line of creeks, inmiles...... ... ... .o oo iiiiiiaiant 4

Assistant Rodgers is under instructions to resume this survey at as early a period as prac-
ticable in the present fiscal year.
Continuation of the series of observations at the magnetic self-registering record station at Los
Angeles, Cal.—The scheme of work planned and inaugurated in the summer of 1882 at the magnetic
H. Ex. 83—3$
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observatory at Los Angeles, Cal., and placed in eharge of Mr. Marcus Baker, Acting Assistant, was
continuned under his direction daring the past fiscal year. This work is twofold in character, and
consists of monthly determinations on three consecutive days of the absolute declination, dip, and
horizontal force, and a continuous registry by photography (with the Adie magnetographs) of the
changes of declination and vertical and horizontal force.

The absolute measures were made throughout the year without interruption, the results were
deduced, the records duplicated, and full special abstracts were prepared and transmitted to the
office. In conmection with these absolute measures, a redetermination was made of the astronom-
ical azimuth to obtain a true meridian line of reference for the magnetic declination, and special
observations for constants hitherto undetermined were made. Notable among these was the
determination of the induction coefficient of the intensity magnet, by the aid of a simple apparatus
devised at the observatory. All of the results of preceding years were revised, so that all the
declinations are now referred to the same azimuth, while the resalts for intensity depend on the
same set of constants throughout.

The record of variations of the earth’s magnetic force was made as nearly continuous as pos-
sible by the processes of photography. Great and constant care was taken to produce traces of
the highest standard. These efforts were not so successful as during the year before, owing to
causes beyond the control of the director. One of these was a settling of the foundatiouns of the
piers, resulting in a weakening of the luminous dots and in a slow impairment of the adjustments.
This was due to a softening of the adobe soil, prodnced by a phenomenal rainfall, entirely-without
precedent in Los Angeles and vicinity, which visited that town in February, 1884. Other causes
were the impossibility of obtaining suitably distilled water for observatory use at various times
during the last four months of the fiscal year, and the necessity of training new assistants in the
photographic work,

The total loss of record from all causes during the year was, however, very small, amounting
to but seven-tenths of one per cent.

A thermograph record was kept uninterruptedly thronghout the year within the observatory,
the temperature curve for each day being shown upon a separate sheet.

Equal altitudes of the sun were observed each month with sextaut and artificial horizon for
the determination of the local time. ' '

Mr. Lucius Baker aided in the observatory work till the end of February, 1884, when he resigned,
and temporary assistance was obtained till March, when Mr, P. A, Welker, Aid, was assigned to
duty, remaining till the close of the fiscal year.

Mr. Carlisle Terry, jr., Aid, was ordered to report at the observatory for duty in April, and
familiarized himself with the instruments and methods, with the understanding that he should take
charge of the work when Mr. Baker’s request to be relieved could be granted.

A statistical summary of the various observations is as follows:

Number of observations for time. .......... e e e s . 233
Nuamber of observations for azimuth ._....... e e e 112
Number of observations for temperature ... ............... ..o L L 4, 392
Number of observations for magnetic constants ... . ............ . ....... 1, 599
Number of observations for absolute declination ............................ 939
Number of observations for absolutedip ....,..... ...... s Cevaenn 3, 577
Number of observations for absolute intensity ............ ... .. ... ... ..., 1,510
Number of uniform observations ...... ... ... ... oLl 8,711
Number of bifilar observations. . ........... ... .. .0 ol 8,739
Number of vertical force observations ....... ... ... ... ... ... 8,714

Statements in detail of the results of the work to the end of the fiscal year have been trans-
mitted by Mr. Baker with his annual report; also a number of papers relating to its methods and
processes,

_Continuation of the primary triangulation of the coast of California north of Point Concepcion.—
By instructions issued in August, 1883, Assistant James 8, Lawson was directed to take the field
in continuation of the primary triangulation north of Point Concepcion at such time as he would
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find most favorable for obtaining the most satisfactory results. Keeping watch on the condition
of the atmosphere, he made arrangements early in October for the occupation of San Luis station,
in San Luis Obispo County, Cal., a point about eighteen miles from the coast and having an
elevation of three thousand feet. The opening of a trail up the mountain, pitching camp, building
of a pier for the instrument, and other preliminary operations having been completed, observations
were begun November 9 and closed December 7.

The horizontal directions of six primary and two tertiary stations were determined, the latter
for the purpose of connecting the tertiary triangulation at Esteros Bay with the main series. Obser-
vations were also obtained on Piedras Blancas light-house. To do this, a ridge about a mile distant
from San Luis station had to be cleared of every vestige of shrubbery near the line of sight, and a
ledge of rocks removed by giant powder, so nearly tangent to this ridge did the line of vision to
the light-house tower pass. Pointings were also taken oun all promineut hills and objects within
the range of view from the station. The heights of five primary stations were determined by
observations of double zenith distances.

The next station occupied was San José, a peak in San Luis Obispo County, distant about
thirty-one miles from the coast, and having an elevation of thirty-seven hundred feet. Here,
a8 at San Luis, camp was pitched on the south face of the mountain to obtain a shelter from
the strong north and east winds coming from the Sierras across the great valley of California. At
San José, between January 1 and January 19, observations were made on six primary stations,
and pointings taken on all prominent hills and objects, including thirty-three peaks in the Sierras.
Measures of double zenith distances were made on all main stations and prominent peaks.

The occupation of Saddle Peak, a mountain of forty-seven hundred feet elevation, within
about five miles of the coast, followed next. This peak and Castle Mountain, a prominent eleva-
tion of the coast range and one of the points of the main series were not intervisible, but the
peak was occupied because it had been observed upon in connection with the tertiary triangula-
tion, though it was not included in the primary scheme. Seven stations were observed from Sad-
dle Peak.

It had been intended by Assistant Lawson to occupy Rocky Butte, a primary station of thirty.
four hundred feet elevation near the coast, but while the wagons were en route a violent storm
of rain began, which for long duration and amount proved to be unprecedented in that region.
Bridges were carried away and roads rendered impassable by deep mud and overflows of water
from five to ten feet in depth. Having waited until the middle of February, and seeing no pros-
pect of moving forward, Mr. Lawsondisbanded his party and returned to San Francisco to complete
the records and results of the season. In his report he expresses his high appreciation of the value
of the services of Mr. P. A. Welker, who was attached to his party as Aid. The statistics are:

Number of measurements of horizontal angles............. ... ... ... .... 2,189
Number of measurements of vertical angles..... N 810
Number of secondaryreadings .......com iiiiii i et e ae e 71

Assistant Lawson received instructions to resume field-work as early as practicable after the
beginning of the next fiscal year.

Survey of the coast of California between Moro Bay and San Simeon Bay.—Having in accord-
ance with instractions proceeded to Santa Barbara, Cal., to receive and store certain property of
the Survey, Assistant Stehman Forney, on completing that duty, was assigned to the charge of
the tertiary triangulation and topography of the coast between Moro and San Simeon Bays.

Having establisbed his party near Cayucos, convenient to his field of work, Mr. Forney took
up the triaugulation from the line Beach~Chaparral to the southward of Moro Bay and carried it
fifteen miles up the coast, to the line Villa-Stone, near Estero Point. The shore-line in the vicinity
of Moro Bay was delineated on two topographical sheets, also the contour lines and all fences,
houses, &c., including the towns of Cayucos and Moro, within a belt of one and a half miles from
the shore. There is much topographical detail immediately on the coast from Moro Bay to Cam-
bria, the contouring being intricate, and the land being cut up into dairy farms, varying from one
handred to one thousand acres. These farms are all divided by fences with roads leading to the

dwelling-houses. ‘
Field operations were closed February 29. Between that date and June 2, when the work in
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the field was resumed, Assistant Forney was engaged in completing his records and computations
and making tracings of his unfinished topographical sheet.
The statistics of the season are:

Number of statious occupied iu triangulation. .. .. ... oL 10
Number of angles measured...... e e e 213
Number of observations made.......... e P 7,218
Miles of shore-line surveyed .... ... ... .. ... .. o i e ool 16
Miles of rivers and creeks ... ... e 6
Miles of roads, fences, &c¢ ...... ... .. .. L i 66
Area of topography in square miles .. ... ... .. ...l 9

The highest elevation over which contour lines were carried was eight hundred and twenty-
seven feet.

Hydrographic survey in the vicinity of Point Buchon, Cal., and examination of bar at entrance to
San Francisco Bay.—In continuation of the inshore hydrography of the coast of California from
San Luis Obispo Bay northward, Lieat. E. D. Taussig, U. 8. N., Agsistant Coast and Geodetic
Survey, left San Franeisco, January 30, 1884, with his party on board the steamer McArthur, and
on reaching Port Harford, Sau Luis Bay, prepared to execute the hydrography in that locality.

A plane of reference for the soundings was obtained by dedueing the mean of lower low waters
from observatious made between February 13 and May 10 on a tide-staff established at the wharf
at Moro Bay, San Lauis Obispo County. Soundings were begun February 21 and completed May
10 to beyond Cayvucos, which is the extreme northern part of Estero Bay.

Lieutenaut Taussig’s report gives full details in regard to the hydrographic characteristics of
the localities sounded, and the notes he has made will be of much value in the preparation of the
new edition of the Pacific Coast Pilot. Some extracts from his report are here given:

“Port Harford, as a summer anchorage, is very good. The northwest wind does not come
home, as a rale, and there is generally a calm and perfectlv smooth sea inside the reef, while out-
side there may be a strong northwest wind and heavy sea. In the winter months there is gener-
ally a swell setting in, which at times breaks off the end of the wharf in four-fathom water. But
the holding-ground is good, and the McArthur lay out at her anchors six southeasters in February
and March. To the northwest of the reef, close under the bluffs and the inner inlet, the sea is
smoother and the wind barmless as a rale, but there is little room for working ship in case of
accident or of an emergency. A sailing vessel could not get out of the bight in the face of a strong
southeaster. At iimes, bat rarely, a strong norther blows, which rushes down the hills with the
suddenness and nearly the velocity of the ¢ willy-waughs’ of the Straits of Magellan, and would
be apt to cause a vessel to snap her chain.” There is frequently a strong undertow at the wharf.
A red nun-buoy No. 2 has been placed in ten fathoms of water off the fourteen-foot rock which lies
about a mile to northward and eastward of the reef.

“There is generally a heavy sea off Point Buchon, and the reef extends half a mile to seaward.
There is deep water near the point; but there are so many rocks about, that vessels should give the
point a good offing. Point Buchon is the point having the longest reef extending from it——the
point with the flat-topped blutf, not the bluff which has a hump on it.

“ At Point Buchon the land turns sharply to NNE. for two miles, forming the northwestern
face of Mount Buchon, the bluffs being jagged and rocky. Thick kelp is found for half a mile off
shore along the whole two miles. The land then turns and curves to the north and west, the high
Jand recedes, and the shore-line thence for about seven miles is a sand beach, broken by Moro
Rock and the entrance to Moro Bay.

“ Moro Bay is a lagoon emptying into Estero Bay. The entrance is to the northwest of Moro
Rock and Pillar Rock; the latter is the rock just clear of Moro Rock to the west. Light-draught
vessels enter with the flood tide. The chaanel is narrow, and changes more or less each tide. It
generally breaks at the entrance with the ebb tide running. The tides run throngh the entrance
with great velocity. Vessels drawing eleven feet have gone in and come out. There is a strong
probability of touching, even with a pilot on board, and vessels entering may have to wait some
time for a favorable tide. The need of a good harbor is great in this section of the country, and
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it was a disappointment to me that I could not use it as an anchorage for the McArthur. Above
the wharf the greater part of the bay is more or less bare at low water. No vessel should enter
without a pilot.

“ Cayucos is a passable summer anchorage, but a dangerous one in winter. Vessels should
leave as soon as a southeaster begins, and whenever a southwest swell rolls in.

‘“The rapid development of San Luis Obispo County, the growing commerce of the city of
San Luis Obispo, and the lack of any harbor of refuge from winter storms between Monterey
and Wilmington, will before many years demand the construction of a sufficient breakwater at
Port Harford to enable vessels to remain there at any time of the vear.”

Lieutenant Taussig’s hydrographie work off the coast of San Luis Obispo County is comprised
in 8ix hydrographic sheets on a scale of 1-10000.

Upon completing this work early in the month of ‘\'Iw‘v, 1834, Licutenant Taussig received
instructions to make an examination of the bar at the entrauce of San Francisco Bay. He com
pleted part of this work in June, expecting to resume it in the following month. At the close of
the fiscal year the McArthur was near San Simeon, a hydrographic sarvey in that vicinity under
Lieutenant Taussig’s direction being in progress.

His hydrographic work in the early part of the fiscal vear off the coast of Mendocino County
will be referred to later under the heading of this section. For that just reported the statistics
are:

Miles ran in sounding .. ... ... Ll il 912
Anglesmeasured ..... ...... .. ... ... ...... e e e e e 4, 356
Number of soundings . .......... .. ... .. e . 27, 620
Specimens of bottom preserved . ... ... . ... .. .. ... 37

To the officers attached to the party Licutenant Taussig expresses his obligations for efficient
service. Those who served in the work of 1884 were Lieut. F. H. Lefavor, U. 8. N., and Ensigns
W. L. Burdick and P. B. Bibb, U. 8. N.

Connection of the main triangulation north of Point Concepcion with the transcontinental triangula-
tion near the thirty-ninth parallel.—A condensed report has been submitted by Assistant George
Davidson of the main triangulation and astronomical work in California, under his direction, and
of other work of himself and party.

Mr. Davidson delayed putting his party in the field until the fogs of summer had gone and
the prospect of grass for the draft animals good. He placed Assistant E. F. Dickins in charge
of the party, with Mr. R. A, Marr as Aid.

At first the season was favorable,but later on the rains were very heavy and retarded operations.
Nevertheless, as Mr. Davidson remarks, the winter is the best time in that climate for getting a
clear and steady atmosphere. The heliotropes always show as minute steady points of light like
stars, whereas in summer they are large, ill defined, and very unsteady objects.

The plan of work embraced the occupation of several main triangulation stations on the sea-
board, in the regular scheme of triangles and observations upon Red Hill and Rocky Mouand, stations
to the eastward of San Francisco Bay, to bring to a close the connection of the present system with
the Pulgas base, measured by Assistant Cutts.

A doubt having arisen whether the line Sierra Morena-Loma Prieta (or Mount Bache) was
iutervisible, a reconnaissance was undertaken by Assistant J.S. Lawson, in July and August, under
Mr. Davidson’s direction, to settle this and similar questions as to stations iu the main scheme
southward to San Luis Obispo. The intervisibility of the two stations just named was established
and the line has since been observed. The stations Saddle Peak and San José were found to be
intervisible over an intervening ridge by a very few feet. A high mountain ten or fifteen miles
southeast of Santa Ana was found to be unavailable, and the old station of Santa Ana, instead of
Mariposa Peak, was subsequently taken by Assistant Dickins in thick weather. The old sta-
tion, Salinas Mountain, not before observed upon however, was found to be Mount Toro, and this
latter name is used.

As the work of occupation of the stations was undertaken in winter, a small hut was built
over each station, instead of using an observing tent as a protection against southeast gales.
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During December and January Mr. Dickins occupied Sierra Moreua, a mountain about twenty
miles north of San Francisco, and observed upon the mountains, Tamalpais, Diablo, Mocho; and
Loma Prieta (or Mount Bache). Incidentally also upon Mount Hamilton (Lick Observatory) and
upon the secondary stations Rocky Mound and Red Hill; also upon the Southeast Farallon light
and San José court-house.

The observations were made with the twenty-inch theodolite No. 115, mounted on a brick pier
with the Davidson position circle. The series embraced two direct and two reversed observations
in each of the twenty-three positions of the instrument.

The ocular micrometer was used, after the micromneters were read, to correct the telescope
pointings. In this work five hundred and eighty-two observations were made and twenty-eight
hundred and sixty-seven ocular micrometer readings.

The field reductions were kept up to date, and subsequently the diminished measures were com-
puted and transmitted to the office with the volumes of records.

Mr. R. A. Marr, Aid in the party, made the measurements of the vertical angles with the twelve-
inch vertical cirele No. 111. Observations were made npon the same stations that were observed
for horizontal directions, through thirteen days and between midday and 1 p. m. As the work pro-
gressed, the reductions and tabulations were made, and from the suboffice these reductions and the
records were afterwards transmitted to Washington. In this work the number of observations
was four hundred and eighty. Red Hill, up which a line of levels had been carried by Assistant
Cutts, will be occupied for measurements of reciprocal zenith distances.

Magnetic observations for declination and horizontal force were made through three and six
days by Mr. Marr. e made also the necessary time observations with the sextant and artificial
horizon,

The transfer of the party from Sierra Morena to Loma Prieta (or Mount Bache) was made in
very bad weather, and had to be done by a circuitous route. A trail favorable for packing had to
be cut out for several miles. During this work by Mr. Marr, Assistant Dickins visited Toro Mount-
ain and Santa Ana and posted heliotropers. The snow was deep at these peaks as well as at
Mount Bache.

At this station, a few miles north of Santa Cruz, and thirty-eight hundred feet above the sea,
Mr. Marr built the necessary stone and cemeut piers. The twenty-inch theodolite No. 115 was
mounted ou one of the piers, which had seeared to it a Davidson position circle.

Assistant Dicking observed upon the five main stations, Mocho, Santa Ana, Toro, Diablo, and
Sierra Morena; incidentally upon Mount Hamilton, the San José court-house, Santa Cruz light
-house, and Gilroy church.

The observations were made in the usual manner with ocular micrometer readings, two read-
ings direct and two reversed being taken in each of the twenty-three positions of the instrument.
In this work four hundred and ninety-six observations were made and fourteen hundred and ninety-
two ocular micrometer readings.

At this station, although the observations of horizonta! directions were not completely fin-
ished, owing to want of fuuds, yet they were so nearly finished, and the results were obtained
under such favorable circumstances of weather, that they may be safely taken as final. The rec-
ords and reductions were completed and transmitted to the office.

Observations of vertical angles were made by Mr. Marr with vertical circle No. 111, upon the
same stations as those observed by Assistant Dickins. The number of observations was three
hundred and thirty-six.

Mr. Marr determined the magnetie declination and horizontal force on three and six days, and
made the necessary time obsertvations.

At the end of March, 1884, field operations were closed, and the party was employed in office
duty. ‘

During the year Assistant Dickins was directed to make observations upon Lime Point steam
fog-horn trom two or three tertiary triangulation stations to determine its position. He was
detached from Mr. Davidson’s party May 23, 1884,

Special magnetic observations.—During a short trip to Mexico, Assistant Davidson was able to
observe the magnetic declination at El Paso, in Texas, and at the National Observatory at Taca-
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bayo, on the edge of the city of Mexico. He had the voluntary assistance of Mr. Glover Kellogg,
of San Francisco.

Observations of the solar eclipse of October 30, 1883.—On the 30th of October Mr. Davidosn
observed the first contact of the solar eclipse of that date, at the Davidson Observatory in San
Francisco, and arranged telescopes for all officers who wished to observeit. He used the full aper-
ture of his six and four-tenths inch equatorial, with an Airy double-image micrometer, carrying a
power of two hundred and forty diawmeters. For obtaining the error of the ehronometer, traunsits
were observed by Mr. C. B. Hill before and after the eclipse, and comparisons of chronometers by
coincidences were made after it. )

Mr. Davidson remarks that the border of the sun was unsteady, and the unsteadiness
increased till the time of greatest obscuration, which took place three minutes before the sun set
below the ocean horizon. At that time, the boiling of the borders of the sun and mooun was
excessive, and the refraction was so great that the images of the two bodies, as far as visible,
were remarkably flattened, and the cusps presented a very singular and abnormal appearance.

The station of observation is (/.37 south and 0.21 east of the triangulation station Lafayette
Park. Thefollowing tabulated statement gives the names of the observers, times of observation, &e.:

Telescope. Local mean
Observer, § e e e time of I eome Remarks,
’ Magnifving tact.
Aperture. POWEL.
Inches. hom. s

Davidson. .....coccveevenaiieiian B e i, 6.4 240 3 46 14.5 - May be 0.5 or 1.0 late,
B3 3.0 . 105 27.1  Hassler equatorial.
T o Mt ' 3.0 ¢ 105 286 . Reconnoitering telescape.
B U N ‘ 2.5 50 015 ! Do.

& 3 o s 2.2 40 17.1 Do.

Mr. Morse had the poorest telescope, and his noting of the time is probably in error, as Mr.
Davidson remarks, from taking up the wrong tens of seconds.

Suboffice-rwvork.—The work in conneection with the suboffice at San Francisco was duly attended
to, and all inquiries for information were answered as far as the resources of the archives would
permit, During the season, with my approval, Assistant Davidson furnished to the Geographical
Society of the Pacific a paper upon the alleged shoaling of the bar of San Francisco Bay. In the
work of the office acknowledgment is made of the intelligent and willing assistance rendered
by Mr. C. B. Hill.

Coast Pilot of California, Oregon, and Washington Territory.—To the preparation for publication
of the fourth edition of this work Mr. Davidson gave all the time possible. On account of the
mass of details on the southern portion, much of it had to be rewritten. The portion relating to
that part of the coast from San Diego to San Franeisco was completed,

To get special views of headlands, and to make notes of sailing directions, Mr. Ferdinand
Westdahl was directed to make two trips down the coast. Mr, Davidson visited personally the
Farallones for views, and Mr. Westdahl the Cordell Bank, but the weather was foggy on both
occasions. :

Mr. Davidson was summoned to Washington in June, 1884, for special conference with me
relating to the interests of the work as affected by measures pending in Congress. On his return
trip in July, he attended to special duty in Philadelphia, and while crossing thie continent studied
the comparative advantages and disadvantages of the 35th parallel relatively to the 324 for trans-
continental geodetic work.

During the year the observatory at Lafayette Park was used by the members of Mr. Davidson’s
party for practice with the different instruments, and at the request of Maj. W. A, Jones, U. S.
Engineers, stationed at the Presidio of San Francisco, arrangements were made for a joint deter-
mination of the difference of longitude between the Lafayette Park station and stations at Needles
(Mohave) and Fort Yuma, Ariz. At Lafayette Park. in Mr. Davidson’s absence at Washington, the
observations were made by Mr. Marr, assisted by Mr. Hill. Transits for time were observed upon
nine nights between May 26 and June 27. Owing to exceedingly inclement weather, and an
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accident to the transit instrument at the Needles, exchanges were obtained upon two nights only
with that station, and on one night with Yuma.

Other operations directed by Assistant Davidson, or carried on by his aid and adviee, are
referred to in the paragraphs immediately following.

Tidal observations with self-registering tide-gauge continued at Saucelito near San Francisco Bay
entrance.—The self-registering tide-gauge record at Saucelito, near San Francisco Bay entrance was
kept up, almost without interruption by Mr. E. Gray, under Assistant Davidson’s general super-
vision, The usual tabulations were made at the end of each month, and were forwarded to Wash-
ington before the transmission of the records.

The earthquake waves from the volcanic eruption at Krakatoa off the coast of Java, August
26, 1883, were recorded upon the Saucelito tide-gauge a few hours after that event, and the facy,
was published before any notice of the earthquake had been made public. The record shows that
the earthgquake waves may have come through several tracks to this station. 4

Determinations of the force of gravity in San Francisco, in connection with similar observations in
Alaska.—Reference was made in my last annual report to the dispatch of Mr. R. A. Marr, Acting
Assistant, to Point Barrow, Alaska, in furtherance of the plans initiated doring the preceding
year, in virtue of which the Coast and Geodetic Survey co-operated with the Signal Service in estab-
lishing a station of the International Polar Commission at Point Barrow.

Having swung his pendulum and vibrated his magnet at the San Francisco station, selected
by Assistaut Davidson, Mr. Marr left San Francisco, June 16, 1883, on the schooner Leo, and on the
25th of July, reached Plover Bay. Eastern Siberia. Here he got a few pointings on the sun for
time, and leaving on the 27th, the Leo ran along the Siberian coast north of East Cape, and then
crossed to the American side to Point Hope and Cape Thompson. August 8, the first ice was
sighted south of Ley Cape; on the 9th the vessel anchored off Wainwright Inlet near a portion of
the whaling tleet, after trying to push through the ice and around Point Belcher. There was open
water beyond the Sea Horse Islands. The ice-pack proper was distinetly visible from the anchor-
age, and formed apparently like that laid down oo the chartfor +* July, 1849.” The whalers had fol-
lowed the ice from Behring’s Straits, and reported a severe season since entering the Arctic. The
Leo was continually shifting position to avoid ice-floes moving to northeast. At times there was
a two-knot current, and once ice was noticed moving against a light wind. Several attempts were
made to get around Point Belchier: two small schooners sncceeded in finding an opening. Mr.
Marr went asbore several times with a view of establishing a station at Point Belcher, should the
vessel be unable to get through the ice.

Aungust 20 Lieutenant Ray of the Signal Service, commanding the expedition, reported open
water off Sea Horse Islands, and no shore ice off Ooglaamie, Point Barrow. August 22, the vessel
was anchored off Ooglaamie.

Between the 24l and 25th, haviug overcome the various difficulties presented by heavy surf
and the closing in of the shore ice, Mr. Marr effected a landing with his instrnments and outfit, and,
having availed himself of a building placed at his disposal by Lieutenant Ray, built a pier for the
pendulum stand, mounted his chronograph, and expected to begin observations on the morning of
the 27th.

But the conditions of the ice and weather on that day, together with an accident to the vessel,
led Lieutenant Ray to decide upon an immediate abandonment of the station, and as he did not
deem it safe that Mr, Marr should remain with but one man during the winter, the latter was com-
pelled, though very reluctantly, to give up the attempt to make the desired observations. Two or
three days more, or until September 1, at the latest, would have enabled him to get the pendulum
swings needed for comparison with those at San Francisco. Mr. Marr reports that after leaving
Point Barrow, they did not pass any ice, and that they had good weather.

On the return voyage, observations for magnetic declination and horizontal force were made
on two days at Oonalashka.

Mr. Marr has expressed his willingness to remain throngh the winter at Point Barrow, should
another opportunity offer of obtaining the needed observations. He acknowledges his indebted-
ness to Mr. A. D. Schindler, who accompanied him on the expedition, for useful assistance.
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After his return te San Irancisco, in October, 1883, Mr. Marr made a full set of pendulum
experiments, comprising eight swings of six hours each, extending throngn two sets of twenty-four
hours. Time was determined upon nine days by one hundred and four star transits, and four
meridian passages of the sun.

Hydographic survey of the California coast between Salmon DPoint and Brushy Point.—Early
in July, 1883, the hydrographic party on board the steamer MceArthur, Lient. E. . Tanssig,
U. 8. N,, Assistant Coast and Geodetic Survey, commanding, was at Little River, Cal., in readi-
ness to begin a hydrographic survey of the coast in that vicinity.

Tidal observations to obtain a plane of reference for the soundings were made at Little River
from July 7 to November 17. Two projections on a scale of 1-20000 Lad been furnished to Lieu-
tenant Taussig, covering the coast from Salmon Point to Brashy Peint.  Lines of sounding parallel
{0 each other and normal to the coast were run to the limits ot the sheets, from tive to seven miles
from shore, at distances apart of one-third of a mile to depths of fifty fathoms, and not more than
double that distance apart beyond the fifty-fathom curve. .

Licutenant Taussig located all available anchorages (except Mendecine Harbor, already sur-
veyed) and all buoys, chutes, and wharves within the limits of his survey. He has appended to
his report a list of positions of sunken.zocks and rocks awash determined by his party. He
observes that in a swell thie sea generally breaks on the outside rocks, but in a fog. and when the
sea is smooth, the most dangerous rocks are without a sign of a breaker at times,  Nearly all the
rocks have growing kelp on them, and kelp is an invariable sign of a vocky bottom, but atter heavy
gales the kelp is sometimes broken off so as not to be noticeable. :

Lieutenant Taussig’s report is exceedingly full in all details of information that will be of
service to the navigator on a coast where so few good harbors can be found. The dangers to be
avoided are carefully described, the characteristies of the several anchorages are given, aud the
report will be a valuable contribution to the material for the forthcoming new edition of the Coast
Pilot of California, Oregon, and Washington Territory.

He expresses his special indebteduess to Capt. Jolin Vau Helws, of the Pacific Coast Naviga-
tion Company, for nearly all of the hydrographic information that he obtained on the coast, and
states that wherever he had opportunities of testing it, he found it absolutely correct.

With regard to the weather, Lieutenant Taussig remarks that during the summer months the
coast was generally enveloped in a thick fog, at times chauging to a misty haze that permitted of
work close inshore, During July and August the sun was out with a clear sky but twice from
the ship, while a wmile inshore, clear warm weather prevailed nearly every day. The fogs hug
the coast and do not as a rule extend far at sea, and less frequentiy do they go more than a
wile or two inland. The strong northwest wind whicht is generally encountered along the coast
after 11 a. m. seldom came home to drive away the tog. These northwest winds are strougest
in April and May, grow less frequent during the summer and fall, and are rare in the winter
when the southeast gales prevail, which are then severe, and are generally followed by strong
winds from northwest, after which there is ai interval of eclear pleasant weather with light
winds and smooth seas. Although during the summer there was not often a stroug northwest
wind on the coast, this wind prevailed off the coast and a heavy swell was the rule near shore,
even when there was little or no wind. The southeast winds begin in the fall; are generally strong
and are accompanied by heavy rains. After a southeuaster, especially it there is an interval of
calm, a lieavy southwest swell rolls in, which generally results in some disasters on the coast.  The
whole eoast becomes a line of breakers, and the seas frequently break in ten fathows of water
across the entrances to all the anchorages within the limits sarveyed during the season.  In many
places, it vessels are caught in a southeaster, it is the rule to take the mooring chain on board,
take a turn round the mast and windlass, get out all the head, stern, and quarter lines the schooner
may have to the different buoys, and then all the batches having been battened down, the crew
leave the vessel, to return after the gale, if the schooner is still in existence.

With regard to the general set of the current along the coast, Licutenant Taussig remarks
that it was to the southeast, but its strength was so variable, and the set was at times so unex-
pectedly changed to northwest that it was impossible to tormulate any results from general obser-
vations.

H. Ex. 43—9
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The officers attached to the party were Lieuts. J. B. Milton and E. P. Elliott, U. 8. N., and
Ensign P. B, Bibb, U. 8. N. Lieutenant Elliott was detached, without a relief, on August 30.
Following are the statistics of the season:

Miles run in SoOUNAINE o oe v oe e e i e e 760
Angles measured ............ ... ..iiiiiiiiaanns e 3,817
Number of soundings. ... . ... ...l el e 13, 265

Coast hydrography cxecuted by the party of Lieutenant Tanssig to the southward of the
locality just referred to, and later in the fiseal year, has been mentioned already under a previous
heading in this section.

SECTION XI.

OREGON AND WASHINGTAON TERRITORY; INCLUDING COAST, INTERIOR BAYS, PORTS, AND RIVERS.
(SkeTcHES Nos. 2, 12, AND 13.)

Survey of Siuslaw River entrance, and continuation of the triangulation and topography of Ump.
quah River, Oreg.—Instructions issued to Assistant Louis A. Sengteller soon after the beginning
of the fiscal vear directed him to take charge of the schooner Yukon, then laid up at the Mare
Island navy-yard, Cal., and, after fitting her for sea-service, to organize a party for a topographic
and hydrographic reconnaissance of the Siuslaw River, and for the continnation of the triangula-
tion and topography of the Umpquah River, Oreg.

On July 21, repairs having been made and outfit completed, the Yukon was dispatched to sea,
in charge of the sailing-master, who had received orders from Mr. Sengteller to enter Siuslaw River
and pass out again in the Yukon if he should find it practieable to do so; and if not, to make sail
for Umpquah River entrance. Owing to a succession of calms, alternating with very high head
winds, the vessel made but slow progress. August 13, with a light but fair wind, the Yokon ran
close in to shore in the vicinity of Sinslaw River, bat could find nothing that would serve to iden-
tify the entrance, and as heavy fog began to drift in, the schooner was put to sea, and a course
steered for Umpquah River, which was reached and the bar crossed August 15.

Plans were then arranged by Mr. Sengteller (who had remained at Umpquah River), to dispatch
a surf-boat, with crew and provisions, by sea to Siuslaw River; the boat arrived and crossed the
bar without mishap August 18, and the next day Mr. Sengteller, who had proceeded overland,
began his reconnaissance. A site for a base line having been selected, and triangulation stations
located, the base was measured, and enough points having been determined in position, the topog-
raphy and hydrography were begun August 23 and continued until the shore-line of the river, the
topography adjacent and the soundings, had been completed from the entrance to the village of
Florence, a settlement about tive miles from the coast. Such examinations of the bar and of its
approaches as the weather permitted were made also. A beacon was erected, plainly visible from
the bar, as a range mark for vessels attempting to enter Siuslaw River.

Mr. Sengteller states, as a result of his examinations, that no definite sailing directions can be
given for entering the river, owing to * possible constant shifting of the bar,” and that on nearing
the bar a vessel should not approach nearer than five fathoms. Then, by bringing the beacon on
the north bank of the river to bear north 75° east (magnetic), and about one nautical mile distant
from the mast-head and in smooth water, the best water for crossing can only be located by aun
occasional lull in the breakers. When these are at all rough, only a continuous line of surf is visi-
ble, and at such times it is dangerous to attempt an entrance.

He recommends a buoy for marking the approach to the bar as given by the béarings to the
beacon—a large can buoy to be dropped in not less than ten fathoms of water. To obtain with
the least loss of tiine an authentic knowledge of entrances of this character along the coast of
Oregon, and to meet the demands of & rapidly-growing section of the coast for greater facilities of
transportation seaward, he suggests that a light-dranght steamer would be extremely serviceable.
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Following are the statistics of the work at Siuslaw River, which was completed September 6:

Miles of shore-line Surveyed. . . ... cveeir ittt et e e 13
Arxea of survey in squaremiles .... ... . ..... ... T 4
Miles run in sounding ... ... ... .. ... e e i 31
Angles measured ....... . e e e e it e e iaaan 634
Number of soundings .. ... ... .. ..... ... e e 2,692

Arrangements were then made by Mr. Sengteller for resuming the triangunlation and topogra-
phy of the Umpquah River. Oun September 7 he proceeded thither in the Yukon, leaving his sail-
ing master with a boat’s crew at the Siuslaw with instructions to cross the bar and join him at the
Umpquah at the first favorable opportunity. Owing to unfavorable weather aud the condition of
the bar at Siuslaw River entrance, it eventually became necessary to transport the boat and crew
overland. Althougl progress was somewhat impeded by the absence of the crew, who did not
return to the Umpqual till September 28, operations were pushed forward as rapidly as practicable,
and the party continued in the field until October 6, when the funds available for the work were
exhausted. On the 11th of that month the Yukon left for San Francisco.

Following is a summary of the statistics of the Umpquah River work:

Positions determined in the triangulation ...... . ... ... Lol 7
Number of observations made.. ... ... .. ... il Lieiiiiieas 1,116
Miles of shore-line surveyed . . .. ..., i il i e e 3
Area of topography in square miles .......... ... i 3

Survey of Nestucca Bay and River, Oreg., and continuation of the triangulation and topogrephy
of the Willamette River, and of the topography of the Columbia River.—In compliance with instruc-
tions received early in July, 1883, Assistant Cleveland Rockwell left Portland, Oreg., July 12, and
on arriving at Nestucea Bay immediately organized a party for the survey of that bay and of the
Big and Little Nestucca Rivers, by the junction of which it is formed. A base was measured,
signals erected at the points selected for stations of the triangulation, and a tide-gange established
to obtain a plaune of reference tor the soundings. Three days suffised to finish the soundings inside
of the entrance, as at low water the area is nearly covered by saud and wmud flats, and was surveyed
with the plane-table.

The triangulation and topography were carefully executed, as forming part of the general
coast work, and the survey was completed September 27.

Mr. Rockwell remarks that the character of the country is mostly rolling and steep hills Wh]ch
have been long denuded of timber and are now covered by fern and grass.

Forest fires since the settlement of the country by the whites have swept over the whole area
from the coast back to the Willamette Valley, and the coast range of mountains preseuts from the
ocean a desolate array of tall and bare white stumps and trees.

He observes also that there is every evidence that in former times the Big Nestucca entered
the ocean opposice Haystack Rock, but the drifting sand filled in the coast line, forming the long
sand peninsula to the north of the entrance, and pushing the entrance to the two rivers down
towards the rocky bluff to the south.

Upon the bar there were continned breakers. Having no suitable boat or crew it was not
practicable to make an examination of the bar. The heavy swell from the southwest which set in
during the middle and latter part of August closed the bar nearly up, so that at low water, on
viewing it from the bluff, the white water would roll across for a hundred yards or so. Shoal
water extends a long distance outside, as shown by the heavy rollers.

About the middle of October Mr. Rockwell was directed to take up the tertiary triangulation of
the Willamette River from its mouth up to Portland. This work had been begun in 1882, Field
operations were carried on till December 15, at which date all necessary third order points for the
topography and hydrography of the Willamette from its mouth up to and beyond the city of Port-
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land, Oreg., had been established. The sloop Kincheloe was used as a means of transportation.
For this work Mr. Rockwell has furnished the following statisties:

Number of stations occupied ... ... .. ... . liiiiiiiie e eieee e 16
Number of angles measured. . ... ... . . i e 91
Number of points determined. ... ... ... ... iiiiiiia e Ceeetere eae e 27
Number of observations made. . ... ... ... . i it i e 2, 234

During the remainder of the winter and the spring Mr. Rockwell was engaged upon office-
work, and in May, 1884, he was instructed to resume the topographieal survey of the Columbia
and Willamette Rivers. For a short time he was engaged upon the low shores of the two rivers,
but as the water steadily rose, covering all the shore-line and interior topography, he moved the
vessel up the Willamette, and took up work ou such parts of the country as were above water,
being obliged to leave the delineation of the actual shore-line until the water should subside.

At the end of the fiscal year he was prosecuting the survey near the eity of Portland.

Hydrographie surveys of Gray's Harbor and in the vicinity of Reabeck, W. T.—As stated in my
last annual report, a hydrographic survey of Grasg’s Harbor, W. T., had been begun before the
close of the fiscal year by the party in charge of Lieut. T. Dix Bolles, T. 8. N., Assistant Coast
and Geodetic Survey, commanding the sehooner Earnest.

Some difficulty was experienced in fixing a tide-gauge, three having been washed away in
succession, owing to the extensive mud flats and strong, rushing currents. One was finally
established in South Bay, near the entrance. This was a plain staff-gauge, and was observed day
and night for a lunar month. As the plane of reference for soundings the mean of the five lowest
low waters was taken. A secondary tide staff was set up at Hoquiam, and the plane of refer-
ence for the upper bay was computed by the Coast Survey rules for water levels. A bench-
mark was established on Nettle Island, in South Bay, fourtcen fret and eight-tenths above the
plane of reference.

In regard to the locality of the work the following details are given in the reports of Lieuten-
ant Bolles and Ensign Jordan, who succeeded him in charge of the party:

The inside harbor consists of an extensive mud and sand flat, with a channel running up the
middle to the Hoquiam and Chehalis Rivers, and an arm extending into North and South Bays,
near the entrance. From each of these, numerous blind sloughs lead off into the flats. The three
channels have from three and a half t¢ eight fathows in the lower bay, gradually shoaling to
from nine to twelve feet as they extend north, east, and south. There is another channel from
the Chehalis River, on the south side of the bay, but a sand-bar at the mouth prevents more than
five or six feet being carried into it.

The bar outside is from three to four miles off shore, with ten feet on it at low water. Exten.
sive shoals make oftf from the north and south sides of the entrance, and are distinetly marked by
breakers even with a moderate sea. The water deepens inside the bar to eighteen fathoms between
the points. There is a very strong current during the ebb and flow of the tide, and an ugly chop
sea at the entrance during the ebb, making it very dangerous work for a boat. During the sum-
mer months the northwest winds blow steadily every afternoon, and the northwest swell breaks
clear across the bar. There are but few places on the shore where a landing can be made at low
water, on account of very soft mud flats extending off from one-third of a mile to over three miles.

Two hydrographic sheets were completed each on a scale of 1-20000, extending from the
mouth of the Chehalis River to four miles off shore, and including the whole of Gray’s Harbor and
Bar. The statistics of the work, which was closed October 15, are as follows:

Miles run in SOUNAIDG ... oot ii e i L e e e aanans 219
Angles measured. .. .. ...... ... i it 1,162
Number of soundings....... ... .. .. i e 6,115

Ensign J. N. Jordan, U. 8. N, was attached to the party during the season. Ensign J. L.
Purcell reported for duty on board the Earnest September 19. Upon closing work in October, the
schooner was laid up for the winter at the head of Port Townsend Bay. Lieutenant Bolles was
detached January 30, 1854,
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In May, instructions were received by Ensign Jordan to take charge of the vessel, and after
completing the necessary preliminary arrangements, to begin a hydrographic survey in the vicinity
of Seabeck on Hood’s Canal, W. T.

The Earnest with the steam-launch Tarry-not arrived at Seabeck June 3. A tide-gauge was
soon after set up in Seabeck Harbor, on the west side, and observations were in progress at the
close of the fiscal year. At that time the survey was advanecing, soundings having been begun
June 12.

Ensign Jordan has furnished the following statistics of this work to the close of the fiscal
year:

Miles run in sounding ...... P 100
Angles measured .. .. ... ... ... ... ... ... e e 849
Number of soundings ... .. ... L. il e e 3,449

Continuation of the topographienl survey of Hood’s Canal, W. T.—1In July, 1883, Assistant J. J.
Gilbert, who was then at San Francisco, atrached to the party of Assistant Davidson, received
instructions detaching him from duty there and directing him to resume the topographical survey
of Hood’s Canal, W. T.

JJu arriving at Olvmpia he took charge of the steam-lannch Fuea, and left at once for Hood’s
Capal, on reaching which he established bis camyp in the village of Seabeck as a base of operatious.

During July and most of Aungust Mr. Gilbert reports that progress was greatly impeded by
the unusually dense smoke from the forest fires, After the rains of late Aagust and early Sep-
tember had cleared the atmosphere, the weather continned very favorable for work until about the
middle of November, when the winter rains set in.  On November 19, the weather being stormy,
with a prospect of contivuing so for an indefinite period, field operations were closed. After some
needed repairs the Fuea was laid up at Port Townsend.

During the winter and early spring Mr. Gilbert was at work upon his plane-table sheets, five
in number. Tracings of these were forwarded to Washington March 10, and the sheets themselves
April 15.

Finding that the allotment of funds as yet unexpended would enable him to take the field
early in May, be left Olympia May 5, stopping on the way at Tacoma for coal for the launch, and
at Seattle for coal and ontfit. Camp was established at Union City, and field work begun May 15.

One week in May was devoted to triangulation. With that exception, the two field seasons
during the fiscal year were occupied with topography. During May and the early part of June
the weather was very favorable, but the last two weeks in June were unusually stormy.

The shore-line and topography, at the close of the fiscal year, had been extended from station
Drift, on the east side of Hood’s Canal, and from station Rock 1T, on the west side, to station Arrow
on the east and station Windfall on the west, including all of Dabop and Qualcine Bays. Con-
tours, as is unavoidable on these shores, are principally sketched, but the sketching is assisted
wherever practicable by running a line of contours straight back from the shore-line. All logging
roads were taken advantage of for this purpose, and additional lines run at intervals wherever the
forest was not too dense to be penetrated.

Two additional topographlc sheets were in hand at the close of the fiscal year, making seven
sheets in all.

The statistics furnished by Mr. Gilbert are as follows:

Number of stations occupied in the triangulation ...... ... ... ... .. .. ... 9
Number of observations made (6 repetitions each)........... ....... ... ... - 142
Miles of shoredine sarveyed .. .... ... ... ..ol il 117
Milesof roads. . ... oo i i i e e e 42
Area of topography in square miles....... [ B .37

The present working season will complete the topography of the canal, and will also, if it is
found feasible, make the connection with the head of Case's Inlet.

Continuation of the triangulation and topography of Possession Sound, W. T.—In compliance with
instructions issued in April, 1884, Subassistant J. F. Pratt proceeded to San Francisco, Cal,, and
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upon his arrival there, toward the end of that month, took charge of the schooner Yukon to pre-
pare her for service on Possession Sound. The needed repairs having been completed, the Yukon
sailed from San Francisco May 14, and arrived at Seattle, W. T., May 28, and a few days later
was in Possession Sound. :

The month of June was occupied by Mr. Pratt in a reconnaissance, the erection of signals and
the occupation of stations for the triangulation of the sound. FEight stations had been occupied
by the end of the month, and observations were still in progress at the close of the fiscal year. A
full statement of the work accomplished during the season is necessarily deferred till my next
annual report. Other duty executed by Mr. Pratt is referred to under the heading of Section
XTIII.

Triangulation and topography of the Strait of Fuca.—Early in June, 1884, Assistant B. A.
Colonna arrived at Port Townsend, W. T., in pursuance of instructions directing him to execute
the triangulation and topography of the Strait of Fuca. After familiarizing himself with the
locality, he had well advanced the preparations needed to take up the work by the end of the year
with which this report closes,

Duty on the Atlantie coast which had been assigned to Mr. Colonna earlier in the fiscal year
is referred to under the heading of Section V1.

Hydrographic survey of the Strait of Fuca.—The steamer Hassler which had been in service for
some years on the coasts of Alaska, and had been laid up for repairs at the Mare Island pavy-yard
during the winter of 1883-’84, was placed under the command of Lieut. Commander A. S. Snow,
U. 8. N,, in the spring of 1884, and that officer was directed to organize a party for the hydro-
graphic survey of the Strait of Juan de Fuca.

The Hassler left San Franeisco May 16, 1884, and arrived at Esquimault, British Columbia,
May 21, Having taken in coal at Departure Bay, and made other needful preparations for the
work, soundings were begun in the strait June 5, lines being run across it at intervals of two miles,
and in depths varying from ten to one hundred and twelve fathoms. At the date at which this
report closes a sufficient number of lines had not been run to justify any statements respecting the
hydrographic characteristics of the locality. Work was being pushed at every opportunity of
favorable weather, the sheet in hand, on a scale of 1-80000, including an area extending from
Whitbey Island to Pillar Point.

The mean of lower low waters was adopted as a plane of reference for the soundings, to obtaiu
which, observations of tides to be continued through one lunation were begun June 18, on a staff
gauge established at New Dungeness. A similar gauge will be established at Port Angelos. To
June 30, 1884, the statistics are :

Miles run in sounding . ... ... i e e 112
Anglesmeasured. . .. ... . ...l e e e e e .. 486
Number of soundings ..... ... .. i e 467
Specimens of bottom preserved ..... ... .. .. ... .lL Lol iiee ... 24

The officers attached to the party were Lieut. G. Blocklinger, U. S. N., and Ensigns W. V,
Bronaugh, F. H. Bostwick, and W. P. White, U. 8. N,

SECTION XIT.
ALASKA, INCLUDING THE COAST AND ALEUTIAN ISLANDS. (8ketcH No.14.)

Hydrographic reconnaissance of the bays and harbors of Southeastern Alaska, continued.—At the
beginning of the fiscal year, as mentioned in my last annual report, the surveys of the bays and
harbors of Southeastern Alaska were being continued by Lieut. Commander H. E. Nichols, U. 8. N.,
Assistant Coast and Geodetic Survey, in charge of the hydrographic party on board the steamer
Hassler.

Lieutenant-Commander Nichols arrived in the Hassler at Port Simpson, May 16, 1883, and con-
tinued his surveys until October 13 of that year, when the steamer left Port Simpson for San
Francisco.
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The results of his work are shown upon six hydrographic sheets, all of which, with the records
accompanying, have been transmitted to the office.

These six sheets include the hydrography of the following localities in Southeastern Alaska:
Cape Fox to Tree Point, Port Tongass, Port Chester, Tamgas Harbor, Cape Fox to Bold lsland,
May Island to Point Higgins.

They will form the basis of charts of those localities, arrangements for the early publication
of which are now being made. '

Lieutenant-Commander Nichols remained in command of the Hassler till March 6,1884, when
he was relieved by Lieut. Commander A. S. Snow. In the surveys of 1883 he was aided by the
following-named officers: Lieut. G. Blocklinger, U. 8. N,, and Ensigns W. V. Bronaugh, F. M.
Bostwick, J. H. Fillmore, and W. P. White, U. S. N. Mr. Fremont Morse, Aid in the Survey,
served as astronomer to the party, and in a manner which called forth special commendation from
his commanding officer. Mr. Morse was detached and ordered to other duty in December, 1883.

Tidal observations with sclf-registering tide-gauge continued at Swint Paul, Kadiak Island, Alaska.—
The tidal records of Saint Paul, on the island of Kadiak, Alaska, have been well kept up, with no
stoppage, except from a change made in the location of the pier. Mr. W. J. Fisher was, as here-
tofore the observer. The self-registering gauge is on a wharf, recently rebuilt, of the Alaska
Commercial Comp..ny. The earthquake waves from the upheaval at Krakatoa in August, 1883,
were registered on this gange, as well as the one at Sauncelito, San Francisco Bay entrance.

Faxpedition to Point Barrow, Alaska, jor the purpose of determining gravity and the magnetic ele-
ments.—An account has already been given under the heading of Section X in this report of the results
of the attempt made by Mr. R. A. Marr, Acting Assistant, to make determinations of gravity and the
magnetic elements at Point Barrow, Alaska, in execution of instructions issued in May, 1883, and
in connection with similar determinations made in San Francisco.

Although from circumstances entirely beyond his control, and at a time when all preparations
for the observations had been completed, Mr. Marr was obliged to leave Point Barrow without
obtaining them, it is hoped that a future effort, made under more favorable anspices, will be suc-
cessful.

SECTION XIII.
KENTUCKY AND TENNESSEE. (Skercugs Nos. 1,4,6,15, AXD 19.)

Occupation of the longitude station at Louisville, Ky., for the determination of the longitudes of
stations in Tennessee, Kentucky, West Virginia, Indiana, and Illinots by exchanges of telegraphic s1g-
nals.  Observations for latitude at stations not before determined.—At the beginning of the fiscal year
the longitude parties under the direction of Assistant G. W, Dean and Subassistant F. H. Parsons
were occupying stations at Louisville, Ky., and Jellico, Tenn.; the station at Louisville being the
point of reference for a series of longitude determinations to be made by Subassistants Parsons
and Sinclair, in co-operation with Assistant Dean.

At Jellico, Tenn., an astronomical station was established by Mr. Parsons, and connected with
one of the mile-stones in the boundary line of Kentucky and Tennessee. Longitude signals were
exchanged with the party of Mr. Dean at Louisville on the nights of July 1, 2, and 3; latitude
observations were also made on tlhrose nights,

The next station occupied by Mr. Parsons was one at Richmond, Ky., in the grounds of the
Kentucky Central College, which was identical with the station occupied some years ago by Pro-
fessor Page in reconuaissance for triangulation. Longitude signals were exchanged with Lonis-
ville on July 9, 17, and 18. An intended exchange on the 19th was prevented by the general
strike of the Western Union telegraph operators. Observations for latitude were made on six
nights between the 7th and 19th of July.

It being apparent that the interruption occasioned by the strike would continue for some time,
Mr. Parsons proceeded to Louisville, and observed there for personal equation with Mr. Carlisle
Terry, jr., Aid in the Survey, who was attached to Mr. Dean’s party, and by whom the observations
at Louisville were made. )

Before the personal-equation work had begun, however, Mr. Dean’s party exchanged signals
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for longitude on July 17 and 18 with Subassistant C. H. Sinclair, at Swith’s Ferry, Beaver County,
Pa. This determination was required in the course of the survey of the boundary line between
the States of Pennsyivania and West Virginia, as referred to in this report under the headings of
Sections 11 and IIl. Signals were again exchanged with Mr. Sinclair, after the termination of the
strike, on August 13.

At that date, the observations for personal equation having been completed at Louisville, and
gome office work accomplished, Mr. Parsons proceeded to Charleston, W. Va., and occupied the
station erected there iu the grounds of the State capitol building in 1881.

This station was taken as a primnary one, and after five exchanges of longitude signals had
been obtained on as many different nights between August 16 and August 25 with the Louisville
station, the observers changed places, Mr. Parsons proceeding to Louisville, and Mr. Terry going
to Charleston. A second series of exchanges was obtained on six nights between August 29 and
September 5, completing this longitude determination. The latitude of the station was determined
by ol servations on six nights with zenith telescope No. 6, Mr. Parsons observing on three nights
and Mr. Terry on three.

The next station (a secondary one) was established by Mr. Parsons about the middle of
September at Logansport, Cass County, Ind., in the gronnds of the High School. Longitude
signals were exchanged with Louisville on three nights between September 14 and 20, and latitude
was observed on five nights between September 15 and 19.

On the 11th of September Mr. Dean left Louisville for Chicago under instructions to establish
4 primary asironomical station in the latter city.

Mr. Dean acknowledges his many obligations to the Rev. Dr. Galusbha Anderson, president of
the Chicago University, by whose kinduess and friendly co-operation permission was granted for
the erection of an astronomical station in the grounds of the University. Also to Prof. G. W,
Hough, director of the Dearborn Observatory, who gave every facility in his power towards the
prosecution of the work., With his approval, the pier for the transit instrament of the Coast and
Geoidetic Station was esfablished in the meridian of the trausit circle of the observatory, and at
a distance of 33.87 meters to the north of the center of that instrument.

Onu the 21st of September, the field observatory having been completed, Mr. Parsons with his
party and instruments arrived from Logansport. On the following day Mr. Carl Schenk, Acting
Assistant, arrived from Louisville. Mur. Schenk had been attached to Mr. Dean’s party since the
25th of July, and had been engaged at every favorable opportunity in making latitude and time
observations. At Chicago he measured a suaitable base near the university buildings and made
several series of measurements of borizontal angles for the purpose of referrin: the center of
transit instrument at the station to the center of the dome of the Dearborn Observatory, and to
other prominent points on the university buildings.

For longitude, signals were exchanged between Mr. Parsons at Chicago and Mr. Terry at
Louisville on six nights between September 25 and October 29. The entire month of October
proved to be very unfavorable for observations. Latitude was observed at Chicago by Mr. Parsons
on seven nights between September 25 and October 19. :

On October 30 the observers at Louisville and Chicago changed places, and, in their new posi-
tions, signals for longitude were exchanged on five nights between October 31 and November 11.
With this longitude determination, ficld operations were closed for the season.

Messts. Dean and Parsons express their official acknowledgments for many courtesies and cor-
dial assistance received from the district superintendents of the Western Union Telegraph Company
at Louisville, Chicago, and other poiuts of their operations. Similar acknowledgment is made by
Mr. Parsons to General W. H. Smith, vice-president of the Louisville and Nashville Railroad, and
to the officers of that company; to President Patterson of the Kentucky A grienltural and Mechan-
ical College at Lexington, Ky.;to President Logan of the Kentucky Central College at Richmond,
Ky., and to Prof. G. W, Hough of the Dearborn Olservatory and Prof. J. K. Watts, superintend-
ent public schools at Logansport, Ind.

Mr. J. W, G. Atkins served acceptably as Aeting Aid in Mr. Parsons’s party. The records
and field computations of both parties have been transmitted to the oftice.

Euxtension of reconnaissance and triangulation in the State of Kentucky~—In accordance with
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instructions received in July, 1883, Subassistant J. F. Pratt proceeded to Louisville, Ky., and took
up the work begun there by Assistant G. A. Fairfield in 1879, and continued during parts of the
years 1880, 1881, and 1882, by Acting Assistant Carl Schenk.

Mr. Pratt reached the working ground July 24, and baving organized his party, began opera-
tions by visiting stations Bangs, Williams, and Potts, on the Indiana border, and Riley aud Mount
Top in Kentucky, in order tofamiliarize himself with the country and place the signals in adjust-
ment.

The preliminary examination developed the following characteristics of the section of the State
from Louisville to Lebanon over which the triangulation was ultimately carried. Along the east-
ern side of Hardin and La Rue and the northern side of Taylor Counties ruus a long coutinuous
ridge called Muldraugh’s Hill, which from the east appears as a range of hills, but is practically a
plateau, the greater portion of which is covered with a large growth of timber. East of Muldraugh’s
Hill, and extending as fur east as the stations Riley, Jackson, White Lick, and Rohan (see sketch
No. 15), the country is covered with timbered * knobs” averaging abous three hundred feetin eleva-
tion. East of these points and as faras station “Jeptha,” the country is rather high and rolling,
but practically, for the purposes of triangulation, it is flat.

The season was one of the driest known to the oldest inhabitants, and in consequence it was
a very smoky one. '

On account of the nearly equal height of the knobs and the dense timber covering them, the
reconnaissance was very difficult, and had to be made almost entirely from the highest tree tops.
It was carried over about one-half of the present scheme, and then the stations Riley, Mount Top,
Dobbins, and Jackson were occupied. The reconnaissance was then extended to the points Pen-
nick and Spurling, and eight more stations were occupied, the two last being Ferriell and Rohan.

Two tripod and seaffold signals were erected in the course of the work, one of twenty-three
feet at Burkett, the other of forty-five feet at Spurling. Field operations were closed December
15. At that date the triangulation and reconnaissance had been carried over a distance of fifty
miles from the starting point.

The statistics of the work are as follows:

Number of points visited in reconnaissanee ................ ..o il ee... . 55
Number of signals erected .. ... . ... .ol it i ciiticiiesene e 18
Number of geographical posxtlons determmed .............................. 27
Number of anglesmeasured. ... . ... ... it ittt iier et annraae aan 127
‘Number of stations observed upon ..............c.cciiiiiaiiiiiiaan P 107
Number of single measures ..... et eeetaeaieteiiesiberaieeseataeraenceetn 2, 558
Area in square miles covered during the season.-..................... eveeen 555
Cost per square mile of reconnaissance and triangulation................ . ... $2. 80

Other duty executed by Mr. Pratt is referred to under the headings of Sections IIT and XI.

Continuation of the triangulation of the State of Tennessee—As stated in my last annual report,
the party of Prof. A, H. Buchanan, Acting Assistant, was in the field at the beginning of the fiscal
year, engaged in erecting signals in continuation of the triangulation of the State of Tennessee.
During July and the first week in Aungust, four signals were erected, viz, “ Copper Ridge” in
Meigs County, *“ Owen” in Monroe County, “Lockspur” in Blount County, and ¢ Brushy ” in Mor-
gan County.

The season was so exceedingly. unfavorable for observation by the smoky condition of the
atmosphere that but one station was completed—Luper, eight and a half miles northwest of Rock-
wood. From this point nine stations were observed. Field operations were closed October 30.
The statistics of the work are as follows:

Number of primary and secondary signals and other objects observed upon..... 39
Number of observations of horizontal angles ............. Seeieeiseeiean aveee 343
Number of observations of vertical angles........ e eeececnsnericnnanranarene 270

H. Ex, 43=——=10
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SECTION XIV,
OHIO, INDIANA, 1LLINOIS, MICHIGAN, AND WISCONSIN. (Sxercmss Nos. 1, 4, 15, 16, 17, axp 19.)

Occupation of stations for the extension of the triangulation of the State of Ohio.—The work of
inspecting signals, and adjusting them in continuation of the triangulation of the State of Ohio,
was begun early in July, 1883, by the party under the direction of Prof. R. 8. Devol, Acting Assist-
ant.

Observations of Liorizontal angles were begun at McDaniel station, in Hocking County, July 9.
After some days’ trial it was found that, altbough the lines of sight were comparatively short,
ranging from seven to twenty one or twenty-two miles, yet the condition of the atmosphere was
such that heliotropes would be required for at least two of the stations.

These having been placed in position, more rapid progress was assured. On July 24, a tem-
porary interraptiou of the work was occasioned by a storm which prevailed over a wide area, and
was speeially violent in a narrow track across Townsend Hill, where one of the signals had been
erected. The tripod and scaffold at this station were blown to the ground. By July 28 they had
been put up again, and observations were continued at MeDaniel station till August 4, when the
work there was finished. :

The party was at once transferred to Townsend station, in Athens County, a few miles south
of the town of Athens. At this point observations were begun August 6 and completed Angust
25, soon after which field operations were closed. All records and results of the work, including
barometer readings for the approximate determination of heights, have been transmitted to the
office. The statistics are as follows:

Number of angles measured...... ... ... i it i e e 14
Number of MeasuremMents ... ... .cuuet e iieiee teane seaemeamae e ann, 950

Reconnaissance for the continuation of the triangulation of the State of Indiana.—The charge of
the triangulation of the State of Indiana having been resumed by Prof. J. L. Campbell, in the winter
of 1882-’83, as stated in my last annual report, he took the field for the continuation of the recon-
naissance and triangulation in July,1883. In the scheme of the work was involved the occupation
of the stations “Sims” and **Baugs,” the line joining which is the diagonal of a qnadrilateral con-
necting with points in the survey of the State of Kentueky, and thus bringing these two State
surveys into geodetic connection.

The month of July was occupied by Professor Campbell’s party in the final determination of
the site for ¢ Sims” in Clark County, the northeast station of the first guadrilateral, and the erection
of a tripod and tower at that station; the erection of a tripod and tower at the northeast station,
“8ix-Mile Switch,” in Floyd County, and the establishment of permanent underground marks at
both of those stations. In Aungust and September observations were completed at stations * Sims?”
and “Bangs,” and between the 1st and 10th of October, field operations having been closed for
the season, Professor Campbell verified the results of his work, and transmitted them with his
report to the office.

Special pains were taken in marking the two stations occupied to have both the underground
and surface marks well secured. Descriptions of these markings accompany Professor Campbell’s
report.

In June, 1884, Professor Campbell began a reconnaissance for the extension of the triangula-
tion northward from the limits of his work of the previous season. With reference to a proposed
connection by odometer measurements with the railway system of Indiana, he reported in favor of
beginning such measurements in the northern part of the State, where straight lines of from five
to twenty miles in length conld be had, and one of eighty miles long. Connection could be made
with the Lake Survey triangulation at the town of Mishawaka, Saint Joseph County, and the work
be carried over the railroads from South Beud. Professor Campbell deems it very important to
establish a connection between the Coast and Geodetic Survey work in the State and its railroad
system.

Continuation to the eastward of the primary triangulation in Illinois near the thirty-ninth parallel.—
At the date at which this report begins, the primary triangulation in Illinois near the thirty-ninth
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parallel had been advanced eastward by Assistant G. A. TFairfield, whose party had been in the
field since the middle of May, 1883. Station ¢Sturgess,” near Vandalia, had been occupied, and
one of the stones marking the Third Principal Meridian of the General Land Sarvey had been
connected with the triangunlation. To make this conuection, a base of more than a mile in length
was twice measured with steel wire, and four secondary stations were occupied by Mr. Isaac Win-
ston, Aid in the party.

At the beginning of the fiscal year the party was established at ¢ Mound” station, near Alta-
mont, Effingham County. -Progress at this station was much interfered with by violent storms
and heavy gales of wind, amounting in several instances to almost a tornado. A section of the
party under Mr. Winston’s directions was engaged during July and until the 10th of August in
building tripod and scaffold signals in advance of the observing party. Three such signals were
built during that time, one at “ [sland Creek” station, eighty feet high; one at ¢ Lucas ” station,
seventy-five feet high, and one at # Newton ” station, forty feet high.

On July 29, Assistant F. W. Perkins reported for duty, and remained attached to the party
until October 30, when he was relieved, and left for Washington.

“ Holtzhausen” station, about five miles southeast of Farina, Fayette County, was oceupied
between August 3 and 21. Camp was next moved to ¢ Lucas” station, about ten miles east of
Edgewood, Effingham County, where observations were begun August 26 and finished Septem-
ber 3. The next station occupied was “Island Creek,” about twelve miles to the eastward
of « Effingham,” the county seat of Effingham County. Observations at this station were begun
September 9 and completed September 25, when the party was transferred to station * Newton,”
about four miles south of the town of that name, in Jasper County. FPreparations for observing
were completed October 2. This being an astronomical station, observations for time, latitude, and
azimuth were made, as well as those for horizontal direction. The observations for time and lati-
tude were made by Mr. Perkins, and completed October 29. Mr, Fairfield, baving finished the
observations of horizontal direction, began those for time and azimuth October 30 and completed
them November 6.

On the 9th of November, camp was moved to Denver station, about ten miles northwest of
the town of Olney, Richland County, where observations were begun November 12. Some delay
was caused at this station by the breaking of the signal light at Holtzhausen station, and by the
necessity of opening a line between Denver and Lucas stations, and building a higher signal at
“Island Creek.” The work at Denver was finished I)ecember 2, and on the 12th field operations
were closed, seven primary stations and four seeondary having been occupied. .

Assistant Fairfield has made special reference in his report to the value of the services
rendered in the work by Assistant F. W. Perkins; he acknowledges also the ready and active
co-operation of Mr. Isaac Winston, Aid in the party. Mr.J. L. Harper served acceptably as
recorder.

The statistics of the season are as follows:

Number of tripod and scaffold signals erected.................oooiaiiia.. 3
Number of primary stations occupied ................... ... ... e 7
Number of secondary stations occupied ........ ... .o e 4
Number of primary signal observed upon . ........... ... . ... oo L 12
Number of secondary objects observed nupon ... ....... ... oo L 29
Number of observations for horizontal direction ..........cc.coivviii. ot cee. 3919
Number of nights of observation of latitude ................ ..o iiiet, 8
Number of pairs of stars observed........civv vet ivriiiiiinr iann e 109
Number of nights of observation for azimuth ..................... ... ... 6
Number of observations for azimuth ............ ..ol " 136
Number of stars observed for time ....... .. ............... e e v 90

During the winter and spring of 1883-'84 Mr. Fairfield was engaged in completing the records
and resalts of his work.
In accordance with a recommendation that he had made, the authorities of Fayette County,
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Ilinois, in which was located the base measured for connecting the triangulation with one of the
prineipal wmeridians of the Land Survey, decided to mark the base ends permanently by suitable
stone monuments. These monuments were furnished by the county, under the direction of the
Board of Supervisors, and placed in position by the county engineer. In Mareh, 1884, upon appli-
cation made by a committee of the Board, Mr. Fairfield, with my approval, communicated to the
Board the geographieal positions of the monuments at North Base and South Base. These monu.
ments will thus be of value as reference marks for tuture surveys.

In June, 1834, Mr. Fairfield took the field in order to make the necessary preparations for
resuming the work at the earliest period that the appropriation for it should be available. During
that month bis party were occupied in building siguals.

Determination of the longitude of Logansport, Ind., and of Chicago, Ill., by exchanges of tele-
graphic signals with Louisville, Ky. Observations, also, for the latitudes of Logansport and Chicago.—
A full statement has already been made under the heading of Section XIII of the determinations of
the longitundes of Logansport, Ind., and Chicago, Ill., by exchanges of telegraphic signals with a
station at Louisville. The observations at Louisville were conducted by Assistant G. W. Dean,
with the aid of Mr. Carlisle Terry, jr., observer in his party; those at Logansport were made by
Subassistant F. H. Parsons, with the aid of Acting Assistant Carl Schenk. At Logansport and at
Chicago Mr. Parsons determined the latitude of the statious of observation. During the Louisville-
Chicago exchanges of longitude signals, the observers changed places to eliminate the effect of
personal equation from the results for longitude, Mr. Parsous making the observations at Louisville
and Mr. Terry those at Chicago, TFurther details are given under the heading just referred to.

Stations occupied in continuation of the triangulation of the State of Wisconsin.—The report of
Prof. J. E. Davies, Acting Assistant, in charge of geodetic operations in the State of Wisconsin,
makes special mention of the progress of the triangulation in the vieinity of the boundary line
between the States of Wisconsin and Illinois, great interest being manifested in the true location
of the parallel 420 30/, which is prescribed by the constitution of the two States as the proper
boundary between them. Especially is this interest shown in the city of Beloit, between stations
“Clinton” and ¢ Newark 7 of the triangulation. What is called the State line passes through the
heart of the business portion of the city, actually dividing the freight station of the Northwestern
Railway, so that a doorway is marked * Wisconsin” on one side and ¢1llinois” on the other.

A division of this sort leads not unfrequently, of course, to complicated legal diffienlties,
especially in dealing with the criminal classes, and emphasizes the necessity of an accurate
definition and marking of the boundary.

As aprelimivary step to the occupation of stations ¢ Newark” and ¢ Clinton,” their distances from
the aceepted State line were carefully measured with steel tape. Extensive cutting was found neces-
sary to clear the lines of sight from each station. While this was in progress, a reconnaissance was
conducted by Professor Davies to determine the feasibility of extending the triangulation by deter-
mining the quadrilateral, Blne Mound, Wadbaw’s Grove, Fayette, and Washington, and by the
selection of a new station on the State line to the eastward of Clinton. Tor the location of this
point of the scheme, and that of other points here reterred to, see Sketch No, 16.

Tlhree stations were occupied amiing the season—¢ Clinton,” ** Newark,” Newark County; Mount
Pleasant, Gieen County; and “Wadham’s Grove,” Stephenson County, 11. The statistics of the
work are:

Number of horizontal angles measured (primary) .. ............... ceneean 38
Number of horizontal angles measured (8€cOnAary).......oeovooivuuno... .. 14
Number of vertical angles measured ......... .. . ...t 10
Separate measurements of vertical angles ... .. et eeeeae e 360
Separate measnrements of horizontal angles............._.. e, 2, 616

The records and computations of the work were forwarded to the office soon after its close in
November, 1883.
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SECTION XV,

MISSOURI, KANSAS, IOWA, NEBRASKA, MINNESOTA, AND DAKOTA. (SkercHES Nos. 1, 2, axD 17.)

Occupation of stations for continuing to westward the primary triangulation in Missouri and
Kansas, near the thirty-ninth parallel—As stated in my last annual report, the party of Assistant
F. D. Granger was in the field at the end of June, 1883, engaged in the occupation of the primary
station Normal, Johuson County, Missouri. The point oecupied, with the permission of the regents
of the school was the top of the chimney of the State Normal School building, Warrensburg,
Observations at “ Normal” were finished July 2. Professor Osborne, to whose kindness and
courtesy the party was much indebted, has made request, for the use of the school, to be supplied
with the geographical position of the station, its elevation above the sea, and the distances and
directions of all stations visible from it. This information, with my approval, has been furnished
to Professor Osborne.

During the early part of the season, signals were erected at stations ¢ Baker,” * Chapel
Hill,” Thornton, Hutton Mound, and Bowler, points of the scheme approved for the extension of
the work westward. (See Sketch No. 17.) The erection of so many signals was deemed advis-
able in order that the occupation of stations for the necessary angular measurements could be
carried on uninterruptedly during the favorable season for observing, which in this section usually
begins in June and continues into November.

Station ¢ Caldwell,” about sixteen miles south of Warrensburg, Johnson County, Mo., was
next occupied. Camp was pitched in an open field near the signal, and observations were begun
July 11 and finished July 19.

On the 24th of July, the party was transferred to station ¢ Hution Mouund,” about twelve
miles southeast of Harrisonville, Cass County, Mo. This station derives its present name fromn
its owner, Mr. Ilutton, who lives half a mile to the westward, but in the days of the earlier
settlers was known as the ¢ Big Mound,” and was one of the landmarks which guided the emi-
grants on their journeys westward. It rises about one hundred feet above the general level of the
surrounding country, and although prominent because of its isolation, is less in elevation above the
sea than any of the stations visible from it. At this station, the theodolite was mounted upon a
tripod, eighteen feet above the ground. Observations at “ Hutton Mound” were finished by
August 15, and the party was then transferred to Fulton, about two miles east of Harrisouville,
where observations were begun Aungust 20, The theodolite at this station was elevated twenty-two
feet above the gronud. Station ¢ Baker,” near Kingsville, Johuson County, was next occupied,
work having begun here September 11, This station is situated at the southern end of a chain of
small hills, which begins near Knoxville and extends about fifteen miles in a northerly direction,
Near the northeastern limit of these hills, and near the village of Chapel Hill, Lafayette County,
station Chapel Hill, the next in order of occupation, is sitnated.

The observations at ¢ Baker” having been finished September 28, ¢ Chapel Hill” was occupied
at the beginning of October. The theodolite was mounted upon the tripod of the signal at an ele-
vation above the ground of fifty-four feet, this elevation being needed to clear two of the lines of
sight over the tops of trees. Work at this station having been finished, the season closed with
the occupation of * Thoruton,” a point situated about three and a half miles northward of Pleasant
Hill, Cass County, where observatious were made between October 23 and November 2.

Mr. Granger commends the efficient services of Messrs, J. E, MeGrath and A. P. Barnard,
‘who served as Aids in the party. Mr. McGrath made most of the observations of double zenith
distances, and assisted in the measurement of horizontal directions. Mr. Barnard recorded the
observations, and aided in the office-work. ‘

The general statistics are as follows:

Number of signals erected . .. ... ... . . e, 9
Number of objects observed (primary)................... e e 12
Number of objects observed (tertiary) . ... ..ol 12
Number of stations oceupied . ... .. ... i it i 7
Number of observations of horizontal directions........ .. caeee. .. 8,331
Number of observations of differences of zenith dlstances by mlcrometer ..... 1,348

Number of observations of verticalangles .............. ... .cciiiiiaaaloan 381
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During the winter Mr. Granger completed the records and computations of his work, and in
June, 1884, proceeded under instructions to the field Lo organize a party for the continuation of
the triangulation westward.

SECTION XVI.

NEVADA, UTAH, COLORADO, ARIZONA, AND NEW MEXICO. (SKETCHES Nos 1. 2, 17, AND 18.)

Occupation of stations in Nevada, and reconnaissance in Utah for the extension eastward of th®
primary triangulation near the thirty ninth parallel.—At the beginning of the fiseal year, the party
of Assistant William Eimbeck was engaged in a reconnaissance of the table mountains east of the
Sevier River in Utah, known as the Wasatch Plateau, with a view of developing the extension of
the primary triangulation near the thirty-ninth parallel from the line ¢ Nebo-Beaver” eastward
across the high plateaus of Central Utah.

1t was necessary to carry out this reconnaissance before occupying further stations of the great
hexagon, because preliminary examinations of the high platean country in question the year
before had shown that a qnadrilateral with open diagonals was not only wholly impracticable,
but that the very locality, the king summits of the Wasatch Plateau, where the central station
of a polygonal figure had of necessity to be established, was shut off from view at Beaver station
by the interposition of Belknap, a nearer and higher peak of the Tushar Mountains. The closer
examinations at the Wasatch Platean, and subsequent ones from several of the principal summits of
the Tushar Mountains showed that the change in the location of the station ¢ Beaver,” as referred
to in my last annual report, was unavoidable, and that there existed no other choice than to locate
it upon Belknap. For even Delano, the king peak of the group, which, on account of its location
would have yielded the most favorable figure, proved unavailing on account of intercepting
“ tables” upon the line to Wasatch, :

The preliminary reconnaissance from Mount Nebo during the previous year, together with the
thorongh and exhaustive examinations this year in the Wasatch Platean and Tushar Mountains,
sufficed to determine upon the quadrilateral figare Nebo, Patmos Head, Mount Ellen, and Mount
Belknap, as shown in progress sketch No, 18. This is, indeed, the only adequate figure obtainable
by which the main chain of triangulation may be carried eastward from the long line ‘ Nebo-
Belknap.”

The development of a single definite figure, as above deseribed, was all that was contemplated
in carrying on the reconnaissance. Hence, on completing the examinations at the Tushar Mount-
ains, further reconnaissance work was suspended, and the party was transferred to Jeff. Davis
Peak, the re-occupation of which was rendered necessary by the abandonment of ¢ Beaver” station
and the substitution for it of “ Belknap.” After a tedious and toilsome journey through two hundred
miles of a desolate country, the party arrived at Lehman’s Ranch, near the eastern base of Jeff.
Davis Peak on the 19th of July, and at once began preparations for the ascent of the peak, which
rises to a height of thirteen thousand one hundred feet. By the 26th of July camp was established
at the summit.

Three days’ observations would have sufficed to determine the difference in directions of the
heliotropes at Beaver and Belknap, but owing to thunder-storms, which hung almost constantly
over the peak, and the distant mountains as well, it was the 6th of August before all of the obser-
vations needed could be obtained. Mr. Eimbeck remarks that the trials of the ten days’ life of the
party among the clouds were more severe and dangerous than had been experienced for several
years. The violence of the electric discharges, the thunder-claps, and the energy of the piping
sound of the escaping electricity was not unfrequently so alarming that the party had to seek

" pafety behind and under ledges of rock some distance below the summit of the peak, which was

often struck by lightning. The tent occupied by the men was also struck, but fortunately at a
time when no one was in it.
Pioche station, in Lincoln County, Nev., a mountain of 8,800 feet in height, was next occupied.
This is the last station of the work within the borders of Nevada. Owing to delay in getting
means of transportation from Lehman’s Ranch, arising from the difficulty of hiring hands during
the season of harvest, most of the month of Augnst was occupied in the transfer of the party and
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camp outfit to the summit of Pioche. The observations at Pioche were completed by the 1st of
October, after which the party was disbanded, the instruments and camp outfit being transferred
to Nephi, Utah, where they were stored for the winter.

The work of the season to the date just named includes, besides the usual observations of hor-
izontal directions and vertical angles, together with the necessary meteorological observations,
determinations of time, latitude, and azimuth, and a complete set of observations for magnetic
declination, dip, and intensity. Oeccasion was taken also, especially when at Lehman’s Ranch, to
carry out local triangulations, connecting the State boundary between Nevada and Utah, and thereby
the land surveys of those two States with the geodetic work. The station near Lehman’s Ranch
at which the Transit of Venus of 1882 was observed by Mr. Eimbeck was connected with the main

.triangulation at Jeff. Davis Peak and at Pioche. Special report will be made upon the results of
the reduaction of these local triangulations. )

From Jeff. Davis Peak a new determination was made of the azimuths of the reference marks
of Tres-Pinos and Snake Valley magnetic stations, as occupied during the previous season.

Having completed the arrangements at Nephi for storage, Mr. Eimbeck took up the reconnais-
sance for the location and connection of the proposed baseline in the vicinity of Salt Lake City
and Mount Nebo, as authorized by instructions issned in October, 1883.

The month of November was chiefly oceupied with examinations of the country in the vicinity
of Nephi and Juab, in Salt Lake Valley, as well as along the line of the Denver and Rio Grande
Railway, near the cities of Kaysville and Ogden. Owing to the lateness of the season, the snow
being deep on the mountains and in the valleys, it was impracticable to make these examinations
as exhaustive as was desirable, yet as far as made they were enough to show that sunitable sites
for base-lines, connecting adequately with the main chain of the thirty-ninth parallel triangulation
eould be located of a sufficient length, both in Juab Valley, near Mount Nebe, and in the vicinity
of Salt Lake City. The reconnoitering work thus done included the provisioual examination of
four distinet sites for base-lines, {ogether with such counecting schemes as the harried survey of
the surronnding country had shown to be possible, if not feasible.

Early in the summer of 1834 the reconnaissance was resumed, the examinations extending
principally over the high mountains near Ogden, Salt Lake City, and Alta, the valley south and
west of Salt Lake City, the Juab Valley, and the mountains south of Nebo and the town of Levan.
As the result of these examinations a special report was submitted referring to two sites and their
connecting schemes—the Juab and Salt Lake bases. -

Mr. George F. Bird served aceeptably as Aid in the party from the 22d of August till the 17th of
November, when he was detached for other duty. Under Mr. Eimbeck’s direction he assisted in
the time and latitude observations, and occupied the stations at Nephi, Provo, and Salt Lake City
for the determination of the magnetic elements.

‘With regard to the experiments instituted by Mr. Eimbeck for ascertaining the practicability
of using the light of the moon for night-signaling in geodetic operations, he remarks that the
results were so promising as to warrant the resumption of the experiments during the present
‘season, when there will be opportunities of testing the effect of the light on wmuch longer lines
than was practicable last year.

SPECIAL OPERATIONS.

Charge of the construction of the Coast and Geodetic steamer Carlile P. Patterson.—In pursuance
of the action of Congress authoerizing the construction of a steamship for the survey of the Pacific
_eoast and sounds, and making appropriation therefor in the sundry civil expenses act approved
March 3, 1883, plans and specifications were prepared under the direction of Commander C. M.
Chester, U. 8. N., Hydrographic Inspeector; Coast and Geodetic Survey. :

Through the courtesy of Naval Constructor S. H. Pook, at the navy-yard, Washington, D. O.
Mr. Frothingham, the draughtsman of his department, prepared the drawings and model with much
eredit to himself, and gave other valuable assistance.

On June 1, bids having been formally asked for, as prescribed by law, they were duly opened,
and the contraet for the construetion of the vessel was awarded to the lowest bidder, Mr. James
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~ D. Leary, of Brooklyn, N. Y. The contract was signed July 1, and Commander Chester was
appointed inspector on the part of the Government, Lieut. Richardson Clover, U. 8. N,, and Passed
Assistant Engineer, H. N. Stevenson, U. S. N., being assigned as his assistants.

Lieutenant Clover, who had been associated with Commander Chester in the preparation of
the data, from the inception by the late Superintendent of the project of building a vessel espe-
cially adapted to the survey of Alaskan waters, was stationed at New York, taking the immediate
charge of the work, and under his constant watchfulness nearly ever timber aud bolt that went
into the construction of the steamer received careful inspection. It is believed that the plan of
having the officer npon whom was to rest the respousibility of commanding the vessel in her voy-
age to the Pacific appointed as the immediate supervisor of her construction, was fraught with
good results to the Government, and that he acquitted himself with credit is well known.

Mr. Stevenson was located at Philadelphia, where the steamer’s machinery was being made by
Messrs. Neafie & Levy.,  This officer had also been associated with Commander Chester in planning
the machinery, aund, as her future engineer officer, was deeply interested in the careful construction
of the motive power of the vessel.

This arrangement of duties left Commander Chester free to proceed from point to point where
he was needed to decide questions of construction, and to see that all workmanship and material
were of the best quality and satisfactory to the inspector.

The steamer, named the Carlile P. Patterson, after the late Superintendent, was launched
January 15, 1884, and at the date at which this report closes had made two satlsf&ctorv trial trips,
and was nearly fitted for her voyage to the Pacific coast.

Charge of the Coast and Geodetic Survey Exhibit at the Southern Erposition, Louisville, Ky. —-The
Southern Exposition, held at Louisville, Ky., in the summer and autumn of 1883, was, as a whole,
principally illustrative ot the maunufacturing and agricultural interests of the country; but there
were many fine commercial exhibits, and the display was national in ity character, exhibits being
centered there from all parts of the United States, and the following departments or bureaus of the
Government being represented in addition to the Coast and Geodetic Survey, viz: The Geological
Survey, the Sigual Service, the National Museum, the Bureaus of ducation and of Eugraving and
Printing, the Life-Saving Service, the Fish Commission, and the United States Mint at Philadelphia.

Assistant H. W, Blair, having been assigued to the charge of the exhibit made by this Survey
left Washington for Louisville in the latter part of July.

In the arrangements for placing the instruments, charts, and other articles illustrating the
methods and appliances of the Coast and Geodetiec Survey, Mr. Blair expresses his great indebted-
ness for kindness shown and assistance rendered by Maj. J. M. Wright, the manager ot the expo.
sition, and by Prof. J. R. Procter, State geologist, who had general charge of the placing of the
Government exhibits.

Mr. Blair remarks that to the general visitor the display made by the Government seemed to
be one of the most attractive ones. That of the Coast and Geodetie Survey showed the principal
instruments used in its geodetic, astironomical, topographic, bydrographiec, and magnetic work,
with illustrations of the results of the work by selections from the published charts, collections of
the Annual Reports, Coast Pilots, and Tide Tables, and by a model of thé basin of the Gulf of
Mexico constructed in the office from the results of soundings made between 1876 and 1878. This
model attracted special attention ; dpplications for copies of it were made, and it had many vis-
itors from schools and classes of advanced students.

For the exposition management Mr. Blair prepared a concise deseription of the articles form-
ing the Coast and Geodetic Survey Exhibit, together with a short account of their nse. This
paper appears as Appendix No. 18,

At the close of the exposition two awards were made to the Survey; one a medal for the
exhibit as a whole, and the other a diploma for the line-and-end comparator.

Comparisons of standards of weight and measure, and investigations relating to determinations
of gravity—The special investigations relating to determinations of gravity and to compurisons of
standards, carried on in Great Britain and ou the continent during the summer of 1833 by Assist-
ant C. 8. Peirce have been already referred to in Parts I and II of this report; in the former under
the heading “ Special Scieatific Work,” and in the latter under the heading of Section IIL
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With reference fo the ratio of the meter to the yard, to obtain an exact value of which has
been one of the objects kept in view during the course of his investigations, Mr. Peirce makes the
following statement:

“The ratio of the meter to the yard is still a watter of considerable uncertainty. Kater’s value
of the meter, 39.3707 inches i8 universally regarded as too long. Clarke’s, 39.3704 inches, though
undoubtedly more nearly correct, is not founded upon an examination of sufficiently good meters.
The value given by Prof. W. A. Rogers, 39.37027 inches, is probably the most correct, but may be
in error by one or two ten thousands of an inch. The main difficulties of the determination are
four:

¢ 1], To obtain a length known to be equal to a meter.

#¢2. To compare quantities practically incommensurable.

%43, To compare two bars, one of which is standard at the freezing point while the other is
standard at 62° F.

¢“t4, To compare a line-measure with an end-measure.’

“As the amounnt in doubt is large as compared with the best measures of the length of the
second’s pendulum, we may obtain & value of the meter not unworthy of consideration by compar-
ing the value of the seconds’ pendulum at Kew as determined by Captain Heavyside in inches with
the same value as determined in terms of the meter by myself. This gives for the meter 39.3700
inches. In order to obtain a better comparison, two reversible pendulums, made on the same pat-
tern, one measuring a yard and the other a meter between the knife-edges, were swung simulta-
neously, each near its standard temperature at the Coast Survey Office. The pendulums were also
interchanged so as to determine at the same time their coefficients of expansion.

Assuming that by this method a meter and a yard bar can be made which shall bear to each
other a relation capable of the most accurate determination, it will still be important to devise a
method by which a check can be kept upon the changes in length to which all bars are liable by
molecular action. Mr. Peirce has accordingly devoted much attention to the spectrum meter—a
meter constructed so as to be readily compared with the length of a wave of light.

Attendance of a delegate on the part of the Coast and Geodetic Survey at the International Geodetic
Conference at Rome.—Shortly before the time fixed for the seventh annual conference of the Inter-
national Geodesic Association at Rome, I received from General Ibanez, of Spain, the president of
the conference, a letter expressing his urgent hope that American science would be represented at
Rome by a delegate from the United States. In view of the international importance of fixing
upon a meridian which should be employed as a common zero of longitude and standard of time-
reckoning, and of the great desirability of having the opinions of men of science in the United
States brought before the couference during its discussions of these subjects, 1 took the earliest
opportunity to obtain from the Department its sanction to the appointment of Mr. R. D. Cutts,
Assistant in charge of the office, as a delegate to the conference.

But short notice having been given, Mr. Cutts was able to reach Rome only on the morning of
October 15, the first day of the session. Reference has been made in a preceding part of this
report to the part taken by him in its deliberations, and to the resolutions which were finally
adopted as embodying the eonclusions of the conference.

The subsequent action of this Government upon the final resolution recommending an Inter-
national Convention to be held at Washington, as proposed -by the United States and advocated
by its delegate, is well known.

Transportation of valuable standards of weight and measure from England to France. —Qccasion
having arisen for the transportation under responsible personal supervision of two important
standards of weight and measure from the British Standards Office in London to the International.
Bureau of Weights and Measures at Breteuil, near Paris, advantage was taken of a contemplated
visit to Europe of Dr. Thomas Craig, of the Johns Hopkins University, who had kindly offered to
be of service to the Survey. Dr. Craig’s formex connection with the work has sufficed to keep up
his strong interest in it.

Upon his arrival in London, early in June, he went to the Standards Office and there received
the standard yard (Low-moor iron No. 57), and standard Arago platinum kilogram and transported

H. Ex. 4311
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them to Paris, depositing them on the 9th of June at Sevres with the International Burean of
Weights and Measures. The yard was simply deposited for safe keeping during the summer, and
the kilogram for eomparison.

On leaving Paris, Dr. Craig stopped at Sevres and received the standards again, took them to
Washington, and delivered them to the Bureau of Weights and Measures on September 3, 1884.
Under his care every precaution was taken to protect the standards from concassion or injury
from any cause whatever.

Tidal observations at Honolulu, Sandicich Islands.—The superintendent of the survey of the
Sandwich Islands, W. D, Alexander, esq., has continued to transmit to this office the records from
the self-registering tide-gange loaned to him by the Coast and Geodetic Survey in June, 1877.
Blank forms of reduction, and tidal rolls are also supplied to him. The series will have special
value in the discussion of the tides of the Pacific, and their comparison with those recorded on
the coasts of Mexico, California, Oregon, and Alaska.

COAST AND GEODETIC SURVEY OFFICE.

From the beginning of the fiscal year until early in October, 1883, the charge of the office was
continued with Assistant Richard D. Cutts. Upon bis departure for Europe to attend the confer-
ence of the International Geodetic Association at Rome, as a delegate on the part of the United
States (reference to which has been made on pages 4, 6, 17, and 81 of this report), Assistant Cutts
was relieved by Assistant Charles A. Schott, who was assigned to act for him during his absence.
When Mr. Cutts returned, towards the close of November, he resumed charge of the office, but his
health rapidly failed and on the 13th of December, after an illness of about a week, he died.

The suddenness of this event, and the great loss to the work involved in it, as well as its sev-
erance of strong personal friendships, occasioned deep and wide-spread regret. His associates on
the Survey expressed their sense of his loss by resolutions and addresses at a meeting called for
the purpose December 15. The proceedings of this meeting have been placed on record on pages
14 and 15 of this report.

Until a permanent assignment could be made, Assistant Schott was designated to take charge
of the office. In January, 18%4, Assistant Charles O. Boutelle was placed in charge, and entered
upon his duties January 7. In his report of the office operations during the fiscal year, which
appears as Appendix No. 4, Mr. Boutelle, who had served nearly forty years in field duty,
ackowledges his indebtedness to the method, system, and order introduced by his predecessors in
lightening his labors, and also the kindly aid afforded by those of long experience in offiee details.

Assistant Andrew Braid was on duty as executive officer in the office of the Assistant in charge
until January, 1884, when he was transferred to the office of the Superintendent, and Assistant H.
W. Blair, who had been on duty under the immediate direction of the Superintendent, was assigned
in Mr. Braid’s place. ’

The report of the Assistant in charge is accompanied by the reports of the chiefs of the several
office divisions. It is worthy of note that although the demands for information from the records
and results of the Survey, and requests for its publications have increased largely during the year,
while no increase of force has been practicable in the office, nevertheless the extra labor required
to comply with these demands prowmptly has been cheerfully given. The distribution of the charts
has increased gixteen per cent. during the year, and in the electrotyping department, under the
direction of Assistant Ogden, a larger amount of work has been done than in any previous year.
This has been the case also in the engraving division, which, as well as the eleetrotyping and print-
ing divisions, has remained under Mr. Ogden’s direction. _

Full reference is made in the report to improvements in methods and processes tending
towards greater efficiency and economy in the field and office operations. A new set of projee-
tion tables based upon the Clarke spheroid and extending from the equator to the pole has been
computed, and appears in Appendix No. 6.

At the request of the Commissioner of Agriculture a measurement has been undertaken, and
partly completed, of the areas of salt and fresh marsh upon the Atlantic coast.

The interest aroused by the model of the basin of the Gulf of Mexico, which was exhibited
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by Mr. Hilgard at the November meeting of the National Academy of Sciences, 1880, led the
Superintendent to direct the construction of another one on the same scale, which includes in its
limits not only the depths of the sea in the Gulf of Mexico and the Bay of North America,* but
also a representation in relief of the islands in the approaches to the Gulf, the Bermuda group, and
parts of the continent. On the north this model reaches to the Great Lakes, on the south to
Cuba, and in an east and west direction from Halifax and St. Thomas to the Llanos Estacados at
the base of the Rocky Mountains and the city of Mexico.

Its construction was intrusted to Messrs. A. and H. Lindenkoh], the former the chief draughts-
man in the office. They had been associated in the construction of the model of the Gulf, and
were familiar with the data needed for the larger work, The submarine part of this model is
based almost entirely upon the recent soundings by the Coast and Geodetic Survey, though the
Challenger soundings and those of the  Fish Commission have also been taken as authority when
needed. The construction of the orographic part was greatly facilitated by access to the manu-
script of the Dictionary of Altitudes (since published), kindly accorded by Mr. Benry Gaunett, of
the Geological Survey.

The model was exhibited at the International Fisheries Exhibition in London ; at the meeting
in Washington of the National Academy of Sciences in April, 1884, and at the meeting in Phila-
delphia in September, 1884, of the American Association for the Advancement of Science. Upon
each of these occasions it attracted great attention and received high commendation. Upon the
two oceasions last mentioned the Superintendent read a paper upon the structural features of the
two great basins which are revealed by the model in so striking a manner. A description of it
appears in Appendix No. 17.

It is proposed to exhibit it at the approaching World’s Exposition at New Orleans.

In the progress of the Survey, some important questions have arisen in regard to the proper
designation and orthography of geographical names. In many localities different names have
been found in use for the same characteristic features; local authorities differ irreconcilably, and
the origin of their differences is often obscure. Hence the need was long felt of an authoritative
historical account: of the progress of discovery and exploration on the coasts of the United States,
by the aid of which aboriginal names might be traced to their source, true orthographies estab.
lished, corruptions pointed out, and the names given by early discoverers referred to the best
authorities. ‘ .

In the Reports for 1855 and 1856, Professor A. D). Bache, then Superintendent, alluded at some
length to this subject, and stated that he had availed himself of the visit to this country of a
distinguished ethnographer, Dr. J. . Kohl, to request him to prepare a complete historical state-
ment of the discoveries and explorations on the Atlantic, Gulf, and Pacific coasts of the United
States. Dr. Kohl had previously made an extensive collection of maps of discovery on this con-
tinent, and was peculiarly qualified by his studies aud researches for the important work com-
mitted to his charge.

Abstracts of the papers of Dr. Kohl were published in the Coast Survey Reports for 1355 and
1856; his manuscripts and maps have been preserved for reference in the Archives. [t is believed
that the occasion has now arrived for the publication of these valnable historical mewmoirs. They
appear in Appendix No. 19, '

Reference was made in my last annual report to the work of Assistant W. H. Dall in the prep-
aration for publication of a new edition of the Coast Pilot of Alaska. The first volume has now
been published under the title “Pacific Coast Pilot, Alaska, Part I, Dixon Entrance to Yakutat
Bay with the Inland Passage.”

The manuscript of a new and enlarged edition of the Catalogue of Charts was prepared during
the summer of 1884 by Assistant Blair, and revised for early publication.

Mr. W. B, Morgan has served with acceptance as Disbursing Agent of the Survey.’ He has had
the aid of Mr. John W. Parsons as accountant and of Mr. V. J. Fagin as examiner.

[

* This appellation was suggested by the Superintendent at the April meeting of the National Academy of Sciences,
1884, to designate that great embayment of the North Atlantic which lies west of a line drawn from Newfoundland
through the Bermudas to Saint Thomes in the West Indies,
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In the preparation of this report I have been aided by Assistant Edward Goodfellow. The
clerical duties in iny office have been performed by Messrs. W. B. Chilton and C. D. Gedney.
Respectfully snbmitted.
J. E. HILGARD,
Superintendent.
Hon. HueH McCULLOCH,
Secretary of the Treasury.
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ArPrPENDIX No. 1.

Distribution of the parties of the Coast and Geodetic Survey upon the Atlantic, Gulf of Mexico, and
Pacific coasts gnd the interior of the United States during the fiscal year 1883-'84.

Sections. 'Parties. Operations. Perasons conducting operations. Localities of work.
SgcTioN 1. 5
Maine, New Hampshire, | No. 1  Triangulation ....! O. H. Tittmann, assistant......... ' Triangulation of the coast of Maine. between
Vermont, Massachnastts, ¢ West Quoddy Head and Cross Island. (See
and RhodeIsland, includ. i also Sections Vand VIII.)

ing coast and seaports,
bays and rivers. ! . ‘
2 ! Trisngnlation and  C. H. Boyd,assistant; T. P. Borden, | Triangulation and topography of Machias Bay

| topography. aid, ' apd vicinity.
3 | Hydrography ..... Lieat. E. M. Hughes, U.S. N., as- . Hydrographic surveys between Cross Ialand
sistant (part of season); Lieut. " and Nash Island; in the vicinity of Moos-a
Commander A. S. Snow, U.S. : bec Reach and in Muscongus Bay, coast of

N., assistant; Ensigus H. M. | Maine. (See also Bection XI.)

Witzel, T.M. Brumby, A.L. Hall

andJ. H. Hetberington, U. 8. N. |

4 | Topography ...... Eugene Ellicott, assistant. ........ i Topographical surveys of Harrington River and
! of Chandler's River Bay., Maine. (See also
Section ITI.)

5 | Hydrography ..... Lieut. E. D.F. Heald, U.8. N, as- ’ Completion of the hydrographic surveys of Nar-
sistant; Lient. David Daniels, ragugus Bay and River and of Pigeon Hill
U. 8. N.; Ensigns O. G. Dodge = Bay, coast of Maine. (See also Section IX.)
and Alfred Jeffries, U. 8. N. .

¢ | Topography ...... A. W. Longfellow, sssistant; W. | Topographical surveys between Gouldsborough

1. Vinal, sssistant. ! and Frenchman's Bays, coast of Maine.
7 | Tidal observations! J. G. Spaulding ...... ......__.... | Series of tidal observations with self-register-

ing tide-gauge continued, and meteorological
observations recorded at Pulpit Cove, North
Haven Island, Penobscot Bay.

8 iHydmgnphy ..... Lieut‘i. J. E. Pillsbury, U. 8. N,, : Hydrographic examinations of Pemaquid and
; assigtant. " Outer Heron Island Ledges, coast of Maine.
(See also Sections IV and V)
8 (Geodetic .......... Prof. E. T. Quimby, acting assist- ; Continuation of the triangulation of the State of
ant. New Hampsbhire.
10 | Geadetic..........! Prof. V. G. Barbour, acting assist- | Occnpation of stations in conneetion with the
- ant. i triangulation of the State of Vermont.

11 | Hydrography..... Cherles Junken, acting assistant; . Examination of ledges in Lake Champlain.
W.'I. Vinal, subassistant. *
12 | Reconnaissance. .., Charles O. Boutelle, asaistant; J. | Reconnaissance for the introdmetion of sddi- .
B. Boutelle, extra observer. tional lines in the triangulation between the
Fire Island, Massachusetts, and Epping Base-
lines. (See also Section XI.) :
13 | Hydrography..... Lieut. Commander W. H. Brown. | Hydrographic examinations in Vineyard Sound,
son U. 8. N, sssistant; Lieut. and resurvey of Monomoy Passage, Nantucket
F. H. Crosby, U. 8. N., assist- | - Shosls, (See also Section IL.)
snt; Ensigns J. T. Newton, H.
8. Enapp, B. Bimpaeon, jr., and
M, C.Gorges, U. B. N.

" -




88

UNITED STATES COAST AND GEODETIC SURVEY.

APPENDIX No.1—Continued.

Sections.

iParties.j Operationsa.

| !

; Persons conduneting operations. ;

Localities of work.

Secrron I—Continued.

|

Secriox II.

Connecticut, New York, ' No.
New Jersey, Pennsylva. ‘
nis, and Delaware, in- !
cluding coast, bays, and '
rivers. '
|

14 ' Special survey.... Henry L. Whiting, aseiatant

| !
15 | Tidal observations

i
" Tidal obsorvm;ionsv J. M. Conley

' i

16

i

: W. C. Hodgkins, subassistant ;
J. H. Turner, soting aid.

. Topography

Lieut. A. V. Wadhams, U. 8. N,
asgistant; Ensigns T. D. Grif-
" fin, A. L. Hall, and W. C. Can-
| | field, U. 8. N.
Hydrography " Lieut. John T. Sullivan, U. 8. N.,
: assistant; Lieut. W. G. Cutler,
TU. 8. N.; Ensigns E. N. Fisher |
and J. P. Parker, U. 8. N.
1 Hydrogrephic work off Shagwong Point, Mon-
tank; resurvey of Black Rock Harbor, Conn.:
oxaminations for rocke and ledges in East
River, N. Y. (See also SectionI.)

w0

Hydrography
|

\
|
1
i
i

..... ! Lieat. Commander W. H. Brown-

| Hydrography

i

ant; Ensigne J. T. Norton, H.

M. C. Gorgas, U. 8. N.
Topography and
hydrography.

o

signs, R. P. Schwerin and D. P.
Mensfee, U. 8. N.

|
t
i
i
|

i
i
i i
1

i

-]

|
i
|
L

; Tidal observations

‘ Topography

i Taney, aid.

3 |
Dewey, U. 8 N,

E. Hergesheimer, assistant

Topography ..... ;

Triangunlation..

i
! i
10! ...| Spencer C. McCorkle, assistant ...
i
| :

11| Triangnlation ....; Gershom Bradford, sssistant. ...

i

i |
! |
: |

;
i
i
i

12

. Trisngulation

; Lient. H. B. Mansfleld, U. 8. N,
assistant; Ensigns W. B, Caper-
ton, J. M. Orchard C. 8. MoeClain,

Hydrography

{ son, U. S. N., assistant; Lieut.
! F. H. Crosby, U. 8. N., assist- |

8. Knapp, E. Simpson, jr..and '

! Charles Hosmer, assistant; En. |

{ W. H. Dennis, assistant; E. L. ;

. assistant; Eusigns F. H. Sher-
» man, C. W. Jungen, and T. G. |

11 wrecked steamer.

Observations continued at Providence, R. 1., with
aself-registering tide-gange loaned to the oity
engineer.

Continunation of observations with self-register-
ing tide-gauge established on the breakwater,
Blook Island.

Topographio resurveys of Stonington, Conn., and
vicinity; also of the coast of Copnecticut in
the vicinity of S8aybrook and Lyme. (Seealso
Section VIIIL.)

Hydrographic resurveys of Fisher's Inland Sonnd
and its adjacent waters completed.

Hydrographic resurveys of the eastern part of
Long Island Sound and a portion of Block
Island Sound.

Topographic and hydrographic resurveys in
the vicinity of Montauk Point, Gardiner's
Bay, and Orient Harbor, Long Island; also
completion of hydrography between Step-
ping Stones light-house and College Point,
East River. (See also Section VIIL)

Completion of observations with self-register-
ingtide-gange at Fort Trambull, New London,

1 Conn.

Topographic resurveys of the morth shore of

Long Tsland Sound between New London and

| FourMile River and hetween Saybtook snd

Clinton.
: Hydrographic resurvey along the north shore
of Long Island Sound between Goshen Point
and Hammonassett Point; also determina-
tion of dangercus rock in East River, N. Y.

' Topographic resurvey of the morth shore of

Long Island Sound from Bridgeport to Frost
Point. (See also No. 24, Section II, and
Section II1.)

Re-establishment of points of the old triangu-
lation and determination of additional points
on Long Island between Horton’s Point and
Old Field Point.

Supplementary trianZulation between Eaton's
Point and Sands Point, north const of Long
Island, and of the oppousite shore for resurvey
of Long Island 8Bound.

Completion of the primary tiiangulaiion across
the State of New York, for connecting the tri-
angulation of Hudson River and Lake Cham.
plain with that of the Lake Survey. (Soe also
Section L)

Hydrographic resurvey of the approaches to
New York. (See also Sections VI and VIL)

| and Harry Pheipe, U. 8. N.
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APPENDIX No. 1—Continued.

Sections.

1Parties.’

Operatious. Persons conducting operations.

Localities of work.

SecrioN II—Continued.

Secrion T11. ;

Maryland, Virginia, and
West Virginia, incind- -
ing bays, seaports, and |

rivers.

‘ No.

14 ¢

f
15 |

17"

18

24

Tidal observations F. W. Shepheard

: Determinations of C. 8. Peirce, assistant

: Triangulation ....

Lieut. J. C. Fremont, U. 8. N., as-
sistant ; Eusigns A. F. Fech-

Hydrography....

Observations of currents at stations off New
York entrance. {Sece Section VL)

teler, F, W. Kellogg, and F. R. .

Brainard, U. 8. N.

i
| Geodetic._........ Prof. E. A. Bowser, acting assist-

]3 ant.
Geodetic.......... " Mansfield Merriman, acting as-
sistant.
Special survey.... C.H. Sinclair, subassistant; C. H.
Van Orden, snbassistant.
i Topography ...... C. M, Bache, assistant; W. B.
Mapes.
Physical hydrog- Henry Mitchell, assistant; Henry

raphy. L. Marindin, assistant.
Topography .... R. M. Bache, assistant..........._.
Topography ...... [ C.T. Iardella, assistant ...........

i Lieut. C. McR. Winslow, T. S. N.,
i assistant; Ensigns William

Hydrography ..

Continuation of series of tidal ebservations with
self-regigtering tide-gauge at Sandy Hook, N. J.

Triangulation of the northern part of the State
of New Jersey continued, and reconnaissance
begun for the extension of the triangulstionin
the southern part.

Continuation of the triangulation and reconnais-
sance of the State of Pennsylvania.

Survey of the boundary line between the States
of Pennsylvania and West Virgima. (Sec also
Section I1L)

Topographic survey of the Now Jersey coast
from Cape May Conrt-House northward.

Physical hydrography of Dclaware River and
Bay and location of Port Warden lines in the
harbor of Philade lphia.

Topographic resurvey of the New Jersey shore
of Delaware Bay continued.

Continuation of the topographic resurvey of the
western shore of Delaware Bay.

Hydrographic resurvey of Delaware Bay from
Mahon’s River to Mispillion Creek light.

Truxtun, Johu S. Watters, and

i Louis S. Van Duzer, U. 8. N.
Topography ..... E. Hergesheimer, assistant .......
i
Hydrography.....

1

¢ Lieut. G. C. Hanus, U. 8. N., as- ‘
[ gistant; Lieut. W.G.Cutler, U.

: Topographic resurvey in the vicinity of Cape
Henlopen.  (See also No. 9, Section 1T, and Sc¢-
tion I1I.)

Hydrographic resurvey of lower Delaware Bay.
(See also Sections I1L, 1V, and IX.)

S.N.; Epsigus E.F. Leiper and

G. R. French, U. 8. N.

gravity.
i
. Determinations of ' Edwin Smith, assistant...........
gravity. ;
Magnetic observa- ‘ C. A. Schott, assistant............
tions. ’
. {
? Telegraphic longi- . Francis H. Parsons, subassistant ;
tudes. C. H. Sinclair, subassistant.

-

|
i
i
I
!
|
i

Gray, acting aid.

Topography ......| John W. Donn, assistant; D. B, |
‘Wainwright, assistant.

Topography ......, E. Hergesheimer, assistant....... ;

Topography ......| Eugene Ellicott, | SRS

Hydrography....

and G. R. French, U. 8. N.

12

C. H. Sinelrir, subassistant; J. H. *

.| Lient. G. C. Hanus, U. 8. N., as- |
sistant ; Ensigns E. F. Leiper

" Determinations of gravity by pendulum experi-
ments and comparison of standards in Europe
and in the United States,

i Comparative determinations of gravity with the
Kater pendulums at Washington.

- Apnual determination of the magnetic declina.
tion, dip, and intcusity at the station on Capi-
tol Hill, Washington.

Longitnde of Covington, Va., by telegraplic

i exchanges of signals with Washington, D. C.

Also observation for latitude of Covington.

| {(See algo Sections XIIT and X1V )

Oceupations of stations for connecting with the

triangulation the corper-stones and boundary
monuments of the Iistrict of Columbia.
also Section I1.)

Continuation of the detailed tupographical sur-

vey of the District of Columbia.

Topographic resurvey of the shores of Cherry-

(See also Section I1.)

{See

{ stone Inlet, Va.
! Topographic surveys in the vicinity of the hend-
| waters of Lynuhaven Bay, Va. (See also
| Section 1)

. Hydrographic surveys in the south branech of
| Elizabeth River, and in North Landing River
| and Back Bay, Va. (See also Sections 11, IV,
!

and 1X))
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APPENDIX No. 1—Continued.

Sections.'

frer1ox TT—Continued.

Srerion 1V,

North Carelina, including

consts, sonnds, seaports,

aud rivers.

SFECTION V.

South Carolina and Geor-

gia, including coast, sea- |

water chaunels, sounds,
harbors, and rivers.

Secriox VI.

Peninsula of Florida fmnxz No. 1

Saint Mary’s River, on
the east coast, to and

including the Anclote |
Keys, on the west coast,
with the coast ap. |
proaches, reefs, keys, !

seaparts, and rivers,

SEcTIOR VIIIL

Alabama, Mississippi Lou-
isiana, and Arkapsas,
including Gulf coasts,
ports, and rivers.

[Parties. Operations. ! Persons conducting operations.

Localities of work.

No. 10 | Geodesic leveling. Johp B. Weir, subassistant; John
! i Nelson, acting aid.

|

11 E Triangulationand C. H. Sinclair, subassistant ; Isaac
| magnetic obser-©  Winston, aid.
! tiops. !
| ;

12 | Telegraphiclongi- © George W. Dean, assistant; Fran-
1 tudes. cis 1I. Parsons, subassistant: ,
; i Carlisle Terry, jr., aid; J. W. G ¢
: Atkins, acting aid.

13 Triangnlation ....: A. T. Mosman, assistant; J.JF.

Pratt, subassistant; W. B. Fair- ‘

i field, extra observer.

i 14 Special survey....: C. H. Sinclair, subassistant; C. H. ;

i : , Van Orden, subassistant.

i

I ¢ slatant; Ensigns E. F. Leiper
| and G. R. French, U. 8. N.

| sistant; Enpsigns E. F. Leiper
and G. R. French, U. 8. N.

Turner, acting aid,

opography, hy-: B. A. Colonna, sssistant; Ensign

| ! drography, and . T, G. Dewey, U. 8. N.; T. P.
i : magn etic ob-| Borden and E. L. Taney, aids.

| . servations.

2 1 Current observa- | Lieut.J.C. Fremont, U.8 N., as-

! tions. sistant; Ensigns A. F. Foch-
i teler, F. W. Kellogg, and F. R.
: . Brainard, U. 5. N.

3 | Triangulation.....! Joseph Hergesheimer, assistant ;

J. H. Turner, acting aid. '
4 Hydrography.. ‘ Lieut. H. B. Mansfield, U. 8. N.,

asgistant ; Ensigns John M. Or-
chard, J. P. Parker, John E.
Craven, and Hari'y Phelps, U.
8. N. . k
5 i Topography ...... W. Irving Vinal, subassistant.

No. 1 | Reconnaissance ..; O. H. Tittmann, assistant; W. B,
Fairfield, extra observer; J. H.
! Turner, acting aid.

| Geodesic leveling. | J. B. Weir, subassistant; Joln
i Nelson, aid.

| |
3 | Topography sud | Charles Hosmer, aesistant; En-
hydregraphy. sign Alred Jeflries, U. S. N.;

Carlisle Terry, jr., sid.

No. 1| Hydrography.... | Lient. G. C. Hanus, U.S. N., as-
]

2: Hydrography..... | Lieat. J. K. Pillsbary, U. 8. N., as-
: i sistant; Ensigns E. F. Leiper
and G. R. French, U. 8. N.
1 Hydrography ...." Lieut.J.E. Pilisbury, U. 8. N., as- ‘

2 * Reconnaissance...” . H. Tittman, assistant; W. B. ;
Yairfield, extra observer; J. H. .

Lines of leveling of precision carried from Ha-
gerstown, M., towards Fortress Mouros, Va.
(See also Section VIIL,) .

Connection of the astronowical station at Stras-
burg, Va., with the triangulation. Magnuetic
observations at Strasburg. (See also Seetion
IL)

Determination of the longitude of Charleston,
W. Va., by exchanges of telegraphic signals
with the station at Louisville, Ky. Also ob-
servations for the latitade of the Charleston
Station. (See also Sections XIII and XIV.)

Extension westward of the primary triangula-
tion near the thirty-.ninth parallel in West
Virginia and Ohio.

Determination of the boundary lines between
the States of Pennsylvania and West Virginja.
(See also Section 11.)

Triangulation, tepography, and hydrography of
North River, N. C. (Sec also Sections IT, I1T,
and IX.)

Verification of hydrograpby for the Atlantic
Coast Pilot. (Sce also Sections T and V.)

Verification of hydrography for the Atlantic
Coast Pilot. (Sce also Svetions Fand TV)

Reconnaisaance for the extension of the primary
triangulation in Northein Georgia and Ala-
bama towards Mobile. (See also Sections I
and VILL)

Completion of the suivey of the east coast of
Florida between Lake Worth and New River,
{See also Section X1.)

Observations of currents off the east coast of
Florida cortinued. (See also Section IL)

Triangulation of the west coust of Florida in the
viviaity of Panta Rasa.

Hydrographic surveys in the vicinity of the An.
clote Keys, in Lemon Bay, and near San Carlos
Bay, west coast of Florida. (See also Section
IL)

Topographic surveys of the Florida coast from
the Anclote Keys southward. (See alzo Sec-
tion 1,)

Reconnaissance for the extension of the pri.
mary triangulation in North Georgia and Ala.
bams towards Mobile. (See also Sections I
and V.)

Line of levels of precision carried from the Gulf
coast near Mobile towards a pointon the trans-
continental lineof geodesic leveling. (See also
Section 111.) )

Barvey of the Gulf coaat to the westward of the
deita of the Mississippi. (See aleo Section IL)
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APPENDIX No. 1—Continued.

Sections.

! 1
Parties.:

Operations. Persons conducting operations.

Localities of work.

SecTIoN VILI—Continned.

SecTioN IX.

SEcTION X.

California, includinug the |
coast, bays, harbers, and

tivers.

Secrion X1.

Oregon, and Washington
Territory, including
coast, interior bays, ports,

nd rivers.

No.

No.

4

bydrography. Bird and Isaac Winston, aids.
© Hydrograpbhy-.... Lieut. E. D. F. Heald, U, 8. ¥, as-
: sistant; Lieut. G. C. Hanus, U. j
8. N., assistant. '
Reconnaissance...% R. E. Halter, assistant ............

Triangulation, to- | F. W, Perkins, assistant; W. C. |

pography, and Hodgkins, aubassistant; G. F.

|
i
i

Triangulation and : A.F, Rodgers, assistant ..........
topography. |

Magnetic obser- | Marcus Baker, acting assistant;:

vations. } Carlisle Terry, jr, aid; P. A. ;
| Welker, aid. |
Triangulation ... J James S. Lawson, assistant; P. A. :
| Welker, aid. |
Triangulation and ' Stehman Forney, assistant ......
topography.
Hydrography ... ., Lieut. E.D.Taussig, U. S. N.,assist- |

ant; Lieut. F. H. Lefavor, U.8. !

N.; Ensigns W. L. Burdick and :

. P.B.Bibb, U.S. N. j

Triangulation. .... George Davidson, assistant; '
. JamesS. Lawson, assistant; E, |

t

F. Dickins, assistant: P. A. i
. Welker, aid. i
Tidal observa | E.Gray. ...l

tiona. i
Determinations of ' R. A. Marr, acting assistant; A.
gravity. i D. Schindler, acting aid; C. B.
I Hill.
Hydrography.....! Lieut. E. D. Taussig, U. 8. N., as-
| sistant; Lieuts, J. B, Milton and
| E.P.Elliott, U. 8. N.; Ensign P.
! B.Bibb, U.8.N.
Triangulation, to- | Louis A. Sengteller, assistant ....
pography, and

hydrography.
Triangulation, to- |{Cleveland Rockwell, assistant ....
pography, and
hydrography.
Hydrography -.-.. i Lieut. T. Dix Bolles, U. 8. XN., as.
sistant ; Ensign J. N. Jordan,
U. S. N., assistant ; EnsignJ. L.
Purcell, U.S. N.
Triangulation and | J.J. Gilbert, assistant ............
topography.
Triangulation and | J. F. Pratt, subagsistant. ...._.....
topography. ‘
|
Triangulation and | B. A. Colonna, assistant; T. P. |
topography. Borden, aid. :
Hydrography ... .. ‘Lieut. Commander A. 8. Snow, U,

£, N., assistant ; Lieut. G. Block-
linger, U. 8. N.; Ensigns, W. V.
Bronsagh, F. M. Boatwiok, and
W.P. White, 0.8 N.

Continuation of the survey of the Gulf coast of
Louisiana from Caleasieu Pass eastward., (See

also Section XIV.)

Hydrographic survey of the coasts of Texas and
Louisiana continued between Galveston En-
trance and Calcasieu Pass. (See also Sections
I, 11, III, and IV.)

Reconnaissance for connecting the triangulation
in the vicinity of Point Isabel and the mouth
of the Rio Grande with Brownsville, Tex.

Survey of the coust of Californis between Sun
Diego and Newport.

Continuation of the series of observations at the
magnetic self-registering record station at Los
Angeles, Cal.

Continuation of the primnary triangulation of the
coast of California north of Point Concepcion.

Survey of the coast of California between Moro
Bay and San Simeon Bay.

Hydrographic survey in the vicinity of Point
Buchon, Cal., and examination of bar at en-
trance to San Francisco Bay. (See also No.9
of this section.)

Conneetion of the main triangulation nerth of
Point Concepcion with the transcontinental
triangulation near the thiity-ninth parallel.

Tidal observations with self-registering tide-
gauge continued at Saucelito, near San Fran-
cisco Bay entrance.

Determinations of the force of gravity at San
Francisco in connection with similar observ.
ations in Alaska.

Hydrographic survey of the California coast
between Salmon Point and Brushy Point. (See
also No. 5 of this section )

Survey of Siuslaw River entrance, and contin-
uation of the triangulation and topegraphy of
TUmpquah River, Oreg.

Survey of Nestucea Bay and River, Oreg., and
continuation of the triangulation and topog-
raphy of the Willamette River and of the
topography of the Colambia River.

! Hydrographic surveys of Gray's Harbor and in

the vicinity of Seabeck, W. T,

Continuation of the topography of Hood's Ca-
nal, W. T.

Continustion of the trisngulation and topn:-
taphy of Possession Sound, W. T. (Seealwo
Section XIII.)

Triangulation and topograpby of the Strait of
Fuca, W. T. (See also Section VI.)

Hydrographic survey of the Btrait of Fues,
W. T. (See also Section I.)
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Sections.

Secriox XTI b

Parties.

Operations.

Persons condueting operations.

i Localities of work.

Alaska, including thecoast * No. 1 Hydrogeaphic re. : Lieutenant-Commander H. E.

and the Aleutian Islands.

SecrioNn XTI

Kentucky and Tennessee..

SecTiON XIV.
Ohio, Tliinois, |
Michigan, and Wisconsin. |

Indiana,

SECTION XV,

Missourj, Kansas, Towa, | No.

Ncebraska, Minnesota, !
and Dakota.

Secrion XVI.

Xevada, Utah, Colorado, | No.

Arizona, and New Mex- |
ico.

SPECIAL OPERATIONS.

No.

No.

counaissance.

2 Tidal observations

3 Force of gravity
and magnetic
observations.

1 Telegraphie  lou-

eitudes.
2 Geodetic..........
3 Geodetic..........

i Geodetic

1| Geodetic.........

2 (’ Geodetic.........

3 Triangulation ...
i

4 ' Telegraphic lon-
¢ gitndes.

5 | Geodetic..........

1 Triangulation.....
i

1

Triangulation ....

Charge of con-
atruction of the
¢ Coast and Geo-
detic Survey
steamer Carlile
P. Patterson.
{Charge of the
Coast and Geo-
detic Survey
Exhibit at the

i sition.

Nichols, U. 8. N., assistant.
W. J. Fisher

{ R. A. Marr, acting assistant;

i A.D. Schindler, acting aid.

i {reorge W. Deau, assistant; Fran-

cis H. Parsons, subassistant; :
Carl Schenck, acting assistant;
Carlisle Terry, jr., aid; J. W. G. |

Atkins, acting aid.

J. F. Pratt, subassistant

" Prof. A. H. Buchanan, acting as-
sistant,

Prof. R. 8. Devol, acting assistant.

Prof. J. L. Camp'iaen, acting aa-
sistant.

George A. Fairfleld, assistant;
F.W. Perkina, assistant; Isaac
‘Winston, aid.

George W. Dean, assistant; Fran-
cis H. Parsons, subaseistant;
Carlisle Terry, jr., aid ; J. W. G.
Atkins, acting aid.

Prof. J. E. Davies, acting assist-
ant.

! F. D. Granger, assistant; J, E.
MeGrath, aid; A. P. Barnard,
acting aid.

William Eimbeck, assistant;
George F. Bird, aid.

| Lieut. Com C. M. Cheaster,
U. 8. N., Hydrographic In.
spector; Lieut. Richardson Clo-
ver, U. 8. N,, assistant.

a,

H., W. Blair, assistant;
Clark, mechanician.

John

Southern Expo- |

Hydrographic veconnaissance of the bays and
harbors of Southeastern Alaska continued.
i Tidal observations with selfregistering tide-
‘ gauge continued at Saint Paul, Kadiak Island,
Alaska
Expedition to Point Barrow, Alagka, for the pur-
pose of determining gravity and the magnetic

elements. (See also Section X.)

Occupation of the longitude station at Louis-
ville, Ky., for the determination of the longi.
tudes of stationsin Tennessee, Kentucky, West
Virginia, Indiana, apd 1llineois by exchanges

Observations for lati-

(See

of telegraphic signals.
tude at stations not before determined.
also Sections ITT and XIV.)

| the State of Kentucky. (See also Sections ITT

| and XL)

| Continuation of the triangulation of the State of
Tennessee.

i
i
|
|

- Occnpation of stations for the extension of the
. triangulation of the State of Ohio.

! Reconnaissance for the continuation of the trian
| gulation of the State of Indiana.

: Continuation to the eastward of the primary
triangolation in Illinois mnear the thirty-ninth
parallel.

Determivation of the longitudes of Logansport,
Ind., and of Ghicago, I11., by exchanges of tele-
graphic signals with Louisville, Ky. Obser-
vations for latitude at Logansport and Chi-
cago. (See also Sectiops ITT and XTIT.)

Stations occupled in continuation of the triangu
1ation of the State of Wisconsin.

Occupation of stations for covtinuing to the
westward the primary triangulation in Mis-
souri and Kansas near the thirty ninth par-
allel,

Ocoupation of stations in Nebraska and recon-
naissance in Utah for the extension eastward

* of the primary triangulation near the thirty-
ninth parallel.

Brooklyn, N. Y.

Louisville Xy.
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Section. ’;Partles.‘ Operations. i Persons conducting operations. | Lecalities of work.
! i
i S e - e
SPRCIAL or_lmnloxs—()on-f - Comparisons of | Charles 8. Peirce, assistant....... Loundon, Paris, Brussels, Geneva, and other sta-
tinued. : . . T
standards of | { tions in Kurupe.

weight andf
 measute, and ! i
| investigations | !
relating to de- ‘
terminations of |
gravity.
: . Attendance of a @ Richard D. Cutfs, assistant in Rowe, Italy.

delegate on the : charge of office. ;
I part of the . N
i | Coust and Geo- | !
detic Survey at ; |
the Interna- |
tional Geodesic |

. Conference. ! :

. Tran sportation 1 Prof. Thomas Craig, Johns Hop- ' From British Standards Office, London, to Inter-

i for comparisen ; kins University. | national Bureau of Weights and Measures,
of important: . Paris.

| standards of }
weight and |
measure. ! :
Tidal observa- ‘ Superintendent of Hawaiian Gov- i Honolulu, Sandwich Islands.
I | tioms. { ernment Survey.
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APPENDIX No. 2.

Statistics of field and office work of the Coast and Geodetic Survey for the year ending June 30, 1884,

i June 30, 1833.

fiscal year, .

RECONNAISBANCE. ‘
Area in Bguare statite MIles ... i i cae e e 286 750 44350 1
Parties, BUMbEr OF. . oL i i 4.
BASE-LINES. ; !
Primary, number of .o et et 14 0
Primary, length of, in statute miles 90 | 0
Secondary, number of . 127 | 2
Secondary, lines and line measures, length, in statute miles ... 426 16
TRIANGULATION. i 1
Area in square statute Wiles ... oouier it i e cre e re e 190 697 | 2728 |
Stations occupied for horizontal measuares, number of ... oottt iiii i it 10 522 f 176 |
Geographical positions determined, number of ... ... i e 20 058 l 420 |
Stations occupied for vertical measures, number of .. 656 | 26 l
Elevations determined trignometrically, mumber of a.oo i 179! 64 |
Elevations determined by spirit-leveling, number of bench-marks ..........oooooiiiiiiioL, 2 097 ,‘ 592 '
Lines of gpirit-leveling, length of, in statute miles 2 486 47 1
Triangulation and leveling parties, numberof ... O R, 28
ABTRONOMICAL WORK. i
Azimuth stations, numberof ........ ... Mot eehaanaasiossiaaeresaseaeaean e rennas 183 4
Latitnde stations, number of............ e e e et e eeeam—e e ian———————- 206 16,
Longitnde stations, telegraphic, number of ........... b reiteeserscenarsanessiasateatanansnaannsans i 115 9!
Longitude stations, chronometric or lunar, number of 110 0
Astronomical parties, DRWMDET 0f . ... . cvrnrni i it ira e rcaa e eraer ] e e 81
Stations oecupied, Bumber of L .. ittt crreee i caae et 664 11§
Permanent magnetic stations, namber of .. ... oo e ieiiinear e maeaeas PURTR . 2
Magnetic parties, DRMDEr 6f ... - ...l o ae e e aael] 7
; i
TOPOGRAFPHY. ‘
Aren surveyed, in square statute miles ......ceceeeaiiann.n. J . wr eevreeesrnerana 28 683 451 |
Length of general coaat, instatutemiles ... ...l 6 489 239
Length of shore-line, in statute miles, including rivers, creeks, and ponds 82 578 1932
Length of roads in statute miles 487
Topographical parties, number of ...... ermeraes eevnmarenaenen eene- 25
i
HYDROGRAPHY. )
Parties, number of .. .o.couoeiiiiiiii i e, F PR U DO 24
Number of miles (geographical) run while sounding 356 569 12 848
Area sounded, in square geographical milea 90 704 4631
Milea run, additional o outside or deep-sea sounding T4 U8 | ;
Rumber of soundings........ccooooviviiiiiiion FUUTI 16 203 402 481 008 ]
Deep-sea soundiugs . . 12936 ..ooeenenn.. o
Doep-soa temperature observations . ... ... ... . cociiiiiiiiiiiiiiniieeen, 01N 1) B D !

| Total to jTcotnlduring‘ Total to

June 30, 1884,

331 100

14

129
442

193 420
10 698
20 478
682
1783

2 689
2 833

29 134
6 728
84 510
42 423

368 415
95 335
74 48

18 684 410
12 936

11 801
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; :
| _ Totalto  Total duﬁng’ Total to

i June 30, 1883. fiscal year. | June30, 1884,
‘ |
H1pROGEAPLY—Continued. ! |
Tidal stations, permanent, BUMDBET OF. ... iieemiveiranieiine s ariamarrcarrnsvrrrrrammamanaaenn 250 ¢ 4 ‘ 263
Tidal stations, temporary, namber of . .ol it e | 1910 58 ‘ 1 968
Tidal parties, number of ‘ : b7 U
Current stations, number of 28 615
Current parties, number of ; |
Specimens of bottom, number of 12 092 | 246 12 338
RECORDS. I J ]
Triangulation, originals, number of VOlRINeS. ..o iovueiiiai i il i : 4 010 : 295 4 305
Astronomical observations, originals, number of volumes 1651 | 87 1738
Magnetic observations, originals, number of volumes ... ... .. .. ...l ol 536 27 ! 563
Duplicates of above, number of YOIUMES . .. .oviiioii ey it iraa cren e e e | 4200 ! 347 4 547
Computations, number of volumes 3 579, 240 3 819
Hydrographic sonndings and angles, origina]s‘nunﬂ)er of volumes 8 707 : 313 1 9 020
Hydrographic soundings and angles, duplicates, number of volumes .. ... ..ol ool 1 699 196 1895
Tidal and eurrent observations, originals, number of volumes .. 3462 | 130 3 592
Tidal and current observations, duplicates, number of volumes 2 262 84 2 346
Sheets from self-registering tide-gauges, number of . .. ... e 2 924 7 2 99¢
Tidal reductions, number of volumes 1880 36 1916
Topographic Maps, OigINAIS . «o.uei et iien s ivea iciccatre e e tanaa aanecanas 1 642 27 1 669
Hydrographic charts, originals. . 1721 38 1 759
Reductions from original sheets.....o..o.oooooiooo. . 027 18 045
Total number of manuseript maps and charts 2 688 ! 18 2 706
Number of sketches made in field and office. . . 3 206‘! 40 3 246
ENGRAVING AND PRINTING,
Eugraved plates of finished eharts, aumberef (... ... il e 2067 7 274
Engraved plates of preliminary eharts, sketches, and diagrams for the Coast and Geodetic Survey . |
reports, number of . ... ... Y U, reene 639 ‘ 11 650
Electrotype plates made . ... ... i i e aaa e e 1663 95 1758
Finished charts published ...._.... 391 17 408
Engraved platos of Coast Pilat charts 62 15 77
Engraved plates of Coast Pillot vlews. .o i et e e 78 10 8
Printed sheets of maps and charts distributed i 533 205 16 290 549 425

Printed sheets of maps and charts deposited with saleagents. ... ... .0 coiiiiaiieiinniniaa. i 212 062 17 418 220 480




ArPrPrEXDIX No. 3.

Information furnished to Departments of the Government in reply to official requests, and to individuals

upon application,* during the fiscal year ending June 30,1884,

Date. Name. ‘ Data furnished.
[ DU
1883, |
July 5 1 R. Templeman, Fort McHeonry, Md...... ................ 1 Magnetic declination at Baltimore.
5 | Prof. T. C. Mendenhall, Ohio State University .... .......: Magnetic intensity at Columbnus, Ohio.
[ ‘ Post-Office Departent . ... oooien oot viiiiiiaeaiaaans Distance in statute miles between B .yon Sara and Natchez, Miss. (103
| _ miles).
7 | 0.0.Knabenshue, Colambus, Ohio .oeaviiien oot " Length of parallel of 30 degrees.
9 | R. A, Adair, Parkersburg, W.Va ... .......oeevoniounnoe..; Height of Dench-mark at custom-house, Parkersburg.
9 | J. W. Powell, Director United States Geological Survey Geographical positions, azimuths, and distances of six trigonometrical
© points in West Virginia and Virginia, with descriptions of stations.
9 | Simon Stevens, Nov.s61 Broadway, New York N Hydrograpbic survey of the vieinity of High Island, near Hart and
City Islands, Long Island Sound, 182,
10 | Major C. W. Raymond, Corps of Engineers, U.S. A ... ' Geographical position of triangulation points. eastern extremity Cape
Ann, Mass.
10 | 'W. L. Lancaster, Blacksburg, Va ... ....oovooiaon ooann. : Tablles of magnetic declination in Virginia.
10 ! J.J. Kennedy, Philadelphia, Pa., 411 and 412 Walnut strcet.! About bench-mark on light-house at Cape May, N.J.
10 1 Major Charles W. Raymond, Corps of Engineers, U. S. A .| Description of TUnited States Coast Survey hench-mark at Rockport,
" Mass,
11 | Col. Q. A Gillmore, Corps of Engineers, U.S. A........... ' (#eographical position and descriptions of stations Savannah River
i below Bird Island (third communication).
11 | E. N.Jones, M. D., Taunton, Mass. ..o.vvevians vnisonnnns . The height above sea.level of a point in Taunton, Mass.
14 ; Robert Milikin, county surveyor, Emporia, Kans ...... ( Magunetic declination at Emporia, Kans.
16 |, Thomas P. Morgan, Washington, D.C.._..._ ... __.. - The tides at Washington, a eopy of Tide Tables for 1883 with notes.
16 ; J. Francis Le Baron, United States Engineer Office, Jack- | Tides and descriptions of Dench-marks at New Berlin, Saint John's
gonville, Fla, ! River, Fla.
19 ! J. H. Morrison, 24 Park Place, N. Y. ...ev coviiiiinnnnn, [ Distance on the Missisaippi River between New Oirleans and Cairo.
21 | Major Charles W. Raymond, Corps of Engineers, . 5. A‘ Tracingofhydrographic¢survey of Sandy Bay. Rockland Harbor, Mass.,
¢ and a projection, scale 1-10000, with shore-line and points.
21 | D. Porter, census office, Hartford, Conn...... . ......... 5 Difference in height between mean low wator at Albany and mean sea
| ‘1 level in New York Harbor, .
23 | Major C. J. Allen, Corps of Engineers, U.S. A ... ....... : Position and description of station **Balch,” Portland. Oreg.
23 ‘ Major J. W. Reed, Chincoteague, Accomac County, Va.. ! Hydrographic survey of Ovster Bay, Chincoteague, Va.
27 : Samnel H. McEiroy, C. E,, Brooklyn, N. ¥ ... Hydrography off Coney Island, N. Y., 1881.
28 ' General Land Office, Interior Department Two hundred and eighty-eight geographical positions in the State of
i Oregou or near its boundary.
80 . Simon Stevens, New York ...oo.ooooiiin i oen. Survey of High Island and vicinity ; western end Long Island Sound,
’ ! enlarged to 1-2000.
Aug. 1| C.C.Perkins, city surveyor office, Boston, Masa......... . Descriptions of stations near Nahant, Mass.
2 | Past Assistant Engineer N. B.Clark, U. 8. N........ ..... ’ Position and approximate hoight of triangulation station **Clark,' near
) | Philadelphia, Pa.
2 | J. Herbert Shedd, C. E., chairman Rhode 1sland Harbor | Surveys of the western shorcof Narragansett Bay, R. L., 1865-'69, from
Commission. : Rocky Point to Quonset: Point, inclading Greenwich.
6 | G. W. Torrence, Philadelphia Bible Society, N'W. cor. " Information as to Goverpment pier, Chester, Pa.

7th and Walnut streets.

* Tracings from topographic or hydrographic sheets, transcripts of unpublished results of the work, and other data, when farnished for

private use, are supplied npon payment of the cost of preparation in the office.

H. Bx. 43—-13

.

97
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Date. Name. E Data furnished.
O D
1863,
Aug. 7] G.Randolph, West Chester, Pa...._..._................ Magneticaleclination at Millboro, Bath County, Va., and secular change
since 1795.
8 | E.L. Brown, civil engineer ..........ooviieiiriiiaanianan. Geographical positions of four stations vicinity of Martha's Vineyard,
| Maass., and descriptions of stations.
9 | J. P. Bogart, engineer Skell-fishery Commission, New ;| Information respscting boundary line between New York and Connec-
Haven, Conn. ticut.
11 | J. M. Trowbridge, Summitsville, Rio Grande, Colo........ Method for marking out a trae meridian.
11 | Lieut. Col. G. Weitzel, Corps of Engineers U. § A. { A self-registering tide-gauge and sapplies for it, farnished to hixm for
‘ use at Fort Mifflin.
13 | Boundary Commission, Pennsylvania and Ohio .. ...... | Star lists for determination of two latitude stations.
14| Lieut. E. K. Moore, United States Navy ...... ........... i Telegraphic longitude of Springfield, Iil., and of Chicago, Ill.
15 | M. Duckett, Bladensburg........c.. covviiioiiiiiiii.... ; Magnetic declination at Baltimore for 1686 and 1883.
15 | Bureau of Statistics, Washington, D.C......_.... ... ... Distances between Liverpool and San Francisco and Liverpool and New
York.
16 | W. Williams, C. E., and city surveyor Hackensack, N. J..; Secular variation of magnetic declination at New York City.
20 | W.C.Kerr, United States Geological Survey.............. Distances and angles to four subordinate trigonometrical points in
. North Carolina.
22 | Mississippi River Commission ..._._...._....... ... .. I Topegraphical survey of shores of Mississippi River, Donaldsonville,
La, and vicinity, 1880.
24 | Majoe L. L. Livingston, U. 8. A, Artillery School, Fort : Bench-mark of Fort Monroe and loan of self-registering tide-gauge for
Monroe. use there. )
29 | G. Randolph, West Cheater, Pa ... ... .. ............ Information abount secular variation of the magnetic declination since
1795.
297 J.J. Bleich, United States Internal-Revenne Service, Pa- | Longitude of Paducah and Lounisville, Ky., and Washington, D. C.
dacah, Ky,
30 | Caunthorn & Boyle, Attorneys-at-Law, Vincennes, Ind....; Geographical position of Viucennes, Ind., and description of astronom-
ical station.
30 | T.H. Edsall, New York .coceciimiiiiriininnnaaannnnn, Description of Fort Independence Station, on Spuyten Duyvil Creek
Neck.
80 | Mr. L. B. Rassell, Refugio, Tex ........ooooiiiaevoiaa. Tracing of upper part of San Antonio Bay, Tex.
Sept. 1| E.R. Von Nardroff, Brooklyn, N.Y ... ... .cc.cecinnnnn Magnetic declination in direction and intensity observed by the Coast
and Geodetic Survey; also secalar change in the declination in the
United States.
3 | E. Pendleton, Attorney-at-Law, Lexington, Va. ._....... ; Magnetic declination on line between Bath County and Rockbridge
County, Va. .
3 | Ex-Senator John B. Gordon, Georgia ...... ...ee....o... Unfinished chart of Aransas and Copano Bays, Tex.
7 | J.B. Hoeing, Topograpber Geological Survey, Kentueky..| Longitude of five stations in Kentucky and Tennessee, with descrip-
tions of stations.
7 Col. Henry Stone, South Boston, Mass ....... ....... ..| Topographical survey of the approaches to Nashville, Tenn., 1864,
10 | W, K. Duaagon, La Grange, B¥ ..ooeo coneniiininians e, Magpetic declination at Louisville and La Grange, Ky.
12 | H. F. Bothfeld, United States Civil Engineer, Boston, Mass.] Bench-marks at Boston and tides there in Augnst, 1866.
14 ‘ Health office of the District of Columbia. ............... Times of high water at Long Bridge, Washington, D. C.
14 \ Mr. Carrington, Washiogton, D.C..._... ... ... .... | Times of high water in the Patuxent, September 15.
15 | J.K. Payne, Knoxville, Tonn ......cevocecnr veene cnvuns ! Information about magnetic declination and defects of instraments, with
! . i conmpass attachment.
18 T.C. Dapont, Central Coal and Iron Company, Louisville, . Magnetic declination near Central City, Ky.
K. ‘
19 | Lieutenant E. K. Moore, United States Navy, United . Longitude of Syracuse, N, Y.
States Naval Observatory. |
19 | Civil Engineer R. E. Peary, United States Navy........... Combined hydrographic surveys of Coasters Island Harbor, R.I.

Oct.

20 B.L. Woodside, South Holliday street, Baltimore, Md . ..
J. Herbert Shedd, Chairman Rhbode Island Harbor Com- | Traced copy of the plane.table shore-line of Narragansett Bay, includ-

21

21

21

29

-

mission.

. Simon Stevens, New York .... ....

Appalachian Mountaia Clab, Bosten, J. R. Edwards, to-
pographer.
Cecil C. Higgins, 48 Wall street, New York ...c...cooouanne

Information about bench.m arks and tides in Gunpowder River, Md.

ing the contours of bottom to limits of 6,12, and 18 feet, of the West.
ern Passage from Quonset Point to the ' Bonnet,” scalo 1-10000,

Same, from North Point to Dyer's Island including Bristol Harbor, seale
1-10000.

Same, from Bristol Ferry to Taunton Ferry, including Mount Hope Bay,
scale 1-10000. .

Combined shart of Riker's Island and vicinity, Bast River, N. Y., soale
15000,

Geographical positions and bearings-of points in New Hampshire, Ver-
mont, New York, and Canada, adj t fo boundary.

Photolithographic ehart of Somes Sound, Mount Desert Island, Me.,
goale 1-10000.
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Date. Name. 5 Data furnished.
i
1883. 1
Oct. 8 | Prof. George H. Cook, State Geologist, New Jersey ....... l Topographic survey, coast of New Jersey, Tom’s River to Metiticonk.
River, 1875, 1-10000.
10 | Ed. Channing, Harvard University, Cambridge, Mass .. ... The time of high water at Plymouth, Mass., December 21, 1620, when
. i the Pilgrims landed.
12 | J. P. Bogart, Engineer Shell Fishery Commission, Connec- 3 Hydrographic and topographic map of merth shore of Long Island
ticut. : Saund, vicinity Manursing Island, 1836.
13 | Lieutenant Smith S. Leach, Sccretary Mississippi River | Six blank tide-rolls for self-registerng tide-gauge at Biloxi, Miss,
Commissjon, Saint Loais. *
" 17 | R.A. Russell, Cobton, N. Cocvetiiiiiiiiiinnann e o Secular variation of magnetic declination at New Berne, N. C.
17 | F. W. Hastings, C. E., Saint Louis, Mich ... .. ' Geongraphical position of Saint Louis, Mich.
19 | Cecil C. Higgins, 48 Wall street, New York ‘ Topographic survey, west side Somes Sound, south of Someasville,
 Mount Desert Island, Me. .
23 | Struthers, Scroos & Co., New York ... ..... ... .._.. . Prominent geographical positions in the United States, debgruu’ned as-
| tronomically and geodetically by the Coast and Geodetic Survey.
26 | Lisutenant F. V. Abbot, Corps of Engineers, United ! Geodetic data and descriptions of stations of the triangulation of Peco-
States Army. moke Sound and Chincoteague Bay, vicinity of boundary of Mary-
land and Virginia.
31 ... Ao oo e e Geodetic data and descriptions of stations of the triangulation, vicinity
of Smith’s Island, Chesapeake Bay.
31 | E. W. Muenscher, Chief Epgineer K., 8t. E. & 8. R. R...] Elevation and deseription of bench-marks at Salem and Odin, Ili.
31 | Prof. E. A, Fuertes, Cornell University ................. Correction to thermometers of base bars.
31 | Cecil C. Higgins, 48 Wall strect, New York .............. Compiled bhydrography of surveys of Hell Gate and vicinity, 1856,
1-5000.
Nov. 5 Henry Mitchell, Boston Mass........cocviiinniaiinann. Topographic survey of Nantucket, 1846.
9 | Robert V. Roosevelt, New York .......coccieieniiinnian, Coast chart No, 54, with additions by hand, of the inside passage be-
tween Stono and Wadmelaw Rivers, 8. C.
13 | Prof. R. W. McFarland, Ohio State University ............ Astronomical position of Coast and Geodetic Survey stations at Col-
umbus, Ohio.
15 | United States Signal Office. ... ...ccomiiiiioniiiiiinnin Longitude of Wheeling, W. Va.
15 | Chief of Enginesrs, United States Army ............ [ Autographic maps of Wickford Harbor and Greenwich Bay, Narragan-
sett Bay, and traced copy of topographic work between the above.
17 ; Capt. J. W. MacMurray, United States Army ........... Topographic survey of Cape Disappointment, Washington Territory,
© 1869-'73.
17 : C. G. Force, M. A.S.C.E., Cleveland, Ohio...........cee.n. Difference of longitude between Washington, D. C., and Cleveland, Ohio.
7 PAM. Ford, Atlantic City, N.J Information relating to some parts of the tide tables for the Atlantic
Cloast for 1884,
21 | General W.B. Hazen, Chief Signal Officer, United States | Copy of sketch of summit of Mount Washingion, 1877, scale 1-480,
Army. ’
23 | Lieutenant-Commander T. A. Lyons, United States Navy .| Magnetic dip at San Francisco, Cal.
. 22 ; Light-House Board ......... s emeeenieaeieaieaeeian List of geographijcal positions of lights corrected to date for new edi-
tion for 1884.
26 | Mr. Trautwine, Philadelphis, Pa...... F PR Magnetic declination at Philadelphia, Pa.
26 | George Fisher, Surveyor of Customs, Cairo, Il ............ Geographical position of Cosst snd Geodetic Survey astronomical
station, Cairo, I1L
26 | A.S. Pennington, Paterson, N.J .. ..ccooovimiiiiir waeann About the tidesin Raritan and Newark Bays and connecting waters.
27 | J. W. Powell, Director United States Geological Survey ..| Sketchof the North Mountain Range trom Cape Mount, Va., to Casey's
) . Xnob, Pa., scale 1-40000.
30 | Lavalette Wilson, A. M.,C. K., and Surveyor, Haverstraw, | Togopraphic sarvey of west shore of Hudson River from Wadlerg
N.Y. landing to Rockland Lake landing, scale 1-10000.
. 80 | W. H. Ogden, Parkersburg, W. Va .......c.cc.oooonaan. Longitude of Parkersburg, W. Va.
Des, 11 | 8 L. 8Smedley, Philadelphia ... ... ... ........._.. ... Six geographical positions on the Delaware River.
11 | United States Geological Burvey.........cooveniiiiiiao.. The angles observed at station, Hog Back, 8. C.
11 | D. E. MoComb, Assistant District Engineor, Washington, | Description of bench-mark at the Washington Navy-Yard, D.C.
D.C.
12 | Mr. Voluey D. Moody, President First National Bank, | Hydrographic survey coast of California, between Piscadore Point and
Oakland, Cal Point Carmel, including Carmel Bay, 1883, scale 1~16000,
17 { Dr. W. C. Hatch, Weat's Mills, Me Hqight of Bannock Hill and Mount Blue, Me.
17 | Prof. 8. Newcomb, United States Navy..... . | Length of line, Fort Myer to Washington Monnment.
17 | Prof E, A. Faortes, Cornell University, Ithaca, N.Y ..... Photographic views of Coast Survey's primary station on Sugar Loaf
Mountain, Md.
17 | Philadelphis Maritime Exchange ......ocoomvnnniiiniions Hydrographic survey vicinity Cape Henlopen, 1853.
19 | 8.G. Gano, euglinoer, Flomington, N.J .... . | Magnetic declination in the United States.
21| Profonsdr Badebeck.. ... iiniiiiieeiia e ...| Geodetic Hterature in United States 1880, ‘81, '82
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Date. Name, Data fornished.
1883, v)
Dec. 22 ' J.8. Boulton, Staff Commander Royal Navy, Ottawa, Can- i Magnetic information relating to Georgian Bay.
; ada.
22 Cole Manufacturing Company, Lake Village, N. H ... ... | Magmetic declination at Lake Village, between 1845 and 1885.
27 J. Herbert Shadd, C. K., Providence, R.I ... .............. Description of bench-mark for tides, Bristol, R. 1.
928 | Prof. 8. Newcomb, U. 8. N., Washington, D.C . .... ! Relating to tides at Sharp's Tsland, Chesapeake Bay.
31 Prof. E. A. Bowser, New Brunswick, N.J Geodetie data of stations Applepie Hill and Ridgeway, N. J.
1884, |
Jan. 2 J.Herbert Shedd, C. E., Providence, R.I ............ _... Relating to tidal bench-mark at Bristol, R. I,
5 | Samuel H. Lyman, Clerk United States Distiict Court, | Water fronts of New York, Brooklyn, and Jersey City, scale 1-10000.
! Southern District New York.
7 | George R. Howell, New York State Library, Albany, N. Y.| Height of three trigonometrical stations on Long Island, N. Y.
70 AM Ford, Salem, N.J . ... ool Relating to the effects of the Java earthquake on the tidal curve at
Saucelito, Cal,
8 | Joseph Nimmo, jr., Chief of Bureau of Statistics, Treas- | Datain regard to the length of the boundary line between the United
ury Department. i States and Mexico.
16 | Charles E. Monroe, Washington, D C.................... The time of high water at Pass it 1'Qutre, on 16th May, 1861.
11 | J. W. Powell. Director United States Geolugical Survey. 156 geographical positions District of Columbia and vicinity, in Mary-
© land and Virginia.
14 | G. W. Tate. surveyor, Mebanesville, N.C...........ooooe ~ Secnlav variation of the magnetic declination vicinity Raleigh, N. C.
15 | Jumes H. Dritton, State Engincer of Texas .............. Proof of Ceast Chart 109, Aransas Pass, Aransas and Copano Bays, Tex.
16 | Lirut.-Col. George H. Elliott, Corps of Engineers, T. 8. A.. Shore line of Nantucket Harbor, Mass., 1846 and 1863,
17 | J.H. Morrison, New York ... ... oaal. Distance along the Hudson from New York to Albany.
18 | G. P. Stium, General Land O@eo ..o vveeieinaniiiinanens Geographical positions determined by the Coast and Geodetic Survey
I in Nebraska and Colorado.
23 | J. Hotchkiss, Stannton, Va ... ... ... ... .......o.... - Telegraphic longitude of Covington, Va.
24 | J. W. Pow:1l, Director United States Geological Survey... Geographical po. itions of stations Ivy, and Paiot Creek, W. Va.
26 | Judge Charles J. McCurdy, O)d Lyme, Conn...oc..uun.on. | Topographic survey of the eastern shore of the Connecticut River,
! from Lyme southward.
31+ A L Williams, Aiken, 8.C....oo i -1 Magnetio declination and secular change at Aiken, 8.C.
31 | Charles C. Hutchinson, 126 Commercial street, Boston. About instruments for observing tidal currents.
31 | George A. Stockwell, Providence, R. X ..... ... ........ { Explanation of soine matters in the tide tables.
Feb., 1 ; Charles H.Campbell, New York.....o....cocooiii. | Relating to tides in Saint Helena Sound, S. C.
& | Charles A. Ashburner, Geologist in Charge Second Geo- | Geographical positions of Harrisburg, Pa.
logical Survey of Pennsylvania. ]
7 { Commissioner General Land Office .... ..coeeooiaea.e. Topographic survey south shore-Long Island eastward from Far
1 Rockaway to longitude 730 41/, 1878-1879, secale 1-10000,
Tl L L ! Tracing showing comparison of shore line south shore of Long Island
i eastward from Far Rockaway surveys, 1835-'59-'60.
7 | Prof. Raphael Pumpelly, Newport, R.1...................! Topographic survey of the istand of Khode Island in two sections,
' geale 1-10000. -
Tioee. do e iiiieeiiol.. | Same, showing contour lines only, 1-10000.
9! J.D.Steele, Elmira, N. Y . ..o i iaeiaenns f Annual change of dip and declination at New York and Washington,
! and dip at New York.
8 | General Q. A, Gillmore, United States Army, New York ... Description of bench-mark at Fort Monroe.
8 | Lieut. Col. Geo. H. Elliot, Corps Engineers, United States . Hydrographic survey harbor Nantucket, 1872, scale 1-20000.
Army. .
12 | G.J. Brown & J. H. Briggs, Robbinaton, Me. .............. Change in the magnetic declination coast of Maine between 1790 and
1884.
18 | George A. Stockwell, Providence, R.T..........coo. et Relation of tides at Boston and Newport.
25 | Prof. G. H. Cook, State Geologist, New Jersey Description of boundary monument on western end of boundary line
i New York and New Jersey.
25 | Roy Stone, 2 West Thirty-ninth street, New York ...... ..' Relating to the plane of mean low water at Sandy Hook tide-gauge.
29 | J. W, Powell, Director United States Geological Survey...| Geographical positions of Charleston, W. Va., and Louisa, Ky.
Mar. 3| Captain Charles ¥. Powell, Corps of Engiueers, U.S. A., Relating to bench-marks and plane of reference at Astoris, Oreg.
Poriland, Oreg.
4 | C. A. Whitmore, Grand Rapids, Mich .....................[ Information respecting dates in connection with early history of coast
survey.
5 | Hon. Melvin C. George, 016801 ......ccocvviirenanonna... Coples of surveys of Sinslan River entrance, and of Nistucca Bay and
. River, Oreg., 1883, acale 1-10000.
5 W.8. Warner, Palma Sola, Fla......_............ PO Survey .of Little Sarasota Pass to Casey’'s Pass, west coast of Flor.
ida, 1883. .
§ | George W. Atherton, President Pennsylvania State Col- | Coples of trisngulation sketches, showing progress to 1884,
loge. o
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Date. Name. Data farnished.
1884. .
Mar. 7 E. Deville, Technical branch, Department of the Interior. Determination of constants Tor a magnetie dip circle.
14 ‘ Simon Stevens, 61 Broadway, New York City............. West shore Loug Island Sound, Throggs Neck to David's Island,
| 1837-"81-82,
19 ¢ Prof. C. Bancvoft, Hiram College, Ohio . Information on works on gzendesy.
19 ‘ W. H. Hall, State, Envineer, California Liat of eographical positions corrected to date.

Apr.

- May

21 © Hon, W Freeman, Cherryfield, Mo

26 : Philadeiphia and Keading Railroad Company......_......
28 - William Senter & Co., Portland, M¢ ... . ... .. ..
30 A. Ramsay, Secretary of the Krakatea Committee Royal

Society, London.

Hydrography off Jae Dyer’s Point, Pigeon Hill, Me.

West shore of Arthur Kill or Staten Istand Sound, Elizabethport to
Tuft's Point.

Predicted tides for Portland, Me., and Boston, Mauss., for Juuuary,
February, and March, 1855,

Relating to records of carthqitake waves on the tide-gauges of the
United States Coast and Geodetic Sarvey.

Topozraphic surver of east shore of Hud<on River from Craton to
Peckskill, scale 1-10000, and of west shore vicinity of Stony Point,
1881, acale 1-10700.

" Predicted tide envves for 34, 4th, and 5th September, 1833, for Clutaop

Spit. mauth Columbia River, Oreg.

Results of spirit leveling on Hodson River.

One hambed and foriv-five geographical position: within a radius of
124 statate miles of Baltimore, Md.

Heights of trigonwuetrical positions in District Columbia, Maryland,
and Virginia.

Differenee of thne betwoen Hazerstown, Md.. and the 75th meridian.

Fornmie for computing the length of a degree of the meridian and the
pamllel‘; also for computing length of the quadrant; and information
as to tides.

Tosition of Fayetteville, Washington Connty, Ark.

Geodetie data, descriptions of stations, and latitudes, longitudes, azi-
muths and distances of a number of trigonometrical poiuts in vicinity

of New York City.

! Geodetie resnlts of the Coast and Gendetic Survey triangulation be-

tween Lakes Champliio aud Ontario.

: Hydrographic sarvey of Hudson River above and below Esopus Light-

House, 186, seale 1-100600.

. Magnetic declination, dip and intensity at Madison, Wis.

1 George H, Williams, Johns Hopkins University .........
2 ' Milton Andros, Engineer, San Franeiseo. Cal....... . ...,
3 1d. F. Rodgers, Alany, N.Y ... ool
5! A, L. Welster, Johus Hopkins Universiry, Baltimore,
M.
7 1 J. W. Powell, Director United States Geological Survey.
8 | M. Gillet & Co., Baltimore ...
10 | W. Libbuy, jr., Princeton, N.
10 | W, E. Roaser, Prairie Grove, Ark ..... e eanara s ;
10 | J. K. Rhees, Professor of Geodesy, Columbia College,
New York.
10 | Jas. Gardiner, Director New York State Survey, Albany,
N. Y.
17 | Peter Cantine, Attorney at Law, New York .. ..........
18  P.B. Wood, Peshtigo, Wis
19 ' J. Eaton, Cummissioner of Educatmn ceeenn

James Gardiner, Dxrector New York Survey, Albany, N. Y.!

Prof. J. L. Howe, Central University, Richmond, Ky ..
W.J. Johnston, Johnson City, Tenn

E. ¢ Dyke, Crescent City, Fla. .ovoveeonien veniaaann o

Reply to the hydrodynamic question eonnected with Misaissippi River.
Topographic surveys North and South Srewsbury River, 1851-'65.
Topographic snrveys Long Branch and vicinity, 1865,

- Topographic snrveys Deal and Squam beach, 1867,
- Topographic surveys Manasquam and Metiticonk Rivers, 1868,
- Topographic snrveys New England Creek to Goshen Creek, 1883.
... Topographic surveys Cold Spring Inlet to Hereford Inlet, 1880.
.i Topographic surveys Hereford Inlet to Leaming's Sound, 1881
‘ Topographic surveys vicinity of Leaming's Sound, 1883.

Abstracts of horizontal directionsobsereved aud adjusted, of triangula-
tion between Lakes Champlain and Ontario.

Geographical positiou of Richmond, Ky.

Length of 1/ of arc in meridian and in different parallels, latitnde 36° to
latitude 36§°.

Advice as to magnetie declination at Crescent City, Fla.

2  Thomas J. Long, Assistant to Engineer.in.Chief, Depart- | Bench-marks around New York and their relation to mean level of the
. ment of Docks, New York City. water—Governor'sIsland, Brooklyn Navy-Yard, Jersey City, Astoria,
: Pot Cove, New Yokk, 41st, &6th, and 90th streets.

3 | George W. Bmerson, Hoginam, Wash. T....._..._.. .. .. ! Hydrographic survey, Gray's Harbor, Wash. 7', 1883.

3 | W.8. Walker, Saint Augnatine, Fla .......... .......... Topowmphy of coast of Florida, from Matanzas Inlet to Smith'sCreek.

5 | N. §pofford, Surveyor and Civil Engineer, Haverhul Maas. Information as to tidal waves in connection with river slopes.

5. C. A. Locke, Decatur, Ga. ...c..ovuemiiviiiiinmiiacen.ons Informatmn respecting magnetic declination and annual change, at De.

‘! catar, Ga.
7 | Charles H. Rockwell, Tarrytown, N. Y...........coe ....! Position of boundary-stons marking the New York and New Jersey
) . ! Doundary, on the right bank of the Hudson.
7 | John Carmichael, C. E., Lexington, Va.....covooivineanas | Maguotio declination at Lexington in 1785 and 1700
8 | Captain F.'V. Greene, Corps of Engineers, U, 8. A., Aesist- | Bench-marks and tides in and around Washington, D. C.

snt to Bngineer Commisafoner, District of Columbia.

i

!
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Date. Name. Data furnished.
1884.
May 12 Captain F. V, Grcene, Corps of Engineers, U. 8. A., As-  Height of the Coast and tieodetic benchb-mark above the Putomaoc and
siatant to Engineer Commissioner, District of Col ambia.  the average ocean level.
12 | J. F. Le Baron, Deputy County Surveyor, Jacksonville, Fla. Explanatory note as to magnetic declination at Jacksonville, Fla.
14 | J. Schubert, Engineerand Architect, Parkersburg, W. Va.' Height of bench-mark at Parkersburg, W. Va,
14 | Prof. G H.Cuok, State Geologist New Jersey, New Bruns- = Description of nin~ty-eight geographical stations in New Jersey south
wick, N. J. ‘ of Raritan Bay.
19 | E. P. Austin, computer American Nautical Almanac, Salt = Copy of tidal predictions for Boston for 1885, to beused for an almanac
Lake City, Utah. ! to be published there.
22 | J. F. Le Baron, C.E., Jacksonville, Fla.......... ........ Topographic survey of Jacksonville and vicinity, Fla., 1855-'58.
23 | Captain Charles F. Powell, U. 8. A., Engineer Thirteenth : Survey of Gray’'s Harbor, Wash. T.
Light-house District. i
23 J 1 ‘ Reconnaissance Destruction Island, Wash, T.
21 | J. P. Bogart, Engineer to Connecticut Shell-Fishery Com- | Geographical poesitions and descriptions of stations, vicinity Stoning-
mission. ton, Conn.
27 | R. H. Goode, City Engineer Oftice, Norfolk, Va ...ca...... ! Information on method of least squares.
27 | J. W. Powell, Director United States Geological Sur- | Geographical pusitions of primary triangulation stations in North west-
vey. ern Virginia.
29 | W.J. Johnston, Johnson City, Washington Coanty, Tenn.| Change of magnetic declination between 1796 and 1834 at Johnson
City, Tenn.
29 | Col. Chas. E. Bluat, Corps of Engineers, U. 8. A.......... Hydrographic survey of part of Muscle Ridge Chanuel, Me., 1863.
June 2 J. D. 0'Connell, Treagury Department, Washington, D. C | Magnetic declination near Alamosa and near Cimarron, Colo.
9| Dr. Henry J. Bigelow, Boston....... ..o ooiiaiiail Topographic survey of Tuckernuck Islaud, Nantucket, 1846,
9 General Johu Newton, Chief of Engineers United States | Hydrographic sarvey of East River, showing location of rock off 20th
Army. /street, New York, May 27, 1884.
5 | G. F. Le Baron, Deputy County Surveyor, Jacksonville, | Magnetic declination at Jacksonville, Fla., in 1833-'49-'80 and '85, with
Fla. i annual change.
12 | ¥. B. French, tidal observer at Biloxi, Miss. ..ol Five pamphlets on tides by Mr. Ferrel and one by Mr, Avery.
16 | J. W. Powell, Director United States Geological Survey..| Positions of five primary stations in Georgia and angles to secondary
stations.
19 1 eereneeO e [ weee--=ns.| Geographical positiona of Saint Helena, Sulpbur Park, and Saucelito,
Cal. .
19 | Lieutenant Smith S. Leach, Corps of Engineers, U. 8. A., | Five blank tide-rolls sent for the gauge at Biloxi, Miss., to F. B. French,
Secretary Mississippi River Commnission, Saint Lonis, Mo.
|
19 . Senator Joha R. McPherson, of New Jersey.....ocvunoun. " Areas of salt marsh anid tidal basins of New York Harbor.
20 ¢ D, T. Polk, C. E., New Markct, Mo ... c.ovveimnnnuoannans Information respecting magnetic declination instrumenta.
23 . Department of Marine, &c., Oftawa, Canada.............. Magnetic results from observations by Lieutenant Very, United States
Navy, Acting Assistant, Coast and Geodetic Survey, cosst of Lab-
i rador and trip to Hudson Bay from Sault Ste. Marie.
24 C. W. Ernst, Boston, Mass...............o..et creeeveeanss Two hundred and seventy-four geographical positions of prominent
| i places in the United States, and bibliographical references to post-
} . tions and elevations of cities and towns in the United States.
27 f Mr. Peter Witzel, Newark, N.J.. ... . cooomeimiaaniann.n City front of Newark and part of Passsic River, 1836 and 1838,
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REPORT OF THE ASSISTANT IN CHARGE OF OFFICE AND TOPOGRAPHY FOR THE YEAR ENDING
JUNE 30, 1834,

U. 8. CoAST AND GEODETIC SURVEY OFFICE,
Washington, June 30, 1884.

Sir: I respectfully submit herewith my annual report from the office, with those from each
division, showing the character and quantity of the work accomplished during the last fiscal year.

The very large amount of work performed in the Computing Division, as reported by Assistant
C. A. Schott, in charge of it, attests the ability and industry of himself and all the persons em-
ployed under his direction.

The incessant calls made upon Assistant Schott to enable me to answer the almost daily re-
quests from all parts of the country for information only obtainable from our records and eompu-
tations have been invariably, promptly, and fully met.

I specially ask your attention to the large increase in calls for the isogonic charts of magnetic
variation in the United States, published in your report of 1882, and the tables accompanying
them.

The Engraving, Electrotyping, and Printing have continued in charge of Assistant H. G.Ogden.
He reports that in addition to the regular work of the division there has been an unusual amount
of additional labor in corrections to engraved plates consequent upon new surveys. About four
hundred plates have required greater or less correction. Mr. Ogden refers to the death of Mr. A.
Sengteller, who had been employved since 1856 and was one of our best engravers,

Mr. F. W. Benuer also died in October last.

Increased efliciency has been obtained in the electrotype department, where a larger amount of
work has been done by Dr. A. Zumbrock, ander Mr. Ogden’s direction, than in any previous year.

In the printing department a new press has been added. The demand for and consequent
printing of charts has increased 16 per cent. during the year, while there has been so far no increase
of force. Mr. Ogden awards great credit to Mr. Moore, foreman, and the other printers for their
zealous and effective work. He also calls attention to the efficient services of Mr. J. H. Smoot,
clerk of the division,

The report of -the Tidal Division shows the usual amount of labor, under direction of Mr. R.
8. Avery,

The new tide-predicting machine has been used with advantage and effect.

In the Drawing Division seventy special drawings and tracings have been furnished in answer
to calls for information.

This has been in addition to the usual regular daties of the division, which has fully kept up
with the field-work of the season. I desire to notice specially the assistance I have received from
Mr. W. T. Bright, clerk of the division, to whose labor and supervision much of the efficiency of

the division is due. ‘
' The custody of the Archives has been in the hands of Mr. R. M. Harvey, who reports that the
total.number of records of every kind registered during the year has been two thousand and thirty-
five, or one hundred and ninety-nine in excess of the previous year.
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Mr. Saegmuller, Chief Mechanician, reports increased precision and efficiency in the dividing
engine. A great improvement tending to increased precision in observation has been effected by
supplying theodolites for the higher orders of triangulation, with telescopes of increased power. In
all matters in his department T have been indebted to him for zealous co-operation in keeping our
field parties well and sufficiently supplied with every means needed for effective work.

The report of Mr. M. W. Wines, chief of the Miscellaneous Division, gives a full account of
the distribution and sale of the publications of the Survey.

In addition to this duty, Mr. Wines has had general charge of the office buildings, of the Car-
penter Shop, and the Map-mounting and Chart rooms.

Not only in these duties, but in other speeial and sometimes difficult duties, he has rendered
zealous and efficient service, demanding special acknowledgment at my bands.

A new set of projection tables, based upon the Clarke spheroid and extending from the equator
to the pole, is beiny computed, by your order, under my direction, and will soon be ready for the
press.

At the request of the Commissioner of Agriculture a measnrement has been nndertaken of the
areas ol salt and fresh marsh upon the Atlantic coast. This is still going on,

Called here by you last Jannary in consequence of the sudden and lamented death of my pred-
ecessor, Assistant R. D. Cutts, I fonnd my labors lightened and an acquaintance with them facil-
itated by the method, system, and order introdneed by my predecessors and prevailing in every
department. Having served nearly forty years in field duty, I had but little acquaintance with
office details, and 1 am indebted to every person with whom my duties bave brought me in con-
tact for kindly aid, each in his sphere, in enabling me to acquire that special knowledge needed in
the position you huve assigned me.

Ay thanks are speeially due to Assistant H. W, Blair, assigned by you as my assistant in this
office, where his familiavity with all the details of the position aud his ability and untailing courtesy
made him of the very greatest service.

I beg also to acknowledyge the assistance 1 have received from Mr. W. B. French, whose clerical
duties have been promptly and eficiently discharged.

Yours, respectfully,
C. O. BOUTELLE,
Assistant, Coast and Geodetic Survey, in charge of Office and Topography.

Prof. J. E. HILGARD,
Superintendent United States Coast and Geodetic Survey.

REPORT OF THE COMPUTING DIVISION, COAST AND GLODETIC SURVEY OFFICE, FOR THE YEAR .
ENDING JUNE 30, 1884,

CovruTing DivisioN, CoAsT AND GEODETIC SURVEY OFFICE,
Washington, June 30, 1884,
.DEAR SIR: In conformity with regulations, I herewith respectfully snbmit the usual annual
report of work done by the several computers during the fiscal year ending June 30, 1884,

The charge of the Computing Division has been continued with the undersigned, and no
chiange took place in its personnel, though it required all the experience and euergy of its members
to keep up with the current work aud to put the results of the older triangulations on the modern
data demanded and adopted in February, 1880. No extra help was afforded this division during
the year. During the temporary absence of the Assistant in charge of the office and topography, I
was called upon to discharge those duties during October and November, and again between Decem-
ber 12, 1883, and January 7, 1834, on which last date I was relieved by Assistant C. O. Boutelle.
By direction of the Superiutendent I took charge of the magnetic observations made at the inter-
national polar station, Ooglaamie, Alaska, occupied during 1881, 1882, and 1883, directing the com-
putations and reporting the results of the absolute and differential observations,
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For this work special clerieal aid was provided by the Chief Signal Officer. On December 19,
1883, Sergeant J. E. Maxfield aud on January 21, 1834, Private G. W. Kuopt reported for duty.
The former continued with this division to the close of the year; the latter was relieved from this
special dnty May 11,1884, On May 10, I submitted in duplicate a fuil report of the results obtained,
After this I was engaged in completing a discussion of the hypsometric measures undertaken in
1380 by Assistant George Davidson in connection with the study of atmospheric refraction at
Mounnt Diablo and Martinez East, Cal. My report ou these results is dated June. 5, 1834, These
two reports are published as appendices to the Superintendent’s annual report for 1833, The
usual annual magnetic observations were made by me at the magnetic observatory in this city.

The charge of the duplicate records of the astronomical, geodetic, and magnetic observations
was continued with this division. The calls on this branch of the office for certain scientific infor-
mation required by oftice and field parties, in reply to official correspondence, when referred to this
division, were promptly attended to. The registers of geographical positions in the Computing
and Drawing Divisions were kept up to date, and needful information, geodetic and magnetie, for
the charts issued by the Survey, was supplied. This division also attended to the annual statis-
tics, astronomical, geodetie, and magnetic, and to proof-reading of its scientific papers appearing in
the annual report; examined for completeness of statement all astronomical, geodetie, and mag-
netic records, and reported the results reached by the several computers.

The work performed by each computer during the fiscal year is herewith given in detail.

Mr. Edward H. Courtenay attended to the geographieal registers and the preparvation of geo-
detie data or information called for by field parties or correspondence; computed and adjusted to
the old work the new supplementary triangulations executed on the shores of Long Island Sound
in Connecticat and Long Island, New York, by Assistants G. Bradford and 8. C. McCorkle in 1881-
'82-’83 ; assisted me in the completion and reduction of the absolute determinations for magnetic
declination, dip, and intensity at Ooglaamie, Alaska, 1881-82-'83; computed wy magnetic obser-
vations at Washington, D. C, 1884, and those of Assistant Boutelle’s party in New York, 1882-°33; "
completed the final adjustment of the main triangulation along the boundary of New York, Con-
necticut, and Massachusetts, 1862-'74; arranged for the new position computation of the triangula-
tion of the Santa Barbara Islands, Cal., and made good progress with the final adjustment of and
introduction of modern data for the main series of the Hudson River triangulation between 1851
and 1881, inclusive.

Mr. Myrick H. Doolittle adjusted the main triangulation of Penusylvania and New Jersey,
head of Chesapeake Bay to Treuton; prepared abstracts of the vertical angles of the primary tri-
angulation {(Davidson quadrilaterals) of California; computed the length of the Matagorda base,
Tex., 1883, and connected the same with the triangulation of the coast; developed the triangnla-
tion of Pocomoke Sound and Chincoteague Bay near the Virginia and Maryland boundary on the
latest data; computed the triangulation and traverse work of 1883 on the east coast of Florida,
between Jupiter Inlet and Cape Florida, carrying the same data through the primary triangualation
of the Keys to Card’s Sound; computed the main triangulation connecting Lake Champlain with
Lake Ontario, N. Y., 1880-'83, and forming a junction with the Lake Survey work near Oswego;
computed the triangulation near Portland, Oreg., junetion of Willamette and Columbia Rivers;
introduced the standard geodetic data into the triangulation of Lake George, N. Y., 1872, and
nearly completed the computation of the geographical positions of all tertiary points of Lake
Charplain, 187071272, basing them on the same data. .

Mr. Jermain G. Porter revised the longitude computation of Falmouth, Ky.; supplied some
geographical positions on the Savanpah River, and in the vicinity of Leuisville, Ky.; computed
the position of McCormick’s Observatory, Va.; assisted Mr. Doolittle in the solution of normal |
equations; developed the coast triangulation between Cape Henlopen and Cape Charles on the
standard spheroid; revised the latitude computation of Carson Sink, Nev., and computed the fol-
lowing telegraphic differences of longitude: Baton Rouge, La., and Atlanta, Ga., 1850 San Diego
and San Francisco, Cal, 1871; Los Angeles and San Francisco, Cal.,, 1870 ; Omabha, Nebr., and
Denver, Colorado Springs, and Trinidad, Colo., 1873; computed the telegraphic longitudes of
Paducah, Ky, Cairo, 111, Hickman, Ky., and Memphis, Teun.; also of Travis, Burt, and Finn, N.
Y., 1877, of Harrisburg, Pa., 1877, and of Helena, Ark., Natchez, Greenville, and Vicksburg, Miss.,

H. BEx, 43——14
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1878 ; revised transit reduction at Auckland, New Zealand, 1882, and computed the following
differences of telegraphic longitude : Washington and Cape May, N. J, 1881; Washington and
Strasbarg, Va., 1831; Washington and Cincinnati, 1881, Nashville and Cincinnati, 1881 ; Saing
Louis and Cincinnati, 1881 ; Saint Louis and Nashville, 1881 ; Nashville and Vincennes, Ind., 1881;
Saint Lonis and Vincennes, 1831; Saiut Louis and Kausas City, 1882; Saint Lounis and Omaha,
1882; Kanshs City and Omaha, 1882; and of Charlottesville, Va., and Washington, 1832, He also
computed the tiine and azimuth of stations Landerdale and Ten, in Eastern Florida, 1883, and
assisted in the reduction of the astronomiecal observations made at Ooglaamie, Alaska, 188178283,

Mr. Alexander 8. Christie completed the computation for time and azimuth at Mount Tamalpais,
Cal., 1882 ; prepared abstracts of results of spirit levels between Saint Louis and Etlah, Mo.; com-
puted time and azimuth station Carson Sink, Nev., 1880 ; computed time and azimuth of Toiyabe
Dome, Nev., 18815 computed time and azimuath of station Mount Callahan, Nev., 18381 ; computed
time and azimuth of station Enreka, Nev,, 1881 ; revised the latitude eomputations of Mount Cal-
laban, Nev,, of Tamalpais, Cal., and of Jefferson City, Mo. ; computed the azimuths of Jefferson
City, Mo., 1879, and of Hunter, Mo., 1880; revised the latitude computation of Eureka, Nev., and
farnished mean places of stars for field and office parties.

Mr. Charles H. Kammell revised computation for vertical angles at stations Mount Diablo,
Martinez East, 18580, and Round Top and Jacksow’s Buotte, 1879; computed new or modern positions
for the triangulation of Saiut Johu's River, Fla., 187677278, and a few supplementary positions
coast of Massachusetts, 1875, and in Conneeticat, 1882-'83; made a new position computation with
improved length of base of the main triangulation of the Santa Barbara Channel, Cal., 1833 to
1878; computed a few supplementary positions triangulation of the Hudson River; assisted in
taking hourly means of bifilar readings, Qoglaamie, Alaska; computed some points of the tertiary
triangulation, coast of Oregon; computed the triangulation of Port Orchard, W, T., 1880, and
made progress with similar work in Hood’s Canal, W, T., 1881, 1882, and 1884,

Mr. Henry Farquhar completed tlie computation of the spirit levels between Saint Louis and
Etlak, Mo.; computed the fo'lowing astronomical latitudes: Toiyabe Dome, Nev., 1880 ; Jefferson
City, Mo., 1879; Kansas City, Mo, 18327 Auckland, New Zealand, 18325 Mount Tamalpais, Cal.,
1882, and Mount Callahan, Nev,, 1881 ; was temporarily assigned to Assistant Swith’s pendulum
party between January » and March 6, and again between March 20 and May 1, 1884, He also
computed the latitude of Bureka, Nev., 1881, and of Keeney, W. Va., 1830, and computed certain
spirit levels, District of Columbia, 1830 and 1884,

Mr. Alexander Ziwet completed the computation connecting the triangulation of Suisun Bay
with Mount Diablo, Cal,, 1380; computed some supplementary geographical positions on the Con-
necticut River; assistedin miscellaneous revisions, checks, and verifications; assisted Mr. Courte-
nay in the computation of geographical positions of the supplementary trianguwlation of Long
Island Sound and vicinity, 1381-"82-733 ; revised the triangle sides and positions of the survey of
San Diego Bay, Cal., 1831271 ; computed some geographical positions in West Virginia; sapplied
hourly meaus of the Ooglammie magnetie differential readings, 1832-'83 ; assisted in the adjustment
of the series of triangles along the New York, Connpecticut, and Massachusetts boundary and
along the Hudson River; assisted in checking hypsometric measures, Califoruia, and computed
additional geographical positions on the islands of Santa Barbara Channel,

Mr. P. R. Stansbury attended to the clerical duties of the Computing Division, and chiefly to
the geographical registers for the Drawing Division, the copying of reports, and of other geodetic
matter for the use of field parties.

Mr. Edward A. Trescot was temporarily assigned to this division as copyist on April 3, and
was chiefly engaged to the close of the fiscal year in completing the duplicate records of the
Survey pertaining to geodesy.

I remain, sir, yours, respectfully,
CHAS. A. SCHOTT,
. Assistant, in charge Computing Division,
C. O. BOUTELLE, Esq.,
Assistant, in charge of Office and Topography.
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REPORT ON THE FIELD AND OFFICE WORK RELATING TO THE TIDES FOR THE YEAR ENDING
JUNE 30, 1834,

U. 8. CoAsT AND GEODETIC SURVEY OFFICE,
June 30, 1884.

Dear SIr: I respectfully submit this report on the work of the Tidal Division, of which I have
been in charge during the year.

OBSERVATIONS.

Self-registering tide-gauges have been used at the following stations: Pulpit Harbor, North
Haven, Me. ; Block Island, R. I.; New London, Coun.; Sandy Hook, N. J.; Sancelito, Cal.; Saint
Paul, Kadiak Island, Alaska; and Honolulu, Sandwich Islands. In September, 1831, on requisi-
tion, the last supply of paper and blank forms was sent for use on the self-registering gauge loaned
to the city engineers at Providence, R. L., and they promised to send to this office more of their
observations soon, but no more have been received yet. A self-registering tide-gauge was sent
nearly a year ago for use in the Delaware River, below Philadelphia, by the United States engi-
neers, in accordance with an arrangement with them. The observations are to be for their use
and also for the use of the Coast and Geodetic Survey. [n September, 1883, on application from
the officer in command of the artillery school at Fort Monroe, a self-registering tide gauge was
sent there, farnished with paper and blank forms for about a year, to be used by the students, the
observations to be returned with the gauge.

I make norecommendations for occupying new stations with self registering gauges at present,
except by hydrogravhic parties for facilitating and improving the hydrographic work, arrange-
ments for which are in progress; but the recomnendations made in my last annual report are such
as I would renew, if circumstances shoald at any time be deemed favorable,

In the following table I give a list of the observations received from self registering gauges
during the fiscal year, with the periods during which the several stations were oceupied :

i : i
| H :

Time of occupation.

Section.| Name of station. ‘ Name of observer. ; Kind of gauge. ‘ Pé;’)’;::ﬁ:’:“" 1 e e e 3:\*:1
i r : ; . From— : To—

I Pulpit Harbor, Me..| J. G. Spaulding. ...... Self-registering . Permanent ..... May 30,1883 ...... i April 27,1884 ..... ; 333

; Block Island, R.I...| J. M. Conley...... JU I : July 1, 1883 ...... ’ Junuary 19, 1884 .. 223

11 | New Londen, Conn..1 A Koeh oo i July 11883 . ...... | November20,1853., 143

II | Sandy Hoeok, N.J...' F. W. Shepheard ... .. RO July 1,1883 . ... | June 30, 1884 ... : 366

X | Sancelito, Cal.......| E. Gray. .c.......... . ; cereeee JUly LI8ER L ' June 30, 188¢....... 366

X1y ! St. Paal, Alaska .. | W..T. Fisher......... [P U T SO i March 1,1883 . ._.. December 1, 1883, 276

] Honolulu, S.1....... . W.D. Alexander . 1 July 20,1882 ... June?8, 1884 . ..... 709

The observations at Block Island were stopped owing to the gauge being broken by a vessel
ruuning against the tide house. The observations at New London were stopped after having been
continued a vear. There are two self registering tide-gauges in the oftice for which clocks are
wanting. The tidal observations made by the hydrographic parties of the Survey are inspected
as soon as received, and reduced in the Tidal Division. Notices of them may be found in the state-
ments of work done in the different sections. They are generally made with a staft or a box gauge,
usually during daylight only, and sometimes quite irregularly. It is very desirable that such ob-
gervations should be made more continuously, as there is liability to imperfect reduetion of sound-’
ings, especially where there is only one tide in a day or large diurnal inequality.

OFFICE-WORK.

Most of the observers furnished with self-registering ganges have been taught to tabulate the
high and low waters and hourly ordinates from the curves before sending these to the office, "'“f‘
then send the tables and curves at different times, thus preventing losses by mail and other acci-
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dents. This mode of working has been found to make the observers more skillful and careful, aud
considerably reduce the amount of office-work. - The results of the observations received from the
self-registering gauges and hydrographic parties are used in prediction, chart making, aud for
other purposes. The reductions and discussions that have been made enable the division to far-
nish a large amount of information about tides to officers of the Survey, civil and United States
engineers, and others, and the demaund for it has been rapidly increasing. In Appendix No. 3 is
inelnded a statement of tidal data supplied to persons not connected with the Survey. Tide tables
containing the predictions for the Atlantic and Pacific coasts of the United States for the year
1885 have been computed, and are in course of publication, making the nineteenth year of the series.
The following computers have been employed in this division in the course of the year: R. S.
Avery, L. P. Shidy, M. Thomas, and C. B, Turnbull, in the office, and J. G. Spanlding out of it.
-Mr. Avery was in charge of the division, and inspected all the tidal observations when received,
attended to the correspondence with observers and others relating to tides, planned aud supervised
the work on tides and tide-gauges, prepared the predictions for printing and read the proofs, and
computed when not otherwise engaged. Mr. Shidy redunced many observations received from the
self registering gauges aud hydrographie parties, predicted for some of the places where the old
methods had to be used and with the predicting machine for others, preparved tables to be used in
aleulating components, and aided efficiently in miscellaneous work. Miss Thomas worked on the
sunplest reductions and on the hourly ordinates for permanent stations, aiding sometimes in mis-
cellaneous work and copying. Miss Turnbull has been employed copying, tracing, tabulating tides,
an sometimes aiding in miscellaneous work and easy reductions. Mr. Spaulding made predie-

tions for some places in addition to bis services as tidal observer at Pulpit Harbor.

Respectfully submitted.
R. 8, AVERY,
In charge Tidal Division.
C. O. BouTELLE, Esq.,
Assistant, in charge of Office and Topography.

REPORT OF THE DRAWING DIVISION, COAST AND GEODETIC SURVEY OFFICE, FOR THE YEAR
ENDING JUNE 30, 1884.

U. 8. CoAST AND GEODETIC SURVEY OFFICE,
Washington, June 30, 1884,

DEAR SIR: The synopsis here presented of the work done in the Drawing Division under
my supervision during the fiscal year ending June 30, 1884, will serve to show the character of the
labor performed by each person connected with the division; and the summarized statement
accompanying gives in detail abstracts of the year’s results.

The charts that were completed or in progress, the plane-table sheets inked, and the miscel-
laneous drawings finished, together with the names of the draughtsmen who did the work, are
given in the tabular statement appended.

Year by year, as the area covered by the survey increases, the calls on this division for special
information, such as tracings, compilations, unfinished proofs brought up by hand, transeripts of
records, &c., have grown; but yet, notwithstanding the pressure of its regular work, the division
has met all these demands with faithful promptness. How various aund numerous have beén the
calls, may be seen by referring to Appendix No, 3,in which those answered by the Drawing Divis-
ion are included. ‘

Forty maps and charts, embodying the several series of the catalogued publication class, have
been in progress. Of this number eighteen were finished, twelve of them by photolithography,
the latter including three minute carefully.drawn maps, illustrating the entire boundaries of all
the custom distriets of the United States, for the use of the Treasury Department., Thirty-four
plane-table sheets were inked in the best manner, preparatory to reproduction by photolithographic
processes; projections were constructed upon fifteen copper plates for the use of the engravers;
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numerous drawings of instruments of precision, notably the perspective views of the ¥errel tide-
predicting machine, and diagrams illustrating professional papers, were made for issue in the
annual report; thirty-five projections for topographic work and forty-seven for hydrographic de-
velopments were constructed; progress was made upon the map of the United States, scale 10
miles to the inch, and an elaborate model, in plaster, of the Atlantic Basin and Gulf of Mexico,
was finished.

The work, as usual, in this division has been of a diversified and difficult kind, and it affords
me pleasure to testify to the faithful manuver with which the draughtsmen, one aud all, have per-
formed the duties allotted to them, aud to the bigh order of skill displayed by them in execution
thereof. The persounel has remained unchanged.

Nearly all drawings bave been iuked with a view to reproduction, in order that any sudden
call could be met at ouce, )

To make delay as short as possible, preliminary editions of man» vew charts are now drawn
for, and published by photolithography, immdcdiately after the surveys are completed. These serve
until the final engraved charts are issued, thus bringing the information they contain before the
publie without loss of time. The dranghtsmen have become by expericuce guite expert in making
photolithographie drawings, which require practical skilled knowledge in their execution to pro-
duce good prints.

The names of the dranghtsmen, togetlier with an outline of the distribution of work among
them, are as follows:

Mr. A. Lindenkohl has been occupied in the construction of a minute topographieal map of the
United States, scale of 10 miles to the inch, but has found time to construet an accurate and elabo-
rate wodel of the depths of the sea in the Bay of North America and the Gulf of Mexico, and to
keep the progress sketches of the survey sapplied with the latest information.

Mr. H. Lindenkohl has prepared the following photolithographic drawings: Iart and City
Islands; San Pedro Harbor, Cal.; Destraction Island, W.T., and a new map of Alaska Territory,
and also numerous reductions for the annual report.

Mr. C. Junken has devoted his time prinecipally to the reduction of hydrography for engraving.

Mr. E. J. Sommer, who had been on leave of absence, returned to the office and resaumed his
position in the division in November. His work has been the making of projections on paper and
copper, and reductions of topography and hydrography. He reduced Coast Chart No, 162, Cape
Canaveral to Indian River Iulef, and prepared the photolithographic drawing for the chart of
Black Rock Harbor.

Mr. T. J. O’Suliivan reduced the topography for Coast Chart No. 176, Charlotte Harbor to
Tampa Bay, general lettering ; and made the photolithographic drawings for charts of the inside
passage of Indian River, and for progress of the transcontinental triangulation from the Pucitic
coast westward; also sketeh of triangulation in Missouri and lllineis.

Mr. P. Erichsen, in addition to reducing the topography for Coast Chart No. 14%, Bogue Iulet
to New Topsail Inlet, inked five plane-table sheets, verified engraved charts, and made a series of
perspective drawings of the tide-predicting machine.

Mr. L. Karcher has been employed chiefly in making the numerons projections required by field
parties, preparing projects and diagrams for office use, tracing and miscellaneous work.

Mr. Karcher was off duty March 29 to July 1.

Mr. A. B. Grabam, while engaged almost exclusively in constructing hydrographic projections,
plotting geographical positions, and transferring shore-line to projections made by other draughts.
men, has inked six topographical field sheets, and made tracings and diagrams of different kinds.

Mr. E. H. Fowler has continued to ink plane-table sheets, and during the year inked eleven
sheets complete Mr. Fowler also made the smooth drawing for the photolithograph of Delaware
Breakwater.

Mr. E. Molkow inked ten plane-table sheets, made reductions, compiled statistics, and prepared
a few diagrams.

Mr. Barker has been employed in coloring buoys and light-houses and making additions and
corrections upon the printed charts,
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Mr. J. C. Barr has continoed to be employed in the division. He has colored lights and buoys
on charts, and made such corrections thereon as were necessary for the purpose of navigation, and
has assisted in clerical duties.

Yours, respectfully,
W. T. BRIGHT.

C. O. BoUTELLE, Esq.,

Assistant, in ehurge of Officc and Topography.

DRAWING DIVISION.

Charts completed or in progress during the year ending June 30, 1884.

1. Topography. 2. Hydrography. 3. Drawing for photolithographic reproduction. 4. Inking and lettering plane-table sheets. 5. Projec-
tions on copper. 6. Compiling. 7. Verification. 8. Diagrams. 9. Measuring area of engraved surfaces.
Es : i
a3 i ; ;
’a:g Titles of charts. , Scale. Dranghtsmen. i Remarks.
) :
i3 |
o i
}r ATLANTIC COAST. * |
? GENERAL COAST CHART, "
14 ‘ Cape Canaveral to Cape Florida ....... .. ... ... ‘ 1-40, 000 u 1,2. A. Lindenkohl. . ......... ... i Completed.
| COABT CHARTS. ! | '
102 . Seal Island Light to Petit Manan Light _...... ............ 1-80, 000 " 1,2 C.Junken ... ... ... ' Continned.
111 . Monomoy and Nantucket Shoals to Muskegat Channel.. ... 1-86, €00 | 2. H. Lindenkohl ............. . i Additions.
114 | Eastern Entrance to Long Island Sound.................... 1-80, 000 * 1,2. H. Lindenkohl. 2. C. Junkon.| Commenced.
120 | New York Bay and Harbor ..., ... iemoenimimneiaanoos 1-80, 000 | 2. L. Karcher, C.Junken, E. Mol- | Additions.
‘ kow.
124 | Delaware Entrance (lower sheet) .........o.ooiiiaian, 1-80, 000 D0 O TUKEN e, Do,
142 | Roanoke Jsland to Hatteras Inlet................... s 1-80,000 1 2. C. Junken ... ... .co....o.. Do.
145 | Cape Hatteras . ... .c..ooiiiiiiiiiiieie ciaiicaaaaaaan 1-80,000 | 8, T. J. Q'Sullivan............... Commenced.
148 : Bogue Inlet to New Topsail Inlet. . ........ ..o .. 1-80,000 | 1. P. Erichsen.................... Completed.
150 : Cape Fear River and approaches ..........eu. .. vereerranas 1-80,000 , 1, 2, C. Junken........ .....coee Do.
162 | Cape Canaveral to Indian RiverInlet ... ... ..ol 1-80,000 | 1. E. J. Sommer................. Commenced.
175 | Charlotte Hurborand San Carlos Bay......... ... ... ... .. 1-80,000 ; 5. C. Junken ..oeneivniiiaia.. Do.
178 . Charlotte Harbor to Tampa Bay 1-80,000 | 1. T. J. O'Sullivan........ ....... Do.
204 | Galveston Bay ................... 1-80,000 | 1,2. H. Lindenkohl .._...........| Additions.
208 Pass Cavallo, Lavaca, and San Antonio Bays .........aua.. 1-80,000 | 5. H. Lindenkohl................. Do.
209 | Aransas Pass, Aransas and Copano Bays......_............ 1-80,000 | 5. H. Lindenkohl ................. Do.
216 Corpus Christi, southward ... ... . ... . i iiiiiierauancen 1-80,000 = 1. H. Lindenkobl. 5. C. Junken..| Completed.
HARBOR CHARTS.
305 . Cape Split to Schoodic Island, Me . ................c.oeon 1-40, 000 : 1. H. Lindenkohl. 2. A.TLinden- | Commenced.
kohl, E. J. Sommer.
844 | Monomoy PaSSage .. ... .oononomeee e et 1-40,000 . 2. H. Lindenkohl. ... _.__...__... Additions.
359 ( New Lendon Harbor, Comm.........oiviinnrivenne .. i 1-40,000 = 1. A, Lindenkohl. 2. L. Karcher, | Completed.
J I €. Junken.
361 | Rart and City Island 1-10, 000 : 3. H Lindenkohl Continued.
363 | Black Rock Harbor....o..ooooee oo : 1-10, 000 ' 3. E. J. Sommer Commenced.
389 | New York Entrance ... . i 1-40,000 | 2, L. Karcher................o.... Additions.
370 | Delaware Broakwater ... ..oiecer iiiiit veeiin conlnl | 1-20, 600 3. E H.Fowler...c........ e Do.
440 | Savannah River and Warsaw Sounds ...... 140,000 | 1,2. . J. Sommer. . ..o oeon.. Do.
384 . Patapsco River, Md..................., 1-60,000 ;5. C.Junken  ......eoceeseeenns Commenesd.
464¢ ' Indian River—Elbow Creek to Rock Point.........oo..o... 1-20, 000 3. T.J. O’'Sullivan. .c.ceeucnnnnn. . Do.
4647 = Indian River—Rock Point to J. Keller's hoase 1-20,000 © 3, T.J. O’Sallivan... - 'bo.
4647 - Indian River—Kelley's house to Bethel Creek .............. ! 1-20,000 ; 3. T. J. O’Sallivan.............0. Do.
464% Indian River—Bethel Creek to Indian River Inlet.c..e.....! 1-20,000 | 3. T.J,0'Sullivan .......cceev .. .| Completed.
468 | Key West Harbor .ov v mvnnt it it e ! 150,000 5. E. J. Semmer......coavnn we...i Additious.
455h | Saint John's River, Jacksonville to Hibernia ............... § 1-80,000 | 9. P. Erichsen......... erenemaanns Do,
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Catalogue num-
ber uf chiart,

i
|

o

73
675
77

810
669
621a

6392

662

¢« Delaware Bay Shore
: Delaware River—New Castle to Reedy Tsland

Hudson River, Haverstraw, northward
Hudson River, vicinity of Cold Spring
Hudsoen River, from Peekskill to Constitution Island
Hudson River, West Point
New Jersey Coast, Hereford Inlet

Pocomoke Sound
Saint John's River, ¥la. (reconnaissance) -......coovvivanan.
Indian River, Fla

East coast of Florida
Nueces Bay, Tex
Laguna Madre, Tex ... ..ioiiit ciiainonnare craes [
San Clemente Island, Cal
San Nicolas Island, Cal
Point Sur, Cal
Tamalpais, Cal
Vicinity of Point Arguelio, Cal
Columbia River, Oreg....... S
Nestueca Bay Entrance, Oreg
Sinslan Entranee, Oreg. (reconnaissance)
Case's Inlet, W. T

MISCELLANEQUS.

Customs map of United States, No. 1...... [
Customs map of United States, No. 2. ocvvieecivenienenens
Customs map of United States, No. 3
Map of the Middle States .....cocuvintiin vivaevinennnaen.

Mode! of the Gulf of Mexico and Atlantic Basin..o.........}:
Triangulation in Missouri and Ilinols. .....covvaavcsiacnas

1-10, 000
1-10, 000

1-10, 600

1-10, 600
1-16, 000

1-10,000 :
1-10,000

1-10,000
1-80,000
1-20,000

1-10,000
1-20,000
1-20,000
1-20,000

1-20,000 !

1-10,000
1-10,000 |

1-10,000
1-10,008
1-10,000

1-10,000

15,000, 000
1-1, 250, 000
12, 500, 060
10 miles o1
inch.

4. E. H.Fowler ........
4. E. H. Fowler, EEM
4. E. H. Fowler
4. P. Erichsen
4. A. B. Graham
4

. A. B. Graham, E. J. Sommer, |

P. Erichsen...........
A. B. Graham
E. H. Fowler
P, Erichaen
Molkow
H. Fowler
H. Fowler
Junken
H. Fowler, A. B. Graham. ..
H. Fowler

HEEEEO RS

6,7. T.J. O'Sullivan
6. L. Karcher; T J. O'Sullivan. ..
1. A. Lindenkehl; H. Lindenkohl.
1. A. Lindenkobl; H. Lindenkoh!.

A. Lindenkohl; H. Lindenkohl.
3. T. J. O'Sullivan

Tiﬂés of charts. “ Seule. Draughtsmen. i Remarkes.
- ; i
| |
i ; .
— — :‘v_.‘ ;
PACIFIC COAST. : !
SAILING CHART. ‘
| San Francisco to Umgquah River .... 1-1,250,000 . 2. C. Junken ..covenvniiiiiiiniee Continued.
GENERAL COAST CHARTS.
Point Coneeption to San Luis Obispo . ..o ooovoviaan 1-200, 800 1. A. Lindenkoh!l. 5. C.Junken ... Commenced.
Point Pinos to Bodega Head ..........o....ooiiiieninl. 1-200,000 1. H. Lindenkohl.................° Additions.
i Point Arena to Cape Mendocino ... .. ... ..ol 1-200, 000 , 5 C.Jonken..................... ; Commenced.
IARBOR CHARTS, |
San Pedro Harbor, Cal ... oiveina e cieaceaee e 1-20, 000 ! 1,2. A.Lindenkohl. 3. H. Lin- Commenced.
denkohl.
San Luis Obispo Bay, Cal ... . 1-20,000 5. E. J. Sommer...... ............ Continued.
San Franeisco Bay, ERtrance ....ooevivvmmancoae conionenes 1-46,000 : 1,2. C. Junken. 1. E. Molkow...: Additions.
Entrance to the Columbia River 1-40, 600 ; 1. II. Lindenkohl, E.J. Sommer, Commenced.
. 7. T. J. O’Sullivan.
Puget Sound, W. T 1-200,000 A.Lindenkohl ................... Continued.
Puget Sound, New Dungeness to Seattle ; 1-80,000 1,2 A, Lindenkohl ............... " Commenced,
Destruction Island, W. 'L ... o iiamir oo oo 1-40,000 3. H. Lindenkoh) .____. . __.._....° Additions.
PLANE-TABLE SHEETS,
East Side Pleasant Bay, Me. ..ol iiiiiiaeaa 1-10,000 ' 4. P. Erichsen, A. B, Graham......
Pleasant Bay, Me 1-10,000 . 4. E.H. Fowler.......__..._.....
Jordan's River, Me 1-10,000 : 4. E. Molkow ... ... .....o....
Millbridgo Entrance to Cherryficld 1-10,000 | 4. E. Molkow .....cooou. L. ...,
New London and Vicinity 1-10,000 | 4. E. Molkow ...........oc.......
Hart and City Islands 1-10,000 . 4. A.B.Graham ..................
Western part of Long Island Sound ............ 1-10, 000 ; 4. E. Molkow ..
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Titles of charts. Scale. ! Draughtsmen. Remarks.

Catalogue pum-
ber of chart.

MIsCELLANROUS—Continned. ‘ |
Transcontinental trinngulation, Pacific coast eastward ... .. 1-1, 000, 000 - 3. T.J. OSullivan..eeua..ooo. ...,
Transcontinental triangnlation, east and west of Saint  1-1,000,000 ' 3. ¥ Lindenkohl . ... ... ...

Louis, Mo, i

Progress sketeh of Southeast Alnska. ... oo ... 1-2,500,000 = 6. H. Lindenkohl . ............ __.;
. New map of Alaska Territory...... ..o 1-2, 400,000 © 3. H. Lindenkohl _............ ..

Small map of Alaska, for “* Seience ™ ... ... il i H. Lindenkohl ... .. ...... !
* Views for Alaska Coast Pilot ... ... ..ol i 3. T.J. O'Sullivan (lettering) . )

Perspective drawings of tide-predicting machine. ... ..... .. P. Erichsen...

Plan of microscope, for weights and measures report ....... ... ~ P. Ericheen.. ...

Diagrams of solar eclipse of January, 1880 ... ..o el 3. T.J.0Sullivan. ...............
Diagrams of coast charts. ..o o . 0 ciiiaei il i T. J. O’Sullivan

Diagrams of the estuary of the Delaware ............ ... . .. J. O'Sullivan.
Maps of houndary between Maryland and Pennsylvania .. ... e H. Lindenkohl. .
Map of eountry between Harper's Ferry and Gettysburg ... T. J. O’Sullivan :
Diagrams of the Mississippi River and (alveston River 1 . H. Lindenkobland T. J. O'Sul-

livan.

Jotties.

REPORT OF THE ENGRAVING DIVISION FOR THE YEAR ENDING JUNE 30, 1824,

U. 8.-CoasT AND GEODETIC SURVEY OFFICE,
Washington, June 30, 1834,

Sir : I respectfully submit the following report of work executed in the Engraving Division
during the fiscal year ending June 30, 1884:

Iu addition to the regular engraving we have had an unusual amount of cleaning electrotypes,
erasures from altos, drawing and arranging titles, general lettering and notes, marking instruments,
&ec. The large amount of electrotyping done would naturally increase this class of work, but it has
been still further angmented during the past year by the corrections required in bringing up new
printing plates of many charts, the plates of which had become much worn. The corrections to
the plates, required before printing for issue, have continued largely in excess of former years, and
while we have only handled four hundred plates in this class of work, it has been most laborious,
owing to the number of corrections arising from new surveys.

The force of engravers has been employed as follows:

Messrs. J. Enthoffer and R. F. Bartle on topography; Messrs. E. A. Maedel, A. Petersen, J.
G. Thompson,and F.Courtenay on lettering; Messrs. W. A, Thompson and H. C. Evans on topog-
rapby and sanding ; Messrs, E. H. Sipe, W. H. Davis, and A. C. Ruebsam on letiering and miscel-
laneous corrections ; Messrs., H, M. Kuight and T. Wasserbach on sanding and miscelianeous cor-
rections, '

The Survey has lost the services of an expert engraver in the death of Mr. A. Sengteller, who
died August 11, 1883, Mr. Sengteller was engaged in Paris in 1856, and immediately reported for
duty in this office, where he remained coutinuously employed until his death, at the age of seventy.
The many valuable charts published from the plates intrusted to him bear ample testimony to his
artistic skill, fully sustaining the high recommendation given him when engaged for this special
work on the survey. To within a few months of his death he was still fuithful in his labors, and
even his latest work, with old age and bodily infirmities oppressing him, evinces that refinement of
treatment that brought him reputation in youth.

I have also to chronicle the death of Mr, F, W. Benner, on October 16, 1883. Mr. Benner had
been employed for many years on *job work” at his home, and though physieally ineapable of
engraving a large amount, what he did was satisfactory, and his death has proved a imeasurable
loss in that class of work to which ke coufined himself. :

The electrotyping of the copper plates has continued under my direction, with the immediate
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supervision of Dr. A. Zumbrock, assisted by Frank Over. Some of the inprovements referred to
in my last annual reporthave been completed. Two cells and one vat have been added to the second
battery, making it of equal capacity with the first. New rods for suspending the poles in the cells
have been substituted since the close of the fiscal year, but sufficient observations have not yet
been made to determine if they afford any particular advantage beyond that derived from render-
ing the batteries more easily taken care of.

The addition of two cells and the vat to one battery has necessarily increased the resalts of
the year'’s work, but a larger increase has bLeen obtained from a closer study and a more perfect
knowledge of the reqnirements of the work as it is now carried on under my direction. This is
seen at once in the quantity of copper deposited in comparison with that of previous years.

During October, November, and December, 1883, experiments were made by Mr. Werner Suess,
under the direction of Assistant Schott, with a view of improving the galvanometer, but many
trials demonstrated the system that had been in use to be the most reliable. A new instrument
of more perfect workmanship, however, was made and set in place.

The printing for the chart room has increased 16 per cent. during the year. In the summer
months the requisitions are greater than the capacity of our presses. This necessarily creates some
delay in the delivery of charts, but it is not believed the delays are yet so great as to demand an
increase of the force. The capacity of the printing establishment is the same as the preceding
year, and much credit is due the foreman, Mr. I'. Moore, and the other printers, for their endeavors
to keep up the sapply of charts during the busy season.

Mr. John H. Smoot has continued as clerk of the divisien. It gives me pleasure to commend
him for the precision with which he keeps such a multiplicity of records, of late years largely aug-
mented by the work of the printing and electrotyping.

Statistics of work.

ENGRAVING.

Number of plates completed : :

Charts ...........c...o...... e m et e eiiee e earere s 7

New editions of charts. .. .. e e e et imeee e e 10

Sketehes and illastrations ... . ... . il 36
Number of plates continued :

Charts ...... ...l ol e meeciis eeee 20
Number of plates commenced :

L0 11 o A ... 10

Sketches and illustrations..... .. ... . ... .iiiiiiiiiiial.. 14
Number of plates corrected: .

L) 1T 7 TS 400

I 7)1 26
Number of unﬁmshed plates on hand at the close of the year:

] 173 v D 44

Sketches and illastrations ....... ... ciiieiiieir irainnes caneas os 29

ELECTROTYPING. '

Number of pounds of copper deposited.................... e e 2, 5824
Number of sqaare inches on which deposit was made .................... 113, 628
Number of eopper plates made :

BaBSO . .o i it et taea e e 36

Of this number 4 basso and 4 alto plates were for the Engineer Corps, United States Army
(Lake Survey plates), and 1 basso and 4 alto plates for the Hydrographic Office of the Navy

Department.
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There was also made a matrix of seal for the General Land Office.
In photographing, 27 negatives were made and 123 prints.

PRINTING.

Number of impressions for chart room

Number of impressions for Assistant in charge .............
Number of impressions for Engraving Division ......

Number of impressions for Hydrographic Inspector

Number of impressions for lithograplers (transfer proofs) ....
Number of impressions for Atlantic Coast Pilot charts and views ...
Number of impressions for Alaska Coast Pilot views....

I append hereto a list of the copper plates that were completed, continued, or commenced
during the year.
I remain, sir, yours, very respectfully,

C. O. BOUTELLE, Esq.,

HERBERT G. OGDEN,

Assistant, in charge of Engraving Division.

Assistant, in charge of Office and Topography.

Plates completed, continued, or commenced during the fiscal year ending June 30, 1884,

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering, 5. Etching.
|
Cata- |
l(}g{zue | 1}%‘3 Title. Scale. Engravers.
0. | *
! !
L
" | COMPLETED.
21 | 1080 i Galveston to the Rio Grande....covueevinn coeiinonn e 1-400, 000 | 4. E. A. Maede), H. M. Knight, and J. G. Thompson.
143 1190 ; Pamplico Sonnd, Middle Sheet.Ocracoke Inlet to Mouth! 1-80, 000 | 2,3. H M. Knight. 4. E. A. Maeds), J. G. Thompson, and
: ! of Pamplico Rivor. 'W. H. Davis.
175 ‘ 1093 | San Carlos Bay to Lemon Bay, including Charlotte Har- 1-80,000 | 1,2,3. W. A. Thompson. 4. E. A. Maedel, A. Petersen,
; | bor. ' and J. G. Thompson.
182 | 1447 ; Apalachee Bay and Saint George'sSound............... 1-80,000 | 2. W. A. Thompson. 3. T. Wasserbach. 4. F. Courte-
; | nay, T. Wasserbach, J. G. Thompson, and A. C. Rueb-
3 ‘ R sam.
195 | 1823 ! Mississippi River, t+rand Prairie to New Orleans....... 1-80, 000 | 4. E, A. Maedel and J. G. Thompson.
455h . 1704 ; Saint Jobn's River No. 3, Jacksonville to Hibernia. ....: 140,000 | 3. R.F. Bartle. 4.J.G Thompson.
455¢ | 1729 ‘ Saint. John's River No. 4, Hiberaia to Racey's Point .. .| 1-40, 000 | 3. R. F. Bartle. 4. E. A. Maede], F. Courtenay, and J. G.
NEW EDITIONS, 1883. i Thompson.
154 | 1730 | Long Island to Hunting Island i 1-80, 000 | 3,4. H. M. Knight, J. G. Thompson, and A. C. Ruebsam,
626 1 1758 | Buisun Bay. ... oo i i e aes 1-40, 000 | 3. James H. Barker, T. Wasserbach. 4. W. A. Thomp-
NEW EDITIONS, 1884, son,J. G. Thompson, and W. H. Davis.
369" | 1792 Now York Entrance ..c.ociviver voionininecvinnas cavnn 1-40,000 | 1, 2. W. A. Thompson. 3, 4. H. M, Knight. 4. J. G,
Thompson.
469 | 1736 | Key West Harbov...... ... ........cocii e, 1-50,000 | 3. James H. Barker, W. A. Thompson. 4. E. A. Maedel
‘I and A. C. Ruebsam.
520 1 1803 | Galveston Enfrance. .. ....o.cc.oivee voaenienniniannoen. 140,000 | 8,4. T. Wasserbach. 4. A.C.Runebsam.
551 | 1278 ; Burlington Harbor, Vt............ ... e 1-10,000 | 4. W.H. Davis.
655 | 1817 | Blakely Harbor...... ... o iiiiiiiiieniiian i, 1-10,000 ; 2, 3. T. Wasserbach. 2. W. A. Thompson. 4 T.Was-
REISSUES, 1884, serbach.
$15a | 1065 | Inside Passage, Bath to Booth Bay ..........co..oon.... 1-20,000 | 4. T. Wasserbach.
425 786 ‘ Cape Fear River, Federal Point to Wilmington......... 1-30, 000 | 3,4. T. Wasserbach.
63¢ | 1323 | Cape Orford and Reef. ..o ... iiel. 1-40,000 | 2. 'W. A. Thompson. 4. E.H. Sipe.
!
! FROGRESS BKRTCHES.
]
1745 | Hudson and Saint Croix Rivers (extension)............ 1,4. E. H.Sipe. 4. A.C.Ruebsam.
1749 ; Maryland and Georgia Base Lines (extension) ..........[. .1 4. E.H. Sipeand A. C. Ruebsam,
{ 1753 | Long Xeland and the Blue Ridge (extension)............. renasncsevnesd 4 K. H. Sipo and A, C. Ruebsam.
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Plates completed, continued, or commenced during the fiscal year ending June 30, 1884—Continued.

1. Outlines. 2. Topegraphy. 3. Sanding. 4. Lettering. 5. Etching.
l(o}lgut: P}}x:’i?e Title. Scals. Engravers.
0.
ALABKA COABT PILOT CHARTS.
1565 | Cape Mudge to Cape Commerell......... B 4. E. H.Sipe and W. H. Davis.
1566 Cape Commerell to Point Walker. ..c...... 4. E. H. Sipe and W. H. Davis.
1567 | Point Walker to Swanson Bay.........-. 4. E. H. Sipe and W. H. Davis.
1568 | Swanson Bay to Chatham Sound ...... 4. E. H. Sipe.
1569 | Dixou Eutrance ... ..occooiiienianns 1,4 E. H. Sipe and W. H.Davia.
1670 | Portland Canal and Observatory Inlet.....cooaeniadii L 4 E. H. Sipe.
1571 | Behw Canal and Clarence Strait ..ooovoioouiiiin i iiian. 2. W. A Thompson. 4. E.H.Sipe and W. H. Davis,
1572 | Wolf Rock to Cape Decision. ..ocveneeiiinminin v vaiiiaiinnan. 2. W.A. Thompson. 4. E. H.Ripe and W. H. Davis,
1573 | Sumper SErait «ovoon e e et e naeae et e et i e aaas 2,3. W. A, Thompson. 1,4. E. H.Sipe. 4 W.H. Davis.
1574 | Fredericks Sound and Stephens Passage.......o.ovvvves]ivrnaiaiann e 1,4. X. H. Sipe.
1575 | Sandy Bay to Cape BEdward. ....c.oooooii i 2. W.A.Thompson. 1,4 E.H.Sipe.
1576 | Cape Edward to Lituya Bay........... oo il 2,3. W. A, Thompson. 1,4. E. H. Sipe.
1819 | Lynn Canal ......... e eeeeecasetaasaes cannreanecvaeanclecnananen rans 2. W. A.Thempson. 1,4. E. H. Sipe.
1578 : Litnya Bay to Yakutat Bay. ... coooviiiiiiiinniooiiiiaiiianna, 2. W. A. Thompson. 1,4. E H. Sipe.
1557 | Seymour NaITOWS .- oocw . oieriomcrnceasoaneamneersenniioncnncnsennns 4. E. H. Sipe and W. H. Davis.
ALASBKA COAST PILOT VIEWS.,
1645 | Bitka or Norfolk Sound ... . ..co. . iiiiii e e 4. E. H. Sipe.
1646 | Anchorage Naas Bay, &0 ....cevrinaniiiienntmenneaficaan oo 4. E. H. Sipe.
1644 | Entrance to Coghlan Anchorage, &c......ooo.o Lt 4. E. H. Sipe.
| 1647 | False Egg Island, &e¢....oooiviiii et i 4 E H. Sipe.
| 1685 Invisible Point. &e .. ... ..ol : 4. E. H. Sipe.
| 1663 | Leading marks over Nahivitti Bar, &¢ ..ooooooineiiiiiifianiin i an ! 4. E H.Sipe.
1791 | Point Craven, North Point of Peril Strais, &c.....ocon| ool . 5, John R. Barker. 4. E.H. Sipe.
1795 | Point Witdham, &€ .....cuiiieentiaacenenneeeerceraaedorarecannannas 5. John R. Barker. 2. W, A. Thompson. 4 E.H.Sipe.
1796 | New Eddystone Rock, &o.....cn-.. R— eereesenensssi 5 Jobn R, Barker. 4. E. H. Sipe.
1826 | Mount Saint Elias and Mount Fairweather..........._|. ... ... 5. E.H. Fowler. 4. E. H. Sipe.
MOUNT DESERT ISLAND VIEWS.
1586 | Robinson’s Mountain, from summit of Brown's Mount- i............. 4. W. H. Davis.
ain.
1549 | Robinson's Mountain, looking north, Eagle Cliff Mount- |.............. 2. W. A, Thompson. 4. W, H. Davis.
ain, i
1510 | Brown's Mountain, looking northwest .................. L 4. W. H. Davis.
1511 | North Summit, face of Echo Mountain ................ ... . 2. W. A.Thompson. 4. W.H. Davis.
| 1513 | Brown's Mountain looking 80uth. ..coveoveeneeeeeeeii]inniania e, 4. W. H. Davis.
1546 | Echo Mountain, looking west. .....c.cceiiine iiiiiiiaiaiiaeaanns oo 2. W. A. Thompson. 4. W, H. Davis.
TOPOGRAPHICAL VIEWS. *
1700 | Cape Disappointment, from Sandy Island, looking west .|.......... .. 4, W, H. Davis.
1691 | The Dalles, Columbis River, looking southeasterly ..... .............. 4. W.H. Davis.
COMMENCED. R
L] i
14 | 1778 | Cape Canaversl to Fowey RockS . .cvvvvennnrumnennianns . 1-400, 000 1,2. R.¥. Bartle, 1, 3,4, H. M. Knight. 4 E. A, Mae-
{ del and F. Courtenay.
152 | 1787 | Winysh Bay, Cape Romain, & 1-80,000 : 1,2. J. Enthotfor. 4. A. Petersen.
210 | 1779 | Corpus Christi Bay and Pass.......... 1-40,000 | 1,2. H.C.Evans. 4. J. G. Thompson.
805 | 1821 | Pleasant Bay to Prospect Harbor, Me .......... 140,000 | 1,2. R.F. Bartle.
350a | 1798 | Thames River and New London Harbor .. 140,000 | 1,2. R. F. Bartle. 4. A. Petersen and J. G. Thompson.
673 | 1800 | Point Conception to San Luis Obispo 1-200, 000 | 1,2. W. A. Thompson.
876 | 1741 | San Francisco to Point Arena. .cccoeone s veiennaneas . 1-200,000 | 1,2. W, A, Thompson. 4. A. Petersen.
68la | 1789 | Approaches to the ColumbiaRiver.........c..caveeivnae 1-200,000 | 1,2. J. Enthoffer. 4. A.Petersen.
854a | 1762 | Port Discovery and Washington Harbor........... 1-40, 000 | 1, 2. E.J. Enthoffer. 4. F.Courtenay.
66y | 1828 | San Luis Obispo Bay......ccou.cuee e P 1-20, 000 | 1,2. E.J. Enthoffer.
1789 | Trinidad Harbor ........... eieeeerenn [N [N 1-40,000 | 1,2. ¥.J. Enthoffer. 3. H.C. Evans and W. 4. Thomp-
son. 4. F.Courtenay.
Baint George’s Reef and Cresvent City ......... ..ol 1-80,000 | 1,2. E.J. Enthoffer. 3. H. M.Knight. 4. F.Courtenay.
17933 Cape Orford and Roof ...ooeooeveeviimnincine nineaens 1-80,000 | 1,2. E.J. Enthoffer. 3. H. M. Knight. 4. F.Courtenay
1820 | San Diego Bay...... e ttonneemnneemnnaennenennraennn wee]  1-100,000 | 1,2. E.J. Enthoffer. F. Courtenay.
1805 | San Franeisos Bay ....... e acneen et ean e naaanas 1-80,000 | 1,2. E.J.Enthoffer. 3,4. H. M. Knight.
1782 | Map of United States—Pennsylvania and New Jersey.. 1-19,000 | 1,2 4. A.C. Buebsam.
1818 | Alaska Coast Pilot chart, Lynn Canal .....evececerevncalovasasianinnsd] L4 E.H. Bipe. 2. W. A.Thompson.
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Plates completed, continued, or commenced during the fiscal year ending June 30, 1884—Continued.

1. Outline. 2. Topography. 3. Sanding. 4. Lettering. 5. Etching.

%?:e ‘ P]aot.e ; Title. Scale. : KEngravers.
0. | ;
e T ;
‘ ! COMMENCED., i
| 1763 i Atlantic Coast Pilot view, Volume 4, Duck Key, Som- |..... ... .. © 5. John R. Barker.
j . brero Key, &o.
{1765 Atlantic Coast Pilot view, Volume 4, Dames Point, |.............. ¢ 5, John R. Barker.
i i Saint John's River, &c. i
f 1761 ' Atlautic Coast Pilot view, Vol. 4, Green Cove Springs, | ......ooea.... 5. Jobn R. Barker.
‘ . &e.
11788~ Atlantic Coast Pilot view, Vol. 4, Entrance to Saint | .. ... .. ... 5. John R. Barker,
: . Augustine, &c.
L1761 | Alaska Coast Pilot view, Point Craveu, North Point | __..... . eaaen ‘: 5. John R. Barker.
. . of Peril Strait, &c. ‘
1705 . Alaska Coast Pilot view, Point Windham, approaches { ............. 5. John R. Barket.
to Takon Harbor, &c.
; 1796 ' Alaska Coast Pilot view, Northwest Point of Washing- {..._._ ....... 5. John R. Barker.
; ! ton Islands. | ‘
| 1826 ! Alaska Coast Pilot view, Mount Saint Elias and Mount ‘ ........... .... 5. E.H. Fowler.
; ! Fairweather. : ;
| l CONTINUED. ‘ |
D 1053 | Sailing chart, Gulf of Mexico. ..ocvv..eeveeimee-veeees 1-2,100,000 | 4. E. A Maodel
102 | 1742 | Seal Island to Petit Manan, north part................... 1-80, 000 "1and 2. J. Entboffer.
145 1725 : Cape Hatteras ..........cooinnniiian s : 1-80,000 | 1 and 2. R.F. Bartle, 3. H.C.Evans. 4. A.Petersen,

1-80,000 ' 1 and 2. J. Enthoffer.
1-80,000 4. H. M. Knight, :
e, 1-80,000 | 1and 2. H.C. Evans. 4. F. Courtenay.

152 ;1787 ', Winyah Bay, Cape Romain, &c...
: |
153 1503 | Winyah Bay to Long Island ....

180 | 1746 | Cedar Keys to Dead Man's Bay. .
181 | 1450 | Apalachee Bay........-... e e ean [ 1-80,000 | 3. F. Courtenay.
192 | 1537 ° Chandeleur and Breton Island Sounds .......ceooonnn... | 1-80, 000 | 3. F. Courtenay.
204 | 1316 | Galveston Bay......co ieeceecatoacaareeicaonenanaaans 1-890,000 | 4 F. Courtenay.
208 | 1247 : Pass Cavallo, Lavaca and San Antonio Bays .- 1-80, 000 { 3. ¥. W, Benner. 4. T. Wasserbach and A. C. Ruebsam.
209 | 1248 | Aransas Pass, Aransas and Copano Bays.......... ... 1-80,000 | 2and 3. W. A. Thompson. 3. F. W._Benuer, H. C. Evans.
[ 4. A.C.Ruebsam.
212 | 1716 , Brazos Santiago, &¢ ....viiervinaianiiciiicenrieaaeans 1-80, 000 | 3. James H. Barker,
306 | 1186 ' Frenchman's Bay and Somes Sound .........ccocoiiaansy 1-40,000 { 2 and 3. H. C. Evans, W. A. Thompson. 4. A.Petersen
| and E. H. Sipe.
307 | 1265 | Blue Hill and TUnion River Bays.ceeeeracranranncnenes 140,000 | 3. H.C.Evans. 4. A, Petersen and . H. Sipe.
308 © 1376 . Approaches to Blue Hili Bay and Eggemoggin Reach .. 140,000 | 3. H.C. Evans. 4. A, Petersen.
35%a ‘ 1798 Thames River and New London Harber................ 1-40,000 | 1and 2. R. F. Bartle. 4. A.Petersen. 3. H. M. Knight.
401c | 1679 | James River No. 5, Kingland's Creek to Richmond...... ] 1-20,000 ; 4. F. Courtenay.
600a 1754 . San Diego to San Francisco........cocveviienniiinnn.nn. 1-1,200,000 | 1 and 4. H. M. Knight.
6006 | 1765 | San Francisco Bay to the Stait of Juan de Faca........! 1-1,200,000 | 1 and 4. H. M. Knight.
621a 1532 ‘ San Francisco entrance. ..o ..c.oviveie cheminiioiinaan 140,000 | 1 and 2. W. A, Thompson. 3. H. M. Knight. 4 J.G.
! : Thompson and A. Petersen.
|

REPORT OF THE MISCELLANEOUS DIVISION FOR THE YEAR ENDING JUNE 30, 1884,

U. S. OFFICE CoAST AND GEODETIC SURVEY,
Washington, June 30, 1884.

Sir: I have the honor to submit herewith the annual report of this division for the year ending
June 30, 1884.

The general work of the division was the same as in former years. The Annual Reports for
the years 1881 and 1882 were printed during the year, thus bringing the series much nearer to
current date than for many years previous. The Annual Report for 1883 was also sent to press,
and considerable progress made towards its publication. This volume will be ready for distribun-
tion before the Report for 1884 is submitted to Congress, when the whole series of annual reports
will be up to date. For this much-desired result the office is largely indebted to the cordial
co-operation of the Government Printing Office officials.

The first edition of Sabdivision 15 of the Atlantic Coast Pilot (Delaware Bay and River)
was pablished, and the Pacific Coast Pilot, Alaska, Part 1 (Dixon Entrance to Yakutat Bay, with
the Inland Passages) was sent to press.
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During the year the following aggregates of publications of the Survey were received from
the Public Printer:

Copies.
Aunnual Reports for 1879, 1880, 1881, and 1882 ... ...... .. ....... ... ... ... 9,463
Appendices to Annual Reports (extra copies)................ et e 5,400
Tide Tables for the Atlantic and Paeific coasts for 1885 . ..... .. ... ... ... .. 4,500
Notices to Mariners, Nos. 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, and 51. ... .. 6, 000
Atlantie Local Coast Pilot, Subdivision 15 .. ..... .. ........... (... ... 500
Summary of Report of Superintendent for 1883. .... ... .. e e e 300
List of Original Topegraphic and Hydrographic Sheets . ............... .... 100

A detailed statement concerning the above-mentioned publications is"appended hereto.

Distribution of the various publications of the Survey to the Departments of Government,
institutions, and individuals was made as usual, and the Notices to Mariners and Appendices to
the Annual Reports, published in pamphlet form, were distributed gratuitously in the customary
manuer.

Three thousand three hundred and twenty-two copies of the Annuaal Reports were distributed
during the year; also 856 copies of the Aflantic Coast Pilot, including subdivisions.

There were received in the chart-room during the year 33,743 sheets of charts, of which
28,193 were copper-plate impressions, and 5,545 were printed from stone. Thirteen thonsand three
hundred and forty-seven copies were furnished to the several Executive Departments and to Sen-
ators and Represeuntatives, and 17,418 sheets were supplied to sale agents. The total issue of
charts during the year was 33,638 copies, being an increase of 1,626 copies over the preceding year.
(See statement appended hereto.) The receipts from sales of publications amounted to $3,966.44,
which sum was duly deposited in the Treasury.

The issue of charts was made ander the immediate supervision of Mr. Hugo G. Eichholtz, who
has countinued in charge of the chart-room. '

The carpenter work of the office, including the wood work of instruments and packing them
for transportation, the construction of vats, frames, &c., for the laboratory, repairs of furniture,
and repairs to the office building, &e., was under charge of Mr. A, Yeatman up to the time of his
death, on the 2d of December, 1883. Mr. H. O. French was appointed by the Superintendent to
succeed Mr. Yeatman, and reported for duty on the 1st of January, 1884, since which date he has
been in immediate charge of the carpeuter shop. Messrs. G. F. Cox and G. W. Clarvoe were
employed, as heretofore during the whole year, and rendered faithful and efficient service to the
chief carpenter.

The map-mounting room has been in charge of Mr. R. T. Bassett, as heretofore, and Mr. N. Y.
Cavitt has continued to-discharge the duties of janitor.

The messerigers and laborers employed in the office have discharged their duties with a degree
of fidelity and zeal that entitles them to commendation.

Yours, respectfully,
M. W. WINES,

Chief of Miscellaneous Division.
C. O. BoUuTELLE, Esq.,

Assistant, in charge of Office and Topography.
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List of publications of the Coast and Geodetic Survey received from the Public Printer during the fiscal
year ending June 30, 1884,

Namber Number
- Name of publication. of Name of publication. of
copies. copies.
Annual Report for 1879 . ...t 884 || No. 8—Measurement of the Yolo base, Yolo County, Cal. 200
Annual Report for 1880 822 || No. 9—Field-work of the triangulation, third editiou..... 700
Annual Report for 1881 3,845 || No. 10—On the constraction of observing tripods and scaf- 200
Annual Report for 1882 ........... 3,912 folds.
Tide Tables, Atlantic Coast, for 1885. . ... ..o eeimvaann. 2,500 {| No. 11—Results of the transcontinental line of geodetic
Tide Tables, Pacific Coast, for 1885 ... _................... 2, 000 spirit-leveling near the parallel of 30°. 200
Atlantic Coast Pilot, Subdivision 15—Delaware Bay and 500 || No. 12—Secular variation of the magnetic declination in
River. the United States and at some foreign stations, 500
Summary of Report of Superintendent for 3883 ........... 300 fifth edition.
List of original topographie and hydrographic sheets regis- 100 || No, 13—Distribution of the magnetic declination in the 800
tered in the Archives of the United States Coast and United States at the epoch January, 1885,
Geodetic Snrvey. ‘ Wo. 14—Records and results of magnetic observations made 100
i 4
NOTICKS TO MARINERS, , at the charge of the ‘*Bache fund” of the Na-
§ tional Academy of Sciences, from 1871 to 1876.
< , ) . 5 ;
No. 40—Dangerous rock off Warren's Point, R.X.......... 500 {i No. 15—Comparison of the survey of Delaware River of 100
No. 41—Dangerous rock recently reported on the coast of 500 1810, between Petty's and Tinicum Islands, with
Maine, near Muscongus and Booth Bays. more recent surveys.
No. 42—Rooks reported in Eggemoggin Reach, Me., and 500 || No. 16—Study of the effect of river bends in the Lower 100
in Bast River, N. Y., near North Brother and Mississippi.
Riker's Islands. No. 17—Discussion of the tides of the Pacific Coast of the ; 500
No. 43—Dangerouns shoals off Cape Henlopen, Del...... ... 500 TUnited States.
No. 44~Wreck in Potomac River, near Blackistone Island. 500 1 wo 18- R eport on the Siemens electrical deep-ses ther- 200
No. 45—-Dangerous shoals in Monomoy Passage ........... 500 mometer ;
No. 46—Notes on dangers in Neva and Peril Straits and 500 !l Wo. 90—The total solar eclipse of January 11, 1880, ob- 100
anchorages in Fish Bay, Southeastern Alaska. served at Mount Santa Lucia, Cal R
s . 3 M .
No. 47—Dangerous ledge? n the}‘ s Island Sound........... 500 || No, 21—A new reduction of LaCaille's cbservations of Fun. 200
No. 48—Dangerous rock in East River, N. Y.............. 500 damental stars in the southern heavens, 1748-
No. 49—Dangerous ledge in Englishman’s Bay, coast of 500 1757,
Maine, - . No. 22—Report of a conference on gravity determinations.. 200
No. 50—Development of ledges off Minot's light-house, 500 || No. 34—Tribute to the memory of -Carlile P. Pattersen,
Massachusetts Bay. Superintendent of the Coast and Geodetic Sur- 300
No. 51--Important changes at and near Cape Henlopen.... 500 vey from 1874 to 1881,
APPENDICRS TO THE REPORT FOR 1882. APPENDIX TO THE REPORT FOR 1883,
No. 7T—A new.compenaatiug .prixfmry baso spparatus, in- 00 ! No. 7—Table of depths for harbors on the coasts of the 500
cluding t,fhe‘ determination of the length of the ! United States.
cotresponding five-meter standard bars. i ,

Charts received in and issued from the chart-room during the fiscal year ending June 30, 1884,

|
i Number of sheets.
!
o T
; To whom issued. On hand.
Received. | Issued.
July 1, June 30,
1883, 1884,
33,743 Loeeiiiiaen

| Executive Departments ..._..... ...l 12,248

§euntors and Representatives ....... creranae 1,099

TRUETHOBS. - e e oeeeeeemeveeraeneoeeeroeseeeee s 1,188

Foreign Governments .......c..vvvenieieoidioi ... 149
i Saleagents ........oieiiiiieiniiiaiiiaie i 17,418

Miscellaneons ... 1,586

TOtAL . eeeiiiiaieiitriatiian i canaas 33,743 33,6382 35,171
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UNITED STATES COAST AND GEODETIC SURVEY.

YEAR ENDING JUNE 30, 1884,

U. S. CoAsT AND GEODETIC SURVEY OFFICE,
Washington, June 30, 1884.

S1ir: I respectfully submit herewith the annual repert of the receipt and registry in the
Archives of all original and duplicate records and computations, original topographic and hydro-
graphic sheets, and specimens of sea-bottom, turned into the office during the fiscal year ending
June 30, 1884,

I.—Records and computations.

GEODETIC WORK.
Number of volumes.
Originsl. | Duplicate Computa- | Total
riginal. uplicate. 4ions. otal.

Observations of horizontal angles or directions. ... 153 1833 fooeeoieaol. : 286

Observations of verticalangles .................... 44 42 |ieeeeenen 86

Descriptions of stations.......ccvvreiirenuenunnnn. 23 19 ficcvinneenn. i 41

Measurement of bases. ... ........coeeiiiiaLl, 6 4 liiiiiiiins ! 10

Spiritdeveling ... ool 32 . RN 59

Geodetic miscellany .....euuuemennaniieniiaia, 38 ;3 2 71

Computations. ....coivnnrnreavanciaciinninciiocacalicrsasacsanlansas sanmne 171 171

B 7 ) PO FO PR DS 724

ASTRONOMICAL WORK.

Qbservations for latitude ........ cevveneen weneneae 17 ) i 34

Observations forlongitnde 49

Observations fortime ................... 41

‘ Observations for azimuth. _____ ... ... ... 15

i Astronomical miscellany...........coeiiiiiiin 12

Computations 64
TO8] 2eeemnemeernnrenanmennneaeaeanenn | 215 |
i i H

MAGNETIC WORK.
! . .

! Observations of terrestrial magnetism ............. 27 25 e { 52

COMPULAtIONS . cev e arneerieirieareenencmsecreinesliceasasnnacliorinnaannns [] ] 8

B T R P SRS P l 58

HYDROGRAPHIC WORK.

| i
Ohservations for soundings ........................ 286 b4 [ T 462 |
ObBervations Of ANEIB8 . ceuue . ceueroaenneieaennrnnnn 27 20 feeeiiinne. 4 |
Descriptions of hydregrapbic signals.............. 3 b I PR ! 4
Specimens of 8a-bottOM . .o .vevereinirneneniiinn b2 L. 2 O R | 246 |
Tidal observations. ... ...l 130 84 el ‘ 24

b T U OUURRPUPSR Y DRRTURUINY IR R ; 073
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I1.—Topographic and hydrographic surveys.

TOPOGRAPHIC WORK.

.

; !
| Number of |l Number of
sheets. || sheets.
T
ORIGINAL TOPOGRAPHIC SHEKTS. ! ‘ From Point Conception to Point Arguello, Cal ......... 2
Shores of Delaware River... ... ..coiiaaien it ; 3 ! Shores of Harrington River and Bay, Me...........co... 1
Coast of Florida from Biscayne Bay northward.......... i 1 ‘ Shores of Union River Bay and Skillings River, Me..... 1
Shores of Saint John’s River, Fla..................... ... 14 San Nicolas Tsland, Cal........o.ooomeriiiniinnie. 1
8hores of Nueces Bay, Tex ......... 14 Shores of Pleasant Bay and River, Me e 3
West shore of Hudson River, N. ¥ [ 1 ’ I:oint S,ur tu Ka.sler'k? Point, C‘al ......................... | 1
Western shore of Long Teland Sonnd, ¥. ¥ ......... g || Cooper’s Point to Point Sur, Cal...ooovevvmrennnentt 1
East shore of Hudson River, N.Y .. " } San Clemente Island, Cal .. ..ccvveevnnennn.s 1
Shores of Sarasota Bay, Fla......... ‘ o :| North shore of Long Island Sound, Conn PN 1
Shores of Lemon Bay, I:'la. 2 {| Shores of Car1’s Inlet and Pickering Passage, W. T ..... 1
The Narragnagus Valley, Me_..................c.o.oou.. : 1 "i TOLAL + - enemee s eeeee e e s eeemee e ee e e e e reman o] 27
! ! i
HYDROGRAPHIC WORK.
! |
ORIGINAL HYDROGRAPHIC SHEETS. E Coast of TeXAB. ... ovvieeeaieniiaiaieicieeciiaeaanvans 1 2
Approaches to New York Harbor, N. ¥ ....o...oo.o..... : 1! Offshore soundings, coast of Long Island, N.Y .... - 1
Soundings off east shore of Gardiner's Island, N.Y...... 1 ' Sarasota Bay, Fla....o.coomiieiininn 2
Croatan Sound, N.C . 1. Long Island Sound, N.X ’ 1
Saint John's RIVET, F1& - ceemnreeneerneemeeeeanaeonaeenns g || City Island Harbor, N. ¥ 1
Gardiner’s Bay, N. ¥ ) 1 i Examination of the Gulf Stream, Atlantic coast 1
Delaware Bay. ;D el 1 || Lines of deep-ses soundings and serial temperatures, At
East coast of Florida ....... 4 lanticecoast ..oocveevennnant s enseraraeanane veeectasane 3
Const of Lomisians - -noeweon.n... 1 || Profile of the Caribbean Sea ......coevrimmninniennine. 1
Eatrance to Cape Fear River, N. C 1 Swash Channel, New York Lower Bay, N.Y............. 1
Pacific coast, from Point Pinos to Cooper’s Point, Cal ... 5! Hatteras Inlet Bulkhesd, N.C 1
Off Cape Romain, 8. Coevnnennnnn.. eeeeaaand et 1 || Lower Delaware Bay, Del ....... 1
Manates River Bar, Flan.coveviiiniinieirimininnnnnnns, 1 b 7 )
West coast of Florida. oo cvainnieiiioiiieiaicninnna. 2 / .

The foregoing exhibit shows that there were registered in the Archives during the past fiscal
year 724 volumes of geodetic observations and computations; 215 volumes astronomical observa-
tions and computations; 58 volumes magnetic observations and computations; 974 volumes hydro-
graphic observations and specimens of sea bottom; 27 original topographic sheets, and 38 original
hydrographic sheets, making a total in volumes, specimens, and sheets combined of 2,035, or 199
in excess of the registry during the previous fiscal year,

Respectfully submitted.
RICH. M. HARVEY,
Custodian.
C. O. BOUTELLE, Esq.,
Assistant, in charge of Office and Topography.

REPORT OF WORK DONE IN THE INSTREUMENT DIVISIJON DURING THE YEAR ENDING JUNE 30, 1884.

U. 8. Coast AND GEODETIC SURVEY OFFICE,
Washington, June 30, 1884.
DEAR SIR: I have the honor to submit herewith the annual report of this division for the year
ending June 30, 1884, ' ,
The work of this division includes the keeping of the records and the correspondence relating
to the receiving and forwarding of instruments, their safe-keeping, and their repairs aud adjust-
ment. Examination is made as soon as possible of all instruments returned by field parties. Those
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found to be in good order are sent to the fire-proof building; those needing repairs are put in hand
in the instrument shop. As heretofore, a great part of my time was occupied with the perfecting
of the dividing engine, and in graduating a number of instruments. The divisions on a great
number of our older theodolites and sextants have by long usage become so injured and indistinet
that to make them useful they had to be regraduated. In a majority of cases this involved also
the insertion of new silver bands, the old ones being too thin to admit of their being turned off
true, and this had to be doue especially with circles that had suffered a fall,

A great number of instruments were also supplied with new and more powerful telescopes,
the increased accuracy of the graduation making an increase in the telescopic power desirable.
Our old sextants not being originally supplied with the low-power telescopes, which the new ones
possess, it was deemed advisable to supply these telescopes, as far as practicable, to all of the
sextants; this has been doue, and the greater part of our sextants are now thus provided. In
order to be able to furnish, without delay, new mirrors to replace injured ones, it was found to be
a great convenience to have a uniform standard size of mirror for all sextants. We have there-
fore changed a number of our older mirror mountings to conform to those on the new ones, and new
mirrors can now be sent out without having to grind them to an odd size, Mr. John Clarke was ou
duty with the Coast Survey exhibit at the Louisville Exposition, and was away from the office
for nearly four months. As heretofore, Mr. Clarke had the repairing of the magunpetic instruments,
levels of precision, longitude instraments, and the ruling of glass diaphragms. In addition he
reconstructed the old 18-inch theodolite No. 4 (Troughton & Simms), which also received a new grad-
uation. He also made from my design a double-image micrometer, which is used as a dynameter
to measure the magnifying power of telescopes. .

Mr. E. Eshleman assisted me in getting instruments ready for the field; he also kept record
of boxes received and delivered. He has had charge of the theodolites, plane tables, and sex-
tants, and prepared the greater number of the circles for regraduation.

Mr. P. Vierbuchen has overhaunled the base bars, and asssisted in their comparison; he also
repaired the protractors and made 24 new night signal-lamps, In counection with Louis Fischer
he made the new 100-foot comparator, by means of which we can now compare our meter chains,
and tape lines.

Mr. Louis Fischer assisted me very ably while working on the dividing engine in taking micro-
meter readings and in centering circles. He also prepared the silver surfaces of a number of cir-
cles for regraduation, Whenever the time permitted he worked on the antomatie level-grinder.
He has also mounted several new reconnoitering telescopes and attached heliotrope fixtures.

Mr, 8. Kearney has made a number of new heliotropes and repaired the old ones: these are
also being changed to have mirrors of standard size for all. In addition to these duties he has
repaired drawing instruments, supplied the needed brass work for stands and {elemeters, and
executed miscellaneous office work.

Yours, 1espectfully,
G. N. SAEGMULLER,

Chief Mechanician.
C. O. BoUTELLE, Esq.,
Assistant, in charge of Office and Topography.

H. Ex. 43——16
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ArPrPENDIX No. 5

REPORT OF THE HYDROGRAPHIC INSPECTOR FOR THE YEAR ENDING JUNE 30, 1834,

UNITED STATES COAST AND GEODETIC SURVEY OFFICE,
Washington, October 1, 1884,

DEAR SIR: 1 bave to submit my annual report of the progress of the hydrography, care and
construction of vessels, and work incidental thereto, with which I am charged, for the fiscal year
ending June 30, 1884.

HYDROGRAPHY.

The progress of the work is represented in detail in the reports of the officers in charge of
hydrographie parties, who have mostly been detailed fromn those assigned by the Navy Department
for Coast Survey duty.

It may not be inappropriate, however, to present a synopsis of the work done, in order that a
more comprehensive view may be had of what was accomplished during the year.

Owing to the complete exhaustion of the appropriation for the previous fiscal year most of
the parties could do but little more than make an attempt at fitting out in time to take the
earliest possible advantage of the new appropriations. In most cases it was necessary to wait
until the actnal commencement of the year (July 1) in order that means might be available for
the transportation of the parties, thus delaying the survey until the middle of the working season.

May and June on our northern coast are usually the most favorable months for surveying

purposes. The expenses for fitting vessels are nearly the same for a short season as for a long one,
aud as sppropriations made by Congress are only sufficient for about fonr months’ work we thus
lose these two best months in the year. Furthermore, the hydrographic parties are composed of
men detailed from the Navy, and their experience is necessary for a proper execution of the work.
They are retained as far as practicable from year to year, but while unemployed from a want of
proper appropriations they are an unaveidable expense to the Government.
' I would recommend that when Congress proposes in the future to reduce the amounts which
you deem requisite for carrying on the various surveys, that it be requested to reduce the number
of subdivisions in the estimates, or authorize a greater limit than ten per cent., to the transfer
account. This would permit a more economical administration of the funds, with fewer parties,
and with fully as good results as at present. It is believed it would not, however, enable the
Survey to comply with the demands made on it from the commerce of the country for whiclh
extra appropriations are needed,

The commencement of the fiscal year found the vessels situated as follows:

The steamer Blake, Lieut. Commander W. H. Brownson, U. 8. N., commanding, at work off
New York entrance. )

The steamer A. D. Bache, Lient. H. B. Mansfield, U. 8. N., commanding, at New York, pre-
paring for summer seasoun off New York entrance.

The steamer Gedney, Lieut. E. M. Hughes, U. S. N., commanding, at sea, making passage to

the coast of Maine for summer season’s work.
123
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Steamer Endeavor, Lieut. John T. Sullivan, T. S. N., commanding, at sea, making passage to
Long Island Sound, to continue its resurvey.

The schooner Eagre, Lieut. E. D. F. Heald, U. 8. N., commanding, making passage to coast of

Maine, to continue the hydrography in that vicinity.

The schooner Silliman, Licut. John D. Keeler, U. 8. N., at New York, preparing as one of the
parties for the resurvey of Long Island Sound.

Schooner Drift, Lieut. J. C. Fremont, jr., U. 8. N,, commanding, at New York, preparing for
current observations off New York entrance.

The schooner Ready, Lieut. C. McR. Winslow, U. 8, N,, commanding, at New York, preparing
for work in Delaware Bay.

Steamer Arago, Lieut. G. C. Hanus, U. 8. N., commanding, at work in Delaware Bay.

Schooner Scoresby, Assistant Charles Hosmer in charge, on topography and hydrography at
Hart and City Islands, Long Island Sound.

The schooner Palinurus, Lieut. A. V. Wadhams, U. S. N., commanding, at work in Fisher’s
Island Sound.

The steamer Hassler, Lieut. Commander Henry E. Nichols, U, S. N,, surveying waters of
Alaska.

The steamer McArthur, Lieut. E. D, Taussig, U. 8. N., commanding, at San Francisco, pre-
paring for a summer’s season on the California coast.

The schooner Earuvest, Lieut. T. Dix Bolles, U. 8. N., commandiug, making a resurvey of
Gray’s Harbor, W. T.

The remaining vessels of the Survey were laid up or undergoing repairs. Lieut. E. M, Hughes’
term having expired, he was relieved from duty in the Coast Survey, and succeeded in command
of the steamer Geduey by Lient. Commander A. 8. Snow, U. 8. N, who finished the season’s work
on the coast of Maine which was commenced by Lieuntenant Hughes. No other change was made
in the commanding officers of the vessels during the summer season.

The steamer Blake, after completing the offshore soundings in the approaches to New York,
resurveyed Monomoy Passage and Black Bock Harbor, Conn., and made several special examina-
tions of reported rocks and dangers.

The Scoresby, after finishing the survey of Hart apd City Islands Harbor, continued work in
the vicinity of the eastern end of Long Islaud Sound and in Shelter [sland Harbor.

The parties in the field continued until about October 15, when they were withdrawn to
prepare for their winter season in Southern waters., This time was taken to make some changes
in the organization of the parties, necessitated by the expiration of the terms of servicaof some
of the naval officers attached to the survey.

Lieut. Commander H. E. Nichols, U. 8. N,, was detached from the command of the steamer
Hassler and Lieut. Commander A. 8. Snow, ordered to relieve him. Lieut. E. D. F. Heald, was
transferred from the Eagre to the command of the Gedney. Lieutenant Heald’s health breaking
down, he was only able to retain command of the Geduney until May, when he was detached from
the vessel, and Lieut. G. C. Hanus was transferred from the Arago to fill the vacaney.

During the winter the party ou the steamer A. D. Bache was engaged in hydrography on the
west coast of Florida, finishing the season by an unsuccessful search for sunken wires laid off the
Florida Reefs in 1868, for the purpose of ascertaining the rate of coral growth.

The party on board the steamer Gedney was surveying the coast of Texas and Louisiana to
the eastward of Galveston entrance. The party on Loard the steamer Arago, with Lieat. G. C.
Hanus, U. 8. N,, in charge, was engaged in surveying Back Bay, North, and North Landing
Rivers, N, C., and later under Lieut. J. E. Pillsbury, U. 8. N,, making special Coast Pilot exam-
inations from Cape Henry to Fernandina. :

The party on board the schooner Drift was engaged in making current observations and special
Coast Pilot examinations in the Guif Streawn and along the southern coast.

A party on board the steamer Barataria, under charge of Assistant Charles Hosner, was on
topography aud hydrography in the bayous of Louisiana.

The schooner Quick, in charge of Sub-Assistant Joseph Hergesheimer, was used for his party
while executing a topographical survey of the west coast of Fla.
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The party on board the sloop Steadfast, in charge of Assistant B. A. Colonna, finished the
survey of the Indian River and Lake Worth, Fla.

On the Pacific eoast the party on board the stcamer MeArthur was engaged in hydro-
graphic surveys on the California coast, in the vicinity of Point Buchon and between Salmon Point
and Brushy Point.

At the end of the fiscal year the following vessels were preparing for the summer season’s
work in the northern waters of the Atlantic coast: The steamers Blake, Bache, Gedney, and En-
deavor, and the schooners Bagre, Drift, Ready, and Palinurns; and on the Pacific coast the
steamers Hassler and McArthur.

The schooner Earnest, after laying up all winter, was prepared for work in Puget Sound, and
proceeded to the vicinity of Seabeck in June, with Ensign J.N. Jordan, U.S. N., in charge. Lieut.
Charles T. Forse, U. 8. N., when the new appropriation became available for his party expenses,
assumed charge of the party.

Before passing to other topics, I desire to call your attention to the report of Lientenant-Com-
mander Nichols, U. 8. N., on a rough plane-table used on board the steamer Hassler, for making
a hydrographic reconnaissance. I have appended to this report a sketch and description made by
Ensign J. H. Fillmore, U. 8. N., who devised the apparatus.

I would remark also, with reference to the water signal, devised by Lieutenant Hanus, and
described on page 31 of the Annual Report of the Superintendent for 1883, that further expe-
rience causes it to be commended for economy of construction and ease of placing in position.
Care should be taken, however, to make the signal perfectly firm by wedging the heel, as signals
of this kind need to have the heels firmly wedged to withstand the heaviest gales.

I append a list of naval officers attached to the Survey duoring the past fiscal year, showing
the date of assignment and detachment of each officer, together with a table giving the names of
vessels, their tonnage, &c., in the Coast Survey service during the same period. Also tabular
statements showing the actual numbers of officers and of men attached to the several vessels in
service at different periods during the fiscal year.

REPAIRS OF VESSELS.

The reduced appropriation of $27,000, smaller than that of any year since the war, has made
it extremely difficult to fulfill any but the most essential requirements in repairing the vessels of the
Survey.

As mentioned in my last annual report, the steam vessels which were added to the organization
at about the same time, a few years after the war, have almost exceeded the limit of profitable
repairs, particularly to their boilers. It is impossible to renew the boilers of all these vessels out
of the available appropriation, even if there were no other calls for the money. The steamer Blake
seemed to be most in need of them, and was selected as the oné to be so equipped this year. A
contract was made with William I. Pettit, of Baltimore, Md., in December, 1883, he being the
lowest bidder of several firms, for the construction of two boilers, planned under my direction
by Passed Assistant Engineer G. H. Kearny, U. 8. N,, the engineer officer of the vessel. Expe
rience has developed the fact that for the Survey the cylindrical type of boiler affords generally
the most beneficial results, and was the form adopted for the Blake.

The steamers Endeavor and Arago, which were fitted a short time since with this class of
boiler, constructed very satisfactorily by the same contractor, proved themselves better steamers.
An increase of from 10 to 15 per cent. was made in their speed, on no greater, if as great, a con-
sumption of coal. ’

In order to get two boilers in the Blake in the limited space oceupied by the old ones it
became necessary to modify the type somewhat by putting flattened surfaces in the gide for a space
of nine inches, thus giving them an elliptical shape and gaining the necessary height to give the
proper grate and heating surfaces. It is a source of regret that the Loilers have been delayed in
construetion beyond the contemplated time allowed in the contract, but it is due the contractor
to state that much of the delay was caused by circumstances over which he had no control.
‘While this work was going on, occasion was taken to line up the main shaft of the engine, dock
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the vessel, clean and repair her bottom, put in new brasses, and other incidentals, at a total ex-
penditure of about $5,528.

The boiler of the steamer Bache, like those of the Blake, on her return North at the com-
mencement of the year owing to age (about twelve years), was found to have passed beyond
economical repairs. Yet the state of the appropriations made it necessary to again resort to the
“patch” system to tide her over another year.

This was attended with some risk, and the weakness of the single boiler, with which she is
fitted, was so strongly developed during the survey on the west coast of Florida, that I questioned
whether it would not be advisable to recommend to you that the vessel be retained at Key West
until a new boiler could be sent to her. This would have been attended with greatly increased
expense, and Lieutenant Mansfield, her commanding officer, decided to attempt the passage north
during the pleasant weather of the month of June. He accomplished it, very much to the relief
of all concerned. It now becomes a matter of absolute necessity to construct a new boiler before
she again goes into active service. Her total expenses for miscellaneous repairs were about
$1,325.32.

The steamer Gedney made the passage to the coast of Texas, with some needed repairs left
undone, owing to lack of funds, and the survey suffered in consequence by the inereased amounnt of
coal cousumed. It now becomes imperative that her broken propeller be replaced, shaft lined up,
&ec. Her necessary repairs amounted to about 8241.69 for year.

Having submitted a special estimate for new boilers for the steamer Hassler (which was
ineluded in the appropriation passed by Congress for this vear), as little was done to this vessel as
was consistent with safety and as would enable the party on board to execute a season’s work nearer
repairiug facilities than when at work in Alaskan waters, where she was previously employed.
Plans for new boilers are in course of preparation, and while being put in other important work
will be executed. The most important item of sheathing her with wood (referred to in my last
report) will have to be left for some future time.

The steamer McArthur’s repairs have been comparatively slight during the year, but it is
expected that age will soon have made extensive repairs to the boiler necessary. Her command-
ing officer has persistently urged that she be fitted with a steam windlass, not only as a measure
of economy in time in getting under way, but as a matter of safety. During the year she has
parted her chains twice, leaving the vessel, in one ease particularly, in a very precarious position,
a report of which, from Lientenant Taussig, was snbmitted to you. This leads to the conclusion
that her commander’s reasons for urging the steam machinery are well founded, and I shall
submit an estimate for accomnplishing this desirable abject.

The experience derived from the steam windlasses put in the Bache, Blake, and Hassler dur-
ing the past four years has been very satisfactory, and I am led to hope for better results from this
vessel after she has been fitted with a new windlass of the same type. The McArthur’s last year’s
repalrs amounted to $910.80.

The steamer Endeavor has had comparatively little work done to her hull, but her deck-houses
have Leen nearly rebuilt; all the work being done by the erew, no material expense has accrued
to the Survey. TIn the engineer’s department the smoke-stack has been replaced, and the machinery
generally overhauled, while the vessel was laid up at New York during the winter. This was also
mainly done by the force on board the vessel, at little expense,

The steamer Barataria has been fitted with considerable new planking and guards, quite
extensive repairs to her boilers, and is believed to be now in generally good condition. This, with
wuch of the labor performed by shipped men, at a cost of $1,193.15.

The Arago has required, to meet cost of repairs, $460.24.

The schooner Eagre, as stated in my last aunual report, was found to require a thorough
calking of her bottom, which was made the occasion for replaciug her much-needed copper.
The work was done at the New York navy-yard, at lower figures than were obtained from outside
estimates. Her bottom, as might be expected from her history, was found in excellent eondition,
while the seams showed the necessity for calking this heavy eraft, to prevent workiug in a sea
way. Advantage was taken of her entering the dock to clean and repair the bottom of the Pali-
nurus, thus materially lessening the cost for each ; and the dock not being required for other. ves-



UNITED STATES COAST AND GEODETIC SURVEY. 127

sels at the time, they were allowed to remain out of water for a period of abont three weeks,
with benefit to the Survey. The Eagre’s total expenses for repairs were $2,098.86.

The schooner Palinuras was made ready for a season’s work in Long Island Sound, including
cleaning and repairing bottomn sheathing, and an extension of the ward-room by shifting the
cabin bolkhead, &e. This change in the quarters, it is believed, will add to the efficiency of the
party and the comfort of the subofficers of the vessel, and will at the same time make the same
disposition for the chief of party as exists’on the other schooners of her class. Nearly all this
work was done by the crew, at a total expense of $130.89.

The schooner Drift. It was found during the previous year that to permit this vessel to
make an attempt to solve the problem of anchoring in deep water it would be necessary to fit her
with new anchor gear.

The great resistance brought on a tive and one-half inch hawser, while anchoring off the coast
of Florida in three hundred and four hundred fathoms of water, produced such a strain as not only
to carry away the windlass, but in the strong current of the Gulf Stream it was impossible for her
to maintain a fixed position. To remedy this, a steel wire rope seven hundred and fifty fathoms
long was purchased, and the vessel fitted with au iron windlass.

I regret to state that the resnlts were only partially snccesstul. After a slight break down in
starting out the gear was found to stand, bat the strain on the vessel was such as to cause serious
apprehensions for her safety. Iurthermore, the great length of time required in getting the anchor,
with ordinary hand power, in four hundred fathoms of water, caused the vessel to get into positions
of danger when occu pying stations near the shore. It is recommended that the next observations
be tried in the steamer Blake, where, with her steam power, I anticipate successful results. The
Drift’s repairs have amounted to $1,098.74. '

The schooner Yukon has had sails and rigging refitted and hull and decks calked, being
prepared only for quarters for a topographical party in Puget Sound. Cost, $1,163.84.

The barge Beauty was hauled out of water at Maysville, N. dJ., in the summer of 1881, and in
attempting to repair her in May, 1883, she was found to be so rotten that it was impossible to
move her. To maintain the “complement of vessels” a new barge was built and sent 1o replace
her at a cost of $1,575.10.

The sloop Steadfast was fitted for her last season’s service in Indian River and Lake Worth,
in Florida, at a cost of $75.79. She being of no further use to the Survey, and it being impossible
to remove her worn-out hulk from the mud banks on which she had grounded, she was stripped of
all her equipments, left where she rested, and her name erased from the list of vessels.

The schooner Brisk and steamer Fathomer, as wentioned in my last report, were beyond
repairs, and by your direction, being advertised for sale, were sold to the highest bidders. The
Fathomer to Mr. S, Bensinger, of Washington, D. C,, for the sum of $207.50, and the Brisk to
Messrs. Woodward, Wight & Co., of New Orleans, La., for $210,

The schooner Scoresby was repaired for service during the summer of 1883 at a cost of $30.68.

The schooner Earnest, likewise commissioned, as well as refitted out in the spring of 1884, at
a cost for repairs of $207.11.

The schooner Ready, under the same conditions as the Earnest, at a cost for repairs of $511.40.

The steamer Hiteheock, schiooners G. M. Bache and Research, and sloop Kincheloe were the
only vessels on the list not used at some time during the year.

One steam launch was purchased to replace the steam launch attached t¢ the Gedney, which
was found to be entirely worn out, at a cost of $2,750. In addition, the several steam launches
called for an expenditure of #1,371.82, to keep them in order.

OFFICE-WORK.

The routine duties of the office have been /carried on by the very able assistants, Lieut. J.
E. Pillsbury, U. 8. N, in charge of the chart corrections, &c., up to January 29, 1884, and after
that date by Lieut, Jefferson F. Moser, U. 8. N,

The special fitness of Lientenant Pillsbury, with his long experience in the bandling of charts,
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led me to recommend to you that he be ordered to take charge of the publication of the Coast
Pilot of the southern coast, from Cape Henry southward.

Entering upon this new work with his usual zeal, he verified the courses and distances with
the schooner Ready on the outside coast of Virginia and North Carolina, and with the steamer
Arago those for the sounds of North Carolina. Completing this duty, he returned to the office
the last of January to prepare his manuscript for the printer, which was ready by April 12. He
then took charge ol the steamer Arago, and proceeded with his party on board that vessel, making
examinations of the coast and inland waters adjoining the coast_as far south as Savannah, Ga.,
returning in June.

The work under his charge has been pushed with the rapidity which its importanee required,
and it is recommended, as there is a general demand for a suitable publication relating to our
southern coast, this manuscript be given preference in printing over all but the most important
office publications.

1t is a matter for congratnlation that the Navy Departinent should have detailed an officer of
Lieutenant Moser’s weil-known standing as a hydrographer for another tour of duty in the Survey,
and with these two officers left in eharge of the oftice it gave me the opportunity to devote most of
my attention to the important work of the year, the construction of the steamer Carlile P, Pat.
terson.

The draughtsmen of the office, Messrs. E. Willenbiicher, W. C. Willenbiicher, and F. C. Donn,
have efticiently carried on their various duties. A synopsis from the records of the hydrographic
sheets plotted by them I present Lelow, and a detailed statement of their work is made a matter
of record in this office :

Number of— !
. Names. . i )
: { Volumes. | Angles. | Soundings. | Miles. ;sﬁ):: -';'1?:'%
| ' |
[ E. Willenbiicher ......, 97 | 24,796 154,208 | 6,931 | 2,886
{ W.C. Willenbiicher...: 72 | 21,160 135,214 | 1,897 | ... j
l‘ F.C.Dobn ............ 1 64 | 14,387 TLES3 | BI3T | ...
| T 233 | 60,33 361,425 | 11,965 2,860
L | .- — . ;

In addition to his extensive clerical duties, Mr. E. H. Wyvill has assisted very materially in
making tracings and preparation of data properly belonging to the draughtsmen, but which, owing
to the accumulation of records, the force was unable to take in hand.

CONSTRUCTION "OF VESSELS.

In anticipation of Congress taking some action in the appropriation bill for the fiscal year 1833
for the ¢ construction of a steamship for the survey of the Pacific coast and sounds,” plans and
specifications were prepared under my direction after the general type of vessels which had given
such good results in the Survey.

Through the courtesy of Naval Constructor S. H. Pook, at the navy-yard, Washington, D. C.,
Mr. Frothingham, the draughtsman of his department, prepared the drawings and model with
much credit to himself, and otherwise gave me valuable assistance.

The action of Congress being favorable to the project, bids were asked for as prescribed by
law, and on June 1, 1883, were opened, as per advertisement, and the following records were
made:

! Bidders. Location. Bids.
James D. Leary..... ...... Brooklyn, N. Y.......] $70,400

| Wm. E. Woodall & Co..... Baltimore, Md........ 79, 500
Slater & Reid.............. New York, N.Y...... 91, 000
Goss & Ward .............. Alexandria, Va....... 80, 600
Chas. Reeder & Son. ....... Baltimore, Md........ 96, 875
Pusey Jones Co............ Wilmington, Del...... 114, 000
Union Iron Works......... San Francisco, Cal....| 121,000




UNITED STATES COAST AND GEODETIC SURVEY. 129

Mr. James D. Leary being the lowest responsible bidder, and his facilities for building such a
vessel as was required proving satisfactory, a contract for her construction was made with him
by yon on July 1, 1883.

Your directions appointing me the inspector on the part of the Government, and assigning
Lieat. R. Clover, U. 8. N., and Passed Assistant Engineer H. N. Stevenson, U. 8. N,,; as my assist-
ants, were received, and under them the following assignments made: Lieutenant Clover, who
had been associated with me in the preparation of the data from the inception of the project of
building a vessel especially adapted to the survey of Alaskan waters by your predecessor, Mr.
Carlile P. Patterson, was stationed at New York, taking the immediate charge of the work, and
under his constant watehfulness nearly every timber and bolt that went into the construction of
the vessel received careful inspection. It is believed that the scheme of having the officer on whom
was to rest the responsibility of a long voyage to the Pacific, and afterwards possible trying cir-
cumstances on the coast of Alaska, associated in the construction of the vessel has been fraught
with good results to the Government as well as to himself as lLer future commander. That he
acquitted himself with credit you well know. Mr. Stevenson was located at Philadelphia, Pa.,
where the steamer’s machinery was being made by Messrs. Neafie & Levy., This officer, as men-
tioned in my last report, had also been associated with me in planning the machinery, and, as her
futnre engineer officer, was deeply interested in the careful construction of the motive power of
the vessel.

This arrangement of the duties left me to proceed from point to point where 1 was needed to
decide questions of construction, and to see that all workmanship and material was first class
and satisfactory to the inspector.

As I propose to submit to you a complete report of the construction, equipment, and the
trials of the vessel, I shall only mention in passing that her keel was laid August 1. 1883, and she
was launched Jauunary 15, 1884. A satisfactory trial was made down New York Bay to Sandy Hook
light-ship May 5, 1884, and later a sea voyage covering over forty-eight hours, ending at Washington,
D.C.,Juneb. As she was not completely fitted for her passage to the Pacific coast at the date on
which this report closes, I prefer to make a full report after all the data concerning her trials are
reeeived.

Very respectfully submitted. C. M. CHESTER,

Commander, United States Nury,
. Hydrographic Inspector U. 8. Coast and Geodetic Survey.
Prof. J. E. HILGARD,
Superintendent Coast and Geodetic Survey.

NAVAL OFFICERS ON DUTY AND VESSELS IN SERVICE.

The following statements give in tabular form the names and number of naval officers employed
in the service of the Coast and Geodetic Survey during the fiscal year, and the names of vessels

belonging to the Coast Survey:
Officers of the Navy on Coast and Geodetic Survey service during the fiscal year ending June 30, 1884

Name. : al‘gz;)eed. i Remarks. ‘ ~ Name. M}::}"; a Remarks.
- I . o —
COMMANDERS. : ! LIRUTEXANTS—Cont'd.
C. M. Chester ......... (Qct.  2,1877 | Stillin service. x E.D.F. Heald ....... Nov. 23,1882 Btill in service.
| Richardson Clover.... July 26,1881 Do,
TARUTENANT-COMMAND- | i E.D. Taussig......... Apr. 30,1883 De.
BES. i | 3.E. Pillsbury ... July 13,1882 Da.
W. H. Brownson .. .. | Aug. 11,1881 Do. " Jeff. F. Moser ........ Jan. 20,1884, Do.
H. E. Nichols ......... i Jan. 22,1879 Do. " A.V.Wadhams ...... Apr. 18,1883 . Detached January 30, 1884.
A. 8 Snow ............ | Aug. 1,1883 Do. G Blocklinger........ Jan. 30,1883 Still in service,
T. DixBolles ......... . Apr. 5,1881 ' Detached January 31, 1884.
LIBUTENANTS. ‘ ' E. M. Hughes ........ June 22,1880 | Detached October 1, 1883,
J. T.8ullivan.......... ! Nov. 21,1882/ Do, P J.D.Keeler.......... " June 29, 1883 f Detached April 15, 1884,

Do. - F.M. Croshy ......... { Nov. 17,1882 | Detached March 25, 1884,
17

H. B. Mansfield ....... | Feb. 28,1881
H. Ex. 43
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Officers of the Navy on Coast and Geodetic Survey service, &e.—Continuned.

Name at tI; gltxi 4. Remarks. ! Name. atg::ltxz i Remarks.
LiEUTENANTS—Cont’d. : ExsiacNs—Continued.
J. B. Milton -......... Sept. 6,1882 Detached January 22, 1884, C. W.Jungen .. .... Aug. 25 1883 Still inservice.
G.C. Hanus . .........  Mar, 20,1883 * Still in service. R. P. Schwerin ...... May 3,1883, Do.
W.P. Elliott ..... .....Jan. 25,1879 Detached August 31, 1883. D. P. Menefee ........ i July 28,1883 | Do.
F. H. Lefavor ....._... Sept. 6, 1882 Still in service. ¥. W. Kellogg. ... .... Aug. 23, 1882 Do.
J.C. Fremont ... ... May 21, 1881 Da. Harry Phelps......... June30, 1882 Do.
F.A Wilner...... .. : Dec. 14,1880 Detached September 30, 1883. || William Truxton ....  Jaly 3,1882 Do.
Lucien Flynn ....._... . May 17,1881 Detached November 1, 1881, E. Simpson, jr........ : Oct. 21,1882 Do.
W. G.Cutler ........ Mar, 29,1883 Still in service. J.H. Watters ....... July 7,1883: De.
C. MecR. Winslow ..... Aug. 16,1881 Do. E. F. Leiper.......... Apr. 26,1883 Do.
David Daniels......... Apr. 21,1882 Detached November 26, 1883. i M. C. Gorgas ..._..... " Oct. 26, 1882 Do.
EXBIGNS. : I} 1. 8. Van Duzer...... Aug. 22,1882 - Detached December 31, 1883,
: il ¥. R. Brainard........ July 20,1883 : Still in service.
W. B.Caperton ... ...' Nov. 11,1880  Detached November 30, 1883. ,' T.G. Dewey........... June18, 1883 : Do.
E. M Katz c..o........ Nov. 22,1881 - Detached August 9, 1883, >- G. M. Brown. .... ... TDeec. 26,1882 { Detached July 5. 1883,
J. T.Newton . . Aug.19, 1882 ‘ Detached December 26, 1883. |, G. R. French ......... May 4, 1883 1 Still in service.
E. N. Fisher........... " Feb. 10,1882 ‘ Detached January 19, 1884, j. !
T.D.Griftin .......... : May 2,1883 | Still in service. |: PASBED ASBISTANT i :
F. H. Sherman ._..__.. Oct. 31,1882 Do. L BURGEONS. |
H. M. Weitzel. ....... * Feb. 10,1882 | Detached November 19, 1883. l W.S. Dixon.... .._.. Apr. 20,1884 1 Do.
. ‘May 10,1881 | Detached November 30. 1883. |- T. H. Streets .. .... Mar. 19, 1884 Do.
Feb. 10,1882 | Still in service. CE.Y.Derr....o..o... Sept. 7, 1881 Do.
J.N.Jordan........... . Jan. 25, 1881 Do. , R. H. McCarty....... Apr. 8,1881; Detached April 1, 1884,
J.P.Parker ........... ‘ Mar. 5,1883 Do. | S.W.Battle .......... : Nov. 17, 1881 | Detached February 1, 1884.
H. C. Wakenshaw..... i June 23, 1882 | Detached July 28, 1883, i .+ May 31, 1882 [ Detached June 2, 1864.
A.F. Fechteler. ... __. SJune 24, 1882 | Still in service. - June 6,1883 Detached December 31, 1883.
T. M. Brumby .... .... i Dec. 21, 1882 Do. 'June 3,1884; Still in service.
Alfred Jeffries. . . ;July 17,1882 Do. | ASSISTANT SURGEONS. :
W. V. Bronaugh | Aug. 12, 1881 Do. : :
F. M. Bostwick........ | Sept. 26, 1881 Do. H. B Fitts . oooooo.. Jan. 27,188 Do
AL Hall ......... ! May 1,1883 Do. ! PASSED ABBISTANT |
P.J. Werlick...... ... Mar. 15, 1884 | Stillin service. : PAYMASTERS. i j
J. H. Fillmore . ... Jan. 24,1883 | Detached November 22 1882, | J.R. Stanton ......... I Nov. 1,1883 ' Do.
C. 8. McClain. ...... ... Apr. 14,1882 | Detached November 19, 1883, :
Harry 8. Knapp ....... July 6, 1882 Detached November 30, 1883, | FASSED ASSISTANT |
W. L. Burdick......... " Mar. 31,1884 | Still in service. j ENGINKERS. ‘
P.B.Bibb ............" Nov. 30,1882 Do. ¢ H.Main .ol May 29,1883 Do.
W. C. Canfield  Sept. 26,1882 | Do. [ H. N. Stevenson...... " Mar. 10,1883 Do.
W. P. White .......... ! Feb, 10, 1853 | Do. I G. H. Kearney........ ;Oct. 51881 Do.
J B Craven........._. Nov. 28, 1883 | Do. PR W.Galt ........... i Nov. 26,1879 ¢ Do.
7. H. Hetherington ... June 19,1883 | Do. ! E.T. Warburton ....; Feb. 24,1883 | Do.
C.C.Marsh ..........° May 3,184, Do R LReid oo ‘ June 9,182 Deo.
RECAPITULATION.

COmMMBIAOIS . . - . ooe ittt deite cae et aabes e eaaen et auseNe ateese ammaas e Araaneebaasenanbens saenasntenteaaenatnnsras
Lieutenant-commanders .
Lieutenants. ... .......
Ensigns............. ...
Passed assistant surgeons
ASSIBEANY BOTHBOME .. ... et coiiue tiamie o ir ot ettt et e e ettt e e te et mte e ca e s ane —aeae e eeaeane et atne e aare e s
Passed assistant paymasters
Past 8818LANT OMEIBEOIS . ... ... o . ieieriineeiaeean reearana it eae e nanianeeranamnraeeaee ceannn

NoTE.—An anslysis of the preceding tabular statement shows that of the 87 naval officers above named, 14 were not ordered toduty on the
survey till after the beginning of the fiacal year; 26 were detached during the fiscal year, and 61 were in service at its close.
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Names of vessels, their tonnage, dc., in the service of the Coast and Geodetic Survey
during the fiscal year ending June 30, 1884,

; : * Complement of—
No.. Name of vessel. ‘Tonnage !—--— .
. Ofticers.  Men.

_ Steamer C. P. l’atterson.............‘..k..........................; 453
Steamer Hassler ‘
" Steamer Blake...... ool i : 218 !
Steamer BACHE .- eeennuninn e e e i 186 .
i Steamer Gedney ...o.oc.. .....oo.. P 133 ¢
Steamer MeArthur ... ... . ... : 112
¢ Steamer Endeavor ............... N . 105
Steamer Hitchcock (laid up)
Steamer Fathomer {laid up)
| Steamer Barataria ... oo iiiceiiiae e e e '
D SteAMET ATRZO - vree ottt e e e e et acaaa s
JIEST TOITOITS o OE o :
Schooner Drift. coeou oo e
Schooner Earnest . ... ... .o, oo e
' Schoomer Ready .......coooeoiins N
‘ Schooner Yukon (civilian party) . ... oiiei il H
Schooner Research (laid wp) ... ... ... . .. i ‘
Schooner Palinurus Lo '
" Schooner SHHMAN ... .......... ..o
Schooner Scoresby ..... ... ... R
i Schooner G. M. Bache (laidup) .......o;eviinan,
" Schooner Brisk lafd up) .o oooooii i i
Schooner Quick (civilian party) .....o.eone Lol :
Sloop Steadfast .. ... el
Sloop Kincheloe (civilian party) ...l :
. Barge Beauty {civilian party) ... . ...l ieeiiiia i

36
34
36
33
29

S
-~
&8
< ®

PIEER N B -1

© B T MmN A W oD

-
Ll —1

B I T R A A A

e ;o

d
LS

-k e

Whele number of vessels: -
T 1 1
Schooners ... e
SlOOPS «vvvreeeromanrnniaann

Number of vessels in active service .

This complement does not represent the actual number of officers or of men in the Survey
daring the year, owing to the fact that some vessels were employed only a part of the time.

Average number of officers for the year........ ..... e e i 66
Average number of menfortheyear ... .. ... ... ... .. ... ....iiL. 271
See tabular statements appended showing actual number of officers attached to the several
vessels in service and number of officers on other duty at different periods during the fiscal year;
also the number of men actually in service at the end of each quarter of the fiscal year, with the
names of the vessels in which they were serving:
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Number of naval officers attached to Coast and Geodetic Survey vessels for fiscal year

ending June 30, 1884.

September March 31,

Name of vessel. Name of vessel.

September March 31,
884, '

30, 1883 1884, 30,1883, : 1
Steamer Blake ............ 8 &  Schooner Palinurus....... 3 1
Steamer Bache.........._. 7 7 - Schooner Drift............ 3 4
Steamer Gedney .......... 7 7 Scheoner Silliman ....._.. 3l 3
Steamer Endeavor........ 3 2 . Schooner Ready .......... 3 i
Steamer ATRgO .........-. 4 3 Schooner Scoresby e 2 2
Steamer Hitcheock ....... 1......ccoo. . Schooner Earnest......... 2 1
i Steawer Barataria ........ ... ... 1 Sloop Steadfast ... ... 1
1 Steamer Hassler .......... 8 8 Coast Survey Oftice ._..... 3 4
i Steamer McArthur ....... 7 6  Special duty .............. . 2, 2
E Schooner Kagre........... 4 1 Total weenns o '—_—_70——?2’
. —— -

Average number, 66.

Number of men attached to Coast and Geodetic Surrey vessels for fiscal year ending
June 30, 1884,

f For yuarter ending—
Name of vessel. e e : .
September December March 31, June 30, .

30, 1883. 31, 1883. 1884, . 1884.
Steamer Blake . ... ..ol il 36 25 30 37
Steamer Bache. ... iiaii 33 30 33 20
Steamer Gedney ... .. ...iiiil Ll 26 3 27 97
Steamer Endeavor 19 7 9 19 .
Steamer Arago...c.....oo..onn 15 12 14 - 2
Steamer Hitcheock 2 2 2 2
Steamer Barataria 2 13 15 ¢ 2
Steamer Hassler ... ... ool 32 28 29 32|
Steamer MeArthur . ... ..o oo 2 | 28
| Steamer PAtEOTSON ..o oo e e e e '«;4
? Schooner Eagre ....... P 6! 19 ;
| Schooner Palinurus .......... 6 16 |
Schooner Drift. ... ..o 15 15!
Schooner Silliman. ... 5! 1!
SChooner REAdY .-« veneem enememne i eeieienaae e 4! 7!
Schooner Seoresby ..ol il 4 1 ;
Schoener Earnest . ............ 6 16 |
Sloop Steadfast ... 2 i3 13 feereannn, !
Vesselslafd up. .o iveiimiee i e 10 9 8 8 E
TOLAL +evnen e erene s ee ren e et e eaea e 307 234 255 288 [
Average numnber, 271 men.
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DESCRIPTION OF A METHOD OF SKETCHING IN SHORE-LINE, WHEN MAKING PRELIMINARY OR
RUNNING SURVEYS, AVOIDING THE NECESSITY OF ESTIMATING DISTANCES OR OF DEPEND-
ING ON THE EYE TO GET THE CONFIGURATION OF THE SHORE-LINE.

By Ensign J. H, FILLMORE, U. 8. N., attached to the party of Lieut. Commander H. E. Nichols, U. S. N., Assistant, Coas!
and Geodetic Survey.

The instrument is a modification of the plane table, and
oonsists of a plane table or drawing board, mounted on a tri-
pod, and two rulers. One ruler is attached to the edge of the
board so as to move freely in the direction of its length across
the board, with room underneath it for the sketching paper.
This ruler is pointed at one end, and graduated from that end
as zero. The other is an ordinary straight-edge ruler, with
sights at the ends.

To sketch in a shore-line, the ship or boat is to run along the
shore at as uniform a speed as possible, and with as few courses .
as is consistent with keeping at a convenient distance from the Fig. 1.
shore. The distance from the shore being determined by the minuteness of the details which it is
desired to see and record, the board is mounted on the deck so as to command as much of the

ﬁgl z

horizon as possible. The pointed ruler is to be parallel to the ship’s track. Ordinarily this will be
parallel to the keel; but if the ship is making drift or steering a range, then it is parallel to the
actual course and not to the keel. A line drawn along the edge of this ruler will be the ship’s
track on the paper. The graduations of this ruler are in time, so that if at any instant the point
of the ruler is at the ship’s position on the paper, then at any other time, say three minutes later,
the point may be moved to the ship’s new position by moving the ruler ahead three minutes, or
three divisions of its graduation. Thus, at any instant when the ship is moving along the shore,
the point of this ruler may be put at her position on the paper by moving it forward the proper
number of time graduations, a watch being before the dranghtsman for that purpose. Now, to put in
the shore, take bearings of points on the shore with the sighting ruler, having its edge against the
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point of the other ruler, the latter point being at the proper time or place in the ship’s track, and
draw these bearings on the paper.

As soon as more than one bearing is taken of the same point on shore from different places
or times in the ship’s track that point is fixed by the intersection. '

It is in fact a triangulation on the point, with the ship's track as a base line.

By selecting points as they come in sight on the bow, taking a bearing then, one when it is
nearly abeam, and another when well abaft the beam, good angles can always be made. Itisnot
necessary, of course, to wait for even minutes or divisions of the ruler, but at any instant when a
bearing is wanted move the ruler to the proper place, estimating the fractions of minutes between
the divisions. The whole shore-line is thus put in by cutting in points as the ship goes by them,

To change the course, move the paper through the angle of change about the point of the
ruler, occupying the ship’s position at the time of turning, The edge of the pointed ruler will
then be on the ship’s new track.

This angle may be laid off with a protractor, or, if the ship is to head for a visible point, the
new track may be drawn with the sighting ruler just before turning, and the paper then turned
until the edge of the pointed ruler is along the new track.

‘When the sketch is between known points, as these are passed they are to be cut in the same
a8 other points of the shore-line. Or the ship may be cut in by the angles on signals or known
objects. Then, when plotting the work, the ship’s track islaid down from one known point towards
the other, and the other known point is plotted from the sketch. Then, all known errors having
been eliminated, the difference between the plotted position of the point and its proper position is
an error, which must be distributed throughout the ship’s track. This may be done as shown in
Figure 4:

Fig. 4.

The full line represents the plotted track and the broken line the corrected one, the dotted
lines are drawn through the points where the course was changed and paraliel to the line throngh
the plotted and true positions of the second known point. The distances Bb Oc, &e., are laid off
of such lengths that Bb: AB=EF: AD and C¢: A C=ETF: A D, &c., thus proportioning
the errors throughout the track. When there is only one known point, a ran may be made along
the shore-line to be put in and back to the same point; then plotting the whole course, the error
in the final position of the point can be distributed in the same manner.

If the steering is bad or difficult, the draughtsman ean, by noting the bearing of some object
directly ahead, know when the ship is exactly on her course, and by only taking bearings then, can
make the method nearly independent of bad steering. If when this precaution is taken the bear-
ings of points do not intersect well, then the pointed ruler is not parallel to the ship’s actual course.
This should be corrected by turning the table until the pointed ruler is in the right direction, and
when the change in drift is equivalent to a change in course, the paper should also be turned
in the opposite direction the same as for a change in the course; a note being made of the course
made good.

The ship should be cavefully logged and a record kept of the courses and distances made good,
to be used in pletting the work.

If in asing‘the rulers the pointed one be found to be unsteady, or the end not to remain close
to the paper, a paper-weight may be used to hold it in place when taking a bearing.



ArrPENDIX No. 6.

TABLES FOR THE PROJECTION OF MAPS, BASED UPON A POLYCONIC DEVELOPMENT OF THE CLARKE
SPHEROID, AND COMPUTED FROM THE EQUATOR TO THE POLE.

The tables here given for the projection of maps upon a polyeonic development are based
upon our knowledge of the dimensions and figure of the earth as derived by Colonel Clarke, R. E,,
in 1866. They are intended to supersede all former projection tables published by the Survey,
and for greater usefulness have been extended to include the entire quadrant from the equator to
the pole.

Up to the year 1830, the elements of the earth’s wagnitude and figure derived from Bessel
had been in use for the representation of all geographichl! positions, and upon them were based
the projection tables published in the Coast Survey Reports for 18533, 1356, 1859, and 1865. These
elements were: Equatorial semi-axis ¢ = 6377397.2 meters; polar semi-axis =06356079.0 meters

a:b::299.153 : 208.153

The projection tables which appeared in the Report for 1853 (Appendix 39) were the earliest
published by the Coast Survey, and were accompanied by an exposition of the method and its
special adaptations prepared by E. B. Hunt, U. S. A., Assistant in the Coast Survey. In the
Report for 1856 (Appendix 58) were published ¢Tables for projecting maps of large extent,
arranged by Assistant J. E, Hilgard.” These tables were afterward extended by Mr. Hilgard and
republished in Appendix 33, Report for 1859; a further extension, making the tables applicable
to the projection of a map of North America, appeared in the Report for 1865, Appendix 20.

In the Report of the Coast aud Geodetic Sarvey for 1880 (Appendix No. 15) Assistant C. A,
Schott gives in a very compact form a statement of much that is of practical importance bearing
upon the subject of different projections, comparing them with the polyconic prajeetion for relative
value and precision.

In 1882 was published by the Survey a ¢ Treatise on Projections, by Thomas Craig, PL.D.,”
which discusses and develops the mathematical principles upon which all the various forws of pro-
jections depend.

Additional and more precise measurements having been made in many parts of the earth,
notably in India, since the publication of the Bessel elements in 1837 and 1841, they were compared
and combined by Col. A. R. Clarke, R. E. at the British Ordnance Survey Oflice, and were pub-
lished in the volume, ¢ Comparisons of the Standards of Length, &c., made at the Ordnance Survey
Office, Southampton, 1866.”

* He gives for the two semi-axes a resulting value:

=06 378 206.4 meters. =6 356 583.8 meters.
@ : b::294.98 1 293.98

developing a spheroid of slightly larger dimensions and greater eccentricity.
So nearly have these elements been found to represent the curvature and magnitude resulting

from the trigonometrical work of the Coast and Geodetic Survey, that no subsequent change in
135
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the general dimensions would so far affect the territory of the United States as to make it useful
to seek a better general surface of projection for this country.

In the Report for 1875 (Appendix 19) tables were given for converting certain co-efficients and
ares from the Bessel to the Clarke spheroid of 1866, and in February, 1880, the latter spheroid was
formally adopted for use on the survey. In Appendix No. 7 to the present volume is given a new
edition of the tables for the computation of geodetic iatitudes, longitudes, and azimuths.

The formul® used in the following tables are the same as those printed in the projection tables
of 1853 and 1856, varying in the numerical values only to suit the dimensions of the new spheroid,

For lengths of degrees of the meridian (D,,) and parallel (D,) they now become

(1.) Du =111 132m.09—5667.05 cos 2 @-+1™.20 cos 4 p—0™.003 cos 6 ¢
(IL) D, = 111 415™.10 cos @—94™.54 cos 3 @+0™.12 cos i ¢, neglecting smaller terms,
where @ = the latitude. We have also the square of the eccentricity ¢* = 0.00676865%

2
where =2 "z'bz
a
(I11.) Normal produced to minor axis: N = ___“_,*
(1— e sin’ cp)
__p2
(IV.) Radius of curvature in the meridian: Ruo = N 3 “’“’,;zg

(V.) Radius of the parallel: R, =N cos ¢
(VL) Radius of the developed parallel or side of the tangent cone: r = N cot ¢
(VIIL) If = be any arc of the parallel to be developed, and # the angle which it subtends at
the vertex of the cone when developed:
f=mn sin @

(VIIL) For projecting from the middle meridian the points of intersection of the meridians
and parallels we have, using rectangular co-ordinates X and Y,
X=rsinf; Y=2rsin?dé

ARRANGEMENT AND EXPLANATION OF THE TABLES.

The unit of linear measure of the Coast and Geodetic Survey is the meter, and the relation of the
meter to the yard now in use upon the work is that derived by Captain Clarke, R. E., in 1866,
from comparisons of new British standards, with several well accredited copies of the meter. In
a paper published as Appendix No. 22 to the Coast Survey Report for 1876, and in an amplified
edition of this paper which appeared as Appendix No. 12 to the Report for 1877, Assistant J. E.
Hilgard has given a statement of the relation of the lawful standards of measure of the United
States to those of Great Britain and Franee, and has presented a concise record and discussion of
the observations upon which rest the relations assigned to different standards of length.

The ratio of the yard to the meter as stated by Clarke, namely: 1 meter— 1.093623 yard
=39.370432 inches, is that used in the first and second conversion tables.

Other tables are for the conversion of meters into statute and nautical miles. The length
of a nauntical mile in use upon the sarvey, upon which these tables are based, namely, 1 nautical
mile = 1853.248 meters = 6080.27 feet is that given by J. E. Hilgard, Superintendent, in his paper
on the subject published in Appendix No. 12, Report for 1881.

On pages 140 and 141 are table of lengths of degrees of the parallel, for every half degree of
latitude, from the equator to the pole, and a table of lengths of each degree of the meridian.

Then follow the Projection Tables, so arranged that all values expressed in them from any
degree of latitude to the next greater degree shall be before the reader without the necessity of
turning a page.

On the left of each double page are given the values of ares of the parallel 10r every minute
of latitude and from 1” to 5’ of longitude.
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On the right of each double page are the corresponding values of all meridional arcs from
17 to 1° so arranged that intermediate values may be taken out at will.

If it is desired to know the number of meters between latitude 40° 05/ 25/ and 40° 45’ 45/ we
turn to the page for Lat. 40 of the tables and find in colomn headed sum of minutes

Latitude 400 05’ = 9252.8=
Latitude 400 45 = »3280.0
Are 740272
Diff. of seconds = 20/ = 616.9
74644.1 = Length of arc required.
On the same page are given the values of the co-ordinates X and Y for differences of longitude
up to 30° on each side of the central meridian.

GRAPHIC CONSTRUCTION OF POLYCONIC PROJECTIONS FOR LIMITED AREAS.

Having fixed the limiting meridians and parallels and the scale, draw a meridian line as nearly
through the center of the sheet as possible. Take from the tables of meridional arcs the distances
from the northern limiting parallel to the center and thence to the southern limit of the projection,
and lay off these distances from an assumed point in the central line near the top of the sheet.
From the three points thus found draw three lines perpendicular to the central meridian entirely
across the sheet, and test their precision by diagonal measures. Lay off on each of the perpendie-
ulars both east and west of the central meridian, the tabular ordinates (X) for the latitude of the
perpendicular, and for the Jongitudes intended to be covered between meridians upon the projec-
tion when completed. At each point (X,) (X,) (X;), &c., thus found, lay off' the corresponding
co-ordinate (Y ) parallel to the central meridian.

Through the three points (Y) at each perpendicular draw meridian lines with great care. In
all projections on single sheets coveriug an area of moderate extent, say 200 miles square, these
lines will be so nearly straight that their carvature cannot be detected in drawing the meridians.

Next divide the spaces between the points Y on each meridian into convenient equal parts of
the same value as the spaces taken between the meridians. Curved lines drawn through the points
thus found will represent parallels and will complete the projection.

H. Ex. 43——18
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CONVERSION TABLES.

METERS INTO YARDS.

1 meter = 1.093623 yards.

Meters. 1 Yards. Meters. Yards. Meters. Yards. Meters. Yards. Meters. } Yards.
100 000 ! 109 362. 3 r
90 000 i 98 426.1 9 000 9 842. 61 9goo 984. 26 90 98. 426 9 l 9. 843
80000 | 87480.8 8 ooo 8 748. 98 800 874.90 80 87. 490 8 I 8.749
; 70 000 76 553.6 7 000 7 655. 36 700 765. 54 70 76. 554 7 i 7653
E 6oooo | 65617.4 6 000 6 561.74 600 656. 17 60 65. 617 6 L 6.562
Y 50 000 | 54 681.2 5 000 5 468. 12 500 546. 81 50 54. 681 5 | 5. 468
40 000 43744-9 4 000 4 374- 49 400 43745 40 43.745 4 % 4.374
30 000 32 808.7 3 ooo 3 280. 87 300 328.09 30 32. 809 3 | 3. 281
20 000 21 872.§ 2 000 2 187. 25 200 218. 72 20 21. 872 2 E 2.187
10 000 10 936. 2 1 000 1 093. 62 100 109. 36 10 10, 936 1 ; 1.094
YARDS INTO METERS.
1 yard == 0.914392 meter.
Yards. Meters. Yards. Meters. Yards. Meters. Yards. Meters. Yards. Meters.
100 000 91 439. 2
90 000 82 205.3 9 000 8 229.33 900 822.95 90 82. 295 9 8.230
80 000 73 151. 3 8 ooo 7 318.13 8oo 731.51 8o 73 151 8 7. 315
70 000 64 007. 4 7 000 6 400.74 700 640. 07 70 64. 007 7 6. 401
60 000 54 863. % 6 oo 5 486. 35 6oo 548. 64 60 54. 864 6 5. 486
50 000 45 719.6 5 000 4571.96 500 457.20 50 45.720 5 4.572
40 000 36 575.7 4 000 3657.57 400 365. 76 40 36.576 4 3.658
30 000 27 431. 8 3 000 2 743.18 300 274. 32 30 27.432 3 2.743
20 000 18 287. 8 2 000 1 828.78 200 182. 88 20 18, 288 2 1. 829
10 000 9143.9 1 000 914. 39 100 91. 44 10 9. 144 1 0.914
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CONVERSION TABLES.

METERS INTO STATUTE AND NAUTICAL MILES.

1 meter = 0,00062138 statute mile.
I meter = 0.00053959 nautical mile.

. ! | |
. Nautical Statute Nautical Statute | Nautical Statute Nautical
Meters. | Statute Miles.| “npaee ™ | Meters | Mes, | Miles. | M | Miles. 2 Miles. | M | Miles, | Miles.
1 ‘
| f
100 000 62.138 53.959 ! ’
90 000 §5.924 48. 563 9 000 ‘ 5.592 4.856 900 . 0.539 I 0,486 go : 0. 056 0. 049 ‘
80 ooo 49.710 43. 167 8oco | 4.97t i 4.317 800 | 0.497 | 0.432 8o [ o.050 0.043 |
70 000 43.496 | 37.772 7 000 4.350 3.777 700 | 0.435 . ©0.378 70 f 0.043 0.038
60 000 37.283 i 32 376 6oco | 3.728 3.238 600 ] 0.373 | 0.324 60 1 0.037 0.032 “
50 000 31.069 26, ﬁo 5 000 3107 . 2.698 500 ; 0.311 . o0.270 50 [ o.031 0.027 |
40 000 24.855 21. 584 4 000 2,486 | 2.158 400 | 0.249 0. 216 40 | 0025 | o0.022
30 000 18. 641 16. 188 3 000 1864 | 1619 300 0.186 0. 162 30 [ 0.019 0.016 1
20 000 12. 428 10. 792 2 000 1.243 | LoO79 200 0.124 0. 108 20 0,012 5 0. 011 {
10 000 6. 214 5.396 1 000 0.621 | o 540 100 0. 002 0.054 10 | ©0.006 | o0.00§ 1
; | j |
STATUTE AND NAUTICAL MILES INTO METERS.
1 statute mile = 1609.330 meters.
1 nautical mile = 1853.248 meters.
, - - —4
| Meters in Meters in Meters in Meters in Metersin | Meters in Meters in | Meters in
Miles. Statute Nautical | Miles. Statute Nautical Miles. Statute | Nautical Miles. | Statate. | Nautical
Miles. Miles. Miles. Miles. Miles. | Miles, { Miles. Miles.
! r
100 160 g33.0 | 185 324.8 | [
90 144 839.7 | 166 792.3 9 14 483.97 | 16 679.23 .9 | 1448.40 1 667.92 .09 E 144. 84 166. 79
8o 128 746.4 | 148 259.8 8 12 874. 64 14 825.98 .8 1 287. 46 1 482. 60 .08 I[ 128. 7% 148. 26
70 112 653.1 | 129 727.4 7 11 265.31 | 12972.74 .7 1126.53 : 1297.27 .07 112. 65 129.73
60 96 559.8 | 111104.9 6 9655.98 | II119.49 .6 965.60 | 111195 .06 96.56 | IIL. 19
50 80 466.5 | 92 662.4 5 8 046. 65 g 266. 24 .5 804. 67 i 926. 62 .05 80.47 92. 66
40 64 373. 2 74 129.9 4 6 437. 32 7412.99 -4 643.73 | 741. 30 <04 ! 64. 37 74.13
30 48 279.9 | 55597-4 3 4827.99 5 559-74 -3 482. 80 j 555.97 .03 ! 48.28 | 55.60
20 32 186.6 37 065.0 2 3 218. 66 3 706. 50 .2 321.87 | 370. 65 .02 32.19 | 37.06
i
10 16 093. 3 18532.5 1 1 609. 33 1 853.25 . 160. 93 ! 185. 32 .ol 16. 09 18.53
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LENGTHS OF DEGREES OF THE PARALLEL.

i ! ; | | I
! | i Vauti ‘ : i . | s
i Lat. | Meters. w Vards. 1 Sr;i:lt::e I\;lillzfl Lat, TMeters.] Yards. | it:f::e N;‘;ltézt‘ll Lat. “ Meters. | Yards. . ?::]t:se l\:“l‘lte‘sal
! | ! i
o 7 i : o/ : o 7 ‘ !
0 00| IIT 321 ’; 121 743 © 69.172 | 60.068 } 30 00 : 96 488 | 105521 | 59.956 | 52.064 | 60 0o | 35 802 | 61 026 © 34.674 ' 30.1l0
30 15160 1738 9. 169 0. 065 30 6oo1 4989 | 9.653 | 1.801 30 4958 0103 4.150 | 29.654
1 0o 1 304 1 1725 | g.162 0.059 | 3t 00 : 5506 44:48 | 9345 1.534 61 0o ‘\ *4110 | 59176 1 3.623 . 9.1907
30 1283 1702 | 9.149 0.047 30 5004 3809 | 9.033| 1.2064 300 3257 ) 8243 3.093: 9.737
2 00 { 1253 ; 1669 | 9.130 0.031 | 3200 4495 ., 3342 8.716 1 0.98p ] 62 oo ; 2 400 7306 2.560 8.275
30 | 111 215 | 121 627 » 69.106 | 60.0I1 30 93979 @ 102778 | 58.396 | 50.710 30 | 51540 | 56365 ¢ 32.025 ' 27,811
300, 1169 1577 ¢ 9.078 ¢ 59.986 33 00 3455 2205 | 8.071 | 0.428]63 00 0673 5419 ¢ 1.488 1 7.344
: 30 1114 15177 9.044 9.956 30 . 20925 L6250 7.741 | o142 30 49806 | 4469 0.948  6.875
‘400 1051 14481 9.005 | 9.922 ]34 00 238 1037, 7.-407 i 49.851 | 64 00! 8934 | 3515 0.406  6.404
: 30 0980 . 1370 8.g60 9. 884 30 1842 100441 . 7.068 1 9.557 30 8 057 2 556 | 29.862 : 5.931
i | i : : i ; ;
| 500! 110900 | 121283 ' 68.911 | 39.840]35 00, 91290 99837 | 56.725 | 49.259 | 65 00 | 47 177 | 51504 ' 29.315 = 25.456
30| o812 1187  8.856 9.793 30 o731 9226, 6.378) 8058 30, @294 | 00628 8.700 ' 4.979.
600 0715 1081 : 8.795 0.741 { 36 00 : 0166 8608 | 6.027 | 8.653]66 00 5407 | 49658 8.215 . 4.501
30 o 610 09661 8.730 9.684 30 | 89593 79081 . 5.671 1 8.344 30 4516, 8684 7.661  4.02r1
7 oo 0497 i o841, 8.660 9.622 | 37 oo ;. 9o14 7348  5.311 . 8.031 F67 00 3622° 7706 7. 106 3.538
30 | 110375 | 120709 | 68.585 © 50.557 30 88428, 96707  54.947 | 47.715 30| 42724 46724 | 26.548  23.053
8oo| o245 0566 8504 9.487} 3800 7835] 6058 4579, 7.305| 06800 1823 5730 5.988 2,567
30 o 106 o414 8.4187 9.412 30 7235 540z © 4.2006 = 7.071 30| 0919 4750 5.426 ° 2.079
' 9 00 | 109 959 o254  8.326 9.333] 3900 6629, 4739 3829 6.744 )69 00| o012, 3758 ; 4.862 1 1.500
i 30 9804 120084 ¢ 8.230 9.249 30 6016 4009 3.448 . 6.413 30 | 39102 . 2763 ¢ 4.297 | 1.099
L 10 00 | 109 641 | 119906 . 68.129 | 59.161 | 40 00 | 85396 | 093 301 " 53.063 { 46.079 ] 70 00 | 38 188 ° 41 763 | 23.729 = 20.606
| 30 9 469 9718 8.022 9.068 30| 4770 2706 . 2.674 . 5.741 30 7272 0761 - 3.160 . o0.112
{11 00 g 289 9521 7.910: 8.971 |41 00 4137 2014 . 2 281 5.399 | 71 oo 6333 39756 2.589; 19.616
3 gror | g315: 7.793: 8.870 30| 3498 1315 1.884: s5.054 301 54311 8748 2016 9.118
L 12 00 8 904 g100| 7.670 8.764 | 42 00 2 853 | 90 610 1.483 1 4.706 7200 | 4506 7737 1 I.441 | 8.619
: 30 | 108699 | 118876 | 67.5434¢ 58.653 30 | 82 201 i 89 897 51.078 | 44.355 30 33578 36722 | 20.865 | 18.119
{13 00 8486 | 8643 7.410 853804300 1543, 9177 0.669. g4.000f7300 2648 5705, 0.287 | 7.617
: 30 8265 . 8401  7.273  8.419 30° 0879, 8451 o0.257 3.642 30 1716 1 4685 | 19.708 | 7.114
. 14 00 8036 8150 ° 7.131 8.205 J 44 00, ©208 | 7717.049.840  3.280] 7400 0781 L3063 ; 9.127 | 6.0609
. 30 7798 780 6.983  8.167 30 79532 6978 9.419 . 2.915 3029843 2637 8.544| 6.103
H | : : : i i
"15 00 ! 1075531 117621 66.830 | 58.034 | 45 001 78849 | 86231 : 48.995 | 42.546 | 75 00 | 28 603 | 31 609 | 17.960 | 15.506
30 7 299 7344 6.672 7.897 30: 8160, 5478 8.3567 2.175 300 7961 05379 7.374 | 5.088
" 16 00 7036 | 7os7 6.510 7.756 | 46 00 i 7466 4719 8136 1.801] 76 00O | 70171 29546 . 6.788 1 4.578
30 67661 6762 6.342 7.610 30 6765, 3952 7.700 ! 1.423 30| 6071 8512 06.200 4.007
{17 00 6 487 ‘ 6 457 [ 6. 169 7.459 | 47 00 ;. 6058 3179 | 7.261 . rogr |77 o0 5 123 7475 ! 5.611 | 3.536
: 30 | 106201 | 116 144 1 65.9971 | 57.305 30 | 75 346 | 82400 | 46.818 | 40,656 30| 24 172 ] 26 435 | 15.020 | 13.043
1800 50906 ‘ 5 821 5. 808 7.146 ] 48 00~ 4 628 1615 6.372, 0.268 78 oo ! 3220 5304 4.428| 2 329
30, 5604 5491 5.620| 6.983 30 3904 0823 5922 39.877 30| 2266 43511 3.836] 2014
19001 5294 5152 5.427 6.816 49 00 : 3174 0025 | 5.469 1 9.484 ) 79 o0 1311 3306 | 3.242 | 1.499
30 49751 483  §5.229 6. 644 30! 2439 79221 | 5.012: .088 30| 203531 2258 2.647 | 0.983
20 00 | 104 649 | 114447 65.026 | 56.468 | 50 0o = 71 608 78 411 | 44.552 | 38.688 ] 80 00 | 19 394 | 21 210 | 12.051 | 0. 465
300 4314 4080 4.818 6287 30 0052, 7595 4.088 8 285 30| 8434, 0160 | 1.455| 9.947
2100, 39721 3706! 4.606 6.102 5100 o200, 6772 3621 7.880]81 00 7 472 i 19108 | 0.857 | 9.428
30 3622 3323: 4.389| 5.913 30 69443 5944 | 3.150  7.472 30; 6509 ! 8055 0.258 | 8.908
22 00 3264 2932 4.166 5.720] 52 00| 86% 5110 | 2.676 7.060] 8200 5545, 7000 ]| 9.659; 8. 388
30 | 102808 | 1125321 63.938 | s§5.523] 30, 67913 | 74271 |42.199  36.646] 301 14579 | 15944 | 9.059 | 7.867
23 00 25241 2123 3.706 0 5.321 ) 5300 71407 3426 1.719 1 6,229 8300 3612 4886 8.458] 7. 345
30 2143 17061 3.469  3.115 30! 63611 23574 1.235 . 5.809 30 1 2644 | 3828 7.857| 6.823
24 00 1754 1281 3.228! 4.905]54 00 ’ 5578 1718 0.749 | 5.386] 8 oo 1675 2768 | 7.255 | 6.300
30 1357 0 846 2.981 ¢ '4.691 30| 4790 | 708356 | 40.259 . 4.960 30 | to 706 1707 | 6.652 | 5.776
125 00 | 100952 | 110403 | 62.729 | 54.473 | 55 00 | 63996 | 69 988 | 30.766 | 34.532 | 85 00 | 9735 . 10646 | 6049 5.253
i 30 0539 ! 109952 | 2.473 : 4.250 30! 3198 0115} 9.270 4,101 30 8764 95851 5.446 | 4.729
26 oo o119 | 9494 2.212 } 4.024 5600} 2395, 8237 8771 | 3.668§8 00! 7792 | 38522 4.842| 4.205
| 30] 99692 | 9025 1.046: 3.793 30| 1387 7353 8260 3.232 30| 6819 | 74571 4.237] 3.
[27 00| 92571 8550 1676 3558|5700 60774 | 6464 7.764 2.794 |87 00| 5846 6393 | 3.632| 3.154
30, 98814 [ 108065 | 61.401 | 53.319 30| 59957 | 65570 | 37.256 | 32.353 30( 4872 | 5328| 3.027| 2.629
t 28 oo 8 364 7573 1.122 ‘} 3.076 58 00| 9135 46711 6.745 1 1.909] 88 00! 3898 4263 2.422| 2.103
30 7 906 7 072 0.837, 2.829 30 83009 3768 1 6.232 | r.463 30! 2924 3197 L.817} 1.578
29 oo 7 441 6 564 0.548 ‘ 2.578 §59 00 | 7478 2 859 5.716 | 1.015189 00| 1949 | 2130 I.211| 1,052
30 6 968 6046 | 60. 254 | 2323 30! 6642 045 | 5. 196 0. 564 30 97% 1066 | 0.606 | o.526
| 3o 00| 96483 | 105521 | 59.956 | 52.064 | 60 00 | 55 80z 61 026 | 34.674 | 30 110 | 90 0O o o o o
i .. : ; i i
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i

!
i

Lat Meters.® Yards.* Statute miles. | Nautical miles] Lat. | = Meters* |
. | 0
] 110 567.2 1 120 918. 8 68. 704 59. 661 45 111 130.9
R ¢ 110 567.6 120 919. 3 68. 704 59. 661 46 111 150.6
2 110 568.6 120 820. 4 68. 705 59. 662 47 111 170.4
3 110 570.3 120 922.2 . 68. 706 59.663 48 | 1111g90.1
4 110 §72.7 120 924.9 ‘ 68.708 | 59. 664 49 b1 209. 7
5 110 575.8 120928.3 = 68.710 i 59. 666 50 11T 229, 3
6 110 §76.5 120 932. 3 ’ 68,712 | 59. 668 51 111 248.7
7 110 583.9 120937.1 | 68,715 |  59.670 52 111 268.0
8 110 589.0 120 942.7 ‘ 68. 718 ‘ 59. 673 53 111 287.1
9 110 594.7 120948.9 68. 721 59. 676 54 111 306.0
10 110 601. 1 120955.9 | 68. 725 59. 680 55 111 324.8
!
11 110 608. 1 120 963. 6 f 68. 730 59. 684 56 111 343.3
12 110 615. 8 120972.0 |  68.734 50. 687 57 111 361, §
13 110 624. 1 120 981. 1 68. 739 50. 692 58 IIT 379.5
14 110 633.0 120 990. 8 68. 744 59. 697 59 11T 397.2
15 110 642. 5 121 0OL. 2 68. 751 59. 702 60 111 414.5
16 110 652. 6 121 012. 2 68. 757 39. 707 61 ITI 431.5
17 110 663. 3 121 023.9 68. 764 50. 713 62 11T 448, 2
18 110 674. 5 121 036. 2 68. 771 59. 719 63 111 464. 4
19 110 686. 3 121049.1 | 68. 778 59. 725 64 ! 111 480. 3
20 110 698. 7 121 062. 7 68. 786 59. 732 65 | 1114957
21 110 711.6 121 076. 8 68.704 59.739 66 IIf 510.7
22 110 725.0 121 091. 4 68. 8oz ‘ 50. 746 67 ITI §525. 3
23 110 738. 8 121 106. 5 68.811 59. 754 68 | 11l 539.3
24 110 753. 2 121 122. 2 68.820 . 59.761 69 I 552.9
25 110 768.0 121 138.4 68. 829 | 59. 769 70 Lo 565.9
26 110 783. 3 121 155.1 | 68. 839 59.777 71 i1 §78. 4
27 110 799.0 121 172. 3 ‘ 68. 848 59. 786 72 IIT 590. 4
28 110 815.1 121 190. O : 68.858 59. 795 73 Ii1 601.8
29 110 831.6 " 121 208.0 68, 869 ; 59. 804 74 , 111 612. 7
30 110 848. 5 ; 121 226.5 |  68.879 59. 813 75 116229
| :
3t 110 865.7% ' par 245. 3 68. 8g0 59. 822 76 111 632.6
32 110 883. 2 121 264. 4 ' 68. gor1 59. 831 77 ‘] 111 641.6
33 110 goI. I 121 284.0 i 68. 912 59. 841 78 ‘z 111 650.0
34 110 919. 2 121 303. 8 68. 923 59. 851 79 | 111657.8
35 110 937.6 121 323.9 68. 935 59. 861 8o j 111 664.9
36 110956.2 | 121 344.3 | 68. 946 59. 871 81 | 111 671.4
37 j 110 g75. I 121 364.9 | 68. 958 59. 881 82 | 677. 2
38 ‘ 110 904. 1 121 385.7 68. 969 59. 8o1 83 AR 682. 4
39 I uroiz.3 | 1z 406.7 . 68. 981 59. 902 84 ‘ 111 686.9
40 | 111032.7 | 121 427.9 68. 993 59-912 8s i‘ 111 690.7
41 111 052. 2 121 449.3 69. 006 59. 923 86 J 111 693.8
42 111 071.7 121 470.6 69. 018 59.933 87 111 696. 2
43 111 OglL. 4 121 492.1 69. 030 59. 944 88 I 111 697.9
44 181 IIL. 3 121 513.7 69. 042 59. 954 8 | 111699.0
45 111 130.9 121 §35.3 69. 054 59. 965 90 | 111699.3
| i

i

Yards.*

i Statute miles.

Nautical miles.

121 535-3 |
121 556.9 |
1
121 578.5 |
121 600, 1 |
rz1 621. 5
121 642.9

121 664. 1
121 685. 3
121 706. 1
121 726. 8
121 747.4

121 767.
121 787.

6
5
121 807. 2
121 826.6

5

121 845.

121 864.1
121 882. 3
121 §goo. 0
121 917. 4
121 934. 3

121 950.

7
121 966.6
121 982.0
121 996. 8

122 011.0

122 024.7
122 037.8
122 050. 3
122 062. 2
122 073.4 |

122 084.0
122 093.8
122 103.0
122 111.6
122 119. 3

122 1206.4
122 132. 8
122 138.5 .
122 143.4
132 147.5

|
122 150.9 ]I
122 153.5 |
122 155. 4
122 156. 6 ‘
122 156.9 |

|

69.
69.
69.
69.
69.
69.

60.
69.
69.
69.
69.

69.
69.
69.
69.
69.
69.
69.
6g.

69.
69,

69.
69.
6g.
69. 3
69. .
6q.
69. 3
69.
69.
69.

69.
69.
69. 3
69.
69.
6g.
69.
69.
69.
69.

69.

054
066
079

001

186
197
209
220
230
241
251
261
271
281

402

404

69. 405
69. 407
69. 407
69. 407

60
60
" 60. 263
60,
6o

59. 963
59.976
59.987
- 997
008

w
=)

oI1g

029
. 039
. 050
obo
ajo

88888 &8

=)
Q

. 080

090

109
118
128
137+~
145
60. 154
60, 162

€88 g8gge

60. 207

g 88
. NN
2 & 3

o}

o

N
5

gggsge
£

0. 265
. 268

60. 269
60. 270
60. 271
60.272
60. 272

1

i
i

i

b

*These quantities express the number of meters, yards, statute miles and nautical miles contained within an arc of w

hich the degree of latitude
uamed is the middle; thus, the quantity, 111032.7, opposite latitude 40°, is the number of meters between latitude 39° 30/ and latitude 40° 307.
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Latitude 0° to 1°—Arcs of the parallel in meters.
! * | | | 4
Lat. 17/ /7 8/ 47/ 5 6’ ! 44 " 8 i 9 1’ 9/ LY | 4’ 5
‘\ | | ‘} : : |
! - - | ; ,
! | i :'
° 7 | i i ! |
coo] 092! 61.84 92.77 123.60 154.61 . 185.53 ' 216.46 | 247.38 | 278.30 1 1855.3 | 3710.7 | 5566.0 | 7421.4 | 9276.7
| .ez| .84 .77 .69 .61 .53 .46 | 381 .30 5.3 0.7 6.0 1.4 6.7
2 .92 .84 ! 77 .69 61 53 .46 38! .30 5.3 : 0.7 6.0 1.4 6.7
3 .92 .84 ! 77 .69 61 53 .46 ! 38 .30 5.3 0.7 6.0 1.4 6.7
4 .92 -84 77 . 69 61 53 46 38 : 30 5.3 o7 6.0 1.4 6.7
0053092 |61.84 92,77, 123.69 154.61 185.53 216.46 | 247.38 ‘ 278.30 | 1855.3 | 3710.7 | 5566.0 | 742I.4 | 9276.7
6 .92 .84 . .77 .69 .61 .53 .46 ! .38 .30 5.3 0.7 6.0 1.4 6.7
7 .92 .84 . 77 .69 61 53 .46 38 30 5.3, 0.7 6.0 1.4 6.7
8 .92 .84 ! 77 .69 61 53 .46 38 30 5.3 0.7 6.0 1.4 6.7
9 .92 .84 77 .69 61 53 .46 . 38 ‘ 30 5.3 0.7 6.0 1.4 6.7
o 10| 30.92 | 61,84 92.77  123.69 ' 154.61 ¢ 185.53 | 216.46 247.38 | 278.30 | 1855.3 ' 3710.7 | 5566.0; 7421.3 | 9276.7
11 .92 . 84 .77 .69 .61 53 .46 .38 .30 5.3 0.7 6.0 : 1.3 6.7
12 .9z .Bq: 77 .69 61 53 .46 38 30 5.3 0.7 6.0 1.3 6.7
13 .92 | .84 77 .69 61 53 .46 38 30 5.3 0.7 6.0 1. 3. 6.7
14 .92 . .82 77 . 69 i 61 53 .46 38 30 5.3 | 0.7 6.0 1.3 6.7
015]30.92 61.84 . 92.77 | 123.69 | 154.61 185.53 216.45 247.38 278.30} 1855.3| 3710.7 ) 5566.0 1 7421.3° 9276.6
16 .92 &% .77 .69 | 61 .53 .45i .38 30 5.3 0.7 6.0 | 1.3 6.6
17 .92 .3 .77 .69 | 61 .53 451 .38 30 5.3 0.6 6.0 | 1.3 6.6
18 .92 .84 .77 .69 61 .53 | .45 .38 30 5.3 0.6 6.0 | 1.3 6.6
19 .92 ‘, .84 77 .69 61 53 45 ¢ 38 30 5.3 0.6 6.0 | .3 6.6
| | : | , I ‘
| 020|092 61.84 1 92.77 | 123.69 | 154.61 - 185.53 ! 216.45 | 247.38 1 278.30 | 1855.3 | 3710.6 | 5565.9 ! 7421.2 ¢ 9276.6
21 .92 .84 .77 .60 .61 .53 .45 .37 30 5.3 0.6 5.9 | 1z, 6.6
22 .92 . .84 .77 .69 | 61 53 .45 37 30 5.3 0.6 5.9 1.2 ! 6.5
23 .92 .84 .77 .69 ! 61 53 . 4% 37 3o 5.3 0.6 5.9 1.2 6.5
24 .92, .8 77 .69 61 53 45 37 30 5.3 0.6 5.9 1.2 6.5
025 30,92 61.84 i 92.76 | 123.68 | 154.61 185.53 | 216.45 , 247.37 - 278.30 } 1855.3 | 3710.6 5565.9 = 7421.2 | 9276.5
26 .92 | 84 76 . 68 .61 .53 -45 | .37 29 5.3 0.6 5.9 | 1.2 6.5
27 .92, .84 76 .68 61 .53 .45 ! 37 29 5.3 0.6 5.9 | 1.1 6.4
28 92 .8 76 . 68 61 ! .53 45 ¢ .37 29 5.3 0.6 5.9 . 1.1 6.4
29 92 .8 76 1 .68 61 | 53 . 45 37 29 5.3 0.6 5.8 1.1 6.4
030 3002 61.84 | 92.76 | 123.68 | 154.61 | 185.53 | 216.45 | 247.37 | 278.29 | 1855.3 | 3710.5 . 5565.8 | 7421.1 | 9276.4
31 .92 .84 .76 | .68 .61 .53 . 45 .37 .29 5.3 0.5 | 5.8 1.1 6.4
32 .92 & .76 . 68 .61 .53 .45 37 .29 5.3 0.5 | 5.8 1.0 6.3
33 .92 .84 76 .68 .61 .53 . 45 .37 .29 5.3 0.5 | 5.8 1.0 6.3
34 .92 .84 76 .68 . 60 .53 .45 .37 29 5.3 o.§ 5.8 1.0 6.3
035 30.92 | 61.84 | 92.76 | 123.68 | 154.60 | 185.52 | 216.45 | 247.37 278. 29 1855.2 | 3710.5 ! 5565.7 | 7421.0 9276.3
36 .92 .8 .76 .68 .60 .52 .44 .37 .29 5.2 0.5 1" 5.7 1.0 6.2
1 37 .92 .84 76 .68 .60 .52 .44 36 .29 5.2 0.§ 5.7 1.0 6.2
i 38 .92 " .84 76 .68 . 6o .52 .44 36 . 29 5.2 0.5 | 5.7 0.9 6.2
b 39] .92, .8 76 .68 . 60 .52 .44 36 .28 5.2 0.5 | 5.7 0.9 6.1
040§ 30.92 | 61.84 | 92.76 | 123.68 | 154.60 | 185.52 | 216.44 | 247.36 | 278.28 | 1855.2 | 3710.4 | 5565.7 | 7420.9 | 9276.1
41 .92 1 .84 .76 .68 .60 .52 .44 .36 .28 5.2 0.4 5.6 0.9 6.1
42 921 .84 .76 .68 .60 .52 .44 36 .28 5.2 0.4 5.6 0.8 6.0
43 .92 .8 .76 .68 .60 .52 .44 36 .28 5.2 0.4 5.6 o.8 6.0
44 .92 .84 76 .68 .60 .52 44 36 .28 5.2 0.4 5.6 0.8 6.0
045} 30021 61.84|92.76 | 123.68 | 154.60 | 185.52 | 216.44 | 247.36 | 278.28 | 1855.2 | 3710.4 | 5565.6 | 7420.7 | 9275.9
46 .92 .8 .76 . 68 .60 .52 . 44 .36 .28 5.2 | 0.4 5.5 0.7 5.9
47 .92 .8 76 . 68 .60 .52 . 44 36 .28 5.2 0.3 5.5 0.7 5.9
48 .92 .8 76 .68 .60 .52 .44 36 .28 5.2 0.3 5.5 0.7 5.8
49 .02. .8 76 .68 .60 .52 .44 35 .27 5.2 0.3 5.5; 0.6 5.8
030]30.92] 61.84 | 92.76 | 123.68 | 154.60 | 185.51 | 216.43 | 247.35 | 278.27 } 1855.1 ! 3710.3 | 5565.4 | 7420.6 | 9275.7
51 .92 .84 .76 1 .68 .60 51 .43 .35 .27 5.1 0.3 5.4 0.6 5.7
52 .92 .84 76 | . 68 59 .51 .43 .35 .27 5.1 0.3 5.4 0.5 5.7
53 .92 .84 .76 ! .68 59 .51 .43 35 .27 5.1 0.3 ! 5.4 o5 5.6
s¢| .92| .8 .76 .67 59 .51 43, .35 .27 5.1 0.2 5.4 0.5 5.6
0355)30.92 61.84 | 92.76 | 123.67 | 154.59 | 185.51 | 216.43 | 247.35 | 278,27 § 1855.1 | 3710.2 | 5565.3 | 7420.4 | 9275.5
56 .92 .84 .75 .67 .59 i .43 .35 .27 5.1 0.2 5.3 0.4 5.5
57 -92 -84 .75 .67 59 51 43 - 35 26 5.1 0.2 5.3 0.4 5.5
58 .92 .84 .75 .67 59 51 .43 .34 .26 5.1 0.2 5.2 0.3 5.4
59 .92 .84 .75 .67 59 51 .43 .34 26 5.1 o.1 5.2 0.3 5.4
060} 3002 61.8 ‘ 92.75 | 123.67 | 154.59 | 185.51 | 216. 42 g 247.34 | 278.26 | 1855.1 | 37to.1 | 5565.2 | 7420.3 9275.3
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Latitude o° to 1°—Meridional arcs.

Latitude 0°~—Co-ordinates of curvature.

Lat.
Value of 17/ Sums of s;e;:gxtl“(‘isef.or middie | yoio of g | SUImS of ‘Ii:gﬁf;éor middle Longitude. X v
o 7 Meters. ’” Meters. Meters. ’ Meters. ° 7/ Meters. Meters.
o 00 30.713
1 3 1 30.71 1842. 79 1 I 842.8 o 1 1 855.3 0.0
2 3 2 61.43 .79 2 3685.6 2 3 710.7
3 3 3 92. 14 79 3 5528.4 3 5 566.0
4 3 4 122, 85 .79 4 73711 4 7 421.4
o of 30. 713 5 153. 56 1842. 79 5 9213.9 o 5 9 276.7 0.0
6 3 6 184. 28 .79 6 11 056.7 6 I1132.1
7 3 7 214.99 79 7 12 899. 5 7 12 987.4
8 3 8 245. 70 .79 8 14 742. 3 g 14 842.8
9 3 9 276. 42 .79 9 16 585. 1 9 16 698. 1
o 10 30.713 10 307.13 1842. 79 10 18 427.9 o 10 18 553. 4 0.0
1z 3 I 337- 84 .79 1 20 270.7 15 27 830.2
12 3 2 368. 56 .79 2 22 113. 4 20 37 106.9
13 3 3 39927 .79 3 23 956. 2 25 46 383.6
14 3 4 429.98 79 4 25 799.0 3 55 660. 3
o 15 30.713 15 460. 69 1842. 79 15 27 641. 8 o 35 64 937.1 0.0
16 3 6 491. 41 .79 6 29 484. 6 40 74 213.8
17 3 7 522.12 .79 7 31327.4 45 83 490.5
18 3 8 552.83 .79 8 33170.2 50 92z 767.3
19 3 9 583.55 <79 9 35013.0 55 102 044.0
o 20 30.713 20 614. 26 1842. 79 20 36 855. 8 1 oo 111 320.7 0.0
21 3 1 644. 97 .79 1 38643.5 o3 120 597.4
22 3 2 675. 69 .79 2 40 §41.3 10 129 874.1
23 2 3 706. 40 .79 3 42 384.1 15 139 150.9
24 3 4 737. 11 .79 4 44 226.9 20 148 427.6
o 25 30. 713 235 767. 82 1842. 79 25 46 069, 7 1 25§ 157 704.3 oo
26 3 6 798. 54 .79 6 47 912.§ 30 166 981.0
27 3 7 829. 25 -79 7 497553 35 176 257.8
28~ 3 8 859. 96 -79 8 51 598.1 40 185 534. 5
29 3 9 890. 68 .79 9 53 440.9 45 194 811.2
o 3o 30.713 30 921. 39 1842. 79 30 55 283.6 1 50 204 087.9 0.0
31 3 1 052. 10 .79 1 §7 126. 4 55 213 364.7
32 3 2 982. 82 .79 2 58 g6g. 2 2 00 222 641
33 3 3 1013.53 .79 3 60 812.0 3 oo 333 962
34 3 4 1044. 24 .79 4 62 654.8 4 o0 445 283
° 351 30.713 35 1074.95 1842.79 35 64 497.6 5 00 556 603 0.0
36 3 6 1 105. 67 .79 6 66 340. 4 6 oo 667 924
37 3 7 1 136.38 .79 7 68 183. 2 7 oo 779 245
38 3 8 1 167.09 .79 8 70 026, 0 8 oo 890 566
39 3 9 1197. 81 .79 9 71 868. 7 9 0o 1 oo1 886
o 40 30.713 40 1 228.52 1842.79 40 73 711§ 10 00 1113207 0.0
41 3 1 1 289.23 .79 1 75554.3 11 o0 1 224 528
42 3 2 1 289. 95 .79 2 77 397.1 1z 00 I 335 848
43 3 3 I 320.66 .79 3 79 239.9 13 o0 I 447 169
44 3 4 135137 .79 4 81 082.7 14 ©o 1 558 490
O 45 30.713 45 1 382.08 1842.79 45 82 925.5 15 00 1 669 810 0.0
46 3 6 1 412.80 .79 6 84 768.3 16 00 1 781 131
47 3 7 1 443.51 .79 7 86 611.0 17 00 1 892 452
48 3 8 1 474.22 .79 8 88 453.8 18 00 2 003 772
49 3 9 1 504.94 -79 9 90 296.6 19 00 2 115 003
o 50 30. 713 50 1 535.65 1842.79 5o 92 139.4 20 00 2 226 414 0.0
(1 3 1 1 566. 36 .9 1 93 982.2 21 00 2 337.73%
52 3 2 1 597.08 .79 2 95°835.0 22 oo 2 449 055
53 3 3 1027.79 .79 3 97 667.8 23 00 2 560 376
54 3 4 1 658.50 -79 4 99 510.6 24 00 2 671 697
o 8% 30. 713 83 1 689. 21 1842. 79 55 101 353. 4 25 00 2 783 017 0.0
56 3 6 1719.93 .79 6 103 196. 2 26 oo 2 894 338
57 3 v 1 750. 64 .79 y 105 038.9 27 oo 3 00§ 659
58 3 8 1 781.35 .79 8 106 881.7 28 o0 3116 979
59 3 9 1 812.07 .79 9 108 724.5 29 00 3 228 300
o 6o 30. 743 60 1 842.79 1842.79 60 110 §67. 3 30 00 3 339 621 0.0

-
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Latitude 1° to 2°—Arecs of the parallel in meters.

| | ! i
Lat 1// ! 2// 3// 4// ! 5// ; 6/,/ ' :I/ 8/’ i 9// 1/ 2/ 3/ 4/ 5/
J | | | !
o 7 . ‘ .
100 3092 | 61.84 | 92.75 | 123.67 | 154.59 | 185.51 | 216.42 | 247.34 | 278.26 | 1835.1 | 3710.1 | 5565.21 7420.3 | 9275.3
1 .92 .84 .75 67; .59 .51 .42 .34 20 5.1 0.1 5.2 o.2 5.3 |
2 92 83 .75 67 59 50 .42 34 26 5.0 0.1 5.1 0.2 5.2
3 92 831 .73 67 | 59 50 .42 34 26 5.0 o.1 [ 0.1 5.2
4 92 .83 .75 67 59 50 | .42 | 34 25 5.0 0.0 5.1 0.1 5.1
105] 3092 | 61.83 ] 02,751 123.67 | 154.58 | 185.50 | 216.42 | 247.34 | 278.25 | 1855.0 | 3710.0 5565.0 7420.1] 9275.1 |
6 .92 .83 .75 .67 1 .58 50 .42 33 25 5.0 0.0 5.0 0.0 5.0 |
7 G2 83 .75 67 | .58 50 .42 33 25 5.0 0.0 5.0 0.0 5.0 |
8 92 83| .75 671 .58 50 .41 33 25 5.0 10.0 5.0 19.9 49 |
9 92 831 .75 66, .58 50 .41 33 24 5.0 9.9 4.9 9.9 4.9 |
i :
1 10] 3002 ) 61.83 | 92.75 | 123.66 | 154.58 | 185.50 1 216,41 | 247.33 | 278.24 | 1855.01 3709.9 | 5564.9 | 7419.9| 0274.8
11 92 .83 .75 66 | .58 | .50 .41 .33 24 5.0 9.9 4.9 9.8 4.8 |
12 92 .83, .75 66 58 | 49 .41 .33 24 4.9 9.9 4.8 9.8 4.7
13 92 83 .75 66 | 58 | 49 .41 32 24 4.9 9.8 4.8 9.7 4.6
14 92 83 .75 60 58 | 49 .41 32 24 4.9 9.8 4.8 9.7 4.6
115] 30.92 | 61.83 | 92.95 | 123.66 | 154.58 | 185.49 i 216.41 | 247.32 | 278.24 | 1854.9 | 3709.8 | 5564.7 | 7419.6 | 0274.5
16 91 83 .74 66 .57 49 40 .32 23 4.9 9.8 4.7 9.6 4.5
17 91 &1 .74 66 .57 49 | 40 .32 23 4.9 9.8 4.6 9.5 4.4
8 91 83 .74 66 .57 49 | 40 .32 23 4.9 9.7 4.6 9.5 4.4
19 91 83 74 66 .57 49 40 .31 23 4.9 9.7 4.6 9.4 4.3
. 120] 30.01 | 61.83 | 92.74  123.66 | 154.57 | 185.48 | 216.40 | 247.31 | 278.23 } 1854.8 1 3700.7 | 5564.5 | 7419.4 | 9274.2 .
21 91 83 74 66 .57 48 40 .31 23 4.8 9.7 4-5 9.3 4.2 |
22 91 83 74 63 .57 48 40 31 22 4.8 9.6 4.5 9.3 4.1
23 91 83 74 65 .57 48 ¢ 39 31 22 4.8 9.6 4.4 9.2 4.0
24 91 83 74 | 63 57T 48 39 31 22 4.8 9.6 4.4 9.2 4.0 |
125 ) 3001 161.83 | 02,741 123.65 | 154.57 | 185.48 | 216.39 | 247.30 | 278.22 ] 1854.8 | 3709.6 | 5§564.3 | 7419.1 | 9273.9 |
26 91 83 .74 65 .56 .48 30 .30 .22 4.8 9.5 4.3 9.1 3.8
27 91 83 74 65 .56 48 39 30 21 4.8 9.5 4.3 9.0 3.8
28 91| .82 74 65 .56 47 39 30 21 4.7 9.5 4.2 9.0 3.7 |
29 91 82 74 65 .56 47 38 30 21 4.7 9.5 4.2 8.9 3.6 1
i ; i
1 30} 30.01 5 61.82 | 92.74 | 123.65 | 154.56 | 185.47 | 216.38 | 247.30 | 278.21 ] 1854.7 | 3709.-4 | 5564.1] 7418.9| 9273.6
31 .91 82 73 65 .56 .47 .38 .29 20 4.7 9.4 4.1 8.8 3.5
32 91 82 73 65 .50 47 38 29 20 4.7 9.4 4.1 8.8 3.4
33 91 82 73 64 .56 47 38 29 20 4.7 93 4.0 8.7 3-4
34 91 82 73 64 .55 47 38 29 20 4.7 9.3 4.0 8.6 33
1 35]30.01 | 61.82 | 92.73 | 123.64 | 154.55 | 185.46 | 216.37 | 247.29 | 278.20 | 1854.6 | 3709.3 | 5563.9 | 7418.6 | 9273.2
36 .91 82 73 .64 .55 46 37 .28 19 4.6 9.2 3.9 8.5 3.1
37 91 82 73 64 .55 46 37 28 19 4.6 9.2 3.8 8.4 3.1
38 91 82 73 64 .55 46 37 28 19 4.6 9.2 3.8 8.4 3.0
39 91 82 73 64 .55 46 37 28 19 4.6 9.2 3.7 8.3 2.9
t 40 30.91 | 61.82 | 92.73 | 123.64 | 154.55 | 185.46 | 216.37 | 247.28 | 278. 18} 1854.6 | 3700.1 | 5563.7 | 7418.3 | 9272.8
41 91 82 73 64 .55 45 36 27 18 4.5 9.1 3.6 8.2 2.7
42 91 82 73 64 .54 45 36 27 18 4.5 9.0 3.6 8.1 2.7
43 91 82 73 63 .54 45 36 27 18 4.5 9.0 3.6 8.1 2.6
44 91 82 73 63 .54 45 36 2y 18 4.5 9.0 3.5 8.0 2.5
145)30.01 | 61.82 | 92.72 | 123.63 | 154.54 | 185.45 | 216.36 | 247.26 | 278.17 | 1854.5 | 3708.9| 5563.5| 7417.9 | 9272.4
461 .ot 821 .72 .63 .54 - 45 35 .26 17 4.5 8.9 34 7-9 2.3
47 91 82 72 63 .54 45 35 - 26 17 4.5 3.9 3.4 7-8 2.3
91 81 72 63 .54 44 35 .26 17 4-4 8.9 3.3 7.7 2.2
49 o1 81 72 63 .53 44 35 .20 16 4.4 8.8 3.3 7.7 2.1
1 50) 30.91 | 61.81 | 92.72 | 123.63 | 154.53 | 185.44 | 216.35 | 247.25 | 278.16 | 1854.4 | 3708.8 | 3$563.2 | 7417.6 | 9272.0
(1 91 81 .72 .63 .53 .44 34 .25 .16 4.4 8.8 3.1 7.5 1.9
52 .91 81 72 62 .53 44 | 34 . 2§ 15 4.4 8.7 3.1 7-4 1.8
53 .91 81 72 62 .53 43 | 34 .28 15 4.3 8.7 3.0 7.4 1.7
54 .91 81 72 62 .53 43 34 .24 15 4.3 8.7 3.0 7.3 1.7
1 550309t { 61.81 | 92.72 | 123.62 | 154.53 | 185.43 | 216.34 | 247.24 | 278.15 ] 1854.3 | 3708.6 | 5562.9 | 7417.3 | 9271.6
56 .90 .81 .71 62 .52 -43 | .33 .24 .14 4.3 8.6 2.9 7.2 1.5
57 .90 81 71 62 52 .43 33 .24 14 4.3 8.5 2.8 7.1 1.4
58 . go 81 71 62 52 .43 33 23 14 4.3 8.3 2.8 7.0 L3
59 90 .8 .71 .62 .52 .42 .33 .23 .14 4.2 8.5 2.7 7.0 1.2
L 160)] 30.90 | 61.81 | 92.71 | 123.61 | 154.52 | 185.42 | 216.33 | 247.23 | 278.13 | 1854.2| 3708.4 | 5562.7 | 7416.9 | 9271.1
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Latitude 1° to 2°—Meridional arcs.

Latitude 1°—Co-ordinates of curvature.

Lat. i
Sums of seconds for middle |
Value of 17/ latitude.
° 7/ DMeters. 44 Dleters.
RN 30.713
1 3 I 30. 71
2 3 2 61.43
3 3 3 92. 14
4 3 4 122, 85
1 03 30.713 5 153.57
6 3 6 184. 28
7 3 7 215. 00
8 3 ] 245. 71
9 3 9 276. 42
1 10 30.713 ' 10 307. 14
11 3 1 337-83
12 3 | 2 368. 56
13. 3o, 3 399- 28
14 3 | 4 429.99
1 15 30.713 | 15 460. 70
16 3 | 6 401. 42
17 3 7 522.13
18 3, 8 552.84
19 39 583. 56
I 20 30.713 ‘ 20 614. 27
21 3 1 644. 08
22 3 2 675. 70
23 3 3 706. 41
24 3 « 4 737-12
1 25 30.713 {23 767. 84
26 3 6 798. 35
27 3 7 82¢. 26
28 3 8 859. 98
29 3 9 8g0. 69
1 30 30.713 30 921. 40
31 3 I 952. 12
32 3 2 982. 83
33 3 3 1013.54
34 3 4 1 044. 26
T 35 30.713 35 1 074.97
36 3 6 ¥ 105. 68
37 3 7 1 136. 40
38 3 8 1 167. 11
39 3 9 1197.82
1 40 30. 713 40 1 228, 54
41 3 I I 259. 25
42 3 2 1 289.96
43 3 3 1 320. 68
44 3 4 T 351.39
1 45 30.713 45 1 382.10
46 3 6 1 412, 82
47 3 7 1443.53
48 3 8 147424
49 3 9 1 504. 96
1 50 30.713 50 I 535.67
51 3 1 1 566. 38
52 3 2 1 597. 10
53 3 3 1 627.81
54 3 4 I 658. 52
T 5§ 30.713 55 I 689. 23
56 3 6 1.719.95
57 3 7 1 750.66
58 3 8 1 781. 37
59 3 9 1 812.09
1 60 30. 713 60 1 842. 80

|
|
|
|
.

i

i

Value of 1/

Aeters.

1842.

79

=79
-79
<79

1842.

1842.

1842.

1842.

1842.

1842.

. 80

1842.

1842.

pErY PTEEE ¥

.81

1842.

1842.

1842.

! Sums of minutes for middle

Longitude. ‘

latitude. X Ay
4 | Meters. ° 4 Veter Meters,
{

1 1 842.8 o 1 18551 o,
2 | 3685.6 2 3 710.1 o.
3 5528.4 3 5505.2 o.
4 73762 4 7 4203 0.
5 | g 214.0 o 3 9 275.3 0.
6 | 11 056. 8 6 11 130.4 o.
7 i 12 899. 6 7 12 g85. 4 o.
8 | 14 742. 3 S 14 840.5 | o.
9 16 585. 1 9 16 695.6 o.
10 18 427.9 o 10 15 550.0 0.
i1 20 270.7 i5 27 826.0 I.
12 22 113.5 20 37 101.3 1.
13 23 956.3 23 46 376.6 2.
14 25 7991 30 55 651.9 4
15 27 641.9 o 33 64 927.2 3.
16 29 484. 7 40 74 202.5 7.
17 31 327.5 45 83 477.8 9.
18 33 170.3 50 29532 1I.
19 35013.1 53 102 028. 5 T4
20 36 855.9 1 00 111 303.7 16
|21 38 698. 7 05 120 579.0 19
22 40 §41. 5§ 10 129 854. 3 23.
23 42 384.3 15 139 129.6 26.
24 44 227.1 20 148 404.9 30.
! 25 46 069. 9 1 25 157 680. 2 4.

P26 47 912.7 30 166 955. 5 3
27 49 755.5 35 176 230.8 42
28 51 598.3 40 185 506. 1 47
29 53 441.1 45 194 781. 4 51
| 30 55 283.9 I 30 204 056. 7 56.
Po3r 57 126.7 55 213 331.9 62
32 58 969. § 2 oo 222 607 68
33 60 8r12.3 3 oo 333 911 153
34 62 655. 1 4 00 445 214 271
33 64 497.9 5 00 556 518 424
36 66 340.7 6 oo 667 822 610
37 68 183.5 7 00 779 126 831
38 70 026. 3 8 oo 890 429 1 o83
39 71 869. 1 9 0o 1 001 733 1373
40 73 711. 9 10 00 1113037 1 695
41 75 554. 7 11 0o I 224 340 i 2 051
42 77 397.5 1z 00 1 335 643 : 2441
43 79 240. 3 13 00 I 446 946 ‘ 2 865
44 81083.1 14 ©0 I 558 249 ‘ 3323
43 82 925.9 15 00 1669351 | 3814
46 84 768. 7 16 oo 1 780 834 ; 4 340
47 86 611.5 17 00 1 892 157 ‘ 4 899
48 88 454. 3 18 oo 2003459 | 5492
49 | 00 297. 1 19 00 2114 761 i 6 120
50 [ 92 139.9 20 o0 2 226 063 6 781
51 93 932.7 21 00 2 337 364 7 470
52 95 825.6 22 00 2 448 666 i 8 2035
53 97 668. 4 23 00 2559967 | - 8967
54 99 511.2 24 00 2 671 268 | 9 764
55 101 354.0 25 00 2 782 569 | 10593
56 103 196. 8 26 oo 2 893 869 11 459
57 105 039. 6 27 00 3 005 170 12 358
58 106 882. 4 28 oo 3 116 470 13 260
59 108 725. 2 2g 00 3 227 770 14 236
60 110 568.0 30 ©0 3 339 070 15 250
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UNITED STATES COAST AND GEODETIC SURVEY.

Latitude 2° to 3°—Arcs of the parallel in meters.

1// ! 2// ; 3// 4// 5// ﬁ// " z// : 8// ( 9// 1/ 2/ 3/ 4/ 5/
4 : : .
00§ 30,90 ; 61.81 | g2.71  123.01 - 154.52  185.42 | 216.33  247.23 | 278.13 | 18354.2 | 3708.4 5562.7 | 7416.9 = 9271.1
1 g0 ! .81 S i .61 .52 42 33 .23 13 4.2 8.4 2.6 6.8 . 1.0
2 .90 .81 .71 .61 .52 42 32 | 22 12 4.2 8.3 2.6 6.7 0.9
3 90 .81 71 61 .51 41 32 ! 22 12 4.1 8.3 2.5 6.7 0.8
4 90 .81 71 61 .51 41 32 22 12z 4.1 8.2 2.5 6.6 0.7
2 o3 .90 | 61.81 | g2.71 123.61 154.5I ‘ 185.41 | 216.31 - 247.28 | 278.11 ] 1854.1 | 3708.2 | §562.4 1 7416.5 ' g¢270.6
6 90 §o .70 60 L51 41 .31 21 11 4.1 8.2 2.3 6.4 0.5
7 90 So .70 60 51 41 .31 21 II 4.1 8.2 2.3 6.3 0.4
8 90 So 70 60 50 | 40 L3I 21 11 4.0 8.1 2.2 6.3 0.3
9 90 8o 70 60 50 | 40 .30 20 10 4.0 8.1 2.2 6.2 ; 0.2
] ’ | '
.90 61.80 | 92.70 | 123.60 154.50  185.40 | 216.30 | 247.20 | 278.10] 18354.0 3708.1 | 5562.1 | 7416.1 : 9270.1
go; .80 .70} .60 501 .40 30 | 20 .10 4.0 8.0 2.0 6.0 70.0
90 .80 70 | . 60 50 ! . 40 30 20 .09 4.0 8.0 2.0 5.9 69. 9
90 .80 70 | . 60 50 ¢ .39 29 | 19 .09 3.9 7.9 1.9 5.9 9.8
90 .80 70 | . 6o i 50 .39 29 | 19 .09 3.9 7.9 1.9 5.8 9.7
2 .00  61.80 ' 92.70 i 123.60 | 154.50 ; 185.39 | 216.29 | 247.19 | 278.08 | 1853.9 3707.8 | 5561.8 7415-7 9209. 6
90 ' .79 69 591 49 39 29 19 o8 3.9 7.8 1.7 5.6 9.5
2907 .79 .69 .30 49 239 .29 .19 08 3.9 7-7 1.7 5.3 9.4
.90 .79 69 | .59 ! .49 .38 .28 | .18 .08 3.8 7.7 1.6 5.3 9.3
90 70 .69 50 .49 38 ¢ 28 18 o7 3.8 7.6 1.6 5.4 9.2
.90 61.79 92.69! 123.59 | 154.49 185.38 | 216.28 | 247.18 | 278.07 } 1853.8 | 3707.6 | 5561.5 | 7415.3 | 9269.1
.90 ) .69 | .59 1 .49 .38 .28 .18 .o7 3.8 7.6 1.4 5.2 9.0
.90 .79 .09 239 - 49 .38 .27 L1y .00 3.8 7.5 1.3 5.1 8.9
9 . .79 69 l 58 ¢ 48 37 .27 .17 .06 3.7 7.5 1.3 5.0 8.7
90 .79 69 [ 58 48 .37 1 27 | 17 .06 3.7 7.4 1.2 4.9 ‘ 8.6
.90 | 61.79 : 92.69 ' 123.58 | 154.48 ' 185.37 | 216.26 | 247.16 | 278.05 § 1853.7 | 3707.4 | 5561.1 | 7414.8 | 9268.5
.89 .79 .68 .58 . .48 ¢ .37 1 .26 .16 .05 3.7 7.4 1.0 4.7 8.4
.89 .79 .68 .58 ¢ .48 .37 .26 .16 .05 3.7 7.3 1.0 4.6 8.3
Sg i 79 ! 68 .37 .47 ¢ .36 26 .16 .05 3.6 7.3 0.9 4.6 8.2
&9 70 68 ‘ .57 .47 30 i .25 .15 .04 3.6 7.2 0.9 4.5 8.1
.80 | 61.79 ' 92.68 | 123.57 | 154.47 | 185.36 ' 216.25 | 247.15 ! 278.04 | 1853.6 | 3707.2 | 5560.8 | 7414.4 : 9268.0
.89 .79 .68 70 .47 .36 | .25 .15 .04 3.6 7.1 0.7 4.3 . 7.9
.89 .79 .68 57 4 47 ¢ .35 .24 .14 ¢ .03 3.5 7.1 0.6 4.2 7.7
.89 .79 .68 .57 0 .46 | .35 ¢ .24 14 .03 3.5 7.0 0.6 4.0 | 7.6
.89 .79 .67 57 .46 i .35 .24 13 .02 35 7.0 0.5 39| 7.4
.80 | 61.79 | 92.67 | 123.57 1154.461‘185435 L 216,23 | 247.13 | 278,02 | 18535 | 3706.9 | 5360.4 | 7413.8 | 9267.3
8, .78 .67 .56 ! .46 234 .23 .13 .02 3.4 6.9 0.3 3.7 ! 7.2
8o .78 .67 56 ‘ .46 | .34 .23 120 Lol 3.4 6.8 0.2 3.6 7.1
&9 .78 .67 361 .45 .34 .23 L1201 .ol 3.4 6.8 0.2 3.6 1 6.9
89 7 .67 56 . 45 ! 33 .22 11 .00 3.3 6.7 0.1 3.5 i 6.8
| | : :
89 | 61.78 1 02.67 | 123.56 | 154.45 | 185.33 | 216.22 | 247.11 : 278.00 | 1853.3 | 3706.7 | 5560.0 | 7413.4 | 9266.7
89 781 .67 56 . 45 33 22 11 8.00 3.3 6.6 59.9 3.3 6.6
89 78 67 56 .44 33 21 10 7.99 3.3 6.6 9.8 3.2 6.5
89 7 66 55 44 32 21 10 99 3.2 6.5 9.8 3.0 6.3
89 78 66 55 .44 32 21 10 98 3.2 6.5 9.7 2.9 ; 6.2
.89 | 61.78 | 92.66 | 123.55 154.43 | 185.32 | 216.20 | 247.09 | 277.98 | 1853.2 | 3706.4 | 5559.6 | 7412.8  9266.1
.88 77 .66 .58 .43 .32 20 .0g | .98 3.2 6.4 9.5 2.7 | 6.0
88 77 66 55 .43 .32 20 ] 97 3.2 6.3 9.5 2.6 | 5.9
: 88 7, .06 54 -43 .31 20 09 97 3.1 6.3 9.4 2.6 | 5.7
: 38 77 66 54 | .42 .31 19 o8 96 3.1 6.2 9.4 2.5 5.6
i 30.88 | 61.77 + 92.65 | 123.54 | 154.42 | 185.31 | 216.19 | 247.08 | 277.96 ] 1853.1 | 3706.2} 5559.3 1 7412.4 5.5
j 88 Ryl 65 .54 | .42 .31 19 .08 .96 3.1 6.1 9.2 2.3 .3
i 88 77 65 54 | .42 31 18 o7 95 3.0 6.1 9.1 . 2.2 .2
i 88 77 1 63 53 .41 30 18 o7 95 3.0 6.0 9.1 2.0 .0
| 88 77 65 ! 33 .41 30 18 ob o4 3.0 6.0 9.0 | 1.9 .9
i .88 | 61.77 | 02.65  123.53 | 154.41 | 185.20 | 216.17 | 247.06 | 277.94 | 1852.9 , 3705.9 5558.9 | 7411.8 7
; .88 .76 .65 .53 .41 .29 .17 .06 .94 2.9 5.8 8.8 1.7 4.6
i .88 761 .64 .53 . 41 .29 .17 .08 .93 2.9 5.8 8.7 E 1.6 | 4.5
i .88 76 i .64 .52 . 40 .29 .17 .05 .93 2.9 5.7 8.7 | L§ | 4.3
: .88 761 .64 .52 . 40 .28 .16 .04 .92 2.8 5.7 8.6 | 1.4 4.2
30.88 | 61.76 ‘92.64 | 123.52 | 154.40 | 185.28 | 216,16 | 247.04 | 277.92 | 1852.8 | 3705.6 | 5558.5 | 7411.3 = 9264.1
i i i
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Latitude 2° to 3°—Meridional arcs,

Latitude 2°—Co-ordinates of curvature.

Lat,
Value of 17/ Sums of s;::gxtﬁiget:or middle Value of 1/ | Sums of n;;l:;ltl%se'for middle Longitude. x v
>
° 7 Meters. 44 Meters. Meters. 4 Meters. ° 7/ Meters. Meters.
2 0o 30.714 1842.81
I 4 I 30.71 %5 S R | 1 842.8 o 1 1854.2
2 4 2 61.43 .81 F 2 3685.6 2 3708.4
3 4 3 92.14 81 | 3 5528.4 3 5562.7 o1
4 4 4 122. 86 .81 4 7 371.2 4 7 416.9 0.2
2 5 30. 714 5 153.57 1842. 81 5 * 92i4.1 o 3 9271.1 0.2
6 4 6 184. 28 .81 6 11 056.9 6 1T 125.3 0.3
7 4 7 215.00 | .81 7 12 899.7 7 12 979.6 0.5
8 4 8 245. 71 | .81 8 14 742. 5 8 14 833.8 0.6
9 4 9 276.43 ‘ .81 9 16 585.3 9 16 688.0 0.8
2 10 30. 714 10 307.14 L 1842.81 10 18 428. 1 o 10 18 542. 2 0.9
1L 4 1 337-85 .81 1 20 270.9 135 27 813.3 2.1
12 4 2 368.57 .81 2 22 113. 8 20 37 084. 4 3.8
13 4 3 399.28 81 3 23 956.6 25 46 355.6 5.9
14 4 4 430.00 81 4 25 799. 4 30 55 626.7 85
2 15 30.714 15 460. 71 1842.82 . 13 27 642. 2 o 35 64 597.8 11.3%
16 4 6 461. 42 .82 : 6 , 20 485.0 40 74 168.9 15.0
17 4 7 5§22, 14 .82 7 31 327.8 45 83 440.0 19.0
18 4 8 552.83 .8z | 8 33 170.7 50 92 711.1 23.§
19 4 9 583.57 .82 | 9 | 35 013.5 55 101 982. 2 28. 4
2 20 30.714 20 614. 28 1842.82 | 20 36 836.3 I 00 111 253.4 339
21 4 1 644. 99 82 11 i 38 699. 1 03 120 §24. 5 39.8
22 4 2 675. 71 .8z 2 40 541.9 10 129 705.6 46.1
2 4 3 706. 42 .82 3 2 384.8 I3 139 066.7 2.9
24 4 4 737.14 .82 4 44 227.6 20 148 337.8 60. 2
2 25 30.714 23 767. 85 1842.82 | 25 46 070. 4 1 23 157 608.9 68.0
26 4 6 798. 56 .82 6 47 913. 2 30 166 880.0 76. 2
27 4 7 829. 28 .82 7 49 756.0 35 176 1511 8$4.9
28 4 8 859.99 .82 8 51 598. 9 40 185 422. 2 94. 1
29 4 9 8g0. 71 82 9 4 53441.7 45 194 693. 3 103. 8
2 30 30. 714 30 921. 41 1842. 82 [ 30 55 284.5 1 30 203 964. 5 113.9
31 4 1 952.13 82 57 127.3 55 213 233.6 124.5
32 4 2 982. 85 .82 i 2 58 g70. 1 2 00 222 506 136
33 4 3 1013.56 82 3 60 813.0 3 oo 333759 305
34 4 4 1 044. 28 Bz ! 4 62 655.8 4 00 445 012 542
2 33 30.714 35 1 074.99 1842. 83 ; 35 64 498.6 5 00 556 266 847
36 4 6 I 105. %70 .83 | 6 66 341.5 6 00 667 517 1220
37 4 7 1136.42 .83 i 7 68 184. 3 7 00 778 770 1 660
38 4 8 I 167.13 83 | 8 70 027. I 8§ oo 890 023 2 169
39 4 9 1 197.85 -83 L9 71 869. 9 9 oo I 001 275 2745
2 40 30.714 40 1 228.56 1842.83 | 40 73712.8 10 00 1 112527 3388
41 4 1 1259.27 .83 1 75 555.6 11 oo 1223778 4 100
42 4 2 1 289.99 .83 2 77 398.4 12 00 1 335 028 4 879
43 4 3 1 320.70 83 | 3 79 241. 3 13 00 I 446 278 5726
44 4 4 I 351.42 .83 4 81 084.1 I4 00 1557 528 6 641
2 45 30.714 45 1 382.13 1842. 83 45 82 926. 9 15 00 I 668 778 7 624
46 4 6 I 412.84 .83 6 84 769. 8 16 00 1 780 027 8674
47 4 7 1 443-56 .83 7 86 612.6 17 00 1 891 275 9 792
48 4 8 1 474.27 .83 8 88 455. 4 18 oo 2 002 §22 10 978
49 4 9 1 504.99 .83 9 90 298. 2 19 0o 2 113 768 12 232
2 50 30.714 50 1 §35.70 i 1842. 83 50 g2 141. 1 20 00 2 225 012 13 553
51 4 I 1 566. 41 i .83 I 93 983.9 21 00 2 336 257 14 942
32 4 2 I597.13 .84 2 95 826. 7 22 00 2 447 501 16 3099
53 4 3 1°627.84 -84 3 97 669. 5 23 00 2 558 744 17 923
. 54 4 4 1 658.56 .84 4 00 512. 4 24 00 2 669 g86 19 515
2 %5 30.714 55 I 689. 27 ; 1842. 84 55 101 355.2 25 00 2 781 227 21 176
56 4 6 1719.98 | .84 . 6 103 198.0 26 o0 2 892 466 22 904
57 4 7 1.750.70 | .84 7 105 041. 9 27 0o 3003 705 24 700
58 4 8 178141 | .84 8 106 883.7 28 oo 3 114 943 26 563
59 4 9 1 812.13 : .8 9 108 726. 5 29 o0 3220 179 28 494
2 60 30.714 6o ¥ 842.82 | 1842. 84 60 110 560. 2 30 oo 3 337 415 30 494
|
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Latitude 3° to 4°—Arcs of the parallel in meters.
| : i i
Lat. 17 9/ : 877 ‘} 47 5 | 6’ | Y 14 i 9’ 1’ 9/ 8’
I :
o s f z . v
300]30.88 1 61.76  92.64 | 123.52 154.40 | 185.28  216.16 ' 247.04 | 277.92 | 1852.8 | 3705.6 | 3558.5
1 .88 76 . .64 .52 . 40 28 | .16 .04 .92 2.8 5.5 8.4
2 .88 76 641 .32 40 281 .13 .03 | 91 2.8 5.5 8.3
3{ .88 | .76 .64 .51 .39 27/ .13 03 91 2.7 5.4 8.2
4 88 .76 . 64 } 51 ‘ 39 27 | .15 02 9o 2.7 5.4 8.1
305 30.88 ! 61.76 | 92.63 ’ 123.51 | 154.39 | 185.27 © 216.14 | 247.02 | 277.90 | 1852.7 | 3705.3 | 5k58.0
6 88¢ 75 63 ! L5100 .39 .27 | L14 02 | .90 2.7 5.3 7.9
7 88 750 .63 51 .39 .26 | .14 ol 89 2.6 5.2 7.8
8 88 .75 .63 { 50 .38 .26 .14 oI ! 89 2.6 5.2 7.8
9 88 75 ¢ 63 50 .381 .25 L13 00 ! 88 2.5 5.1 ] 7.7
310§ 30.88: 61.75 92.63 ! 123. 50 | 154.38 | 185.25 | 216.13 | 247.00 | 277.88 | 1852.5 | 3705.1 5557.6
.88 75 T 63! T.zol T .38 251 .13, 7.00: .88 2.5 5.0 7.5
2| .88 .75 .62] .50 .37 .25 .1z 699! .8 2.5, 5.0 7.4
13 .88 .75 621 .49 37 241 12 .99 87 2.4, 4.9 74
14 .88 .75 .62 49 | 37 24 | 11 .98 86 2.4, 4.9 7.3
315] 30.88 1 61.75 92.62 | 123.49 | 154.36 | 185.24 | 216. 11  246.98 | 277.86 | 1852.4  3704.8 | 5557.2
16 .87 .74 .62 .49 ! .36 .23 .11 .98 | .85 Co2.3 4.7 7.1
17 .87 .74 .62 .49 .36 .23 . 10 .97 .85 2.3 4.7 7.0
18 .87 .74 . 61 .48 .36 .23 . 10 971 * .8 2.3 4.6 6.9
19 .87 74 61 48 . 35 .22 og .96 84 2.2 ¢ 4.6 6.8 :
32003087 61.74 02.61 | 123.48 | 154.35 | 185.22 216,09 246.96 | 277.83 | 1852.2  3704.5 | 5556.
21 87 .74 .61 .48 .38 22 .09 .96 .83 2.2 ! 4.4 6.
22 87 74 .61 48 .35 22 o8 95 82 2.2 | 4.3 6.
23 87 74 .61 47 .34 21 o8 95 82 2.1 4.3 6.
24 87 74 .61 47 34 21 o8 94 81 2.1 ! 4.2 6.
32583087 161.74 ; 92.60 | 123.47 | 154.34 | 185.21 , 216.07 ' 246.94 277.81 ] 1852.1 l 3704.1 | 5556
26 87 .73 .60 | .47 34 20 .07 94 | 81 2.1} 4.0 6.
27 7 .73 .60 ! .47 | 34 20 .07 93 8o 2.0 4.0 6.
28 .87 .73 . 60 . 46 33 20 .07 93 8o 2.0 3.9 5.
29 -8 73] .60 ‘ 46 33 19 .06 92 79 Lg 39 5
330f30.87  61.73 ] 92.60 ! 123. 46 { 154.33 | 185.19 | 216.00 | 246.92 | 277.79 1851.9 | 3703.8 | 5555.7 |
3t .87 .73 .59 .46 .33 .19 .06 .92 -79 Lg 37 | 5.6
32 .87 73 .59 .46 ! .32 18 .05 .91 78 1.8 3.7 5.5
33 87 730 2590 <45 .3 18 .05 1 .01 78 1.8 3.6 5-4
34 87 73 59 450 .32 18 o4 90 77 Ly | 3.6 | 5.3
33503087 61.73 192,59 123.45 i 154.31 185.17 | 216.04 | 246.00 | 277.77 | 13517 3703.5 5555.2
36 .86 72 50 45 .31 17 o4 | 90 76 1.7 34 5.1
37 .§6 72 58 45 .31 17 03 ! 89 76 1.7 ! 33 5.0
By .80 72 58 44 .31 .17 03 g 75 1.6 331 4.9 |
29 .86 72 58 44 30 | .16 0z | 88 75 1.6 32 4.8

{ 3400 30.86 61.72 | 92.58  123.44 | 154.30 | 18516 | 216.02 [ 246.88 | 277.74 1851.6 | 3703.1 ; $554-

i 41 . 86 .72 .38 44 | 30! .16 0z | 88 73 L6 3.0 4.

; 2 .86 .72 58 43 | 29 15 or 87 ! 73 1.5 3.0 | 4.
43 . 86 71 57 43 .20 ! .15 or | 87 72 1.3 2.9 ! 4.
44 .86 .71 57 43 .20 .14 00 | 86 72 1.4 2.9 ° 4.

3451 30.86 6171  92.57  123.42  154.28 | 185.14 216.00 | 246.86 | 277.71 | 1851.4 ; 3702.8 . 5554.
46 .83 71 57 4z 28 14. 600! .8 .70 1.4 2.7 ! 4.
47 .83 71 57 .42 | 28 3 5.99 | .85 70 1.3 2.6 | 4.
4% .85 .70 ] 57 .42 28 S13 .99 .84 69 1.3 2.6 3.
49 g .70 56 41! 27 .12 .98 .84 69 1.2 2.5 3.

350]30.85 1 61.70 ' 92.56 123.41 ' 154.27 | 185.12 . 215.098 - 246.83 | 277.68 | 1851.2 : 3702.4 . 5553
51 .85 | 70; .56 41 . .27 .12 .98 .83 .68 1.2 2.3 3.
52 .85 .70 56 .41 .26 131 .97 .82 67 1.1 2.3 3.
53 85 ! 70 56 . 40 .26 1t 97 .82 67 1! 2.2 3.
54 85 ‘ 70 55 .40 .26 11 96 .81 66 1.0 2.2 3.

35513085 : 61.70 @ 92.55 . 123.40 . 154.25 : 185.10 | 215.96 | 246.81 | 277.66 ] 1851.0 E 3702.1 | 5553.1
55 851 .70l .35 0 .25 1o L¢3 .80 .65 Lo ! 2.0 3.0
57 8 | .70 55 40 .25 10 .95 ¢ .80 . 65 Lo 1.9 2.9
8] 85! .70 .55 .39, .25 .10 .94 .79| .64 09| 19 2.8
50 851 .70 54 .39 .24 ¢ .09 ! -94 ! .79 .64 0.9 1.8 2.7

3 30.85 | 61.70 | 92.54 123.39 | 154.24 185.09 ' 215.93 246.78 | 277.63 ] 1850.9 | 37017 | 5552.6
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Latitude 3° to 4°—Meridional arcs.

Latitude 3°—Co-ordinates of curvature.

Lat. ;
Value of 1 | Sumsof slecat?;?e‘for middle || 1 o0, | Sumsof u]x;xtlitgle;e@r middle
°.7 Meters. 7’ Meters. | Meters. 4 Meters.
. 300 30.714 i 1842.84 i
I 4 1 30.71 | .84 1 1 842.
2 4 2 61.43 .84 2 3 685.
3 4 3 92.14 .84 3 5 528.
4 4 4 122. 86 .8q 4 7 371.
3 0% 30. 714 5 153.57 1842. 84 5 9 214.
6 4 6 184. 29 .84 6 11 057.
7 4 7 215.00 .84 7 i 12 8g9.
8 4 8 245. 71 | .84 g ! 14 742.
9 4 9 276.43 | -84 9 | 16 585.
H |

3 10 30.714 10 307. 14 ! 1842.84 | 10 18 428,
11 4 I 337.86 .85 1 20 271.
12 4 2 368.57 .8 | 2 22 114.
13 4 3 399. 29 .85 30 23 957.
14 4 4 430.00 -85 4 25 799-

315 30.714 15 460. 71 i 1842. 85 15 | 27 642.
16 4 6 491.43 : .85 6 29 485.
17 4 7 522. 14 ; .83 7 31 328,
18 4 8 552. 86 ! .85 8 33 171,
19 4 9 583.57 -85 9 .35 014,

3 20 30.714 20 614. 29 | 1842. 85 20 36 856.
21 4 1 645.00 .85 H 38 699.
22 4 2 675. 71 1 .85 2 40 542.
23 4 3 706.43 | -85 3 42 385.
24 4 4 73714 | .85 4 44 228.

3 2§ 30. 714 25 767.86 1842. 85 25 46 o71.
26 4 6 798.57 .85 6 47 914.
27 4 7 829.29 | -85 7 49 756.
28 4 8 860. 0o ‘ .86 8 51 599.
29 4 9 8g0.71 ! .86 9 53 442.

!

3 30 30.714 30 921. 43 ; 1842. 86 30 55 285,
31 4 H 952. 14 .86 1 57 128.
32 4 2 982. 86 .86 | 2 58 971.
33 4 3 1013.87 .86 | 3 60 814.
34 4 4 1 .044.29 .86 4 62 656.

0. 71 I 075.00 1842.86 . 3% 64 499.

3 gg 3.7 i 32 1 105.71 .86 6 66 342.
3y 4 y 1136.43 .86 | Vi 68 185.
38 4 8 1167.14 .86 | 8 70 028.
39 4 9 1 197. 86 .86 | 9 71 871.

3 40 30.714 40 1 228. 57 1842. 86 40 73 714.
41 4 I I 259. 29 .86 I 75 556.
42 4 2 I 2G0. 00 .86 2 77 399.
43 4 3 1 320.71 .87 3 79 242.
4 4 4 I 351.43 .87 4 81 08s.
4 0. 71 45 1 382. 14 1842. 87 45 82 928.

3 42 37 i 6 1 412. 86 .87 6 84 771.
47 4 7 1 443.57 .87 7 86 614.
48 4 8 1474.29 .87 8 88 457.
49 4 9 1 505.00 .87 s | 90 299.

3 50 30.713 50 1 535. 71 1842. 87 50 92 142.
51 3 1 I §66.43 .87 I 93 985.
52 5 2 I597.14 .87 2 95 828.
53 5 3 1 627. 86 .87 3 97 671.
54 5 4 1658.57 .87 4 99 514.

3158 30.713 55 1 689. 29 1842. 87 55 101 357.
56 5 6 1 720.00 .87 6 103 199.
57 3 "y I 750. 71 .88 7 105 042.
58 3 $ 1781.43 .88 8 106 885.
59 5 9 1 812,14 .88 9 108 728.

360 30.71% 60 1 842.86 1842.88 60 110 §71.

[oxS N SV B o B ST A T Be ]

DO s fa

RN ¥ N

NNIWO OB tan OO0

NULWVT N O 0 W

O QO ™G d T OOND =

7
6
4

3
2

o]
9
8
7
5
4

Longitude.

X Y
° v Meters. DMeters.
o 1 1852.8

2 3705.6 0.1

3 5558.4 o1

4 7 41L.3 0.2

o 3 g 264. 1 0.4

6 11 116.9 0.5

7 12 969. 7 0.7

8§ 14 822.5 0.9

[} 16 675.3 1.1

o 10 18 528. 1 1.4

13 27792.3 3.2

20 37 056.4 5.6

25 46 320, 5 8.8

30 55584.6 12.7

o 35 64 848.7 | 17.3

40 74 112. 8 22.6

45 83376.9 28.6

50 92 641. 1 35.3

55 10T 905. 2 42.7

1 oo ! 111 169, 3 50.8

o5 120 433. 3 59.6

o | 129 697. 4 6g. 1

15 138 961. 5 79-3

0 148 225. 7 90. 3

125 | 157 489. 8 I0L. g

30 | 166 753.9 114.2

35 ! 176 018.0 127.3

40 1 185 282.0 141.0

45 194 546. 1 155-5

I 50 [ 203 810. 1 170.7

55 213 074. 1 186. 5
2 oo | 222 338 203
3 o0 333307 457
4 oo | 444 676 : 812
5 00 555 844 1 269
6 oo ! 667 012 1 828
7 0 | 778179 | 2488
8 oo i 889 346 | 3 249
9 oo | 1 000 512 . 4112
1o 00 | 11n 677 5077
1Im oo | 122281 ! 6144
12 00 | 1334008 | 7312
13 00 | 1 445 166 ‘i 8 581
14 oo 1 1 556 327 ; 9952
15 oo 1667487 | 11424
16 oo i 1 778 645 1 12998
17 00 1 889 802 i 14673
18 o0 | 20000957 16 450
19 00 ‘ 2 112 110 18 329
20 o0 | 2223200 20 309
21 00 | 2334410 22391
2z 00 2 445 557 [ 24574
235 00 2 556 703 - 26859
24 00 2 667 846 w 29 245
25 00 2778088 | 31732
26 oo 2 8go 127 | 34321
27 00 3 oot 263 37012
28 oo 3 112 399 39 804
29 00 322353 | 42697
30 00 3334 6590 45 693




150 UNITED STATES COAST AND GEODETIC SURVEY.
Latitude 4° to 5°—Arcs of the parallel in meters.
|
Lat. 1// 2// 3// 4// 5// 6 7// 8’ 97 1/ 9’ 3" k Iy 5
o v !
400 30.8 | 61.70  92.54 | 123.39 | 154.24 | 185.09 | 215.93 | 246.78 | 277.63 | 1850.9 | 3701.7 | 3552.6: 7403.4 | 9254.3
1 .85 .70 .54 .39 .24 .09 .93 .78 .62 0.9 1.6 2.5 | 3.3 4.1
2 .85 .70 .54 .39 .23 .08 .02 .77 .62 0.8 1.6 2.3} 3.1 3.9
3 .85 .69 .54 .38 .23 .08 .92 .77 .61 0.8 1.5 2.2 3.0 3.8
4] .8 .69 | .54 .38 .23 .07 .91 .76 .61 0.7 1.4 2.1 ! 2.8 3.6
4 05§ 30.85 | 61.69 | 92.53 | 123.38 | 154.22 185.07 | 215.91 | 246.76 | 277.60 ] 1850.7 | 370I.4 | 5552.0 . 7402.7 | 9253.4
6 .84 .69 .53 .38 .22 .07 .9l .75 .59 0.7 1.3 1.9 2.5 3.2
7 .84 .60 .53 .38 .22 .06 . 9o .75 .59 0.6 1.2 1.8 2.4 3.0
8 .84 .68! .53 .37 .22 .06 . go .74 .58 0.6 1.1 1.6 2.2 2.8
9 .84 .68% .53 .37 .21 .03 .89 741 .58 0.5 1.1 L3 2.1 2.6
‘ I
4 10]30.84 | 61.68 | 92.52 | 123.37 | 15421 | 185.05 | 215.89 | 246.73 | 277.57 ] 1850.5 | 3701.0 | 5551.4 ! 7401.9| 9252.4
11 .84, .68 .52 .37 .21 .03 .89 .73 .56 0.5 0.9 1.3 1.3 2.2
12 .84 .68 .52 .36 .20 .04 .88 .72 .56 0.4 0.8 1.2 | 1.6 2.0
13 .84 .68 .52 .36 20 .04 .88 72 .55 0.4 0.8 1.0 : 1.3 1.8
14 .84 .68 .52 .36 .19 .03 .87 L7 .55 0.3 0.7 0.9 | 1.3 1.6
4 15 ] 30.84 | 61.68 | 92.81 | 123.35 | 154.19 | 185.03 | 215.87 | 246.71 | 277.54 | 1850.3 | 3700.6 | 5550.9 | 7401.2 | 9251.4
16 .83 .67 .61 .35 .19 .03 .86 .70 .53 0.3 0.5 0.7 | 1.0 1.2
17 .83 .67 « .51 .35 18 .02 .86 .70 .53 0.2 0.4 0.6 | 0.8 1.0
18 .83 .67 .51 .35 .18 .02 .85 .69 .52 0.2 0.4 0.4 | 0.7 0.8
19 .83 .67 .51 .34 .17 .o1 .85 .69 .52 0.1 0.3 0.3 1 0.5 0.6
420) 30.83 | 61.67 | 92.50 | 123.34 | 154.17 | 185.01 | 215.84 | 246.68 | 277.51 } 1850.1 | 3700.2 | 5550.2 ‘ 7400.3 | 9250. 4
21 .83 .67 .50 .34 L17 .ot .84 .67 .50 o1 o.1 0.1 o.1 0.2
22 .83 .67 .50 .33 .16 .00 .83 .67 .50 0.0 700.0 50.0 400.0 50.0
23 .83 .67 .50 .33 .16 5.00 .83 .66 .49 50.0 699.9 49.8 399.8 49.8
24 .83 .67 .50 .33 .16 4-99 .82 .66 .49 49.9 9.8 9.7 9.7 9.6
425]30.83 | 61.67 | 92.49 | 123.32 | 154. 15 | 184.99 | 215.82 | 246.65 | 277.48 1 1849.9 | 3699.8 | 5549.6 | 7399.5 | 9249.4
26 .83 .66 .49 .32 L I3 .99 .81 .64 .47 9.9 9.7 9.5 9.3 9.2
27 .83 .66 .49 .32 .15 .98 .81 .64 .47 9.8 9.6 9.4 9.2 9.0
28 .83 .66 .49 .32 .15 .98 .80 .63 .46 9.8 9.5 9.2 9.0 8.7
29 .83 .66 .49 .31 .14 .97 .80 .63 . 46 9.7 9.4 9.1 8.9 8.5
430]30.83 | 61.66 | 92.48 | 123.31 | 154. 14 | 184.97 | 215.79 | 246.62 | 277.45 | 1849.7 | 3699.3 | 5549.0 | 7398.7 | 9248.3
31 .83 .66 .48 .31 .14 .97 .79 .61 . 44 9.7 9.2 8.9 8.5 8.1
32 .83 .66 .48 .30 .13 .96 .78 .61 .44 9.6 9.1 ‘8.8 8.3 7.9
33 .83 .65 .48 .30 .13 .96 .78 .60 .43 9.6 9.1 8.6 8.2 7.7
34 .83 .65 .48 .30 12 .05 7 .60 .42 9.8 9.0 8.5 8.0 7.5
435] 3083 1 61.65 | 02.47 | 123.20 | 154.02 | 184.05 | 215.77 | 246.59 | 277.41 | 1849.5 | 3698.9 | 5548.4 | 7307.8 | 9247.3
30 .82 .63 .47 .29 L12 .94 .76 .58 .41 9.4 8.8 8.3 7.6 7.1
37 .82 .65 .47 .29 L1 . 94 .76 .58 .40 9.4 8.4 8.1 7.4 6.9
38 .82 .64 .47 .29 .11 .93 .75 .57 .39 9.3 8.7 8.0 7.3 6.6
30 .82 .64 . 46 .28 .10 .93 .75 .57 .38 9.3 8.6 7.8 7.1 6.4
440 38.82 | 61.64 | 92.46 | 123.28 | 154. 10 | 184.92 | 215.74 | 246.56 | 277.38 | 1849.2 | 3608.5 | 5547.7 | 7396.9 | 9246.2
41 .82 .64 .46 .28 .10 .92 .74 .56 .37 9.2 8.4 7.6 6.7 6.0
42 .82 .64 .46 .27 .09 .91 .73 .55 .37 9.1 8.3 7.5 6.6 5.8
43 .82 .64 .46 .27 .09 .91 <73 .55 .36 9.1 8.2 7.3 6.4 5.5
44 .82 .64 . 45 .27 .09 . 9o .72 .54 .36 ‘g.o 8.1 7.2 6.3 5.3
445 ] 30.82 | 61.64 | 92.45 | 123.26 | 154.08 | 184.90 | 215.72 | 246.54 | 277.35 | 1849.0| 3698.0 | 8§547.1| 7396.1 | 0245.1
46 .81 .63 .45 .26 .08 . 9o W71 .53 .34 q.0 8.0 7.0 5.9 4.9
47 .81 .63 .45 .26 .08 .89 .71 .53 .34 8.9 7.9 6.8 5.7 4.7
48 .81 .63 .44 .26 .08 .89 .70 .52 .33 8.9 7.8 6.7 5.6 4.4
49 .81 .63 . 44 .25 .07 .88 .70 .52 .33 8.8 7.7 6.5 5.4 4.2
4 50]30.81 | 61.63 | 02.44 | 123.25 | 154.07 | 184.88 | 215.69 | 246.51 | 277.32§ 1848.8 | 3697.6 | 53546.4 | 7395.21 9244.0
51 .81 .63 .44 .25 .07 .88 .69 .50 .31 8.8 7.5 6.3 5.0 3.8
52 .81 .63 .44 .24 .06 .87 .68 .50 .3t 8.7 7.4 6.1 4.8 3.5
53 .81 .62 .43 .24 .06 .87 .68 . 49 .30 8.7 7.3 6.0 4.7 3.3
54 .81 .62 .43 .24 .05 .86 .67 .48 .29 8.6 7.2 5.8 4.5 3.0
455 ] 30.81 | 61.62 | 92.43 | 123.23 | 154.05 | 184.86 | 215.67 | 246.47 | 277.28 | 1848.6 | 3697.1 | 5545.7 | 7394.3 | 9242.8
56 .81 .62 .43 .23 .05 .85 .66 .47 .28 8.5 7.1 5.6 4.1 2.6
57 .81 .62 .42 .23 . 04 .85 .66 .46 .27 8.5 7.0 | 5.4 3.9 2.4
58 .81 .61 .42 .23 .04 .84 .65 . 45 .26 8.4 6.9 5.3 3.7 2.1
59 .8 .61 .42 .22 .03 .84 .65 .45 .26 8.4 6.8 5. I 3.5 1.9
4 60 ] 30.81 | 61.61 | 02.42 | 123.22 | 154.03 | 184.83 | 215.64 | 246.44 | 277.25] 1848.3 | 3696.7 | $545.0 | 7393-3] 9241.7
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Latitude 4° to §°—Meridional arcs.

Latitude 4°—Co-ordinates of curvature.

Lat. !
i : . _
Value of 177 Sums of s;a::)i:x‘tli;;or middle Value of 17 Sums of rx{:’txit:;e;exjox middie Longitude. x v
e 7 Meters. - 17 Meters, Meters. ’ DMeters e 7 DMeters. Meters.
4 00 30.715 | 1842. 88
I 5 ‘ 1 30.72 .88 1 1842.9 o 1 1 850.9
2 5 2 61.43 .88 2 368;5.8 2 3 701.7 0.1
3 5 3 92.15 .88 3 5528.6 3 5552.6 0.2
4 5 4 122. 86 .88 4 7 371.% 4 7 403.4 0.3
4 0§ 30.715 5 153.58 1842.88 5 92144 o 3 9 254.3 0.5
6 5 6 184. 29 .88 6 11 037.3 6 I1 105.1 0.7
7 5 7 215.01 .88 7 12 §0O. 2 7 12 956.0 0.9
8 5 8 245.72 .89 8 14 743.1 8 14 306.9 1.2
9 5 9 276. 44 -89 9 16 585.9 9 16 637.7 | 1.3
|
4 10 30. 715 10 307.15 1842. 89 10 18 428.8 o 10 18 508.6 1.9
11 5 1 337-87 .89 I 20 271. 7 15 27 762.8 4.2
12 5 2 368.58 .89 2 22 114.6 20 37017.1 7.5
13 5 3 399. 30 -89 3 23957.5 25 46271.4 | 1.7
14 5 4 430.01 -89 4 25 800.4 30 55 525.7 | 16.9
4 15 30. 715 15 460.73 1842. 89 15 27 643. 3 o 35 64 780.0 | 23.0
16 5 6 491. 44 .89 6 29 486. 2 40 74 034.3 | 30.0
17 5 7 522.16 .89 7 31 329.0 45 83 288.5 | 38.0
18 5 8 £52.87 .89 8 33 171.9 50 92 542.8 | 46.9
19 5 9 583.59 -89 9 35014.3 53 101 797.1 | 56. 8
4 20 30.715 20 614. 30 1842. 89 20 36 857.7 I oo II1031.4 | 67.6
21 5 1 645.02 .90 1 38 700.6 05 120 305.7 79. 3
22 5 2 675.73 .90 2 40 543. 5 10 129 559.9 | 92.0
23 5 3 706. 45 .90 3 42 386.4 15 138 814.2 ¢ 105.6
24 5 4 737.16 .90 4 44 229. 3 20 148 068. 5 120, 2
4 25 30. 715 25 767.88 1842. 90 25 46 072. 2 1 25 157 322.7 135.7
26 5 6 798. 59 .90 6 47 915. 1 30 166 577.0 152. 1
27 5 7 829. 31 - 90 7 49 758.0 35 175 831.3 169. 5
28 5 8 860.02 .90 8 51 600.9 40 185 085. 5 187.8
29 5 9 8g0.74 -90 9 53443.8 43 194 339.8 207.0
4 30 30.715 30 921.45 1842. 90 30 55 286, 7 1 50 203 504.0 227.2
31 5 I 952. 17 .90 1 57 129.6 55 212 848. 3 248.3
32 5 2 982. 88 .go 2 58 972.% 2 00 222 102 270
33 5 3 I 013.60 .90 3 60 815. 4 3 o 333153 608
34 5 4 1 044.31 . 9o 4 62 658. 3 4 00 444 203 I 082
4 3% 30.715 35 1 075.03 1842. 91 35 64 501.2 5 00 5§55 253 1 601
36 5 6 1 105.%74 .91 6 66 344.1 6 oo 666 302 2434
37 5 7 1 136.46 -91 7 63 187.0 7 o0 777 350 3312
38 5 8 1 167.17 .91 8 70 029.9 8 oo 888 397 4 326
39 5 9 1197.89 -91 9 71 872.9 9 oo 999 442 5476
4 40 30.71% 40 1 228. 60 1842.91 40 73 715.8 10 00 1 110 487 6 760
41 5 1 1 259. 32 .91 I 75 558.7 11 00 I 221 529 8180
42 5 2 1 290: 03 .91 2 77 401.6 12 00 I 332 570 9735
43 5 3 I 320.75 .91 3 79 244. 5 13 00 1 443 608 11 423
44 5 4 1351.46 .91 4 81 087. 4 14 00 T 554 644 13250
4 43 30.715 45 1 382.18 1842.91 45 82930.3 15 ©0 1 665 678 15 210
46 5 6 1 412. 89 .92 6 84773.2 16 00 1 776 710 17 303
47 5 7 1 443.61 .92 i 86 616. 2 17 00 1 887 739 19 536
48 5 8 1.474.32 .92 8 88 459.1 18 o0 1 998 7635 21 go2
49 5 9 1 505.04 .92 9 g0 302.0 19 00 2 109 789 24 403
4 350 30. 715 50 1535.75 1842.92 50 92 144.9 20 00 2 220 809 27 039
51 5 1 1 566.47 .92 1 93 987. 8 21 00 2 331 825 i 29810
52 5 2 1597.18 .92 2 95 830.8 22 00 2 442 839 | 32717
53 5 3 1 627.00 .92 3 97 673.7 23 o0 2553 848 35758
54 3 4 1 648. 61 .92 4 99 516.6 24 00 2 664 854 38935
4 551 30715 55 1 689. 33 1842.92 55 101 359. 5 25 00 2 775 856 42 248
56 5 6 1 720.04 .93 6 103 202. 4 26 oo 2 886 854 45 696
57 5 7 1.750.76 -93 7 105 045.4 27 00 2997 848 49278
58 5 8 1781.47 .93 8 106 888. 3 28 oo 3 108 837 52 995
59 [ 0 1 812. 19 .03 9 108 731.2 29 00 3219821 56848
4 60 30.715 60 1 842.90 .93 60 110 §74. 1 30 oo 333081 | 60833




UNITED STATES COAST AND GEODETIC SURVEY.

Latitude 5° to 6°%—Aurcs of the parallel in meters.

at. 1// 2// E 3// 4// 5// 6’/ 7// Sf/ 9// 1/ 2/ 8/ 4/ N 5/
i
o s ! i i
5 00| 30.81 | 61.61 [ 92.42 | 123.22 | 154.03 | 184.83 | 215.64 | 246.44 | 277.25 | 1848.3 | 3696.7 | 5545.0 ! 7393.3 | 9241.7
1 .81 .61 ¢ .421 .22 .03 . .83 .63 .43 .24 8.3 6.6 4.9 3.1 1.5
2 .81 .61 .41 | .21 .02 .82 .63 .43 .24 8.2 6.5 | 4.7 | 2.9 1.2
3 .81 .61 41 .21 .02 | .82 .62 .42 .23 8.2 | 6.4; 4.61 2.8 1.0
4 .81 L6141 .21 .01 ; .81 .62 .42 .22 8.1 6.3 4.4 | 2.6 | 0.7
5 513081 61.61! 92.40 | 123.20 | 154.01 | 184.81 | 215.61 | 246.41 | 297.21 | 1848.1| 3606.2 | 5544.3 I 7392.4 | 9240.5
6 .80 .60 .40 . 20 .ot ! .81 . 60 . 40 .21 8.1 6.1 4.2 1 2.2 0.3
7 . 8o .60 ¢ .40 .20 .00 ° .80 .60 .40 20 8.0 6.0 4.0 | 2.0 40.0
81 .8 .60!' .40 20 400 .80 .59 .39 19 80 5.9 3.9 ! .81 398
9] -8 .60 .39 190 3991 .79 -595 2390 .19 7-9 5.8 37 L6 9.3
; | i ; ! | i i
. 510]30.80 | 61.60  92.30 123.19 | 153.99 | 184.70 | 215.58 | 246.38 | 277.18 | 1847.9 | 3695.7 | 5543.6 | 73914 | 9239.3
! 11 .80 .60 .30 9 Tlag | 781 T.zB L 3y .17 7.8 5.6 3.4 L2 9o}
i 12 80! .60 .30, L18 .98 | 78 857 37 .16 7.8 5.5 3.3! 1.0 | 8.8
.} 13 .80 .39 .3 18 .98 .77 L57 0 .36 .16 7.7 5.4 3.1 | 0.9 8.5
i 14] - .81 .59 38 LA I 560 360 .15 7-7 5.3 3.0 0.7 | 8.3
b5 15| 30.80 1 61,50 | 92.38 12337 | 155.97 ; 184.76 | 215.56 1 246.35 1 277.14 | 1847.6 | 3605.2 | 5542.81 7390.5  9238.0
! 16 .70 .50 .38 170 .97 | .76 .55 | 34 .13 7.6 5.1} 2.7 0.3 7.8
ooyl e se W30 a0 96l g5t s L 12 7.3 50 23, i, 713
) 700 38 37 17 96 75| .54 L3300 a2 7.5 4.9 2.4 89.9: 7-3
i9 .79 .58 37 .16 .53 . .74 54 233 St A 4.8 2.2 9.7 ! 7.0
i 520)30.79 | 61.58 - 92.37 123.16 153.95 i 184.74 | 215.53 | 246. 32 * 277.10] 1847.4 | 3604.7 ! 5542.1 ' 7%380.5: 0236.8
T 790 58 .37 16 Loy .73 521 317 Log 7.3 46, L9 9.3; 65
i 22 .79 .58 36 15 . .94 .73 52 .31 .09 7.3 4.5 1.8 9.1, 6.3
23 79 .57 36 53 .04 .72 L51 .30 .08 7.2 4.4 1.6 8.8 ! 6.0
[t 790 .57 .36 14 .93 72l st L2900 .07 7.2 43 L3 86{ 58
| 52513079 161.57 9235 123.14 , 153.93 | 184.7% | 215.50 | 246.28 | 277.06 | 1847.1 | 3694.2 | 5541.3 | 7388.4 | 9235.5
: 26 L7857 35 14 .92 L7 .49 | .28 .06 7.1 4.1 1.2 8.2 5.3
: 27 78+ .57 33 13 .92 ! .70 ! .49i .27 .05 7.0 4.0[ 1.0 8.0 5.0
: 28 .7 .50 35 .13 .01 .70 | .48 .26 .04 7.0 3.9 0.9 7.8 4.8
: 29 .78 .56 34 12 .91 .69 | .48 .261 .04 6.9 3.8 0.7 7.6 4.5
©530f30.78 01,580 0 92,34 - 123,12 - 153.90 | 184.69 | 215.47 | 246.25 | 277.03 | 1846.9 | 3603.7 | 5540.6 | 7387.4 | 0234.3
; 31 7S 360 .34 L12° .90 ! .68 .46 .24 .02 6.8 3.6 0.4 7.2 4.0
1‘ 32 .733 .50 34 JEE .89 | .67 . 46 .24 .ot 6.7 35 0.3 7.0 3.8
; 33 78 35 433 S -8g .67 .45 .23 .01 6.7 3.4 0,1 6.8 ! 3.5
% 34 78 U550 .33 o .88 .67 .45 .22 7.00 6.y 3.3 40.0 6.6 3.3
i 535030.78 1 61.55 {02.33 ! 123.10 | 153.88 | 184.66 | 215.44 | 246.21 | 276.99 ] 1846.6 | 3693.2 | 5530.8 | 7386.4 | 9233.0
: 30 7T 55 33 .10 .88 .65 .43 .21 .98 6.5 3.1 9.6 6.2 2.7
; 37 .77 550 .33 .10 L87 .65 | .43 20 .97 6.5 3.0 9.5 6.0 2.5
| 38 770 .s4i .32, .10 .8 | .64 .42 .19 .07 6.4 2.9 9.3 5.8 2.2
i 30 77 .54 .32 .09 | .86 | .64 .42 .19 .96 6.4 2.8 9.2 5.6 2.0
| 5400130.77  61.34  02.32  123.09 | 153.86 | 184.63 | 215.41 | 246.18 | 276.95 | 1846.3 | 3692.7 | 5530.0 | 7385.4 i 9231.7
| 41 L7700 054 .31 .09 .86 .63 .40 .17 .04 6.3 2.6 8.8 5.2 1.4
i 42 2770 o540 L3t .08 .85 .62 .40 .17 .93 6.2 2.5 8.7 5.0 1.1
i 43 77 540 .3n .08 . .85 .62 .39 .16 .93 6.2 2.3 8.3 4.7 0.9
44 LP7 54 .31 .07 .84 .61 .38 .15 .92 6.1 2.2 &4 4.5 | 0.6
545} 30.77 | 61.54 | 92.30 | 123.07 | 153.84 | 184.61 | 215.37 | 246.14 | 276.91 | 1846.1| 3602.1| 5538.2 | 7384.3 ! 9230.3
46 .7(;! 531 .30 .07 | .84 . 6o .37 .14 . 9o 6.0 2.0 8.0 4.1 30.0
47 76 .53 .30 .06 ! .83 ) .60 .36 L13 . 89 6.0 1.9 7.9 3.9 29.8
48 .76: L8310 .30, .06 ! .83 i .59 .35 12 .89 5.9 1.8 7.7 3.7 0.5
49 .76 3 .29 .05 .82 .59 . 35 12 . 88 5.9 1.7 7.6 3.5 9.3
550 ] 30.76 | 61.53  92.20 | 123.0% : 153.82 | 184.58 | 215.34 | 246,11 | 276,87 | 1845.8 3601.6 | 5537.4 1 7383.2| 9229.0
51 76 0 .53 .29 05 .82 .57 .33 .10 .86 5.7 1.5 7.2 3.0 8.7
52 .56 .53 28 .04, .81 .57 .33 .09 .85 5.7 1.4 7.0 28 8.4
53 2760 .52 .28 .04 .81 .56 .32 .09 .83 5.6 1.2 6.9 2.5 8.2
54 760 .52 28 <04§ . 8o .56 .32 .08 .84 5.6 1.1 6.7 2.3 7:9
i 555]3075 6r.52 0 92.27 ; 123.03 | 153.80 | 184.55 | 215.31 | 246,07 | 276.83 | 1845.5 | 3691.0 | 5536.5 | 7382.1 | 0227.6
f 56 L7552 .27; .03 i .79 .54 .30 .06 .82 5.4 0.9 6.3 1.9 7-3
57 750 .52 270 o3l .79 .54 .30 .05 .81 5.4 0§ 6.2 1.7 7.0
81 .75 .51 270 03! .78 .53 .29 .0§ .81 5.3 0.7 6.0 L4 6.8
59 750 .51 .26 ¢ .02 | .78 .53 .29 .04 .80 5.3 0.6 5.9 1.2 6.5
5603075 61.51 26 | 123.02 ’ 153.77 { 184.52 | 215.28 | 246.03 | 276.79-] 1845.2| 3690.5 | 5535.7 | 7381.0 | p226.2

1 92,
i
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Latitude 5°—Co-ordinates of curvature,

Latitude 5° to 6°—Meridional arcs.
Lat. !
Sums of seconds for middle 5 | Sums of minutes for middle
Value of 17/ Iatitude. Value of 1/ . latitude.
%

4 Meters. v DMeters. ‘ Meters. 4 Meters.
0o 30. 715 l 1842. 93

1 [ 1 30.72 .93 1 1842.9

2 6 2 61.43 .93 2 3 685.9

3 6 3 92.15 .93 3 5528.8

4 6 4 122.86 .93 4 7 371.7
o5 30. 716 5 153.58 1842. 93 5 9 214.7

6 6 6 184. 30 .93 6 11 057.6

7 6 7 215. 01 .94 7 12 900. §

8 6 8 245.73 .94 B 14 743.5

9 6 9 276. 44 .04 | 9 16 586. 4
() 30. 716 10 307.16 1842. 94 10 18 429. 3
1 6 H 337.-88 .04 1 20 272.3
12 6 2 368.59 .94 2 22 113.2
13 6 3 399. 31 .04 3 23 958.2
14 6 4 430.02 .94 4 25 8or. 1
15 30.716 15 460. 74 1842. 94 15 27 644. 1
16 6 491. 46 .94 6 2¢ 487.0
17 6 7 522.17 -95 7 31 329.9
18 6 8 552. 89 95 8 33172.9
19 6 9 583. 60 295 19 350158
20 30. 716 20 614. 32 1842. 85 20 30 858.8
21 1 645.04 .95 1 38 7y01.7
22 6 2 675.75 .95 2 40 544.7
23 6 3 706,47 -95 3 42 387.6
24 6 4 737.18 .95 4 44 230.6
25 30.716 25 | 767. 90 1842.95 25 46073.5
26 6 6 | 798. 62 | .95 6 47 916. %
27 6 7 829. 33 -9b 7 49 759-5
28 6 8 860. 05 .96 8 51 602. 4
29 6 9 890. 76 .96 9 53445.4
30 30.716 30 921. 48 1842.96 | 30 35 288. 3
31 1 952. 20 ’ .96 1 57 131.3
32 6 2 982. 91 [ .96 2 58 074. 3
33 6 3 1013.03 i .96 3 60 817.2
34 6 4 I 044. 34 .gb 4 62 660. 2
35| 30706 33 1 075.06 1842.96 35 64 503.1
36 6 6 1 105.78 .97 6 66 346. 1
37 6 7 1136.49 .97 7 68 189. 1
38 6 8 1 167. 2% .97 8 70 032.0
39 6 9 I 197.92 -97 9 71 875.0
'40 30.716 40 1 228,64 1842. 97 40 73 718. 0
41 6 1 I 259. 36 .97 b 75 560.9
42 6 2 1 290.07 -97 2 77 493.9
43 6 3 I 320.79 -97 3 79 246.9
44 6 4 I 35150 .97 4 81 089. 9
45 30. 716 4% 1 382.22 1842.97 45 82 932.9
46 6 1 412.94 .98 6 84 775.8
47 6 7 1 443. 65 .98 7 86 618. 8
48 6 8 I 474.37 .98 8 88 461.8
49 6 9 ¥ 505.08 .98 9 90 304. 8
50 30. 716 50 I 535. 80 1842. 98 50 92 147.7
51 6 1 1 566. 52 .98 1 03 990. 7
52 ] 2 I 597.23 . .g8 2 95 833.7
53 6 3 1 627.95 -98 3 97 676.7
54 6 4 1 653.66 -98 4 99 519-7
55 30.716 55 1 689. 38 1842. 98 35 101 362.7
50 6 6 1 720.10 .99 6 103 205. 6
57 6 7 1 750. Bx .99 7 105 048. 6
58 6 8 1781.53 .99 8 106 891.6
59 | 6 [ T 812.24 .60 g 108 734.6
(5] 30. 716 6o 1842.96 | 1842. 99 6o 1o §77.6

!

Longitude. X Y
° 7 Meters., Meters. ;
o I 1848.3 | i
2 3696.7 | o1 |
3 5 545.0 0.z .
4 7 3933 0.4 |
o 3 g 241.7 0.6
6 11 090. 0 0.8 |
7 12938.3 LI |
8 14 786, 7 g !
9 16 635.0 I.g ;
o 10 18 483. 3 2.3 i
15 27 725.0 53 |
20 36 966. 6 9.4 |
25 46 208. 3 14.6 |
30 55449-9 2.1
o 35 64 691. 6 28.7 |
40 73933-3 375 |
45 83174.9 47.4 |
50 92 416. 6 58.6 |
55 101 658.2 | 70.9 |
1 00 110 899. 9 84.4
o3 120 141.5 99.0 !
10 129 383. 2 114.8
I3 138 624. 8 131. 8
20 147 866. 1 150.0
I 23 157 108. 0 169. 3
30 166 349.7 18g9. 8
35 175 591. 3 2115
40 184 832.9 234.3
45 194 074. 5 258.3
I 50 203 316.2 283.§
55 212 557.8 309.9
2 00 221 799 337
3 oo 332 699 759
4 00 443 597 I 349
5 00 554 494 2 108
6 oo 665 390 3036
7 oo 776 284 4133
8 oo 887 177 5 398
9 00 998 068 6 832
10 ©o 1 108 956 8435
11 00 I 219 842 10 206
12 oo 1 330 725 12 146
13 00 1 441 604 14 255
14 o0 I 552 481 16 532
15 0o 1 663 354 18 977
16 oo 1774 223 21 592
17 00 1 885 088 24 376
18 oo I 995 948 27 328
19 oo 2 106 804 30 448
20 00 2 217 653 33737
21 00 2 328 502 37 195
22 00 2439 342 40 821
23 00 2550177 .44 616
24 oo 2 661 006 48 579
25 oo 2771829 | 52711
26 oo 2 882 643 57013
27 o0 2 993 455 61483 |
28 oo 3 104 259 66120
29 ©0 3 2K5 055 70 926
30 00 3 325 844 75 900




154 UNITED STATES COAST AND GEODETIC SURVEY.

~
Latitude 6° to 7°—Arcs of the parallel in meters.
| 1 |
Lat. 4 9 8 477 5 | e K/ 8/’ 977 1 9 3 E
H i
| | | i E
: | ‘ | '
° | ] I j i
6 00] 30.75 | 61.51 | 92.26 | 123.02 | 153.77 | 184.52 | 215.28 | 246,03 | 276.70 | 1845.2 | 3690.5 | 5535.7 i 7381.0 6. 2
1 75 .51 .26 .02 .77 .52 .27 .02 .78 5.2 0.4 5.5 ! 0.8 5.9
2 75 51 26 ol .76 51 .27 02 77 5.1 0.3 5.4 0.6 5.6
3 75 50 25 o1 .76 51 .26 o1 76 5.1 o.1 5.2 0.3 5. 4
4 75 50 25 00 .75 50 .25 6.00 75 5.0 90.0 5.1 8o.1 3.1
6 05| 30.75 | 61.50 | 92.25 | 123.00 | 153.75 | 184.50 | 215.24 | 245.99 | 276.74 | 1845.0} 3689.9 | 5534-9 , 7379.9 4.8
6 74| .50 24 .00 74 .49 <24 .99 .74 4.9 9.8 4-7 | 9.7 4.3
7 74| .50 24| 3.00 74 -49 .23 98 73 4.9 | 9.7 5] 94 4.2
8 74 .49 24 2.99 73 .48 .22 & 97 72 4.8 9.6 4.4 ! 9.2 4.0
9 74| .49 24 -99 73 -48 .22 .97 71 4.8 9.5 42! 8.9 3.7
6 10] 30.74 | 61.49 | 92.23 | 122.98-| 153.72 | 184.47 | 215.21 i 245.96 | 276.70 | 1844.7 | 3689.4 | 5534.0 ’ 7378.7 ! 3.4
i) 74l a9 .23 .98 72 .46 20| .93 .69 4.6 9.3 38| 8.5 | 3.1
12 74 49 .23 .97 71 46 20 | .94 68 4.6 9.2 3.7 ] 8.3 1 2.8
13 74 48 22 .97 71 45 19 9 67 4.5 9.0 3-5 | 8.0 2.3
14 74 48 22 .96 70 | 45 18 93 66 45 8.9 34! 7.8 2.2
6 15] 30.74 | 61.48 | 02.22 | 122.96 | 153.70 | 184.44 | 215.17 | 245.92 | 276.65 | 1844.4 | 3688.8 | 5533.2 7377.6 1.g
6 73 .48 .22 .96 .69 | 43 .17 -91 .63 4.3 8.7 3.0 7-4 1.6
17 73 .48 .21 95 ‘ 43 16 .90 ! 64 4.3 8.6 2.8 7.1 1.3
18 73 .47 .21 95 68 | 42 13 .90 | 63 4.2 8.4 2.7 ‘ 6.9 1.1
19 73 .47 .21 94 68 42 15 .89 62 4.2 8.3 2.5 \‘ 6.6 0.8
1
6 20] 30.73 | 61.47 | 92.20 | 122.94 | 153.67 ! 184.47 | 215.14 | 245.88 | 276.61 | 1844.1 | 3688.2 | 3532.3| 7376.4 X
21 73 .47 .20 .94 .67 . L 40 .13 .87 . 60 4.0 8.1 2.1 6.2 .
22 73 .47 20 .93 .66 | 40 13 .86 59 4.0 8.0 1.9 5.9 .
23 73 .46 20 .93 .66 | 39 12 .86 58 3-9 7.8 1.8 5.7 9.
24 73| .46 19 .92 65 | 39 I .8 57 3.9 7.7 1.6 5.4 9.
6 25]30.73)] 61.46 | 92.19 [ 122.92 | 153.65 | 184.38 | 215.10 . 245.84 | 276.56 | 1843.8 | 3687.6 | 5531.4 | 7375.2 9.
26 .72 .46 I9 | .92 .64 .37 .10 .83 .56 3.7 7.5 1.2 5.0 8.
27 72 .46 18 .9 .64 37 09 .82 55 3.7 7.4 1.0 4.7 8.
28 72 45 18 | .91 .63 36 o8 .82 54 3.6 7.2 0.9 4.5 8.
29 72 45 18 | .go .63 36 o8 .81 53 3.6 7.1 0.7 4.2 7.
6 30]30.72 | 61.45 | 92.17 | 122.0 | 153.62 | 184.35 ; 215.07 | 245.80 | 276.52 ] 1843.5 | 3687.0| 55305 7374.0| 9217.5
31 72 45 17 90 62 34 o6 -79 51 3-4 6.9 0.3 3.8 7.2
32 72 45 17 .89 .61 34 ob .78 50 3.4 6.8 o.1 3.5 6.9’
33 72 44 16 .89 .61 33 05 .78 49 3.3 6.6 30.0 3.3 6.5
34 72 44 16 .88 .60 33 o4 v 48 3.3 6.5 29.8 3.0 6.2
6350 30.72 | 61.44 | 92.16 | 122.88 | 153.60 | 184.32 | 215.03 | 245.76 | 276.47 | 1843.2 | 3680.4 5520.6 | . 7372.8 | g9z15.9
36 71 .44 .16 88 .50 .31 .03 .75 .47 3.1 6.3 9.4 2.6 5.6
37 71 44 15 87 .59 31 o2 .74 46 3.1 6.2 9.2 2.3 5.3
38 71 43 13 87 .58 | 30 ol .74 45 3.0 6.0 9.1 2.1 | 5.0
39 71 43 15 86 | .58 1 30 o1 .73 44 3.0 5.9 8.9 1.8 | 4.7
6 40) 30.71 | 61.43 | 92.14 ] 122.86 | 153.57 | 184.29 | 215.00 | 245.72 | 276.43 | 1842.9 | 3685.8 | 55287 7371.6! 9214.4
41 .7 .43 .14 .86 .57 .28 4.99 .71 .42 2.8 5.7 83 I3 4.1
42 .71 .43 L I4 .85 .56 .28 .99 .70 .41 2.8 5.5 8.3 .1 3.8
43 .7 .42 13 .8% .56 .27 .98 .69 . 40 2.7 5.4 8.1 0.8 34
44 T .42 .13 .84 .55 .27 .97 .68 .39 2.7 5.2 7.9 0.6 3.1
645) 3071 | 61.42 | 02.13 | 122.84 | 153.65 | 184.26 | 214.96 | 245.67 | 276.38 | 1842.6 ' 3685.1 | 5527.7 | 7370.3 9212.8
461 00 a2 a2 .84 .54 .28 .96 .67 .38 2.5 ! 5.0 7.5 70.0 2.3
41 70| .42 .12 .83 .54 .23 .98 .66 .37 2.5 | 4.9 7.3 69.8 2.2
8] .70 a1l .12 .83 .33 .24 .94 .65 .36 2.4 4.7 7.2 9.5 19
49 .70 .41 .12 .82 .33 .24 .94 .64 .35 2.4 4.6 7.0 9.3 1.6
6 50]30.70 | 61.41 | 92.11 | 122.82 [ 153.52 | 184.23 | 214.93 ! 245.63 | 276.34 § 1842.3 | 3684.5 ¢ 5326.8 1 7360.0( 921L3
31 70 .41 1m0 82 .52 .22 .92 .62 .33 2.2 4.4 6.6 8.7 1.0
520 .70 .41 a1 81 .51 .21 .ot} .61l .32 2.1 4.3 6.4 85 0.6
53 .70 .40} .10; .81 .81 .21 .91, .61 .31 2.1 4.1 6.2 8.2 10. 3
54 .70 .40 10 .80 .50 .20 .90 ! .60 .30 2.0 4.0 6.0 8o 09. ¢
6 55]30.70 | 61.40 | 92.70 | 122.80 | 153.50 | 184.19 214-89 | 245.50 | 276.29 § 1841.9| 3683.9 | 5525.8| 7367.7 | 9209.6
56 .69 . 40 091 .79 .49 .19 .58 .28 1.9 3.8 5.6 7.4 9.3
571 -69 .40 .09 .79 -49 .18 871 .57 .27 L3 36 54 7.2 9.0
58 .61 .39 .09 .78 .48 .37 87 { .87 .26 1.7 35 5.2 6.9 8.6
so] 601 .30 .08 .78 -48 .17 86 .56 .23 Ly 331 5.0 6.7 8.3
6 60 ] 30.69 | 61.39 | 92.08 ; 122.77 | 153.47 | 184.16 214 85 ’ 245.85 | 276.24 | 1841.6 | 3683.2 | s5524.8 | 9366.4 | g208.0
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Latitude 6° to 7°—Meridional arcs. Latitude 6°—Co-ordinates of curvature.
Lat. . | . |
Value of 177 | Swms of stla:fi;xudgefor middle 1 Value of 1/ I Sums of nla:tli;t;.iseﬁ.”or middle Longitude. X } v
° 7 Meters. ’” Meters. Meters. \ 4 Meters. o 7 Meters, | Meters.
6- 00 30. 716 1842.90 | !
1 7 I 30.72 .99 |: I 1843.0 o 1 1 843.3
2 7 2 61.43 .99 1 2 3 686.0 2 3600.5 0.1
3 7 3 92.15 99 | 3 5 529.0 3 5535.8 ! 0.2
4 7 4 122. 87 -99 1 4 7 372.0 4 7 381.0 0.4
6 o3 30.717 5 153.59 1843. 00 | 5 9 215.0 o 5 9 226.3 o.7
6 7 6 184. 30 .00 | 6 11 058.0 6 11 071. § 1.0 |
7 7 7 215.02 .00 ! 7 12 g01.0 7 12 916.7 1.4
8 7 8 245.74 .00 8 14 744.0 8 14 762.0 1.8 |
.9 7 9 2%6. 45 .00 9 16 587.0 9 16 607. 2 2.3 |
6 10 30. 717 10 307. 17 1843. 00 10 18 430.0 o 10 18 452. 5 2.8 r
1§ 7 I 337.89 .00 I 20 273.0 13 27 678.8 6.3
12 7 2 368. 61 00 il 2 22 116.0 20 36 905.0 1.2 |
13 7 3 399. 32 .00 l 3 2§ 959.0 25 46 131.2 17.5 |
4 7 4 430-04 o 4 25 802.0 30 55 357.5 25.3
6 1§ 30. 717 15 460, 76 1843. o1 15 27 645.0 o 33 64583. 8 344
16 6 491.47 .o1 6 29 488.0 40 73 810.0 4.9
17 7 7 §22.19 .01 7 ' 31 331.0 45 83036.2 56.8 |
18 i 8 552.91 .01 8 33174.0 50 92 262.§ 70.1 |
19 7 [*] 533.63 .01 9 35 017.0 55 101 488. 7 84.9
6 20 30. 717 20 614. 34 1843. 01 20 36 860.0 1 oo 110 714.9 101.0
21 7 1 645.06 .01 1 38 703.1 05 119941.2 118. 5
22 7 2 675.78 .02 2 40 546. % 10 129 167. 4 | 137.5
23 7 3 706. 49 .02 3 42 380.1 15 138 393.0 . 157.8
24 7 4 737. 21 .02 4 44 232. 1 20 147 619.9 179.§
6 25 30. 717 25 767. 93 1843. 02 25 460751 1 23 156 846.1 | 202.%
26 6 798. 65 .02 6 47 918.2 30 196 072.3 227.2
27 7 7 829.36 .02 7 49 761.2 35 175298.5 |, 253.2
28 7 8 860. 08 .02 8 51 604. 2 40 184 524.7 | 280. §
29 7 9 890. 80 .02 9 53 447-2 45 193 750.9 309- 3
6 30 30.717 30 921, 51 1843. 03 30 55 290. 3 1 50 202 977.1 339-4
3t 1 952.23 .03 1 5§57 133.3 55 212 203.3 | 371.0
32 7 2 082. 95 .03 2 58 976.3 2 0o 221 429 | 404
33 7 3 1 013. 67 .03 3 60 219. 4 3 oo 332 143 909
34 7 4 1 044.38 .03 4 62 662. 4 4 00 442 856 | 1616
6 35 30.717 33 1 075.10 1843.03 35 64 505.4 5 oo 553567 | 2525
36 7 6 1 105.82 .03 6 66 348. 4 6 o0 664 277 ; 3636
37 7 7 1136.54 -03 7 68 191. 5 7 00 774 984 4949
38 7 8 1167.25 .04 8 70 034. 5 8 oo 885 689 6464
39 7 9 I 197.97 .04 9 71 877.6 9 00 996 300 8180
6 40 30. 717 40 1 228. 69 1843. 04 40 73 %720.6 10 00 1 107 088 10 099
41 7 1 I 259.40 .04 X 75 563.6 I oo 1 217 783 12 220
42 7 2 I 290. 12 .04 2 77 406. 7 12 00 1328474 14 543
43 7 3 ¥ 320.84 .04 3 79 249.7 13 00 I 439 160 17 0b7
44 7 4 135056 .04 4 81092.8 14 00 I 549 841 19 793
6 48 30. 717 45 1 382.27 1843. 04 45 82 935.8 15 00 1660518 | 22721
46 6 1 412.97 .08 6 84 778.9 16 oo 1771189 | 25852
47 7 7 I 443. 71 .05 7 86 621.9 17 o0 1 881 854 29 185
48 7 8 1474.42 .03 8 88 464.9 18 00 1992 512 32719
49 7 9 1 505.14 .05 9 90 308.0 19 00 2 103 164 36 454
6 so 30. 718 s0 ¥ 535.86 1843. 05 (] 92 151. 1 20 00 2213 809 40 392
51 8 1 1 566.57 .03 1 93 994. 1 21 00 2324446 | 44532
52 8 2 1 §97- 29 .05 2 95 837.2 22 00 2435076 | 48874
g3 8 3 1 628. 01 .05 3 97 680, 2 23 oo 2 545 608 53 418
54 8 4 1658. 72 .06 4 99 523.3 24 o0 2 656 311 58 163
6 55 30,718 1 689. 44 1843.06 101 366. 25 00 2 766 915 63 100
36 8 sg 1 722. 16 3.06 52 103 gogz 26 00 2 877 511 257
57 8 7 1750. 88 .06 Coy 105 052. 4 2y oo 2 988 097 73 607
58 8 8 1781. 59 .06 8 106 805.% 28 o0 3098 672 79 160
59 8 9 1 812. 31 .06 9 108 738.6 29 00 3 209 237 [ 84 915
6 6o 30.718 6o 1 843.03 1843.06 60 110 581.6 30 00 3 319 792 | 90 871
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Latitude 7° to 8°—Arcs of the parallel in meters.

~

3// i 4/’ ’ 5'/ 6// 7// !4:‘1 8// 9// l’ 2/ 3/ 4/ 5/
! !
; : |
92.08 | 122.77 1 153.47 | 184.16 | 214.85 | 245.55 1 276.24 § 1841.6 | 3683.2 | 5524.8 | 7360.4 | g208.0
.08 | 77 46 .15 .84 .54 .23 1.5 3.1 4.6§ 6.1 7.7
.07 | 76 46 .15 .84 53 22 1.5 3.0 4.4 ! 5.9 7.4
.07 | 76 45 L 14 .83 52 21 1.4 2.8 4.2 5.6 7.0
07 | 75 45 L13 .82 51 20 1.3 2.7 4.0 5.4 6.7
02.06 | 122.75 | 153.44 | 184.13 | 214.81 © 245.50 | 276,191 1841.3 | 3682.6 | 5523.8 ! 7365.1 | 9206.4
06 | 75 .43 .12 .81 .50 18 1.2 2.5 3.6 ! 4.8 6.1
06 74 43 L1 .80 49 17 1.1 2.3 34 4.6 5.7
05 74 42 JI1 .79 48 16 1.1 2.2 32 4.3 5-4
o3 | 73 42 -To -79 47 i5 I.o 2.0 30 4.1 ‘5.0
92.05 | 122.73 | 153.41 | 184.09 | 214.78 | 245.46 | 276.14 1840.9 | 3681.9 = §522.8 ' 7363.8 ¢ 9204.7
o4 73, .41 .08 77 45 13 0.8 L8 26, 35 4.4
04 72 i 40 : .08 .76 44 12 0.8, 1.6 2.4 3.2 4.0
04 72 | 40 . .07 .76 43 11 0.7 i 1.4 2.2 | 3.0 37
03 71 39! o7 | .7 42 10 0.7 1.3 2.0 2.7 3.3
92,03 | 122.71 | 153.39 | 184.06 | 214.74 1 245.41 | 276.09 | 1840.6 | 3681.2 | §521.8 | 7362.4 9z203.0
.03 70! .38 o5 731 .41l .08 0.5, 1.1 1.6 2.1} 2.7
02 70 | 38 o5 72 | .40 ! .07 0.5 | 0.9 1.4 1.9 2.4
02 69 | 370 .oa 72 | 39 .06 0.1 0.8 12| 1.6 | 2.0
oz 69 | 37 .04% 75 38" o5 0.4 | 0.6 r.o 1.4 | 1.7
92.01 | 122.68 | 153.36 | 184.03 ] 214.70 | 245.37 | 276.04 | 1840.3 | 3680.5 | 5520.8 1 7361.1| 9z201.4
o1 68 | 38 | o2 .bo .36 03 0.2 0.4 0.6 | 0.8 1.o
o1 67 | 35 or .68 | 35 . 02 0.1 ; 0.2 0.4 0.5 0.7
oo 67 | 34 o1 .68 34! o1 0.1 8o.1 0.2 0.3 0.3
.00 66i 34 4.00 .67 33 6. 00 40.0 | 79.9 20.0 60.0 | 200.0
92.00 | 122.66 | 153.33 | 18309 | 214.66 | 245.32 | 275.99 | 1839.9 | 3679.8 5519.8 | 7359.7 | 9199.6
1.99 .66 .32 99 .65 .32 .98 9.9 9.7 9.6 9.4 9.3
99 .63 ; 32 08 .64 .31 97 9.8 9.6 9.4 9.1 8.9
99 .65 3 97 64 .30 96 9.7, 9.4 9.1 8.9 8.6
98 .64 31 97 .63 .29 95 9.7 | 9.3 8.9 8.6 8.2
91.98 | 122,64 | 153.30 | 183.96 | 214.02 | 245.28 | 275.04 | 1839.6 | 3679.2 | 3518.7 1 7358.3| 9I97.9
98 64 29 .95 61 .27 .93 9.5 9.0 8.5 8.0 7.5
97 63 29 .94 | 60 26 .92 9.4 8.9 8.3 7.7 7.2
97 63 28 -94 | 59 25 .91 9.4 8.7 8.1 7.5 6.8
96 62. .28 .93 i 58 | 24 . g0 9.3 8.6 7.9 7.2 6.5
91.96 | 122.62 | 153.27 | 183.92 | 214.57 | 245.23 | 275.88 | 1839.2} 3678.4 | 3517.7 7356.9 | 9196.1
96 61 .26 .92 | .57 ! .22 .87 9.2 8.3 7.5 6.6 5.8
05 61 26 .91 ! 56 | 21 86 9.1 8.1 7.3 6.3 5. 4
95 ! 6o 25 .90 55 20 85 9.0 8.0 7.0 6.1 5.1
95 60 25 | -90 | 54 19 &4 9.0 7.8 6.8 5.8 4.7
91.94 | 122,59 | 153.24 + 183.89 ' 214.53 | 245.18 | 275. 83 1 1838.9 | 3677.7 5516.6 { 7355.5 | 9104.4
94 .59 ¢ .23 .88 " 52 17 .82 8.8 7.6 6.4 5.2 4.0
94 .58 23 .87 .51 16 81 8.7 7.4 6.2 4.9 3.6
93 .58 22 .87 .51 i5 8o 8.7 7.3 5.9 4.6 3.3
.93 -57 ! 22 86 .50 14 79 ! 8.6 7.1 5.7 4.3 2.9
91.92 | 122.57 } 153.21 | 183.85 | 214.49 | 245.13 | 275.77 | 1838.5 1 3677.0| 5515.51 7354.0| 9¥92.5
.92 .56 | 20 .84 .48 .13 .76 8.4 6.9 5.3 3.7 2.1
92 .86 1 20 .83 .47 Iz 75 8.3 6.7 5.1 34 .8
9t .55 | 19 | .83 .47 1z 74 8.3 6.6 4.8 3.2 1.4
91 .55 : 19 | .82 . 46 10 73 8.2 6.4 4.6 2.9 I.1
91.91 | 122.54 | 153. 18 | 183.81 | 214.45 | 245.09 | 275.72 ] 1838.1 | 3676.3 | 5514.4 | 7352.6. 91g0.7
.90 541 17 .80 .44 .08 71 8.0 6.1 4.2 2.3 0.3
.go 53] 171 .8 .43 .07 70 8.0 6.0 4.0, 2.0 90.0
. Q0 531 10 | .79 .42 .06 69 7.9 5.8 3.7 1.7 89.6
.89 52 16 i .79 41 .05 68 7.9 5.7 3-5 1.4 9.3
91.89 | 122.52 ; 153.15 | 183.78 | 214.40 | 245.04 | 275.66 | 1837.8 | 3675.5 | 5513.3 | 7351.1 | 9188.9
-89 .51 .14 .77 .40 .03 .63 7.7 5-4 3.1 0.8 83
.88 .51 .14 .76 .39 .oz .64 7.6 5.2 2.9 0.5 8.1
.88 2500 13 76 .38 .ol .63 7.6 5.1 2.6 50.2 7.8
.87 50 .13 .75 -37 ) 5.0 62 7-5 49 2.4 49.9 7-4}.
01.87 | 122.49 t 153. 12 ‘ 183.74 | 214.36 | 244.99 | 275. 61 ) 1837.4 | 3674.8 | s$512-2 1 7340.6 | 9187.0
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Latitude 7° to 8°—Meridional arcs.

Latitude 7°—Co-ordinates of curvature.

Lat. |
. Sums of seconds for middle || ., Sums of minutes for middle . ; . .
Value of 17/ latitude. I Value of 17 latitade. Longitude. | X S i
¢ 7 Meters, 4 Meters. Meters ’ Meters. e 7/ Meters. Meters.
7 00 30.718 1843. 06
1 8 I 30.72 .07 1 1843.1 o 1 1841.6
2 8 2 61.44 .07 2 3 680.1 2 3683.2 0.1
3 8 3 92.16 .07 3 5529.2 3 5524.8 | 0.3 |
4 & 4 122.87 .07 4 73723 4 7 366.4 0.5 ]
7 o5 30. 718 5 153.59 1843.07 5 9215.3 o 3 9 208.0 0.8
6 8 6 184. 31 .07 6 11 058. 4 6 I1049.7 I.2
7 8 7 215.03 .oy 7 12 901. 5§ 7 12 891.3 1.6
8 8 8 245.75 .08 8 14 744.6 8 14 732.9 2.1 |
9 8 9 276. 47 .08 9 16 587.6 9 16 574.5 2.6 ’
7 10 30.718 10 307.18 1843.08 10 18 430. 7 o 10 18 416. 1 3-3
11 8 1 337-90 .08 I 20 273. 8 15 27 624. 1 7.3
12 8 2 368. 62 .08 2 22 116.9 20 | 36 832. 1 13.1
13 8 3 399- 34 .08 3 23 960.0 z5 | 46 040. 2 20.4
14 8 4 430.006 .08 4 25 803.0 30 | 55 248.2 29.4
715 30. 718 15 460.78 1843. 09 135 27 646.1 o 35 | 64 456, 2 40.0
16 8 6 491. 49 .09 6 20 489. 2 40 73 664.3 52.2
17 8 7 522. 21 .09 7 31 332.3 45 82 872. 3 66. 1
18 8 8 552.93 .09 8 33175.4 50 92 080. 3 81.6
19 8 9 583. 65 .09 9 35 018. 5 55 1o1 288. 3 98.7
7 20 30. 718 20 614. 37 1843.09 20 36 861.6 1 00 110 495. 4 117.5
21 8 1 645.09 .09 I 38704.7 03 119 704.4 137-9
22 8 2 6735. 81 .10 2 40 547.8 10 128 912. 4 160.0
23 8 3 706. §2 .10 3 42 390.9 15 138 120. 4 i 183.6
24 8 4 737. 24 .10 4 44 234.0 20 147 328.4 208.9
7 25 30. 718 25 767. 96 1843. 10 25 46 077.1 1 25 156 536. 4 235.8
26 8 6 798. 68 .10 6 47 920.2 30 165 744. 4 264.4
27 8 7 829. 40 .10 7 497033 35 174 952.4 204.6
28 8 8 860. 12 10 8 51 606. 4 40 | 184 160. 4 326.4
29 8 9 890. 83 10 9 53 449.5 45 193 368.4 359-9
7 30 30.718 30 921. 55 1843. 11 30 55 292.6 I 50 202 570, 3 305.0
31 8 I 052. 2% LI 1 57 135.7 55 211 784. 3 431.7
32 8 2 982. g9 LI 2 58978.8 2 00 220 92 470
33 8 3 1013.71 .11 3 608gx.9 3 oo 331 487 1058
34 8 4 104443 11 4 62 b65.0 4 00 441 981 1 880
7 35 30.719 35 L 075.1§ 1843. 11 35 64 508.1 5 0o 552 472 2938
36 9 6 1 105. 86 .11 6 66 351. 2 6 oo 602 961 4 231
37 9 7 1136.58 3 7 68 194.4 7 00 773447 | 5758
38 9 8 I 167. 30 11 8 70 037.5 8§ oo 883 929 i 7 521
39 9 9 I 198.02 12 9 71 880.6 9 00 994407 | 93519
i
7 40 30.719 40 1228.74 1843. 12 40 w3237 16 00 1 104 881 ioargsT
41 9 1 1 259.46 .12 I 75 566.8 11 oo | 121§ 350 ¢ 13218
42 9 2 1 200.17 12 2 77 409.9 12 oo " T 325 813 i 16921 :
43 9 3 1 320.89 12 3 79 253. 1 13 00 | 1436270 | 19859 |
44 9 4 1 35161 12 4 81 0g6. 2 14 00 I 546 722 23 031 ;
7 45 30.719 45 1 382.33 1843. 13 45 82930.3 15 o0 i 1657166 1 26438
46 9 6 I 413.0§ 13 6 84 782. 4 16 o0 - 1767 6oz i 30080 |
47 9 7 1443.77 13 7 86 625. 6 17 oo . i88o30 {33058
48 9 8 1474.48 l .13 8 88 468.7 18 oo 1988 450 38070
49 9 9 1 505. 20 L I3 9 90 3I11. 8 19 00 2 093 801 42 417
7 50 30.719 50 1 535.92 ) 1843.13 50 92 I55.0 20 oo | 2 209 263 46 999 |
51 9 I 1 566, 64 13 1 93 998. 1 21 00 | 2319654 51815
52 9 2 1597.36 14 2. 95 841.2 22 00 2 430 035 _56 866 5
53 9 3 1 628. 08 .14 3 97 684. 4 23 00 2 540 403 L2 152
54 9 4 1 658. 80 14 4 99 527.3 24 00 2 650 764 67 673 |
7 53 30.719 53 1 689. 51 1843, 14 55 101 370.7 25 oo | 2761111 73429 |
56 . 9 6 1720.23 | .14 <6 103 213. 8 26 00 | 2871444 79420
57 9 7 1.750.95 .14 7 105 ©56. 9 27 oo | 2981766 85644
58 9 8 1 781. 67 .13 8 106 900. 1 28 00 | 3002073 92 103 ;
59 9 9 1812 39 .15 9 108 743. 2 29 00 3 202 367 98797 |
7 60 30.719 6o I 843. 11 1843.15 60 110 586. 4 30 00 3 312 645 o5 727 |
. i
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Latitude 8° to g°—Arcs of the parallel in meters.
' | | | | |
Lat- 1// 21/ ‘ 3// i 4// ¢ 5// i 6// 'z// 8// 9// 1/ 2/ 3/ 4/
i e ‘ l '
| 1
o 7 ! i i ‘ : :
8 00} 30.62 ‘ 61.25 | 91.87 i 122.49 | 153.72 | 183.74 | 214.36 | 244.99 ) 275.61 | 1837.4 | 3674.8 | s5512.2| 7349.6 | 9187'0
1 .bzi .25 .§;i -49 11 .73 .35 .98 . 6o 7.3 4.7 2.0 9.3 6.6
2 621 241 .86 4éx§ CIr .72 34 .97 59 7.2 4.5 1.8 9.0 6.2
3 62 .24 .6‘6! .48 | .10 .72 34 .96 58 7-2 4-4 1.5 8.7 5.9
4| .62 .24, .85 471 09 71 33 .95 57 7-1 4.2 L3 8.4 5.5 ]
8 05 | 30.62 | 61.23 | 91.85 IE 122.47 | 153.08 | 183.70 | 214.32 | 244.94 | 275.55 ) 1837.0] 3674.1| 55151 | 7348.1 | 9185.1 1
6 61 -23 | -2’,51 .46 ¢ o8 .69 .31 .93 .54 6.9 3.9 0.9 7.8 4.7
7 .61 <23 | ,§4J .46 | o7 ! .6Q .30 .92 .53 6.9 3.8 0.7 7.5 4.4
8 61 .23 84 .45 ! .06 .68 .29 91 .52 6.8, 3.6 0.4 7.2 4.0
9 61 220 .84 .45 Lab .68 .29 .90 .51 6.8 3.5 0.2 6.9 37|
8 1o | 30.61 1 61.22 1 91.83 i 122.44 | 153.05 | 183.67 { 214.28 | 244.80 | 275.50 | 1836.7 { 3673.3 510.0 6.6 183.3 |
11 .61; .zz’i .83 44 .041 .66 .27 .88 . 49 6.6 3.1 509.8 7346‘3 ? ;3
12 b1 .22 '8,2 43 .04, .65 .26 .87 .48 6.5 3.0 9.5 6.0 2.5
13 N3 SR ) | .82 .43 .03 .63 .25 .86 . 46 6.5 2.8 9.3 5.7 2.1
14 .61; .21 .82 .42 .03 .64 .24 .83 .45 6.4 2.7 g.0 5.4 1.7
8 15} 30.61 ‘ 61.21 | 01.81 | 122.42 | 155.02 | 183.63 | 214.23 | 244.83 | 275.44 | 1836.3 | 3672.5 | 5508.8 | 7345.1 3
16 6o | .21 $1 41 " o1l .62 23 2 43 6.2 2.4 8.6 4.8 9
17 .00 | 21 8o 41 .01 .61 22 81 42 6.1 2.2 8.4 4.5 .5
18 . 6o ‘ 20 8o 40 .00 ¢ .61 21 8o 40 6.1 2.1 8.1 4.1 .2
19 60 | 20 8o 40 3.00 6o 20 79 19 6.0 1.9 7.9 3.8 .8
8 20| 30.60 ’ 61.20 | 91.79 ' 122.39 152.99 183. 59 | 214.19 | 244. 78 1 275.38 | 1835.9 | 3671.8 1 5507.7 | 7343.5 .4
21 .60 201 .79 39 .9;3,« .58 | .13 77 37 5.8 1.6 7.5 3.2 .0
22 .60 19 i 79 | 38 .98 | .57 .17 76 36 5.7 1.5 7.2 2.9 6!
23] .60 19 78 380 g7 .37 .16 73 35 5-7 1.3 7.0 2.6 31
24 . 60 19 78 37 297 | .56 .15 74 34 5.6 1.2 6.7 2.3 .9
8 251 30.60 | 61.18 | 91.77 | 122.37 | 152.96 183.55 | 214.14 | 244.73 | 275.32 ) 1835.5 | 3671.0| 5506.5| 7342.0 .5
26 .59 .1§ 77 36 .05 | .54 14 .72 31 5.4 0.8 6.3 1.7 .1
27 .59 .18 77 36 o5 ! .53 13 .71 30 5.3 0.7 6.0 1.4 .7
28 .59 L18 76 35 94 | .53 12 .70 29 5.3 0.5 5.8 1.0 .3
29 59 A7 76 335 a4 .52 I1 .69 28 5.2 0.4 5.5 0.7 9l
83013050 61.17 9r.76 | 122.34  152.03 18351 “ 214.10 | 244.68 | 275.27 | 1835.1 ] 3670.2 | 5505.3 | 7340.4 | 0175.5
31 .59 J1740 .75 34 92 ! .50 | -09 .67 .26 5.0 70.0 5.1 40. 1 5.1
32f .59 100 L7501 .33 92 . .49 o8 66 23 4.9 69.9 4.8 39-8 4.7
330 58, 161 yan L33 ot | 49 .07 63 23 4.9 9.7 4.6 9.4 4.3
34 .58 161 .74 .32 90 | .48 .06 64 22 4.8 9.6 4.3 9.1 3.9
i { N +
8 351 30-58 | 61 15 P 91.74 | 122.32 | 152.80 | 183.47 | 214.05 | 244. 62 | 275.21 | 1834.7 ! 3669.41{ 5504.1 | 7338.8| 91735
39 .58 15 | 73 31! 89 . . 46 .04 .61 .20 4.6 1 9.2 3.9 8.5 3.1
37 .58 15 | 73K 31! 88 .45 03 60 19 4.5 9.1 3.6 8.2 2.7 |
38 .57 15 | 72 | 30 87 4 .45 oz 59 17 4.3 8.9 3.4 7.8 2.3
39 .37 14 ! 724 30 8 .44 o1 53 16 4.4 8.8 3.1 7-5 | 1.9
8 40§ 30.57 | 63.14 ) 91.72 j 122.20 | x52_§<‘a 183.43 | 214.00 | 244.57 | 275.15 | 1834.3 | 3668.6 | s§s0z.9 | 7337.2| 9171.5 |
41 57 - 14 | 7L 28 %; ! 42 3.99 .36 .14 4.2 8.4 2.9 6.9 1.1
42 57 14 7 28 .83 41 Lg% .55 .12 4.1 8.3 2.4 6.6 0.7
43 57 130 .70 27 -84 41 .97 54 11 4.1 8.1 2.2 6.2 70.3
4 57 3,70 27 83 40 96 53 10 4.0 8.0 1.9 5.9 69.9
8 45 | 30. SZ 61 13| 91,20 122 2? 132.82 | 183.39 | 213.95 | 244.51 | 275.00 | 1833.9 | 3667.8 | s5501.7 | 7335.61 9169.5
4 .5(; 15 .gg 23 82 | .38 .95 .50 o7 3.8 7.6 1.5 5.3 9.1
4% -5 I3 L0 25 81 .37 .94 49 .06 3.7 7.5 1.2 4.9 8.7
4 .56 T2 0 .68 24 | 8o .36 .93 48 05 3.6 7.3 1.0 4.6 8.2
49 .56 L1240 (68 24 So 36 .92 47 03 3.6 7.2 0.7 4.2 7.8
8 §o 30.36 | 61.12 ; 91.67 ! 122, 23 15279 183.35 1 213.01 | 244.46 | 275.02 ] 1833.5 | 3667.0] 5500.5| 73339 | 9167.4
31 .56 12 67 23 | 78 34 .90 .45 .01 34 6.8 0.2 3.6 7.0
52 .86 11 67 | 22 78 33 .89 441 §.00 33 6.6 5500.0 33 6.6
53} .35 1 66 20 .77 33 88| 431 498 33 6.5 499.7 2.9 6.1
54 .55 1 66 2 76 32 87 .42 97 3.2 6.3 9.5 2.6 5.7
8 55130.55 | 61.10 | 01.65 | 122.21 | 152.75 | 183.31 | 213.86 | 244.40 | 274.96 § 1833.1 | 3666.1 499.2 | 7332 9165,
56 55 .10 63 20 : .75 30 .85 .39 .95 3.0 5.9 5 9.0 33z.<3> 4.3
5{7; 55 .10 64 .20 | .74 29 84 38 04 2.9 5.8 8.7 1.6 4.5
5 54 .10 64 .19 -73 .28 83 37 92 2.8 5.6 8.5 1.3 4.1
Sgg .54 6.09 .24 19 ) .73 728 .82 .36 .ot 2.8 5.5 8.2 0.9 3.7
30.54 | 61,09 | 91.63 | 122,18 | 152.72 | 183.27 { 213.81 | 244.35 | 274.90 ] 1832.7 | 30665.3 | 5498.0 7330.6 | 9163.3
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Latitude 8° to 9°—Meridional arcs.

Latitude 8°~—Co-ordinates of curvature,

Lat. ‘
Value of 17/ | Sums of s;a:tci)tnuddse{or middle {0 o ofps | Sumsof T;gg?;or middle Longitude. X v
!
° 7 Meters. 4 Meters. Meters. 4 Meters. ° 7 : Meters. Meters.
8 oo 30. 719 1843. 15
1 9 I 30.72 .15 1 1843.2 o 1 1837.4
2 9 2 61. 44 .15 2 3686.3 2 3674.8 0.1
3 9 3 92.106 16 3 5529.5 3 5 512.2 0.3
4 9 4 122. 88 .16 4 7 372.6 4 7 349.6 0.6
8 oy 30.719 5 153. 60 1843. 16 5 9 215.8 o 5 9 187.0 0.9
6 o 6 184. 32 .16 6 11038. 9 6 11 024. 4 1.3
7 9 7 215.04 .16 7 12 go2. 1 7 12 861. g 1.8
8 9 8 245. 76 .16 8 14 745.3 8 14 099. 3 2.4
9 9 9 276. 48 .16 9 16 588.4 9 16 536.7 3.0
8 10 30.719 10 307.20 1843.17 10 18 431.6 o 10 18 374.1 3.7
1T 9 I 337-92 .17 1 20 274. 8 15 27 §61.1 8.4
12 19 2 368. 64 L17 2 22 117.9 20 36 748. 2 14.9
13 20 3 399. 36 L17 3 23 961, 1 25 45 935. 2 23.2
4 o 4 430.08 .17 4 25 804. 3 30 35 122.3 335
8 15 30. 720 15 460. 80 1843 17 15 27 647.4 o 35 64 309.3 45.6
16 o] 6 491.52 .17 6 20 490.6 40 73496. 4 59.3
17 o] 7 522,24 .18 7 3f 333.8 45 82 683.4 75.3
18 o] 3 552.96 L18 8 33177.0 50 91 870.4 93.0
19 [} 9 583.68 .18 9 35 020.2 55 I0I 057.§ 112.§
8 20 30. 720 20 614. 40 1843. 18 20 36 863.3 1 00 110 244. § 133.9
21 ) 1 645.12 .18 1 387065 05 119 431.5 157.1
22 o 2 675. 84 .18 2 40 549.7 10 128 618. 5 182.2
23 o 3 700. 56 .19 3 42 392.9 15 137 803. 5 209, 2
24 o 4 737.28 .19 4 44 236.1 20 146 092. 5 238.0
8 23 30.720 25 768. 00 1843.19 ! 2§ 46 079. 3 1 25 156 179.5 268.7
26 o 6 798.72 .19 ! 6 47 922.5 30 165 360.5 301.3
27 o 7 829. 44 .19 7 49 763.6 35 174 553.4 335.7
28 o 8 860. 16 ) 8 51 608. 8 40 183 740. 4 371.9
29 0 9 890. 88 .19 ! 9 53 452.0 45 192 g27.4 410.0
8 30 30.720 30 921. 60 1843.20 | 30 55 295. 2 I 50 202 114.3 450.0
31 o 14 952.32 .20 | I 57 133.4 55 211 301. 3 491.9
32 o} 2 983. 04 20 | 2 58 981.6 2 00 220 488 530
33 o 3 1013.76 20 | 3 60 824.8 3 oo 330 730 I 203
34 o 4 1 044.48 .20 | 4 62 608.0 4 00 440 671 2142
8 33 30.720 35 1 075.20 1843.20 1 33 64 511.2 5 00 551 209 3 347
36 o 6 1 105.92 20 6 66 354. 4 6 oo 001 444 4 820
37 0 7 1136.64 21 i 7 68 197.6 7 00 791 673 6 561
38 o 8 1 167,36 : 8 70 040. 8 8 oo 881 go1 8 569
39 o} 9 1 198. 08 9 71 884.0 9 00 992 122 10 843
8 40 30. 720 40 1 228 80 1843. 21 40 737272 10 00 I 102 337 13 389
41 o i 1 259.52 .21 1 75 570-4 11 00 1212540 16 200
42 o} 2 1 200. 24 .21 2 77 413.6 12 00 1 322 747 19 279
43 o 3 I 320.96 .22 3 79 256.8 13 00 1432 940 22 620
44 o 4 I 351.68 .22 4 81 100. 1 14 00 I 543126 26 240
8 43 30. 720 45 1 382. 40 1843. 22 45 82043.3 15 00 1 653 302 30123
46 ] 6 I413.12 .22 6 84 786. 5 16 00 1 703 469 34 274
47 o 7 1443. 84 .22 7 86 629.7 17 00 1 873 626 38 692
48 o 8 1 474.56 22 8 88 472.9 18 o0 1983 771 43 378
49 [ 9 1 505. 28 22 9 90 316.2 19 00 2 093 904 48 330
8 so0 30.720 50 1 §36.00 1843. 23 50 92 159. 4 20 00 2 204 024 53 548
51 [+] I 1506.72 .23 I 94 002.6 21 00 2 314 131 59 034
52 o 2 I 597. 44 .23 2 95 845.9 22 00 2 424 225 64 789
53 1 3 162816 .23 3 97 689.1 23 ©0 2 534 305 70 811
54 1 4 1 658, 88 .23 4 99 532.3 24 00 2 644 370 77 101
.8 0. 721 1 689. 60 1843. 2 5 101 375.6 25 00 2 754 420 83 658
?3 37 1 Sg 1 723. 32 843. zi 56 103 218. 8 26 0O 2 864 454 90 ;Z;‘z
1 1 751. . ‘7 105 062. 0 27 o 2 974 470 97 573
zg 1 g 1 ;gl % . 2 8 106 905. 3 28 00 3 084 468 104 932
59 1 9 1 812.48 .24 9 108 748. 5 29 00 3 194 449 112 558
& 63 30.721 6o 1 843. 20 1843 24 6o 110 501. 8 30 00 3 304 411 120 431
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Latitude ¢° to 10°—Arcs of the parallel in meters.
] | |
Lat 'l/l 2// E 3// 4/' 5// ; 6/,/ 7// | 8// ; 9!/ 1/ 2/ 3/
| | |
° s : ;
goo)3054 61,09 91.63 122.18 | 152.72 1 183.27 | 213.81 | 244.35 | 274.00 | 1832.7 | 3665.3 | 5498.0 X 9163. 3
1 .54 1 .00 .63 17 .71 .26 .80 .34 .89 2.6 5.1 7.7 .31 2.9
2 54 o8 62 17 .71 25 .79 33 .87 2.5 5.0 7.5 .9 ! 2.4
3 54 o8 62 16 L7 24 .78 32 86 2.4 4.8 7.2 . 2.0
4 54 o8 61 16 . 69 23 | .77 31 85 2.3 4.7 7.0 .2 L5
9 05§ 30.54  61.07 | 91.61 . 122.15 ; 152.68 | 183.22 | 213.76 | 244.29 | 274.83 | 1832.2 | 3664.5 | 5496.7 .9 . QIbI. 1
6 53 o7 61 ¢ 14 .68 21 .75 28 .82 2.1 4.3 6.4 .6 0.7
7 53 o7 60 14 .67 21 .74 27 81 2.1 4.1 6.2 .2 60. 3
8 53 oy 60 I3 .66 20 73! 26 8o 2.0 4.0 5.9 .9 59.8
9 53 ab 59 13 .66 19 .72 23 78 1.9 3.8 5.7 .5 9.4
g 10 [ 30.53  61.06 | 91.59 , 122.12 | 152.65 ’ 183.18 | 213.71 | 244.24 | 274.77 | 1831.8 | 3663.6 | 3495.4 -2 1 9159.0
11 .53 ob .59 11 .64 | 17 | 70 23 .76 1.7 3.4 5.1 .9 | 8.6
12 53 o5 58 I .64 16 69 22 74 1.6 3.3 [ 4.9 .5 ! 8.2
13 53 o5 38 10 .63 15 68 3 73 1.5 3.1 4.6 .2 7.7
14 53 o5 7 10 .62 15 67 20 72 1.5 3.0 4.4 .8 7.3
9 15 § 30.53 i 61.04 | 91.57 ! 122.09 | 152.61 | 183,14 | 213.60 | 244.18 | 274.70 | 1831.4 | 3662.8 | 5494.1 51 9156.9
16 52 .04 .57+ .oB| - .61 13 .65 17 .69 1.3 2.6 3.8 2 6.5
17 52 o4 56 o8 .60 i 12 64 i6 68 1.2 2. 4 ] 3.6 .8 6.0
18 52 o4 56 1 o7 .59 ¢ I1 63 15 67 1.1 2.3 3.3 -5 5.6
i9 §2 ¢ 03 | 55 o7 .59 10 62 14 65 1.0 2.1 3.1 .1 5.1
9 20]30.52  61.03 ! 91.55 ' 122.06 | 152.58 | 183.09 | 213.61 | 244.13 | 274.64 | 1830.9 | 3661.9 | 5492.8 8 4.7
21 52 .03 54 . .05 .57 o8 6o 12 3 0.8 1.7 2.5 4 4.3
22 52 .02 | 54 | 05 .57 07 59 11 61 0.7 1.5 2.3 .1 3.8
23 51 .02 53 | 04 .56 o7 58 09 6o 0.7 I.4 2,0 .7 3-4
24 51 02 53 04 .55 06 57 o8 59 0.6 1.2 1.8 .4 2.9
9 25 f 30.51 : 61,01 | 91.53  122.03 I 152.54 | 183.05 | 213.56 | 244.07 | 274.57 1 1830.5 | 3661.0  5491.5 o] 9152.5
26 .51 Lot .32 oz | .54 o4 .35 .06 .56 0.4 0.8 1.2 7 2.1
27 51 .01 52 02 .53 o3 .54 o5 . 55 0.3 0.6 1.0 .3 1.6
28 50 .ol 51 ol | .52 03 .53 03 54 0.3 0.5 0.7 .0 1.2
29 50 .00 51 or | .52 o2 52 02 52 0.2 0.3 0.5 .6 0.7
! ‘
i 930])30.50 61.00! 91.50 . 122.00 | 152.51 | 183.01 | 213.51 | 244.01 | 274.51 ] 1830.1 | 3660.1 | 3490.2 .31 9150.3
L3t 50 ° 1.00 . 50 1.99 . 50 3.00 50 4.00 .50 30.0 59.9 89.9 .9 49.9
32 50 99 -49 99 -49 2.99 -49 3.99 .48 29.9 9.7 9.7 .6 9-4
33 50 99 | .49 93 -49.; .98 -48 -97 47 9.8 9.6 9-4 2 9.0
i 34 50 .99 48 98 -48 97 a7 96 46 9.7 9.4 9.2 -9 8.5
935 3050 60.98 | 91.48 " 121.97 | 152.47 | 182.96 | 213.46 | 243.95 | 274.44 | 1829.6 | 3659.2 1 5488.9 .5 9148.1
36 .49 98« .48 .96 .46 96 . 44 .94 .43 9.6 9.0 8.6 81| 7-7
37 49 98 1 .4y .96 -45 95 43 93 42 9.5 8.9 8.3 .8 7.2
38 49 98 47 - 05 .45 94 4z o1 41 9.4 8.7 8.1 4 6.8
39 49 97 46 95 -44 93 41 90 39 9-3 8.6 7.8 -1 6.3
' 1
9 40 ) 30.49  60.97 | 91.46 121.94 | 152.43 | 182.92 | 213.40 | 243.89 | 274.38 | 1829.2 @ 3658.4 . 3487.5 71 9145.9
41 -49 - .97 4% 93 .42, 91 39 .88 37 9.1 8.2 7.2 6.3 5.4
42 49 96 45 93 .42 90 38 87 | 35 9.0 8.0 7.0. .0 5.0
43 48 96 45 92 -41 89 37 85 34 8.9 . 7.8 6.7 .6 4.5
! 44 48 .06 44 02 .40 88 36 84 32 8.8 7.6 ! 6.5 .3 4.1
9 45 | 30.48 1 60.95 .. 91.44 121.91 | 152.39 | 182.87 | 213.35 | 243.83 | 274. 3¢ | 1828.7 3657.4 ! 5486.2 9 43.6
46 .48 05 43 .go .39 .86 .34 .82 .30 8.6 7.2 5.9 5 3.1
47 48 95 43 . 9o .38 85 33 81 | 28 8.5 7.0 : 5.6 .2 2.7
48 47 95 42 ; .89 37 83 32 279 27 8.5 1 6.9 : 5.4 8 2.2
49 47 94 .42 89 37 84§ 31 .78 ! 25 8.4 6.7 | 5.1 -5 1.8
9 50§ 30.47 | 60.04 | o1.41 | 121.88 | 152.36 | 182.83 ‘L 213.30 : 243.77 | 274.24 | 1828.3; 3656.5 | 3484.8 1 .3
s1 .47 .04 .41 .87 .3 .82 | .20 .76 .23 Bz 6.3 4.5 .7 0.8
52 47 93 40 .8y 34 .81 28 75 21 8.1 6.1 4.2 .3 40. 4
53 47 93 40 .86 34 .80 27 73 20 8.0 6.0 4.0 .0 30.0
sl 47 93 39 -86 33 79 .26 72 18 7-9 5-8 3.7 -6 9.5
055 [ 30.47 | 60.92 | 91.39 | 121.85 | 152,32 | 182,78 | 213.25 | 243.71 | 274.17 ] 1827.8 | 3655.6 | 5483.4 .21 9139.0
56 46| .92 .39 .84 .31 .7 .23 .70 .16 7.7 5.4 3.1 . 8 83
57 467 .92 .38 84 30 .76 22 .60 14 7.6 5.2 2.8 .5 8.1
58 46 . .92 .38 83 .30 .75 21 .67 .13 7.5 5.1 2.6 . 7.6%
59 .46 . .01 .37 .83 .29 .74‘, .20 . 66 LI 7.4 4.9 2.3 .8 7.2
9 601 30.46 | 60.91 | g1.37 | 121.82 | 152.28 | ¥82.73 | 21319 243.65 | 274. 10 | 1827.3-| 3654.7 | ‘5482.0 ‘4 g136. 7
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Latitude 9° to 10°—Meridional arcs.

Latitude g°—Co-ordinates of curvature.

Lat. ]
Value of 177 Sums of s?:?ixtfgei:or middle | 710 o g7 | Sumsof ml:;it;tlﬁasef:or middle Longitude. x v
° 7 Meters. 7” Meters. Meters. 4 Meters. ° 7 Meters. Melers.
9 oo 30.721 1843. 24
i 1 1 30.72 .28 H 1843.2 o 1 1832.6
2 1 2 6I. 44 .25 2 3 686. 5 2 3 603. 3 0.2
3 1 3 92.16 .25 3 5529.7 3 5 498.0 0.4
4 1 4 122. 89 .25 4 7 373-0 4 7 330-6 o.7
9 0§ 30. 721 5 153. 61 1843. 25 5 9 216. 2 o 3 9163.3 1.0
6 1 6 184. 33 .25 6 11059. 5 6 10 993.9 1.5
7 1 7 215. 05 .26 7 12 goz. 8 7 12 8§28.6 2.0
8 1 8 245.77 .26 8 14 746.0 8 14 661.2 2.7
9 1 9 276. 49 .26 9 16 589.3 9 16 493.9 34
9 10 30. 721 10 307. 22 1843. 26 10 18 432.3 o Io 18 326. 5 4.2
11 1 I 337.94 .26 1 20 275. 8 15 27 489.8 9.4
12 1 2 368. 66 .26 2 22 119.1 20 36 653. 1 16.7
13 1 3 399. 38 .27 3 23 962. 3 25 45 816. 4 26,1
14 1 4 430. 10 .27 4 25 803. 6 30 54 979.6 37.5
9 1I5 30. 721 15 460, 82 1843. 27 15 27 648.9 o 35 64 142.9 51.1
16 6 491.55 .27 6 20 402. I 40 73 300.2 66.7
17 I 7 522,27 .27 7 31 335-4 45 82 469.4 84.4
18 1 8 552. 00 .28 8 331787 50 91 632.7 104. 2
19 1 9 583. 71 .28 9 35 022.0 55 100 793. 9 126, 1
9 20 30. 721 20 614. 43 1843. 28 20 36 865. 3 1 00 109 959. 2 150. 1
21 1 I 645. 13 .28 1 38 708. 3@ 03 119 122.4 * 176.2
22 1 2 675. 88 .28 2 40 551. 8 10 128 285.6 204. 3
23 1 3 706. 60 .28 3 42 395. 1 13 137 448.9 234.6
24 1 4 737. 32 .29 4 44 238. 3 20 146 612.1 266.9
9 25 30. 721 25 768. 04 1843. 29 28 46 081.7 1 25 155 775.3 301.3
26 I 6 798. 76 .29 6 47 925.0 30 164 938. 5 337.8
27 2 7 829. 48 .29 7 49 768. 3 35 174 101.7 376.3
28 2 8 860. 21 .29 8 51 6IL.§ 40 183 264.8 417.0
29 2 9 8g0.93 .29 9 53454.8 43 19z 428.0 459-7
9 30 30,722 30 921. 65 1843. 30 30 55298, 1 I 50 201 591.2 504. 5
31 2 1 952. 37 - 30 1 57 14L. 4 55 210 754. 3 551.4
32 2 2 983.09 .30 2 58 984.7 2 00 219 917 600
33 2 3 1 013. 81 .30 3 60 828.0 3 oo 329 874 I 351
34 2 4 1044.53 .30 4 62 67h 3 4 439 828 2 402
9 351 30722 35 1 075. 26 1843. 31 35 64 514.6 5 oo 549 779 3753
36 2 6 1 105. 98 31 6 66 357.9 6 oo 659 726 5 404
37 2 7 1136.70 .31 7 68 201. 2 7 00 760 663 7 355
38 2 8 1 167. 42 V31 8 70 044. 6 8§ oo 879 604 9 607
39 2 9 1198 14 .31 9 71 887.9 9 oo 989 534 12 158
9 40 30. 722 40 1 228. 86 1843. 31 40 737312 10 00 1009 456 15 o10
41 2 I 1 259.59 .32 1 75 574-5 II 00 1 209 370 18 162
42 2 2 1 290. 31 .32 2 77 417.8 12 00 1319 275 21 614
43 2 3 1321.03 .32 3 79 201. 1 13 00 I 429 171 25 367
44 2 4 | 135175 .32 4 81 104.% 14 ©oO I 539 055 29 419
9 45| 30722 45 1382.47 1843. 32 45 82.947.8 15 00 1648 928 33770
46 2 6 141319 .33 6 84 701 1 16 00 1758 789 38 422
47 2 7 1.443.92 .33 7 86 634. 4 17 o 1 868 637 43 374
48 2 8 I 474.64 .33 8 88 477.8 18 oo 1978 471 48 626
49 2 9 I 505. 36 .33 9 90 32I. I 19 00 2 088 289 54 178
) 30. 722 50 I 536.08 1843. 33 (] 92 164.4 20 00 2 198 093 60 029
9 gx 2 I 1 566. 80 3. 33 Sx 94 007. 7 21 00 2 307 880 66 180
52 2 2 1597.52 .34 2 05 855, 1 22 00 2 417 630 72 631
53 2 3 162825 .34 3 97 604. 4 23 00 2 527 402 79 382
54 2 4 1 658.97 34 4 99537.8 24 o0 2 637 136 86 433
9 55| 30.722 55 1 689. 69 1843. 34 55 101 381. 1 25 00 2 746 848 93 783
56 2 6 I 720. 41 .34 6 103 224. 4 26 00 2 856 541 101 432
57 2 7 I 751.13 .35 7 10§ 067. 8 27 o0 2 g66 213 109 331
58 2 8 X %81. 8 <35 8 106 O11. I 28 oo 3075 862 117 629
50 2 9 1312.% .35 9 108 754- 4 29 oo 3 185 488 126 177
g 60§ 30723 6o 1 843. 30 184335 60 110 597. 8 10 00 3 295 001 135 024
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Latitude 10° to 11°—Aurcs of the parallel in meters,
A i

Lat. 1// 2// 8// 4// 5// 6// 7// 8// 9// 1/ t 2/

© I4

10 00 | 30,46 | 60.91 | 91.37 | 121.82 | 152.28 | 182.73 | 213.19 | 243.65 | 274. 10| 1827.3 | 3654.7 7309.4 | 9136.7

I . 46 91 .36 .81 .27 .72 .18 .64 .0g 7.2 4.5 9.0 6.2
2 46 90 36 .81 26 71 17 62 o7 7.1 4.3 8.6 5.8
3 45 90 35 .8 26 71 16 61 06 7.1 4.1 8.3 5.3
4 45 90 35 -8 25 70 15 6o 04 7-0 39 7.9 49
10 05 } 30.45 | 60.89 | 91.34 | 121.79 | 152.24 | 182.69 | 213.13 | 243.58 | 274.03 | 1826.9 1 3653.7 3 7307.5 | 9134.4
6 45 89 .34 .78 .23 .68 12 .57 .02 6.8 3.5 . 7.1 3.9
7 45 89 33 .78 .22 67 It 56 4.00 6.7 3.3 8o. 6.7 3.4
8 44 33 77 .22 66 10 55 3.99 6.6 3.2 79. 6.4 3.0
9 44 88 33 .77 21 65 09 53 97 6.5 3.0 9. 6.0 2.5

10 10] 30.44 | 60.88 | 91.32 | 121.76 | 152.20 | 182.64 | 213.08 | 243.52 | 273.96 ] 1826.4 3652.8 | 5479.2 | 7305.6 | 9132.0
11 .44 .88 .32 .75 I () .63 .07 .51 .95 6.3 2.6 8.9 5.2 1.5
12 .44 .8 .31 .75 .18 .62 .06 .50 .93 6.2 2.4 8.6 4.8 1.0
13 .43 .87 .31 .74 L 18 .61 . 0% .48 .92 6. 1 2.3 8.4 4.5 0.6
14 .43 .87 .30 .74 .17 .60 .04 .47 .go 6.0 2.1 8.1 4.1 30.1

10 15 ] 30.43 | 60.86 | 9r.30 | 121.73 | 152.16 | 182.59 | 213.02 | 243.46 | 273.89 | 1825.9 | 3651.9 5477.8 | 7303.7| 9129.6
16 .43 .86 .29 .72 R 14 .58 .o1 .45 .88 5.8 1.7 7.5 3.3 9.1
17 43 86 .29 72 .14 57 3.00 .44 86 5.7 1.5 7.2 2.9 8.7
18 42 86 .28 71 .14 57 2.99 .42 85 5.7 1.3 7.0 2.6 8.2
19 42 85 .28 71 J13 56 98 .41 83 5.6 1.1 6.7 2.2 7.8

' -

10 20 | 30.42 | 60.85 | 91.27 | 121.70 | 152.12 | 182.55 | 212.97 | 243.40 | 273.82 | 1825.5 | 3650.9 5476.4 { 7301.8 | 9127.3
21 42 8s 27 .69 LI 54 .96 .39 .81 5.4 0.7 6.1 1.4 6.8
22 42 84 26 .69 . 10 53 95 37 79 5.3 0.5 5.8 1.0 6.3
23 42 84 26 .68 .10 52 04 36 78 5.2 0.3 5.5 0.7 5.8
24 42 8 25 .67 09 51 93 34 76 5.1 50.1 5.2 | 300.3 53

10 25 | 30.42 | 60.83 | gt. 25 | 121.67 | 152.08 | 182.50 | 212.91 | 243.33 | 273-75 1825.0 | 3649.9 | 5474.9 | 7299.9 | 0124.8
26 .41 83 .24 .66 .07 49 .90 .32 .73 4.9 9.7 4.6 9.5 43
27 41 83 24 65 .06 48 89 30 72 4.8 9.5 4.3 9.1 3.8
28 41 83 23 64 .06 47 88 29 70 4.7 9.4 4.0 8.7 3.4
29 41 82 23 64 .05 46 87 27 69 4.6 9.2 3.7 8.3 2.9

10 30| 30.41 | 60.82 | g1.22 | 121.63 | 152.04 | 182.45 | 212.86 | 243.26 | 273.67 | 1824.5 3649.0 | 5473.4 | 7297.9 | 9I22.4
31 41 82 22 .62 .03 .44 85 .25 .66 4.4 8.8 3.1 7.5 1.9
32 41 81 21 .02 .02 43 84 23 64 4.3 8.6 2.8 7.1 1.4
33 40 81 21 .61 .02 42 82 22 63 4.2 8.4 2.6 6.7 0.9
34 40 8o 20 .01 .01 41 81 21 61 4.1 8.2 2.3 6.3 20.4

10 35 | 30.40 | 60.80 | 91.20 | 121 %0 | 152.00 | 182.40 | 212.80 | 243.20 | 273.60 ] 1824.0| 3648.0 5472.0 7295.9 ] 9I19.9
36 4| .8 19 59 99 39 79 .18 .58 39 7.8 17 5.5 9-4
37 40 79 19 -39 -98 38 78 17 57 3-8 7.6 1.4 5.1 8.9
38 39 79 18 58 .98 37 76 16 55 37 7.4 1.1 4.8 8.5
39 39 78 18 58 .97 36 75 14 54 3.6 7.2 0.8 4.4 8o

10 40 30.30 | 60.98 | 91. 17 | 121.57 | 131.06 | 182.35 | 212.74 | 243.73 | 273.52 | 1823.5| 3647.0] 5470.5 | 7204.0( o117.§5
41 39 78 17 .56 .95 .34 .73 .12 .51 3.4 6.8 70.2 3.6 7.0
42 39 77 16 56 .94 -33 72 10 49 33 6.6 69.9 3.2 6.5
43 38 77 16 55 .93 .32 70 09 48 3.2 6.; 9.6 2.8 6.0
M ¥, -1 is 54 -92 .31 .69 od 46 31 6. 9.3 2.4 5-5

10 45 ] 30.38 | 60.76 | 91.15 | 121.53 | 15191 | 182.30 | 212.68 | 243.06 | 273.45 ] 1823.0 3646.0 5469.0 | 7292.0 | 9II5.0
46 .381 .76 .14 .53 .9t .29 .67 .05 . 43 2.9 5.8 8.7 1.6 4.5
47 38 76 14 .52 .90 28 66 o4 .42 2.8 5.6 8.4 1.2 4.0
48 37 76 13 51 .89 27 64 03 40 2.7 5.4 8.1 0.8 3.5
49 37 75 13 51 .88 26 63 o1 39 2.6 5.2 7.8 0.4 3.0

1050} 30.37 | 60.75 | gr.12 | 121.50 | 151.87 | 182.25 | 212.62 | 243.00 | 273.37 } 1822.5| 3645.0 5467.5) 7290.0) ogri2.§
51 .37 .75 .12 49 .86 .24 , 61 2.99 .36 2. 4 4.8 7.2 89.6 2.0
52 37 74 11 49 -85 23 6o 97 34 2.3 4.6 6.9 9.2 L5/
53 37 74 I .48 .85 22 59 . .33 2.2 4.4 6.6 8.7 0.9
54 37 74 10 .47 .8 21 58 94 31 2.1 4.2 6.3 8.3 10.4

10 55 | 30.37 | 60.73 | 91.10 | 121.47 | 151.83 | 182.20 | 212.56 | 242.93 | 273.30 | 1822.0| 3644.0| 5466.0| 7287.9 | g109.9
56 .36 .73 .09 .46 .82 19 .55 .92 .28 1.9 3.8 5.7 7.5 g.4
57 .36 73 .09 45 .81 18 54 go .27 1.8 3.6 5.4 7.1 .9
58 .36 73 .08 44 .81 17 .53 {1 25 1.7 3.4 5.0 6.7 8.4

© 59 .36 .72 .08 44 .80 .16 .52 .87 .24 1.6 32 4.7 6.3 79

1060} 30.36 | 60.72 | 91.07 | 121.43 | 13170 | 1B2.15 | 212.51 | 242.86 | 273.22 ) 1821.5| 364%.0] 5464.4| 72B5.9 9107.4
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Latitude 10° to 11°—Meridional arcs.

Latitude 10°%-~Co-ordinates of curvature.

Lat. ]
Value of 177 | Sums of sizzg?fjeltor middle | 100 of 3/ Sums of ni::ili?sef'or middle Longitude. X | y
- e i'
° 7 Meters. 24 Meters. Meters. 4 Meters. ° 7/ HMeters. L Meters.
10 00 30.723 1843. 35 :
1 3 1 30. %2 .35 1 1843.4 o 1 1827.3
2 3 2 61. 45 .35 2 3 686.7 2 3654.7 ! 0.2
3 3 3 92.17 .36 3 5530.1 3 5482.0 | a4
4 3 4 122. 89 .36 4 73734 4 7300.4 | 0.7
10 0§ 30.723 5 . 153. 62 1843. 36 5 9216.8 o 5 9136.7 | 1.2
6 3 6 184. 34 .36 6 11 060. 1 6 10964. 1 | 1.7
7 3 7 215. 06 .36 7 12 903.5 7 12 701.4 2.3
8 3 8 245.79 .37 8 14 746.9 8 14 618.7 3.0
9 3 9 276. 51 .37 9 16 590. 2 9 16 446. 1 | 3.7
10 10 30.723 10 307. 23 1843. 37 10 18 433.6 0 10 18273.4 4.6
1 3 X 337. 96 .37 1 20 277.0 15 27 410.2 | 10. 4
2 3 2 368. 68 T.37 2 22 120.4 20 360 546.9 18.5
3 3 3 399. 41 .38 3 23 663.7 - 25 45 683.6 28.8
4 3 4 430.13 .38 4 25 807. 1 30 54 820. 3 41.5
Io 13 30.723 15 460. 85 1843. 38 15 27 650. 5 o 35 63957.0 56.5
6 3 6 491. 58 .38 6 29 493.9 40 73993.7 758
7 3 7 522. 30 -38 7 31337-3 45 82 230.4 93-5
8 3 8 553.02 .39 8 33 180,7 50 91 367. 1 115. 4
9 3 9 583.75 -39 9 35024.0 55 100 503. 8 139.6
10 20 30.723 20 614.47 - 1843.39 20 36 867.4 1 00 109 640. 5 166. 1
1 3 1 645. 19 .39 1 38 710.8 03 118 777.2 195.0
2 3 2 675.92 -39 2 40 554.2 10 127 913.9 226. 1
3 3 3 706. 64 .40 3 4z 397.6 15 137 050. § 259.6
4 3 4 737- 36 -40 4 44241.0 20 146 187. 2 205.4
10 25 30.723 25 768. 09 1843. 40 25 46 084. 4 1 25 155 323.8 333-4
6 3 6 768. 81 .40 6 47 927.8 30 164 460. 5 3738
7 3 7 829.53 -40 7 49 7712 35 173 597.1 416. 5
8 3 8 860. 26 .43 8 51 614.6 40 182 733. 7 461.5
9 3 9 8g0. 98 .41 9 53 458.0 45 191 870. 3 508.8
10 30 30.723 30 921. 70 1843. 41 30 55 301. 4 1 50 201 006. 9 558.4
1 3 1 952. 43 .41 1 57 144. 8 55 210 143. 5 610. 3
2 4 2 983. 15 .41 2 58 988. 2 2 00 219 280 665
3 4 3 1013.87 .41 3 60 831.6 3 00 328 917 1495
4 4 4 1 044. 60 .42 4 62 675.0 4 o0 438 852 2 658
1o 35§ 30724 35 I 075.32 1843, 42 35 64 518.5 5 o0 548 182 4154
6 4 6 1 106. 0% .42 6 66 361.9 6 oo 657 808 5 081
7 4 7 1136.77 .42 7 68 203. 3 7 oo 767 427 8 140
8 4 8 1 167. 49 .42 8 70 048. 7 8 oo 877 040 10 632
9 4 9 I 198.22 -43 9 71 892.2 9 00 986 644 13 457
10 40 30.724 40 1 228. 94 1843. 43 40 73735.6 10 oo 1 096 239 16 614
] 4 1 1 259. 66 .43 I 75 579.0 11 00 1 205 824 20 102
2 4 2 I 260. 39 .43 2 77 422.4 12 00 1 315 308 23 922
3 4 3- 1 321.13 -43 3 79 265.9 13 oo 1 424 960 28 075
4 4 4 I 351. 83 44 4 81 109. 3 14 o0 1534 509 32 560
10 45 30.724 45 1 382.36 1843. 44 45 82 952.7 15 00 1644 044 37 378
6 4 6 1 413.28 .44 6 84 796. 2 16 00 1 753 564 42 522
7 4 7 1 444.00 .44 7 86 639.6 17 oo 1 863 067 48 ooz
8 4 8 1474.73 44 8 88 483.1 18 oo 1972 554 53 815
9 4 9 1 505. 45 . 45 9 90 326, 5 19 00 2 082 022 59 962
10 30 30. 724 50 13536, 17 1843.45 50 92 170.0 20 00 2 191 471 66 440
1 4 1 1 566. 90 .45 1 94013.4 21 00 2 300 gOO 73 246
2 4 2 1597.62 .45 2 95 856.9 22 00 2410 308 80 385
3 4 3 1 628. 34 .45 3 97 700. 23 00 2 519 694 87 &35
4 4 4 1 659.07 .46 4 99 543 24 00 2 629 057 95 638
10 30.724 1 689.79 1843. 46 55 101 387.2 25 00 2 738 393 103 792
Sg 4 sg 1 ggg 51 3. 46 6 103 230.7 26 00 2 847 709 112 256
7 4 7 1751.24 .46 4 105 074. 1 27 00 2 956 996 121 053
8 4 8 1 781.96 .46 8 106 917.6 28 oo 3 066 256 130 180 |
9 4 9 1812.69 .47 9 108 761. 1 29 0o 3175488 139 639
10 60 30.724 60 1843.41 1843.47 6o 110 604. 5 30 00 3 284 690 149 428
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Latitude 11° to 12°—Arcs of the paraflel in meters.

|
177 97 8/’ 4 5 ¢ 1% i 8 9 1 oY

\ooo\xouca .aun.-g\

IR RN R¥-1 MLINSIO =L A0

[« SEV. RS Vo]

30.36 | 60.72 | or.07 | 121.43 | 151.79 | 182.15 | 212.51 | 242.86 | 273.22 | 1821.5 | 3643.
.36 L2 o7 .42 .78 .14 .50 .85 .21 1.4 2.
.36 71 .06 .42 .77 .13 .49 .83 .19 1.3 2.
.35 .71 .ob .41 .76 LI2 .47 .82 .18 1.2 2.
.35 .70 .05 . 40 575 1§ .46 .81 .16 1.1 2.

30.35 | 60.70 | 91.05 | 121.39 | 151.74 | 182.10 | 212.45 | 242.79 | 273-15 | 1821.0| 3641,
.35 .70 .04 .39 .74 .09 . 44 .78 .13 0.9 I.
.35 .69 .04 .38 .73 .08 .43 77 L12 0.8 I.
.34 .69 .03 .37 .72 .07 .41 .76 .10 0.7 I

34 .68 .03 .37 .71 .06 40 74 09 0.6 1.

30.34 |{ 60,68 | g1.02 | 121.36 | 151.70 | 182.05 | 212.39 | 242.73 | 273.07 | 1820.5 | 3640.
.34 .68 .02 .35 . 69 .04 .38 .72 .05 0.4 o.
.34 .67 .o1 .35 .68 .03 .36 .70 .04 0.3 o.
.33 .67 .01 .34 .68 .ol .35 .69 .02 o.1 o.

33 67 [+ 5] 33 67 2,00 34 67 3.0l 20,0 40,

30.33 | 60.66 | 91.00 | 121.32 | 151.66 | 181.00 | 212.32 | 242.66 | 272.99 | 1819.9 | 3630.
.33 .66 | 0.99 .32 . 65 .98 .31 .65 .97 9.8 9.
.33 .66 .99 .31 .64 .97 .30 .63 .96 9.9 9.
.32 . 66 .98 .30 , 64 .96 .29 .62 . 94 9.6 9.
.32 .65 .98 .30 .63 .95 .27 .60 .03 1. 0.5 0.

30.32 [ 60.65 | g0.97 | 121.20 | 151.62 | 181.04 | 212.26 | 242.50 | 272.01 | 1810.4 | 3638.
.32 .65 .97 .28 611 .93 .25 .58 .89 9.3 8.
.82 .64 .96 .28 .60 | .92 .24 .56 .88 9.2 8.
.32 .64 .95 .27 .59 ! .91 .22 .55 .86 9.1 8.
.32 .63 .95 .26 .58 .90 .21 .53 .85 9.0 7.

30.32 | 60.63 | 90.94 | 121.25 | 151.57% 181.89 | 212.20 | 242.52 | 272.83 | 1818.9 | 3637.
.31 .63 .04 .25 . 57 . 88 (] .51 .81 8.8 7.
.31 .62 03 .24 .56 .87 .18 .49 .8 8.7 7.
.31 .62 .93 .23 .55 .83 .16 .48 .78 8.3 7.
.31 .61 .92 .23 ! 54 .84 .15 .4.6I 77 8.4 6.

30.31 | 60.61 | go.92 | 121.22 | 151.53 | 181.83 | 212.14 | 242.45 | 272.75 | 1818.3| 3636.
.31 .61 .91 .21 .52 .82 LI3 .44 .73 8.2 6.
.31 .60 .ot .21 .51 .81 LI .42 .72 8.1 6.
.30 .60 . GO .20 .50 .80 .10 41 .70 8.0 6.

3, .60 .90 19 -49 79 9 39 69 7.9 5

30.30 | 60.59 | 90.89 | 121.18 ! 151.48 | 181.78 | 212.07 | 242.38 | 272.67 } 1817.8 ] 363s.
.30 .59 .88 I ¢:] .48 .77 .aob .36 .65 7.9 5.
.30 .59 .88 .17 47 i .76 .05 .35 .64 7.6 5.
.29 .59 .87 .16 .46 | .75 .04 .33 .62 7.5 4.
.29 .58 .87 . 16 .45 74 .02 .32 .61 7.4 4

7-3
7.2
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3

QWO NP AOHLWUL IO NP VOWLWUNIT O =WWN~3 O =D AR

WU WO N HIO NP

£

30.29 | 60.58 | 90.86 | 121.15 | 151.44 | 181.73 | 212.01 | 242.30 | 272.59 |} 181 3634.
.29 .58 1 .86 .14 .43 .72 2.00 .29 .57 4.
.29 .57 .85 .14 .42 .71 1.99 .27 .56 4.
.28 .57 .85 .13 .41 .69 .97 .26 .54 3.
.28 .56 .84 Ja2 .40 .68 .96 .24 .53 3.

30.28 | 60.56 | 90.84 | 121.11 | 151.30 | 181.67 | 211.95 | 242.23 | 272.51 | 18) 3633
.28 .56 .83 11 . 39 .66 .94 .22 49 3

28 55 .83 10 .38 65 93 .20 48 3.
27 55 82 09 .37 64 o1 19 46 2.
27 54 8 09 .36 63 90 17 45 2.

30.27 | 60.54 1 90.81 | 121.08 | 151.35 | 181.62 | 211.89 | 242,16 | 272.43 | 1816.2 | 3632
.27 .54 .80 o7 .34 .61 .88 .15 .41 6.1 2,
.2y .53 .8 .06 .33 .60 .86 .13 . 40 6.0 L
.26 .53 .79 .06 .32 .58 .83 .12 .38 5.8 1.
.26 .52 .79 . 0§ .31 .57 .84 .10 . 36 5.7 1.

30.26 | 60.52 | 90.78 | 121.04 | 151.30 | 181.56 | 211.82 | 242,009 | 272.34 | 1815.6 | 3631.
.26 52 7 03 .30 55 .81 R 33 5.5 1.
.26 .51 .77 .02 .29 .54 .80 .0b .31 5.4 o.
.25 .51 .76 .02 .28 <53 .79 .04 .29 5.3 o,
.25 .50 .76 .01 .27 .52 .77 .03 .28 5.2 0.

30.25 | 60.50 | 90.75 | 121,00 | 151.26 | 181,51 | 211,76 | 242.01 | 272.26 51| 3630,
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Latitude 11° to 12°—Meridional ares. Latitude 11°-—Co-ordinates of curvature.
Sums of seconds for middle Sums of minutes for middle . .
latitude. Value of 1/ latitude. Longitude. X ¥
4 ’” Meters. Meters. ’ Meters. ° 7 Meters. Meters.
00 1843.47

1 1 30.73 .47 X 18435 o _I 1 8215 0.1
2 2 61.45 .47 2 3686.9 2 3643.0 0.2
3 3 92.18 .47 3 55304 3 5464.4 0.5
4 4 122. 90 .48 4 7 373-9 4 7 285.9 0.8
o 153.6 1843. 48 5 9217.4 o 3 9 107. 4 1.3
g g lsi. 3? 3. 48 6 11 ofo. 8 6 10 928.9 1.8
7 7 215.08 .48 7 12 904. 3 7 12 750. 4 2.5
8 8 245. 80 .49 g 14 747. 8 8 14 571.8 3.2
9 9 276.53 -49 9 16 591. 3 9 16 393.3 4.1
10 307.26 1843.49 10 18 434. 8 o I0 18 214. 8 5.1
1 337.98 .49 1 20 278. 3 15 27 322.2 1. 4
2 368. 71 .49 2 22 121. 8 20 36 429.6 20.2
3 399-43 -50 3 23 965. 3 25 455370 316
4 430.16 .50 4 25 808.8 30 54 644. 4 45.5
15 460. 88 1843. 50 15 27 652. 3 o 35 63751.8 61.9
6 491.61 .50 6 20 495. 8 40 72 859. 2 So.g
7 522.33 -50 7 313393 45 81 966. 5 102.4
8 553.06" .51 8 33182.8 50 91 073.9 126. 4
9 583.78 .51 9 35026.3 55 100 181.3 " 152.9
20 614. 51 1843. 51 20 36 869. 8 1 oo 109 288. 7 182.0
I 645. 24 .51 i 38713.3 o5 118 396.0 213.6
2 675.96 .51 2 40 556.8 10 127 §03. 4 A 247.7
3 706. 69 .52 3 42 400, 15 136 610. 7 284. 3
4 737. 41 .52 4 44 243 20 145 718.0 3235
25 768. 14 1843. 52 25 46087. 3 I 25 154 825. 3 365.2
6 798.86 .52 6 47 930.9 30 163 932. 7 409. 4
7 829. 59 .52 7 49774.4 35 1730399 456. 2
8 860. 31 .53 8 51 617.9 40 182 147. 2 505.§
9 891.04 .53 9 53461.4 45 191 254.5 557.3
30 921.77 1843.53 30 55 305.0 1 50 200 361.7 611.6
1 952.49 .53 1 57 148.5 55 209 469.0 668. 5

2 983. 22 .54 2 58 g92.0 2 o0 218 576 728

3 1013.94 .54 3 60 835.6 3 00 327 861 1638

4 1 044.67 -54 4 62 679.1 4 o0 437 143 2 911

1075 1843. 54 35 64 522.7 00 546 419 4 549

32 1 xog. fg 43. 54 6 66 366. 2 g 00 655 690 6 551

7 1136.84 .55 y 68 209. 8 7 00 764 953 8 916

8 I 167.57 .55 8 70 053. 3 8 oo 874 208 11 646

9 1 198. 30 .55 9 71 896.9 9 00 983 453 14 739

40 I 229.02 1843.55 40 73 740.4 10 00 I 092 687 18 196

I I 259.75 .55 1 75 584.0 11 oo I 201 909 22 016

2 1 290.47 .56 2 77 427.5 12 00 I 311117 | 26 201

3 1 321,20 .56 3 79 271, 1 13 00 1 420 311 b 30740

4 I 351.92 .56 4 81 114.6 14 00 1§29 490 35 603

45 1 382.63 1843.56 43 82 058.2 15 00 1 638 652 40937

6 I 413.37 .57 6 - 84 801.8 16 00 1747 795 46 577

7 1 444. 10 .57 7 86 645.3 17 00 1 856 919 ] 52579

8 1474.82 .57 8 88 488.9 18 oo rotbozz | 58944

9 1 505. 55 .57 9 g0 332.5 19 00 zoj5104 | 650674

50 1536.28 1843.57 50 92 176.1 20 00 | z184162 | 72764

1 I 567.00 .58 1 94 019. 6 21 00 2 293 166 i 8o 221

2 1597.73 .58 2 05 803.2 22 00 2402205 | 88 039

3 1 628. 43 .58 3 g7 706.8 23 00 2511 187 | 06.221

a 1 650. 18 .58 1 99 550. 4 2% 00 | 2 620142 | 104765

1 68g. 1843.58 3 101 304.0 2z o0 | 2720007 | 113671

Sg 1 722. g(; . 3' gg 56 103 237.6 26 00 } 2 837 962 | 122940

y 1 751,38 .59 7 105 O81. 1 27 o0 | 2046825 | o132 573

8 1 782.08 .59 8 106 924 7 28 oo | 3055036 . 142509

9 1 812. 81 .59 9 108 768. 3 29 00 | 3102433 152020

60 I843.53 1843. 60 60 110 611.9 30 00 | 3273213 103 643




166 UNITED STATES COAST AND GEODETIC SURVEY.

Latitude 12° to 13°—Arcs of the parallel in meters.
Lat' 1// 2// 3// 4// 5// 6// 7// 8// 9/’ 1/ 2/ 3/
o 7
12 00 ] 30.25 | 60.50 | g0.75 | 121,00 | 151.26 | 181, 51 | 211.76 | 242.01 | 272.26 | x815.1| 3630.1] 5445.2| 7260.3| 9075.3
1 .28 50 75 | 120.99 .25 .50 75 2.00 .24 5.0 29.9 4.9 59.8 4.7
2y .25 .49 .74 .99 .24 .49 73| 1.98 .23 4.9 9.7 4.5 9.4 4.2
3 .24 .49 .74 .g8 .23 .47 .72 .97 .21 4.7 9.4 4.2 8.9 3.6
4 .24 .48 .73 .97 .22 . 46 V71 .95 .19 4.6 9.2 3.8 8.3 3.1
12 05 § 30.24 | 60.48 | 90.73 | 120.96 | 151.21 | 181.45 | 211.69 | 241.93 | 272.17 | 1814.5 | 3629.0 | 5443.5 7258.0{ 9072.5
6 .24 .48 .72 .96 .20 .44 .68 .92 .16 4.4 8.8 3.2 7.6 1.9
7 .24 .47 .71 .95 .19 .43 .67 .90 L 14 4.3 8.6 2.8 7.1 1.4
8 .23 .47 .71 .04 .18 41 .66 .89 .12 4.1 8.3 2.5 6.7 0.8
9 .23 .46 .70 .94 17 .40 | - .64 .87 LI 4.0 8.1 2.1 6.2 70.3
12 10 § 30.23 | 60.46 | 9o.70 | 120.93 | 151.16 | 181.39 | 211.63 | 241.86 | 272.09 ] 1813.9 | 3627.9 | 5441.8| 7255.8 | 9069.7
11 23 46 .69 .92 .15 .38 .62 83 Q7 3.8 7.7 1.5 5.3 9.1
12 23 45 69 .91 .14 37 60 83 3.7 7.4 1.1 4.9 8.6
13 22 45 68 .01 & 36 59 82 04 3.6 7.2 0.7 4.4 8.0
14 2z 45 68 .go .12 35 57 8o 02 3.5 6.9 0.3 4.0 7-5
12 15 | 30.22 | 60.44 | 90.67 | 120.89 | 151.12 | 181.34 | 211.56 | 241.78 | 272,00} 1813.4] 3626.7| s5440.1| 7253.5| 9066.9
16 22 44 .66 .88 .11 33 55 .77 1.99 3.3 6.5 390.8 3.0 6.3
17 22 44 66 .87 .10 32 53 75 97 3.2 6.3 9.4 2.6 5.7
18 21 44 65 87 .09 30 52 74 05 3.0 6.0 9.1 2.1 5.2
19 21 43 65 86 .08 29 50 72 94 2.9 5.8 8.7 1.7 4.6
12 20 | 30.21 | 60.43 | 00.64 | 120.85 | 151.07 | 181.28 | 2i1.49 | 241.71 | 271.92 | 1812.8 | 3625.6 5438.4 | 7251.2| 9ob4.0
21 21 43 .63 84 .06 27 .48 .69 .90 2.7 5.4 8.1 0.7 3-4
22 21 42 3 84 .05 26 .46 68 89 2.6 5.2 7.4 50.3 2.8
23 % 42 62 83 .04 24 -45 66 87 2.4 4.9 7.7 49.8 2.3
24 20 41 62 82 .03 23 .44 65 8 2.3 4.7 7.0 9.4 .7
12 25 § 30.20 { 60.41 | 90.61 | 120,81 | 151.02 | 181,22 | 211.42 | 241.63 | 271.83 | 1812.2 | 3624.5 | 5436.7| 7248.9| gobr.1
26 . 20 41 . 60 .81 .01 .21 .41 61 - .82 2.1 4.3 6.4 8.4 0.5
27 .20 40 60 8o 1.00 . 20 .40 60 8o 2.0 4.0 6.0 8.0 60.0
28 19 40 59 791 ©.99 19 -39 58 78 L9 3.8 5.7 7-5 59-4
29 19 39 59 79 -98 18 .37 57 77 1.8 3-5 5-3 7.1 8.9
1230 30.19 | 60.39 | 90.38 | 120.78 | 150.97 | 181.17 | 211.36 | 241.55 | 271.75 ] 1811.7| 3623.3| 5435.0| 7246.6| go58.3
31 .19 39 .58 77 .66 .16 .33 .54 .73 1.6 3.1 4.6 6.1 7.9
32 19 38 57 76 .95 15 -33 52 71 L5 2.8 4.3 5-7 7.1
33 18 38 56 .76 .94 13 .32 51 70 .3 2.6 3.9 5.2 6.5
34 18 37 56 75 93 12 .30 49 68 1.2 2.3 3.6 4.8 5.9
12 35 ] 30.18 | 60.37 | 90.55 | 120.74 | 150.02 | 181,11 | 211.29 | 241.47 | 271.66 ] 1811.1| 3622.1| 5433.2 | 7244.3{ 9055.3
36 .18 37 .85 .73 ) o .28 46 64 1.0 1.9 2.9 3-8 4.7
37 18 36 54 N7 .90 09 .26 44 62 0.9 1.7 2.5 3.3 4.1
38 17 36 54 72 .89 07 .25 43 61 0.7 1.4 2,2 2.9 36
39 17 35 53 71 .88 0b .23 41 59 0.6 1.2 1.8 2.4 3.0
12 40 | 30.17 | 60.35 | 90.52 | 120,70 | 150.87 | 181,05 | 211.22 | 241.40 | 271.57 | 1810.5 | 3621.0| 5431.5| 7241.9| 9052.4
41 .17 .35 .52 .69 .86 .04 .21 .38 .55 0.4 0.8 11 I.4 .8
42 17 34 51 68 .85 .03 19 37 54 0.3 0.5 0.8 Lo 1.2
43 17 34 51 68 .84 .ol 18 35 52 o.1 0.3 0.4 0.5 0.7
44 17 33 .50 67 .83 1,00 17 34 50 10.0 20.0 30.1 40.1 50.1
12 45 § 30.17 | 60.33 | 90.50 { 120.66 | 150.83 | 180.99 | 211.15 | 241.32 | 271.48 xSog.g 3619.8 1 5429.7 1 7239.6| 9049.5
46 .16 33 49 .63 .82 .98 .14 .30 .47 9. 9.6 9.3 9.1 8.9
47 16 32 48 .64 3 97 13 29 45 9.7 9.3 9.0 8.6 8.3
48 16 32 48 .64 .80 g5 12 27 43 9.5 9.1 8.6 8.2 7.7
49 16 31 47 63 .79 94 10 26 .42 9.4 8.8 8.3 7.7 7.1
12 50 | 30.16 | 60.31 | 90.47 | 120.62 | 150.78 | 180.93 | 211.09 | 241.24 | 271.40 ] 1809.3 | 3618.6 | 5427.9 | 7237.2| 9945.5
51 .16 .31 .46 .61 77 .92 .08 .22 .38 9.2 8.4 7.5 6.7 5.9
52 16 30 45 .60 .76 91 ob 21 36 9.1 8.1 7.2 6.2 5.3
53 15 30 45 .60 .75 8y 05 19 35 8.9 7.9 6.8 5.8 4.7
54 I5 29 44 .59 .74 88 03 18 33 8.8 7.6 6.5 5.3 4.1
12 55 ] 30.15 | 60.29 | 90.44 | 120.58 | 150.73 | 180.87 | 211,02 | 241.16 | 271.31 | 1808.7 | 3617.4 | 5426.1 | 7234.8 .
56 .15 .29 .43 .87 g2 . 86 1.0t .14 .29 8.6 7.2 5 5.7 32 90433
57 .15 |, .28 .42 .56 71 .85 0.99 .13 .28 8.5 6.9 5.4 3.3 2,3
58] 14| .28 .42 .56 .yo 83 .98 .1 .26 8.3 6.7 5.0 3.4 1.7
59 .14 .27 .41 .55 .69 .82 .96 . IO .24 82 6.4 4.7 2.9 11
12 60 ] 30.14 | 60.27 | 90.41 | 120.54 | 150.68 | 180,81 | 210.95 | 241.08 | 271.22 } 1808.1| 3616.2 | 5424.3 | 7232.4| 9040.5
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Latitude 12° to 13°—Meridional arcs.

Latitude 12°—Co-ordinates of curvature.

Lat. ' ‘ |
Value of 1 Sums of s::?i?udsef‘or middle | vopie of 17 Sums of n;xattlitiieset:or middle Longitude. X i v
o 7 Meters. ’” Meters. Meters. 4 Meters. o/ Meters. Meters
12 ©o0 30. 727 1843. 60
I 7 1 30.73 .60 1 1 843.6 (I § 1 815.1 o.1
2 7 2 61. 46 .60 2 3687.2 2 3 630.1 0.2
3 7 3 92,18 .60 3 5530.8 3 5 445.2 0.5
4 7 4 122.91 .60 4 73744 4 7 260. 3 0.9
12 05 30. 727 5 153-64 1843. 61 [ 9 218.0 o 5 9075.3 1.4
6 7 6 184. 37 .61 6 11 001.6 6 10 890. 4 2.0
7 7 7 215.09 .61 7 12 Go§. 2 7 12 705.5 2.9
8 7 8 245. 82 .61 3 14 748.8 8 14 520.5 3.5
9 7 9 276.55 .62 9 16 592.5 9 16 335.6 4.5
1z 10 30. 727 10} 307.28 1843. 62 10 18 436.1 o 10 18 150.7 5.5
11 7 1 338.01 .62 1 20 276.7 15 27 226.0 12. 4
12 7 2 368.73 .62 2 22 123.3 20 36 301.3 22.0
13 7 3 399-46 .62 3 23 966.9 25 45 376.7 34-3
14 b 4 430.19 .63 4 25 810.6 30 54 452.0 49.4
12 15 30.727 15 460. 62 1843.63 5 27 654.2 o 35 63 527.3 67.2
16 7 6 491. 64 .63 6 29 497.8 40 72 602.6 87.8
17 7 7 522.37 .63 7 31 341.5 45 81 677.9 1.1
18 7 8 553.10 .64 8 33185.1 50 90 753. 2 137.2
19 7 9 583.83 -64 9 35 028.7 55 99 828.5 166.0
12 20 30. 727 20 614.55 1843. 64 20 36 872.4 1 00 108 go3.8 197.6
21 7 H 645. 28 .64 I 38 716.0 05 117 979.0 231.9
22 7 2 676.01 -65 2 40 550-7 10 127 054.3 268.9
23 7 3 706.74 .65 3 42 403.3 15 136 129.6 308.7
24 7 4 737.47 .65 4 44 247.0 20 145 204. 8 351.3
12 25 30. 728 25 768. 19 1843. 65 25 46 0g0. 6 1 2% 154 280.0 396.6
26 8 6 798.92 .63 6 47 934- 3 30 163 355.2 444.6
27 8 7 829. 65 .66 7 49 7779 35 172 430.4 495-4
28 8 8 860. 38 .66 8 51 621.6 40 181 505.6 548.9
29 8 9 891. 10 .66 9 53465.3 45 190 580.7 603. 1
12 30 30.728 30 921.83 1843. 66 30 55 308. 9 1 50 199 655.9 664. 1
31 8 1 952.56 .67 1 57 152.6 55 208 731.0 725.9
32 8 2 983. 29 .67 2 58 996. 3 2 00 217 806 790
33 8 3 1 014. 02 .67 3 60 839.9 3 00 326 706 1778
34 8 4 I 044. 74 .67 4 62 683.6 4 00 435 6or 3 161
12 35 30.728 35 1075.47 1843. 67 35 64 527.2 5 oo 544 490 4 940
36 8 6 I 106. 20 .68 6 66 370.9 6 o0 653 372 7 113
37 8 7 1136.93 .68 7 68 214.6 7 oo 762 246 9 682
38 8 ] 1 167. 65 .68 8 70 038.3 8 oo 871 110 12 646
39 8 9 I 198. 38 .68 9 71 902.0 g oo 979 962 16 004
12 40 30. 728 40 1229, 11 1843. 69 40 73 745.6 10 00 1 088 8or 19 757
41 8 I 1 259, 84 .69 I 75 589.3 11 00 1 197 626 23 90§
42 8 2 I 290. 56 .69 2 77 433.0 1z 00 1306 435 28 449
43 8 3 1 321.29 - 69 3 79 276.7 13 00 ¥ 415 227 33 387
44 8 4 I 352.02 .70 4 81 120.4 14 00 I §24 000 38719
12 45 30.728 45 1 382.75 1843. 70 43 82 964. 1 1§ 00 1632753 44 447
46 8 6 1413.48 .70 6 84 807.8 16 00 1 741 485 50 569
47 8 7 I 444.20 .70 7 86 631. 3 17 00 1 850 1094 57 085
48 8 8 1474.93 .70 8 88 405. 2 18 o0 1958 879 63 997
49 8 9 1 505. 66 71 9 90 338.9 19 oo 2 067 537 71 303
12 50 30. 728 50 1 536. 39 1843. 71 50 92 182.6 20 o0 2 176 168 gg 003
51 9 I- 1 567. 11 1 H 94 026. 3 21 00 2 284 771 7 096
52 9 2 1 597.84 .71 2 95 Byo.1 22 00 2 393 34 95 534
53 9 3 1 628. 57 .72 3 97 713.8 23 00 2 zo1 883 104 466
54 9 4 1 659. 30 .72 4 99 557.5 24 00 2 610 394 113 741
12 55§ 30729 55 1 690.03 1843. 72 55 101 401. 2 25 00 2 718 867 123 410
56 9 6 1920.7 .72 6 103 244. 9 26 oo 2 827 303 133 473
57 9 7 - 17514 .73 9 10§ 088. 7 27 o0 2 935 706 143 930
I3 9 B 1 782.21 .73 - 8 106 932. 4 28 o0 3 044 068 134 780
59 9 9 1 812.94 .73 9 108 776. 1 29 ©0 3152 300 166 023
12 6o} 30720 60 1 843.66 1843.73 60 110 619.8 30 oo 3 260 671 177 658
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Latitude 13° to 14°—Arcs of the parallel in meters.
t | 1
Lat. 1// 21/ 3// 4// 5// 6// 7// 8// 9// 1/ 2/ 3/ 4/ 5/
e 7/

13 00 | 30.14 | 60.27 | 90.41 | 120.54 | 150.68 | 180.81 | 210.95 | 241.08 | 271.22 | 1808.1 | 3616.2 |.5424.3 | 7232.4 | 9040.5
1 14 27 . 40 .53 .67 .8 .04 .06 20 8.0 6.0 3.9 1.9 39.9
2 13 26 39 52 . 66 79 92 .05 18 7.9 5.7 3.6 1.4 9.3
3 13 26 39 52 .65 77 91 03 16 7.7 5.5 3.2 1.0 8.7
4 13 25 38 511 .64 76 89 02 14 7.6 5.2 2.9 0.5 8.1
13 05 ] 30.12 | 60.25 | 90.37 | 120.50 | 150.62 | 180.75 | 210.88 | 241.00 | 271.12 1807.5 | 3615.0 | 5422.5 | 7230.0 | 9O037.5
6 12 25 37 49 .61 .74 86 0.98 Ix 7.4 4.8 2.1 29.5 6.9
7 12 24 36 48 .60 73 85 97 09 7.3 45 1.8 9.0 6.3
8 12 24 36 48 .59 71 83 95 o7 7.1 4.3 1.4 8.6 " 5.6
9 I 23 35 47 .58 70 82 94 o3 7.0 4.0 1.1 8.1 5.0
13 10 | 30. 11 | 60.23 | 90. 34 | 120.46 | 150.57 | 180.69 | 210.80 | 240.92 | 271.03 1806.9 | 3613.8 | 5420.7 | 7227.6 | 9034.4
11 11 23 .34 .45 .56 .68 79 .90 1.01 6.8 3.5 20.3 7.1 3.8
12 11 22 33 .44 .55 67 77 89 0.99 6.7 3.3 19.9 6.6 3.2
13 10 22 33 44 .54 65 76 87 98 6.5 3.0 9.6 6.1 2.6
14 10 21 32 43 .53 64 74 85 96 6.4 2.8 9.2 5.6 2.0
13 15 | 30.10 | 60.21 | Q0. 31 | 120.42 | 150.52 | 180.63 | 210,73 | 240.84 | 270.04 1806.3 | 3612.5 | 5418.8 | 7225.1| 903L.4
16 10 21 31 41 .51 .62 72 .82 .02 6.2 2.3 8.4 4.6 0.8
17 10 20 30 40 .50 61 70 8o g0 6.1 2.0 8.1 4.1 30.2
18 09 20 29 39 -49 59 69 78 &9 5.9 1.8 7.7 3.6 29.5
19 o9 19 29 38 -48 58 67 77 87 5.8 .5 7-4 3.1 8.9
13 20 | 30.09 | 60.19 | go.28 | 120.38 | 150.47 | 180.57 | 210.66 | 240.75 | 270.85 1805.7 | 3611.3 | s5417.0 | 7222.6 | 0028.3
21 09 19 28 37 .46 .56 63 .73 .83 5.6 1.1 6.6 2.1 7.7
22 09 18 27 3 . 45 54 63 72 81 ' 5.4 0.8 6.2 1.6 7.1
23 08 18 26 35 .44 53 62 70 79 5-3 0.6 5.9 1.1 6.4
24 o8 17 26 34 .43 51 60 69 77 5.1 0.3 5.5 0.0 5.8
13 25 | 30.08 | 60.17 | go.25 | 120.33 | 150.42 | 180.50 | 210.59 | 240.67 | 270.76 1805.0 | 3610.1 | 5§415.1 | 7220.1 | g025.2
26 o8 17 25 .33 .41 49 .38 .63 .74 4.9 09.8 4.7 19.6 4.6
27 o8 16 2 32 .40 48 56 64 72 4.8 9.6 4.3 9.1 4.0
28 oy 16 23 31 .39 46 55 62 70 4.6 9.3 4.0 8.7 3.3
29 07 15 23 30 .38 45 53 61 6] 4.5 9.1 3.6 8.2 2.7
13 30 | 30.07 | 60.15 | g0.22 | 120.29 | 150.37 | 180.44 | 210.52 | 240.59 | 270.66 } 1804.4 | 3608.8 | s5413.2 ) 7217.7 | goz22.1
31 .07 15 .21 28 .36 43 .51 .57 .64 4.3 8.6 2.8 7.2 1
32 07 14 21 27 .35 42 49 56 62 4.2 8.3 2.5 6.7 0.8
33 06 14 20 27 .34 40 48 54 6o 4.0 8.1 2.1 6.1 20.2
34 o6 13 20 26 .33 39 46 52 58 3.9 7.8 1.8 5.6 19. 5
13 35 | 30.06 | 60.13 | 90.19 | 120.25 | 150.31 | 180.38 | 210.45 | 240.51 | 270.57 | 1803.8 | 3607.6 | 3411.4 | 7215.1 | goi8.g
36 o6 13 19 24| .30 37 43 49 .55 37 7-3 1.0 4.6 8.6
37 06 12 18 23 | .29 36 42 47 .53 3.6 7.1 0.6 4.1 7.7
38 0§ 12 17 23 ! .28 34 40 45 .51 3.4 6.8 10,3 3.6 7-©
39 o5 11 16 22 | .27 33 39 44 .49 33 6.6 09.9 3.1 6.4
13 40 | 30.05 | 60.11 | go. 16 | 120.21 | 150.26 | 180.32 | 210.37 | 240.42 | 270.47 | 1803.2 | 3606.3 1 5409.5 | 7212.6 9015. 8
41 05 11 15 20 .25 31 36 40 .45 3.1 6.0 9.1 2.1 5.2
42 o5 10 15 19 .24 29 34 39 -43 2.9 5.8 8.7 1.6 4.5
43 04 10 14 18 .23 28 33 37 .41 2.8 5.5 8.4 i1 3.9
44 04 09 13| .17 .22 26 31 335 .39 2.6 5.3 8.0 0.6 3.2
13 45 { 30.04 | 60.09 | 0. 13 | 120.16 | 150.21 | 180.25 | 210.30 | 240.33 | 270.38 | 1802.5 | 3605.0 | 5407.6| 7210.1| gO12.6
46 04 o8 12 .16 .20 .24 28 .32 .36 2.4 4.8 7.2 09.6 2.0
47 04 o8 11 15 .19 .23 27 30 34 2.3 4.5 6.8 9.1 1.3
48 03 o7 11 14 L 18 .21 25 28 32 2.1 4.3 6.4 8.6 0.7
49 03 o7 10 13 .17 .20 24 27 30 2.0 4.0 6.0 8.1 10.0
13 50} 30.03 | 60.06 | go.0g : 120.1z | 150.16 ; 180.19 | 210.22 | 240.25 | 270.28 } 1801.9 | 3603.8 | 5405.6} 7207.5| 9009.4
51 03 .06 o9 B § .15 18 21 23 26 1.8 3.5 5.2 7.0 3.8
52 03 .05 o8 .10 L14 16 19 22 24 1.6 3.3 4.8 6.5 8.1
53 02 . 0§ o7 .10 .13 15 18 20 22 1.% 3.0 4.5 5.9 7.5
54 oz .04 07 .09 J12 13 16 18 20 1.3 2.8 4.1 5.4 6.8
13 55 ] 30.02 | 60.04 | 90.06 | 120.08 | 150.10 | 180.12 | 210.15 | 240.16 | 270.19 | 1801.2 | 3602.5 | 5403.7 | 7204.9 006. 2
56 .02 .04 06 .07 [ 1 13 13 17 ¥ 2.2 3.3 4.4 5.6
57 , 02 03 05 .06 o8 ! 10 I2 .13 15 1.0 2.0 2.9 3.9 4.9
58 .ot 03 04 .06 oy .08 10 .11 13 0.8 1.7 2.6 3-4 4.3
59 01 .02 .04 . 0§ e .07 .09 .10 LI 0.7 1.5 2.2 2.9 3.6
13 60 | 30.01 ' 60.02 | go.03 | 120.04 | 150.05 | 180.06 | 210.07 | 240.08 | 270.09 } 1800.6 | 3601.2| 5401.8 | Yy2b2.4 | 9003.0
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Latitude 13° to 14°—Meridional arcs.

Latitude 13°—Co-ordinates of curvature,

Lat.
Value of 177 | Sums of sle:tci’&%isef.‘or middle | 10 o ;| Sums of ulx;x:;:ie;efor middle Longitude. X v
e 7/ Meters. /" Meters. Deters. 4 Meters o/ Meters, Meters.
13 00 30. 729 1843.73
I 9 1 30.73 .73 1 1843.7 o 1 1 808.1 o1
2 9 2 61.46 .74 2 3 687.5 z 3616.2 0.2
3 9 3 92.19 .74 3 55382 3 5424.3 e.5
4 9 4 122. 92 -74 4 7375.0 4 7232.4 0.9
13 05 30.729 5 153. 65 1843.74 5 9 218.7 o 5 9 040. 5 1.5
6 9 6 184.38 .75 6 11 062, 4 6 10 848.6 2.1
i 9 7 21§. 11 .75 7 12 906. 2 7 12 656. 7 2.9
8 9 8 245. 84 .75 8 14 750.0 8 14 464. 8 3.8
9 9 9 276.57 .75 9 16 593.7 9 16 272.9 4.8
13 1o 30.729 10 307.30 1843.76 10 18 437.§ o 10 18 o81.0 5.9
11 9 I 338.03 .76 1 20 281.2 15 27 121.§ 13.3
12 9 2 368.76 276 2 22 125.0 20 36 162.0 23.7
13 9 3 399.49 ! .76 3 23 968. 8 25 45 202. 5 3r.0
14 9 4 430.22 | 77 4 25 812. § 30 54 243.0 53.2
13 15 30.729 15 460.95 1 1843.77 13 27 656.3 o 35 63 283.5 72.5
16 30 6 491.68 i L7 6 29 500, 1 40 72 324.0 94.7
17 o 7 §22.41 ; .77 7 31 343.8 45 81 364. 5% 119.9
18 o 8 §53. 14 .78 8 33 187.6 50 90 405.0 148. 0
19 o 9 583.87 .78 9 350314 55 00 445. 4 179. 1
13 20 30.730 20 614.60 1843.78 20 36 875.2 1 oo 108 485. 9 213.0
21 o 1 645.33 .78 1 38719.0 03 117 §526.3 | 249.9
2z o 2 676. 06 .79 2 40 562. 7 ) 126 566. % 289. 8
23 o 3 706.79 .79 3 42 406. 5 13 135 607. 1. 332.7
24 0 4 737.52 .79 4 44 250. 3 20 144 647.5 378.6
13 25§ 30.730 25 768. 23 1843. 79 25 46 094.1 125 155 687.9 427. 4
26 [ 6 798. 98 .8o 6 47 937.9 30 162 728. 3 479.1
29 [ 7 829. 71 .8 7 .49 781.7 35 171 768.6 533.8
28 o 8 860. 44 .80 8 51 625. 5 40 180 80g9.0 501.6
29 [ 9 891.17 .8o 9 53 469. 3 45 4 189 849. 2 652.1
13 30 30.730 30 921.90 1843. 81 30 55 313.1 1 30 198 889. 5 715. 7
31 o I 052.63 .81 I 57 156.9 55 207 929. 6 782.3
32 [+] 2 983. 36 .81 2 50 000. 8 2 00 216 970 852
33 [ 3 1 014.09 .81 3 60 844. 6 3 00 325 451 F QI
34 [ 4 1 044.82 .82 4 62 688.4 4 00 433 927 3407
13 35§ 30.730 3 1075.55 1843. 82 35 64 532.2 5 oo 542 396 5324
36 [ 6 1 106, 28 .82 6 66 376.0 6 00 650 857 = 666
37 ) bi 1137.01 .82 7 68 219.8 7 oo 759 307 10 434
38 (] 8 1167.74 .83 8 70063.6 8§ oo 867 746 13 628
39 o 9 1198. 47 .83 g 71 907.5 g o0 976 172 17 248
13 40 30. 731 40 I 229. 21 1843.83 40 73 751.3 10 00 1 084 583 21 294
41 1 1 1 250.904 .83 I 75 595.1 I1 00 1192 977 28 763
42 1 2 1 290, 67 .84 2 77 439.0 12 00 1 301 352 30 661
43 1 3 I 321,40 .84 3 70 282.8 13 oo I 400 708 35 983
44 1 4 1352.13 .84 4 81 126.7 14 00 1 518 042 41 730
1 0. 731 4 1 382.86 1843.84 45 82 970.5 15 00 1626 352 47 903
3 22 3 31 g 1413.59 .85 6 84 814.3 16 00 1734 637 54 501
47 1 7 1 444. 32 .85 7 86 658. 2 17 00 1 842 896 61 524
48 1 8 I 475.05 .85 8 88 50z.0 18 o0 1951 126 68 972
49 I 9 ¥ 505.78 -85 9 90 345.9 19 00 2 059 326 76 843
13 50 30. 731 o 1 536.51 1843. 86 o 92 189.8 20 00 2 167 494 85 143
3 gx 3 731 sx 1 227,24 3. 86 51 94 033.6 21 00 2 275 629 93 865
52 1 2 1 597.97 .86 2 95 877.5 22 00 2 383729 103 o12
53 1 3 I 628.70 .86 3 97 721.3 23 ©0 2 491 792 112 583
54 1 4 I 659.43 87 4 99 565.2 24 00 2 599 817 122 578
1 0. 731 1 690, 16 1843. 87 101 400. T 25 00 2 707 801 132 997
3 gg 3 73! Sg 1 ?922 89 3. 87 Sg 103 252.9 26 oo 2 815 744 143 840
57 1 7 1751.62 .87 Y 105 096. 8 27 00 2 923 644 155 107
58 1 8 1 782.35 .88 8 106 940. 7 28 o 3031 498 166 798
59 I 9 1 813.08 .88 9 108 784.6 29 0o 3 139 305 178 g12
13 60} L3073t 60 ¥ 843,81 1843. 88 60 110 628. 4 30 00 3 247 065 19T 448

Hv EI. M
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Latitude 14° to 15°—Arcs of the parallel in meters.
L&t. 1// 2// : 3// 4// 5// 6// 7// 8// 9// 1/ 2/ 8/ 4/
o 7/
14 00 | 30.01 | 60.02z | go.03 | 120.04 | 130.05 | 180.06 | 210.07 | 240,08 | 270.09 1800.6 | 3601.2| 5401.8 | 7202.4| 9¢o003.0
1 .01 .02 .02 .03 .04 .03 .06 .06 .07 0.5 0.9 1.4 1.9 2.3
2 .01 .01 .02 .02 .03 .03 .04 .04 . 0§ 0.3 0.7 1.0 1.3 1.6
3 .00 .01 .o1 .ot .02 .02 .03 .03 03 0.2 0.4 0.6 0.8 1.0
4 0o 00 | go.oo | 20.00 | j0.01 | 80.01I o1 | 40.01! 7%0.01 800, 1 600. 2 400. 2 200.2 | ©000.4
14 05 | 30:00 | 60.00 | 90.00 | 119.99 | 149.99 | 179.99 | 210.00 | 239.99 | 269.99 | 1799.9 | 3599-9 | 5399-8 | 7199.7 | 8999.7
6 .00 | 60.00 | 89.99 .99 .98 .98 | 09.98 .97 .97 9.8 9.6 9.4 9.2 9.0
7430001 359.99: .98 98 | 97 97 -97 95 95 9.7 9.4 9.0 8.7 8.4
8129.99| .99! .98¢1 .97, g6 95 -95 % 93 9.5 9.1 8.7 8.1 7.7
9 -99! 981 o7y .96 95 9% -94 92 91 9.4 8.9 83 7.6 7.1
14 10 | 29.99 | 59.98  89.96 | 119.95 | 149.94 179.93 | 209.92 | 239.90 | 269.89 | 1799.3 3598.6 | 5397.9 | 7197.1 | B89gb.4
11 .99 -98 . .96 .94 .93 .92 .go .88 .87 9.2 8.3 7.5 6.6 5.7
12 .99 971 .95 .93 .92 90 89 87 85 9.0 8.0 7.1 6.1 5.1
13 98 97 94 .92 -01 87 85 &3 8.9 7.8 6.7 55 4.4
14 98 96 94 .9 . go* 88 86 83 81 8.8 7.5 6.3 5.0 3.8
’ i
14 15 [ 20.98 | 59.96 | 89.93 | 119.00 | 149.88 | 179.86 | 209.84 | 239.81 | 269.79 1798.6 | 3597.2 1 5395.-9 | 7194.5 . 8993.1
10 .98 .95 ¢ .92 | . 9o .87 .85 .82 .80 L 8.5 6.9 5.5 4.0 2.4
17 08 05 02 .89 .86 84 81 78 75 8. 4 6.7 5.1 3.5 1.8
18 97 94 9I .88 .85 82 79 76 73 8.2 6.4 4.7 2.9 1.1
19 97 04 91 &7 -84 81 78 75 71 8.1 6.2 43 2.4 9.5
14 20 ] 20.07 | 59.03 | 80.90 | 119.86 | 140.83 | 179.80 | 209.76 | 239.73 | 260.69 | 1798.0 ) 3595.9 | 5393.9 | 7I9%.9 8
21 .97 .93 .89 .85 .82 .79 .75 .71 .67 7.9 5.6 3.5 1.4 1
22 .gb 92 89 84 .81 77 .73 69 65 7.7 5.4 3.1 0.8 .5
23 96 92 88 84 .80 76 72 68 63 7.6 5.1 2.7 90.3 .8
24 96 91 87 83 79 74 70 66 61 7-4 4.9 2.3 89.7 .2
14 25 | 20.95 | 59.91 | 8986 | x19.82 | 149.77 | 179.73 | 209.69 | 239.64 | 269.59 | 1797.3 | 3594.6 | 5301.0 | 7189.2 5
26 .95 .oI . 86 .81 .76 .72 .67 .62 .57 7.2 4.3 1.5 87 8
27 .95 90 .8s .80 75 70 66 6o 55 7.0 4.1 O 8.1 5.1
28 93 90 84 .80 74 69 64 59 53 6.9 3.8 0.7 7.6 -5
29 94 &9 84 .79 73 67 63 57 51 6.7 3.6 90. 3 7.0 .8
14 30 | 20.94 | 59.89 | 89.83 | “119.78 | 149.72 | 179.66 | 200.61 | 239.55 | 260.49 | 1796.6 | 3593.3 | 5389.9| 7186.5 1
. 3 .94 .89 .82 .77 7 .65 .59 .53 .47 6.5 3.0 9.5 6.0 4
32 .94 88 82 .76 70 64 58 51 45 6.4 2.7 9.1 5.4 .8
33 93 88 81 .75 62 56 50 43 6.2 2.5 8.7 4.9 1
34 93 8y .80 .74 68 61 55 48 41 6.1 2.2 8.3 4.3 . 5
14 35 1 29.93 | 59.87 | 89.80 | 119.73 | 149.66 | 179.60 | 209.53 | 239.46 | 269.39 | 1796.0 | 359L.9 5387.9 1 7183.8 8
36 .93 .86 .79 .73 .65 .58 .51 .44 .37 5.8 1.6 7.5 331 i
37 .93 .86 .78 .72 .64 .37 .50 .42 .35 5.7 i4 7.1 2.7 4
38 .92 .85 .78 o1 .63 .56 .48 .41 .33 5.6 1.1 6.0 2.2 .§
39 .92 .85 1 .77 .70 .62 .54 .47 .39 .31 5.4 0.9 6.2 16 1
14 40| 20.92 | 59.84 | 89.76 | 119.69 | 149.61 | 179.53 | 209.45 | 239.37 | 269.29 | 1795.3 | 35906 5385.8  718r.1, 8764
41 92| .8 .76 .68 .60 .52 .43 .35 .27 5.2 0.3 5.4 0.6 1 5.7
42 92 831 .75 .67 .59 .50 42 33 25 5.0 90.0 5.0 8o.¢ | 5.0
43 91 83 74 .66 .57 49 40 32 23 4.9 89.8 4.5 7951 44
44 91 82 .74 65 .56 47 39 .30 21 4.7 9.5 4.1 89! 37
14 45 | 20.91 | 50.82  89.73 | 110.64 | 149.55 | 179 46 | 209.37 | 239.28 | 269.19 | 1794.6 | 3589.2 | 5383.7 | 7178.4: 8973.0
46 .91 .82 72 .63 .54 . 4% .35 .26 .17 4.5 8.9 3.3 7.9 2.3
47 91 .81 72 .62 .53 43 34 24 15 4.3 8.6 2.9 | 7.3 1.6
48 90 81 70, .01 .51 42 32 23 13 4.2 8.4 2.5 6.8 ; 1o
49 90 8o 70 .60 50 40 3 21 11 4.0 8.1 2.1 6.2, 70.3
14 50 ] 20.90 | 50.80 | 89.70 | 119.50 | 149.49 | 179.39 | 209.29 | 239.19 | 269.09 § 1793.9 | 3587.8 | s38r.7 | 7175.7 1 8969.6
51 .go| .80]| .69 .58 .48 .38 .27 .17 .07 3.8 7.5 1.3 5.1 8.9
52 90 7 68 57 .47 36 26 15 o5 3.6 7.2 0.9 4.6 8.2
53 39 79 68 .56 - 46 35 24 13 03 35 7.0 0.5 4.0, 75
54 8 78 67 .55 45 33 23 11| g.01 3.3 6.7 80.1 35 6.8
14 55 ] 20.80 | 50.78 | Bo.66 | 110.54 | 140.43 | 179.32 | 209.21 | 230.00 | 268.98 § 1793.2 | 3586.4 | 5379.7 | 7172.9, Bg66.1|.
56 .89 .77 .63 .54 .42 .3t 19 .08 .96 3.1 6.1 9.3 2.3 5.4
57 89 77 65 .53 .41 .29 18 .06 04 2.9 5.9 8.9 1.8 4.7
58 88 .76 64 .52 40 .28 16 .04 92 2.8 5.6 8.4 12 4.1
59 .88 .76 .63 .51 .30 .26 .15 .02 .90 2.6 5.4 8.0 0.7 3.4
14 60 | 29.88 | 59.75 | 89.63 | 119.50 | 149.38 | 179.25 | 209.13 | 239.00 | 268.88 ] 1792.5 | 3585.1 | §377.6| 7yryo.1 | Bgb2:7
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Latitude 14° to 15°—Meridional arcs:

Latitude 14%~Co-ordinates of curvature.

T

H

Lat.
Value of 17/ Sums of slezcgg;ﬁsel.'or middle Value of 1/ Sums of n;;x;iut;cget.'or middle Longitude. X 1 Y
* :
o 7 Meters. " Meters. Meters. ’ Meters. ° 7 Meters. Meters.
14 ©0 30. 731 1843. 88
. 1 1 1 30.73 .88 1 1843.9 o I 1 8o0. 6 o1
2 1 2 61.47 .89 2 3 687.8 2 3 601.2 0.3
3 1 3 92. 20 .89 3 55387 3 5 401. 8 0.6
4 2 4 122.93 .89 4 7 375.6 4 7 202. 4 1.0
14 ©f 30.732 5 153. 66 1843. 89 s 9 219. 4 o 5 9 002.9 1.6
6 2 6 184. 40 .go 6 11063 3 6 | 10 803. § 2.3
7 2 7 215.13 . . g0 7 12 g07.2 v “ 12 604. 1 3.1
8 2 8 245. 86 .go 8 14 Y511 8 14 404.7 4.1
9 2 9 276. 59 .91 9 16 595.0 9 16 205.3 §.I
14 10 30.732 1 (] 307.33 1843. 91 10 18 438. 9 o 10 18 005. 9 6.3
1t 2 I 338.00 .91 1 20 282.9 15 27 008. 8 14.2
12 2 2 368.79 .91 2 22 126.8 20 36or11.8 25.3
13 2 3 399.52 .02 3 23 970.7 25 45 014.7 39.6
14 2 .4 430. 20 .92 4 25 814. 6 30 54 017.7 57.0
14 15 30. 732 13 460. 99 1843. 02 5 27 658,35 e 35 63 020.6 77.6
16 2 6 491.72 .92 6 2¢ 502. 5 40 72023.5 101. 4
17 2 7 522.46 .93 7 31 346, 4 45 81 020.4 1283
18 2 le B 553.19 .93 8 33190.3 50 90 029.3 158.4
19 2 9 583.92 -93 9 350343 55 99 032. 2 191. 7
14 20 30.732 20 614. 65 1843. 03 20 36 878. 2 1 00 108 035.1 228, 1
21 z 1 645. 39 - 94 1 38 722.1 05 117 637.9 267.7
22 2 2 676.12 .04 2 40 566. 1 10 126 040. 8 310.4
23 2 3 706. 85 . 94 3 42 410.0 15 135 043.6 356.4
24 2 4 73758 04 4 44 254.0 20 144 046. 4 405. 5
14 2§ 30.732 25 768. 32 1843. 95 25 46097.9 25 153 049. 2 457.7
26 2 6 799. 05 . 95 6 47 941.9 30 162 052.0 513.2
27 3 7 829. 78 .95 7 49 785.8 33 171 054.8 571.8
28 3 8 860. 52 .96 8 51 629.8 40 180 057. 5 633.6
29 3 9 8s1. 25 .96 9 53473.7 45 189 0bo. 2 698.5
14 30 30.733 30 921.98 1843. 96 30 55 317.7 1 50 168 062.9 766.6
31 3 I 952. 71 .96 1 57 161.6 55 207 065. 6 837.9
32 3 2 983. 45 .97 2- 50 005.6 2 00 216 068 912
33 3 3 1014.18 .97 3 60849.5 3 oo 324 098 2053
34 3 4 1 044.91 - 97 4 62 693. § 4 00 432 121 3649
14 35 30.733 35 1075.64 1843. 97 35 64 537.5 5 oo §40 137 5 702
36 3 6 1 106. 38 .98 6 66 381. 5 6 oo 648 143 8 210
37 3 7 1137.11 .98 i 68 225. 4 7 00 756 138 117§
38 3 8 1 167. 84 .98 8 70 069. 4 8 oo 864 119 14 595
39 3 9 1198, 57 -98 9 719134 9 972 085 18 472
14 40 30.733 40 1 229. 31 1843. 99 40 73 757- 4 10 00 1 080 033 22 805
41 3 1 1 260. 04 .99 1 75 601. 4 11 o0 1 187 962 27 593
42 3 2 1290. 77 99 2 77 445-4 1z oo 1 295 870 32837
43 3 3 1 321. 51 3-99 3 79 289.4 13 oo 1 403 755 38 536
44 3 4 I 352,24 4.00 4 81 133.4 14 00 1511 615 44 6ot
4 45 30.733 45 1382.97 1844.00 45 82977.3 13 0o 1 619 448 51 301
46 3 6 1 413.70 .00 6 821.4 16 0o ¥ 727 252 58 360
47 3 7 1 444. 44 .00 7 86 665. 4 17 00 1 835 o025 65 887
48 3 8 147517 .o1 8 88 509.4 18 o0 I 942 766 73 863
49 3 9 T 505.90 .01 9 90 353-4 19 oo 2 050 472 82 294
I4 50 30.734 50 1536.63 1844, 01 50 92 197. 4 20 00 2 158 142 91 179
31 % 1 1 567. 37 .ot H 04 041.4 21 00 2 265 772 100 518
52 4 2 1 598..10 .02 2 95 885. 4 22 00 2373 362 110 312
53 4 3 1 628. 83 .02 3 97 7294 23 00 2 480 911 120 560
54 4 4 1.650. 57 -] 4 99 573+ 5 24 00 2 588 415 131 262
1 0.7 1 6g0. 30 1844.02 5 101 417.5 25 o0 2 695 873 142 418
* ?g 3 3:. Sg 1 ?g? 33 .03 g 103 261. 5 26 o0 2 803 283 154 028
57 4 7 1 751.76 .03 7 105 105. 5 27 00 2z 910 642 166 091
58 4 8 1 782.{0 .03 8 106 949.6 28 oo 3017 950 178 607
59 4 9 1 813, 23 .04 9 108 703. 6 29 00 3 125 204 191 576
4 60 30.734 60 1 843. 96 1844.04 6o 110 637.6 30 00 3 232 402 204 998
i




UNITED STATES COAST AND GEODETIC SURVEY.

Latitude 15° to 16°—Arcs of the parallel in meters.

RS

ST NO O W 00O

‘ i | | | é | i
1;/ ! 2// i 3// 4// ; 5// 6// 7// 8// I 9// 1/ : 2/ 3/ 1 'Y ,‘ %
i I i ‘ i
29.88 | 59.75 | 89.63 | 119.50  149.38 ) 179.25 | 209.13 | 239.00 | 268.88 1 1702.5 | 3585.1 | 5377.6| 7170.1 | 8962.%
.88 75 .62 . 49 .37 .24 .11 8.98 . 86 2.4 4.8 7.2 69.6
.87 .74 .61 .48 .36 | .22 . 10 .g6 .84 2.2 4.5 6.8 9.0
.87 .74 .61 .47 .34 .21 .08 .95 .82 2.1 4.3 6.3 8.4
.87 .73 .60 .46 .33 .19 | o7 .93 .80 1.9 4.0 5.9 7.9 59.9
20.86 | 59.73 | 89.59 | 119.45 | 149.32 | 179 18 | 209.05 | 238.91 | 268.77 | 1791.8 | 3583.7 , 5375.5 ) 7167.3) 8959.
.86 .72 .59 .45 .31 a7l 03 .89 75 .7 3.4 5.1 6.3 8.
86 72 .58 44 .30 .15 oz .87 73 1.5 3.1 4.7 6.2 7,
86 71 57 43 .28 .14 9.00 86 71 1.4 2.9 4.2 5.7 7.
85 71 56 42 27 L1z 8.99 84 69 1.2 2.6 3.8 5.1 6.
20.85 | 59.70 | 89.56 | 119.41 | 149.26 | 179.11 | 208.97 | 238.82 | 268.67 } 1791.1 | 3582.3 | 5373.4| 7164.6 | 8os5.
.85 .70 .53 .40 .25 .10 .08 .8 .65 1.0 . 2.0 3.0 4.0 5.
85 69 54 .39 . 24 o8 94 78 .63 0.8 1.7 2.6 3.4 4.
84 69 54 .38 .22 o7 92 76 .61 0.7 1.5 2.1 2.9 3.
.84 68 53 37 .21 05 .90 74 .59 0.5 1.2 Y 2.3 2.
29.84 | 50.68 | 89.52 | 119.36 | 149.20 | 179.04 | 208.89 | 238.72 | 268.56 | 1790.4 | 3380.9| 5371.3| 7161.7 | Bos2.
.84 .68 .52 .35 19 .03 .87 71 .54 0.3 0.6 0.9 L LI 1.
84 67 51 34 .18 o1 85 69 .52 0.1 0.3 0.5 0.6 o
83 67 50 33 .16 9.00 83 67 .50 0.0 8o.0 70.0 60.0 50.
83 66 49 32 .15 8.98 82 65 .48 89.8 79.7 69.6 59.5 49.
29.83 | 59.66 | 89.49 | 110.31 | 140.14 | 178.97 | 208.80 | 238.63 | 268.46 } 1789.7 | 3579.4 | 5369.2 | 7158.9 ' Boq8.
.83 . 66 .48 .30 .13 .96 .78 .61 .44 9.6 9.1 8.8 8.3 7.
83 65 47 -29 12 94 77 .59 42 9.4 8.8 8.3 7.7 7
82 65 46 28 LI 93 75 .57 40 9.3 8.6 7.9 7.2 6.
82 64 46 27 .10 o1 74 .55 38 g. I 8.3 7.4 6.6 5.
29.82 | 59.64 | 89.45 | 119.26 | 149.08 | 178. 90 | 208,72 | 238.54 | 268.35 ] 1789.0 | 3578.0| 5367.0 | 7156.0| 8045.
.82 .63 .44 .26 .07 .89 .70 .52 .33 8.9 7.7 6.6 5.4 4
82 63 44 25 .06 87 69 .50 31 8.7 7.4 6.2 4.9 3.
81 62 43 24 .08 86 67 .48 29 8.6 7.2 5.7 4.3 2.
81 62 42 23 .04 84 66 . 46 27 8.4 6.9 5.3 3.8 2.
29.81 | 50.61 | 89.42 | 119.22 | 149.03 | 178.83 | 208.64 | 238.44 | 268.25 | 1788.3 | 3576.6 | 5364.9 | 7153.2 | 8941
.81 .61 .41 .21 , 02 .82 .62 .42 .23 8.2 6.3 4.5 2.6 o
.8 .60 .40 .20 9.01 .80 .61 . 40 .21 8.0 6.0 4.0 2.0 40
8| .60 39 19| 8.99 79 59 .38 18 7-9 5.8 3.6 1.3 39-
81 .59 39 18 .98 77 57 .36 16 7.7 5.5 31 a9 8.
29.79 | 59.59 | 89.38 | 119.17 | 148,97 | 178.76 | 208.55 | 238.35 | 268. 14 1787.6 | 3575.2 | 5362.7 | 7150.3 | 8937.
79 .58 37 .16 .96 .75 -54 .33 12 75 4.9 2.3 49.7 7
79 .58 36 S 95 73 .52 .31 10 7.3 4.6 1.9 g.1 6.
790 .57 .36 14 93 72 .50 .29 07 7-2 4.3 L4 8.6 5.
78 .57 35 ¢ 13 | 92 70 .49 .27 o5 7.0 4.0 1.0 8.0 5.
29.78 1 59.56 | 89.34 | 119.12 1 148 o1 | 178.69 | 208.47 | 238,25 | 268.03) 1786.9 | 3573.7 | 5360.6| 7147.4 | 803
.78 .56 .34 .11 .90 .67 45 .23 8.01 6.7 3.4 6o. 2 6.8
78 55 33 10 .88 66 44 21 7.99 6.6 3.1 59.7 6.2
77 55 32 o9 .87 64 42 19 .96 6.4 2.9 9.3 5.7
77 54 31 o8 .86 63 40 17 94 6.3 2.6 8.8 5.1
29.77 1 50.54  89.31 | 119.07 | 148.84 | 178.61 | 208.39 { 238.15 | 267.92 1 1786.1 | 3572.3 | 5358.4| 7144.5] 8g30.
.77 .53 .30 .07 ! .83 .60 .37 LI3 .90 6.0 2.0 8.0 3.9 29.
77 53 29 ob .82 .58 35 11 88 5.8 1.7 9.8 3.3 9.
76 52 28 o5 .81 .57 33 09 85 5.7 1.4 7.1 2.8 8.
76 52 28 04 .79 .55 32 o7 83 5.5 L1 6.6 2.2 7.
29.76 1 59.51 | 89.27 | 119.03 | 148.78 1 178.54 | 208.30 | 238.05 | 267.81 | 1785.4 | 3570.8 | 5356.2 | y141.6 | 8go7.
.76 .51 .26 .02 N1 .53 .28 .03 .79 5.3 0.5 5.8 Lo 6.
75 50 26 o1 .76 51 .27 8.01 77 5.1 yo.2 5.3 40.4 5.
75 50 25| 9.00 .74 50 25| 7.99 74 5.0 69.9 4.9 39.9 4
75 49 24| 899 .73 -48 23 97 72 4.8 9.6 4.4 93 4.
20.74 1 50.49 | 80.23 | 118.98 | 148.72 | 178.47 | 208.22 | 237.96 | 267.70] 1784.7 | 3560.3 | 5354.0| 7138.7 | Bgz3.
74 .48 .23 .97 71 .45 .20 .94 .68 5 9.0 3.6 8.1 2.
7 .48 .22 .96 .70 .44 .18 .92 .66 14 8.7 3.1 7.5 I.
74 47 21 .95 .68 42 .16 .90 63 4.2 8.5 2.y 6.9 1.
.73 .47 .20 .04 .67 .41 I8 .88 .61 4.1 8.2 2.2 6.3 20.
29.73 | 59.46 | 89.20 | 118.93 | 148.66 | 178.39 | 208.13 | 237.86 | ab7.59 | 1783.9 | 3567.9 | 58518 7135.74 S19.
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Latitude 15° to 16°—Meridional arcs.

Latitude 15°—Co-ordinates of curvature.

Lat. i
Value of 17 Sums of sf:t‘i’?udgefor middle Value of 1/ Sums of n;:txi‘:‘tledsefor middle Longitude. X 1 v
1
Lo/ Meters. ’” Mezers. Meters. 4 Mecers. ° 7 Meters. l Meters.
15 00 30.734 1844.04 | .
1 4 1 30.74 .04 1 1 844.0 o 1 1792.5 0.1
2 4 2 61.47 . 05 2 3 688.1 2 3585.1 0.3
3 4 3 92.21 - 05 3 §532.1 3 5377.6 0.6
4 4 4 122, 94 .05 4 7 376.2 4 7 170. 1 I K
15 0§ 30.734 5 153. 68 1844. 0§ 5 9 220.2 o 5 8 gb2.7 1.7
6 4 6 184. 41 .06 6 11 064. 3 6 10 755.2 2.4
7 4 7 215. 15 .06 7 12 908. 4 7 12547.7 33
8 4 8 245. 88 N 8 14 752. 4 8 14 340. 2 4.3
9 4 9 276, 62 .06 9 16 596. 5 9 16132.8 5.5
15 IO 30. 734 10 307. 35 1844. 07 10 18 440.6 o 10 17 923. 3 6.8
11 [ I 338.09 .07 I 20 284.6 15 26 887.9 15.2
12 5 2 368. 82 N 2 22 128.7 20 35 850.6 27.0
13 5 3 399.56 .08 3 23072.8 25 44 813.2 42.2
14 5 4 430. 30 -08 4 23 816.9 30 537759 60.7
15 1§ 30.735 15 7 461.03 1844. 08 15 27 660. 9 o 35 62738, 5 2.7
16 5 6 49177 .08 6 29 505.0 40 71 701 2 108.0
17 5 7 §22. 50 .09 7 31 349. 1 45 80 663. 8 136.7
18 5 8 553. 24 .09 8 33193. 2 50 80 626. 4 168.7
19 5 9 583.97 - 09 9 350373 55 98 589.0 204. ¥
15 20 30.735 20 614. 71 1844. 10 20 36 881.4 I 00 107 551.6 242.9
21 5 H 645. 44 .10 I 387255 o5 116 §14. 1 285.1
22 5 2 676. 18 .10 2 40 569.6 10 125 470.6 330.7
23 5 3 706. 91 (10 3 42413.7 15 134 439. 2 379-6
24 5 4 737. 65 LI 4 44 257.8 20 143 401.7 431.9
15 25 30. 735 25 768. 39 1844. 11 235 46 101. 9 1 23 152 364. 2 487.5
26 5 6 799. 12 LI 6 - 47 946.0 30 161 326. 6 546.6
27 5 7 829. 86 .12 7 49 790. 1 35 170 289. 1 609.0
28 3 8 860. 59 LI2 8 51 634.3 40 17 251. § 674.8
29 5 9 891.33 .12 9 53478.4 45 188 213. 9 743.9
15 30 30.735 30 922. 06 1844. 12 30 55 322.5 1 50 197 176. 3 816.5
31 5 I 932. 80 .13 H 57 166.6 53 206 138. 6 892.4
32 5 2 983. 53 .13 2 59 010.8 2 00 215 101 972
33 6 3 1 014. 27 .13 3 60 854.9 3 oo 322 646 2186
34 6 4 1 045. 00 .13 4 62 699.0 4 00 430 184 3 887
15 35§ 30.736 35 107574 1844. 14 35 64 543.2 5 00 537 713 6072
36 6 6 1106.47 .14 6 66 387.3 6 o0 045 232 8744
37 6 7 1137.21 .14 7 68 231. 4 7 00 752 738 11 goI
38 6 8 1 167. 95 .I5 8 70 075.6 8 oo 860 228 15 545
39 6 9 1 198, 68 .15 9 71 919.7 g 00 967 701 19 674
15 40| 30.736 40 122942 1844.15 40 737639 10 00 1075 153 24 288
41 6 1 1 260. 1§ .15 1 75 608. 0 I 0o £ 182 583 29 387
42 6 2 1 290. 89 L16 - 2 77 452. 2 12 00 1 289 991 34 972
43 6 3 1321.62 .16 3 79 206. 3 13 00 1397 371 41 042
44 6 4 1 352.36 .16 4 81 140. 5 14 00 1 504 723 47 597
15 45 ] 30.736 43 1383.09 1844. 17 45 82 984.6 15 00 1612 046 54 636
46 6 6 1 413.83 .17 6 84 828.8 16 00 1719 333 62 160
47 6 7 1444.56 .17 7 86 673.0 17 00 1 826 586 70 169
48 6 8 1475 30 .17 8 88 517.2 18 o0 1 933 802 78 662
49 6 9 1 506.03 .18 9 90 361.3 19 00 2 040 978 87 639
15 50 30.736 50 1536.77 1844. 18 50 92 205.5 20 00 2 148 113 97 101
51 6 1 1 567. 51 .18 I 04049.7 21 00 2 255 204 107 047
52 6 2 1598, 24 .19 2 95 893.9 22 00 2 362 248 . 117 476
53 6 3 1 628.98 .19 3 97 738.1 23 00 2 469 245 128 388
54 7 4 1 659.71 .19 4 99 582.3 24 ©0 2 576 192 139 784
15 5% 30.737 5% 1690.45 1844. 19 55 101 426.5 25 00 2 683 086 151 663
56 7 6 1721.18 .20 6 103 270. 6 26 00 2 78g 925 164 024
57 7 7 1 751.02 .20 7 105 114.8 27 o0 2 896 708 176 868
58 7 8 1782, 63 .20 3 106 959. 0 28 00 3003 430 190 104
59 7 9 1813.39 .20 9 108 803. 3 29 00 3 110 091 204 003
15 60 30.737 o 1 844. 12 1844. 21 6o 110 647. § 30 00 3 216 690 | 218 204
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Latitude 16° to 17°—Aurcs of the parallel in meters.
f
Lat. 1// 2// 3// ! 4/,/ 5// 6// 1844 8// 9// 1/ 2/ 3/ 4/ _5/
t
° 7 i
16 00 } 29.73 | 59.46 | 89.20 | 118.03 | 148.66 | 178.39 | 208.13 | 237.86 | 267.59 | 1783.9 | 3567.9 | 535:.8 | 7135.7 | 8919.7
I .73 .46 .19 .92 .65 .38 B ¢ .84 .57 3.8 7.6 1.4 5.1 8.9
2 .73 .45 .18 .91 .64 .36 .09 .82 .55 3.6 7.3 0.9 4.5 8.2
3 .72 450 .17 .90 .62 .35 .08 .80 .53 3.5 7.0 0.5 3.9 7-4
4 .72 . 44 17 .89 .63 .33 .06 .78 51 3.3 6.7 50.0 33 6.7
16 05 | 29.72 | 50.44 | 89.16 | 118.88 | 148.60 | 178.32 1 208.04 1 237.76 | 267.48 | 1783.2 | 3566.4 | 5349.6 ! 7132.7 | 8915.9
6 .72 .43 .15 .87 .59 .30 021 .74 . 46 3.0 6.1 9.1 2.1 5.2
7 .72 .43 .14 .86 .58 .29 8. 00 .72 .44 2.9 5.8 8.7 I.§ 4.4
8 W71 .42 .14 .85 . 56 .27 7.99 .70 41 2.7 5.5 8.2 1.0 3.7
9 .71 .42 13 .84 .55 .26 .97 .68 .39 2.6 5.2 7.8 30.4 2.9
16 10§ 20.71 | 59.41 | 8g.12 | 118.83 | 148.54 | 178.24 | 207.95 | 237.66 | 267.37 | 1782.4 | 3564.9 | 5347.3| 7129.8| 8o1z.2 |
1 71 41 .11 .82 .53 .23 .93 .64 . 35 2.3 4.6 6.9 9.2 .5}
12 .70 . 40 LIT .81 .51 .21 .92 .62 .32 2.1 4.3 6.4 8.6 o7k
13 .70 . 40 .10 .80 .50 . 20 . g0 . 6o . 30 2.0 4.0 6.0 8.0 10.0
14 .70 .39 .09 .79 .49 .18 .88 .58 .28 1.8 3% 5.5 7.4 og.2 |
16 15 1 29.69 | 59.39 | 89.08 | 138.78 | 148.47 | 178.17 | 207.87 | 237.56 | 267.26 | 1781.7 | 3563.4 | 5345.1| 7126.8| 89085}
16 .69 .38 .08 .77 .46 i {9 .85 .54 .23 1.5 3.1 4.6 6.2 7.7k
17 .69 .38 .07 .76 .45 14 .83 .52 .21 1.4 2.8 4.2 5.6 7.0
18 .69 .37 .0b .75 .44 12 .81 .50 .19 I.2 2.5 3.9 5.0 6.2 |
19 .68 .37 .06 .74 .42 IT | .80 .48 .16 1.1 2.2 3.3 44 5.5 1
16 20 | 29.68 | 59.36 | 89.05 | 118.73 | 148.41 | 178.09 | 207.78 | 237.46 | 267.14 } 1780.9 | 3561.9, §342.8 | 7123.8| 8g904.7 |:
21 .68 .36 .04 .72 . 40 .08 .76 .44 .12 0.8 1.6 2.4 3.2 39
2z .68 .35 .03 .71 .39 .06 .74 .42 .09 0.6 1.3 1.9 2.6 31§
23 .67 .35 .02 .70 .37 .03 .73 . 40 .07 0.5 1.0 1.§ 1.9 2.4 %
24 .67 .34 .02 .69 .36 .03 .71 .38 . 0§ 0.3 0.7 1.0 1.3 1.6
16 25 ] 20.67 | 59.34 | 8g.01 | 118.68 | 148. 35 | 178,02 | 207.69 | 237.36 | 267.02} 1780.2 | 3560.4 | 5340.6 | 7120.7 | 8g00.8
26 .67 .33 9.00 .67 .34 8.00 .67 .34 7.00 8o.0 60. 1 40.1 20. 1 900. 0
27 .67 .33 899 .66 337 799 .63 32| 06.98 799 59-8 39.7 19.5 | 899.3
28 .66 .32 .99 .65 .31 .97 .64 .30 .96 9.7 9.5 9.2 8.9 8.6
29 . 66 .32 .98 . 64 .30 .96 .62 .28 .93 9.6 9.2 8.8 8.3 7.9 F
16 30 ] 20.66 | 59.31 | 88.97 | 118.63 | 148.29 | 177.94 | 207.60 | 237.26 | 266.91 § 1779.4 | 3558.9| 5338.3, 7117.7 | 8897.1
31 .66 .3t . 96 .62 .28 .93 .58 .24 .89 9.3 8.6 7.8 7.1 6.3 I
32, .63 .30 .96 .61 .26 .91 .56 .22 .86 9.1 8.3 7-4. 6.5 561
33 . 65 .30 .95 .60 .23 . 90 .55 20 .84 9.0 7.9 6.9 5.8 48]
34 .65 .29 .04 .50 ¢ .24 .88 .53 .18 .82 8.8 7.0 6.5 5.2 41
16 35 | 29.64 | 59.20 | 88.03 | 118.58 : 148.22 | 177.87 | 207.51 | 237.15 | 266.79 | 1778.7 | 3557.3 | 5336.0| 7114.6 | 8803.3 |
36 .64 .28 .92 57 .21 .85 .49 I3 V77 8.5 7.0 5.5 4.0 2.5
37 64 281 o2 .56 1 .20 .84 .47 ¢ .75 8.4 6.7 5.1 3.4 1.8}
38 .64 .27 .91 .55 .19 .82 . 46 .09 .73 8.2 6. 4 4.6 2.8 1.0
39 .63 .27 .90 54 .17 .81 .44 .07 .70 8.1 6.1 4.2 2.2 00. 3
16 40 ] 29.63 | 59.26 | 88.8¢ | 118.53 | 148.16 | 177.79 | 207.42 | 237.05 | 266.68 | 1777.0 | 3555.8 | 5333.7 | 7111.6 | 8880.5 ¥
41 .63 .26 .89 .52 .15 .77 .40 .03 . 66 7.7 5.5 3.2 1.0 8.7
42 .63 .25 .88 NIl .13 .76 .38 .01 .63 7.6 5.2 2.8 10. 4 7.9
43 .62 .25 .87 .50, .12 .74 .37 6.99 .61 7-4 4.8 2.3 9.7 7.2
44 .62 .24 . 86 .49 L1x .73 .35 .97 .59 7-3 4.5 1.9 9.1 6.4
16 45 | 29.62 | 59.24 | 88.86 | 118.47 | 148.09 | 177.71 | 207.33 | 236.95 | 266.56 § 1777.1 | 3554.2 | 5331.4| 7108.5 | 8885.6
46 .62 .23 .85 1 .46 .08 .70 .31 .93 .54 7.0 3.9 0.9 7.9 4.8
47 .62 .23 .84 .45 .07 . 68 .29 .91 .52 6.8 3.6 o.§ 7.3 4.1
48 .61 .22 .83 .44 .06 .67 .28 .89 . 50 6.7 3.3 30.0 6.6 3.3
49 .61 .22 .83 .43 .04 . 654 .26 .87 .47 6.5 3.0 29.6 6.0 2.6
16 50 | 29.61 | 59.21 |-88.82 | 118.42 | 148.03 | 177.64 | 207.24 | 236.85 | 266.45 | 1776.4 | 3552.7 | 5329.1| 7105.4 | 8831.8}
51 .61 . 21 L8 41 02! .62 .22 .83 .43 6.2 2.4 8.6 4.8 1ol
52 . 6o .20 .80 . 40 8. 00 | .61 . 20 .81 . 40 6.1 2.1 8.1 4.2 8.2 |
53 .60 <20 <79 -39 7.-99 +59 .19 +79 .38 5.9 1.7 77 35 79-4
54 .60 .19 .79 .38 .98 .58 .17 .77 .36 5.8 1.4 7.2 2.9 8.6F
16 551 29.59 | 59.19 | 88.78 | 118,37 | 147.96 | 177.56 | 207.15 | 236.74 | 266,33} 1775.6 | 3551.1| 35326.7 | yyoz.3| 8877.8
56 .59 1 .97 .36 .08 .54 .13 .92 .31 5.4 0.8 6.2 1.7 7.0
57 .59 ] .76 .35 .94 .53 i .70 .29 5.3 0.5 58 1.1 6.21
58 .59 .17 .76 .34 .03 .51 .10 .68 .27 5.1 50.2 5.3 100. 4 5.5F
sg) .58| .17} .75 .33 »9X -50 .08 .66 24 501  49.9 49| 099.5 4.7F
16 60 } 20.58 | 50.16 | 88.74 | 118.32 | 147.90 | 177.48 | 207.06 | 236.64 | 266.22 ] 1774.8 | 3540.6 | 3324.4| 7o90.2'| B673.9%
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Latitude 16° to 17°—Meridional arcs.

Latitude 16°—Co-ordinates of curvature.

Lat. i
f ds for middl f minutes for middl . | . ,
Value of 1#/ Sums o st{:grtxu ge'or middle | ¢ 16 of ;7 | Sums o nlg.?il:uilse,or middle Longitude. X y
° 7 Meters. ’” DMeters. Meters. / BMeters. °o 7 DMeters. Meters
16 oo 0. 737 1844. 21
1 o1 7 1 30.74 .21 1 1 844. 2 o I 1783.9 o1
2 7 2 61. 48 .21 2 3688. 4 2 3567.9 0.3
3 7 3 92. 21 .22 3 5532.6 3 5 351.8 0.6
4 7 4 122.95 .22 4 7376.9 4 7135.7 LI
16 o5 30. 737 5 153. 69 1844. 22 5 9 221. 1 o 3 8919.7 1.8
6 7 6 184.43 .23 6 11 065. 3 6 10 703.6 2.6
i 7 7 215.17 .23 7 12 90g. § 7 12 487.5 35
8 7 8 245. 91 .23 8 14 753.7 8 14 271. 4 4.6
9 Vi 9 276.64 .23 9 16 598, 0 9 16 055. 4 5.8
16 10 30. 737 10 307. 38 1844. 24 10 18 442. 2 o IO 17 839.3 7.2
11 7 1 338.12 .24 P ; 20 286. 5 15 26 758.9 16. 1
12 7 2 368. 86 .24 2 221307 20 35 678.6 28.6
13 7 3 399. 60 .25 3 23 975.0 25 44 598.2 44.7
14 7 4 430. 34 .25 4 25 819. 2 30 53517.9 64.4
16 1§ 30.738 15 461.07 1844. 23 15 27 663. % o 35 62 437.5 87.6
16 8 6 491. 81 .26 © 29 507. 7 40 70 357.1 114.4
17 8 7 §22. 6% .26 y 31 352.0 45 80 276. 7 144.8
18 8 8 553. 29 .26 8 33196.3 50 89 196. 3 178.8
19 8 9 584.03 .26 ) 35040. § 55 08 115.9 216. 4
16 20 30.738 20 614.77 1844. 27 20 36 884. 8 1 oo 107 035. 4 257.5
21 8 1 643. 50 .27 1 38729.1 o5 115 955.0 302. 2
22 8 2 676. 24 .27 2 40573.3 10 124 874.5 350. 4
23 8 3 706. 98 .28 3 42 417.6 15 133 794. 0 402. 3
24 8 4 737-72 .28 4 44 261.9 20 142 713. 5 457.7
16 25 30. 738 25 768. 46 1844. 28 25 46 106. 2 125 151 633.0 516.7
26 8 6 799. 20 .28 6 47 950. 5 30 160 §52. 4 579. 3
27 8 7 829.93 .29 7 49 794.7 35 169 471.8 645. 4
28 8 8 860. 67 .29 8 51 639.0 40 178 301. 2 715.2
29 8 9 891. 41 .29 9 53483.3 45 187 3l0. 5 788.5
16 30 30.738 30 922.15 1844. 30 30 55 327.6 1 50 196 229. 8 865. 4
31 8 1 952. 89 .30 1 57 171.9 55 205 149. 1 045. 8
32 8 2 983. 63 .30 2 §9 016. 2 2 oo 214 008 1030
33 8 3 I 014.36 .31 3 60 860. 5 3 00 321 097 2 317
34 8 4 1045.10 . .3 4 62 704.8 4 00 428 117 4119
16 0. 1075.84 1844. 31 35 64 549. 2 5 oo §35 127 6 436
gg I 733 32 1 lo(si. 58 .31 6 66 393. 3 6 oo 642 126 9 268
37 9 7 1137.32 .32 7 68 237. 8 7 00 749 110 12 614
38 9 8 1 168. 06 .32 8 70 082, 1 8 oo 836 075 16 476
39 9 g ¥ 198.79 .32 9 71 926. 4 9 9063 022 20 852
16 40 0. 12290.53 1844. 33 40 73 770.8 10 00 1 069 946 25 741
:x 3 733 4‘1) 1 26<9>. 27 .33 1 75 615. 1 11 oo 1176 845 31 145
42 g 2 1 291.01 .33 2 77 459. 4 12 00 1283 717 37 004
43 9 3 I321.75 - 34 3 79 303. 8 13 o0 T 390 559 43 497
44 g 4 T 352.48 .34 4 31 148.1 14 ©0 1 407 359 50 444
16 0, 1 383. 22 1844. 34 45 82 992. 4 15 00 1 604 146 57 904
:g 3 733 42 1 ilg 96 .34 6 84 836. 8 16 o0 1 710 883 65 878
47 g y 1444.70 .35 ¥ 86 681. 1 17 ©o 1 817 582 74 365
48 9 8 1.475.44 .35 8 88 525.5 18 oo 1924 239 833
49 9 9 1 506.18 .35 9 90 369. 8 19 ©o0 2 030 851 92 880
6
16 50 0. 0 1 536. 91 1844. 36 50 02 214. 2 20 00 2 137 416 102 ol
§: ’ 733 51 1 §%7 25 44. 26 1 94 058. 5 21 00 2 243 932 113 445
52 9 2 1508. 39 .36 2 95902.94 | 22 00 2 350 305 124 490
53 9 3 ¥ 629.13 .36 3 97 747 2 23 o0 2 456 804 36 059
54 39 4 1 659. 87 .37 4 99 591.6 24 00 2563 157 148 134
6 . 1 690, 61 1844. ) 101 436.0 25 00 2 669 451 160 720
' ?g 5 743 5% 1 ?3? 34 844. _33; sg 103 280. 3 26 0o 2 775 682 173 818
57 o 7 1 752.08 .38 7 105 124. 7 2% 00 2 881 849 187 4zg
3] o 8 148282 .38 8 106 g69. 1 28 oo 2 987 949 20(‘) 34
39 o 9 1 813.56 .38 9 108 813. 5 29 ©o 3003 980 ;Il rzs
16 60 30.740 6o 1 844.30 1844. 30 60 110 657. 8 30 oo 3 199 941 31 315
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Latitude 17° to 18%—Arcs of the parallel in meters.
I‘at. 1// 2// s// ‘// 5// 6// 7// 8// 9// 1/ 2/ 3/ 4/ 5/
o 7
17 00 § 20.58 | 59.16 | 88.74 | 118.32 | 147.90 | 177. 48 | 207.06 | 236.64 | 266.22 | 1774.8 | 3540.6 | 35324.4 | 7000.2 | 8873.9
1 .58 L16 .73 .31 .89 . 46 .04 .62 20 4.6 9.3 3.9 8.6 31
2] .37 15 .72 30 87 .45 -02 60 17 4.5 9.0 3.4 7.9 2.3
3 .57 .15 .72 .29 .86 .43 7.01 .58 .15 43 8.6 3.0 7.3 1.6
4 .57 .14 LTI .28 .85 .42 6.99 .56 L1z 4.2 83 2,5 6.6 | 0.8
17 05 {29.56 | 59.14 | 88.70 | 118.26 | 147.83 | 177.40 206.97 | 236.53 | 266.10 | 1774.0| 3548.0! 5322.0| 7096.0| 8870.0
6 .5 L13 .69 .25 .82 .38 .95 .51 .08 3.8 7.9 1.5 5.4 69. 2
7 .56 .13 .68 .24 .81 .37 .93 .49 , 05 3.7 7-4 1o 4.8 8.4
8 .56 .12 .68 .23 . 80 .35 .92 .47 .03 3.5 7.0 0.6 4.1 7-7
9 .55 12 .67 .22 .78 .34 .90 .45 6. 00 3.4 6.7 20.1 3.3 6.9
17 10 | 20.55 | 50.11 | 88.66 | 118.21 | 147,77 | 177.32 | 206,88 | 236.43 | 5.98| 1773.2| 3546.4 | 35319.6 | 7jog2.9 | 8866.
11 .55 .10 .63 .20 .76 .30 .86 .41 .96 30 6.1 9.1 2.3 5.
12 .55 .10 .64 .19 .74 .29 .84 .39 .93 2.9 5.8 8.5 1.6 4.
i3l .54 .o9| .64 .18 .73 .27 .82% .37 .91 2.7 5.4 8.2 1.0 3.
14 .54 N .63 .17 .72 .26 .80 .35 . 88 2.6 | 5.1, 7.8 90. 3 2.
17 15 § 20.54 | 50.08 | 88.62 | 118.16 | 147.70 | 177.24 | 206.79 | 236.32 | 265.86 | 1772.4  3544.8 | 5317.3 | 7089.7 | 8862.
16 .54 .07 N 1§ .69 .22 7T .30 .84 2.2 4.5 6.8 9.1 I.
17 L34 o7 60 .14 68 29 75 .28 81 2.1 4.2 6.3 8.4 60.
18 53 .06 6o L13 67 19 73 .26 79 1.9 3.8 5.9 7.8 59.
19 53 ob 59 .12 65 18 71 24 77 L8 3.5 5-4° 7.1 8.
17 20 | 29.53 | 59.05 | 88.38 | 118. 11 | 147.64 | 177. 16 | 206.69 | 236.22 | 265.74 } 1771.6 ] 3543.2 | 5314.9 . 7086.5 } 8858. 1
21 .53 .05 .57 .10 .63 .14 .67 .20 .72 1.4 2.9 4.4 | 5.9 7.3
22 .52 o4 56 .09 .61 13 65 18 . .3 2.6 3.9 ! 5.2 | 6.5
23 52 o4 36 .08 J60 11 63 15 67 1.1 2.2 3.5 4.6 5.7
24 52 03 55 .07 .58 10 61 13 64 1.0 L9 30 3.9 | 4.9
17 25 | 20.51 | 59.03 | 88.54 | 118.05 | 147.57 | 177.08 | 206.60 | 236. 11 | 265. 62| 1770.8 | 3541.6 | 5312.5 [ 7083.3 | 8854.1
26 .51 .0z .33 .04 .56 .06 .58 .09 .60 0.6 1.3 2.1 2.7 3.3
27 51 oz 52 03 .54 .05 56 o7 57 0.5 1.0 1.6 2.0 2.5
28 51 or 52 o2 .53 .03 54 04 55 0.3 0.6 LI 1.4 1.7
29 50 o1 51 o1 .51 ‘02 52 oz 52 0.2 0.3 0.6 0.7 0.9
17 30§ 20.50 | 50.00 | 88.50 | 118.00 | 147.50 | 177.00 | 206.50 | 236.00 | 265.50 | 1770.0 | 3540.0 | §3I0.1 | 70Bo.1 8850.1
31 50 | g.00 49| 7.99 -49| 6.98 . 5.98 69. 8 39.7 09.6 79.4 49.3
32 49| 8.99 48 .9 -47 .97 46 .96 45 9.7 9.4 9.1 8.8 8.5
33 49 99 48 97 .46 .95 4 o4 43 9.5 9.0 3.6 8.1 7.
34 49 98 47 .45 .94 42 92 40 9-4 8.7 8.1 7.5 6.
17 35} 29.48 | 58.98 | 88.46 | 117.94 | 147.43 ) 176.92 | 206.41 | 235.89 | 265.38 | 1769.2 | 3538.4 | 5307.6 ) 7076.8 | 8846.
3 48| .07 43 93 -42 -9o -39 87 3 9.0 8.1 7.1 6.2 5.
37 48 97 44 .92 41 .89 .37 85 33 8.9 7.8 6.6 5.5 4.
38 48 4 .91 -40 -8 35 83 3! 8.7 7-4 6.2 4.9 3
39 47 96 43 ) .38 .86 13 81 28 8.6 7.1 5.7 4.2 2.
17 40 1 29.47 | 58.95 | 88.42 | 117.89 | 147.37 | 176.84 | 206.31 | 235.79 | 265.26 } 1768.4 ) 3536.8 | 5305.2 | 7073.6 | 8842
41 .47 .04 .41 .88 .36 .82 .29 .77 .24 8.2 6.5 4.7 2.9 1.
4z 47 .94 40 .87 4 81 27 75 21 8.1 6.2 4.2 2.3 40.
43 -46] .03} .40f .86 33 79 25 72 19 7.9 5.8 3.7 1.6 39
44 46 .93 39 .85 31 78 23 70 16 7.8 5.5 3.2 1.0 8.
17 45 1 29.46 | 58.02 | 88.38 | 117.83 | 147.30 | 176.76 | 206.22 | 235.68 | 265.14 | 1767.6 | 3535.2| 5302.7 | 7070.3| 8837
46 .46 .91 .37 .82 29 .74 .20 .66 W11 7.4 4.9 2.2 69.6 7.
47 46 ot 36 .81 27 73 .18 64 09 7.3 45 1.7 9.0 6.
48 45 90 35 .80 26 71 16 61 06 7.1 4.2 1.3 8.3 8.
49 45 90 35 .79 24 70 14 59 03 7.0 3.8 o8 7.7 4.
17 501 29.45 | 58.80 | 88.34 | 117.78 | 147.23 | 176.68 | 206.12 | 235.57 | 265.01 | 1766.8 ] 3533.5| 5300. g 7067.0 | 8833
[ .45 . .33 .77 .22 .66 10 .55 4.99 6.6 3.2 299. 6.3 3
52 a4 .88 .32 76 .20 .64 o8 .53 6.4 2.9 9.3 5.7 2.
33 44 .31 75 19 .63 ob .50 .94 6.3 2.5 8.8 5.0 1.
54 44 .87 .31 .74 47 .61 .04 .48 .91 6.1 2.2 8.3 4.4 30.
17 55 { 29.43 | 58.87 | 88.30 [ 117.72 | 147.16 | x76.59 { 206.03 | 235.46 | 264.89 } 1765.9 | 3531.9( 5297.8 70637 8823-
36 .43 .86 .29 .71 VI8 .58 6.01 .44 .87 5.8 1.6 ° 7.3 3.0 .
i .43 .86 | .28 .70 .13 .36 | 35.90 .42 .84 5.6 1.2 6.8 24{ 8
58 .43 .83 .27 .69 VI3 .54 .97 .39 .82 5.4 0.9 6.3 1.7 ».
go .42 . 85 .26 .68 .10 .53 .95 .37 .79 53 .5 5.8 | 3 6.
17 29.42 ] 58,84 | 88,26 | 117.67 | 147.09 | 176.51 | 205.03 | 235.35 | 264.77 } 1765.1 | 3530.2| §205.3| yobo. 4| 8825
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Latitude 17° to 18°—Meridional ares. Latitude 17°—Co-ordinates of curvature.
e Sums of seconds for middle | | Sums of 1 |
: ums of seconds for middle | ! Sums of minutes for middle . ' . .
Value of 17/ Jatitude. i Valueof 17 ; latitude. Longitude. | X 3
° 7 Meters, 7 Meters. Meters. ’ Aeters. o 7/ ‘; Meters Meters.
17 00 30. 740 1844. 39
-1 o 1 30. 74 .39 I 1 844.4 o I 1774.8 o.1
2 o 2 61.48 .30 2 3688.8 2 3340.6 0.3
3 o 3 92. 22 -39 3 535332 3 53244 0.7
4 o 4 122.97 .40 4 7 377.0 4 7 099. 2 1.2
17 0§ jo.740 | 5 153.71 1844. 40 5 9222.0 o 5 $373.0 L9
6 o 6 184. 45 .40 6 11 066. 4 6 10 648. 7 2.7
7 o ” 215. 19 .41 7 12 910. 8 7o 12 423. 3 37
8 o 8 245.93 .41 8 14 755. 2 8 | 14 198.3 4.8
9 o 9 276.67 .41 9 16 599. 6 9 15 073.1 | 6.1
17 10 30. 740 10 307. 41 1844. 42 0 . 18 444.0 o 10 17 747.9 7.5
1 o 1 338.15 .42 o 20 288. 5 15 26 621. 8 17.0
12 o 2 368. g0 : .42 1z 22 132.9 20 35 495.8 30.2
13 o 3 399-64 .43 13 23 977- 3 23 44 369.6 47.2
14 o 4 430.38 .43 14 25 821.7 30 53243.6 ¢ 67.9
17 15 jo.741 | 13 461.12 1844. 43 15 i 2% 666. 2 o 33 b2117.5 2.4
16 1 6 491. 86 : . 44 16 29 510.6 40 70G91.4 120.7
17 1 7 §22.60 | -44 17 31 355.0 43 79 865.3 152.8
18 1 8 553. 34 .44 18 33199.§ 50 88 759.1 ! 188.7
19 1 9 584. 09 44 tg 350439 53 97 613.0 228.3
17 20 30,741 i 20 614. 83 1844. 45 20 36 888. 4 1 o0 106 486. 9 271.7
21 1 1 645. 57 45 21 38732.8 o5 115 360.7 318.8
22 1 2 676, 31 .45 22 40 5§77.3 10 124 234.5 360.8
23 1 3 707. 0% . 46 23 | 42 421.7 I5 133 108.3 : 424. %
24 | 4 737.79 . 46 24 | 44 266, 2 20 ! 141 982.0 | 483.0
17 25 30. 741 25 768.53 1844. 46 25 46 110.7 1 25 150 855.7 5435. 2
26 1 6 799- 27 -47 26 47 955.1 30 130 729.4 611.3
27 I 7 830. 02 4727 49 799.6 35 168 603.1 | A1
28 1 8 860. 76 .47 1 28 51 644. I 40 177 476.8 | 754.7
2 I 9 8g1. 50 .48 1 29 53 488.6 45 186 350.4 | 832.1
17 301 30.741 3 922. 24 1844.48 30 55 333.0 150 105 223.9 913.2
31 1 1 952. 98 .48 31 57 177.5 55 | 204 097.5 | 998. 1
32 1 2z 983. 72 . 49 32 59 022.0 2 00 ! 212 71 1037
33 1 3 1014.46 -49 33 60 866. 5 3 00 319 450 2 445
34 2 4 1 045. 21 .49 34 6z 711.0 4 o0 425 920 4 347
17 35 30.742 35 1 075.95 1844. 50 35 64 555.5 5 oo . 532 378 6 792
36 2 6 1 106. 69 .50 36 66 400.0 6 oo | 638 824 9779
37 2 7 1137.43 .50 37 68 244. 5 7 00 745 253 13 310
38 2 8 1 168. 17 .30 38 70 0%9.0 8 o0 851 662 17 386
39 2 9 1198.91 .51 39 71933.5 9 oo ! 958 049 22 004
17 40 30. 742 40 1 229. 65 1844. 51 40 73 778.0 10 00 1 1 064 411 27 164
41 2 I 1 260. 39 .51 41 75 622.5 11 00 I 170 745 32 867
42 2 C 2 120114 .52 42 77 467.0 12 00 1 277 049 39 112
43" 2z 3 1 321.88 .52 1 43 79 311.6 13 00 1 383 320 1 45 899
44 2 4 1 352.62 .52 1 44 81 156. 1 14 00 1 489 555 ! 3229
17 45 30.742 45 1 383.36 1844.53 45 83 000.6 15 00 1 505 750 | 61 ro1
46 2 6 1 414.10 .53 46 84 845. 1 16 00 I 701 §O3 69 515
47 2 7 1444.84 .53 i 47 86 689.7 17 €0 1 8o8 013 78 470
48 2 8 1475.58 .54 | 48 88 534.2 18 00 1914 078 87 967
49 2 9 1 506.33 54 49 90 378.7 19 00 2 020 691 98 003
17 50 30.742 50 1 537-07 1‘ 1844. 54 50 92 223.3 20 00 2 126 051 108 583
51 2 1 1 567. 8x }} .55 1 31 94 067.8 21 00 2 231 956 119 702
52 2 2 1598.55 1 -85 52 95 912. 3 22 00 233783 131362
53 3 3 1 629. 29 -55 53 97 756.9 23 0o 2443589 | 143552
54 3 4 1 660.03 .55 54 99 601. 4 24 00 2549312 | 156 301
2 [ -
17 5% 30.743 55 1 690. 77 1844.56 | 55 101 446.0 25 00 2654068 169 578
5h 3 6 172L 51 .56 | 56 103 290. 6 26 oo | 2760554 183308
57 3 7 1752.26 .56 57 105 135. 1 27 00 2 866 009 1 197 751
58 3 8 1 783.00 .57 58 106 979. 7 28 oo zg7i510 | 212636
59 3 9 1 813.74 .57 59 108 824. 3 20 00 3076 874 ¢o228079
17 6o 30.743 6o 1844.48 1844.57 60 110 668.8 0 3 182157 1 244048
i
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Latitude 18° to 19°—Arcs of the parallel in meters.
Lat. 177 | 27 3 4 8 14 (i | 8’/ 9/ 1 l ¥ %
. i | :
S, R ' S I ] _ |
[~ /7 : | | i
18 00 § 29.42 | 58.84 | 88.26 { 117. 67 | 147.09 { 176.51 ; 205.93 © 235.35 264.77 ] 1765.1 | 3530.2 | 5205.3 | 7060.4
1 42 | '83i .25} .66 | .08 | .49 g1 .33 .75 4.9 29.9 4.8 59.7
2 .41 | .83; .24 | 65 06‘ .48,: .89 L300 .72 4.8 9.5 4.3 9.1
3 .41) B2 23 64 | .05 .46 .87 .28 .70 4.6 9.2 3.8 8.4
4 .41‘ .Sz; 22 63 | .03 ! .44 | .85 .26 .67 4.4 8.8 3.3 7.8
18 o5 | 20.40 , 58.81 * 88.21 1 117. 61 | 147.02 | 176.43 | 205.84 | 235.24 264.65 | 1764.3 3528.5 5292.8 ' 7057.1
6 40 8o ; 21 | .60 7.01 | .41 ]‘ .82 .22 .62 4.1 8.z 2.3 0. 4
7 40 | 8o 20 .59 6.99 | -39 | . 8o .20 .60 3.9 7.9 1.8 5.8
: 8 40 79 19 | .58 08 | 38 | .78 .17 .57 3.8 7.5 1.3 5.1
; 9 39 .79 8. .57 96 | 3% .76 - 15 255 3.6 7-2 081 43
i ‘ ; ; i ‘ :
18 100 29.39 5878 88.17 [ 117.56 . 146.95 | 17634 | 205.74 | 235. 13 264.52 ] 1763. 41 3526.9 | 5290.3 : 3.8 7.
I1 2390 .78 16, .55 .94 | .32 .72 ST . 49 3.2 6.6 89.8 31 6.
12 38 77 a5 54 .92 ¢ i .70 .08 | .47 3.1 6.2 9.3 2.4 5.
I3 .38 .77 LI15 .53 01 .29 .68 .06 .44 2.9 59 8.8 1.8 4.
14 .38 76 14 ! 52 .89 - 28 ‘ .66 .04 .42 2.8 5.5 8.3 I 1 3.
18 15 [ 20. 37 58.76 88,13 | 117.50 . 146. 88 ‘ 176. 26 E 205.64 | 235. 01 264. 3 1762.6 | 3525.2 i 5287.8 | 7050.4 | 8813
i ] .37 75 .12 49l .87 24 .62 499 .36 2.4 4.9 7.3 49.7 2.
! 7 .37 750 LI 48 . 85 ,2gl .60 | .97 .34 z.3 4.5 6.8 9.1 1.
: 18 .37 7§ .47 .84 21 | .58 .95 .31 2.1 4.2 6.3 8.4 10.
! 19 .36 .74 MO . 46 .82 .20 .56 .92 .29 2.0 3.8 58 7.8 09.
! i I ! :
18 20 | 29.36  38.73 | 88.00 117.45 | 146.81 | 176.18 | 205.54 | 234.90 264 26§ ¥761.8 | 3523.5 | 5285.3 .1 | 8808,
21 30 z o8 .44 . 8o L16 .52 .88 .24 1.6 3.2 4.8 6.4 8.
22 35 72 | o7 .43 .78 14 50 . 86 .21 1.4 2.8 4.3 .7 7
23 35 71 06 42 V77 13 | 48 .83 19 1.3 2.5 3.7 1 6.
24 35 T o5 41X 75 Il 46 81 16 L1 2.1 32 4 5.
18 25 ] 29.34 | 58.70 ‘» 88.05 | 117.39 | 146.74 \ 176.09 1 205.44 | 234.79 264.14 1760.9 | 3521.8 | 5282.7 .7 1 8804.
% 34 .69 i o4 | .3 .73 o7’ .42 .77 LI1 0.7 L5 2.2, .0 3.
27 34 69 03 37 71 06 | . 40 .75 09 0.6 1.1} .7 . 3 2.
28 34 68 oz 36 70 | 04 | .38 72 06 0.4 0.8 1.2 ! .7 2.
i 29 33 .68 o1 35 68 .03 | 36 70 | 04 0.3 0.4 o7y ! .0 1.
18 30| 29.33 | 58.67 ; 88.00 : 117.34  146.67 | 176.01 | 205. 34 | 234. 68 264.01) 1760.1 - 3520.1! 5280.2 .3 | 88o0.
3il 33 .66 7.99 33, 66 599 .32 661 3.98 59.9 1. 8 79.7 | 6 790
32 .33 .66 .99 .32 .64 .97 | 30 .63 . . g6 Q7 9.4 9.2 8.9 8.
33 .32 . 65 .98 130 .63 .96 ! 28 .61 ¢ 93 9.6 9.1 8.6 . 2 7.
34 .32 .65 .07 .29 .61 -04 | 26 .59 91 9.4 8.7 81 .5 6.
18 351 29.32 ; 58.64 | 87.96 | 117.28 ' 146.60 | 175.92 | 205.24 | 234. 56 : 263.88 ) 1750.2 | 3518.4 1 5277.6 ; .81 8796.
36 . 2‘ .63 .95 ! .27 .59 ! .90 | .22 .54 | .85 9.0 81| 7.1 6.1 5.
37 .32 .63 94 .26 ¢ .57 .89 | .20 .52 .83 g 7.7} 6.6 .4 4.
38 .31 .62 .04 .24 .56 .87 .18 .30 | .80 8.7 7.4 6.1, .8 3
39 .31 .62 .93 .23 .54 .86 .16 .47 | .78 8.6 7.0 5.6 I 2.
18 40 | 20.31 | 58.61 | 87.02 ' 117.22 146.53 | 175.84 | 205.14 | 234- 45 ! 263.75 | 1758.4 | 3316.7 1 s275.1 .41 8yo1
41 .31 .60 .QI .21 .52 .82 L12 -43 .72 8.2 6. 4.6 LT o,
42 .30 . 6o . 9O | . 20 .50 .80 .10 - 40 | .70 8o 6.0 4.1 .0 90.
43 -300 59 '89! .19 .49 279 o8 381 .67 7-9 57 35 -4 8
i 44 .30 .59 .88 | .18 47 77 ob 361 .65 7.7 5.3 3.0 .7 8.
L 18 45 20.29 | 58.58 | 87.87 117.16  146.46 | 175.75 | 205.04 | 234. 33 0 263.62F 1757.5 | 3515.0 0 52725 .o | 8787.
46 .29 57 | .871 .15 .45 1 .73 .q2 .31 .59 7-3 4.7 2.0 .3 6.
t 47 294 .57 | .86 S14 .43 .71 5.00 .29 .57 7.1 4.3 1.5 .6 5.
{ 48 .29, .56 .85 J13 42 70 4.98 27 ¢ 54 7.0 4.0 C.9 -9 4
i 49 28 56 0 .84 L1z | 40 68 .96 24 32 6.8 | 3.6 70. 4 .2 3.
| . i : : .
| 18 50} 29.28 ' 58.53 0 87.83 117,11 1 146.39 | 175.66  204.94 | 234.22 263.49 ] 1756.6 | 3313.3 5269. 9 51 8783
51 .28 .55 .82 .10 ; .38, .64 92 | .20 .46 0.4 2.9 ! 9.4 8 2.
52 .27 1 .54 81 .09 | .36 .63 .GO | L1 .44 6.3 2.6 89 I 1.
53 .27 . .54 A .07 | 235 | .61 .88 SIS .41 6.1 2.2 8.3 .4 8o.
54 .27 .53 80 o6y .33 .59 .86 L1300 .39 5.9 1.9 7.8 .7 79.
18 55 § 20.26 | 58.53 | 87.79 | 117.05 | 146. 32 175.58 | 204.84 | 234.10 | 263.37 | 1755.8 | 3511.5 1 5267.3 o 8778
561 .26 .52 .78 o4 .30! .56 .82 .08 .33 5.6 1.2 6.8 3 7.
! 57 .26 .52 97 .03 29 | 54 80 .06 31 5.4 0.8 6.3 .6 7-
58 .26 .51 .61 o1 .27 52 .78 .04 28 5.2 0.3 5.7 .0 6.
59 .25 .51 75 700 .26 ! .81 .76 4.01 : .26 5.1 10. 1 5.2 20.3 5
18 60 § 29.25 ' 58.50 | 87.74 | 136,99 | 146.24 . 175.49 | 204.74 . 23399 - 263.23 } 17549 | 3500.8| 5264.7 7019:6 | 8774.
t } i ! :
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Latitude 18° to 19°—Meridional arcs. Latitude 18°-—Co-ordinates of curvature.
w' . . B o
Value of 177 | Sums of st;::ixtz]cligetjor middle | g of s | Sumsof nﬁ?ttlegef.or middle Longitude. < v
e 7/ Meters, 7 BMeters. Mezers. / Meters. ° 7 : Meters Meters
18 oo 30, 743 1844. 57
S | 3 1 30.74 .58 I 1 844.6 o I 17651 0.1
2 3 2 6I.49 .58 2 3689.2 z 3530.2 0.3
3 3 3 92.23 .58 3 55337 30 5295.3 0.7
4 3 4 122,98 <59 4 73783 4 7 060. 4 L3
18 o5 30.743 5 153. 72 1844. 59 5 g 222.9 o 5 § 8235.5 2.0
6 3 6 184.47 .59 6 11 067. 5 6 | 10 590. 6 2.9
7 3 7 215. 21 .60 7 12 912. 1 7 E 12 355.7 39
8 3 8 245.96 . 60 8 14 756.7 8 14120.8 5.1
9 3 9 276,70 .60 9 16 601. 3 9 ; 15 886.0 6.4
18 10 30. 743 10 307.45 1844. 61 10 18 445. 9 o 10 17 651. 1 %9
11 3 1 338.19 .61 I 20 290. § 15 | 26 476.6 17.8
iz 4 z 368.93 .61 2 22135. 1 20 35 302.1 31.7
13 4 3 399. 68 .62 3 23 979.8 25 44 127.7 49.6
14 4 4 430. 42 .62 4 25 8244 30 529532 714
18 15 30. 744 15 461.17 1844. 62 15 27 669. 0 o 35 or 778.7 97.2
16 4 6 491.91 .62 6 29 513.6 40 70 604. 2 126.9
17 4 7 522.66 .63 7 313582 45 79 429.7 160. 6
18 4 8 553-40 .63 8 33 202.9 50 88 2535. 1 198. 3
19 4 9 584.15 .63 ¢ 35047.5 55 97 030.0 240.0
18 20 30. 744 20 614. 89 1844. 64 20 36 892.2 1 00 105 gob. 0 285.6
21 4 1 645. 64 . 64 1 38 736.8 03 114 731. 4 335.2
22 4 2 676. 38 .04 2 40 581. 4 10 123 556.8 388.7
23 4 3 707. 12 .65 3 42 426.1 15 132 382.1 446. 2
24 4 4 737.87 .65 4 44 270.7 20 141 207.5 507.7
18 25 30. 744 25 768. 61 1844. G5 25 46 115. 4 12§ 150032.8 §73.2
26 4 6 799. 36 .66 6 47 960. 0 30 158 838.0 | 642.6
27 4 7 830.10 .66 7 49 804. 7 35 167 653.3 ¢ 716.0
28 4 . 8 860. 83 .66 8 51 649. 4 40 176 508.5 | 7933
29 4 9 8o1. 59 .67 9 53 494.0 45 185 333.6 874.0
18 30 30.744 3o 922.33 1844. 67 30 | 55 338.7 I 50 194 158.8 | 950.9
ki 5 1 953. 08 .67 1 57 183. 4 55 202 983. 8 1049.2
32 5 2 983. 83 .68 2 50 028. 1 2 00 211 809 i I 142
33 5 3 I 014.57 .68 3 60 872.7 3 oc 317 706 : 2 570
34 5 4 I 045. 31 .68 4 62717.4 4 o0 423 593 4569
18 0. 74 3 1 076.06 1844. 69 35 64 562. 1 5 00 520 468 7139
3(5) sor ? g 1 100. 80 .69 6 66 406. 8 6 oo 635 328 10 280
37 5 7 1137.55 - 69 7 68 251. 3 7 00 741 169 13992
38 5 8 1 168. 29 .70 8 70 096. 2 8§ oo 846 989 18 275
39 5 9 I 199.04 .70 9 71 940.9 9 oo 952 784 23 129
18 40 30. 745 40 1 229. 78 1844. 70 40 73 785.6 10 00 1 058 552 28 553
41 3 1 I 260.53 .71 1 75 630. 3 i1 00 1 164 28¢ 34 547
42 5 2 1 291. 27 .71 2 77 475.0 12 00 1 269 991 41 112
43 5 3 1 322.02 -7t 3 79 319.7 13 oo 1 375 657 48 246
44 5 4 I 352.76 .72 4 81 164. 4 14 00 1 481 283 55 050
18 43 30. 748 45 1 383.50 1844. 72 45 83 0og. 2 15 00 1 586 863 64 224
46 s 6 I 414.25 .72 6 84 853.9 16 00 I 692 402 73 067
47 5 7 1 444-99 273 7 86 698.0 17 ©0 1 797 890 82 479
48 5 8 1 475.74 .73 8 88 543.3 18 oo 1903 324 92 461
49 6 9 1 506. 48 .73 9 90 388.0 19 00 2 008 704 103 OI 1
18 30 30. 746 50 1537.23 1844. 74 50 92 232. 8 20 oo 2 114 025§ 114 128
51 6 1 I 567.97 .74 H 94 077.§ 21 00 2 219 285 125 813
52 6 2 159872 .74 2 95 922. 3 22 00 2 324 480 138 066
53 6 3 1 629.46 .75 3 97 767.0 23 oo 2 429 607 150 887
54 6 4 1 660, 21 .75 4 99 611.8 24 00 2 534 664 {7164 274
18 55 30. 746 55 1 6g0. 95 1844. 75 55 101 456. § 25 ©0 2 639 647 | 178227
56 6 6 1 721.69 .76 6 103 301. 3 26 o9 2744 554 | 192740
57 (] 7 1752.44 .76 <7 105 140. 1 27 00 2 849 381 207 6\31
58 6 8§ | 1 783.18 .76 8 106 ggo. § 28 oo 2934124 | 223482
59 6 9 181303 77 9 108 835. 6 29 00 | 3038782 4 239697
18 6o 30. 746 6o 1 844. 67 1544. 77 60 110 680. 4 30 o0 | 3163350 236 476
1 . | i
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Latitude 19° to 20°—Arcs of the parallel in meters.
; ‘ \
Lat. 37 57 : 6/ ' §7 9/ 9/ 3/ Iy ‘ 5
o 7 : ; ‘
19 00 87.74 146.24 17549 | 20474 233.99 | 263.23 | 1754.9 | 3509.8 | 5264.7 | 7019.6 ' 8774.5
1 .74 23 | .47 .72 .97 .20 4.7 0.4 4.2 8.9 | 3.6
2 .73 .21 .45 .70 .94 .18 4.5 9.1 3.6 8.2 2.7
3 .72 .20 -4 .68 .92 .15 4.4 8.7 3.1 7.5 1.9
4 .71 i .18 .42} .66 .89 .13 4.2 8.4 2.5 6.8 1.0
19 05 87.70 ! 146. 17 | 175. 40 .63 1 233.87 | 263.10) 1754.0| 3508.0| 5262.0| 7jor6.1: 8770.1
6 i .69 S (] .38 611 .8 .07 3.8 7.7 1.5 5.4 6g.2
7 .68 14 .36 | .50 ¢ .82 . 0§ 3.6 7.3 1.0 4.7 8.3
8 .68 ! L13 ! .35 .57 1 .80 .02 3.5 7.0 60. 4 4.0 7.5
9 .67 L 11 .33 .55 ! .77 1 63.00 3.3 6.6 59.9 33 6.6
19 87.66 i 146.10 | 175. 31 .53 | 233.75 | 262.97 | 1753.1; 3500.3 | 5259.4 | jyo1z.6 . 8705.7
.65 .09 . 2 ST .73 .94 -9 5-9 8.9 1.9 4.8
.6.” .07 | 28 .49 .70 .92 .8 5.6 8.4 1.2, 3.9
.63 .06 .26 .47 .68 ¢ 1) .6 5.2 7-8 10.4 | 3.1
.62 ! .04 .24 .45 .66 .87 .4 4.9 7.3 9.7 | 2.2
19 87.61 | 146.03  175.23 ¢ 204.43  233.63 : 262. 84 .31 3504.5 | 5256.8 | 7009.0 | 8761.3
) i .ol L21 .41 N .81 1 4.1 6.3 8.3 6o.4
.60 j 000 9. .30 .59 79 -9 3.8 5.7 7.6 59.5
.59 . 5.98 S17 37 .57 i -7 34 5.2 | 6.9 ! 8.7
.58 .97 16 .35, .54 .74 .6 3.1 4.6 6.2 7.8
19 2 87.57 , 145.95 | 175.14 : 204.33 © 233.52 | 262. 71 .41 3502.7 | 5254.1 7005.5 ! 8756.9
i.56 i .04 .12 L 3K .50 .68 .2 2.4 3.6 4.8 6.0
.55 ‘ .92 1o .29 .47 .66 .0 2.0 3.0 4.1 5.1
.54 .91 09 .27 .45 .63 .9 1.7 2.5 3.3 4.2
.53 : -89 .07 .25 42 .60 N 1.3 1.9 2.6 3.3
i9  87.52 145.88 ! 175. 05 .22 233.40 ! 262.57 .5 | 3501.0! 5251.4: 7yoo1.9 | B8752.4
; .52 .86 .03 .20 .38 .- 55 .3 0.6 | 0.9 1.2 1.5
i .51 . 85 .0l L18 . .3 .52 0.1 500.3 i 50.4 | 7000.5 50.6
3 .50 .83 5.00 .16 .33 .49 50.0 1 499.9 1 49-8  6999.7 49.7
3 .49 .82 4. 98 .14 .30 .47 49.8 9.6 : 9.3 ! 9.0 8.8
19 © 87.48 1 145.80 174.96 12 | 233.28 | 262.44 | 1749.6 | 3499.2 | 5248.8" 6098.3 | 8747.9
.47 79 .04 | 10 .26 .41 9.4 8.8! 8.3, 7.6 7.0
.46 L77 .92 .08 .23 .39 9.2 8.5 ! 7.7 6.9 6.1
45 .76 . .91 of .21 .36 9.1 8.1 7.2 6.1 5.2
.44 .74 .89; o4 .18 .33 8.9 7.8 6.6 : 5.4 4.3
19 ©87.43 3 145.73 ¢ 174.87 .ol | 233.16 | 262.30 ] 1748.7 i 3497-4 3246.1 - 6994.%7 | 8743.4
.43 71 .8 . 3.99 L14 28 8.5 ¢ 7.0, 5.0 4.0 2.5
.42 .70 .83 .97 .11 2 8.3 6.7 1 5.0 3.3 1.6
.41 .68 .82 ¢ .95 .00 22 8.2 6.3 ! 4.5 2.6 40.7
.40 .67 .80 .93 .00 20 8.0 6.0 3.9 1.9 39.8
19 187,30 | 145.65 | 174.78 | 203.91 | 233.04 | 262.17 ) 1747.8 | 3495.6 | 5243.4 6991.2 | 8738.9
P38 .64 761 .89 3.02 .14 7.6 3.2 2.8 90.5 8.0
235037 .62 74 .87 299 .2 7-4 4.9 2.3 89.7 7.1
.24 .36 .61 .73 -85 .97 .09 7.3 4.5 | 17 9.0 6.2
.24 .35 .59 L7l .83 .94 ¢ .06 7.1 4.2 1.2 8.2 5.3
19 23 87534 145.58 - 174.69 .80 | 232.92 | 262.03] 1746.9 ' 3453.8 | 5240.6 | 6987.5 | 8734.4
220 .34 .56 .67 .78 | .90 2.01 6.7 3.4 40.1 6.8 3.5
Lozt 033 .55 . 65 .76 .87 1.98 6.5 ! 3.0 39.5 6.1 2.6
.21 .32 .53 . 64 74 .85 .05 6.4 2.7 9.0 5.3 1.7
L2100 .31 .52 .62 .72 .82 .93 6.2 i 2.3 8.4 4.6 30.8
19 50 87.30 ! 145.50 | 174.60 | .70 | 232.80 | 261.00 ) 1746.0| 3491.9  5237.9 | 6983.9 . 8729.9
.29 T R - .68 .78 .87 5.8 1.5 7.4 3.2 9.0
.28 ! .47 .56 .66 .75 .84 5.6 S Iz 6.8 2.4 8.1
i L2y .46 .54 .63 ¢ .73 .82 5.4 0.8 6.3 1.7 7.1
i . .26 : .44 .52 .611 .70 79 5.2 | 0.5 5.7 0.9 6.2
19 8% 87.25 i 145.43 | 174.51 4 . 1 232.68 | 261.76 | 1745.1 1 3400.1 | 5235.2 | 6g80.2  8725.3
30 L4 TS O BT ~57 -65 .73 4.9 89.7 4.6 79-§ 44
f 24[ 5 .40 47 .55 | .63 .70 4.7 9.4 4.1 8.8 3.5
i 23 | [ } L45 . .52 .60 .68 4.5 9.0 35 8.0 2.3
; l 77 437 .30! .58 .63 4.3 8.7 3.0 7.3 1.6
19 60 3 87. i 145 35 ! 174.41 | 203.48 ! 232,85 | 261,62 | 1744.1 | 3488.3 | s5232.4 | 6976.6 | 8y20.7
! i
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Latitude 19° to 20°~-Meridional arcs.

Latitude 19°—Co-ordinates of curvature.

Lat. i I . ! :
s 1 - . { i
Value of 177 | Sumsof scl::grtx‘?gef.or middle | Value of 1/ “ Sums of n}l;ltxi\i:lcdsef.or middle Longitude. | X | v
° s Meters, 7 Meters. Meters. /| Meters. ° 1 Meters. j Meters.
19 oo | 30.746 1844.77 | | 1 i
S | 6 1 3075 7 1 1 1 844.8 o 1 | 1754.9 | 0.1
2 6 2 61. 50 782 368¢9.5 I 3500.8 | 0.3
3 6 3 92.24 -78 3 1 55343 300 5264.7 | 0.7
4 6 4 122.99 .78 : 4 7 379. 1 4 7 019.6 | 1.3
19 o5 | 30746 5 153. 74 Baa70 |5 | 9223.9 o 5 | 8774.5 | 2.1
6 6 6 184. 49 79 6 1 068.7 6 10529.3 | 3.0
7 7 7 215. 24 .79 7 12 913.5 7 12 284.2 | 4.1
8 7 8 245.98 . 8o 8 ! 14 758.3 8 14039.1 | 5.3
9 7 [} 276.73 .80 9 16 603. 1 9 1 15 794.0 6.7
19 0 30. 747 1o 307. 48 1844. 80 10 18 447.9 o 10 { 17548.9 | 8.3
X 7 1 338.23 .81 | 20 2¢2.7 15 26 323.4 | 18. 7
12’ 7 2 368.97 .81 z ! 22 137.5 20 35007.8 | 33.2
13 7 3 39972 .81 3 23982.3 25 43872.3 | 5E.9
14 7 4 430. 47 .82 4 | 25 827.1 30 52 646.7 | 74-8
19 15§ 30.747 i3 461. 22 1844. 82 15 2y 672.0 o 35 614211 | ot. 8
16 7 6 491.97 .82 6 29 510.8 40 70 195.5 | 133.0
17 7 7 522. 71 .83 7 31 361.6 45 78 469.9 168. 3
18 7 8 553.46 .83 8 33 200.4 50 87 744. 3 207.7
19 7 9 584. 21 .83 o | 35 051.3 35 96 518.7 251. 4
L. ! i
19 20 30.747 | 20 614. g6 1844. 84 20 | 36 896. 1 1 oo 105 293.0 | 299. 2
21 7 1 645. 71 . 84 ¥ 38 741.0 o5 i 114 067. 3 38I.1
22 7 2 676. 45 .84 2 40 585.8 10 i 122 841.6 407.2
23 7 03 707. 20 .83 3 42 430.6 15 131 615.9 467.4
24 8 4 73795 -85 4 442755 20 140 390.1 531.8
19 25 30. 748 25 768. 70 1844. 85 25 46 120. 4 I 25 149 164. 3 600. 4
26 8 6 799. 45 .86 6 47 9635.2 30 157 938.5 673.1
27 8 i 830.19 . 86 7 49 810.1 35 166 712.6 750.0
28 8 8 860. 94 .86 8 51 6%4.9 40 175 486.7 835.0
29 8 9 891. 69 .87 9 53 499. 8 45 184 260.7 916. 1
19 30 30.748 30 922. 44 1844. 87 30 55 344-7 I 30 193 034. 7 1 005.5
31 38 X 953. 18 .87 1 57 189.6 55 201 808.7 1099.0
32 8 2 983.93 .88 2 59 034. 4 2 00 i 210 583 1 197
33 8 3 1014.68 .88 3 60 879. 3 3 00 | 315 866 2 692
34 8 4 1.045. 43 .89 4 627242 4 oo | 421 138 | 4 786
19 351 30748 35 1076.18 1844. 89 35 64 569. 1 5 00 526397 | 7478
36 8 6 1 106. 2 . 89 6 66 414. 0 6 oo 631 630 i 10768
37 8 Vi 1137.6% .90 7 68 258. 9 7 o0 | 736 861 i 14656
38 8 8 I 168. 42 .o 8 70 103. 8 8 oo 842 059 19 142
39 8 9 1499. 17 .90 9 | 71 948.7 9 00 | 947 230 24 226
19 40 30. 748 40 1 229.92 1844. 91 40 73 793-6 10 oo | 1052369 29 907
41 8 I 1 260. 66 .91 1 75 638. % 1 00 | 1157475 36 186
42 9 2 1291, 41 .91 2 77 483.4 12 00 1 262 544 43 001
43 9 3 I 322.16 .92 3 70 328.3 13 00 1 367 572 50 534
44 9 4 I 352,91 - 92 4 81173.3 14 oo 1472 556 58 603
19 45 30. 749 45 1 383.66 1844. 92 45 83018 2 15 oo 1577 492 67 268
46 9 6 141440 .93 6 84 863.1 16 oo 1 682 377 75 530
47 9 7 T 445. 15 -93 7 86 708.0 17 o0 | 1787208 85 388
48 9 8 147590 .93 | 8 88 553.0 18 00 1 891 ¢81 g6 841
49 9 9 I 506. 65 94 19 90 397.9 g 00 1 996 693 107 889
1 0 0. 0 I 537 1844. 94 50 92 242.8 20 00 2 101 342 119 §32
¢ gx 3 748 51 1 ggs‘}?; .94 H 94 087. 8 21 00 2 205 g22 131 770
52 9 ] 1 598. 89 .95 2 95 932.7 22 00 2 310430 144 601
53 9 3 1629.64 -95 3 97 ¥17-7 23 00 2414804 | 158026
34 9 4 I 660. 39 . 95 4 99 622.6 24 00 2 519 221 172 044
1 30. 16911 1844. 5 101 467.6 25 00 2 623 495 186 6353
® glsi ® 743 SQSS 1 ;’2183 £ 56 103 312.6 26 o0 2 727 685 201 859
57 9 7 I 752. 65 -97 7 105 137.5 27 00 2 831 787 217 654
58 49 8 1 783. 3 97 |0 8 107 002. 5 28 oo 2935 798 234 040
59 .50 9 ¥ 814.13 -97 9 108 B47.5 29 ©0 3039714 251 017
g 60§ 30750 6o 1 844. 87 1844. 98 60 110 692. 4 30 o0 3143 531 268 585
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Latitude 20° to 21°—Arcs of the paralle] in meters.

t
b
| P ]
g Lat. 1 977 g’ 4’ 5 i ¢ R - 14 9/ 1’ 2’ g’ ry
[
ey
{2000 20.07 | 58.14 | 87.21 | 116.28 | 145.35 | 174.471 | 203.48 | 232.55 | 261.62 | 1744.1 | 3488.3 | 5232.4 | 6976.6 | 8720.7
; 1 .07 J13 ,20 .27 .33 .39 .46 .83 .50 3.9 7.9 1.9 5.9 19.8
! 2 .06 .13 .19 .25 .32 .37 .44 .50 .57 3.7 7.5 1.3 5.1 8.9
; 3 ob L2 .18 .24 30 .36 .42 48 54 3.6 7.2 0.8 4.4 7-9
j 4 ob Iz 17 .23 29 .34 . 40 45 31 3.4 6.8 30.2 3.6 7.0
I 203 20.05 | 58 11| 87.16 | 116.21 | 145.27 | 174.32 | 203.37 | 232.43 | 261.48 ] 1743.2| 3486.4 | 5229.7 | 6972.9 | 8716.1
i G .05 .10 .15 .20 .25 .30 .35 .41 . 46 3.0 6.0 9.1 2.2 5.2
: v .05 .10 .14 .19 .24 .28 .33 .38 .43 2.8 5.7 8.6 1.4 4.3
N .05 .09 .13 .18 .22 .27 .31 .36 . 40 2.7 5.3 8.0 70.7 3.3
: 9 .04 .09 .12 .16 .21 .25 .29 .33 .38 2.5 5.0 7.5 69. 9 2: 4
© 2010} 29.04 | 58.08 | 87.12 | 116.15 | 145. 19 | 174.23 | 203.27 | 232.31 | 261.35 | 1742.3| 3484.6 | 5226.9| 6960.2 | 87rr. 5
: 11 .04 .07 L1 .14 R ¢ .21 .25 .29 .32 2.1 4.2 6.3 8.5 10.6
i 12 .03 .07 .10 J13 .16 LEQ .23 .26 .29 1.9 3.8 5.8 7.7 09.7
: 13 o3 06 09 11 {3 17 20 24 27 1.7 3.5 5.2 7.0 8.7
| 14 03 05 o8 .10 LI13 16 18 21 24 1.6 3.1 4.7 6.2 7.8
i 2015 ] 20.02{58.04|87.07| 116,00 | 145.12 | 174.14 | 203.16 | 232.19 | 261. 21 | 1741.4 | 3482.7 3224.1| 6965.5 .0
16 .02 .04 .00 .08 - J12 .14 .16 .18 1.2 2.3 3.5 4.8 6.0
17 .02 .03 .03 .oy .09 .10 .12 .14 .15 1.0 2.0 3.0 4.0 .0
18 .0z .02 .04 .05 .07 .08 .09 L1 .13 0.8 1.7 2.4 3.3 1
19 .01 .02 .03 .04 .06 .06 .07 .09 .10 0.6 1.3 1.9 2.5 .1
*
20 20 } 29.0t | 58.01 | 87.02 | 116.03 | 145.04 | 174.04 | 203.05 | 232.06 | 261.07 | 1740.4| 3480.9 | 35221.3 | 6061.8 .
21 .01 .00 .01 02 .02 oz .03 .04 o4 0.2 0.5 0.7 1.0 .
22 oo | 800| 7.00 6.00| -5.01 4.00{ 3.01 2.01 1.0t 40.0 8o.1 20. 2 60. 3 .
23} .o0| 7.99| 6.99| 5.99| 4.99| 3.99| 298] Lg99| 0.99 39.9 79.8 19.6 59.5 .
241 9.00 .99 .98 .08 .98 .97 .96 .96 . 9.7 9.4 9.1 8.8 8.4
20 25} 28.099 | 57.98 | 86.97 | 115.96 | 144.96 | 173.05 | 202.04 | 231.04 | 260.93 | 1739.5 | 3479.0| 5218.5| 6958.0 8697.%
26 .99 .97 .97 .95 .94 .93 .92 .91 .90 9.3 8.6 7.9 7.3 6.6
27 99 97 96 - 94 -93 91 9 .89 87 9.1 82 7.4 6.5 57
28 99 96 95 93 .91 90 87 86 85 9.0 7.9 6.8 5.8 4.7
29 98 96 o4 o1 .90 88 85 84 82 8.8 7.5 6.3 5.0 3.8
20 30 | 28.98 | 57.95 | B6.93 | 125.90 | 144.88 | 173.86 | 202.83 | 231.8x | 260.79§ 1738.6 | 3477.1| 5215.7| 6954.3| 8692.9
31 .98 .94 .92 .89 . 86 . 84 .81 .79 .76 8.4 6.7 5.1 3.5 1.9
32 97 .04 o1 88 .85 82 79 .76 73 8.2 6.4 4.6 2.8 1.0
33 97 93 Q0 86 .83 8o 76 .74 70 8.0 6.0 4.0 2.0 90.0
34 96 93 8 85 .82 78 74 7t 67 7-8 5.7 35 L3 89.1
| 20357128961 57.92 ) 86.88 | 115.84 | 144.80 | 173.76.| 202.72 | 231.69 | 260.65 1 1737.6| 3475.3 | 5212.9| 69%0.5| 8688.1
4 36 . g6 o1 ol .83 .78 .94 .70 .66 .62 7.4 4.9 2.3 49.7 7.2
1 37 .05 91 .86 .82 .77 72 .68 64 .59 7.2 4.5 1.8 9.0 6.2
38 95 90 8s .8 .75 71 65 61 56 7.1 4.2 1.2 82 5.3
30 9 90 84 .79 74 .63 59 53 6gp 38 0.7 75 4.3
20 40 | 28.94 | 57.80 | 86.83 | 115.78 | 144.72 | 173.67 | 202.61 | 231.56 | 260.50 ] 1736.7 | 3473.4| 5210.1| 06946.7| 86834
41} .94 .88 824 77| .71 -65 59| 53 47 6.5 30| 095 5-9 2.5
42 93 .88 81 75 . 69 63 57 .51 44 6.3 2.6 8.9 5.2 1.5
43 93 .87 81 .74 .68 61 54 48 42 6.1 2.3 8.4 4.4 80.6
44 93 871 .% .73 - 66 59 52 46 39 59 L.y 7.8 37 79.6
20 45 ]| 28.92 | §7.86 | 86.79 | 115.71 | 144.65 | 173.57 | 202.50 | 231.43 | 260.36 | 1735.7 | 3471.5! 5207.2| 6942.9] B678.7
46 .92 .8s .78 .70 .63 .55 .48 . 40 .33 5.5 LI 6.6 2.1 7.7
47 .92 .85 .77 .69 .62 .54 .46 .38 .30 5. 4 0.7 6.1 1.4 6.8
.92 .84 .76 .68 . 6o .52 .43 .35 .28 5.2 0.4 5.5 40.6 5.8
49 .91 .84 .75 .66 .59 .50 . 41 .33 .25 5.0 70.0 5.0 39.9 4.9
20 50| 28.91 | 57.83 | 86.74 : 115.65 | 144.57 | 173.48 | 202.39 | 231.30 | 260.22 § 173¢.8| 3460.6| 5204.4 ] 6939.1}! 8673.9
51 . 9% .82 .73 .64 .33 .46 .37 .28 .19 4.6 9.2 3.8 83 2.9
52 .90 .82 .72 .62 .54 . 44 .35 . 2% .16 4.4 8.8 3.2 7.6 2.0
53 .go .81 .71 . 61 .52 .42 .32 .23 13 4.2 83 2.7 6.8 1.0
54 .90 . 8o .70 . 60 .51 . 40 .30 .20 .10 4.0 8.1 2.1 6.1 70. 1
20 55§ 28.89 ( 57.79 | 86.69 | 115.58 | 144.49 | 173.38 | 202.28 | 231.18 | 260.07 | 1733.8 | 3467.7| s201.5| 6935.3| B669.1
56 .89 .79 .68 .57 .47 .36 .26 15 . 0§ 3.6 7.3 0.9 45 8.1
(34 .89 .78 .67 .56 .46 .34 .24 .13 | 60.02 34 6.9 200. 3 3.8 y.2
58 89 77 .66 .55 .44 .33 .21 10| 59.99 33 0.5 199. 8 31 6.2
59 .88 4 .63 .53 .43 .3t .19 .08 .96 3.1 6.1 9.2 2.3 5.3
20 60 § 28.88 | 57.76 | 86.64 | 115.52 | 144.41 | 173.29 | 202. 17 | 231,08 | 259.93 } 1732.9| 3405.7 | 51¢8.6 1 Og3r.51 B6G64. 3
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Latitude 20° to 21°—Meridional arcs.

Latitude 20°—Co-ordinates of curvature.

Lat. p
Value of 14 Sums of Sﬁg&%cfm middle Value o 17 Sums of r?;z}iicidset:or middle Longitude. x Y
!
o 7 Meters. 44 k Meters. Meters. 4 Meters. ° 7/ DMeters Meters.
20 00 30. 750 \ 1844. 98
| o o 30.75 .g8 1 1845.0 o I 1744.1 o1
2 [ 2 61.50 .98 2 3600.0 2 3 488.3 0.3
3 o 3! 92.25 -99 3 55349 3 5232.4 0.8
4 o 4 | 123.01 -99 4 7 379-9 4 6 976. 6 1.4
20 o5} 30.750 5 153.76 1844.99 5 9224.9 o 5 8 720.7 2.2
6 ) [ 184. 51 5.00 6 11 069.9 6 " 10464.9 31
7 o 7 215.26 .00 7 12 914.9 7 12 209.0 4.3
8 o 8 246. 01 .00 8 14 759.9 8 13 953. 1 5.6
9 o 9 276. 76 .ot 9 16 604. 9 9 15 697.3 7.0
20 10 30. 750 o 307. 51 1845. o1 10 18 450.0 o 10 17 4414 8.7
11 o 1 338.27 .01 1 20 295.0 13 26 162. 1 19.5
12 o 2 369.02 .02 2 22 140.0 20 34 882.8 4.7
13 o 3 399.77 .02 3 23 985.0 23 43 603. 3 54.2
14 [} 4 430. 52 .02 4 25 830.0 30 52 324.2 78.1
20 15§ 30. 750 15 461. 27 1845.03 15 27 675.1 o 35 61 044. 9 106. 3
16 I 6 492. 02 .03 g 29 520.1 40 69 765.6 138.8
1y 1 7 522.97 .04 7 31 365.1 43 78 486.2 175.7
18 1 8 553-53 .04 8 33 210.2 50 87 206. 9 216. 0
19 1 9 584. 28 .04 g 35055.2 55 95 927.5 262. 3
20 20 30. 751 20 615.03 1845. 05 20 36 900. 3 1 oo 104 648.0 312.3
21 I 1 645.78 .0§ 1 38745.3 05 113 308.6 366. 6
22 1 2z 676. 53 .05 2 40 590. 4 10 122 08g.1 425. 1
23 1 3 707. 28 .06 3 42 435. 4 15 130 809. 6 488.0
24 1 4 738.03 .0b 4 44 280.3 20 139 530.1 555.3
20 25§ 30.751 25 768. 79 1845. 06 25 46 125.5% I 25 148 250. 5 626. 8
26 1 6 799- 54 .07 6 47 970.6 30 156 970.9 702. 8
27 B ¢ 7 830. 29 .07 7 49 815.7 35 165 691. 3 783.0
28 1 8 861. 04 .07 8 51 660. 8 40 174 411.6 867.6
29 1 9 8&1.79 .08 9 53 505. 8 45 183 131. 8 956.5
20 30 30. 751 30 922. 54 1845.08 30 55 350.9 1 50 191 852. 1 1049.8
31 1 1 053.29 .00 1 57 196.0 55 200 §72.3 1147.4
32 1 2 984.04 .09 2 59 041. 1 2 00 209 292 1249
33 2 3 1 oi4.80 .09 3 60 886. 2 3 0o 313 929 2 811
34 2 4 I 045. 55 .10 4 62 731.3 4 00 418 355 4997
20 35 30.752 35 I 076. 30 1845. 10 35 64 576. 4 5 00 523 166 7 808
36 2 6 1 107.05 .10 6 66 421. % 6 oo 627 758 11243
37 2 7 1137.80 LI 7 68 266. 6 7 00 732 328 15 302
38 2 8 I 168.55 1t 8 70 1115 8 oo 836 871 19 986
39 2 9 I 199. 30 LI 9 71 956. 8 9 00 941 385 25 204
20 40 30.752 40 1 230.06 1845. 12 40 73 801.9 10 00 1 045 865 31 22§
41 2 H 1 260,81 12 I 75 647. 1 11 00 I 150 308 37 780
42 2 2 [ 291.56 12 2 77 492. 2 12 00 1254 710 44 958
43 2 3 I 322,31 13 3 793373 13 00 1 359 067 52 760
44 2 4 1 353.06 i & 4 81 182. 4 14 00 I 463 376 61 184
20 45 30.752 45 1 383. 8t 1845. 14 45 83027.6 15 oo 1 567 633 70 230
46 2 6 I 414.56 .14 6 84 872.7 16 00 1 671 834 79 899
47 2 7 I 445.32 .14 7 86 717.9 17 00 1775 975 90 190
48 2 8 I 476.07 .15 8 88 563.0 18 o0 1 830 0354 101 102
49 2 9 1 506. 82 .15 9 g0 408. 2 19 00 1 984 064 112 635
20 s0) 30783 | 50 1537.57 1845. 1§ 50 92 253. 3 20 00 2 088 00§ 124 789
[ 3 I 1 568. 32 .16 1 94 098. 5 2r oo 2 191 871 137 563
52 3 2 1 599.07 .16 2 95 943.6 22 00 2 295 659 150 957
53 3 3 1 629.82 .16 3 g7 788.8 23 00 2 399 364 164 g70
54 3 | 4 1 660. 58 .17 4 99 634.0 24 00 2 502 985 179 602
20 35 1 230.753 55 1 691, 1845. 17 55 10T 479 1 25 00 2 606 516 194 853
56 3 6 1 723.3% 18 6 103 324. 3 26 oo 2 709 955 210 721
57 3 7 1752.8, .18 y 105 169.5 27 oo 2 813 297 227 206
58 3 8 1783.8 .18 3 107 014. 7 28 oo 2 916 538 244 308
59 3 9 1 8i4.3 .19 9 108 859.9 29 00 3019676 262 026
20 6o} - 30.753 6o 1 845~0§ 1845. 19 60 110 705. 1 30 00 3 122 706 280 359
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Latitude 21° to 22°—Arcs of the paralle]l in meters.
| | \ !
Lat. 17 | g/ 47 . 5 i ¢’ AR 7 9/ 1/ LY g/ 4
°o : 3 ‘
21 001 28.88 ' 57.76 | 86.64 | 115.52 : 144.41 | 173.29 | 202,17 | 231.05 | 259.93 ) 1732.9 | 3465.7 | 5198.6 | 6931.5 | 8664.3
1 .88 ! .7g .63 51 .39 27 15l T o2 .go 2.7 5.3 8.0 30.7 | 3.3
2| .8 .75 .62 50 .38 .25 12| 100 &7 2.8 49 7.4 20.9 . 2.4
3 87 | 74 .61 48 | .36 23 10| o0.97 84 2.3 4.6 6.9 9.2 1.4
4 87 74 .60 47 34 21 o8 i 95 81 2.1 4.2 6.3 8.4 6o. 5
21 05 | 28.86 | 57.73 : 86.59  115.46 ' 144.32 | 173.19 | 202.0§ | 230.92 | 259.79 | 1731.9 | 3463.8 | 5195.7 6927.6 . 8659.5
6 .86 | .72* .59, 45 ° .31 L1y .03 : 8g .76 1.7 3.4 5. X 6.8 8.3
7 .86 | 72 .58 44 .29 15 2.01 | 87 73 1.5 3.0 4.5 6.0 7.6
86 71 .57 42 .27 13 1.99 84 70 1.3 2.7 4.0 5.3 6.6
9 83 71 56 41 .26 11 .96 82 67 I.1 2.3 3.4 4.5 5.7
21 10§ 2885/ 57.70 | 86.55 / 115.40 144.24 | 173.09 | 201.94 . 230.79 | 259.64 ] 1730.9 | 3461.9 | 5192.8 | 6923.7 | 8654.7
11 851 .69 .54 .39 .22 .07 92 .76 N 0.7 I.§ 2.2 2.9 3.7
12 .84 ‘ 53 ! 37 21 .08 90 74 58 0.5 I.1 1.6 2.1} 2.9
13 84 68 521 .36 19 .04 | 87 71 | 13 0.4 0.7 1.1 1.4 1.8
14 84 67 51 .35 ¢ 18 oz ! 85 69 52 0.2, 60. 3 90. 5 20.6 50. 8
21 15| 28.83 : §7.66 . 86.50 | 115.34 + 144.16 | 173.00 | 201.83 | 230.66 { 259.50 | 1730.0 | 3459.8 | 5189.9 | 6619.8 | 8649.8
16 83: .66 49 ! 32 .14 . 2.08 st .63 47 20.8 ! 9.4 9.31 9.0 8.8
17 83 .65 48 31 J13 96 .79 . .61 44 9.6 9.1 8.7 8.3 7.9
18 83 .64 47 30 JIX G 04 .76 - 58 41 0.4 8.7 8.2 7.5 6.9
19 82 64 46 28 .10 92z 74 56 38 9.2 8.4 7.6 6.8 ‘ 6.0
21 20 § 28.82 57.03 86.45 115.27 144.08 172,490 ! 201.72 - 230.53 | 259.35 | 1729.0 © 3458.0| 5187.0 | 6916.0| 8645.0
21 82 .62 44 | .26 ¢ .06 .88 .70 ! .50 .32 8.8 7.6 6.4 5.2 4.0
: 22 &1 62 43 24 . 0§ 86 .67 48 29 8.6 7.2 5.8 4.4 1 3.0
] 23 81 61 42 23 .03 84 .65 45 26 8.4 6.8 5.2 3.6 : 2.1
\ 24 8o 01 41 22 .02 82 .63 43 23 8.2 ! 6.4 4.6 2.8 1.1
| 21 25] 28.80 ! 57.60 86.40 115.21 . 144.00 . 172.80 | 201.60 | 230.40 | 250.21 | 1728.0 | 3456.0 | 5184.0| 6912.0 | 1
26 8 .59, .39 191 3.98 ! 78 .58 37 -18 7.81 5.6 3.4 1.2 -1
27 79 59 , 35 .18 .97 | 76 .56 35 1 7.6 5.2 2.8 10.4 | .1
28 79 58 37 17 -95 | 74 54 | 32 12 7.4 4.9 2.3 09.7 -2
! 29 78 58 36 15 .94 72 .51 30 09 72! 4.5 1.7 8.9 .2
21 30 | 28.78 - 57.57 . 86.35 . 115,14 : 143.92 ‘ 172.70 ' 201.49  230.27 ! 250.06 ] 1727.0 | 3454.1 | 518r.1 ) 6go8.1 . B635.2
31 78 .56 34 L1300 .90 | .68 47 .24 .03 6.8 3.7 8o. 35 7.3 4.2
32 77 56 33 il . 8g .66 44 22 9. 00 6.6 3.3 79.9 6.5 ! 3.2
33 77 55 32! 10 .8 . 64 42 19| 8.97 6.4 2.9 9.3 5.8 2.2
34 77 54 31! o8 | .85 .62 40 17 | 04 6.2 2.5 8.7 5.0 1.2
21 35} 28.76  57.53 - 86.30 ' 115.07 | 143.83 | 172.60 | 201.37 | 230.14 | 258.91 17260 | 3452.1 | 5178.1; 6904.2 | B8630.2
30 70 .53 .29 .06 .82 58 .35 X .88 5.8 1.7 75 34 29. 2
37 76 .52 28 04 ; .80 56 .33 .09 85 5.6 .3 6.9 2.6 8.2
38 76 .51 .27 o3| .78 55 31 .00 | 82 5.5 0.9 6.4 1.8 7.3
39 75 -5 26 ‘ or | .77 53 .04 | 79 5.3 o.§ 5.8 Lo 6.3
; ! i
i 2140 28,95 57.50 ' 86.25  115.00 . 143.75 | 172.51 | 201.26 | 230.01 | 258.76 | 17281 3450.1 | §175.2 | 6900.2 | 8625.3
; 4r) .75 .49, .24 499 .73 49 24 | 29.98 73 4.9 49.7 4.6 399.4 43
42 74 49, .23 97 . .71 47 21 -96 | 70 4.7 9.3 4.0 8.6 33
43 74 48 22 .96 . 69 45 19 93 67 4.5 8.9 3.4 7.8 2.3
44 74 48 RS 95 1 .6y 43 16 90 ! 64 4.3 835 2.8 7.0 1.3
;21 45§ 28.73 1 57. 47 | 86.20 114.94 | 143, 66 | 172.41.} 201.14 | 229.87 | 258.61 | 1724.1 | 3448.1| 5172.2 | 68gb.2 | 8620.3
! 46 .73 .46 | 19 92 ; .6j 39, .12 .85 .58 3.9 7.7 1.6 54! 19.3
| 47 73] .46 18 91 | .6a 37 .09 83 .55 3.7 7.3 Lo 4.6 83
! 48 731 .45 17 | .62 5. .of 79 52 35 6.9 704 3.9 7-3
‘ 49 72 43 16 88 | .61 33 o4 77 49 33 6.5 69.8 31 6.3
i i
} 21 50§ 28.72 | §7.44 : 86.15 114.87 " 143.59 | 172.31 | 201.02 | 229.74 | 258.46 1723.1 | 3446.1 | 5160.2 | 6892.3 | 8615.3
! 51 72 .43 .14 .86 .57 .29 | 1.0o 71 43 2.9 5.7 8.6 L5 4.3
: 52 7 .43 .13 .84 .56 .27\ o.gy . 69 . 40 2.7 5.3 8.0 go. 7 3.3
530 .71 42 .12 83, .54 .25 .95 . 66 .37 2.5 4.9 7-4 8.9 2.3
54 .70 VS S § { .82 | .52 .23 .93 .64 .34 2.3 4.5 6.8 9.1 | 1.3
21 55 } 28.70 | 57.40 - 86.10  114.80 | 143.50 | 172.21 | 200.90 | 229.6v | 258.31 ] 1722.1 3444.1 | 5166.2 | 6888.3 . 8610.3
56 70| 40 o9 790 a9 .19| .88 .58 .28 19 3.7 5.6 7.5 09. 3
57 .69 39 .08 .78] .47 .17 .86 . 56 .25 Ly 33 5.0 6.7 8.3
58 .69 .38, .07 277 . 4% i £ 1 .8 .53 .22 4 2.9 4.4 5.9 7-3]
59 .68 .38 .06 751 .44 .13 .81 .51 .19 L3 2.5 3.8 5.1 6.3
21 60 § 28.68 | 57.37 | 86.05  114.74 ] 143.42 | 172,11 | 200.79 | 220.48 | 258.16 | 1720.1 | 3442.1 | 5163.2 | 68843 | 8605.3
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Latitude 21° to 22°—Meridional arcs. Latitude 21°%—Co-ordinates of curvature.
Lat. ] :
Value of 17/ Sums of selzgltll;i;eiror middle || 4 o e Sums of nllirtlili:esc{or middle Longitude. 5 v
! ey e
e/ Meters. 4 Meters. Meters. ’ Meters. °o /s Meters. Meters.
71 o0 ] 30.753 1845. 19 :
I 3 1 30. 76 .20 1 1 845.2 o 1 1732.9 0.1
2 3 2 61. 51 .20 2 3690.4 2 3465.7 0.4 |
3 3 3 92. 27 .20 3 5535.6 3 5 198.6 0.8 |
4 3 4 123. 02 .21 4 7 380.8 4 6931.5 1.4
21 0§ 30.753 5 153.78 1845. 21 5 g 226.0 o 5 8 664. 3 2.2
6 4 6 184.53 .21 6 11 071.2 6 10 397. 2 3.2
7 4 7 215. 29 .22 7 12 g16. 4 7 12 130.0 4.4
8 4 8 246. 04 .22 8 14 761.7 8 13 862.¢ 5.8
9 4 9 276. 80 -23 9 16 606. 9 9 15 595. 8 7.3
i {
21 10 30.754 10 307.5% 1845.23 | IO 18 452. 1 o Io 17 328.6 9.0 "
I 4 i 338. 31 .23 1 20 297. 3 15 25 993.0 20. 3
12 4 2 369. 06 .24 2 22 142. 6 * 20 34657.3 | 36. 1
13 4 3 399 82 .24 3 23 987.8 2 43 321.6 56.4
i4 4 4 430.57 .24 4 25 8331 30 51985.9 81.3
21 1§ 30. 754 15 461. 33 1845. 23 15 ! 27 678. 3 o 35 60 650. 2 110. 7
16 4 6 492.08 .25 6 | 29 523.6 40 69 314. 5 144. 5
17 4 7 522. 84 .23 7o 31 368. 8 45 77 978.7 182.¢9
I8 4 8 553.50 .26 8 332141 50 86 643.0 225.8
19 4 9 584. 35 .26 9 35059.3 55 95307.2 273.2
21 20 30.754 20 615. 10 1845. 27 20 36 904. 6 1 00 103 971.3 325.2
21 4 I 645. 86 .27 1 38749.9 o5 112 635.5 381.6 |
22 5 2 676. 61 .27 2 40 595. 1 10 121 299.6 442.5
23 5 3 707. 37 .28 3 42 440.4 13 129 963.7 | = §o8.o |
24 5 4 738. 12 .28 4 44 285.7 20 138 627.% 578.0
21 2§ 30. 755 25 768. 88 1843. 28 25 46 131.0 1 25 147 291. 8 652.5 !
26 5 6 799- 63 .29 6 47 9763 30 155 955.7 731.6 |
27 5 7 830. 39 .29 7 49 821.§ 35 164 619.7 815.1 i
28 5 8 861. 14 .30 8 51 666. 8 40 173 283.6 903.2
29 5 9 8g1.90 | -30 9 535121 45 181 947. 4 995.8 |
21 30 30. 755 30 922. 65 1843. 30 30 55 357. 4 I 50 190 611.2 1002.9
3L 5 1 953 41 - 31 1 57 202,7 55 199 274.9 - 1194.5
2 5 2 984. 16 .3t 2 59 048.0 2 00 207 939 1 301
33 5 3 1014.92 .31 3 60 893.4 3 31188 | 2926
34 5 4 1 045.67 .32 4 62 738.7 4 oo 415845 | 5202
2t 35 | 30.755 35 1076.43 1845. 32 35 64 584.0 5 0o 519 775 8128
36 5 6 1 107. 18 .33 6 66 429. 3 6 oo 623686 11704
37 5 7 |~ 1I137.94 -33 7 68 274. 6 7 oo 727 572 15 930
38 6 8 1 168. 69 .33 8 70 120.0 8 oo B3t 429 1 20806
39 6 9 I 199.45 .34 9 71965.3 9 0 935 254 26 331
21 40 30. 756 40 I 230.20 1845. 34 40 73 810.6 10 00 1039 042 . 32505
41 6 1 1 260. 96 .34 X 75 656.0 1 00 1142790 | 39328
42 6 2 I201. 71 .38 2 77 501, 3 1z 00 1246493 46 8ox
43 6 3 I 322.47 35 3 79 346.7 13 oo 1350147 | 54922
4 6 4 1 353.22 .36 4 81 192.0 14 00 1453749 | 63690
21 45 0. 756 1 383.08 1845. 36 45 83 037- 4 15 00 1557 294 73 107
46 3 /56 42 I 213’, ?3 ‘ .§6 6 84 882. 8 16 oo 1660777 | 83171
47 6 7 I 445. 49 .37 7 86 728.1 17 oo | 1764195 | 9388
48 6 8 I 476.24 .37 8 883573.5 R 18 oo . 1867345 . 105240
49 6 9 I 507.00 .37 9 90 418.9 19 oo ;| 1970822 Py 244
| 1
21 50 ] 30756 5o 1537.7% 1843. 38 50 92 264. 2 20 oo | zoj402r 129893
51 6 1. 1 568. 51 .38 1 94 109.6 21 00 | 217713 | 43 188
52 6 2 I 599. 26 .39 2 95 955.0 22 oo | 2280173 157 128
53 6 3 1 630.02 .39 3 97 800. 4 23 00 2 383 117 171 712
“ 54 y 4 1 660.77 .39 4 09 645. 8 24 00 2 485 967 186 939
2x 0. 1 691. 1843. 101 401. 2 25 00 2 588 720 202 809
gg 157 Sg 1 ?gz. gg 45.2 . sg 103 336. 6 26 o0 2 691 373 219 322
57 7 7 1753.04 .40 7 105 182.0 27 00 2 793 920 236 476
58 7 8 1783.79 .41 8 107 027. 4 28 00 2 896 358 254 26;
.59 7 9 1814.55 ! .41 9 108 872. 8 29 00 2 998 082 272 78
21 to 30.757 6o 1845.30 & 1845.42 60 110 718, 2 30 00 3 100 889 201 784
i
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Latitude 22° to 23°—Ares of the parallel in meters.
Lat. 1 Y g/ ! 8/ ‘1 5 6 N 8 9 1’ 9’ “ 3’ 4 5
L |
o v E :
22 00| 28.68 | 57.37 | 86.05 | 114.74 | 143.42 | 172.11 | 200.79 | 229.48 { 258.16 ) 1721.1 | 3442.1 | 3163.2| 6884.3 | 8605.3
1 .68 .36 .04 .73 . 40 .09 | .77 45 & 0.9 2.6 3.5 4.3
2 .67 .36 .03 .71 .39 .07 | .74 .43 .10 0.7 ! 1.3 2.0 2.7 3.3
3 .67 .35 .02 .70 .37 051 .72 40 o7 0.% 0.9 1.4 1.8 2,3
4 .67 .34 .01 .68 .38 03 | .60 -37 .04 0.3 0.5 0.8 1.0 1.3
22 05} 28.66| 57.33 | 86.00 | 114.67 | 143.33 | ¥72.01 J 200. 67 | 229. 35 { 258.01 ] 1720.1| 3440.1 | 5160.2 ] 6880.2| 86o0.3
61 .661 .33 5.99 .66 .32, Loy .65 2321 7.98 19.9 39.7 59.6 79-4 | 599.3
7 .66 .32 .98 .64 .30 .97 | .62 .29 .95 9.7 9.3 9.0 8.6 8.3
8 .60 .31 .97 .63 .28 94 | .60 .26 .92 9.4 8.9 8.3 7.8 7.2
9 .65 .31 .96 .61 .27 -92 .57 .24 .89 9.2 8.5 7.7 7.0 6.2
22 10} 28.65 | 57.30 | 85.95 | 114.60 | 143.25 ; I75.00 }l 200,55 | 220.21 | 257.86 | 1719.0 | 3438.1| s5157.1§ 6876.2 | 8595.2
11 .65 .29 .94 .59 .23 ! .88 .53 .18 .83 8.8 7. 6.5 5.4 4.2
12 .64 .29 .93 .57 .22 .86 .50 .16 .80 8.6 7.3 5.9 4.6 32
13 .64 .28 .92 .56 .20 .84 .48 .13 .77 8.4 6.9 5.3 37 2.2
|l 6] 2z .ot .53 .18 .82 .46 10 .74 8.2 : 6.5 3.7 2.9 1.2
22 15 | 28.63 | 57.26 ' 85.90 | 114.54 | 143.16 | 171.80 | 200.43 | 229.07 | 257.70 1718.0 | 3436.11 5154.1 ! 6872.1| B8500.1
16 .63 .26 .8 .52 .15 .78 .41 .05 .67 7.8 5.7 3.5 1.3 89. 1
17 .63 25 .88 .51 V13 .76 .39 9.02 . 64 w6 5.3 2.9 | 70. 5 8.1
18 .63 .24 .87 .50 LI .74 .37 8.99 .61 7.4 4.8 2.2 69. 7 7.1
19 .62 .24 .86 .48 . 10 72 .34 .97 .58 7.2, 4.4 1.6 8.9 6.1
22 20 ] 28.62 | 57.23 | 85.85 | 114.47 | 143.08 | 175.70 | 200.32 | 228,94 | 257.55 | 1717.0 | 3434.0| 51510 6868.1 | B58s5.1
21 .62 .22 .84 .46 .06 .68 .30 .91 .52 6.8 3.6 50. 4 7-3 4.0
22 .61 .22 .83 .44 . 0§ .66 .27 . 88 .49 6.6 3.2 49.8 6.5 3.0
23 .61 .21 .82 .43 .03 .64 251 .8 .46 6.4 2.8 9.2 5.6 2.0
24 .60 .21 .81 .41 .o1 .62 .22‘i .83 .43 6.2 2.4 8.6 4.8 8.0
22 25| 28.60 | 57.20 | 85.80 | 114.40 ; 143.00 | 171.60 | 200.20 | 228.80 ; 257.40 | 1716.0 | 3432.0 5148.0 | 6864.0 8579.9
26 .60 1) .79 .39 2.98 .58 .18 .77 .37 5.8 1.6 7.4 3.2 8.9
27 .59 .19 .78 .37 .96 .56 .15 .74 .34 5.6 1.2 6.8 2.4 7.9
28 .59 .18 .77 .36 .94 .54 S13 .72 .31 5.4 0.7 6.1 1.5 6.9
29 .58 .18 .76 .4 .93 .52 1o .69 .28 5.2 30.3 5.5 60. 7 5.9
22 30} 28.58 | 57.17 | 85.75 | 114.33 | 142.91 | 171.50 | 200.08 | 228.66 | 257.25 | Y715.0 | 3429.9 | '5144.9 6859.9 | 8574.8
31 .58 .16 .74 .32 .89 .48 .06 .63 .22 4.8 9.5 43 9.1 3.8
32 .57 .16 .73 .30 .88 .46 .03 .60 Y 4.6 9.1 3.7 83 2.7
33 .57 .13 .72 .29 .86 .43 | 200.01 .58 .16 4.3 8.7 3.0 7.4 1.7
34 .57 .14 .71 .27 .84 .41 | 199.98 .55 .13 4.1 8.3 2. 4 6.6 70.7
22 35 | 28.56 | 57.13 | 85.70 | 114.26 | 142.82 | 171.30 | 109.96 | 228.52 | 257.00 § 1713.9 | 3427.9| 5141 8| 6855.8 | 8569.7
36 .56 .13 .69 .25 .81 .37 .94 .49 .06 3.7 7.5 1.2 5.0 8.6
37 .56 12 .68 .23 .79 .35 .91 . 46 03 3.5 7.1 40.6 4.1 7.6
38 .56 11 .67 22 .77 .33 89 . 44 7. 00 33 6.6 39.9 3.3 6.6
39 .55 I .66 20 .76 .3t .86 .41 6.97 3.1 6.2 9.3 2.4 5.6
22 g0 | 28.55 | 57.10 | 85.65 | 114.19 | 142.74 | 171.20 | 199.84 | 228.38 | 256.94 | 1712.9 | 3425.8 | 5138.7 | 6851.6| 8564.5
41 .85 .09 .04 .18 .72 .27 .82 .35 .91 2.7 5.4 81 0.8 3.5
42 .54§ .09 .62 .16 71 .23 .70 .33 .88 2.5 5.0} 7-5 50.0 2.4
43 .54l .08 43 S N £ 1 .69 .23 .79 .30 .84 2.3 45 6.8 49.1 1.4
44 .53 .07 .6o 141 L6y .21 74 .27 .81 2.1 4.1 6.2 83 6o. 4
22 45 | 28.53 | 57.06 | 85.50 | 114.12 | 142.66 | 171. 19 | 199.72 | 228.25 | 256.78 ) 171t.9} 3423.7| 5135.6| 6847.5 | 8550.3
461 .53 .o06| .38 11 .64 .17 .70 22 .75 L7 3.3 5.0 6.7 8.3
47 .52 .03 .57 .10 .62 .15 .67 .19 .72 8 2.9 4.4 5.8 7.3
48 .52 .04 .56 .09 .60 12 .63 .16 .68 1.2 2.3 3.7 5.0 6.2
49 .51 - 04 -55 07 .59 10 .62 .14 .63 1o 2.1 31 4.1 5.2
22 501 28.51 | 57.03 | 85.54 | 114.06 | 142.57 | 171.08 | 199.60 | 228. 11 | 256.62] 1710.8 | 3421.7 | 5132.5 6843.31 8554.1
51 .51 .02 .53 . 0§ .55 .06 .58 .08 .59 0.6 1.3 1.9 2.5 3.1
52 .50 .02 .52 .03 .53 .04 .55 .05 .56 0.4 0.9 1.2 1.6 2.0
53 .50 .01 L 51 .02 .52 .02 .53 .03 .53 0.2 0.4 30.6 40.8 1.0
54 .30 | 57.00 .50 4. 00 .50 I.00 .50 8.00 .50 10.0 | 20.0 29.9 39.9 50.0
22 55 1 28.49 | 56.99 | 85.49 | 113.99 | 142.48 | 170.98 | 199.48 | 227.97 | 256.46 ] 1709.8 | 3410.6 | s5120.3 | 6839.1| 8548.9
56 . 49 .09 .48 .98 .46 .gb . 45 .04 .43 9.6} 9.2 8.7 8.3 7.g
57 . 49 .98 .47 .96 .44 94 | .43 | .91 . 40 9.4 | 8.8 8.1 7.4 6.
58] .40 .97 .46 .95 .43 .92 .40 .Bg .37 g.2 3.3 7-4 6.5 581
59 481 .97 .45 .93 .41 891 .38 .86 .34 8.9 7.9 6.8 5.7 4.7
22 6o [ 28.48 | 56.96 | 83.44 : 113.02 | 142.30 | 170.87 i 109.35  227.83 | 256.31] 1708.7 1 3417.5 | 5126.2 | 6B34.9 8543.7
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Latitude 22° to 23°—Meridional arcs.

Latitude 22°%—Co-ordinates of curvature.

Lat.
Sums of seconds for middle Sums of minutes for middle . . . |
Value of 17/ latitude. Value of 1/ latitude. Longitude. X 1 i
1
° 7 Meters. ’” Meters. Meters, 4 Meters. e 7 Meters. Meters
22 00 30.757 1845. 42
i 7 1 30.76 .42 1 1845.4 o 1 17211 0.1
2 7 2 61.52 .42 2 3690.8 2 3442.2 0.4
3 7 3 92.28 43 3 5536.3 3 5163.2 0.8
4 7 4 123.04 -43 4 73817 4 6884. 3 1§
22 of 30.757 5 153.79 1845. 44 5 9227. 1 o 5 8 605. 4 2.3
6 7 6 184.55 .44 6 11 072.6 6 10 326. § 3.4
7 7 7 215.31 | .44 7 12918.0 7 12047. 5 4.6
8 7 8 246.07 .45 8 14 763. 4 8 13 768.6 6.0
9 7 9 276.83 -45 9 16 608. 9 9 15 489.7 7.6
22 10 30. 758 10 307.59 1845. 45 10 18 454. 3 o 10 17 210. 7 9.4
11 8 1 338. 35 . 46 1 20 299.8 15 25 816.0 21.1
12 8 2 369. 11 . 46 2 22 145. 3 20 34 421. 3 37.5
13 8 3 399. 86 .47 3 23 990.7 25 43 020.6 58.6
14 8 4 430.62 .47 4 25 836. 2 30 51631.8 84.4
22 1§ 30. 758 15 461. 38 1845. 47 15 27 681.7 o 35 60 237.1 114.9
16 8 6 492. 14 .48 6 20 527. 1 40 68 842. 3 150.0
17 8 7 522.90 .48 7 31 372.6 45 77 447.6 189.9
18 8 8 §53.66 .48 8 33218.1 50 86 032.8 234.4
19 8 9 584. 42 .49 9 35 963.6 55 94 657.9 283.7
22 20 30. 758 20 615. 18 1845. 49 20 36 909. 1 1 00 103 263. 1 337.6
21 8 1 645.94 .50 1 38754.6 o3 111 868.2 396.2
22 8 2 676. 69 .50 2 40 600. 1 10 120 473.3 459. 5
23 8 3 707.45 -50 3 42 445.6 15 129 078.3 527.5
24 8 4 738. 21 .51 4 44 291. 1 20 137 683. 3 600. 1
22 2§ 30.759 25 768. 97 18435. 51 25 46 136.6 1 2% 146 288. 3 677.5
26 9 6 799-73 .52 6 47 982.1 30 154 893. 2 759-5
27 9 7 830.49 .52 7 49 827.6 35 163 498. 1 846.3
28 [+ 8 861. 25 .52 8 51 673. 1 40 172 102. 9 937.7
29 9 9 8g2.01 .53 9 53518.7 45 180 707.7 1033.8
22 30 30- 759 3o 922.77 1845.53 30 55 364. 2 I 50 189 312.4 1134.6
3t [ H 9&.52 .53 I 57 209.7 55 197 917. 1 I 240. 1
32 [ 2 084. 28 .54 2 §9 055. 3 2 00 200 §22 1 350
33 9 3 1 015.04 -54 3 900.8 3 00 309 772 jo37
34 9 4 1 045. 80 .55 4 62 746. 3 4 00 413 008 5 400
22 35 30.759 35 t 076. 56 1845. 55 35 64 501.9 5 oo 516 227 8438
36 9 6 1107.32 .55 6 66 437. 4 6 o0 619 424 1z 151
37 9 7 1 138.08 .56 y 68 283.0 y oo 722 505 16 538
28 9 8 1 163. 84 .56 8 70 128.6 8 oo 825 734 21 6oo
39 9 9 1 199.59 .57 9 71974.1 9 oo 928 838 27 336
22 40| 30759 40 1 230.35 1845. 57 40 73 819.7 1o 00 1 031 903 33 746
41 60 1 1 261.11 .57 I 75 665. 3 11 00 1 134923 40 829
42 ° 2 1 298,87 .58 2 77 510. 8 1z o0 1 237 895 48 586
43 o 3 I 322.63 .58 3 79 356. 4 13 00 1 340 814 57 016
44 ° 4 I 35339 .58 4 I 202.0 14 oo 1 443 675 66 119
22 45| 30.760 45 1 384.15 1845. 59 45 83047.6 15 00 1 546 475 75 804
46 o 6 1 414.91 .59 6 84 893.2 16 oo 1 649 209 86 341
47 o i I 445.67 .60 7 86 738.8 17 00 1751 873 97 459
48 o 8 1 476. 42 .60 8 88 584.4 18 oo 1 854 461 109 248
49 o 9 1 507.18 .60 9 90 430.0 19 0o 1 956 g70 121 708
22 s0] 30.760 %0 1537.94 1843. 61 50 92 275. 6 20 00 2 059 396 134 838
51 o X 1 §68.70 .61 1 04 121.2 21 00 2 161 733 148 637
52 o 2 1 599.46 .62 2 95 966.8 2z 00 2 263 978 163 105
53 o 3 1 630.22 .62 3 97 812.4 23 00 2 366 126 178 241
54 o 4 1 660.98 .62 4 99 658.0 24 o0 2 468 174 194 045
2z 55 30. 60 55 1691.74 1845.63 55 101 503. 7 25 00 2570 116 210 §15
56 1 6 1722.50 .63 6 103 349- 3 26 oo 2 671 947 227 652
57 1 7 1 753.28 .64 7 10§ 194.9 27 o0 2773 664 245 454
58 I 8 1 784. 01 .64 8 107 040.6 28 oo 2 8738 264 263 921
59 1 9 1 814.77 .64 9 108 886. 2 29 00 2 976 740 283 o5t
22 fo ) 30.761 6o t 845.53 1845. 65 60 110 731. 8 30 o0 3078 o8p 302 845
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Latitude 23° to 24°—Arcs of the parallel in meters.

i | ! ' |
Lat 1// i 2// ! 3// J! 4// : 5// 6// 7// i 8// 9// 1/ ! 2/ 3/
| ! i | :
i | i ‘
o ! | ‘ ‘ 1
23 00} 28.48 1 56.96 | 85.44 , 113.92 | 142.39 | 170.87 | 199. 35  227.83 | 256.31 | 1708.7 | 3417.5 | 5126.2 | .9 | 8343.7
1 .48 1 .95 .43 91 ! .37 .83 .33 . 8o .28 8.5 7.1 5.61 4.1 2.6
2 .47 1 .95 42 ! .89: 36 .83 .30 L7y .25 8.3 6.7 5.0 3.2 1.6
3 471 .04 41 .88i .34 .81 .28‘ .75 .22 8.1 6. 2 4.3 1 2.4 40. 5
4 ‘46i .93 . 40 .86 | .32 .79 .25 .72 .19 7.9 5.8 37 LS 39.5
23 05 | 28.46 : 56.92 | 85.38 | 113.85 D142.31 | 170,77 | 199.23 | 227.69 | 256.15 | 1707.7 | 3415.4 | 5123.1 ! .7 8538.4
6 467 .92 .37 84 .29 .75 .21 . 66 L12 7.5 5.0 2.5 .9 7.4
7 .45 1 91 .36 .82 ¢ 27 73 18 .63 ..09 7.3 1 4.6 1.8 .0 6.3
8 .45 1 .90 .35 .81 .25 LTI .16 .61 ) .0b 7.1 4.1 12| L2 5.3
E .44", .90 34 79 .24i . 68 13 .58i .03 6.8 3.7 20.5 | 3 4.2
23 10§ 28.44 | 56.89 | 85.33 E 113.78 J’ 142.22 | 170.66 | 199. 11 | 227.55 / 256,00 } 1700.6 . 3413.3{ 5Ilg.g ; 5 ]
1 .44 . 88 .32 LTT .20 . 64 .09 .52 5.97 6.4 2.9 9.3 | .y .1
12 .43 .88 .31 275 .18 .62 .00 . 49 .94 6.2 2.% 8.6 | .8 I
13 43 .87 30 74 1 L 17 .60 .04 47 i .90 6.0 2.0 8.0 .0 . O
14 43 .86 29 72 | L15 .58 9.01 44! .87 5.8 1.6 5.31 .1 .0
23 154 28.42 | 56.85 | 85.28 | 113,71 ! 142.13 | 170.56 | 198.99 ' 227.41 | 255.84 | 1705.6 | 3411.2 ! 51167 .3 .9
16 .42 85 27 6g | LI .54 .96 | .38 0 .81 5.4 0.8 6.1, .5 .8
17} .42 .83 .26 68 | o9 .52 94 | 35 78 5.2 10. 3 541 .6 .8
18 .4z| .83 .25f 66 | o8 . 40 .91 | 33 .74 4.9“ 09.9 4.8 .8 .7
19 .41 83 24 .65 ab 47 8g ! 30 .71 4.7} 9.4 4.1 .9 .6
| |
23 20 | 28.41 | 56.82 | 85.23 | 113.63 | 142.04 | 170.45 | 198 86 | 227.27 | 255.68 | 1704.5 | 3409.0! 51135 6818.1 22.6
21 41 81 22 .62 .oz | .43 84 24 65 4.3 8.6 2.9 7.2 1.5
22 40 81 20 .60 zo01: .41 81 21 .62 4.1 8.2 2.2 6.4 20. 4
23 40 8o Ig 59 109 39 79 18] .38 3.9 7.7 1.6 5.5 19.4
240 .39y .79, 181 .57 .97 .37 6. .15 .55 3.7 7.3 0.9 47 8.3
232528 39 | 56.78 | 85.17 | 113.56 | 141.06 | 170.34 | 198.74 . 227.13 | 255.52 ) 1703.4 | 3406.9 | 5110.3| 6813.8| 8517.2
26 .39 .78 .16 .55 .94 .32 .71 .10 . 49 3.2 6.5 09. 7 2.9 6.2
27 .38 .77 JI5 .53 .92 .30 .69 .07 . 46 3.0 6.1 9.0 2.1 5.1
28 18 76 14 .52 ! g0 28 .66 o4 .42 2.8 5.6 8.4 1.2 4.0
29 37 76 13 .50 | 89 26 64 7.01 .39 2.6 5.2 7.7 10. 4 3.0
23 301 28.37 1 56.75 | 85.12 | 113. 49 | 141,87 | 170.24 | 168.61 ' 226.98 | 255.36 Q7oz.4 3404.8 | 3107.1 | 6809.5 | 8311.9
31 L3700 .74 1t .48 . 85 .22 .59 . 9% .33 2.2 4.4 6.5 8.6 10. 8
32 .36 .73 .10 . 46 .83 .20 . 56 .92 .29 2.0 3.9 5.8 7.8 09.8
33 .36 .73 .09 .45 .82 .17 .54 ) .26 1.7 3.5 5.2 6.0 8.7
34 .36 .72 .08 .43 ! .80 .15 3 .87 .23 1.5 3-0 4.5 6.1 7.6
2335128 35| 56.71 | 85.06 | 113.42 | 141.78 | 170.13 | 168.49 ‘ 226.84 | 255.19 ] 1701.3| 3402.6 | 5103.9 | 6805.2 | 8506.5
36 .35 .70 .05 .41 .76 LII T .81 .16 1.1 2.2 3.3 4.3 5.5
37 . 3% .69 .04 .30 .74 ') .44 .78 13 0.9 1.8 2.6 3.5 4.4
38 .35 .69 .03 .38 .73 .06 .41 .76 .10 0.6 1.3 2.0 2.6 3.3
39 34 68 oz 36 i o4 39 73 ob 0.4 0.9 1.3 1.8 2.2
23 40 | 28.34 | 56.67 { 85.01 | 113.35 | 141.60 | 170.02 | 198. 36 226. 70 | 255.03 ] 1700.2 | 3400.5 | 5100.7 | ©6800.9 .
41 .34 .66 | 5.00 .34 .67 | 70.00 .34 .67 5.00 700. 0 400, 1 100.0 8oo.0 .
42] 330 .66] 499 .32 .65 | 69.98 .31 .64 | 4.97] 609.8| 300.6| 5000.4 | 799.2 .
43 .33 .65 .98 .31 .64 .96 .29 . 61 .93 9.6 9.2 8.7 8.3 7-9
44 32 64 97 29 .62 .94 .26 ) 58 .90 9.4 8.7 8.1 7.5 6.8
23 45 ] 28.32 1 56.65 | 84.96 | 113.28 | 141.60 | 169.92 | 198.24 | 226.56 | 254.87 | 1699.2 | 3398.3 | 5097.4 | 6796.6 | B495.8
46 32 .63 .95 .26 ¢ .58 .89 .21 .53 .84 89 7.9 6.8 5.7 4.7
47 31 .62 .94 .25 ! .56 .87 19 .50 .81 8.7 7.4 6.1 4.9 3.6
31 .61 .93 230 % .85 .16 .47 .77 8.5 7.0 5.5 4.0 2.5
49 3] .61 .ot 2z] .53 .83 .14 .44 .74 8.3 6.5 4.8 3.2 1.4
23 50 ] 28.30 | 56.60 | 84.90 | 113.20 ‘ 141.51 | 160.81 | 198.11 | 226.41 | 254.71 | 1698.1 | 3306.1 | 5004.2 | 6792.3 | 8490.4
51 o) 591 .39 190 .40 79 .08 38 .68 7.9 5.7 35 1.4 89. 3
52 29 .59 88 art o4l 1y .06 .35 .64 7.7 53 2.9 0.5 8.2
53 29 .58 87 16 a5 .74 .03 .32 .61 7.4 4.8 2.2 Bg. 7 7.1
54 28 .57 86 14 .43 NE 8. 01 .29 .58 7.2 4.4 1.6 8.8 6.0
23 55 ] 28.28 | 56.56 | 84.85 | 113.13 | 141.42 | 169.70 | 197.98 | 226.27 | 254.54 } 1697.0| 3394.0| 5090.9 | 6787.9 | 8484.9
56 .28 .56 .84 L12 ) .40 .68 . 9% .24 .51 6.8 3.6 90. 3 7.0 3.8
57 7 .55 .83 10 | .38 . 66 .93 .21 .48 6.6 3.1 89.6 6.2 2.7
58 27 .54 .82 .09 ' .36 .63 . 9o .18 . 45 6.3 2.7 9.0 5.3} 1.6
59 26 . 54 .80 .07 .34 .61 .88 .15 .41 6,1 2.2 8.3 4.3 8o0.5°
| 23602826 56.55| 8479 113.06 ) 141.32 | 169.89 | 197.85 | 226.12 | 254.38 ] 1695.9 | 3301.8 | 5087.7 | 6783.6 | 8479.5
!

4
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Latitude 23° to 24°—Meridional arcs. Latitude 23°-~Co-ordinates of curvature.
Lat. i
Sums of seconds for middle . Sums of minutes for middle . - ,
Value of 17/ latitude. Value of 1/ Jatitnde, Longitude. X Y
e 7 M:tegv. ’” o Meters. g!etezs. ’ Meters. °c 7 Meters. BMeters.
23 oo 30.701 1845. 65
1 1 I 30. 76 . 65 1 1845.6 o 1 1708.7 0.1
2 1 2 ’ 61.53 . 66 2 36913 2 3417.5 0.4
3 1 3 g2. 29 . 66 3 §537.0 3 51262 0.9
4 H 4 123. 05 . 66 4 7 382.6 4 6 835.0 1.6
23 0% 30. 761 5 153. 81 1845. 67 5 9228.3 o 5 8543.7 2.4
6 I 6 184. 58 .67 6 11 073.9 6 10 252.4 3.5
7 1 7 215. 34 .67 -7 12 919.6 7 « 119612 4.8
8 I 8 246. 10 .68 8 14 765.3 8 13 669.9 6.2
9 1 9 276. 86 .68 9 16 61Y.0 9 15 578.6 7.9
23 10 30. 761 | ) 307. 63 1845. 69 10 18 456. 7 o 10 17 087. 4 9.7
11 2 1 338. 30 .69 1 20 302. 3 15 25 631.0 21.8
12 2 2 369. 15 .69 2 22 148.0 20 | 34 174.7 33.8
13 2 3 399-92 -70 3 23993.7 25 42718.4 60.7
14 2 4 430. 68 .70 4 25 839. 4 30 51 262.0 87.4
23 15 30. 762 15 461. 44 1845. 71 15 27 685. 1 o 35 59 805.7 118.9
16 2 6 492. 20 .71 6 29 530.8 40 68 349. 3 155. 4
17 2 7 522.97 .71 7 31 376.6 45 76 892. 8 196.6
18 2 8 $53-73 .72 8 33222.3 50 85 436. 4 242.8
19 2 9 584. 49 .72 9 35 068.0 55 93 979.9 293.7
23 20 30. 762 20 615. 26 1845.73 20 36913.7 1 00 102 523. 4 349.6
21 2 1 646. 02 .73 I 38 759.4 05 111 066.9 410.3
22 2 2 676. 78 .73 2 40 605. 2 10 119 610. 3 475.8
23 2 3 707 54 74 3 42 450.9 1§ 128 153.7 546.2
24 2 4 738. 31 .74 4 44 206, 7 20 136 697. 1 621.5
23 2% 30. 762 25 769. o7 1845. 75 25 46 142. 4 1 25 145 240. 4 701. 6
26 2 6 799. 83 .75 6 47 988. 1 30 153 783.6 786.6
27 3 7 830. 59 .75 7 49 833.9 35 162 326.8 876.4
28 3 8 861. 36 .76 8 51 679.7 40 170 870.0 971. 1
29 3 9 892.12 .76 9 53525.4 45 179 413.1 1070.6
M |
23 30 30, 763 30 922. 88 1845. 77 30 55 371.2 I 50 187 956. ¥ 1175.0
31 3 1 953- 65 .77 I 57 216.9 55 196 499. 1 1284.2
32 3 2 984. 41 7 2 59 062.7 2 00 205 042 I 308
33 3 3 1 015. 17 .78 3 60 9o8. 5 3 oo 307 551 3146
34 3 4 1.045.93 -78 4 62 754.3 4 00 410 046 5593
23 3% 30. 763 35 1 076. 70 1845.79 35 64 600. 1 5 o0 512 522 8739
36 3 6 1 107. 46 .79 6 66 445. 8 6 00 614 974 12 583
37 3 7 1138, 22 .79 7 68 291.6 7 00 717 397 17 126
38 3 8 I 168. 99 .80 8 70137.4 8 oo 819 787 22 368
39 3 9 1199. 75 -80 9 71983, 2 g o0 922 139 28 307
23 40 30. 763 40 1 230. 51 1845. 81 40 73 829.0 10 00 1024 448 34 945
) 41 3 H 1 201.27 .81 1 75 674. 8 I1 00 1126 700 42 280
42 4 2 I 292.04 .81 2 77 520.7 12 00 1 228 918 50 312
43 4 3 1 322. 80 .82 3 79 366. 5 I3 00 1 331070 59 041
44 4 4 135356 .82 4 81 212.3 14 00 I 433 160 68 460
23 45 30. 764 45 1384.32 1845. 83 45 83 058.1 13 00 1 535 183 78 588
46 4 6 1 415.09 .83 6 81 903.9 16 oo 1637 135 89 403
47 4 7 1 445. 85 .83 7 86 749. 8 17 00 1739011 100 917
48 4 8 1 476. 61 .84 8 88 595.6 18 oo 1 840 8o5 113 123
49 4 9 1 507 38 -84 9 90 441.5 19 00 1942 514 126 023
23 5o} 30.764 50 1538. 14 1845. 85 50 9z 287. 3 20 oo 2 044 133 139 617
51 4 I 1 568. 90 .8 I 04 133.2 21 00 2 145 657 153 603
52 4 2 1 599. 66 .85 2 95 979.0 22 00 2 247 081 168 882
53 4 3 1630.43 .86 3 97 824.9 23 00 2 348 400 184 552
54 4 4 1 661. 19 .86 4 99 670. 7 24 ©0 2 449 611 200 911
23 5% 30. 764 55 1 691. 95 1845. 87 55 101 516.6 25 o0 2 550 707 217 960
56 5 6 1 722,72 .87 . 6 103 362. 4 26 00 2651685 | 235 700
57 5 7 1753.48 .87 7 105 208. 3 27 00 2752540 254127
58 5 8 1 754- 24 .88 8 107 054. 2 28 oo 2 853 266 273 242
50 5 9 1 815.00 .88 9 108 900. I 29 00 2 953 859 293 043
23 6o} 30.763 6o 1845.77 1845. 89 6o 110 746.0 30 oo 3054316 313530
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Latitude 24° to 25°—Arcs of the parallel in meters.
]_at 1// 2// 3// 4// 5// 6// 7// 8// 9// 1/ 2/ 3/ 4/ 5/
© 4
24 00 | 28.26 | 56.53 | 84.79 | 113.06 | 141.32 | 169.59 | 197.85 | 226. 12 | 254. 381 1605.0 | 3301.8 | 5087.7 | 6783.6 . 8479.5
1 .26 .52 .7 .05 .30 .87 .83 .09 .35 5.7 1.4 7.0 2.7 8.4
2] .26 .52 .7 o031 28] .33 . 80 .06 2 5.5 o9 6.4 1.8 7.3
3 .25 .51 .76 .02 .27 .52 .78 .03 .28 5.2 0.5 5.7 1o 6.2
4 .25 % .50 .7 3.00 .25 .50 .75 6. 00 .25 5.0 90.0 5.1 8o.1 5.1
24 05 | 28.25 | 56.50 | 84.74 | 112.09 | 141.23 | 160.48 | 197.73 | 225.98 | 254.22  1604.8 | 3380.6 | 5084.4 | 6779.2 | 8474.0
6 24 .49 .73 .97 .21 .46 .70 .95 .19 4.6 9.2 3.7 8.3 2.9
7 L2y .48 L72 .96 .19 . 44 .68 .92 .16 4.4 8.7 3.1 7-4 1.8
81 24 47|, 71 .04 .18 .41 .65 . 89 12 4.1 8.3 2.4 6.6 70.7
9 2 ‘ .47 .70 ! .03 .16 .39 .63 .86 .09 3.9 7.8 1.8 5.7 69. 6
24 10 | 28.23 | 56.46 ! 84.60 ' 112.91 | 141.14 | 169.37 | 197. 60 | 225.83 { 254.06 § 1693.7 3387.4 1 50811 | 6774.8 | 8468.3
11 .23 ! -45 | 67 . 90 L12 .3 .57 .80 4.03 3.5 7.0 80.4 3.9 7-4
12 .22 ’ .44, .66 .88 .Io .33 .55 i 3.99 3.3 6.5 79. 8 3.0 6.3
13 .22 .44 .65 ¢ .87 .09 .30 .52 .74 . g6 3.0 6.1 9.1 2.2 5.2
14 .21 .43 .64 .85 .07 .28 .50 .71 .92 2.8 5.6 8.5 1.3 4.1
24 15 | 28. 21 | 36.42 | 84.63 | 112.84 ; 141.05 | 169. 26 | 197. 47 225.68 | 253.89 | 1692.6 | 3385.2 | 3077.8 | 6770.4 | 8463.0
16 .21 .41 .62 .83 03 .24 .44 .63 .86 2.4 4.8 7.1 69. 5 1.9
17 . 20 .40 .61 81 .01 22 .42 .62 .82 2.2 4.3 6.5 8.6 60. 8
I8 20 .40 .60 .80 1.00 .19 .39 .59 .79 1.9 3.9 5.8 7.8 59.7
19] .19 .391 591 .78 0.08 .17 .37 .56 .75 1.7 3.4 5.2 6.9 86
24 20 } 28.19 | 56.38 | 84. 357 } 112.577 | 140.06 | 160.15 | 197.34 | 225.53 | 253.72 } 1691.5 | 3383.0 ! 5074.5| 6766.0 | 8437.%
21 .19 .37 .50 .76 .94 .13 .31 .50 . 69 1.3 2.6 3.9 5.1 6.4
22 .18 .37 .55 .74 .92 L1 .29 .47 .63 1.1 2.1 3.1 4.2 5.3
23 .18 .36 .54 73 .go .08 .26 .44 .62 0.8 .Y 2.5 3.3 4.1
24 .17 +35 .53 71 .88 | .06 24 .41 .59 0.6 I.2 1.9 2.4 3.0
24 25 § 28.17 | 56.34 | 84.52 | 112.70 | 140. &7 ] 169.04 | 197.21 | 225.39 | 253.55 | 1690.4 | 3380.8 | so71.2| 6761.5 | 8451.9
26 .17 .34 .51 .68 .85 1 .02 .18 .36 .52 0.2 80. 4 70,5 60. 6 50.8
27 .16 .33 .50 .66 .83 9g.00 .16 .33 .49 40.0 79.9 6g.8 59.7 49.7
28 .16 .32 .49 .65 ! .81 8.97 .13 .30 .46 89.7 9.5 9.2 8.9 8.6
29) .16 .32 .47 631 .79 .95 .11 .27 .42 9.5 9.0 8.3 8.0! 7.5
24 30§ 28.15 | 56.31 | 84.46 | 132.62 | 140.77 | 168.93 | 197.08 | 225,24 | 253. 39 1689.3 | 3378.6 | 5067.8 | 6757.1 | 844b.4
31 .15 .30 . 4% .61 .75 .91 .03 .2v .36 9.1 8.1 7.1 6.2 5.3
32 .14 .29 .44 .59 | .73 .88 .03 .18 .32 8.8 7.7 6.5 5.3 4.1
33 14 .20 .43 .58 ¢ .72 .86 7.00 .15 .29 8.6 7.2 5.8 4.4 3.0
34 14 .28 .42 .56 ! .70 .84 6.98 L12 .26 8.4 6.8 5.2 3.5 1.9
24 35| 28.13 | 56,27 | 84.41 | 112.55 | 140.68 | 168.82 | 196.95 | 225.09 | 253.22 | 1688.2 | 3376.3 | 5064.5 | 6752.6 8440.8
36 130 .26 .40 .53 l .66 .79 .02 .06 19 7.9 5.9 3.8 1.7 39.7
37 L13 .25 .39 .51 .64 .77 .go .03 .16 7.9 5.4 3.1 0.8 8.6
BF .13 25 .37 50l .63 .75 871 s5.00 .13 7.5 5.0 2.5 50.0 7.4
39 12 .24 36 ‘ 48! 61 .72 .85 4. 97 .09 7.2 4.5 1.8 49.1 6.3
24 40 | 28.12 | 56.23 © 84.35 ; 112. 47 l 140.59 | 168,70 | 196.82 | 224.94 | 253.06 ] 1687.0 | 3374.1| 5061.1 | 6748.2 | 8435.2
41 L1 .22 1 L34 .46 ¢ .57 .68 .79 .91 3.03 6.8 3.6 60. 4 7.3 4.1
42 11 .22 .33 ‘ .44 ;. .53 . 66 77 . 88 2.99 6.6 3.2 50.8 6. 4 3.0
43 11 .21 .32 -43 | .53 .63 .74 .85 .96 6.3 2.7 9.1 5.5 1.8
44 io .20 .31 .41 .51 .61 .72 .82 .92 6.1 2.3 83 4.6 30.7
24 45 § 28.10 | 56.20 | 84.30 | 112.40  140.50 | 168.59 | 196.69 | 224.79 | 252.89 | 1685.9 | 3371.8 | 5057.8 | 6743.7 8429. 6
46 .10 .19 .28 | 38 .48 .57 .66 .76 . 86 5.7 I. 4 7.1 2.8 8.5
47 .09 .18 .27 | 37 .46 .55 .64 .73 .82 5.5 0.9 6.4 1.9 7.3
48 .09 .17 26 3] 44 .52 .61 .70 .79 5.2 0.5 5.8 1.0 6.2
49 .08 .17 .25 34! .42 .50 .59 .67 .75 5.0 70.0 5.1 40. & 5.1
24 50 | 28.08 { 56.16 | 84.24 | 112.32 " 140.40 | 168.48 | 196.56 | 224.64 | 252.72 | 1684.8 | 3360.6 | 5054.4 | 6739.-2 | 8424.0
51 .08 .15 .23 .31 .38 .46 .53 .61 . 69 4.6 9.1 3.7 8.3 2.8
52 .07 .14 .22 .29 .36 - 43 .51 .38 . b3 4.3 8.7 3.0 7-4 .7
53 .oy .14 .21 .28 .34 43 .48 .35 .62 4.1 8.2 2.4 6.4 20.6
54 .06 J13 .19 .26 .32 .39 .46 .52 .58 3.9 7.8 1.7 5.5 10. 4
24 55 ] 28.06 | 56.12 | 84.18 | 112.25 | 140.31 | 168.37 | 166.43 | 224.49 | 252.55 § 1683.7 | 3367-3| s051.0| 6734.6 | 8418.3
56 .06 LI 17 .23 .29 .34 .40 .46 .52 34 6.9 50.3 3.7 7.2
57 .03 .10 16 22 .27 .32 .38 .43 .48 3.2 6.4 49.6 2.8 6.0
58 .08 .10 .15 20 .25 .30 .35 . 40 .45 3.0 6.0 9.0 L.g 4.9
59 .04 {- .09 .14 19 .23 .27 .33 .37 .41 2.7 5.5 &3 1.0 3.8
24 60 | 28.04 | 56.08 | 84.13 | 112,17 | 140.21 | 168.25 | 196.30 | 224.34 | 252.38 } 1682.5 | 3365.1 | 5047.6 | 6730.1 | B482.7
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Latitude 24° to 25°—Meridional arcs. Latitude 24°—Co-ordinates of curvature,
ut. . . -
Value of 177 Sums of se;:gr[xfget:or middle Value of 1/ Sums of nlxleltii\tx‘t:‘sefor middle Longitude. x .
° 7/ Meters. ” Meters, Meters, 4 Meters. e 7 Meters. Meters.
24 ©0 30. 765 1845. 8¢
-1 5 1 30.77 . I I 845.9 o I 1695.9 0.1
2 5 2 61.53 .89 2 3691.8 2 3391.8 0.4
3 5 3 92. 30 - 90 3 5537-7 3 5087.7 0.9
4 5 4 123.07 -90 4 7 383.6 4 6 783.6 1.6
24 o5 | 30.765 5 153. 83 1845. 91 5 9229.5 o 5 8 479. 5 2.5
6 5 6 184. 60 .91 6 I1075.4 6 10 175. 4 3.6
7 3 7 215. 37 .92 7 12921.3 7 11 871.2 4.9
8 5 8 246. 13 .92 8 14 767. 2 8 13 567. 1 6.4
9 5 9 276. 90 .92 9 16 613. 1 9 15 263.0 8.1
24 10 30. 765 (o] 307. 67 "~ 1845.93 10 18 459. 1 o 10 16 958. 9 10.0
II 6 I 338. 44 .93 I 20 305.0 15 25 438. 4 22.6
12 6 2 369. 20 .94 2 22 150.9 20 33017.8 40.1
I3 6 3 399. 97 - 94 3 23 996.9 25 42 397-2 62.7
14 6 4 430.74 .04 4 25 842. 8 30 50 876. 6 90.3
24 15 30. 766 15 461. 50 1845. 95 15 27 688.8 o 3% 59 356.0 122.9
16 6 6 492. 27 .95 6 29 534.7 40 67 835.4 160. 5
17 6 7 523.04 .g6 7 31 380.7 45 76 314. 8 203. 2
18 6 g 553. 80 .96 8 33 226.6 50 84 704. 1 250. 8
19 6 9 584. 57 .96 9 35072.6 55 932734 3035
24 20 30. 766 20 615. 34 1845. 97 20 36918, 6 I 00 10X 752.7 361.2
21 6 1 646. 10 .97 1 38764.5 o3 110 231.9 423.9
22 6 2 676. 87 .98 2 40 610. 5 10 118 7I1. 1 491. 6
23 6 3 707. 64 .98 3 42 456. 5 13 127 190. 2 564.3
24 6 4 738. 40 .98 4 44 302.5 20 135 669. 3 642. 1
24 23 30. 766 25 760.17 1845. 99 25 46 148.4 125 144 148.3 724. 8
26 7 6 799. 94 5.99 6 47 994. 4 30 152 627. 4 812.6
27 7 7 830. 70 6. 00 7 40 840. 4 15 161 106. 3 905. 4
28 7 8 861. 47 .00 8 51 686. 4 40 169 585. 2 1 003. 2
29 7 9 892. 24 .01 9 53 532. 4 45 178 064.0 1 106, 1
24 30 30. 767 30 923. 00 1846. o1 30 55 378. 4 1 50 186 542.8 1213.9
31 7 I 953-77 .ot H 57 224. 4 55 105 021.§ 1 326.8
32 7 2 984. 54 .02 2 59 070.5 2 00 203 500 1445
33 7 3 I 015. 31 .02 3 60 916. 5 3 oo 305 237 3250
3 7 4 1.046. 07 .03 4 62 762, 5 4 00 - 400 959 5778
24 35 30. 767 35 1 076. 84 1846.03 35 64 608. § 5 00 508 660 9 028
36 7 6 I 107. 61 .03 6 66 454.6 6 oo 610 336 I3 oot
37 7 7 113837 .04 7 68 300.6 7 00 711 981 17 695
38 7 8 I 169, 14 .04 8 70 146.6 8 o0 813 590 23 109
39 7 9 1 19g.91 - 0§ 9 71 992.7 9 00 915 159 29 245
24 40 30. 768 40 1 230.67 1846. 05 40 73 838.7 10 00 1 016 681 36 102
41 8 1 1 261. 44 .05 I 75 684. 8 1 00 1118 152 43 679
42 8 2 I 292. 21 .ob 2 77 530.8 12 00 1 210 566 51977
43 8 3 1 322.97 .06 3 79 376.9 13 00 1 320 919 60 994
44 8 4 T 35374 .07 4 81 223.0 14 00 1 422 205 70 731
24 45 ] 30.768 45 1 384. 51 1846. 07 45 83 obg.0 15 00 1523420 81 186
46 6 1415.27 .08 6 84 015. I 16 00 I 624 558 92 360
47 8 7 I 446. 04 .08 7 86 761. 2 17 00 1725614 104 251
48 8 8 1 476. 81 .08 8 88 607. 3 18 o0 1 826 583 116 859
49 8 9 1507.57 .09 9 90 453-3 19 00 1 927 460 130 184
24 50 30. 768 50 13538 34 1846. 09 50 92 299. 4 20 00 2 028 240 144 225
51 8 1 1569, 11 .10 H 94 145.5 21 00 2 128 918 158 981
52 8 2 1.599. 87 .10 2 95 991.6 22 00 2 229 488 174 451
53 8 3 1 630. 64 .10 3. 97 837.7 23 o0 2 329 946 190 634
54 8 4 1 661, 41 LI 4 99 683.8 24 00 2 430 287 207 530
24 55} 30.769 55 1 692, 17 1846. 11 55 101 529.9 25 00 2 530 505 225 138
56 9 6 1922.04 .12 6 103 376. 1 26 00 2 630 596 243 458
57 9 7 175371 L1z 7 105 222. 2 27 oo 2930 554 262 487
58 9 8 1 784.48 .13 8 107 068. 3 28 00 2 830 374 28z 225
59 9 9 1 815. 24 L3 9 108 914. 4 29 0o 2930 052 302 671
24 01 30.759 60 1 846.01 1846. 13 60 110 760.6 30 00 3029 582 323 825
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Latitude 25° to 26°—Arcs of the parallel in meters.
% | |
L&t. 1// 2// 3// i 4// 5// 6// 7// 8// 9;/ l/ ! 2/ 8, 4/ 5/
’ i
o s | )
25 00 ] 28.04 | 56.08 | 84.13 ! 112.17 | 140.21 | 168.25 | 196.30 | 224.34 | 252.38 ) 1682.5 | 3365.1 ] 5047.6 ! 67301 | 8412.%
1 04 Nerd 12 | 16 L Ig .23 .27 31 35 2.3 4.6 6.9 29.2 1.%
2 03 .07 10 14 17 .21 .25 | 28 31 2,1 4.2 6.2 8.3 10.4
3 03 o6 a9 13 15 .18 22 23 28 1.8 3.7 5.6 7-4 .2
4 02 o5 08 11 18 | .16 19 22 24 1.6 3.3 4.9 6.5 8.1
25 05 § 28.02 | 56.04 | 84.07 } 112,30 | 140. 12 | 168.14 | 196,17 | 224.18 | 252. 21} 1681.4 | 3362.8| s5044.2 ] 6725.6| 8407.0
6 02 .04 .06 o8 .10 L12 14 ) 15 18 1.2 2.3 3.5 4.7 5.8
7 o1 03 o5 o7 .08 . 10 11 12 14 1.0 1.9 2.8 3.8 4.7
8 o1 02 03 o5 .0b .07 o8 09 i1 0.7 1.4 2.2 2.8 3.5
9 o1 oz | 02 o4 .04 .05 ob 06 o7 0.5 1.0 1.5 1.9 2.4
25 10 | 28.00 | 56.01 J 84.01 . 112,02 | 140.02 | 168.03 | 196.03 ‘ 224.03 { 252.04 | 1680.3 | 3360.5 | 5040.8 | 6721.0 8401.3
11§ 800 6.00{ 4.00 2.00 | 40.00 8.00 6.00; g4.00 2.01 8o0.0 60.0 40.1 20, 1 400. 1
12} 7.09| 5.99| 309 1.99| 30.08| 7.98] 5.08| 3.97 1.97 79.8 59.6 39-4 19.2| 399.0f
13 99 .99 98 | .97 .96 .96 .95 .94 94 9.6 9.1 8.7 8.2 7.8
14 99 98 97 . 96 -94 93 92 91 90 9.3 8.7 8.0 7.3 6.7
25 15 | 27.98 | 55.97 | 83.95 | 111.94 | 139.93 | 167.91 | 195.60 | 223.88 | 251.87 | 1679.1 | 3358.2 | 5037.3| 6716.4 | 8395.5
10 .98 .96 .04 ! 92 .91 .89 .87 .85 .83 8.9 7.7 6.6 5.5 4-4
17 .08 95 93 | 91 .89 .86 .84 82 8o 8.6 7.3 5.9 4.6 3.2
18 .98 95 9z k .89 .87 84 .81 79 76 8.4 6.8 5.3 3.6 2.1
19 oy 94 or | .88 85 82 .79 76 73 8.2 6.4 4.6 2.7 91.0
26 20§ 27.97 | 55.93 { 83.90 | 111.86 | 139.83 | 167.80 | 195.76 | 223.73 { 251.69 } 1678.0| 3355.9 4 5033.9| 6711.8| 8380.8
21 . g6 .92 .89, . 85 .81 78 .73 .70 .66 7.8 5. 4 3.2 0.9 8.7
i 22 g6 92 88 | .83 .79 75 71 67 62 7.5 5.0 2.5 10.0 7.5
i 23 g6 91 86 . .82 77 73 68 64 50 7.3 4.5 1.8 09.0 6.3
: 24 95 90 8! .80 TS | 70 65 61 55 7.0 4-1 11 8.1 5.2
j 25 25 | 27.95 | 55.90 | 83.84 ! 111.79 | 139.74 | 167.68 | 195.62 | 223.57 | 251.52 | 1676.8 | 3353.6 | 5030.4 | 6707.2| 8384.0
] 26 .05 .8 .83 . 77 .72 .66 .60 .54 .48 6.6 31 2g.7 6.3 2.9
27 .94 88 82 | 76 .70 63 .57 51 45 6.3 2.9 9.0 5. 4 1.7
! 28 a4 7 85 | 74 .68 61 .54 48 41 6.1 2.2 8.4 4.4 80.6
| 29] .93 7 79 | 73 .66 59 .52 45 38 5.9 1.8 7.7 35 79 4
! i
| 2530} 27.93 55.86 1 83,78 | 14171 139.64 | 167.57 | 195.49 | 223-42 | 251.34 | 1675.7 | 3351.3 | 5027.0| 6702.6 | 8378.3
1 31 .93 .85 277 70 | .62 .55 . 46 .39 .31 5.5 0.8 6.3 1.7 7.1
! 32 02 .84 .76 ! 68 | 60 52 .44 .36 27 5.2 50.4 5.6 700. 8 6.0
;B 2| .84 .75 67| .8 50| 41| .33 24 5.0 9.9 19| 699.8 4.8
A T R A B BN 7y .38 .3 20 47 95 42 8.9 37
| 25 35 ] 27.91 | 55.82 | 83.72 | 511,64 5 139.55 | 167.45 | 195.36 | 223.26 | 251.17] 1674.5 | 3340.0 ] 5023.5 | 6608.0 | 8372.%
i 36 .01 .81 7T .62 | .53 .43 .33 .23 | L4 4.3 8.5 2.8 7.1 £3
} 37 .90 .80 70 .61 ] .51 .40 .30 .20 .10 4.0 8.1 2.1 6.2 70. 2
i 3] .o0) .8 | .69 .59 .49 .38 .27 .17 .07 3.8 7.6 1.4 5.2 69.0
: 30 .89 .79 .68; .58 .47 .36 .25 .14 .03 3.6 7.2 0.7 4.3 7.9
f 25 40 } 27.80 | 55.78 | 83.67 ’ 111.56 | 130.45 | 167.33 | 105.22 | 223. 11 | 251.00 % 1673.3 | 3346.7 | 5020.0} 6603.4 | 8366.7
! 41 .89 77 661 L4 .43 31 19 .08 | 0.97 3.1 6.2 19. 3 2.5 5.5
i 42 88 .76 .64 ! .53 | 41 29 17 .05 93 2.9 5.7 8.6 I.% 4.4
i 43 88 76 .63 .51 39 26 | 14 3.02 2.6 5.3 7.9 90.6 32
‘ 44 87 .75 .62 .50 | 37 24 | 11 f 2.99 86 2.4 4.8 7.2 89.6 2.0
; 25 451 27.87 | 55.74 | B3.61 | 111.48 | 139.35 | 167.22 | 195.09 | 222.95 | 250.82 | 1672.2 | 3344.3 | 5016.5 | 6688.7 | 8360.8
i 46 .87 L7360 ] .46 .33 19 .00 . g2 79 1.9 3.8 5.8 7.8 59.7
Y 86 72 59 .45 .31 17 03 89 75 1.7 3-4 5.1 6.8 8.5
: 48 86 72 570 .43 .29 151 5.00 86 72 L5 2.9 4.4 5.9 7-4
49 85 71 56 42 .2y 12 4.98 83 68 1.2 2.3 3.7 4.9 6.2
25 50§ 27.85 ;55,70 | 83.55 | 115.40 | 130.25 | 167.70 | 194.95 | 222.80 | 250.65 | 1671.0| 3342.01 s5013.0| 6684.0 | 8355.0
51 .85 . 6g .54 .38 .23 o8 92 7 .62 0.8 L5 | 2.3 3.1 3.8
52 84 68 53 .37 .21 05 90 74 58 0.5 1.1 1.6 2.1 2.7
53 84 68 51 .35 -19 03 87 71 55 0.3 0.6 0.9 L2 L5
54 83 67 50 .34 L17 7.0I .84 68 51 70,1 40.2 10.2 80.2 50. 3
25 55 1 27.83 | §55.66 | B3.49 | 111.32 ! 139.16 | 166.98 | 194.82 | 222.64 { 250.48 | 1669.8 | 3339.7 | 5009.5| 6679.3 | 8349 2
56 .83 . 65 .48 130 .14 .96 79 .61 .44 9.6 9.2 8.8 8.4 8o
57 82 .64 47 .29 | 12 94 76 .58 .41 9.4 8.4 8.1 7.4 6.8
58 82 .64 46 .27 10 91 73 . 5% .37 9.1 8.3 v 4 6.5 | 5.6
50 .81 .63 .44 .26 .08 .89 71 .52 .34 8.9 7.8 6.7 55 45
25 60} 27.81 | 55.62 | 83.43 | 111.24 | 139.06 | 166,87 | 104.68 | 222.49 | 250.30 | 1668.7 ] 3337.3 | s006.0| 6674.5| 83433
! - i
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Latitude 25° to 26°—Meridional arcs.

Latitude 25°—Co-ordinates of curvature.

Lat. - 'i
Value of 17/ Sums of sfggxtfgef.m middle § alue of 1/ Sums of nllax.;liltl‘tl?iset.’or middle Longitude. X i v
° 7/ Meters. i Meters. MMeters. 4 Meters. °o 7 Meters. L Meters.
25 00 30. 769 1846, 13
I 9 X 30.77 14 I 1 846. 1 o 1 16825 | o.1
2 9 2 61.54 V14 2 3692.3 2 3365.1 | 0.4
3 9 3 92. 31 15 3 5538.4 3 5047.6 0.9
4 9 4 123.08 .15 4 7 384.6 4 6730.1 ; 1.7
25 05 30. 769 5 153. 86 1846. 15 5 9 230.7 o 5 8412.7 | 2.6
6 9 6 184.63 .16 6 11 076.9 6 10095.2 | 3.7
7 9 7 215. 40 .16 7 12 923.0 7 11 777.7 5-1
8 69 8 246. 17 .17 8 14 769. 2 8 13 460.3 | 6.6
9 70 9 276. 94 .17 9 16 615. 4 9 15 142. 8 | 8.4
25 10 30. 770 10 307. 71 1846, 18 ! 10 18 461. 5 o 10 16 825, 3 10,3
: 1I o I 338.48 .18 1 20 307.7 5 25 238.0 23.3
12 ) 2 369. 25 .18 2. 22 153.9 20 33 650.6 41.4
13 [¢] 3 400. 02 .19 3 24 000. 1 25 42 063. 2 64.6
14 o 4 430.79 -19 4 25 846. 3 30 50475.8 | 93.1
25 13| 30.770 15 461. 57 1846. z0 15 27 692. 5 o 35 58888.4 | 126.7
16 o 6 492. 34 .20 6 29 538.7 40 67 301,0 | 165. 5
17 o 7 523. 11 . 21 7 31 384.9 45 75 713.5 209. 4
¢:3 o 8 553.88 .21 8 33 231. 1 50 84 126,0 258.
19 o 9 584. 65 .21 9 35077.3 55 92 538.5 312.8
25 20 30.770 20 615. 42 1846. 22 20 36023.5 1 00 100 950. ¢ 372.3
21 o 1 646. 19 .22 H 38 769.7 o5 109 363. 4 436.9
22 o 2 676. 96 .23 2 40 615.9 10 117 775.7 506.8
23 1 3 707.73 .23 3 42 462.2 15 126 188.0 581.7
24 1 4 738. 50 .23 4 44 308. 4 20 134 600. 3 661.9
25 23 30. 771 25 769. 28 1846. 24 25 46 154.6 I 25 143 012.§ 747. 2
26 1 6 800. 0§ .24 6 48 000. 9 30 151 424.7 837.7
27 1 7 830. 82 .25 7 49 847.1 35 159 836.8 933-4
28 1 8 861.59 .25 8 51 693.4 40 168 248. 9 1034.2
29 I 9 892. 36 .20 9 53539.6 45 176 660.9 I 140.2
25 30 30. 771 30 923.13 1846. 26 30 55 385.9 I 50 185 072. 8 12504
3 1 1 953 90 .26 1 57 232. 1 55 193 484. 6 1367.7
32 1 2 984. 67 .27 2 50 078. 4 2 00 201 896 1 489
33 I 3 I 015. 44 .27 3 60 924.7 3 00 302 831 3351
34 I 4 I 046. 21 .28 4 62 771.0 4 00 403 749 5 957
25 35| 30771 33 1 076.99 1846. 28 35 64 617. 2 5 oo 504 645 9 307
36 1 6 1 107.76 .29 6 66 463. 5 6 oo 605 514 13 401
37 1 7 r133.53 .29 7 68 309. 8 7 o0 700 349 18 239
38 2 8 1 109. 30 .29 8 70 156. 1 8 oo 807 146 23 821
39 2 9 1 200.07 .30 9 72 002. 4 9 00 907 899 30 146
25 40| 30.772 40 1 230.84 1846. 30 40 73 848. 7 10 o 1 008 603 37 215
41 2 1 I 261. 61 .31 1 75 6935.0 11 oo 1 109 252 45 026
42 2 2 1 292. 38 .31 2 77 541. 3 1z 00 £ 209 841 53 578
43 2 3 1.323.15 .32 3 79 387.6 13 oo 1 310 364 62 873
44 2 4 I 353.92 .32 4 81233.9 13 ©O 1 410 815 72 909
25 45 30.772 45 1 384.70 1846. 32 45 83 080. 3 15 00 1511 190 83 685
46 2 6 141547 .33 6 84 926, 6 16 ©o 1 611 483 95 202
47 2 7 1 446. 24 .33 7 86 772.9 17 o0 1 711 688 107 438
48 2 8 1.477.01 .34 8 88 619. 3 18 0o 1 811 800 120 453
49 2 9 I 507.78 .34 9 90 465. 6 19 ©0 1911 813 134 186
25 301 30.772 50 153855 1846. 35 50 92 311.9 20 00 2011 722° 148 656
51 2 H I 569. 32 .35 X 94 158. 3 21 00 2 111 §22 163 862
52 3 2 ¥ 600. 09 .35 2 96 004. 6 22 00 2 211 207 179 805
53 3 3 1 630.86 _ .36 3 97 851.0 23 ©o 2 310 771 196 482
[ 3 4 1 661. 63 .30 4 99 697.4 24 00 2 410 210 213 894
25 5 39773 55 1 692. 41 1846. 37 55 101 543.7 25 oo 2 500 518 232 038
5 3 6 1 723.18 . 3; 6 103 390. 1 26 o0 2 bo8 682 250 gxq.
5 7 I 753.9 -3 -7 105 236.§ 27 oo 2707 71 270 521
sg ;‘3 8 1 ;54. 72 .38 8 107 082. 8 zg ] z 806 600 290 859
59 3 9 1 815.49 -38 9 108 929. 2 29 00 2 905 329 311 925
25 6o 30.773 6o 1 846. 26 1846. 39 60 110 775.6 30 oo 3 003 90O 333718
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Latitude 26° to 27°—Arcs of the parallel in meters.
Lat. - 1// 2// 3// 4// 5// 6// 7// S// 9// 1/ 2/
o /7
26 00 | 27.81 | 55.62 | 83.43 | 111.24 | 130.06 | 166.87 | 194.68 | 222.49 | 250.30 | 1668.7 | 3337.3 | 500b.0 | 6674.6
I .81 .61 .42 .23 .04 .85 .65 .46 .26 8.5 6.8 5.3 3.7
z .80 . 6o .41 .21 .oz .82 .62 <43 .23 8.2 6.3 4.6 2.7 .
3 .8 . 6o . 40 .20 9. 00 .80 .60 .39 .19 8.0 5.9 3.8 1.8 .
4 .79 .59 .39 .18 8.98 .77 .57 .36 .16 7.7 5.4 3.1 70.8 8.6
26 05 } 27.79 | 55.58 | 83.37 | 115,17 | 138.96 |"166.75 | 194.54 | 222.33 | 250.12 | 1667.5 | 3334.9 | 5002.4 | 6669.9 | 8337.4
6 .79 .57 .36 L I§ .94 .73 .5I . 30 .08 7.3 4 4 1.7 9.0 6.2
7 .78 .56 .35 .14 .92 .70 .48 .27 .08 7.0 4.0 1.0 8.0 5.0
8 .78 .56 .34 L12 . 90 .68 .46 .23 | so.01 6.8 3.5 | 5000.3 7.1 3.8
9 .77 .55 .33 .1t .88 .63 .43 .20 | 46.98 6.3 3.11 4999.6 6.1 ‘2.7
26 10 | 27.77 | 55.54 | 83.31 | 111,09 | 138.86 | 166.63 | 194.40 | 222.17 | 249.94 | 1666.3 | 3332.6 | 4998.9 | 6665.2 | 83315
11 .77 .53 .30 .07 .84 .61 .37 .14 + 91 6.1 2.1 8.2 4.2 30.31
12 .76 .52 .29 .06 .82 .58 -~ 34 11 .8 5.8 1.6 7.5 3.3 20. 1
13 w6 .52 .28 .04 .80 .56 .32 .08 .84 5.6 1.2 6.7 2.3 7.9
14 75 . 51 .27 ,03 .78 .53 .29 .03 .80 5.3 c.7 6.0 1.4 6.7
26 15 ] 27.75 | 55.50 | 83.25 | 111.01 | 138.76 | 166.51 | 194.26 | z2z.01 | 249.77 | 1665.1 | 3330.2 | 4995.3 | 6660.4 | 8325.5
161 751 .49| .24 o©0.99 74 -49 .23 | 1.08 .73 4.9 29.7 4.6 59.5 4.4
17 .74 .48 .23 .98 .72 .46 .20 .95 .70 4.6 Q.2 3.9 8.5 3.2
18 .74 .48 .22 .96 .70 .44 .18 .92 .66 4.4 8.8 3.2 7.6 2.0
19 .73 .47 .21 .95 .68 4K 15 .89 .63 4.1 8.3 2.5 6.6 20. 8
26 20 | 27.73 | 55.46 | 83.20 | 110.93 | 138.66 | 166.39 | 104.12 | 221.86 | 249.59 | 1663.9 | 3327.8 | 4991.8| 6655.7, 8319.6
2zt .73| .45 .18 91 64 37 .09 .83 -55 37 73 -1 4.7 8.4
22 .72 .44 .17 . Q0 .62 .34 .07 .80 .52 34 6.9 3.8 7.2
23 .72 . 44 .16 .88 . 6o .32 .04 .76 .48 3.2 6.4 2.8 6.0
24 .71 .43 .15 .87 .58 .29 4.01 .73 .45 2.9 6.0 1.9 4.8
26 25§ 27.71 | 55.42 | 83.14 | 110.85 | 138.56 | 166.27 | 193.98 | 221.70 | 249.41 | 1662.7 | 3325.3 2 6650.9 | 8313.6
26 .71 .41 .12 .83 .54 .25 .96 .67 .37 2.5 5.0 7.5 49.9 2.4
27 .70 . 40 LI .82 .52 .22 .93 .64 .34 2.2 4.5 6.8 9.0 1.2
28 .70 . 40 .10 .8 .50 .20 .go | .60 .30 2.0 4.1 6.0 8.0 10.0
29 .69 .39 .09 L7901 .48 .17 . 88 .57 .27 .7 3.6 5.3 7.1 08.9
26 30 | 27.60 | 55.38 | B3.08 | 110.77 | 138.46 | 166.15 | 193.85 | 221.54 | 249.23 | 1661.5 | 3323.1 | 4984.6 | 6646.1 7.7
31 .69 .37 .oy .75 .44 .13 .82 .51 .19 1.3 2.6 3.9 5.1 . 5
32 .68 .36 .05 .74 .42 .10 .79 .48 .16 1.0 2.1 3.2 4.2 .3
33 .68 .36 .04 .72 . 40 .08 .76 .44 J12 o8 1.7 2.4 3.2 .0
34 .67 .35 .03 .71 .38 .0§ .73 .41 .09 0.§ 1.2 1.7 2.3 . 8
26 35} 27.67 | 33.34 | 83.02 | 110.69 | 138.36 | 166.03 | 193.71 | 221.38 | 249.05 | 1660.3 | 3320.7| 49810 6641. 3
36 .67 .33 3.00 .67 .34 6.01 .68 35 g.01 6o. 1 20. 2 8o. 3 40.3
37 .66 .32 | 2.99 .66 .32 5.98 .63 .32 8.98 59.8 19.7 79. 6 39.4
38 .66 .32 .08 .64 .30 .96 .62 .28 .94 9.6 9.3 8.8 8.4
39 .65 31 .97 .63 .28 .93 .59 .28 .91 9.3 88 81 7.3
26 40} 27.65 | 55.30 | 82.96 | 110.61 | 138,26 | 165,01 | 193.56 | 221.22 | 248.87 | 1659.1 | 3318.3 | 4977.4 | 6636.5 .
41 .65 .20 .04 .50 .24 .89 .53 .19 .83 8.9 7.8 6.7 5.5 4. 4
42 .64 .28 .93 .58 .22 .86 .50 . 16 .8 8.6 7-3 6.0 4.6 3.2
43 .64 .28 .02 .56 .20 .84 .48 LI12 .76 8.4 6.8 5.2 3.6 2.0
o .63 .27 .91 .55 .18 .81 .45 .09 .73 8.1 6.3 4.5 2.7 go. 8
26 45} 27.63 | 55.26 | B2.g0 | 110.53 | 138.16 | 165.79 | 193.42 | 221.06 | 248.69 | 1657.9 | 3315.8 | 4973.8 | 6631.7 | 8289.6
46 .63 .25 .88 .51 .14 .77 .39 .03 .65 7-7 5.3 3.1 30.7 8.4
47 .62 .24 .87 .50 .12 .74 .36 1.00 .62 7.4 4.8 2.3 29.9 7.2
48 .62 .24 .86 .48 . 10 .72 .34 0.96 .58 7.2 4.4 1.6 8.8 6.0
49 61 23 85 47 .08 69 3t 93 55 6.9 39 o8 7.8 4.8
26 50 | 27.61 | §5.22 | 82.84 | 170,45 | 138.06 | 165.67 | 193.28 | 220.90 | 248. 51 | 1656.7 | 3313.4 | 4970.1| 6626.8 | B283.6
51 .61 .21 .82 .43 .04 .63 .25 .87 .47 6.5 2.9 69. 4 5.8 2.3
52 . 6o .20 33 .42 .02 .62 .22 .83 .44 6.2 2. 4 8.7 4.9 81.1
53 .60 .20 .8 . 40 8.00 .60 .20 .80 .40 6.0 2.0 7.9 3.9 79.9
54 .59 . 19 .79 .39 7.98 .57 .17 7 .36 5.7 1.3 7.2 3.0 8.7
26 55 § 27.50 | 55.18 | 82.78 | 110.37 | 137.96 | 165.55 | 103.14 | 220,73 | 248.32 ] 1655.5 | 3311.0| 4966.5 | ©6622.0| 82775
56 .59 .17 .76 .38 .94 .53 .11 .o .29 5.3 Q.5 5.8 1.0 6.3
57 .88 .16 .75 .34 .02 .50 .08 .67 .25 5.0 10,0 5.0 20,0 5.0
58 .58 16| .14 .32 .go .48 .06 .64 .21 4.8 09.6 43 19.1 3-8
£9 .87 5 .73 .31 .81 .45 .03 .60 .18 45 9.1 . 3.g 8.1 2.6
26 60 § 27.57 | 55,14 | 82.71 | 130,39 | 137.86 | 265.43 | 193.00 | 220.57 | 248.14 ] 1654.3 | 3308.6 | 4962.8 | 6617.1 | 82714

e oS

o
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Latitude 26° to 27°~Meridional arcs. Latitude 26°-~Co-ordinates of curvature.
Lat. ! f
Value of 17/ Sums of s;a;ci)gl%befor middle ! Valueof 1/ | Sums of n;;xtl;:‘;eds;or middle] ; ngitude. X v
o 7 Meters. 44 MMeters. | Meters. 4 Meters. e 7/ Meters. L Meters.
26 oo 30.773 | 1846.39 :
I 3 1 30.78 | .30 1 I 846.4 o 1 1668.7 0.1
2 3 2 61. 55 . 40 2 3692.8 2 33373 0.4
3 3 3 . 92.33 - 40 3 5539.2 3 5006.0 1.0
4 3 4 123.10 . 41 4 7385.6 . 4 6 674.6 1.7
26 05 30.773 5 153. 88 1846. 41 5 9 232.0 o 5 8 343.3 2.7
6 4 6 184. 65 . 41 6 11 078.4 6 10011.g 3.8
7 4 7 215. 43 .42 7 12 924.8 b 11 680. 6 5.2
8 4 8 2406. 20 .42 8 14 771.2 8 13 349. 2 6.8
9 4 9 276.98 .43 9 16 617.7 9 15 017.9 8.6
26 10 30.774 10 397.75 1846. 43 10 18 464. 1 o Io 16 686. 6 10.6
1 1 338.53 .44 1 20 310.§ 1§ 25 029. 8 23.9
12 4 2 369. 30 .44 2 22 157.0 20 333731 42.6
i3 4 3 400. 08 .44 3 24 003. 4 25 41 716. 4 66. 5
1 4 4 430. 85 -45 4 25 849.9 3 - 50 059.6 95-8
26 1% 30.774 15 461.63 1846. 45 15 27 696. 3 o 35 58 402. 9 130.3
16 4 6 492. 40 .46 6 29 542.8 40 66 746.1 170. 2
17 4 7 523.18 -46 7 31 389.2 45 75 089. 2 215. 4
18 4 8 553-96 -47 8 33 235.7 50 83432.4 266.0
19 5 9 584.73 -47 9 35082.2 55 91 775.5 321.8
26 20 30.775 20 615. 51 1846. 47 20 36 928.6 1 00 100 118. § 183.0
21 5 1 646. 28 .48 1 38775.1 o5 108 461, 5 449.5
22 5 2 677.06 © .48 2 40 621.6 10 116 804.6 521.3
23 5 3 707. 83 +49 3 42 468.1 15 125 147.5 598.4
24 5 4 738. 61 .49 4 44 314.6 20 133 490. 4 630. 9
26 23 30.775 25 769. 38 1846. 50 25 46 161.1 1 25 141 833.2 768. 7
26 5 6 800. 16 .50 6 48 007.6 30 150 176.0 861.7
27 5 7 830.93 .51 7 49 854.1 35 158 518.7 960. 2
28 5 8 861.71 .51 8 51 700.6 40 166 861. 3 1063.9
29 5 9 892.48 .51 9 53 547.1 43 175 203.9 1172.9
26 30 30.775 30 923. 26 1846. 52 30 55 393.6 1 50 183 546.4 1287.3
31 5 1 954. 03 .52 1 57 240. 1 5% 191 888.9 1 407.0
32 5 2 084. 81 .53 2 50 086. 7 2 00 200 231 i 1532
33 ] 3 1 015. 59 -53 3 60 933. 2 3 oo 300332 | 3447
34 6 4 1 046. 36 .54 4 62 779.7 4 00 400 416 . 6 128
26 35 30776 35 107714 1846. 54 35 64 626.2 LR 500476 9574
36 6 6 1 107.91 .54 6 66 472.8 6 oo 600 506 i 13786
37 6 7 1138.69 .55 7 68 319. 3 7 oo 700 501 i 18763
38 6 8 1 169. 46 . .55 8 70 165.9 8 oo 800 456 24 505
39 6 9 T 200. 24 .56 9 72 012.4 9 oo 900 364 31 OIT
26 40 30.776 40 1 231.01 1846. 56 40 73 859.0 10 0o 1 000 218 38 282
41 6 I 1261.79 .57 1 75 705.6 I1 00 I 100 0I5 46 316
42 6 2 1 292. 56 .57 2 77 552. 1 12 0o 1 199 747 55 114
43 6 3 1323.34 .58 3 79 398.7 13 00 1 299 409 64 675
44 6 4 1 354. 11 .58 4 81 245.3 14 00 1398 994 74 998
26 43 30.776 45 1 384.89 1846. 58 45 83 091.9 15 oo 1 498 498 86 082
46 6 6 I 415.66 .59 6 84938.4 16 oo I 597 914 97 928
a7 7 7 1 446. 44 .59 7 86 785.0 17 00 1 697 237 110 534
48 ¥ 8 147721 .60 8 88 631.6 18 oo 1 796 460 123 899
49 7 9 I 507.99 .60 9 90478.2 19 oo 1 895 578 138 023
26 50 30.777 50 1538.77 1846. 61 50 92 324.8 20 00 1 994 585 152 gog
51 7 1 1 569. 54 .61 1 94 1714 21 00 2093 475 168 544
52 | 7 2 I 600. 32 .61 2 96 018. 1 22 00 2 192 243 184 939
53 7 3 -1 631.09 .62 3 o7 864.7 23 00 2 200 882 - 202 089
54 7 4 1 661.87 .62 4 99 711.3 24 00 2 3%9 387 219 993
26 1 602. 64 1846. 63 55 101 557.9 25 00 2 487 753 238 650
22 > 77; sg 1 ?g; 42 .63 6 103 404.6 26 oo 2 585 073 258 001
57 7 7 1754.19 .64 7 105 251.2 27 00 2 684 042 278 222
58 7 8 1784.97 .64 8 107 097. 8 28 o0 2 781 953 209 xgg
59 7 9 1.815.74 .65 9 108 944. 5 29 o0 2 879 70z 3207
26 60} P77 6o 1 846. 52 1846. 65 6o 110 791. 1 30 oo 2 977 281 343 197
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Latitude 27° to 28°—Arcs of the parallel in meters.
| | |
Lat. ‘Il 2// Loy 4 5// : 6// 7// 8§/ [ 1 % L% 4/ 5
i |
] l ]
-] ! | |
' ; | ‘
27 00§ 27.57 | 55.14 ; ! 82. 71 | 110.29 { 137.86 | 165.43 | 193.00 | 220.57 | 248. 14 | 1654.3 3308.6 | 4962.8 | 6617.1 ¢ 8271.4
1 .57 13 .70 .27 .84 .41 2.97 .54 .10 4.1 8.1 2.1 6.1 70.2
2 .56 .12 .69 .20 .82 .38 .94 .50 .07 3.8 7.6 1.4 5.1 68.9
3 .56 .12 | .68 .24 .80 | .35 .91 .47 8.03 3.5 7.1 60.6 4.2 7.7
4 .55 LI L 66 .22 .78 .33 .88 .44 7.99 3.3 6.6 59.9 3.2 6.5
27 05 | 27.55 | 55.10 | 82,65 | 110.21 | 137. 76 | 165.31 | 192.86 | 220.40 | 247.96 ] 1653.1 3306.% | 4959.2 | 6612.2 | 8265.3
6 .55 .09 .64 .19 .73 .28 .83 .37 .92 2.8 5.6 8.5 1.2 4.1
7 .54 .08 .63 .17 .71 .26 .80 .34 .88 2.6 5.1 7.7 10.2 2.8
8 .54 .08 .62 .15 .69 .23 .77 .31 .84 2.3 4.7 6.9 09. 3 1.6
9 .53 .07 .60 .14 .67 .21 .74 .27 L8 2.1 4.2 6.2 8.3 60. 4
27 10} 27.53 | 55.06 ) 82.59 | 110,12 | 137.65 | 165. 18 | 192.71 | 220,24 | 247.77 } 1651.8 | 3303 7. 4955.5 | 6607.3| 8259.2
11 .53 .05 .58 .10 .63 .16 .68 .21 .73 1.6 3.2 4.8 6.3 7.9
12 52 04 57 .09 .61 13 65 18 70 1.3 2.7 4.0 5.3 6.7
13 52 o4 55 .08 59 11 63 14 66 1.1 2.2 33 4.4 5.5
14 1 .03 .54 .06 57 .08 60 11 63 a8 1.7 2.5 3.4 4.2
27 15} 27.51 | 55.02 | 82.53 | 110.04 | 137.55 | 165.06 | 192,57 | 220. o8 | 247.50 ] 1630.6| 33012 4931.8 ) 6602.4 8253.0
16 .51 .01 52 .03 .53 .04 54 .05 .55 0.4 0.7 LI 1.4 1.8
17 .50 .00 .51 | Io.01 .81 5.ot .51 | 20.02 ‘ .52 %0.1 300. 2 50.3 600. 4 50.6
18 50| 5.00 49 | ©99.99 49| 4.99 49 | 19.98 -48 49.9 |  299.7 49.6 | 599.5 49.3
19 49| 4.9 48 .08 47 9 46 95 -45 9.6 9.2 8.8 85 8.1
27 20| 27.49 | 54.98 | 82.47 | 109.96 | 137.45 | 164.94 | 192.43 | 219.92 | 247.41 | 1649-4 | 3208.7 4948.1 | 6597.51 8246.9
21 .49 .97 .46 | .94 .43 : .91 .40 .89 .37 9.1 8.2 7.4 6.5 5.6
22 48 96 44 -93 41 .89 37 81 * .33 8.9 77 6.6 55 4.4
23 48 g6 | 43 | .1 39 86 34 82 .30 8.6 7.3 5.9 4.5 3.2
24 47 95 42 89 -37 84 31 79 .26 8.4 6.8 5.1 35 L9
27 25§ 27.47 | 54.04 | 82.41 : 100.88 | 137. 34 | 164.81 | 192.29 219,75 | 247.22 | 1648.1| 3206.3 1 4944.4| 6592.5 8240.7
26 47 .93 i 39 | .86 .32 .79 .26 | 72 I8 7.9 5.8 3.7 1.} 39.4
27 46 .92 .38 .84 .30 76 23 | 69 .14 7.6 5.3 2.9 90. § 8.2
28 46 .92 | 37 | .82 .28 74 20 466 11 7.4 4.8 2.2 £9.6 7.0
29 450 .91 36 .81 .26 | 71 17 ( 62 .07 7.1 4.3 1.4 8.6 . 5.7
27 30 27.45 | 54.90 | 82.34 | 109.79 | 137.24 | 164.69 | 192.14 | 219.59 | 247.03 | 1646.9| 3203.8 | 49407 6587.6 | 8234.5
3t 45 1 .89 33 .77 .22 .67 LI .56 6.99 6.7 3.3 40.0 6.6 3.3
32 .44 88 | 32 .76 20 . 64 o8 32 .96 6.4 2.8 39.2 5.6 2.0
33 .44 .87 J 31 .74 18 .62 o5 49 .92 6.2 2.3 8.5 4.6 30.8
34 43 .86} 29 .73 16 59 oz 46 .88 5.9 1.8 7.7 3.6 29.5
27 35 § 27.43 | 54.86 | 82.28 | 109.71 | 137.13 164.57 | 192,00 | 219.42 | 246.84 | 1645.7 | 3291.3 | 4937.0 6582.6 | 8228.3
36 .43 .85 .27 .69 .11 .54 1.97 .39 .81 5-4 0.8 6.2 1.6 7.0
37 42 8 26 .68 09 .52 94 36 77 5.2 90.3 5.5 80.6 5.8
38 42 83 24 .66 o7 <49 ot 33 73 49! 89.8 4.7 79-6 4.5
39 41 82z , 23 .65 o5 .47 88 29 70 4.7 } 9.3 4.0 8.6 3.3
27 g0 } 27.41 ] §4.81 | 82.22 | 109.63 | 137.03 | 164.44 | 191.85 | 219.26 | 246.66 | 1644.4 | 3288.8 | 4033.2 | 6577.6 | 8222.1
41 .40 .80 .21 .61 7.9% 42 .82 .23 .62 4.2 8.3 2.5 6.6 20,8
42 40 79 20 6o | 6.99 39 79 19 59 3.9 7.8 1.7 5.6 19.6
43 10 79 18 .58 .97 37 76 16 55 3.7 7.3 .o 4.6 8.3
44 39 78 17 .56 .93 .34 73 12 51 34 6.8 30.2 3.6 7.1
27 45| 27.30 } 54.77 | 82.16 | 100.55 | 136.93 | 164.32 | 191.71 | 219.09 246.48 } 1643.2 1 3286. g 4929.5 | 6572.6 | S8215.8
46 .38 .76 .15 .53 .9l .29 .68 .06 .44 2.9 5. 8.7 1.6 4.6
47 38 75 LI3 .51 . 89 27 63 g.02 40 2.7 5.3 8.0 70.6 3.3
18 75 12 . 49 .87 24 62 99 36 2.4 4.8 7.2 69.6 2.1
49 37 74 arl .48 85 22 59 9% 33 2.2 4.3 6.5 8.6 10.8
27 50§ 27.37 | 54.73 | 82.10 E 109. 46 f’ 136.83 | 164.19 | 101.56 | 218.92 | 246.29 | 1641.9 | 3283.8 | 4925.7 6567.6 | 8200.6
51 3 72 . 44 .81 .17 53 .89 .25 1.7 3.3 5.0 6.6 8.3
52 36 71 .07 .43 | .79 14 50 8s 2K 1.4 2.8 4.2 5.6 7.0
53 36 71 ob 41 7 1z 47 8z 18 1z z g 35 4.6 5.8
54 35 70| .05 -39 .75 -09 4 79 14 0.9 L8| 27 3.6 4.5
2y 55| 27.35 | 54.69 | 82.03 | 109.38 | 136.72 | 164.07 | 191.41 | 218.75 | 246. 10} 1640.7 3281. 4922.0 | 6562,6 | 8203,
56 .34 .68 .02 .36 .70 .04 .38 .72 .06 0.4 o.g 1.2 5 1.6 gg
i 34 67 o1 7 .68 4.02 35 69 6.02 40. 2 80, 3 20. § 60.6 200, 7
58 33 67 | 2.00 .32 .66 3.9 32 .66 5.99 39.9 79.8 19.7 59.6 { 199.5
9} .33] .66] 1.98 .31 .64 2 .62 95 9.6 9.3 8.9 8.6 8.2
} 27 604 27.32 | 54.65 | 81.97 | 109.29 | 136.62 | 103.94 | 191,26 218.59 | 245.01 | 1630.4| 3278.8 [ 4018.2| 6557.6| 8197.0

3
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Latitude 27° to 28°—Meridional arcs.

Latitude 27°—Co-ordinates of curvature.

Lat.
Value of 1 | Swms of s&laﬁgxtljjeijor middle | 3.0 of g4 | Sumsof n{l;g:fle;ef.or middle Longitude. x v
e 7 Meters. ’” Meters. Meters. 4 Meters, e/ Meters. Meters.
.21 | 30777 1846. 65
1 8 1 30.78 .68 1 1 846.7 [ 1684.3 o. 1
2 8 2 61.56 .66 2 3693.3 2 3 308.5 0.4
3 8 3 92. 34 .66 3 5 540.0 3 4962.8 1.0
4 8 4 123. 12 .67 4 7 386.6 4 6617. 1 I.7
27 ©% 8 153. 1846. 67 5 9233.3 (S 8271.4 2.7
7 6 3(:"778 g 184.?)(8) .68 6 11 080.0 6 9925.7 3.9
7 8 7 215.46 .68 7 12 926.7 7 11 579.9 5.4
8 8 8 246.24 .69 8 147733 8 13234.2 7.0
9 8 9 277.02 .69 9 16 620.0 9 14 888.5 8.8
27 10 30,778 10 307. 80 1846. 69 10 18 466.7 o 10 16 542, 8 10,9
b3 8 1 338.58 .70 I 20 313. 4 15 24 814.1 24.6
12 8 2 369. 36 .70 2 22 160. 1 20 33 085.5 43.7
13 8 3 400.14 1 3 24 006. 8 25 41 356.9 68. 3
14 9 4 430.92 71 4 25 853.5 30 49 628.2 93.3
27 1§ 30.779 15 461.70 1846. 72 15 27 700. 2 o 35 57 809.35 133.8
16 9 6 492.48 .72 6 29 547.0 40 66 170. 8 174.8
17 9 7 523.26 .73 7 31 303.7 45 74 442.1 221.2
18 9 8 554.04 73 3 33240.4 50 82713.3 2731
19 ] 9 584.81 .73 9 35 087.2 55 90 984.5 330.4
27 20 30.779 20 615.59 1846.74 20 36933.9 r oo 99 255.7 393-2
21 9 I 646. 37 .74 1 38 780.6 og 107 526. 8 461.5
22 9 2 677.15 .75 2 40627.4 10 115 797.9 535.2
23 9 3 707.93 75 3 42 474.1 15 124 068.9 614.4
24 9 4 738.71 -76 4 44 320.9 20 132 339-9 699. 1
27 2 2 769. 4 1846. 76 25 46 167.6 1 25 140 610. 8 789. 2
7 22 s 773 g 8o0. 2? 77 6 48 014.4 30 148 881.6 884.8
27 9 7 831.05 77 7 49 861.2 35 157 152. 3 985.8
28 8o 8 861. 83 .77 8 5E707.9 40 165 423. 1 1092.3
29 o 9 892.61 .78 9 53554.7 45 173 693.7 1204.3
27 30 30. 780 30 923. 39 1846. 78 30 55 401.5 1 30 181 964. 3 I321.7
31 I 054. 17 .79 1 57 248.3 55 190 234.7 I444.6
32 o 2 984.95 79 2 59 095. 1 2 oo 198 505 1573
33 o 3 1015.73 3 60 041.9 3 oo 297 742 3539
34 o 4 1046.51 .8 4 62 788.7 4 oo 396 g60 6 291
2 0, 780 1077.2 1846. 81 35 64 635.5 5 oo 496 154 9 829
7 ?,g .1 o Sg 1 108, o? 3 6 66 483.3 6 oo 595 316 14 154
37 o 7 1138.85 .81 7 68 329.1 7 ©o 694 440 19 264
38 o 8 1169.63 .82 8 70 175.9 8 oo 793 522 25 159
39 o 9 I 200. 41 .82 9 72 022.7 9 00 892 554 31 839
27 40 30. 780 40 1231.19 1846. 83 40 73 869.6 10 00 991 529 39 303
41 1 1 1 261.97 .83 1 75 7164 11 00 1090 442 47 551
42 1 2 1 292.75 .84 2 77 563.2 1z 00 1 189 287 56 553
43 1 3 I323.53 .84 3 79 410. 1 13 00 1 288 057 66 308
4 1 4 I 354-31 .85 4 81 256.9 14 00 1 386 746 76 993
27 451 30.781 45 1 385.09 1846. 85 45 83 103.7 13 00 1 485 348 88 374
46 1 6 1415.87 .86 6 84 950.6 16 00 1 583 857 100 534
47 1 7 1 446. 65 .86 7 86 797.5 17 00 1 682 207 113474
48 1 8 I 477.43. .86 8 88 644. 3 18 00 1 780 570 127 193
49 1 9 1 508. 21 .87 9 90 491.2 19 0o 1 878 762 141 690
27 50 30. 781 50 1 538.99 1846. 87 50 92 338.1 20 0 | 1976836 156 966
51 1 1 1 569.77 .88 H 94 184.9 21 o0 2074 786 173 018
52 1 2 1 600. 55 .88 2 ‘96 031.8 22 oo 2 172 606 189 845
53 X 3 1 631.33 .89 3 g7 878.% 23 0o 2 270 289 207 447
54 2 4 1 662. 11 .89 4 99 725.6 24 2 367 830 225 823
. 782 1 692. 88 1846. 5 101 §72.5 25 00 2 465 222 244 970
7 gg o 2 sg 1 523. 66 8 . $ 56 103 419. 4 20 oo 2 562 459 264 889
57 2z 7 754 44 .90 9 105 266. 3 27 o0 2 659 535 285 577
58 2 . 8 1785.22 .91 8 107 113.2 28 o 2 756 445 307 035
9 2 9 1 816,00 .91 9 108 gf0. 1 29 00 2 853 181 329 259
27 20 30. 82 60 1 846.78 1846.92 60 110 807.0 30 o0 2949 739 32249
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Latitude 28° to 29°——Aics of the parallel in meters.
Lat. 17 1% 87 47 5/ [ L Y 8/’ ['Y4 1/ - L% § 5
o 7
28 00§ 27.32 { 54.65 | 81.97 | 109.29 | 136.62 | 163.94 | 191.26 | 218.50 | 245.91 | 1639.4 | 3278.8 | 4918.2 | 6357.6 | 8ig7.0
1 .32 .64 .96 .27 .60 .91 .23 .56 .87 9.1 8.3 7.4 6.6 5.9
2 .31 .63 .94 .26 .58 .8g 20 .52 .83 8.9 7.8 6.7 5.0 4.4
3 .31 .62 .93 24 .56 .80 L17 .49 .8 8.6 7.3 5.9 4.5 3.2
4 .30 .61 .92 .22 .54 . 84 .14 .45 .76 8.4 6.8 5.2 35 1.9
28 05]27.30 | 54.60 | 81.91 | 109.21 | 136.51 | 163.81 | 191.12 | 218,42 | 245.72 | 1638.1 | 3276.3 | 4914.4 | 6552.5| 8190.7
6 .30 .60 .89 .19 .49 .79 .09 .39 .68 7.9 5.8 3.6 1.5 89.4
y .29 .59 .88 .17 .47 .76 .06 .35 .66 7.6 5.3 2.9 50.5 8.1
8 .29 .58 .87 .15 .45 .74 .03 .32 .61 7.4 4.7 2.1 49.5 6.9
9 .28 .57 .86 .14 .43 LTX 1.00 .28 .57 7.1 4.2 I.4 8.5 5.6
28 101 27.28 | 54.56 | 81.84 | 109.12 | 136.41 | 163.60 | 190.07 | 218.25 | 245.53 | 1636.9 | 3273.7 | 4910.6 | 6547.5 | 8184.3
11 .28 .55 .83 .10 .30 . 66 .94 .22 . 49 6.6 3.2 09.8 6.5 3.1
12 .27 .54 .82 .09 .37 .64 .91 .18 .45 6.4 2.7 9.1 5.4 1.8
13 .27 .54 . 8o .07 .34 .61 .88 .15 .42 6.1 2.2 8.3 4.4 8o.5
14 .26 .53 .79 .05 .32 .59 .8 .11 .38 5.9 1.7 7.6 3.4 79.3
28 15 | 27.26 | 54.52 | 81.78 | 109.04 | 136.30 | 163.56 | 190.82 | 218.08 | 245.34 | 1635.6 | 3271.2| 4906.8 | 6542.4 | B178.0
16 .26 .31 .77 .oz |, .28 .83 .79 .05 .30 5.3 0.7 6.0 1.4 6.7
17 .25 .50 .75 9.00 .26 .51 .76 8.01 .26 5.1 70.2 5.3 40.3 5-4
18 .25 .50 .74 8.98 .23 .48 .73 7.98 .23 4.8 69. 6 4.5 39.3 4.2
19 .24 .49 .73 .97 .21 . 460 .70 .94 .19 4.6 9.1 3.8 8.3 2.9
28 20§ 27.24 | 54.48 | 81.72 | 108.95 | 136.19 | 163.43 | 190.67 | 217.91 | 245.15 | 1634.3 | 3268.6 | 4903.0| 6537.3 | BI7L6
21 .24 .47 .70 .93 .17 .41 .64 .88 L1 4.1 8.1 2.2 6.3 70.3
22 .23 .46 . 69 .92 .15 .38 .61 .84 .07 3.8 7.6 1.4 5.2 69.1
23 .23 .45 .68 .go .13 .36 .58 .81 .03 3.6 7.1 goo. 7 4.2 7.8
24 .22 .44 .67 .88 L1l .33 .55 .77 §.01I 3.3 6.6 899.9 3.2 6.5
28 25 § 27.22 | 54.44 | 81.65 | 108.87 | 136.08 | 163.30 | 100.52 | 217.74 | 244.96 | 1633.0 | 3266.1 | 4899.1| 6532.2 | 8165.2
26 .22 .43 .64 .85 .06 .28 .49 71 .92 2.8 5.6 8.3 1.2 3.9
27 3 .42 .63 .83 .04 .25 .40 .67 .88 2.5 5.1 7.6 30.1 2.7
28 .21 .41 .61 .81 .02 23 .43 .64 .84 2.3 4.5 6.8 29. 1 1.4
29 .20 .40 .6o .80 6.00 20 . 40 . 6o .80 2.0 4.0 6.1 8.1 60. 1
28 30} 27.20 | 54.30 | 81.50 | 108.78 | 135.98 | 163.18 | 100.37 | 217.57 | 244.76 | 1631.8 | 3263.5 | 48¢5.3| 6527.1| 8158.8
31 .19 .38 .58 .76 .96 {1 .34 .54 .72 1.5 3.0 4.5 6.0 7-5
32 .19 .37 .56 .75 .94 13 .31 .50 .68 1.3 2.5 3.7 5.0 6.3
33 .19 .37 .55 .73 .92 .10 .28 .47 .65 1.0 2.0 3.0 4.0 5.0
34 .18 .36 .54 .71 .90 .08 .25 .43 .61 o.8 1.8 2.2 2.9 3.7
28 35 27.18 | 54.35 | 81.52 | 108.70 | 135.87 | 163.05 | 190.22 | 217.40 | 244.57 | 1630.5 | 32610 | 4891.4 | 6521.9| Bi52.4
36 17 .34 .51 .68 , 85 .02 .19 37 .53 0.2 0.5 go. 6 20.9 SI. I
37 .17 .33 .50 .66 .83 3.00 .16 .3 .49 30.0 60.0 8g.9 19.9 49.8
38 .16 .33 .49 .64 .81 2.97 .13 . 30 . 46 29.7 59.4 9.1 8.8 8.5
39 .16 .32 .47 .63 .79 .95 10 .26 .42 9.5 8.9 8.4 7.8 7.3
28 40 } 27.15 | 54.31 | 81.46 | 108.61 | 135.77 | 162.92 | 190.07 | 217.23 | 244.38 | 1629.2 | 3258.4 | 4887.6| 6516.8 | B8ig6.0
41| 15| L300 .45 .59 .75 -89 .04 .20 .34 8.9 7.9 6.8 5.7 4.7
42 .14 .29 .43 .58 .73 .87 | o9o.01 .16 .30 8.7 7.4 6.0 4.7 3.4
43 14 .28 .42 .56 .70 .84 | 89.98 .13 .26 8.4 6.8 5.3 3.7 2.1
44 .13 .27 .41 .54 .68 .82 .95 .09 .22 8.2 6.3 4.5 2.6 40.8
28 451 27.13 | 54.27 | 81.40 | 108.53 | 135.66 | 162.79 | 189.92 | 217.06 | 244.18 } 1627.9 | 3255.8 | 4883.7 | 6511.6] 8130.5
46 .13 .26 .38 .51 .64 .76 .8 7.02 .15 7.6 s.g 2.9 10.6 8.2
47 L1z .25 .37 .49 .62 .74 .86 6.99 L1 7.4 4. 2.11 09. 5 6.9
48 .12 .24 .36 .47 .59 4 .83 . 0% .07 7.1 4.2 1.4 8.5 5.6
49} .1y L2310 .34 + 46 .57 .69 .80 92| 4.03 6.9 37 0.6 7.5 44
28 50 ] 27.11 | 54.22 | 81.33 | 108.44 | 135.55 | 162.66 | 189.77 | 216.88 | 243.09 | 1626.6 | 3253.2 | 4879.8 | 6506.4 | B133.1
51 L1 .21 .32 .42 .53 641 7 W74 .85 .95 6.4 2.7 o.1| 54 1.8
52 . 10 .20 .30 .41 .51 .61 71 .81 .91 6.1 2.2 8.2 4.4 30.5
53 .10 .19 .29 .39 .48 .58 .68 .78 .87 5.8 1.6 7.5 3.3 29.2
54 .09 .18 28] .37 .46 .56 .65 .74 .83 5.6 L1 6.7 2.3 7.9
28 55 § 27.09 | 54.18 | B1.27 | 108.36 | 135.44 | 162.53 | 189.62 | 216.71 | 243.80 ] 1625.3 | 3250.6 | 4875.0| 6501.2 | 8126.6
56 .09 .17 .25 .34 .42 .51 .59 .68 .76 [ 50. 1 5.2 500, 2 5.3
57 .08 .16 .24 .32 . 40 .48 .56 .64 .72 4.8 49.6 43 499.2 4.0
58 .08 .15 .23 .30 .37 .45 .53 .61 .68 4.5 9.0 3.6 8.1 2.7
50 .07 W14 . 2K .29 .35 .43 .50 .57 .64 4.3 8.5 2.8 7.1 1.4
28 6o | 27.07 | 54.13 | 81.20 | 108.27 | 135.33 | 162.40 | 180.47 | 216.54 | 243.60 1 1624.0 | 3248.0| 4872.0( 6406.1 ) 81z0.1
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Latitude 28° to 2g°—Meridional arcs.

Latitude 28°—Co-ordinates of curvature,

Lat.
Value of 177 | Sums of sel::gxt::li;eijor middle | .1 o o ;s | Sumsof nlnax:ix:;c;ei.'or middle Longitude. x v
° 7 Meters. 7 Meters. BMeters. 4 Meters. e 7 Meters. Meters.
28 oo 30.782 1846. 92
S ¢ 2 I 30.78 .92 I 1846.9 o I 1639.4 o.1
2 2 2 61.57 .93 2 3693.8 2 3278.8 0.4
3 2 3 92.35 .03 3 5540.8 3 4918.2 1.0
4 2 4 123. 14 94 4 7387.7 4 6557.6 1.8
28 o5 30. 782 5 153.92 1846.94 5 9234.6 o 3 8 197.0 2.8
6 2 6 184. 71 .g5 6 11 081.6 6 9 836.4 4.0
7 2 7 215.49 .95 7 12 g28.5 7 I1 475.7 5.5
8 3 8 246. 27 .95 8 14 775.5 8 I3 115, 1 7.2
9 3 9 277.06 .96 9 16 622. 5 9 14 754.5 9.1
28 10 30. 783 {3 307.84 1846. 96 10 18 469. 4 o 10 16 393.9 11.2
11 3 1 338.63 .97 1 20 316.4 15 24 590.9 25.2
12 3 2 369.41 .97 2 22 163. 3 20 32787.9 44.8
13 3 3 400. 20 .98 3 24 010. 3 25 40 984.8 70.0
13 3 4 430.98 .98 4 25 857.3 30 49 181.7 100. 7
28 15§ 30.783 15 461,76 1846. 99 15 27 704. 3 o 35 57 378.6 137.1
16 3 6 492.55 6.99 6 29 551.3 40 65 575.5 179.1
17 3 7 523.33 7.00 7 31398.3 45 73 772:4 226.7
18 3 8 554. 12 .00 8 33 245.3 50 81 969. 2 279.8
19 3 9 584.90 .00 9 35092.3 55 90 165.9 338.6
28 20 30.783 20 615. 69 1847. 01 20 36939.3 I o0 98 362.6 403.0
21 4 I 646. 47 .01 1 38 786.3 o5 106 559. 3 472.9
22 4 2 677. 25 .02 2 -40 633.3 10 114 756.0 548. 5§
23 4 3 708.04 .02 3 42 480.3 15 122 952.§ 629.6
24 4 4 738. 82 .03 4 44 327.4 20 131 149.0 716. 4
28 25 | 30.78 25 769. 61 1847.03 25 46 174.4 I oz5 139 345.5 808.7
26 4 6 800. 39 .04 6 48 021. 4 30 147 541.9 gob. 7
27 4 7 831.17 .04 7 49 868. 5 35 155 738.2 1 010. 2
28 4 8 861. 96 .05 8 SI 7I5.5 40 163 934. 5 I119.4
29 4 9 892. 74 . 0§ 9 53 562.5 45 172 130, - I234.1
28 30 30. 784 30 923.53 1847. 06 30 55 409.6 I 50 180 326. 8 I354.-4
31 4 1 954 31 “.0b 1 57 256.7 55 188 522.8 1480.4
32 4 2 98%. 10 .06 2 50 103.7 2 00 196 719 I 612
33 4 3 1 015. 88 .07 3 60 g50.8 3 oo 295 062 3627
34 5 4 1 046. 66 .07 4 62797.9 4 00 393 385 6 447
28 351 30785 35 1077.45 1847. 08 35 64 644.9 5 oo 491 682 10073
36 3 6 1 108. 23 .08 6 66 492.0 6 oo 580 945 14 305
37 5 7 1 139.02 .09 7 68 339.1 7 00 688 168 19 741
38 5 8 . 1160.80 .09 8 70 186. 2 8 oo 786 347 . 25 782
39 5 9 T 200. 59 s 1o 9 72033.3 9 00 884 472 - 32627
28 40 30,785 40 I 23137 1847. 10 40 73 880. 4 10 oo 982 537 40 276
41 [ 1 1 262. 15 .11 1 78 727.% 11 00 1 080 537 48 728"
42 5 2 1 292.94 11 2 77 §74.6 1z 00 1 178 464 57 983
43 5 3 T 323.72 .11 3 79 421.7 13 00 1276 312 68 040
44 5 4 I 354. 51 12 4 81 268.8 14 00 I 374 075 78 899
28 45 30. 785 45 1 385.29 1847. 12 45 83 115.9 15 00 1471 745 90 558
46 5 6 I 416,08 W13 6 84 963.1 16 oo 1 569 315 103 017
47 6 7 1 446. 86 .13 7 86 Bro. 2 17 00 1 666 781 116 275
48 6 8 1 477.64 .14 8 88 657. 3 18 o0 1764 135 130 331
49 6 9 1 508.43 14 9 90 504.5 19 co 1 861 371 145 185
28 50 30, 786 50 I 539.21 1847. 15 50 92 351.6 20 00 1 958 481 160 835
51 6 1 1 §70.00 .15 1 94 198. 8 21 00 2 055 460 177 280
52 6 2 1 600, 78 .16 2 96 045.9 22 00 2 152 302 194 518
53 6 3 1 631.57 16 3 97 893.1 23 00 2 228 908 212 §50
54 6 4 I 662. 35 17 4 99 740. 2 24 0 2 345 544 23t 374
28 53 30.786 52 I693.13 1847. 17 55 101 587.4 25 00 2 441 932 250 988
56 6 I 723.92 .17 6 103 334- 6 26 o0 2538 156 271 301
(Y4 6 g 1.754.%0 .18 oy 105 281. 8 27 00 2 634 210 292 582
58 . 6 1 785. 49 . .18 8 107 128.9 28 oo 2 730 087 314 550
59 6 9 1 816. 27 .19 0 108 976. 1 29 00 2 825 779 337 321
28 6o} 30.787 60 I 847,06 1847. 19 6o 150 B23. 3 30 oo 2921 283 360
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Latitude 29° to 30°—arcs of the parallel in meters,

Lat. 177 Y4 14 477 57 (4 4 8/ 724 9/ L% 4 14
a 7 i

29 oo | 27.07 | 54.13 | 81.20 | 108.27 | 135.33 | 162.40 | 189.47 | 216. 54 6o] 1624.0| 3248.01 4872.0] 6496.1| 81z20.1
1 .00 L12 .19 .25 .31 .38 .44 .50 56 3.8 7.5 1.2 5.0 18. 8

2 .06 LI .17 23 .29 .35 .41 .47 .52 3.5 7.0 70. 4 4.0 7.5

3 .06 LIl . 10 .22 .27 .32 .38 .43 .48 3.2 6. 4 69. 7 2.9 6.1

4 .05 10 .15 20 .25 .30 .35 . 40 .44 3.0 5.9 8.9 1.9 4.8

29 05 ] 27.05 | 54.09 | 81.13 | 108. 18 | 135.22 | 162.27 | 189. 31 | 216. 36 .40} 1622.7 | 3245.4 | 4868.1 | 6490.8 | 8r113.3
6 .04 .08 L12 , 16 20 .24 .28 .33 .37 2.4 4.9 7.3 89.8 2.2

7 .04 .07 .11 .14 .18 .22 .25 .29 .33 2.2 4.4 6.5 8.7 10.9

8 .03 .07 .10 I3 .16 19 22 26 .29 1.9 3.8 5.8 7.7 09. 6

9 .03 .06 .08 11 .14 .17 .19 .22 .25 1.7 3.3 5.0 6.6 8.3

29 10 | 27.02 | 54.05 | 81,07 | 108.09 | 135. 12 | 162. 14 | 189.16 | 216. 19 .21 § 1621.4 1 3242.8 | 4864.2 | 6485.6 | 8107.0
11 .02 .04 .00 .07 10 B § LI3 .15 .17 1.1 2.3 3.4 4.6 5.7

12 .01 .03 .04 .0b .08 .09 .10 L12 .13 0.9 1.8 2.6 3.5 4.4

13 .01 .02 03 .04 . 0§ .06 .07 .08 .00 0.6 1.2 1.9 2.5 3.1

14 .00 .ol .02 .02 .03 .03 .04 . 0% .05 0.3 0.7 1.1 1.4 L7

29 15 | 27.00 | 54.00 | 81.00 | 108.00 | 135.01 | 162,01 | 189.01 | 216. 01 02| 1620.1 | 3240.2| 4860.3 | 6480.4 | B8100.4
16) 7.00| 400 0091 7.99| 4.99| 1.98| 898/ 5.8 -9y 19.8 30-6 59-5 793 | ©99.1

17] 6.99¢ 399! .08 S97 .97 .96 .95 .94 .03 9.6 9.1 87 83 7.8

18] .99 | .98 .97 .95 .94 .93 -92 +91 .90 9-3 8.6 7.9 7-2 6.5

19 .98 .97 1 .95 .94 2 .go .89 .87 .86 9.0 8.1 7.1 6.2 5.2

29 20 ] 26.98 | 53.96 * 80.94 | 107.92 | 134.90 | 161.88 | 188.86 | 215.84 .82 1618.8 | 3237.6 1 4856.3 | 6475.1 | 8003.9
21 .98 .95 .93 .90 .88 .85 .83 .80 .78 85 7.0 5.5 4.1 2.6
22 .97 .94 .91 .88 . 85 .82 .80 .77 .74 8.2 6.5 4.7 3.0 91.2

23 .97 .93 . 90 .87 .83 . 8o .77 .73 .70 8.0 6.0 4.0 1.9 89.9
24 .96 .92 .89 .85 .81 .77 .74 .70 . 66 7.7 5.4 3.2 70.9 8.6

29 25 § 26.96 | 53.91 | Bo.87 | 107.83 | 134.79 | 161.75 | 188.70 | 2135. 66 .62 7-51 3234.9| 4852.4 | 6469.8 | 8087.3
26 .96 .91 .86 .81 .77 .72 .67 .62 .58 7-2 4.4 1.6 8.8 6.0

270 951 .90 .8 .79 .75 .69 .64 .59 .54 6.9 3.8 0.8 7-7 4.6
28 .95 .8 .83 .78 .72 .67 .61 .55 .50 6.7 3.3 50.0 6.6 3.3
29 .04 . 88 .82 .76 .70 .64 .58 .52 .46 6.4 2.8 49.2 5.6 2.0

29 30| 26.94 | 53.87 | Bo.81 | 107.74 | 134.68 | 161.61 | 188.55 | 215.48 .42 ) 1676.1 ] 3232.3 | 4848.4 | 6464.5 | 80%0.7
31 .93 .86 .79 .72 . 06 .59 .52 . 45 .38 .9 1.8 7.6 3.5 794
32 .93 .8 1 .78 .71 . b4 .56 .40 .41 .34 .6 1.2 6.8 2.4 8.0
33 .92 840 gy .69 .01 .53 . 46 .38 .30 -3 0.7 6.0 1.4 6.7
f .9zt .83 .78 -67 -59 -51 -43 -34 -26 -1 30.2 5.2 60.3 5-4
29 35§ 26.91 | 53.83  Bo.74 | 107.66 | 134.57 | 161.48 | 188. 39 | 2135, 31 .22 8| 3220.6 | 4844.4 | 6459.2 | 8o74.0
36 .01 .82 .73 .64 .55 .45 .36 .29 .18 .5 9.1 3.6 8.2 2.7
37 . 90 B .62 .53 .43 .33 .24 .14 .3 8.6 2.8 7.1 1.4
38 .go.; .80 .70 .60 .50 . 40 10 20 .10 .0 8.0 2.0 6.0 70. I

39 .90 .79 . 69 . 59 .48 .37 27 .17 .06 .7 7.5 1.2 5.0 68. 7
29 40 | 26.89 | 53.78 | 80.67 | 107.57 | 134.46 | 161.35 | 188.24 | 215. 13 .02 51 3227.0| 4840.4 | 0453.9| 8067.4
* 41 .89 N .66 .55 .44 .32 .21 .10 1.98 .2 6. 4 30.6 2.9 6.1
42 89 .76 6 .53 .41 29 18 .06 .04 .9 5.9 8.8 1.8 4.7

43 .88 .75 3 .51 .39 27 .15 5.02 .90 .7 5.4 8.0 50.7 3.4
44 .87 .78 2 .50 .37 .2 .12 4.99 .86 .4 4.8 7.2 49.7 2.1
29 45 | 26.87 | 53.74 | 80.61 | 107.48 | 134.35 | 161.21 | 188.08 | 214.95 .82 LI} 3224.3 | 4836.4 | 6448.6 | 80bo.7
6] .87 731 .39 .46 .33 .19 .03 -92 .78 -9 3