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THE

LETTER

SECRETARY OF THE TREASURY,

REPORT OF THE SUPERINTENDENT OF THE COAST SURVEY.

TREASURY DEPARTMENT, February 15, 1873,

S1r: 1 have the honor to transmit, for the information of the House of Representatives, a
report made to this Department by Prof. Benjamin Peirce, Saperintendent of the Coast Survey,
stating the operations and progress in the survey of the coast during the year ending with
October, 1872,

I have the honor to be, very respectfully,

GEO. 8. BOUTWELL,
Secretary of the Treasury.

Hon. JavESs G. BLAINE,

Speaker of the House of Representatives.
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REPORT.

CoastT SURVEY OFFICE,
Washington, 1). C., January 16, 1873,

Sir: I have the honor to report Lerewith the progress made in the survey of the Atlantic,
Gulf, and Pacific coasts of the United States during the surveying-year 1871-'T2, which comprises,
on both sides of the coutinent, a working-season in northern sections, and another on southern
parts of the coast, where all the field and hydrographic parties are now engaged, as well on the
Atlantic as on the Pacific seaboard. For convenient reference, the notices of operations will close,
as heretofore, with the transfer of parties for the wiater-surveys, which transfer oceurs in general
about the 1st of November of each year.

The past year, though extremely unfavorable for surveying operations along the coast, will ever
be memorable in the annals of our work. It included the voyage of the steamer Flassler from
Boston to San Francisco through the Strait of Magellan; the temporary occupation of points on
the Rocky Mountains for special scientific purposes, which will be stated in desail in the body of
this report under the head of ¢ Interior;” and an expedition for determiniug the exact difference of
longitude between Washington, D.C.,and Greenwich. In cach of these undertakings, the Survey,
without encroaching on appropriations made by Congress for developiug the coast, has enabled dis-
tinguished savans who volunteered their services to accomplish near results in several important
branches of knowledge.

The steamer Hassler is now engaged in the regular hydrographic service, for which that vessel
was destined, on the coast of California. In the course of the voyage, the observations made by
Professor Agassiz, and his conclusions from them, were communicated to me from time to time, and
bave been made known to the public through the columns of the popular press. It is gratifying
to myself, and donbtless is so to many others, that the facts recently brought to light by that great
naturalist confirm the views which he had adopted after many years of thoughtful research. These
being well known through his published letters, only a general narrative of the voyage of the Hass-
ler, (Appendix No. 11,) written, at my request, by L. F. Pourtales, assistant Coast Survey, will
accompany this report.

The steady advance of work in the geodetic conneection between the Atlantic and Pacific coasts,
with the proviso for determining points in States of the Union which make suitable provision for
their own geological and topographical surveys, will, it is hoped, prove to be of great service to the
country. In the interior, the indirect benefit of the development of the coast is easily overl®oked.
Thought, consideration, and argument are requisite for the conviction that operations upon the sea-
board are valuable to States which have no coast-lines. But every facility in the avenuaes of com-
merce, by diminishing rates of insurance and in other ways lowering the prices of foreign products,
may be just as important to citizens of Iowa, Kentueky, and Arkansas as to those of Massachusetts,
South Carelina, and Louisiana. The safe transportation of three thousand millions of domestic
commerce, which make up the annual coast-trade of the Union, the produce and property of interior
States, is more important to the farmer than to the merchant; yet, removed from the sight of the
owners, the safeguards of transit cannot command their immediate attention.

The moderate outlay proposed for the geodetic connection between the coasts is directly appli-
cable to all the States of the interior. Points used in the survey of the coast will suffice for the
most claborate surveys that may be undertaken hereafter by the seaboard States. In like manner,
points determined in the geodetic connection will serve for future surveys of the interior States.
The existing maps are imperfact, but noe outlay for their immprovement would be warrantable with-
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out the essential groundwork of triangulation. In prosecuting the geodetic connection, primary
points are determined as far from each other as the pature of the country will permit, or as far as
signals can be seen. The combination of these forms a system of large triangles, by which all the
general positions of the country are bound together in exact relutive position, and the whole con-
stitutes what is known as a geodetic survey. Such a system of points applied to an imperfect map
reveals the errors that exist near the points. TFor final topographical surveys intermediate points
are determined between the distant stations. The primary triangulation requires perfect instru-
ments, and observers of known ability and of the greatest experience. All such work is subject to
direct tests as to its validity, and frequent scrutiny has shown that the geodetic work of the Coast
Survey has been done by observers especially qualified for this duty.

In secondary and tertiary triangulation, such extreme precision is not indispensable; the deter-
mination of nearer points being checked, controlled, and corrected by those made at the primary
statious. The secondary work in the States can, therefore, be safely intrusted to the hands of scien-
tific citizens or residents counected with engineering or other educational institutions, who might in
annual vacations much advance the interests of the State by determining intermediate points. It is
Leyond doubt that in many instances the principals, when qualified in the use of instraments, could
enlist snitable aids from the classes under their charge. In this way, the survey will be efficiently
associated with leading scientific men in all parts of the country ; the work may bave the benefit of
their advice and co-operation, and be subject to their criticism. This form of organization has been
approved by many able minds, and has been tried with admirable suceess in the State of New
Hampshire, where Professor Quimby, of Dartmouth College, has, during successive vacations, car-
ried on the triangulation of the State. His field-work during the summer will be noticed under the
head of section I in this report. Without such co-operation, any surveys for developing the indus-
trial capacities of the several States must necessarily be vague, inaccurate, and unsatisfactory,

The plan here suggested, besides giving opportunity for instruction in the most important prob-
lems of surveying, would gradually accomplish, with the vtmnost economy, a reliable survey of the
entire Union. The annual appropriation requisite to carry on operations simultaneously in every
State of the Union is estimated not to exceed $150,000; but several years must elapse before the
interest, now very active and pressing in some of the States, becomes general. The interests of all
require that the co-operative plan, which enlists so much exacet knowledge in local geography, and
which is thereby made speedily effective in field-work, should be fostered to the utmost. My atten-
tion, therefore, will be given to every appeal additional to such as have been already made for the
determination of geograplical points in the several States of the interior.

LONGITUDE.

The exact determination of the longitude of some point in the triangulation of the Coast Sar-
vey from the principal observatories of Europe forms one of the most important problems of the
work, and all the variotus means known to science have been successively brought to bear on its
solnti.on. The Coast Survey Reports from 1848 to 1806 show that the methods of moon-eculmina-
tions, of chronometer-transportation, and of lunar occaltations have each in turn received a large
share of attention. The latter method has not yet yielded the full results that may be expected
of it, in consequence of the infrequency with which corresponding observations are obtained in
Europe and America, owing to the parallactic displacement of the moon ; it cannot be doubted
lowever, that, with a suitably-organized system of observation, this method will in time give
results of extreme exactness.

Upon the sucecessful completion of the Atlantic telegraph from Ireland to Newfoundland,
measures were at once taken to make use of that means for the determination of the longi-
tude between the twe continents. The results of these operatious, conducted by Dr. B. A, Gould,
have been given at length in the Report for 1867. Although far more certain than the previous
results, the valde thus obtained still left a larger margin of doubt as to its precision than is desira
ble to admit in so fundamental a determination. This uncertainty, which probably does not exceed
a quarter of a second of time, is owing in part to the aumber of intermediate stations that were
necessarily employed, and in part to the fact that, thongh we can measure the total time of trans-
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mission of signals through the cable and back again, we are unable to separate the duration in
opposite directions, and are obliged to assume it equal-——an assumption which may not be exact
within a sensible fraction of a second.

When the laying of the French cable from Brest, in France, to Duxbury, in Massachusetts,
afforded an independent means of verifying the former result by observations under entirely differ
ent conditions, the opportunity was promptly seized, and thelongitude Lbetween Brest and Duxbury
determined by Assistant G.W. Dean, as set forth in the Report for 1870. At that time, no cable
was yet in operation between Brest and England, so that Mr. Dean was unable to earry his deter-
wination direct to the observatory at Greenwich, Such a eable having sincebeen laid, this wanting
link in the chain of longitudes was sapplied during the past summer by Assistant J. E. Hilgard,
who temporarily gave up the charge of the Coast Survey Office in order to bring this much-desired
operation to a satisfactory conclasion. In re-occupying Brest for that purpose, it appeared in every
way advisable that the experiments through the French cable shonld be repeated, this time with
an intermediate station at Saint Dierre, where the long cable makes a landing. That part of the
operations which connected Saint Pierre with Cambridge was under the immediate direction of
Assistant G. W. Dean, and will be further noticed, under Section I, in the body of this report.

The general plan of operations was to unite at Brest signals from America, from Greenwich,
and from Paris, sent nearly at the same time and compared by means of the Brest chronograpl,
and to determine the personal equations of the several observers throngh one of them, who should
observe successively with all the rest. This was done by Subassistant F. Blake, jr.,, who ably
assisted Mr. Hilgard in the detailed operations. '

Through the kindness and assistance of Sir George B. Airy, the astronomer-roval of England,
and of M. Delaunay, the distingnished director of the Paris observatory, whose lamented death
occurred while the operations were in progress, and through the generous courtesy of the French
Atlantic Telegraph Company and of the Submarine Telegraph Company, the work was brought
to a successful conclusion in September. The results will be found in Appendix No. 14.

As part of the record of the year, I here insert the brief statement of progress and remarks ou
estimates, which were transmitted to the Departinent on the 30th of September: In the esti-
mates submitted for continuing the survey of the coast of the United States during the fiscal
year 1873-'74, the increase in the items for regular work on the Atlantic and Pacific coasts
arises partly from the absorption of the pay and rations of engineers for steamers, which pre-
viously stood as a separate item, and partly {rom increase in the wages demanded by ficld-hands
on some parts of the coast. The diflieulty of engaging laborers at ordinary rates has not been
general, though it has affected the operationsof parties on both sides of the continent. It may be
added that the two hydrographic parties, which went into operation within the present year with
new steam-vessels, one on the Atlantic side and one on the western coast, will somewhat increase
the outlay for the next fiscal year ; hence, also, the necessity for a small increase in the estimate
for be repair of vessels.

The addition of $14,000 in the item for transcontinental triangulation is required to carry on
the plan which was previously laid out. This includes the determination in the interior of points
in exact geograplhical relation to the coast. The requirements of the General Land-Office in that
res'pect have been already met in several instances. It is again coufidently submitted that a timely
moderate outlay for that object is needful to prevent confusion and waste of means in the joining
and adjustment of future surveys of the interior.

From these explanations, it will be seon that, althongh a decided increass in comparative results
may be expected from the operations of the fiscal year 1873-74, the estimates do not contemplate
any enlargement of the organization or of the plans for work.

In further illustration of the detailed estimates, an abstract is here given, mentioning the sites
whieh have been occupied by surveying-partiesin the field or afloat sinee the 1st of November, 1871.
In the northern sections of our Atlantic and western coasts, the field and hydrographic operations
are yet in progress, and, as usual, will be continued antil the approach of winter, when transfers
will be made, as heretofore, for continuing work in the southern sections.
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Surveying-parties are now engaged, eitherin triangnlation, topography, or hydrography, on the
coast of Maine, at Bass Harbor, Mount Desert Island ; at Blue Hill Bay; on the islands between it and
Isle an Haut Bay; and in the vicinity of Castine, for the survey of the east side of Penobscot Bay ;
on the west side of that bay above and below Belfast; and in P’enobscot Bay north of Isleshoro;
on the western side of the Kennebec, in Maine, for the determination of geographical points; and

or like service in New Hampshire. Special astronomical observations have been made at Cam-
bridge, Mass., to determine the precise relation in longitnde between points in the United States
and points in Europe. One of the parties in that service occupied a station on Saint Pierre, Mique-
lon Island. The magneticelements have been determined at stations on the coast of Massachusetts.

Special examinations have been made to verify the sailing-directions for harbor-charts of the
coast of New England. The tides have been recorded constantly during the year at North Haven,
in Penobscot Bay, and at the Charlestown navy-yard. A hydrographic party is now at work near
the Monomoy Shoals ; and offshore soun dings have been continued along the northern sections of the
coast. The plane-table survey of the coast of Rhode Island ixin progress near Perrysville, west
of Point Judith, and also the detailed survey of New Haven Harbor. Views have been drawn for
the charts of several harbors between Portland and New York. Special hydrographic investiga-
tions are in progress in New York Harbor and in the adjacent waters, and the tides have been
steadily recorded at Governor's Island. A field-party is engaged in the survey of Lake Champlain,
and others are sounding its northern branches.

Triangulation is in progress near Barnegat, and plane table work and hydrography near Little
Egg Harbor, on the coast of New Jersey. Points have been determined for the construction of a
comparative ehart of the Schuylkill River at Philadelphia, for which the soundings were made last
winter;and themagnetic elements have been determmined in that vieinity, and also at Washington City.

The tides bave been regularly recorded at Old Toint Comfort, Va. Geodetic reconnaissance is
in progress near Harper’s Ferry. The detailed survey of the James River, Virginia, has been ex-
tended upward to Warwick River; that of Pamplico River, at Washington, N.C., has been completed,
and also that of the lower part of Pungo River, and of the vieinity of Cedar Island, in the lower
part of Pamplico Sound. In that sound, the main triangulation has been extended, and progress
has been made in the soundings. Cape Hatteras has been included in a resurvey, which revealed
changes in contour; and recent soundings develop the dangers to navigation at the Hatteras
Shoals. Plane-table work has been completed at Bear Inlet and Brown’s Inlet on the coast of
North Carolina; and the scveral channels leading into Cape Fear River have been sounded,
Little River entrance, near the boundary-line of South Carolina, has been examined, and mueh of
the coast-line traced southward to connect with a detailed survey ; which now ineludes the shores of
Winyah Bay. The survey of the Sea-islands and channels between Coosaw River and Broad
River, South Carolina, has been well advanced toward completion; and the sea-water channels
inside of Saint Simon’s Island, on the coast of Georgia, and between Talbot Island and Saint
John’s River, have been sounded. Latitude, azimuth, and the magnetic elements were determined
at a station on Saint Simon’s Fslaund. The measurement of a primary base-line near Atlanta, Ga.,
and the determination of points in geodetic connection with the line are now in progress.

Along the eastern coast of Florida, the survey south of Matanzas Inlet, including the branches
of Matanzas River, is well advanced toward Mogquito Inlet. Below Cape. Canaveral, a shoal has
been developed near Indian River Inlet. Soundings have been continued in the approaches to the
Florida Reef and in the Gulf of Mexico ; and the inshore hydrography has been completed at the
eastern approach of Saint George’s Sound, as, also, the survey of the Gulf coast between Saint
Andrew’s and Mobile entrance, including Choctawhatchee Bay. The hydrography has also de-
veloped the approaches from deep water to the Mississippi Delta, and the vicinity of Trinity Shoal
off the coast of Louisiana. In the Mississippi River, the survey has advanced from Magnolia
upward to Jesuit Bend, including determinations for latitude and azimath. On the coast of Texas,
the hydrography has been continued in San Antonio and the adjacent bays; and the longitade of
Austin has been determined.

Sherman Station, in Wyoming Territor$, and Verdi, on the Union Pacific Railroad in Nevada,
have been occupied as points in the geodetie connection between the Atlantic and Pacific coasts;
and collateral observations of much interest have been recorded.
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On the western coast of the United Stafes, the following sites have been, or will be, occupied
in prosecuting the field and hydrographic operations now in progress, in accordance with the plan
of work for the season. The parties are all in the field, and will, as heretofore, report their re-
sults at the end of October. .

Progress has been made in the hydrographic reconnaissance between Panama and San Diego.
The station near Cape San Lucas, at which the transit of Venus was observed in 1769, will be
determined in latitude and longitude. At San Diego, the tides have been constantly recorded.
The survey of the coast of California will be resumed at San Pedro Bay; that of the Santa Bar-
bara Islands has been continued ; and the crest-line of the mountains which range along the Santa
Barbara Channel has been traced ; reconnaissance has determined suitable points for the triangu-
lation between Santa Barbara and Monterey ; the survey of the coast is well advanced between
Point Conception and Point Arguello ; also south of San Luis Obispo toward Point Sal, and south
of San Simeon; and the latitude and azimuth will be determined, if practicable, at Loth sites of
work before the close of the season. In the operations of the year are ineluded the survey of the
South Faralion Island, and the outline of sand-drift on the San Francisgp Ieninsula; the contour
of Table Mountain north of the Golden Gate; comparative soundings at San Franciseo entrance;
and the tides of the year at that port. Cordell’s Bank will be developed by soundings in the
course of the season ; at Mendocino Bay, latitnde and azimuth will be determined, and the survey
in progress in that vicinity will be extended northward. Magnetic observations will be made gen-
erally at statious which may be occupied by the astronomical party. Soundings have been made
to develop a bank off Cape Mendocino ; the survey of the coast below Shelter Cove is in progress;
latitnde and azimuth will be determined there, and longitude at Eureka when the telegraph reaches
that place. Soundings are in progress along the coast of California, between Shelter Cove and
Rocky Point; the survey is extending south of the FFalse Klamath River, California, and along the
coagt of Oregon north of Chetko River. At Astoria, the tidesof the year have been recorded ; and
Jongitade will be determined when telegraphic facilities reach that port. The sarvey of both shores
of the Columbia River has been continued, and that of Shoalwater Bay in Washington Territory.
At False Dungeness, the astronomical station has been connected with the trinngulation of the
Strait of Fuca; and Smith’s Island has been ocvupied for completing the main triangalation, which
embraces the waters of Washington Sound. The plan for this season includes also determinations
of latitude and azimuath at Steilacoom and Dwamish Bay ; the selection of a site for a base-line on
Whidbey Island ; aud triangulation for extending the sarvey in Puget Sound.

On the coast of Alaska, good progress has been made in the hydrographic reconnaissance.
Observations of much importance have been made on the tides and currents, and a number of
geographiecal points have been determined.

The office-operations in drawing and engraving have been kept up with the results in field-work
and hydrograpby. Twenty new charts have been published, and nine others which show extensive
additions in comparison with their first issue. Iifty charts, of which thirteen were commenced
within the year, have been in hand in the Drawing Division. Of the engraved charts, 11,500 copies
have been printed and distributed. Ninety of the manuseript-maps on file in the archives have
been copied within the year, to meet calls for information. As these nsually pertain to places near
the more important ports, a few of the topographical sheets showing mnceh variety in details have
been reproduced by lithography. The process is cheap, and its extension is under advisement, as
affording means of special usefulness in the inception of local improvements, in which sunccess must
depend on accurate information in regard to the surface-coutonr.

Tide-tables for the ensuing year have been prepared, and published as heretofore,

ESTIMATES IN DETAIL.

For general expenses of all the sections, namely: Rent, fuel, materials for drawing,
engraving, and map-printing; and for transportation of instruments, maps, and
charts; for miscellaneous office-expenses; and for the purchase of new instruments,
boeoks, maps, and charts, will require. .. ......... ... ... ol .. 825,000
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SECIION I. Coast of Maine, New Hampshire, Massachusetts, and Rhode Island. FIELD-
WORK.—10 eomplete the triangulation of the vieinity of the northeastern boundary
of the United States; to continue the topography of the western shore of Saint Croix

tiver; to determiune the heights of the principal trigonometrical points in the section;
to complete the survey of Mount Desert Island and of the adjacent bays and harbors; -
to extend the plane-table work on I’enobscot River above Castine, Me., and the
hydrography of the bay eastward along the coast; to supply subsidiary points on
the coast of Maine for the topographical and hydrographic parties; to contine
the offshore hydrography of this secction, and make special examination for the
sailing-lines for charts; to continue the tidal observations; and to make snch astro-
nomical and magnetic observations as may be required. OFFICE-WORK.—To com-
plete results from the ficld-observations ; to commence the drawing of charts No. 1
and No. 2, showing the approaches to the coast of Maine between Passamaquoddy
entrance and Petit Manan light-house ; to continue drawing and engraving for
charts No. 3, No. 4, aggl No. 6, which inclnde Frenchman’s Bay, Blue Hill Bay, the
approaches of the Penobscot, and the coast between Kennebee entrance and Saco;
also for local charts of the vicinity of Mount Desert Island, Eggemoggin Reach, Penob-
scot Bay west, Saco River entrance, and the vicinity of Monomoy Shoals, will require  $80¢, 000

SecTioN 1L, Coast of Connecticut, New York, New Jersey, Pennsylvania, and part of Dela-
ware. FIELDWORK.—To determine points and complete the topography of the
coast of Ithode Island near Watch Hill; to complete the survey of New Haven
Harbor; for special observations bearing on the hydrography of New York Harbor;
to continue observations on the tides and currents; to extend the plane-table survey
of Hudson River above Ilaverstraw; to inake the requisite astronomical observa.
tions; to measure 2 base of verilication and complete the shore-line survey and
soundings in Lake Champlain; to connect the triangnlation of New Jersey with the
coast series at Barnegat; and to complete the topography of the coast near Pleasant
Bay. OrrF1¢E-WORK.—To make the computations and reductions; to commence
the drawing and engraving of o chart of New Haven Harbor; to continue the
engraving of chart No. 21, showing the coast between Sandy Hook and Barnegat
Inlet; and drawing and engraving for No. 22 and No. 23 between Barnegat and
Cape May; and for the chart of Little Egg ITarbor, will require .. ....... ........ 20, 000

SucrtoN 1L Coast of part of Delaware, and that of Maryland and part of Virginia.
FIELD-WORK.—To connect the Atlantic-coast triangulation with that of Chesapeake
Jay near the boundary-line between Maryland and Virginia ; to extend the detailed
survey of the James River, Virginia, above Jamestown Island, inclnding the hydrog-
raphy, and commence the plane-table survey of the Potomae River; to continue
southward the main triangulation along the Blue Ridge parallel with the coast,
including astronoinical and magnetic observations; to complete the supplementary
hydrography requiredin this section ; and to continue thetidal observations. OFFICE-
worK.—To compute results from the records of field-observations; to continue the
drawing and engraving of the chart of James River below City Point; and to make
additions to the ¢harts and sketches of the section, will require............ .. .. 40,000

SectioN IV, Coast of part of Virginia and part of North Carolina. TIELD-WORK.—
To complete the triangulation of Currituck Sound, Nerth Carolina, and continue
that of Pamplico Sound, and the topography of its western shores between the Ro-
anoke Marshes and Pungo River; to measure a base of verification and determine
azimuth for the coast-triangulation south of Cape Lookourt; to make the astronom-
ical and magnetic observations requisite ; to continue the offshore hydrography of
the section, and that of Pamplico Sound and its rivers. OFFICE-WORK.—To make
computations from the field-data ; to continue the drawing and engraving of charts
No. 37, No. 39, No. 42, No. 43, \To. 44, No, 45, No. 46, and No.47, showing parts of
the Atlantic coast between Cape Henry und Cape Lookont a,nd also of chart of
Hatteras Inlet and Beaufort Harbor, North Carolina, will require.ccocca. oo ..., 40, 000
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SEct1oN V.  Coast of South Carolina and Georgia. FIELD-WoRK.—To complete the tri-
angulation and topograpby of the coast between Cape Fear and Winyah Bay; to
extend the topographical survey sonthward of Winyah entrance ; to determine azi-
muth for the triangulation of the coast of South Carelina; and to complete the de-
tailed survey of the sea-islands and water-passages between Charleston and Savau-
nal.  OFFICE-WORK.—To make computations and reductions, and additions to the
charts and sketehes, will require.... ... oL L. 40, 0060
SECTION VL. Coast, Keys, and Reefs of Florida. FIELD-WoRK.—To extend southward,
from Mosquito Inlet, the triangulation, topography, aud hydrography of the sea.
water channels adjacent to the eastern coast of the Florida Peninsula; to make astro-
uomical observations and determine the azimuth north of Cape Canaveral; to con-
tinue the offshore hydrography of the Florida Peninsula, aud observatious on the
Gulf Stream ; and to complete soundings in the vieinity of the reets and keys, On-
FICE-WORK.—To reduce aud compute from the fieldrecords; to continue the draw-
ing and engraving of chart No. 38, showing Camberland Sound and Saint Johin's
River, Florida ; and to make additions to the chart of the section, will vequire. .. ... 15, Q00
SECTION VIL  Gulf coast of the Florida Peninsula north of Tampa, and coast of Western
Florida. FIELD-WORK.—To make the astronomical and magnetic observations re-
quisite in this section; to continue the triangulation and topography of the western
coast of the peninsula between Cedar Keys and Appalachee Bay ; to ran lines of
soundings in the Gulf of Mexico and develop the hydrography of the Gulf coast
included in the field-operations. OFFICE-WORK.—To compute from the astronomical
and field records; to continue the drawing and engraving of charts No, 79, No. 82,
‘No. 83, No. 86, and No. 87, showing parts of the Guilf coast bet ween Chassahowitzka
River and Pensacola entrance ; and of the chart of Saint Andrew’s Bay, will vequire 35, 000
SucrIoN VIIL Coast of Alabama, Mississippi, and part of Louwisiana. TFIELD WORK.—
To connect the survey of the Mississippi River at New Orleans with the triangula-
tion of Lake Pontchartrain ; to determine geographical positions, and make the astro.
nomical and magnetic observations required in this section; to extend (Le triangu-
lation and topography westward of the Mississippi Delta, and continue the hydrog-
raphy of tle Gulf of Mexico. OFFICE-WORK.—To make the computations required ;
to continue the drawing and engraving of charts No. 91, No. 92, No. 93, No. 94,
andNo. 93, showing Lake Borgne, Luke Poutchartraiu, Isle au Breton Sound, and the
Mississippi River between New Orleans and the Gulf of Mexico, will require. .. ... 30, 000
SEcCTION IX. Coast of partof Louisiana, and coast of Teras. FIELD-WoORK.—To extend
the triangulation and topography of the coast of Texas eastward from Galveston
Bay, and south of Corpus Christi; to measure a base of verifieation and make the
astronomical and magnetic observations requisite in this section. OFFICE WORK.—
To compute results from observations recorded in the field ; to coutinue the drawing
and engraving for charts No. 103 and No. 109, showing Pass Cavallo, San Antonio
Bay, Aransas Bay, and Copano Bay, will require........... R, 33, OU0

Total for the Atlantic coast and Gulf of Mexico.. ... .. ... ... .. .. ... 410,000

The estimate for the survey of the western coast of the United States is intended to provide
for the following progress:
SECTION X. Ceast of California. TFIELD-woRK.—To make the requisite observations for

latitude, longitude, azimuth, and the magnetic elements at stations along the Pacific

coast of the United States; to continne the hydrographic reconnaissance between

Panama and San Diego, and continue tidal observations at the last-named port;

to extend the coast triangulation and topography between San Juan Capistrano and

Anaheim Landing, and that of the Santa Barbara Islands; to continue the detailed

survey of the coast from Gaviota Pass to Point Conception and Point Argucllo; to

extend the triangulation and topography between Point Sul and San Luis Obispo,
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and northward from Piedras Blancas ; to continue reconnaissance for the main tri-
angulation between Santa Barbara and Monterey ; to continue the hydrography of
the western par$ of Santa Barbara Channel,and make soundin gs between theislands;
to develop the Falmouth Shoal and the hydrographic changes in San Francisco
Bay and its approaches; to continue tidal observations at the Golden Gate; to
make observations on the ocean-current along the coast of California, and complete
the hydrographic survey of Cordell’s Baunk; to continue the triangulation, topogra-
phy, and bhydrography of the coast northward, the detailed survey south from
Shelter Cove and Bear Harbor, and the hydrography of the Pacific coast between
Humboldt Bay and Rocky Point; to extend the detailed survey from the last-named
point to the Klamath River, and complefe the hydrography of Oreseent City Reef.
OrricE-WoRK.—To make computations frow the observations recorded in the field,
and additions to the general and localcharts of the section; also, for theoperations in—

Secrion XI. Coast of Oregon and of Washington Territory. F1ELD-worx.—To continue
the triangulation and topography of the coast of Oregon from Mack’s Areh north-
ward toward Cape San Scbastian and Port Orford; to determine the latitude,
longitude, and azimuth at stations on the coast of this section; to complete the sur-
vey between Tillamook Head and Cape Adams; to continue the survey of tlic Colum-
bia River and tidal observations at Astoria; to extend the triangulation and topogra-
pby from Cape Disappointment northward to Shoalwater Bav, and the detailed
survey from thence along the coast of Washington Territory to Gray’s Bay ; to
measure a base-Jine and continue the triangulation of the Strait of Fuca, Puget
Sound, and Washington Sound, and to develop the hydrograpby of harbors in
Puget Sound. Orrrce-worx.—To make the requisite computations, and to draw
and engrave the results of field-work as additions to the eharts and sketches of the
seetion ; also, for the operations in—

Secrion XII. Coast of Alaska. FIELD-WORK.—To make the requisite astronomical and
magnetic observations, and to continue hydrographic researches in the vicinity of
the Aleutian Islands, the Choumagins, and near the Kodiak group, with observa-
tions on the tides and currents. OFFICE-WORK.—To compute results from the
recorded observations, and to draw and engrave the shore-line and soundings derived
from the reconnaissance, will require ... ... .. . . L. Ll

For extending the triaugulation of the Coast Survey, to form a geodetic connection
between the Atlantic and Pacific coasts of the United States, and assisting in the

2 I 1§ o o P
For repairs and maintenance of the complement of vessels used in the Coast Sur-
3
For continuing the publication of observations made in the progress of the Coast Sur-
3L L O

$260, 000

50, 000
50, 000

10, 000

The annexed table shows, in parallel columns, the appropriations made for the fiscal year

1872-"73, and the estimates herein submitted for the fiscal year 1873-"74.
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Estiwmated | Appropriated
Oljects. for fiscal year : for fiscal year
187574, 1372~

For continuing the sarvey of the Atlantic and Gulf coasts of the United States, including
compensation of civilians engaged in the work, and pay and rations of engineers for
the steamers used in the coast-survey, per acts of March 3, 1243, and June 12, 1853__ .. $410, 000 | £401, 000

For continuing the survey of the westeru coast of the United States, ineluding eompen-
sation of civilians, and pay and rations of enginecrs for the steamers nsed in the work, i
per act of September 30, 1850 .. oo o e iemee i ieeeiaeaes 240, 000 244}, 000

For extending the triangulation of the coast-survey to form a geodetic connection between
the Atlantic and the ’acific coasts of the United States, and assisting in the State sur-
veys, including compensation of civilians engaged in the work, per act of March 3, !

-------------------------------------------------------------------------------- 50, 000 30, 000

Tor yepairs and maintenance of the complement of vessels nsed in the coast-survey, per |
aet of Angust 18, 1806 . oo oo i i e e e e 50, 000 45, 000

For continuing the publication of observations made in the progress of the coast-survey,
including compensation of civiliaus enguged in the work, the publication to be made
at the Government Prinling-Office, per act of Maveh 3, 1869, .. . oo . oo o 10, 000 14, 000

P PP 50,000 732, 000

PART II

In this part of the report will be found, in geographical order, notices of the work done iu the
course of the secason by each of the surveying-parties. A general view of their distribution on the
Atlantic, Gulf, and Pacific coasts is given in Appendix No. 1.

In addition to tours of inspection, which I made persoually, several of the parties engaged in
sccondary triangulation have been visited in the field by Assistant Richard D). Cutts, to whom Iam
indebted for his continued eare of the details pertaining to that braneh of the work. Special duty,
in which Mr. Cutts was engaged during the summer at Sherman station, in the interior, will be
mentioned in the body of the report.

Assistant H. L. Whiting, in charge of details relating to the topography, visited most of the
parties, and in the course of the year inspected the mode of work in the field. Iis reports give
inereased confidence in regard to the accuracy of returns made on the topograplhical sheets.

The hydrographic inspector, Capt. C. I, Patterson, in addition to the oversight of matters per-
taining to the issne of charts, among which are sailing-directions and other notes requisite for navi-
gation, has met the difficult duty of maintaining the means of transportation for fieid-work that can-
not be condueted withont vessels,  The provision made by Congress at the present session will relieve
much of the embarrassment which has attended the use of vessels worn out, but yet of necessity
retained in the serviee until they can be replaced by safe means of trausit from place to place along
the coast.

The progress madeé in the survey of the western coast will be stated under Sections X, X1, and
XII, after which will be given a general summary of the work done during the past year in the
Coast Survey Office.

SECTION 1.

ATLANTIC COAST OF MAINE, NEW HAMPSHIRE, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING
SEA-PORTS, BAYS, AND RIVERS, (Skercurs Nos. 2 aNp 3.)

Topography and hydrography of Placentia Bay, (Mount Desert Island,) Maine.—The survey of
Mount Desert Island was resamed by Assistant J. W, Doun after midsammer, with a party work-
ing as heretofore with the scheouer Scoresby, The topography of the season covers the southwest-

H. g, 24)——2
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ern part of the island from Bass Harbor to Pretty Marsh, and includes the entire area between the
western margin of the previous season and Placentia Bay, which is bounded by outlying islands,
Many interesting details are shown on the plane-table sheets, among thew the Western and
Beech Mountains, Seal Cove Pond, and Great Pond. Soundings made in the last show that the
bottom of that lake is 51 feet below the level of the sea.

The hydrographice work of the party developed by the 25th of October the waters of Placentia
Bay, and is in eontinuation of the survey of last year, the limit then being between Bass Head and
Gott’s Island. The greatest depth found in soundings is 56 fathoms in Placentia Bay. .

Assistant Donn was aided by Messrs. S. N. Ogden and F.C. Donn. The statistics of work are :

Shore-line surveyed, (miles) ... ... ... .. i 294
Roads, (miles) . ... ... . e 443
Water-courses and lake-shores, (miles) ....... ... ... .. ... ..ol 52
Area of topography, (squaremiles)...... . ... .. il oL, 36
Miles Tun in sounding .. ... Lo 325
Anglesmeasured. oo ..o et i e .. 2,392
Number of soundings. .. ... ... .. .. 9,316

Since bis return from the coast of Maine, Assistant Donn has resumed work in Section 111,
where he was engaged in the beginning of the present year.

Topogravhy of Eggemoggin Reack and Isle au Haut, Maine.—Early in July, a party was organized
to work in this vicinity under the direction of Assistant Charles Hosmer, who had been previously
engaged in Section V. On the west side, the plane-table survey was joined at Oreutt’s Harbor with
the detailed work of another party, and from that limit was extended along the north shore of
Eggemoggin Reach as far eastward as Sedgwick, at the head of Benjamin River. Mr. Hosmer
mapped also Little Deer Island, and farther castward traced the north shore-line of Deer Isle to
Gray’s Cove.

Under the general direction of Assistant IHosmer, Subassistant J. N. Mc¢Clintock traced the
shore-line of Isle au Haunt and of the adjacent smaller islands, joining at the north with the plane.
table sheet of Assistant Dennis. Part of the north end of Isle au IIaut was mapped in detail, and
also the island adjacent to it. Field-work was continued until the 25th of October. The report of
Mr. Hosmer mentions that the season has been unusually unfavorable for topographical work; the
operations during Aungust and September being interrupted very frequently by rain or fog. He
was aided in the field by Mr. R. B. Palfrey, and for transportation had the use of the schooner G.
M. Bache. The statistics of work are:

Shore-line traced, (miles) ... ..o oo e e e 100
Roads, (miles) ... . ... i 22
Area of topography (square miles). .......c. ool e 203

Assistant Hosmer has resumed service in Section V. Subassistant McClintock, who was
previously employed in duty which will be noticed under the head of Section VII, is now engaged
in Section VI.

Topography of Deer Isle and vicinity—TField-work was commenced on Deer Isle on the 15th
of July Ly the plane-table party of Assistant W. H. Dennis, aud was continued until the 1st of
November. *

¢ The shore-line, being very irregular and rocky, required much time. The low-water line, more-
over, being a marked featnre, was requisite, and could be snrveyed only at low tide. One hundred
and fifty detached ledges were developed at that stage of water, and are shown on the topographi-
cal sheet.” | :

The southern half of Deer Isle was included in this survey by Mr. Dennis, with the indenta-
tions kuown as Crockett’s Cove, Burnt Cove, Weblys Cove, Deer Isle Thoroughfare, and all the
outlying islands of the neighborhuud. The surface in general is rough and rocky, with but little
artificial detail. )
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Mr. A. . Barnard aided in the field-work, and during part of the season mapped the details of
some of the islands with a separate plane-table. The statisties are:

Shore-line surveyed, (miles)...... .. b e m e et e 61
Roads, (miles).... ... e e e e e e e et 55
Area of topograpby, (square miles) . ... ..o e 206

Assistant Dennis had heen previously engaged in Section V, and has now resumed field service
in the same section.

Triangnlation near Cape Rosier and Castine, Maine—1In order to provide for tlie plane-table
snrvey of the vieinity of Castine, and of the shores of Baggaduce River and Eggemoggin Reach,
Mr. W. H. Stearns was detailed in July to interpolate points between stations which had been oceus
pied in the secondary triangulation of the coast of Maine.

The Baggaduce River, which takes in what is known as Castine Harbor, is of irregular width,
being wide and deep at its mouth. From there, after expanding eastward into a bay two miles
across, the river stretches to the northward into branches known as North Bay and South Bay.
The water is of good depth through South Bay, though in some places the channel is narrow and
the current very rapid.

Mr. Stearns closed field-work in this section on the 21st of September, and then engaged in
duty near Atlanta, Ga. The statistics of his work near Castine are:

Signals erected........ ..., e e e, 20
Stations occupied ... .. ... .. Ll e e ettt e itetaeie e s 9
Anglesmeasured......... ... ... .. e e et ameiee e ceemenaaae aaean 112
Number of obServations .. ... . vttt e et U P % 16

Twenty-two points were determined for plane-table purposes, within an area of seventy square
miles.

Under Section VI notice will be taken of field-service in which Mr. Stearns was engaged dur-
ing the winter and spring.

Topographyof Cape Rosier, Maine.—The party of Assistant A. W, Longfellow left Portland on the
19th of July in the schooner Meredith, and as soon as practicable commenced plane-table work on
Cape Rosier. Owing to the prevalence of fogs and frequent heavy rains, the progress of parties on
the coast of this section was much impeded. Xvery favorable opportunity was improved by Mr
Longfellow until the 26th of November, when operations were closed for the season.:

The topographical sheet includes the peninsula and harbor ot Castine, with that part of Brook-
ville which extends south from Castine Iarbor to Eggemoggin Reach, called the Cape Rosier
distriet, a rocky region, with weoded hills and intervening swamps. Within these limits the shore-
lines were traced, including Holbrook’s Island and Nautilus Island, and the shores of Lawrence
Bay, to the eastward of which some of the details were filled in, as also along the western side of
Cape Rosier. The general statistics are:

Shore-line surveyed, {miles)..... e e R e 72
Roads, (INH1e8) .. .. .o i i iim it e ettt r et 7
Area of topography, (squaremiles) . . ... ... il cliiiii s 14

All the ledges within the plane-table limits were determined and marked in position on the
sheet.

Subassistant H. M. De Wees was attached to this plane-table party.

At the close of the season, the schooner Meredith, which had been used for transportation, was
laid up in Portland Harbor.

Coast pilot.—The review of hydrography and of other featares needful in the compilation of
general sailing-directions for the coast of New England was resumed by Assistant J. S. Bradford
on the 21st of July with a party in the schooner Joseph Henry., Mr. W. B, McMurtrie accompanied
the party, and made drawings of such views of the approaches to Casco Bay and Damariscotta
River as were deemed requisite for the charts of those waters.
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Assistant Bradford developed and marked on the chart a rocky shoal in the Damariscotta
below Hodgder’s Mills, and otherwise revised the ehart of the channel. He then sailed for Hast-
port, and, though muech hindered by fogs, made a thorough general examination, with reference to
sailing-direetions, of Passamaquoddy Bay, the Saint Croix River entrance, Cobseook River, and of the
harbor of Eastport. After eleven days’ detention at that port by continuous fog in August, the
revenue-cutter Mosswood arrived, and by the courtesy of Captain Hodgden the schooner in charge
of Assistant Bradford was towed ouf to sea. 1In the report made at the end of the season it isnoted
as evidence of the exceptional weather of last snmmer, that the light-keeper at Petit Manan Island:
kept the fog-trumpet in blast during twenty-feur consecutive days of the month of August. Mr.
Bradford, nevertheless, succeeded in observations that suffice for describing, with the exception of
a tew small harbors, the coast of Maine as far westward as DPenobscot entrance. As yet, but few
charts exist of this region, the detailed hydrography being now in progress, but well advanced from
the westward toward Mount Desert. Forty-one places in all were included in the detailed descrip-
tions tarned in by Mr. Bradford, the last being Belfast Harbor in Pencbscot Bay. Many of the
harbors in the list are important as places of refuge in heavy weather; and it is desirable that their
character and accessibility should be known even in advance of their development by soundings.
In reference to their number, Assistant Bradford remarks, *¢The coast of Maine between Eastport
and Penobscot Bay is so indented by harbors and rivers that it would be almost impossible for a
mariner with a good coast-pilot in hand to fail in making secure anchorage, if’ the approaches to the
many places of refuge were properly buoyed.”

The views of Assistant Bradford in regard to sea-marks proper for this part of the coast were
presented in a separate report, and are now on file in the office of the hydrographic inspeector.

At the end of October, the party in the schooner Joseph Henry proceeded to Portland, where
the vessel was laid up.

Assistant Bradford is now engaged in examining the harbors of Chesapeake Bay, with a view to
the preparation of final sailing-directions. He was aided during part of the season, on the coast of
Maine, by Mr. R. R. Steedman.

Hydrography of Belfast Bay, Maine.—This work was taken np in the middle of July by a party
in charge of Assistant Horace Anderson, working with the schooner Silliman and the small steam-
lannch Sagadahoe. The two hydrographic sheets include Beltast Bay and the waters of the Penob-
seot to the eastward as far as the peninsula in the vicinity of Castine. Secarsport and Stockton
Harbors are within the limits of work, and both were sounded out, and dangerous ledges in the
neighborhood of Belfast were marked by stone monuments, se as to wake the water-approach to
that town safe and easy. -

All the soundings were referred to the low-water level by means of tidal observatious at Simp-
sor’s wharf in Belfast, and a permanent bench-mark was established.

Assistant Anderson was aided in the hydrography by Messrs. . H. North, E. H, King, and
W. 8. Bond. Operations in the Penobiscot were closed for the season on the 27th of October, when
arrangements were made for resuming duty in Section VIL :

The following are statistics of the work done near Belfast :

Miles run in sounding ... .. .. oL e IR P cene 756
Anglesmeasured.. . ... ..l i i iiii. aiaiie e RN 5,552
Number of soundings...... e e et imeaaceaeceaieaean i, 32,828

The previous service of this party will be mentioned under the head of Seetion VII.

Topography of Searsport Harbor and Stockton, Penobscot River, Maine—In coutinuation of his
work of last season, Assistant C. T, Iardella resumed work with the plane-table on the 13th of July,
above Belfast, Me., and extended the survey northward to include Stockton and all intervening
details on the west side of the Penobscot. Among these are Long Cove and the adjacent penin-
sala, known as Sears’ Island, Searsport Harbor, and the details of the shore to a breadth conform-
able with the work previously done in the vicinity of Belfast. Nine signals were erected and deter-
mined in position as points for the topographical survey. Within the limits of field-work, contour-
lines were carefully traced to represent snrface-features, the most prominent of which is Randall’s
Hill, 560 feet high, in the neighborhood of Stockton.
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Assistant Iardella remained in the field until the middle of November, and then returned to
Section IV, where hie had been eugaged in the early part of the year. He was aided in both sec-
tions by Mr. W. C, ITodgkins. The statistics of the work of his purty on the Penobseot are:

Shore-line sarveyed, (miles) ...... .. _.. e el 17
Roads, (miles) ... .. e e e e e e e 19
Streams, (miles)..... e e e e e 37
Area of topography, (square miles)........ e R e . 17

Topography near DBelfast, Me—The detailed survey of the western shore of Penobscot Day,
below Belfast, has been completed by Assistant F. W, Dorr. Resuming, in the middle of July, at
Knight’s Pond, near Northport, the topography was extended northward to a junetion with work
previously done in the environs of Belfast. In this course were included, among other details,
Saturday Cove, Brown’s Corner, Little River, and other streams, and the intervening roads.

¢ The eontinual rains, for which the past summer and fall will be memorable, retarded field-
work, but the allotted area was mapped in a period but little exceeding that which had Leen esti-
mated as requisite.”

“Commencing at Knight's Point, the upper headland of Duck Trap Harbor, the shore-line was
traced as far as a small battery, which had been erected about a mile below Belfast for the protee-
tion of the town during the late war. There a junction was made with the previous work of Assist.
ant Iardella. Much of the shore-line is abrupt bluff, bat varied by gradual slopes about the small
coves that indent the bay. At the southwestern extremity of the sheeot, the rough and rocky peaks
of the Camden and Lincolnville Mountains give place to a series of irregular, detached hiils, and
lose their character as a coast-range until we reach Little River, where a gently-sloping coantry
opens, and follows the shore of Penobscot Bay for several miles.”

Mr. W, E. McClintock aided in the topographical work, the statistics of which are thus reported:

Shore-line traced, (milesj............... e e i e e 10%
Rivers and ereeks, (miles). ... . ... ._.... et e et i 47
toads, (miles) ... ... oL e e e . GO
Area of topography, (squave miles)....... e e e 18

Assistant Dorr closed plane-table work on the 10th of October, and then made a reconnaissance of
the Penobscot River to the head of navigatiou, with a view of estimating the amount of topography
remaining to be doue. Tie detailed report has been received, and will Le valuable as a basis for
projecting sheets to receive the details which yet remain to be sarveyed. Mention will be made
under the head of Section IV of work done by the party of Assistant Dorr in the carly part of the
year; and under Section 11 notice will be taken of & survey made at the close of the present season.

Triangulation near Augusta, Me.~~For properly connecting the survey of the Kennebec River
with the primary triangalation of the coast of Maine, it was fonnd necessary to occupy two secondary
stations in the vicinity of Angusta. Assistant G. A. Fairfleld took up this duty on the 18th of July.
Signalg were sef up at six stations ; of these, the structure at Burnt Hill, near the town, was made
6¢ feet high, in order to bring into view the signal at Sebattis. After oceupying the last-named
station, Mr. Fairfield occupied * Blin,” and completed the requisite angualar measurements on the
Jith of October. The longest of the three lines included in the triangle is twenty-cight miles in
length. Iight angles in all were determined by 1,548 observations with the theodolite.

‘While the work was in progress at Blin, one of the party made a record of the tides, throagh
a half-lnnation, at Bowdoinham.

The heightof the primary station Sebattis was determined by the aid in the party, Mr. Walter

-B. Fairfied. A line of levels was ran over the most direct road Detween the mountain and tide-
water at Bowdoinham oun the Cathanee River, at a point about two miles from its mouth in Merry-
meeting Bay. The road being hilly, many stations were requisite in leveling. The aggregate of
the lines was forty miles. Assistant Fairtield found for the height of the primary station T90.71
feet, to which is to be applied a correction for ordinary instrumental errors.

The previous service of the party of Assistant Fairfield will be stated under the head of
Section IV.

Assistant H., L. Whiting inspected thie plane-table work of most of the parties engaged in
northern sections, and found the organization aund the progress and wethod in details entircely
satisfactory.
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Geodctic connection.—The triangulation across New Hampshire, which was commenced last year,
has been continued during the present season by Prof. E.T. Quimby. As before stated, the
main object of this work is to conneet the survey of Lake Champlain with that of the coast, and
incidentaily to sapply points as sanctioned by Congress for the geological and topographical
operations that may be undertalken in future by the State. The last-mentioned part of the service
has been greatly simplified by the wise and liberal action of the State legislature. Mention was
made in my last ananal report of a plan proposed for inducing the several towns in New Hamp-

shire to erect, at their own expense, the tertiary signals requisite for the loeal survey. Recently,

thiat plan bas been much enlarged. Through the representations of Professor Quimby, showing the
value of numerous well-established geographical positions for the futare construction of a map of
the State, the legislature passed an act, which was approved by the governor July 3, 1872, author-
izing the assistant in charge of triangulation on the part of the Coast Survey ¢ to set such signals as
may be necessary, at an expense not to exceed $20, in any town or city of the State, and to draw
upon the State treasurer for the snums so expended.”

This prompt acceptance of the poliey of Congress, on foresight of the benefit which must follow
as well to each State of the Union as to the public service aud its economical administration, will
serve as an example to induce other States to co-operate with the General Government in a work of
such vast importance as laying in time the sure foundation for an accurate map of our country.

Professor Quimby resumed field-work on the lst of May, and devoted some weeks to reconnais-
sance and to the erection of signals for the extension of quadrilaterals in the direction of Lake
Champlain, and of others to include important points in the State.

The measurement of angles was commenced on the 1st of June at Moradnock, one of the
primary stations whicli was ocenpied in the survey of the coast. Work was continued at all favor-
able intervals.  In regard to progress at that time, Professor Quimby reports, ¢ The month of June
was very unfavorabie, with scarcely more tlian a day in a week of good observing-weather. In
July and Angust, the weather was more favorable; bub still the rainy days were about equal in
namber to the fair ones.”

Field-work was continued until the 1st of September. The following statistics result from
operations condueted while oecupying as stations Monadnock, Unkonoomue, Rattlesnake, Stewart’s
Peak, and Mount Kearsarge., Angular measurements were made with a ten-inch and with a
twenty-four-inch theodolite.

Anglesobserved ... . it i i iarie e aeae e cae e aea e 32
Vertical angles measured - ... .. .. oo Ll i e i, 7
Directions noted by theodolite. .. .. . .. el 123
Numberof observations. . .. ... .. ..l 4,150

Forty-one stations were determined in position. The expense of erecting twenty-one tertiary
signals was paid by the State of New Hampshire.

Hydrography of George’s Bank.—Commander John A, Howell, U. 8, N., Assistant Coast Survey,
after the completion of hydrograpbic service, which will be mentioned under the head of Section
VI, and of repairs requisitc on the steamer A, D, Bache, took up soundings in this section in
August. The following are extracts from his report at the end of the season :

« On the 22d of Angust, we anchored in 8 fathoms on George's Shoal, off the coast of Massachu-
setts, intending to observe the currents, a thick fog preventing other operations.”

“The hand-log (a4 large grating) was thrown every half-hour, the ship’s head being at each time
noted. In twelve hours and a half, the vessel had swang ouce about her anchor. Daring this time,
there was no slack water, the velocity of the tide being not less than one knot. The motion of the
Ship’s head was uniform, passing from east through south to west, north, and east again. At
intervals, unequal tide-rips moved up against the carrent, and these passing slowly from aft forward
temporarily angmented the velocity of the current sometimes to 2} knots, and as a consequence the
vessel would shear about. The rips passed ahead, disappeared graduoally, and the cnrrent again
diminiShed. Several tide-rips were frequently in sight at the same time, the appearance being like
thatof agentle swell breaking in very shallow water. The surface of the sea was white and broken,
anfl the noise, like that of breakers, was audible at a great distance.’
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“ Oun the 29th of August, lines of soundings were ran to develop the Cualtivator Shoal, the position
of which, as determined by observation, is latitude 41° 38 north, longitude 63> 11’ 30" west.
The least water found on the shoal was 31 fathoms.”

¢ On the 12th of September, soundings were talen up off Cape Sable, and contivned on a line
toward the assigned position of Idope Bauk. At one hundred miles from the cape, the depth was
1,000 fathoms ; but farther ou and at the assigned position no bottom was found with 1,800 fathoms
of line. The position having been determined by good observations, it would hardly seem possible
that any bank could bein the immediate vicinity. We ran to the westward, sounding at iutcrvals,
bat found no bottom till nearing Gecrge's Bank.”

At the request of Prof. Spencer ¥. Baird, the commissioner authorized by Coungress to institute
investigations in regard to the habits of fish that frequent the coast of the Atlantic States, quar-
ters for two special observers, Messrs. Smith and Hager, were provided on the steamer by Com-
mander Howell. Dredgings made in the vicinity of Halifax, Nova Seotia, to which point the vessel
was driven by stress of weather, and others about Caltivator Shoal and George’s Bank, were con-
ducted Ly the special observers. -

The steamer Bache is yet engaged in soundings off the coast of New England, but will scon
return to service near the Ilorida Reef.  Commuaunder Howell is assisted in hydrographic operations
by Licuts. W. H. Jacques, E. 8. Jacob, Richard Rash, and W. L. Tield, United States Nuvy.

Hydrographic changes at Monomoy Shoals anl Nantukef, Mass—The canses which have resulted
in changes of depth at the tarning point of the coast of New England having been noted for obser-
vation, Henry Mitchell, esq., Assistant, has, nnder my dircetion, collected data bearing upon the
question. In order to facilitate his researches, Subassistaut F, D. Granger was instructed to fol-
low, in revising the soundings, sach moethods as might be suggestad by My Mitehell.  Mr. Granger,
with a party, in the steamer Eadeavor, commencad on the 14th of Anguss, and continued work until
the 25th of October.

“The soundings taken represent the following shoals and channels: Broken part Pollock Rip;
Pollock Rip; Bearse’s Shoal ; part of Stone Horse Shoal; the channel between Broken part and
Pollock Rip; and the main ship-ehannel from the Handkerchief light-vessel out, passing Shovelful
Shoal and the Pollock Rip light-vessels.”

““ Beeause of the uneven bottown, the dingerous character of the shoals, and the importance
of this survey, the work was prosecuted only when the sea was smooth and the atmosphere frec
of haze, so as to insure the soundings and angles.” .

“ Comparison of the soundings with previons sarveyrs shows great changes in depth aud in the
coutour of the shoals. The Broken part Pollock Rip is now in three parts, separated by deep chan-
nels. The castern part has on it at one place 13 feet of water; the part near Ly has only 11 feet
and 16 feet depth is found on the third part, which is a narrow spit nearly halt a mile in length.
This spit extends east and west, and is detached from the second by a channel over a mile wide,
in which channel the deptlh is 20 feet.”

“The passage between the second and third parks has basn usad by coasters eoumonly, and fre-
quently by steamers within the past year. The course through from the Pollock Rip light-vessel
is NE. by N. 1 N. by compass. Steering ENE. from Red Duoy No. 4, on the southeast end of
Pollock Rip, will carry through vessels drawing 22 feet.”

¢ The northern part of Pollock Rip has advanced westward, conneeting with Iearse’s Shoal
within the three-fathom curve. Formerly the intervening ehannel had 21 feet, but it bas shoaled
to 15, and several spots with only 10 aund 12 feet were found in the survey of this season. It is
Lelieved thab within a century Pollock Rip was a dvy sand-reef.  On Bearse's Shoal, the least water
at this time is 54 feet.”

All the shoals -aud channels in the vicinity of Monomoy Point are described in detail in the
report of Subassistant Granger.

Tor reference in sounding, the tides were observed at Powder-TTole wharf, and also at northwest
point Powder-Hole. The tide-gange at the latter place, though fixed where the depth at low tide
was 3 feet, served only a short period, as, by the {requent aud rapid shifting of the sands, the gauge
was soon left bare at lew water. “A box-gauge, with copper tloat, was then secured to a piece of
scantling, which was driven well irto the sand ofl the west beach, about half” @ mile south-south-
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west from the northwest point of Powder Hole, and a temporary whart was built out to it. Bus
in westerly winds at high water, (spring-tides,) the sea broke over the beach, rendering it impossible
to record the observations, Night and day tides were, however, recorded at Powder Hole wharf;
and, from observations there during one lunar month, the mean low-water leve! was deduced, ?

Bubassistant Granger made also a vesurvey of Nantueket Upper Harbor from Coatue Point
to the lead of the bay. A tide-staff was observed at Commercial wharf, Nantucket, for referring
the soundings. Messrs, D. B. Wainwright and D. C. Haunson efficiently aided in the hydrographic
operations. .

After the 18th of September, a member of the party remained on board of the Handkerchief
light-vessel to record positious while soundings were in progress, that vessel being used occa-
sionally as oue of the points for determmining the position of the soundings. The aggregate statis-
tics of the work are :

Milesrun insounding. .. ... .. .. ... iiaiaen et emeaee e 4483
Anglesmeasured .. ... . L iee e e oo 3,711
Number of soundings .. ... ool Lo e 15,328

The soundings develop a water-area of fifty-five square miles.

The party of Sabassistant Granger had been previously in service in Section VIII, and will be
there engaged duaring the approaching winter and spring.

In the autumn of 1871, my attention was called to the opening of a new inlet through the
Nantacket Beach, and the ravages of the seaupon the mainland at Chatham. I visited the locality,
and made arrangements for recording the progress of the changes from time to time. Mr. Mitchell,
to whom the work was assigned, as making part of the physical history of the coast, has since
made his first report on the subjeet. This, given in Appendix No. 18, traces the history with toler-
able continuity back to the voyage of Poitrincourt, oue of Champlain’s officers, who made a
map of Chatham and its neighborhood in the year 1606.

Tidal observations,.—At North Haven, on one of the Fox Islands in Penobscot Bay, the self
registering tide-guuge in charge of Mr. J. C. Spaulding bas recorded the tides of the year. The
decided regularity of the curves traced by the apparatus shows that the station was well chosen.
Owing to the accumulation of-ice around the pier at North Haven, the continuity of the series was
several times endangered; but, notwithstanding several short stoppages, the care and patience of
the observer secured the record of all the high and low waters.

In place of the old one, a new gauge has been substituted at this station, the construction of
which includes the latest device for meeting the difficulties that arise from the formation of ice
around the moving parts of the self-registering apparatus.

A full series of mneteorological observations was recorded at North Haven. v

At the Charlestown navy-vard, {Boston,) Mr. H. Howland has continued the series of tidal and
meteorological observations. During the severe cold of Jast winter, the old self-registering gauge,
hitherto relied on for maintaining the series, frequently stopped. At sach times, the record was
continued with the glyeerine-gauge, at the same station ; but this, being less sensitive under the
rise and fall of the water, gives a result only approximately correct. To guard against the great
liability to stoppages and consequent breaks in the record at Charlestown, heating-apparatus has
been attached to the old gauge, similar to the device found necessary for maintaining the regularity
of the tidal series in Penobscot Bay.

Early in May, a tide gauge, of the improved plan of construction, was lent to the city of Provi-
dence, R. 1. This will be used by the engineer of the city water-works for a year or more in
determining the proper level for the termini of the sewer-pipes, and for other municipal purposes.
As a remuneration for its use, the eity will return to the Coast Survey Office, with the apparatus,
the reeord of tidal observations made at Providence.

As usual, im=prosecuting hydrography, several short series of tidal observations have been,
made by parties in this section in the eourse of the year. These, apart from their utility in the
adjustment of sonndings, yicld valuable results by comparison with the records made at the perma-
nent stations. :

Longitude of Cambridge, Mass., and of Washington, D. C.—~Under favorable circumstances, not-
withstanding untoward incidents which attended the proseeution of the plan of operations, the
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difference in longitude between Greenwich, England, and the observatories at Cambridge and
Washington, in the United States, has been well determined within the season,

The gencral plan of operations was prepared by Assistant J. 15, Hilgard, who conducted the
observations requisite in Europe. Those made at the western end of the French Atlantie cable
were directed by Assistant George W, Dean,

Professor Joseph Winlock, director of the Cambridge observatory, co-operated with tlie Coast
Survey observers; and, under the direction of Rear-Admiral Sands Superintendent, Professor
William Harkness, of the United States Naval Observatory at Washington, interchanged signals for
longitude with the observers at Cambridge.

At the outset, the general plan was to place Coast Survey observers at two astronomical sta-
tions, one at Duxbury, Mass., and the othier at Saint T’ierre, Miquelon, where the French telegraph-
cable first touches American ground.

Assistant Edward Goodfellow reached Saint Pierre on the 22d of May, and was received with
marked kindness by the French government officials, who unremittingly afforded every facility
possible for the work requisite at the western end of the telegraphic line. Unfortunately, the link
which passes from Saint Pierre to Duxbury was broken on the 29th of May, and in consequence a
change became necessary in the plan, arrangements having been made previously for recording
upon chronographs at Cambridge and Washington the longitude-signals”which passed from the
east throngh the station at Duxbury. At the request of Assistant Dean, the use of land-wires to
communicate with Miquelon was conceded, {ree of charge, by General Thomas T. Eckert, saperin-
tendent of the Western Union lines, and by H. I1. Ward, esq., superintendent of the New York, New-
foundland and London Telegraph. The same officers,” as in previous instances, co-operated in our
work by the detail of operators at the several stations.

As the Western Union Company use the * closed telegraph-cirewit,” while the London Company
operators use only the “ open cirenit,” the local managers, at the instance of Mr. Dean, made the
arrangements requisite for success in the desired interchange of signals through the telegraphic
wires. Some delay occurred in consequence of a defect in the main French cable near Drest; but
several series of signals for longitude-difference were successfully exchanged between Subassistant
F. Blake, jr., at Brest, on the coast of Franece, and Mr. Goodfellow, at Saint Pierre, on the night of
the 9th of July, and on each subsequent night favorable for observing stars, making seven nights
in all, preceding the 24th of July. In recording longitude-signals, ¢ personal and instrumeutal
retardations” were carefully noted by Assistant Goodfellow and Subassistant Blake: The length
of the telegraphic cable between Brest and Saint Pierre is about 2,590 geographical or 2,930 statute
miles. Tor difference of longitude between the extremities of the main cable, the result found from
the observations is, in time, 3* 26™ 45%2 right ascension.

On the 21stof July, clock-signals were successfuily exchanged by telegraph between Saint Pierre,
Cambridge, and Washington, and by the 9th of August the observers at the three stations had
satisfactorily interchanged signals on eight nights. The aggregate length of telegraph line used in
these operations is about 1,575 miles, of which 220 milesare under water in passing from Saint Pierre
to North Sidney, on Cape Breton Island. In the exchanges between Cambridge and Saint Pierre, two
¢ telegraph-repeaters” were in the eircuit, one at North Sidney and one at Saint Jobn, New Brunswick.
An additional repeater was used at Boston in exchanging between Miquelon and Washington. For
difference of longitude between Saint Pierre and Cambridge, the result found is, in time, 59~ 48%.8
right ascension.

At Saint Pierre, Mr. Goodfellow recorded 510 transits of 97 zenith and circumpolar stars with the
45-inch transit-instrument. The magnetic elements were at intervals determined there by his aid,
Mr. A. H. Scott. While these observations were in progress auroras were frequent, and decidedly
influenced the saspended magnets.

Assistant Goodfellow specially ackuowledges obligations for the facilities afforded to him by
Jolin Gott, esq., superintendent of the French cable station at Saint Pierre, and by his assistant, Mr,
George G. Ward ; also, for the kindness of A. M. Mackay, esy., superintendent of the Newfoundland
Telegraph,and for the assistance rendered by the operatorsat Saint Pierre and at poiuts in the British
provinees. By the courtesy of Admiral Surville, of the French Navy, commander of the fleet of
* the Antilles, Mr. Goodfellow and his aid, with the instruments and equipments used in the obser-
H. Ex, 240—-3
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vations, were taken from Saint Pierre in the flag-ship, and were landed at New York. The astronom-
ical station at Saint Pierre was carefully marked by a cut-granite post,in the top of which was inserted
a copper bolt. Dy geodetic measurements,the station was also referred to Galentry ITead light-
house.

In order to provide facilities for determining the personal equations of all the observers engaged
in this work, and for ascertaining whether the collimation of the instruments was in any way affected
by flexure of their transit-axes, Assistant Dean erected, by permission of the Director, a temporary
station in the grounds of'the ITarvard College observatery. Itsexact position is39 feet north,orin Iat-
itude equal fo 07.39, and 73.5 feet, or equal to 0,98, or 05.07, Iongitude, west of the great meridian-’
circle of the observatory. At the temporary station, a 46-inch transit-instrument was firmly adjosted
on granite piers, and 504 observations on the transits of 97 zenith and circumpolar stars were recorded
by the observer, Mr. Edwin Smith, of the Coast Survey, under the direction of Professor Winlock.
When signals for longitude were exchanged, the clock-corrections were also carefully determined

- by the assistant observer in Cambridge observatory, Prof. W. A. Rogers.

For determining the personal equation of the several observers, the transit-instruments which
had been used at Brest and Saint Pierre were brought to Cambridge, and carefully adjusted on
brick piers in a line north and south with the transit used in the temporary observatory. The
three instruments were alilke in size and construction.  Early in September, Professor Harkness, of
the United States Naval Observatory, joined Messrs. Goodfellow and Rogers. Observations were
conducted through several nights; each astronomer determining the correction of the same clock by
observing the samne stars, and also by noting the transit of the same star upon alternate tallies or
groups of five lines. The meridian-circle of the Cambridge observatory and alternately one ot
the three 46-inch transit-instruments of the Coast Survey were used in these observations. About
90 transits were noted by each of the observers for personal equation. Subsequently, Assistant
Goodfellow, Subassistant Blake, and Mr. Smith each made independent determinations of the
clock-correction with the three similar transit-instruments, using the same stars, and recording
upon the same chronograph by the same clock. The results found for their personal equations were
very satisfactory. As a further check, Messrs. Blake and Smith observed the transits of 82 stars
on four nights Ly noting times upon the alternate tallies. The absolute personal equation of each
observer was also well determined by noting with apparatus devised by Professor Rogers the
transits of an artificial star.

All the records of observations for longitude have been duplicated, and are now in the archives
of the Coast Survey Office.

SECTION IT.

ATLANTIC COAST AND SEA-PORTS OF CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLVANIA, AND
DELAWARE, INCLUDING BAYS AND RIVERS, (8kercHES Nos. 4 AND 5.)

Topography west of Point Judith.—Assistant A. M. Harrison resmned work with the plane-table
at a point about four miles westward of IPoint Judith on the 20th of August. The survey was
continned nntil the 19th of October, at which time the following summary was given of the results:

“The plane-table sheet has for its eastern limit the old post-road which runs from Sngar Loaf
Hill near Walkefield to the northern end of the Weeden road. From thence the survey was extended
south about six miles along the limit of the previous sheet, and westward nearly half a mile
beyond Cross’s Mills, or Charlestown. Inland the details were mapped to inelude the post-road
and other features within two and a half miles of the coast.”

“The character of the country is somewhat similar to that noticed last year. Large shallow
lagoons oceur, separated from the ocean Dby narrow strips of low sand-ridges. Back of these the
snrface undulates with a gradual npward slope, broken by a few hills. There are few streams, and
the large ponds which connect with the sea by sandy and shifting outlets are not navigable.”

“ Care was taken to represent the numerous inclosed depressions, which are marked features
upon the slopes and hills.”



THE UNITED STATES COAST SURVEY. 19

My, Bion Bradbury scrved in the topographical party as aid during the season. The following
is a summary of statistics :

Shoreline traced, (miles) .... .. ... ... . il e eo. 314
Marsh-line, (miles) ... ... e e e e ae e 304
Boads, (miles) ..o o e 54
Area of topograply, (square miles) Lo oo L el 131

The party of Assistant Harrvison was previously engaged in Section V1, and is now about to
resume operations in that section.

Station-marks.—In the course of the season, Assistant Johin Farley visited some of the primary
stations in this section, and made careful examination at cach with reference to the preservation
of the marks which had been placed for the identification of the points.  His report gives in detail
the present eondition of the stations at MeSparran, Spencer, Brown, or Indian Hill, Beacon Hill,
in Rhode Island, and Prospeet Hill, on Fisher’s Island, Coumecticut.  The report now in the archives
is accompanied by drawings and views of the vieinity of each of the points, and by others showing
the vertical contour of cach of the stations.  The ranges and other particulars furnished by Assistant
Farley are of special value for reference in any case that may call for local surveys near the station.
points.

Survey of New Haven Havbor, Connecticut—Field-work was resumed by Assistant R. M. Buache
at New Haven on the 8th of May, and was continued until the 26th of October,

“The low-water line, owing to the sloping character of the shores, presenting exteusive and
sometimes intricate flats, had to be determined by a special operation. The sarvey at first looked
no further than to the determination of the high and low water lines of the harbor, and the making
of soundings therein; but, to make the shores recognizable with relation to the hydrography, a
fringe of topography was found necessary, varying in width from 209 to 600 meters.”

Soundings were made within the shore-lines determined this season, and also beyoud the
motth of the barbor into Long Island Sound ; the lines in that direction extending to an even depth.

“ The season, except for the exeessive heats of midsummer, was favorable enough for the topog-
raphy, although exhausting to the field-operators, but peculiarly unfavorable for the hydrography,
fur it was unprecedentedly hazy and foggy, rendering impossible on some days the very shortest
sights, and therefore causing the loss of many days to the sounding-party.”

The statistics of the work at New Haven Habor are:

Harbor shore-line traced, (miles)..... .. ... ... ... - 264
Area of topography, (squarc miles). ..oovv i in e i 4
Number of soundings.....ooviiiiiiiiin aaae et Camaeas 12,990

This survey comprises an area of 184 square miles. Assistant Bache is now eugaged in the
office-work and other details connected with the survey.

Shoal off New Haven Harbor entrance.—At the instance of General G. K. Warren, in July, Assist-
ant ¥, H. Gerdes connceted with Capt. George Townsend, and was by him referred to a shoal
spot in the southeast approach to New Haven Harbor. The locality was developed by 536 casts
of the lead. Tidal observations were at the same time recorded at New Haven light-house, As.
sistant Gerdes found the least depth to be 19 feet at mean low water. The results of this survey
will appear on subsequent issues of the chart of Long Island Sound.

Serviee performed by the party of Assistant Gerdes between July and the middle of November
in the vicinity of New York will be referred to before closing notices of work in this section.

Physical survey of New York Harbor.—This work has made considerable progress during the
past season nnder the conduct of Mr. Henry Mitchell, who is charged with this kind of work i the
Coast Survey. Although it is only part of a general study of the physieal history of the coast, the
practical importanee of the information gathered has naturally made this a special point in our

" researclies,

The work of the past season has comprised the gauging of the East and North Rivers, besides
surveys for comparison on the Jersey Flats, and in Gowanus Bay, West Bank Channel, and Sandy
Hook Bay. In these operations, Assistants I. F. Nes and H. L. Marindio and Mr. 1. B. Pleasants
have co-operated with surveying-parties in the steamer Arago and the schooner Bowditeh. Mr.



20 REPORT OF THI SUPERINTENDENT OF

J. B. Weir was also engaged in the service with the schoouner Flassler. The other observers relied
on were students from the scientific schools,who volunteered for the service during their vacations.

Incidentally, a few special surveys were made at the suggestion of the hoard of commissioners
of pilots and the department of” docks of the city of New York. Among these was the examina-
tion of the anchorage iu the lower bay after the grounding of the Spanish frigate Numancia, which
vessel, as it proved, had been placed beyond the best mooring-ground. Mr, Mitchell wrote an
oflicial report concerning the matter, in which he showed from surveys by Mr. Nes and others that
there was ample room for fourteen such vessels as the Nwmmanecia to anchor in safety in the lower,
bay without tear of touching bottom under any circumstances. In a communication from General
George B. McClellan, written in behalf of the department of docks of the city of New York, dated the
20th of Juve, 1 was requested to designate proper places for depositing material dredged from the
city-slips. The commissioners of pilots, having in view the preservation of the harbor, had refused
to sanction further deposits of this kind within the harbor-limits, because, from the tenor of my
report of last year apon the increase of the Jersey Flats, they feared that no place could be found
where these deposits would not be, directly or indirectly, injurious to the port. In advance, how-
ever, having no doubt that there were localities where these deposits would be harmless, I had
requested Oaptain Pattersou, hydrographic iuspector, and Mr. Mitchel), chief of physical hydrog.
raphy, to select suitable sites. These were promptly pointed out to the engineer in chief of the
department of docks, and were approved by the board of pilot commissioners.—(Appendix No. 15.)

The site ultimately preferred is on the eastern shore of Staten Island, and the survey siuce
made seems to justify the selection. The only doubtful point in the West Bank Channel, which
skirts the shore of Staten Island, is the ¢Bulkhead’ at the upper end, near the Narrows, where it
joius the main channel. A very close survey was made here, so that the least change eould here-
after be detected.

The department of docks furnished steamers and men for the examination of the dumping-
ground, and defrayed expenditures incurred by the party engaged in the speecial investigation.

From the resualts of the physical survey, valuable information has been furnished to the United
States commissioners in reference to proper pier-lines for Brooklyn, and that board has paid part
of the expeuses of the season.

Mr. Nes i# now preparing to resume duty in Section IV, where he had been engaged in the
preceding winter.

Shore line survey of Gowanus Bay—This survey was made by Assistant . W, Dorr early in
November, in order to facilitate the progress of the hydrographic parsty of Assistant Nes, who was
then sounding in the adjacent parts of New York Harbor. Many docks had been built within the
past fifteen years, and so much of the marsh and flats filled up that it was found impracticable to
plot the desired soundings without a correct shore-line.

The resurvey by Mr. Dorr and his aid, Mr. W. E. McClintock, represents the shore of Gowanus
Bay as it new is, from the south eud of the old Atlantic dock pier, at Red Hook, to Hunt’s wharf,
or for a distance of about two miles. Outside of the limits named, the changes have been slight.
Extensive alterations have been made, however, between Red IIook and the Brooklyn Canal,
especially by the Erie Dock Company, the Brooklyn Canal Company, and, most of all, by the pro-
Jected improvements of the Erie Basin Company. The resurvey shows the exact condition of the
water-margin and soundings in Gowanus Bay as they are at this time.

After ddefining the structures by which changes had Leen occasioned, Assistant Dorr thus
remarks, in reference to the countour of parts of New York Harbor not yet so altered in outline :
‘“The absolute identity between the resurvey and parts of the survey made for the harbor commis-
sioners some years ago, and along which no alterations have yet been artificially made, would not
Le matter of surprise to any one who knew that careful aceuracy always distingunished the work of
the assistant by whom the first-mentioned survey was made—the late General Samuel A. Gilbert.
Such exact coincidence in surveys, made at long intervals of time and based on different triangula.-
tion-points, is always a matter of satisfaction, although ouly what ought to be expected.”

The aggregate of shore-line, docks, and piers traced by the party of Assistant Dorr was thirteen
miles.

Survey of Newark Bay, Hackensack River, and Ruritan River, New Jersey.—In the latter part of
August, Assistant Gerdes inspected and revised in several places the hydrography of Newark Bay.
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Along the lower part of Hackensack River, all the termini of railroads that pass to the ferries
and the recently-erected Lridges were added to the working-sheet of last year. The plane-table
_ survey of the Hackensack was extended to the head of navigation ; afringe of topography as usual
marking the banks. The river was developed by close soundings.

Similar work was intended to include the navigable part of the Passaic River, bat the use of the
plane-fable was found to be impracticable along its wooded bank without the previous determina-
tion of peints by a triangulation-party. Provision will be made for that serviee hereafter.  Of the
Raritan River, Mr. Gerdes made a plane-table aud bydrographic survey, showing the shores and the
depths of water between Amboy and vhe brick-yards and factories which are about five miles above
New Brunswick.

The soundings which appear on the returned charts of Assistaut Gerdes were adjusted by about
2,500 tidal observations in the aggregate, made at two stations in Newark Bay, at one in the Haek-
ensack, and at a station in Raritan Bay. The general statistics arve:

Shore-line surveyed, (miles) . ..... ... L .. oLl L. PN . 33
Signals determined ... ... . . ol e e G4
Miles runinsonnding ... ... .. ... .o oL e il e 241
Angles measured .. ... ... Lo 3, 440
Casts of thelead ... ... oo i e 19, 140

The party erected 35 signals and oceupied 40 shore -stations with the theodolite. Assistant Gerdes
continuned work in the field until the 15th of November. Suabassistant C. P. Dillaway was attached
to his party, and he was aided also by Messrs. C. A, Ives and H. Gerdes. The schooner Dana
used in the service liere noticed, was sent to Baltimore when operations closed for the season.

Triangulation of Lake Champlain.—This work has been completed by two parties, who had been
elsewhere engaged during part of the season, as will be specified in closing this unotice of their
operations.

Assistant 8. C. MeCorkle resumed the triangulation of Lake Champlain ou the 1st of June by
oceupying stations near Burlington, Vt., and on the opposite or New York side at Ligonier Puint,
Thence on going southward hie occupied successive points, and extended the triangulation to Crown
Point. In the course of his work, Mr. McCorkle determined approximately the positions of Mount
Mansfield, Camel’s Hump, Peare’s Mountain, and Snake Mouutain, in Verment, and Boguet Mount-
ain, in New York. On the east side of the lake, he selected points for the secondary triangulation
at intervals quite to the elevated ground back of Saint Albans; and like points, accessible without
difficulty, were selected on the New York side. The longest line observed in the triangulation is
fifteen miles.

After completing the angular measurements, Assistant McCorkle repaired to Crown Point, and
assisted in determining the length of the base-line, which was measured there by Assistant R. E.
Halter befween the 21st and 23th of September. Mr. MeCorkle oecupied three stations near
Crown Point, and after connecting the base-line with his triangulation discharged his party.

The triangulation of the southern end of the lake was taken up at Crowun Point by Assistant
Halter, and was extended to Whitehall. He was aided in the field by Messrs. B. A. Colonna and
D. 8. Wolcott. Assistant M¢Corkle was aided in the work Dbetween Crown Point and Bnrlington
by Mr. R. P. Maynard. The statistics of the two parties are:

Signalserected. . . ... o oo i e i e e e T4
Stations occupied. .. ... ... et iiei e 37
Angles determined....... ... . L e 836
Number of observations.............ccocoaniits e e §, 382

The base-line measured at Crown Point is about three miles in length.

Assistant Halter had been previously engaged in Section VIII, and Assistant McCorkle in

" Section 1I. The former is now in service in Section 1V, and Mr, McCorkle in Section IX.
Topography of Plattsburgh, N. Y., and of Burlington, Vt—To complete the survey of the upper

part of Lake Chawmplain, & party was assigned in the summer to map the topographieal details

around Burlington and the surface-features of the shores of Camberland Bay, including the town

of Plattsburg.
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Field-operatious were commenced in this section by the party of Assistant H. G. Ogden on
the 13th of July, and elosed on the 18th of October. Preparations have since been made for
resuming topographical service on the coast of the Gulf of Mexico.

At Burlington, Mr. Ogden extended his survey to about a mile north of the c¢ity, and south-
ward to about two miles beyond the corporate limits,

Mr. Andrew Braid, the aid in the party, worked with o separate plane-table in the survey of
Plattsburg, but rejoined Assistant Ogden for tracing the contour-lines belonging to the two sheets
of work. These detailed surveys will doubtless suffice for a long period to meet any ordinary loecal:
purpose that may come into view. The statistics of the work are :

Shoredine traced, (miles) . ... .. . . oo i e i e 12§
Creeks, (miles) <. oo L e e i 04
Roads, (miles)...... ... L L0 e e 98
Area of topography, (square miles). . ... .. ... il il i e 19

Tle previous work of this party will be noticed under the head of Section VII.

Hydrography of Lake Champlain.—Soundings in the northern, and by mueh the larger, part of
Liake Champlain have been nearly completed within the season.

Three hydrographic sheets returned by Subassistant L. B. Wright show, in the northwest arm
of the lake, characteristic soundings between Cumberland Head and the north end of Isle la Motte ;
and, in the northeast part of the lake, soundings from Burlington northward to the upper end
of Butler’s Island.

At the upper limit named in the northiwest arm, soundings were taken up by Assistant Charles
Junken, and were extended northward so as to develop the lake-waters within the United States
boundary.

The soundings adjacent to the shores of the lake, in the vicinity of Saint Albans Bay, Mallet's
Bay, and on the west side north of Cumberland Head, were made by a boat-party in charge of Mr.
Joseph Hergesheimer. Depths were determined at intervals on lines making, in the aggregate,
805 miles. This work was closed on the 19th of October.

The steamer Fathomer was employed Ly the party of Mr. Wright, whose statistics of work are
thus reported :

Milesrun in sounding . .. .. ... L oo 1,125

ADGIes . e 7,948

Number of soundings...... ..o o e il 31,918
The statistics reported by Assistant Junken are : ’

Miles run in 8ounding . ..o . e et iiaeeaaa 481

Angles ........... e, e e s ceee 5,937

Number of Soundings...... ..o i i ier e 37, 350

Messrs. T. J. Lowry, F. W. Ring, and M. M. Defrees served as aids in prosecnting the hydrog-
raphy. Subassistant Wright is now engaged in Section 1X, and Mr. Hergesbheimer in Section VIII.

Triengulation near Barnegat, N, J—Karly in July, Subassistant ¥. W. Perkins and his aid,
Mr. J. F. Pratt, restored the two principal signals near Mount Holly, and without delay resumed
angular measurements for extending the triangulation toward Barnegat. Four primary stations
were occupied with the theodolite. The additional statistics are :

Points determined . .. ... i i i it te e e n it 5
Objects observed on ..c.oevnhiieniiiiiannnnn st asecee e 13
Anglesmeasured. ... ... .. L e 41
Number of observations .... ... ... ..o .. . L) e e et .- 3,108

One of the tripods, 60 feet in height, erected in the preceding season, having been wantonly
burned in the course of last winter, the erection of another caused delay in the measurement of
angles. During the summer of next year,it is hoped that the work may be closed by geodetic con-
neetion with Barnegat light-house, and with a station south of it on the coast of New Jersey.

Mr. Perkins kept the field in this section until the middle of November. His previous occu-
pation will be detailed under the head of Seetion VII.



THE UNITED STATES COAST SURVEY. 23

Topography of the coast near Tuckerton, N.J—In accordance with instructions, Assistant C.
M. Bache resumed work with the plane-table on the Gth of July. The region surveved lies along
the coast between Tuckerton and Manahawken; the road between the two towns being the limit
of topography on the western side, On the east, the work extends to the ocean-beach, and includes
the intervening bay and part of the recently-constructed Tuckerton Railroad. TIn all, an area of
fifty-five square miles is represented by the plane-table sheet. Some details to the southward of
Tuckerton remain to be mapped in order to complete the survey of the coast of New Jersey between
Barnegat and Great Bay.

Subassistant H. W. Bache was attached to this topographical party. Mr. G. D. Rand served
as akl. TIield-work was continued nntil the close of November, when the statistics reported were :

Shoredinesorveyed, (niles). .. ... ...l e 190
Roads, (miles). .. ... ... ... Lol e 47
Area of topography, (square miles) .. ... ... . L. .. oLl 43

Under Section IV, mention will be made of the work performed by this party daring the pre.
ceding winter and spring.

Hydrography between Little Egg Harbor and Absecom Bay, Naw Jersey.—The party of Sub-
assistant W, L. Vinal erected signals in July, and early in the following month took up soundings
with the schooner Bailey. Great Bay had been sounded by the late bulnsxlstant Harding. Mr.
Vinal extended the hydrography of that vieinity to include the navigable part of Mullica River at
the head of Great Bay, and also the seaward approaches to New Inlet, southward of Little Egg
Harbor light-bouse. Soundings were continued southward and westward along the ecoast of New
Jdersey to a point about four miles below Absecom Inlet. Inside of the shoreline, all the interven-
ing waters were developed. These are known as Grassy Bay, Little Bay, Reed's Bay, and Absccom
Bay. All are, however, connected by sea-water channels., The soundings were all reduced to the
plane of mean low water {rcm tidal cbservations recorded for the purpose on a tide-gauge near
Atlantic Ciy, and on two others within the hydrographic limits, The party erected twenty-four
signals on shore, and twenty-seven stations were occupied with the theodolite. Thirty-five signals
were determined in position. The general statistics of the work are:

Miles ran in sounding . ... oo e 379
o

Anglesmeasured. ... .ot iiiiea i e ne e ceee e 3,226

Nuamber of soundings............... e et enee e, v1,221

Twelve buoys were determined in position. The records of the work and the four resulting
hydrographic sheets are now on file in the office.

Messrs. J. J. vans and L. A. Bailey served as aids, and accompanied Subassistant Vinal to
Section V, where the party was engaged in the preceding winter, as will he stated further ou in
this report.

Triangulation of Schuylkill River, Pemnsylvania—Iiceld-work pertaining to the hydrographic
survey made last winter of the Schuylkill River at Philadelphia was completed in May by Assist-
ant 8. C. McCorkle. Eighteen points were determined, to inclunde about eight miles of the conrse
of the river, between League Island and Fairmount. The statistics are:

Signalserected . ... ..o i e 7
Stations occupied....... ...... e e e e e e e e ]
Observations with theodolite.... .. .......... e e e et 612

The hydrographic survey having preceded, the data furmshed by Assistant McCorkle were
applied in plotting the soundings made by the party of Assistant Nes. The chart of this work is
now complete.

Assistant McCorkle was oceupied during the summer on the shores of Lake Champlain, as
already stated.

Tidal observations.—The self-registering tide-gange at Governor’s Island, in New York Harbor,
has been kept running as usual by Mr. R. T. Bassett, who also makes, for purposes of eomparison,
day-observations on the tides with a box-gauge, at Hamilton avenune ferry, in Brooklyn. These
series have been kept up, with occasional interruptions, for a number of years, and, as mentioned
. in previous reports, have furnished data of much local importunce. For thie improvements now in
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progress in the vicinity of New York City, theresults given by the recorded series of tidal observa-
tions are of vital consequence.

In order to determine the relations of the tides of the inner harbor to those of the connected
waters, it will be necessary to have simultaneous observations at other points. With this require-
ment in view, two tide-gauges have been made on a new plan, with single cylinders, One of these
instruments will be put up at Sandy Hook and the other on the wharf-line at New York City.

SECTION IIT.

ATLANTIC COAST, AND BAYS OF MARYLAND AND VIRGINIA, INCLUDING SEA-PORTS AND RIVERS,
(SkrTCH No. 6.)

Topography and hydrography of James River, Virginia.—The detailed survey of the James River
was commenced near Newport News on the 12th of December, 1871, by the party of Assistant J.
W. Donn. ‘

“ Because of the severity of the winter, it was necessary, for the safety of the vessel and for ordi-
nary comtort, to occupy the earlier part of the season in work on the estuaries of the river. Pagan
Creck and its branches, and a margin along the south shore of the James River for several miles
above and below the mouth of the creek, together with the hydrography of the immediate vicinity,
were surveyed before the close of the winter. As soon as practicable, the work was resumed and
continued without serious interruption until the approach of summer. TFrequent gales of wind pre-
vented rapid progress, as did also the oceasionally violent currents in the river.”

Mr. Donn’s survey includes both banks of the James River, and soundings within the river-course
for about fifteen miles above Newport News. His operations for the season in this seetion closed
with the survey of Warwick River aud parl of Mulberry Tsland, which separates it from the main
stream, The statistics are :

Shore-line surveyed, (miles).. ... .. ... L. .. 175
Roads, (miles). .. ..o i i e e e 96
Area of topography, (square miles)........ ... ... .. ... .. 65
Miles run in sounding. . ... ... oo 1,003
Angles determined........... ... ... .. ...l e e 8, 064
Castsof the lead .. ... .. . ... . .. 65,272

Assistant Donn was aided in this section and in Seetion I by Messrs. S. N. Ogden and F. C.
Donn. The party is now again at work on the James River.

Hydrography of Elizabeth River, Virginia.—On the last return of the steamer Bibb to Norfolk, after
being in service on the Hatteras Shoals, as wili be mentioned under the head of Section 1V, the
vessel was found to be no longer sea-worthy. In order, therefore, to complets the workin g-season
for which the crew had been engaged, Acting Master Robert Platt was directed to sound out the
main channel and the estuaries of ElizabethRiver. This service occupied the party during Novem-
ber and December, and the hydrography is yet in progress. Acting Master Platt, aided by Mr. J.
B. Adamson, determined points along the shores to gunide in the soundings. Arrangements have
been made for the shore-line survey this winter, to include the river and its branches. The hydrog-
raphy now includes the following statisties :

Miles run in sounding. ... ...,
Angles measured.................. ...
Number of soundings. ... ... ... e

The present winter has been unusually severe ; Norfolk harbor being at times obstructed by ice.

Geodetic connection.—Reconnaissance has been made for extending the primary triangulation
from the Blue Ridge westward toward the Ohio River as part of the geodetic connection between
the Atlantic coast and the Pacific coast of the United States. Assistant A. T. Mosman took the
field in this section on the 1st of September, and between that date and the 10th of November
made a thorough reconnaissance of the region between the Blue Ridge and the Monongahela River,
including parts of Maryland, Pennsylvania, Virginia, and West Virginia. He presented a scheme
for the geodelic series, on which are included also seeondary points for the local State surveys and
bases for extending the triangulation north and south of the main chain, the base of which is the
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line joining Maryland Heights and Moont Marshall. Mr, Mosman reports that it is practicable to
carry the main triangulation throngh to the Ohio River along the forticth parallel, but suggests
the examination of the country along the thirty-ninth parallel previous teo the determination of
points in the geodetic connection.

Mr. Mosman had been previously engaged in Section V, where he is now in the field. Mention
of his oecupation during the early part of the year will be made under that head.

Tidal observations.—The series of tidal observations, with a self-registering gauge, at Old Point
Comfort, Va., has been continued by Mr. W, J, Bodell. Few interruptions have occurred within
the year; though in former seasons the series was broken by causes which have been mentioned in
preceding reports. The apparatus is good; but, owing to the decay of the parts of the wharfleading
to the pier on which the gauge is placed, it will soon become necessary to move the instrument to
the steamboat-wharf. The order of General Barry provides for the future accommodation of the
gauge in a building belonging to the Quartermaster’s Department at Fortress Monroe.

SECTION IV.

ATLANTIC COAST AND SOUNDS OF NORTH CAROLINA, INCLUDING SEA-PORTS AND RIVERS, (SkeTCH
No.7.)

Triangulation of Pamplico Sound, Norih Carolina.—In continuation of ficld-work in this section,
Assistant G. A. Fairfield reached Newbern in tbe middle of Decem ber, 1871, and withount delay
fitted out the steamer Hitcheock for the use of his party. The first duty was to furnish points for
the topegraphieal party of Assistant Iardella, who had been directed to survey the vieinity of Cedar
Island. At one of the southern lines of the triangulation of Pamplico Sound Mr. Fairfield started,
and at intervals determined stations as far southward as Hall's Point. The intention was to push
the triangnlation so as to connect with stations on Core Sound; but, owing to very stormy weather
and the necessity of providing points for another party in Pamplico Sound, the connection was
impracticable. The triangulation desired will be made by an advance from the southward. After
computing the positions determined along Cedar Island, Mr. Fairfield took up the triangulation of
Pungo River, and extended that work to the head of navigation at Leechville, where the party
closed operations on the 1st of May. The remainder of that month was occupied Ly Assistant
Fairficld in reconnaissance for further extending the triangulation so as to include the main body
of Pamplico Sound. All the records and computations due from the party have Leen received at the
Office. The statisties of field-work are: :

SIENALS @reCteA . . . . o\ et e e e e 23
SEAtIONS OOCUPIOA - - - ¢ o v v et e ievea s e e e e e 22
Points determined. ... ccveromeeaii oo e e 30
ADgles MEASUIed .. ... cooiul i e e 130
Number of ODServAtiOnS . coveun oo n e e 3,816

Mr. B. A. Colonna, the aid in the party, erected most of the signals, and took part also in the
angular measuremeuts until the 25th of May, when he was assigned to daty in the party of Assist-
ant Catts.

Assistant Fairfield is now proseeuting the general triangulation of Pamplico Sound. During
the summer he was engaged in field-duty in Section I.

Topography of Washinglon, N. C.—Assistant F. W. Dorr reached Washington, N. C., on the
12th of December, 1871, and without delay organized his party for topographical serviee, using, as
beretofore, the halk of the old steamer Hetzel for transportation.

«Tn order to represent properly the approaches to the city and its intricate wharf-line, as well

.as the numerous obstructions, natural and artificial, in the river, the sheet was projected on a scale
larger than those representing the main part of Pamplico River. This provision was fortunate, as,
when the work was nearly complete, application was made by the mayor, RR. 8. Myers, esq., for a
copy of the survey, official action being then in progress for dredging some of the shoals in the
channel.” :

H. Ex. 240--—;4
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Mr. Dorr’s sarvey was extended abont two miles above the eity, to the junction of Tar River
and Tranter’s Creek, which form the Pamplico River. The lines of fortification erected at Wash-
ington in the recent war are yet generally in good preservation. Such as remain were carefully
marked on the plane-table sheet. The detailed survey was completed on the Tth of March, after
which date the party was engaged at another site of work in this section. A synopsis is appended
of the topographical details in the approaches to Washington:

Shore line surveyed, {miles)......... cets eeeeaeemebeee e e e 9
Creeks, (IIles) vo vt it i i i e e i e e e e 111
Roads, (MI1e8) - o u it i e i e i e et et e 126
Fortifications, (miles). . . ... .o oot 2%
25

Area of topography, (squaremiles) ... .. ... .. . Liiiieiiiis

The plane-table survey of Pamplico River and its branches is now complete.

Topography of Pungo River, North Carolina.—The party of Assistant Dorr, in the Hetzel, the
hulk baving been towed by the Arago, reached the mouth of Pungo River on the 12th of March.
Untavorable weather, which had some time prevailed, impeded work with the plane-table during
several successive weeks, but the lower sheet of Pungo River was finished early in May. The
detailed survey includes the banks of the main stream and its branches as far up as Pungo Creek,
on the west side, and Duran’s Point on the eastern side.

“Pungo River is nearly 3 miles wide at its mouth, and nowhere less than 2 miles in width
as far up as Duraw’s Point, a distanece of abont 8 miles. Although long shoals make out from the
various points along the river, the channel is wide, and 3 fathoms can be carried as far up
as the mouth of Pungo Creek, beyond which the work will be extended in the course of next
season.”

After closing work, the return of the party was delayed by calms; but, on the arrival of the
rev enue-cutter Stevens, Captain Abbey kindly took the Hetzel in tow. The hulk was laid up as
usual at Washington, N. C.

Mr. W. E. McClintock served as aid in the party of Mr. Dorr in this section, and also in Sec-
tion 1, during the summer. The statistics of the survey of the ungo are:

Shiore-line traced, (milesy................ et eee e ame it e 97
Streams, (miles).....oooiiir it sl e e iima e 108
Roads, (miles) .. ccemenieaai o, t e amee it eeeeaaana i aaaaaa 122
Area, including river, (square miles) ... ... il 60

The party is now at work on the upper part of Pungo River.

Topography of Cape Hatteras, North Carolina.—Assistant C.T. Iardella commenced on the coast
about four miles north of Cape Hatteras on the 16th of January, and prosgecuted field-work until
the middle of February, Heavy gales then setting in made it impracticable fo continue the survey.
His party was consequently transferred to another intended site of work, the detailsof which will be
mentioned presently. TField-service was resumed near the cape on the 17th of April, and was closed
on the 3d of May., The returned topographical sheet shows Hatteras Inlet, Cape Hatteras, and
the intervening coast. In reference to changes in the shore-line, Assistant Iardella reports, “On
the outer beach, at the extreme end of the cape, the shore has been washed away 612 meters,
while the cove has filled up 250 meters.”

#“At East Inlet, land has made out 770 meters, but nearly the whole of Fort Hatteras has been
washed away within the year. Where the Commissary was recently, there is now a depth of 9 feet
of water. But little change has taken place at West Inlet. The southern point has made out 300
meters since the previous survey, and the north and south points have shifted eastward to about
the same distance.”

Mr. Jardella determined, and marked on his plane-table sheet, the positions of the ten buoys
which mark the sailing-eourse from sea, through Hatteras Inlet, into Pamplico Sound. The general
statistics of this work are:

Signals erected and determined....c.... .o it it 9
Shore-line surveyed, (miles) ................. PSR 44
Roads and water-courses, (miles)..... S 30

Areca of topography, (squaremiles)......... ... ... .. ... ... ceeannn ‘e iaeaas 15
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In the interval, during which the surveyof Cape Hatteras was interrupted, the survey noticed
under the next head was commenced by the same party.

Topography of Cedar Island Bay.—In February and Mareh, Assistant Iardella, with the schooner
Bowditeh, moved into Pamplico Sound, and prosecuted the survey from Point of Marsh eastward
to the shore of Core Sound. The topographical sheet represents the south brauch of Pamplico
Sound, known as Cedar Island Bay. Several small bays setting in on the west side of Core Sound
were also embraced in the detailed survey. During part of the month of April, the party was
engaged at Cape Hatteras, but resumed and extended work to include all the branches of Cedar
Island Bay.

Assistant Tardella was aided in field and oftice work by Mr. W, C. Hodgkins. The statisticsare:

Signals erected ... ... .. 19
Shore-line traced, (miles) ... .. . . L. e 170
Roads, (miles) ... o i e e 54
Area of topography, (square miles)...... ... . ... .. il 68

This party was subsequently employed in work which has been noticed under the head of See-
tion 1. Mr. Iardella is now engaged in prosecuting the survey along the west side of Core Sound.

Hydrography of Pamplico Sound and its Rivers.—Assistant F. F. Nes took command of the
steamer Arago on the 20th of January. After a short trial-trip, to prove the engine, the vessel was
started from Baltimore, but was detained some days by ice, and did not reach Newbern until the
17th day of February. In the course of the season, three sites of work were occupied by the party.
Assistant Dorr having furnished a tracing from liis sarvey of the lower part of Pungo River,
soundings were commenced without delay, and were continued until the Arago was driven from
her anchorage by a heavy gale that occurred early in Mareh., On his arrival at Washington, N. (.,
Assistant Nes was informed of the call mentioned in the preceding notice, relative to the hydrog-
raphy of the upper part of Pamplico River, which, being included in the plan of work for the year,
was at onee undertaken. Mr. Nes established a tide-gauge and erected signals, aud, after confer-
ring with a committee of the business-men of Washington, N. C., sounded out the channel of Pamplico
River from Cedar Point upward to the junction of the Tar River. Five unusually cold days were
employed in this work, which was pressed at the request of the city-authorities, though the weather
at the time was unfit for sounding. The hydrograpby of the lower part of the Pamplico River
had been previously completed. Taking the hulk of the Hetzel in tow, the Arago returned to
Pungo River, and finished soundings in the main stream and branches within the plane-table
limits occupied this season by Assistant Dorr. Hydrograpbic work in that river was closed on
the 13th of April.

As soon as practicable, the hydrography of Pamplico Sound was resumed. The part developed
this year lies between Royal Shoal light-house and Brant Tsland, and everywhere, except along
the north side of the chart, the recent soundings connect with soundings made in former seasons,

Bell’s Bay, one of the branches of Pamplico Souund, near the entrance of Pamplico River, was
also sounded out by the party of Assistant Nes by means of poiuts used in the survey of the last-
named river, The shore-line of Bell’s Bay yet remains to be traced.

The steamer Arago returned to Baltimore on the 20th of May. Assistant Nes was engaged
during the summer in Section II, as already stated. In Pamplico Sound, Subassistant C. P. Dil-
laway served in his party. The statistics of that work are:

Miles ranin sounding .. oot e e e cee- 6359
Anglesmeasured . .. ... ... it i e iiiaaaeie e 4,013
Number of 8oundings. . ... oi it et i et ta et vme e 46, 803

All thebuoys within the hydrographic limits were determined in position. Tides wer> observed
‘at four stations. Soundings were adjusted in position by seventy-three signals put up on shore by
the party. Sixty points on shore were occupied with the theodolite.

Assistant Nes is now prosecuting the hydrography of the main body of Pamplico Sound.

Hydrography of Hatteras Shoals.—After repairs needed in order to keep the steamer Bibh afioat
for the remainder of the season, the hydrographic party of Acting Master Robert Platt left Norfolk
_ with that vessel on the 2d of Jaly to complete soundings in the vicinity of the Hatteras Shoals.
Several days were occupied in resetting signals to be used along the coast, and in establishing a tidul
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station. Every favorable opportunity was employed until the 26th of August in sounding around
the shoals known as the Inner and Outer Diamond. *‘ Beginning with the south point of Cape
Hatteras beach, the bottom is veryuneven. Between the pitch of the cape and the Inner Diamond,
there are many lumps with only 6 and 8 feet of water in them. In the inner slough, several places
were found with only 14 and 18 feet water. On the Inner Diamond there is as little as 4 feet, but
this shoal may not be counsidered dangerous, as it nearly always shows itself Dy breakers, and is
near the land. Many spots north and east of that shoal have only 18 feet of water on them. The
buoys have all disappeared from the innerslough, and that passage should not be attempted unless
the navigator is well acquainted with the vicinity of Hatteras Shoals. Between the Inner and
Ouater Diamond is a passage, now buoyed, known as the Outer Slough. This is perfectly safe for
vessels drawing less than 14 feet. The Outer Diamound has b feet, and on the north side is very
steep; the deep water on that side running close to the shoal. On the south side, however, and on
the southeast side, the water shoals gradually, making the approach safe while the lead is going.
The Outer Diamond shows at all times by breakers, except in calms of several days duration.”

“ Bast of the Outer Diamond, and two and a half miles from it, is a dangerous shoal SE. § 8.
(magnetic) and cight and a third nautical miles from Hatteras light-house. This shoal has 11 fect
water, and 10 fathoms within a quarter of a mile to the eastward.”

Acting Master Platt recommends that in passing the Hatteras Shoals, heavy-draught vessels
should in day-time keep the white part of the light-house barely in view on the horizon; and, at
night, that such vessels, unless very sure of position, should not keep in less than 10 fathoms.

Only one vessel has been available for the hydrographic survey off Cape Hatteras; but the
distance from land of some of the dangers in that vicinity makes an additional vessel expedient,
to serve as a stationary object in the determination of angles of position. In the absence of such
facilities, Hatteras light-bouse was used by the party as a theodolite-station. The tides were
recorded at Hatteras Inlet for adjusting the hydrograpby of the shoals. A synopsisin the records
of the work shows ;

Miles run in sounding................. N 520
Anglesmeasured. ... ooor it iiiiiii e e Ceceaaaann i 2,997
Number of soundings. ... oo oiiur it iiiaenan. feeeranaeaaans .. 18,003

Messrs. J. B. Adamson and C. L. Gardner aided in the hydrography and in office-work pertain-
ing to it. The party in the steamer Bibb was subsequently engaged in Section IIL

Topography of Bear’s Inlet and Brown’s Inlet, North Carolina.—In continuation of the detailed
survey of the coast of North Carolina below Bogue Inlet, Assistant C. M. Bache reached Swans-
boro’ on the 12th day of ¥ebruary, and there joined with the previous work of Assistant Adams,
who had filled in details from Beaufort to Bogue Inlet, and fraced the coast-line as low down as
New Inlet. The topography back of that shoreline was filled by the party of Assistant Bache.
Subassistant H. M. De Wees and .H. W, Bache assisted in the work. An area of twenty square
miles is represented by the plane-table sheet. The party returned early in May, and took up
service in Section 1I.

Assistant Whiting inspected the plane-table work while it was in progress on the coast of
North Carolina, and found it correct in plan and details. The season being exceptionally cold, the
party of Assistant Bache suffered in passing from Beaufort to their working-ground, and were
much hindered afterward by inclement weather.

SECTION V.

ATLANTIC COAST AND SEA-WATER CHANNELS OF SOUTH CAROLINA AND GEORGIA, INCLUDING
SOUNDS, HARBORS, AND RIVERS, (Skercu No. 8.)

Hydrography of the Cape Fear entrances—With a party in the schooner Bailey, the hydrography
of the Cape Fear entrances was taken up at the end of December, 1871, by Subassistant W. 1. Vinal.
Major Craighill, of the United States Engineers, having under consideration the improvement of
the channels, signals were erected and soundings were mmade in accordance with the wishes of that
officer. The work was jnspected in February by Assistant Henry Mitchell, who advised with the
party in regard to observations on the currents. Profiles and cross-sections were also made of the



THE UNITED STATES COAST SURVEY. 29

narrow strip of land at the northern end of Smith’s Island. Mr, Vinal reports that the shore-line
of that island is changing rapidly in the vicinity of Bald Hcad Point and near New Iulet. He
carefully traced the water-line in both places as it now cxists. The party was engaged in sounding
the Cape Fear channels until the 7th of June. Among the developments made are the following:
A new channel, with 9 feet of water, at the western entrance ; a channel, now in use at New Inlet,
that of 1866 being no longer used.

The hydrographic sheet shows the crib-work constructed at the head of Smith’s Island by the
Corps of Engineers; the catch-sand fences, intended for preserving the littoral cordon; and the
ground which efforts will be made to keep from rapid degradation by the cultivation of grass.

Each of the current-stations was occupied during thirteen hours, and records were made at
each of the rate at and under the surface of the water. While the party was sounding at the
western entrance, assistance was rendered by Captain Carson with the revenue-cutter Seward on
several occasions.

Mr. J. J. Evans aided in the service afloat and also in the field and office work. The general
statistics are :

Signals erected.... .. e e et et e eme et et aae e e 59
Miles of shore-line traced. ... ....ci oot i e e 133
Miles run in SOUNAIDg . oot iae it it i e i ettt 4438
Angles measured. ..o oot A P 3,221
Number of S0undings ..o ein it o i it e it can 54, 950

Seventeen buoys were determined in position, and the working-sheefs mark the places of as
many wrecks. )

The schooner Bailey, after repairs at Baltimore, was subsequently in service with the party, as
mentioned upder the head of Section II. Subassistant Vinal is now engaged in the hydrography
of Cape Fear River.

Survey between Little River entrance and Winyah entrance, South Carolina.—Subassistant O. H.
Tittmann commenced on the 1st of January with a view of developing a stretch of the coast-line
of about 60 miles, along which triangulation by ordinary means is impracticable. Two triangula-
tion-points on the upper side of Winyah Bay furnishing a base and azimuth, other stations in
connection with them were occupied in the usual way with the theodolite to cross the North Inlet
marshes, beyond which no natural facilities for triangulation are found along the beach. In going
porthward, the beach was measured in the lopgest lines practicable by means of a steel tape, and
the adjacent topography was sketched in as the measurement advanced.

The first opening which interrupts the continuity of the beach is Butler's Inlet. On the adja-
cent island, several houses were determined in position, and as points they will be aseful in prose.
cuting offshore hydrography ; the uniform outline of the woods which back the view from sea on
the low flat coast making it extremely difficult to distinguish any other objects. The beach of
Debidue Island, moreover, is subject to great changes of outiine under the influencs of northeast
storms. While Mr. Tittmann was there at work, an old house near the high-water line was washed
away, and also some of the posts set to guide in the beach-measurement,.

Midway Inlet, at the head of Pawley’s Island, is like Butler’s Inlet, too shallow to admit any
except row-boats; but Murrell’s Inlet, 5 miles to the northward, though it has bat little water on
the bar, has much more water, and was the refuge of small blockade-runners in the late war.
Thence on, the coast-line tends to the eastward and becomes more stable, as Subassistant Tittmann
observed by the remains of structures for making salt at and below the high-water line.

The topographby of the region is simple, consisting mainly of pine-woods. About Murrell’s
Inlet, but seldom above it, the woods are traversed by roads. The waters of the neighboring
swamps percolate through the soil, and re-appear on the beach as stagnant, malaria-generating
ponds. Subassistant Tittmann, his aid, Mr. Bryant Goodwin, and every hand in the party, were
prostrated by the unhealthy condition of the air. Work was pushed until the end of August in
the effort to develop the coast-line as far as Little River; but the party being at that time entirely
disabled, was recalled.

Mr, Tittmann had previously made an examination of Little River entrance, which, as being
the only navigable opening in a long stretch of coast, has some trade. The channels were
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sounded, and observations were made for the positions of buoys. A sketch of the entrance, made
at the request of nunderwriters in New York and of traders at Little River, was at once furnished
for the information of the Light-House Board.

Subassistant Tittmann, though mueh impaired in health by protracting his stay through the
summer below Little River, has now resumed work in the hope of completing the topography
between that entrance and Winyah Bay.

Topography of Winyak Bay, South Carolina.~—The detailed survey of the shores of Winyah Bay
was taken up by Assistant W. H. Dennis, on the 7th of December, with a party working in’the
schooner Caswell. -

‘“The sheeton which the work was laid down inclades the whole of Winyah Bay and North
Inlet, and parts of the Sampit, Pedee, and Waccamaw Rivers. The main shore-line of the bay,
traced by Assistant Whiting in 1857, having changed very slightly, was transferred to the sheet
of this year, on which the topography was filled in, This includes the vieinity of Georgetown,
and the rice-plantations which line the rivers and the western side of the bay.”

Field-work was closed on the 9th of May. After the return of the vessel to Baltimore, Assist-
ant Dennis organized a party for service, which has heen mentioned under the head of Section I.
The statistics of the survey of Winyah Bay are : )

Shore-line, (miles)..........caieiiai... ceea e et 126
Marsh and rice banks, (miles).. ... ... ... oL 144
Roads, (miles). . . ....iiee i i 142
Area of topography, (square miles) . ... .. ..ot i i e i 84%

Mr. A. P. Barnard was attached to the plane-table party as aid. Assistant Dennis is now
extending the topograpby below Winyah entrance.

Topography of Saint Helena Island, Ladies Island, and Port Royal 1sland, South Caroling.~—The
work done this season by Assistant Charles Hosmer and his aid, Mr. R. B. Palfrey, with a party
in the schooner G. M. Bache, is comprised on three sheets, two of which, in connection, show the
water-passages between Saint Helena Island and Ladies Island, together with the adjacent roads
and natural surface-features. The third sheet represents part of Port Royal Island between the rail-
road and Broad River. Ifield-work was commenced on the 19th of December, 1871, As the plane-
table survey advanced, the water-courses included in it were sounded out. The general statistics

are:

Shore-line surveyed, (miles) -....... ... o oL, Sederaeacaenas 9
Creeks and marsh-outline, (miles) ........ ..o il ... 239
Roads, (miles)....... e e e et et siem et 182
Area of topography, (square miles)...... e em et mear e 811
Miles run in 8ounding ... ... cooo o e 38
Angles Measured .o .uc oot ot i e eaai e aeaae e 121
Number of casts of the lead.. .. ....co o il 8,185

Asgistant Hosmer closed operations in this section on the 4th of May, and was afterward
engaged in Section I. He is now at work with bis party on the outstanding topography of the sea-
islands of South Carolina. '

Latitude and azimuth at Saint Simon’s Island, Georgia.—In the plan of work for the season, three
stations were to be occupied for azimuth between Savannab and Fernandina. Early in February,
Assistant A. T. Mosman sought at the desired points, but found identifying marks at only one
station ; the ground at other stations having been disturbed in the course of the war., Fortu-
nately, on Saint Simon’s Island the point found was well sitnated for the application of azimuth.
Assistant Mosmen and his aid, Mr. Edwin Smith, occupied the station in March, but the weather
was extremely unfavorable, Observations were, however, completed by the 16th of April. Before
closing, the magnetic elements were determined, and horizontal angles were measured for connect-
ing the station with other known points in this section.

For latitade on Saint Simon’s Island, 16 pairs of stars were observed on ten nights ; for time
and instrumental corrections, 66 stars, on thirteen nights; azimuth was determined by 14 sets of
12 repetitions on six nights; and for the magnetic elements, observations made in the usual way
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were continned through four days. The duplicate records and field-computations were turned in
promptly at the Office. Mr. Mosman then engaged in astronomical observations at Salt Lake City
and at Sherman Station, mention of which will be made further on in this report. VWhile his party
was on duty on the coast of Georgia, Assistant Webber afforded needful facilities by transporting
the observers and instruments in the steamer IEndeavor., Mr. Mosman has resumed field-service
in Section V.

Hydrography of sea-island channels between Doboy Sound and Saint Simon’s Sound, Georgia.—
Part of the service this season of tlie hydrographie party of Assistant F. P. Webber iu the steamer
Endeavor consisted in sounding out the inland water-passages behind Saint Simon’s Island and
Wolf Island. The main channel is known as the South Branch of Altamaba River. The upper part
of Altamaha Sound was also developed, and the water-courses in connection with that body of
water. Assistant Webber commenced the work in the middle of January and closed on the 18th of
March. He was aided by Messrs. D. B. Wainwright and D. C. Hanson. The statistics of the work
will be included with that of a similar development, to be noticed under the head of Section VI.

SECTION VI.

ATLANTIC AND GULF COAST OF THE FLORIDA PENINSULA, INCLUDING THE REEFS AND KEYS AXD
THE SEA-PORTS AND RIVERS, (Sxercit No. 9.)

Hydrography of Fort GQeorge Inlet, Florida, including the adjacent sea-island channels.—The
work done in this vicinity was for the immediate use of the United States Iingineer Department.
Having, in a previous season, sounded along the coast adjoining Fort George Inlet, Assistant
Webber joined on the 21st of March, and extended lines so as to include the braunches of the inlet
and Sister Creek, which connects the head of the inlet with Saint Johw’s Rliver. This work was
closed in the middle of April. After eompleting souudings in a space left in the outside work of a
preceding season between Saint Simon’s and Saint Andrew’s Sounds, the party in the Endeavor
sailed for Baltimore, and arrived at that port early in May.

TFor the work included under this and the preceding head, tidal observations were recorded at
five stations. The general hydrographic statistics here given include the soundings made along the
coast of Georgia:

Miles run in sounding. ... o e 771
Angles measured. ... ..o i i i 5,675
Number of soundings . ... .ooo oo 62, 803

During the summer, the aids of this party were employed in Section 1. Assistant Webber at
the same time was engaged in field-service, which will be mentioned under the head of Section V1L

Triangulation, topography, and hydrography south of Matanzas River, Florida.—For continuing
the survey of the eastern coast of Florida south of the head of Matanzas River, Assistant A. M.
Harrison organized his party early in December, 1871. The sloop Steadfast was assigned for trans-
portation, and was passed to her working-ground through the series of sea-water channels which,
along the southern coast, permit the transfer of vessels that would be endangered by an outside
coast-voyage.

Commeneing at points which had been determined in a previous season near Matauzas Inlet,
Assistant Harrison, in going southward, occupied others in succession along the coast, and thus
secared a basis for the topography, and for sounding the channel at the head of Matanzas Lliver,
There the Barrier was encountered, which is thus deseribed in the field-report: * This consists, for
the most part, of a wet and densely-wooded tract called Graham’s Swamp. The growth is princi-
pally live-oak, cypress, water-oak, poplar, bay, myrtle, bard pine, willow, palmetto, and cedar, and
the trees are interlaced with vines of various kinds. The Barrier is part of the inland forest which
comes to the sea, where the waters of the Halifax River going southward separate from the waters
of Matanzas River, the course of which is north.”

For occupying stations in this region, the party of Mr. Harrison cut lines through the tangled
growth of the Barrier to admit of observing with the theodolite. Stations were determined asfar
south as practicable with reference to the rate of progress of the detailed survey.
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“The topographical work was taken up at the southern extremity of the plane-table sheet of
1869, made by Assistant C. M. Bache, and was carried southward to and over the Barrier, and
about three-gqnarters of a mile beyond the last triangulation-point. During February, March, and
April, the parly was engaged in mapping the details within a stretch of about sixteen miles long
and three and a half miles wide.”

“While engaged in the topography, points were determined along the outer beach near Matan-
zas Inlet, and along the shores of the river and its branches, and at these signals were set up to
guide in sounding the channels. A tide-gauge was established near the head of the river, and ob-
servations were recorded while the triangulation and topography were in progress.” The sound-
ings made are on two sheets of large scale ; one showing the vicinity of Matanzas Inlet, and the
other the river.

Assistant Harrison specially commends his aids, Messrs. W. H. Stearns and Biou Bradbary,
ir,, for perseverance in overcoming obstacles met at the Barrier. TFrequently, they were waist-deep
in water when engaged with the hands of the party in cutting lines of sight. The statistics of the
work are :

Stations occupied.scocvieou ool e et eeeeatateacaanie aaaeann 19
Angles observed. ... ..o it 521
Number of observations.......c..oeeviiiou, v iraraaae i 3,587
Shore-line surveyed, (miles). ..............c. ..t e et iaeaer e 61
Creeks and marsh-line, (miles). ......... ... ... .. ... L 171
Roads, (miles)..covueiin i e i i e e i 37
Area of topography, (square miles).........c.iiiii it e 56

The Matanzas and its branches were sonnded out, making in the aggregate, fourteen square
miles.

During the summer, Mr, Harrison was engaged in field-work in Section 11I. Ile is now prose-
cuting the survey of the coast of Florida in the vicinity of Halifax River.

Hydrography of the Gulf of Mexico.—At the request of the International Ocean Telegraph Com-
pany, the first service of the bydrographic party, in the steamer Bibb, under command of Acting
Master Robert Platt, was rendered in February, by sounding Guadiana Bay, near the western end of
Cuba ; that placehaving beenindicated as a desirable shore-station for the telegraph-cable intended
to connect with the coastof Yucatan. The examinationmade showed, however, that the cable landed
anywhere in Guadiana Bay would be subjected to great risk. Acting Master Platt reported on the
general features, and specified defects in the existing Spanish charts, through which doubtless the
managers had been misled. The variable currents in the vicinity of Cape San Antonio were observed
and reported on, and a site near San Antonio light-house, inside of Cape Cajon, was suggested as
the most suitable place in the vicinity for a shore-end of the Gulf cable. From that station, a line
of soundings was run to Mugres Island, on the coast of Yucatan, and a favorable place on the island
wasindicated for landing the western end of the telegraphicline. The greatest depth of water found
by sounding was 1,164 fathoms, Doctor Stimpson, since deceased, was on board of the Bibb, and,
though then ill, prosecuted researches in regard to the forms of animal life brought up by the dredge
from the bottom of the Gulf. A few rare shells were detected, but generally the bottom was found
barren, and wanting in many forms which the dredge brings up in profusion elsewhere. Off
Chorrera, the dredge brought up, from a depth of 250 fathoms, a beantiful specimen of Pentacrinus.
1t was alive, and about a foot in length. At great depths on the course to Yucatan, the thermom-
eters indicated a temperture of 393 degrees; the surface-temperature being at the same time and
place 81 degrees. The strongest current observed at nine stations on the eourse was two knots per
hour, and the direction was generally northward. On the chart, deep-sea soundings are marked at
twenty-six places, and many others were taken in less than 50 fathoms. ]

The results obtained by the hydrographic party were communicated, at the end of February, to
General W, F. Smith, president of the International Ocean Telegraph Company.

Acting Master Platt was aided in this section, as also in duty which has been mentioned under
the head of Sections III and 1V, by Messrs. J. B. Adamson and C. L. Gardner. '
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While the steamer Bibly was passing to the southward in Jauuary, Acting Master Platt found
and developed o shoal off the coast of IMorida, between Indian River Inlet and Saint Lucie Inlet.
Soundings on the shoal show o depth of ounly 17 feet, at a position about five miles from the coast
of Florida.

After completing work in the Gult of Mexico, the steamer Bibb returned to Norfolk, Va., and
arrived at that port ou the 28th of May.

Doctor Stimpson’s labors in the vieinity of the Florida Reet were undertaken in a greaf measure
for the recovery of the types of Molluses and Cruastacea collected in previous years by Assistant
L. I. Pourtales, and lost in the great Chicago fire while in the care of Doctor Stimpson for descrip-
tion. His expenses in the cruise were borne by Professor A gassiz personally. The specimens have
been received, but the state of Doctor Stiwapsow’s health was such during the voyage that he was
unable to write any notes to accompuany them.  Seven casts of thedredge were taken in the Straits
of Yucatan, the deepest in 1,002 fathoms, where the usual Globigerina bottom was fouud, with
shells and corals, in small quantitics. In the ueighborhood of Key West, off the Florida Reef,
thirty-six casts were taken, mostly on the rich platcau, in from 100 to 200 fathoms ; and there many
types of the lost cotlection were brought up. Mr, Pourtales had successfully dredged in the same
vicinity in the year 1368, and, as might be expected, not many nnknown forins were added to the
collection.

Deep-sea soundings, Gulf of Mexico—Et was stated in my last annpual report that Commander
Jolin A. Howell, United States Navy, assistant Coast Survey, had his party organized for service
in the steamer A. D. Bache. The following is a transcript from thereport of that officer :

¢ Our work cousisted in running four lines of soundings off the west coast of Florida, and in
dredging along these lines and off Sombrero and Saud Key. Operations were commenced on the
17th of February, but, owing to unfavorable weather, little was effected till the 19th of April,
between which time and the 16th of May nearly all the soundings were wade.”

“The first line was on the parallel 27 & north, off Sarasota Bay. 1t commenced in 5 futhoms
and terminated in 1,612 fathoms. Eighty soundings were made and two successtul dredgings
for specimiens of the bottom of the Gulf of Mexico.”

“The second line, on the parallel of 260 16 north, off Oyster Bay, commeneed in 1,708 tathoms,
but 1,821 fathoms were found before reaching the 5-fathom enrve. On this line, 186 soundings were
wade and 5 dredgings.”

“On a third line, on the paraliel of 23° 3/ north, west from Cape Sable, 125 soundings and 7
dredgings were made in depths between 94 and 1,664 fathoms.”

« The fourth line, on a course southwest from Tortugas, gave a depth of 1,694 fathoms between
the extremes of 83 and 1,199 fathoms; 33 soundings were made and 5 dredgings.”

« Temperatures were recorded at the surface and at the bottom for each sounding. In the
latter diserepancies appeared in the record by two instruments, due perhaps to unavoidable jarring
of the thermometers while reeling in the line, The lowest bottom-temperature was 39°; the sur-
face being at 810.”

“The dredgings on these lines, and in March and April off Sand Key and Sombrero Key, were
done partly under the direction of the late Dr. Williun Stimpsou, who took charge of the specimens
brought up. The energies of that able man of science, though greatly wearied by disease, were
then in full exercise. His valuable life ¢losed soon after the completion of the work here noticed.»

Commander Howell, with the steamer under his command, reached New York on the Z3d of
May, and was subsequently engaged in hydrographie service, as was mentioned under the head of
Section I. In both sections, the party had the able assistance of Licutenants W. H. Jacques, K. 8.
Jacob, Richard Rush, and W. L. Field, of the United States Navy.

On the western coast of Florida, 20 casts were made with the dredge, amnd specimens were
obtained in depths varying from 15 to 100 fathoms. This region had not been previously explored.
1t is, therefore, of particular interest for comparison with the deep-sea fauna bordering on the
coral reef, where the bottom is entirely calcareous, whereas along the Gulf coast, where the speci-
mens were taken, the bottom is siliceous.

H. Ex, 240-—5
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Tidal observations.—At the instance of Col. I\ E. de Bille, governor of the island of Saint
Thomas, in the West Indies, a self-registering tide-gauge, in complete working-order, was committed
to Captain Thulstrup, of the royal Danish engineers. It is expected that the record of observations
to be made with this instrument at a station distant from our coast-line, and in the track of the
tidal waves which reach the coast of the United States, will throw much light on the character and
magnitude of the waves, and the changes they undergo. As in similar cases, the record of obser-
vations will pass iuto the archives of the Coast Survey.

SECTION VILI.

GULF-COAST AND SOUNDE OF WESTERN FLORIDA, INCLUDING THE PORTS AND RIVERS,
(SkETCH No. 10.)

Hydrography of Saint George's Sound, Florida—The outstanding hydrography at the eastern
approach of Saint George’s Sound was completed in the course of the present season by the party
of Assistant Horace Anderson. Owing to a succession of gales, the schooner Silliman could not
reach Apalachicola until the 2d of January. After that date, the work was prosecuted steadily
until the 20th of May. The lines ran are comprised between Dog Island light-house and the light-
house on ’eninsula Point, and were extended broad off into the Gulf of Mexico.  In regard to the
development, Assistant Anderson says:

«On the eastern side of the entrance, near Southwest Cape, a channel was found with a depth
of 20 feet, water. This chanuel has not been used, and was not before known to exist. A chanunel
of 15 feet, was developed by soundings near the east end of Dog Island.”

« Offshore soundings were made extending seaward eight miles and a half from a line joining
Kast Pass and Southwest Cape, which are distant about twenty-three miles.”

¢ A tide-gauge was established at theeast end of Dog Island, and observations on the rise and
fall were recorded from 6 a. m. until 6 p. m. during the season.”

Assistant Anderson was aided by Messrs. I'. H. Northand E. 11 King. The statistics of work are:

Miles runin SOUNAINE . - oo et it e ie e eeeaeee e 773
Anglesmeasured.. ... ... Ll i S 1,891
Number of soundings. ... .. 29, 667

During the summer, this party was cmployed in duty which has been described under the head
of Section 1.

Survey of the Gulf coast westiward of Saint Andrew’s Bay, Florida.—Iu this section, as in Section
VI, the two embracing the peninsula of Florida, the absence of elevations, combined with an almost
tropical growth and impassable swamps, has been a serious impediment to progress in the coast-
triangulation. Where triangulation has not been possible withont heavy cutting to open lines,
an expensive and slow operation, a direct measurement of the coast has been made along the
beach. This has been done in several places; the direction of the measured lines in all cases being
checked so as to insure confidence in the results, Much work of this character remains at other
places along the Gulf coast; but it is gratifying to be able to report that good progress has been
made on parts of the coast of the peninsula of Florida not available for the ordinary process of
triangulation. An important link has been included within the present surveying-year.

Tummediately after the opening of the present year, Subassistant I'. W, Perkins took the field
it1 this section. After verifying the measurement of the base-line at Saint Andrew’s Bay, he made
a direct measurement of the Gulf coast between it and Choctawhatchee Bay, filling in alseo the
intervening topography, and connecting with the survey of Assistant Ogden.

The work of Mr. Perkins, lying upon a nearly straight stretch of open sand-beach, backed by
an uninbabited and almost impassable country, distant from any harbors that can be entered during
gales, the transportation of means for prosecuting this survey was a matter of much difficulty.
Iixposure and many hardships were endared by the members of the party. Subassistant J, N.
McClintock assisted in the measurement, which was made with a wire of sizxty meters, and also
sketched the topography. Mr, L. F. Chew served as aid in the party.
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Of the Gulf coast, thirty-six miles in length wers defined and mapped on three sheets, The
statistics are:

Test-bases measured with bars. ... ... o . .. ... ... ......... G
Stations occupied with the theodolite.. ... ... ... . ... .. . ... . ... ... ...._. 34
Angles measured ... ..o L i 76
Number of observations............... e e c.. 1,092
Coast-line surveyed, (miles) .. ... .. .. . . L Ll 36
Creeks and Layou, (miles) .. ... . .. ... oo Ll : 82
Roads, (miles,). .. ... ... ... ... (... e 10
Topography, (squarve miles) ... ..o .. .. Lo 43

The schooner Torrey was used by the party for transportation.

Mr. Perkins closed in this sectioun early in May, and was subsequently engaged in Seetion IL.
He is now under instruections to resume duty on the Gulf coast.

Subassistant MceClintock was employed during the sammer in Section I, and s abont to
resume work for the winter in Seection VI.

The work domne on the Gulf coast completes the survey between Saint Andrew’s Bay and
Peunsacola.

Triangulation, topography, and hydrography of Choctawhalchee Bay, Flovida.—Assistant 1. G.
Ogden, with his party, lett Mobile on the 20th of December, 1871, in the schooner Agassiz; but,
owing to adversewinds in the Gulf, the vessel was delayed in the passageto Choctawhatchee entrance.
Field-work was resumed there on the Sth of Janunary, and was prosecuted until May, when a june-
tion was made with thie coast-measurement, of which notice was taken under the last head.

Taking up the triangulation at the eastern end of Santa Rosa Sound, where it was left off’ last
year, Mr. Ogden extended it to the head of Choctawhatchee Bay through a scheme which includes
six quadrilaterals and two triangles. The longest line in the scheme is about nine miles.

The survey of the bay is comprised on two plane-table sheets, of which the details were filled
by Mr. Andrew Braid, the aid in the party. The fringe of topography was carried back about a
mile from the shores, and includes also the delta of the Choctawhatehee River. On the north side
of the Lay the land is generally high, and covered with pines and a few live-oak trees; but the
south shore is low and wet. The shores of the upper half of the bay are lined with a broad growth
of cane, through which boats must be forced in order to effect a landing.

The hydrography includes the entire bay and its branches. Assistant Ogden found the greatest
depth to Le seven fathoms. Generally, the 6-foot and 12-foot eurves follos the eontour of the shores.
The bayous, very generally, have two or three fathoms of water, but some have less. The Choe.
tawhatchee River empties into the head of the bay throngh four mouths, all of which are obstructed
by bars.

Tidal observations were made by the party during two months at East Pass, and subsequently
at the head of the bay. The general statistics of the work are :

Signalserected ... ... ... L. 40
Stations oecupied ... . ... ee e e 16
Angles measured.. ... .. e e e 168
Number of obServations. . ... .. ... e 3, 300
Shoreline surveyed, (miles) ... ... ... . L e . 257
Roads and marsh, (miles) ... ... ... 103
Milesrun insounding. .. ... oo oot e R 872
Angles determined .......... . ... .o b e e 4,638
Castsof the lead ... oo ol i i i e e 48,375

Mr. J. F. Pratt served as aid in this party. Assistant Ogden was engaged during the sunmer
in Section II, as already stated.

Reconnaissance.~To provide for the future determination of points for conneeting the triangu-
lation of the Atlantic coast with the triangulation of the Pacific, Assistant J. A. Sullivan was
directed to examine the region of country between the uplands of Georgia and the Mississippi
‘River. He took the field early in the spring, and conferred with Assistant Boutelle, who was then
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engaged in similar daty, with a view of extending southward the primary triangulation which now
rests at stations in the upper part of the Blue Ridge. The result was a selection of a site for a base-
line to connect with that work, and to serve also as a base for a system of points between the Atlantic
coasp and the Mississippi River. Mr. Sullivan continued the reconnaissance in that direction, and
at the end of the season made a comprehensive report on the facilities and obstacles to be met with
in prosecuting the geodetic connection. A party has since been detailed, and is now engaged in
the determination of points within the region included in the reconnaissance. Assistant Sullivan is
yet in the field, and in the course of the winter will select, for large triangles, stations known to be -
intervisible, so that, in advancing from Atlanta, stations on the Mississippl may be reached by the
least number of well-determined points.

Measurement of a primary base-line near Atlania, Ga.—The site for a base-line in the vicinity of
Doraville, about fifteen miles from Atlanta, Ga., having been selected to meet requirements in the
field-work of Assistant C. O. Boutelle, I visited the station early in the season, and personally
inspected the plan for connecting the line with triangulation, to be advanced from it westward
toward the Mississippi. The proposed arrangements were approved, and the grading of the line
went on during the summer, under charge of the aids of the party, Messrs. H. W. Blair and Haber-
sham Barnwell ; Assistant Boutelle being part of the time prostrated by serious illness. He was
able, however, to rejoin his party in October, anid completed the measurement of the base-line in
November. In his absence from the field, an experienced aid, Mr. W. H. Stearns, was detailed to
re-enforce the party ; Assistant Webber, in that interval, taking charge of the details.

Before and after the measurement of the base-line, the bars used for determining its length
were carefully compared with the standard length-measure at the Office. Mr. Boutelle is now making
angular mecasurements for connecting the base-line with the nearest triangulation-points.  (See
Sketch No. 11.)

Geodetic connection.—In order to make available without delay the vesults derived from the
measurement of the base-line near Doraville, Ga., Assistant F. P. Webber was assigned to conduct
the triangnlation of the vicinity. His party reached the site of the base early in August. As soon
as practicable, a transit-instrument and zenith-telescope were mounted. Observations for latitude
and time were made at favorable intervals, and were completed Ly Mr. Webber by the end of Sep-
tember. The charge of all the field-work intended in the vicinity having devolved on him during
the illness of Assistant Boutelle, Assistant Webber conducted both parties, and was aided in his
special observations and computations by Messrs. Blair and Barnwell. Near the middle of October,
he was joined by Mr. Stearns. Later in that month, Assistant Webber and Mr. Stearns determined
the magnetic elements at a station near the base-line.

After assisting in the measurement of the line, Mr. Webber sclected stations for extending
triangulation from it in the direction toward Chattanooga, applying for that purpose the scheme
which had resulted from the reconnaissance previously made by Assistant Sullivan. At the station
nearest to the base, a tripod and observing-scaffold have been put up, and a primary signal on Stone
Mountain. These points will be occupied in the course of the winter, and such others as may be
found practicable for the intended triangulation. (See Sketch No. 11.)

Under the heads of Section V and Section VI mention has been made of the previous work of
Assistant Webber.

SECTION VIII.

GULF COAST AND BAYS OF ALABAMA, AND THE SOUNDS OF MISSISSIPPI AND OF LOUISIANA TO VER.
MILION BAY, INCLUDING THE PORTS AND RIVERS, (Skrrcr No. 12.)

Triangulation, topography, and hydrography of the Mississippi River—The party of Assistant
C. H. Boyd resumed the survey of the Mississippi on the 11th of Januvary. Very soon after, the
chief, aids, and most of the hands on board of the schooner James Hall were prostrated by sickness,
owing to peculiarities of the season, though all had been accustomed to service in this section.
Fortunately, Dr. T. C. Hilgard, then engaged in special field-service near New Orleans, visited the
disabled party, and treated the sick with such good effect that Mr. Boyd was enabled to resume
operations before the close of the month. Thence on, the detailed survey was prosecuted until the
1st of June, when the work rested for the season at Jesnit Bend.
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In the previons year, Assistant Boyd selected a base of verification for the work already done,
intending to measure the line this season. It joined in the scheme, became one of the triangle-sides
in passing upward from Magnolia Plantation, and when measurcd at the end of January was found
to be 3614.7 meters in length. The ends of the base were securely marked as usual by copper bolts
inserted into granite posts, which were bedded in tlie ground with masses of béton.  As facilities
for future identification, iron screw-piles wereplaced in the ground at intermediate measured dis-
tances. Subassistant William Eimbeck joined Mr. Boyd, and assisted in measuring the Magnolia
base previous to determining nzimuth for the triangulation.

The detailed survey of the banks and soundings in the Mississippi was extended in the direc-
tion to New Orleans, and, as before stated, rested at Jesuit Bend, where Mr. Boyd is now about to
resume work. In the interval, his party was employed in the vicinity of Saint Louis. While pros-
ecufing the survey below New Orleans, tidal observations were recorded daily at the quarantine-
station.

Assistant Boyd was aided during the winter by Messes, C, H. Van Orden and Joseph Hergesliei-
mer. The statistics of work are:

Signalserected ... ... o . e i e e i
Stations occupied. . oo L e e e e e e iaaee e in
Anglesmeasured ... ... .. ... . ... ... e e 132
Number of observations...... . ... e e 20040
Shore-line surveyed, (miles) ... ... ... Lo 110
Roads, levee, canal, &e., (milesy ..o oo 0 oL e e el 234
Aren of topography, (square miles). ... ... . Lo Lol Lol 85
Miles run in sounding . ...._ ... ... e e S5
Angles determined ................ .. .. A 1§ ¢
Number of soundings. .. ... ... oo e e 2, 449

Twelve of the lines of triangulation requisite for defining the outline of’ the Mississippi this
season required cutting through the forest in order to admit of using the theodolite. The currents
of the river were determined at three stations while the.soundings were in progress. In addition
to the sheets showing the advanee of work on the Mississippi, Mr. Boyd turned in 2 skefeh of the
shore-line and soundings for abount seven miles of the course of the river Aux Chénes.

GQeodetic connection.— Assistant R. E. Halter kept the field in the triangulation near Saint
Lounis until the 10th of November, 1871. Cold weather setting in immediately after, the camp-
equipage of his party was with diffienlty stored for the season in Saint Lounis. Sabassistant William
Eimbeck, who was then observing for azimuth at a station near the city, completed the determina-
tion, and then joined the party of Assistant Boyd below New Orleans. Subassistant O. I, Titt-
man at the same time took up duty on the Atlantic coast, as stated under the head of Section V.
Subassistant Eimbeck, when the season closed, was assigned to duty on the western coast.

Assistant Boyd took up field-work near Saint Louis, in Angnst last, after recovery from serious
illness, contracted in the course of the season in prosecuting duty below New Orleans. The great
heat of September in the region about Saint Louis caused much sickness in the party; but the
details of triangulation were urged as far as practicable. DMr. Boyd selected a site for a base-line
about eight miles to the eastward of the city, and proved its fitness for connecting properly with
the triangulation-points, which have been already occupied. The base-site intended for measure-
ment on the American Bottom is about four and a half miles in length. In October, the weather
was favorable, but, as in the preceding month, immense volumes of smoke interfered with lines of
sight along that part of the Mississippi Valley. Two stations near the city were ocecupied, both of
them connecting by angles with the proposed base. Late in October, the line was measured with
six-meter bars under favorable circumstances, and the ends were carefully marked for identifica.
tion, as in all similar cases. A line of levels run from the site about fifteen miles, and terminating
at the city directory in Saint Louis, gave, for the height of the baseline on the American Bottom
above the level of mean tide in the Gulf of Mexico, about 480 feet. Until the 21st of November,
angular measurements were continued at all favorable intervals at the ends of the base, but farther
observations will be recorded in the coming season. The approximate length of the base-line is
7266.86 meters. Five stations were occupied in all. Without the hindrance from smoke, the
triangulation might have been well advanced to the westward of the Mississippi.
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The aid in the party, Mr. C. H. Van Orden, conducted the field-operations near Saint Lonis
during the illness of Assistant Boyd. Sinee closing work, the party has resumed the sarvey of the
Mississippi in the vieinity of New Orleans.

Hydrography of the Gulf of Merico near the Mississippi Dclta.—Subassistant F. D. Granger
reached New Orleans on the 20th of December, 1871, and as soon as practicable fitted for service
in the Gulf hydrography the schooner Varina and the steam-launch Barataria. His party was
organized at once, and by the middle of January lines of soundings were commenced to develop
the approaches from the sontheastward of the Mississippi Delta. Between Pass A Loutre and South -
Pass the soundings were extended from land {o a distance of fifteen miles in the Gulf, and termi-
nated generally in about forty-five fathgms. It was observed that off the Sonth Pass the water
deepens, the 100-fathom curve being only twelve miles from land. Fourteen miles SE. by E.
4 E. by compass from Pass & Loutre, the gully, of 80 fathows depth, was partially sounded, and
depths of only 638 fathoms were found about two miles seaward of the gully. The place seems to
be well known as a resort for fish of several kinds. Souundings in the vicinity of the delta occupied
the party until the 10th of March. DBy the courtesy of Capt. Robert Boyd, light-house inspector
at New Orleans, the steamer Geranium was then placed at the disposal of Subassistant Granger for
the hydrographic survey of Trinity Shoal and Tiger Shoal off the entrance to Vermilion Bay west-
ward of the Mississippi Delta. Mr. E. B. Pleasants accompanied as aid in this service. The
other aid of the party, Mr. F. W. Ring, remained in charge of the Varina, and prosecuted soundings
in the Mississippi River above and below Fort Jackson; at the upper limit joining with the work
done by Assistant Boyd.

The tides were observed at Pass & Loutre for the hydrography of the adjacent waters of the
Gulf. For the development of Trinity Shoal and Tiger Shoal, observations wererecorded at South-
west Reef light-house, and by them the soundings made were redaced to low water. Tides were
observed at Fort Jackson while soundings were in progress in the Mississippi River. The opera-
tions of the party in thissection were closed on the 6th of May, when the vessels used in the service
were laid up at the Head of the Paaies A synopsis of the statistics of hydrographic work is

appended.
Miles ran in SOUDAIIE - .. o i e e e et 097
Angles measared . ... ... ... L.l et 1,171
Number of soundings .. .. .. .. L i i i 12, 398

The results of the survey of Trinity Shoal were forwarded to the Light-House Board in April.
The report of Mr. Granger states that he was ably seconded in that work by Capt. Henry Coop, of
the light-house steamer Geranium.

The "party of Suobasgistant Granger was employed in Section I during the summer. Siuce
the close of the season there, hydrographic work has been resamed in the vicinity of the delta.

SECTION IX.
GULF COAST OF WESTERN LOUISIANA AND OF TEXAS, INCLUDING BAYS AND RIVERS, (SkercH No. 13.)

Hydrography of Matagorda Bay, Texas—Soundings have been completed within the season in
Matagorda Bay by a party working with the schooner M. L. Stevens, in charge of Subassistant
L. B. Wright. As in several other instances, the basis for this work was established just previous
to the rebellion; but in the lapse of time, during which the ground could mot he occupied by a
surveying-party, the triangulation.points were obliterated. Mr. Wright found it necessary to make
a plane-table triangulation throngh a distance of forty-two miles, or from Half Moon Reef light-
house to the head of the bay. There he fortunately identified one of the stations which had been
occupied in the triangulation, and to that he joined his work with good success, He was aided by
Mr. T. J. Lowry. The statistics of the work, exclusive of operations with the plane-table, are as
follows:

Milesrun iR 80uRAing . - . ... .. L it e e aaae 285
Angles............. e et e 1,085
Castsof the lead. ... .. ... .. i e i e 16, 630

This work occupied the party daring Wmter and spring. After midsummer, Mr. Wright was
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occupied in service which has been stated under the head of Section II. He is now about toresutue
bydrographic duty on the coast of Texas.

Latitude and longitude of Austin, Tex.—DMuck interest having been manifested within the past
two years by the city authorities, in regard to the exact geographical position of Austin, the earliest
opportunity has been taken to meet their wishes, as expressed in the application.

In the plan of work for last spring, astronomical observations on the Mississippi below New
Orleans were included, as already mentioned. The occasion was then taken for determining lati-
tude and longitude at a station in the city of Austin, and Subassistant William Eimbeck was
instructed accordingly. DProf. 8. P. Langley, of the Allegheny observatory, Pennsylvania, kindly
offered to co-operate with the instruments under his charge ; the geographieal position of that
observatory having been aseertaiued in a previous year by similar co-operation.

Assistant G. W. Dean made the needful arrangcments for telegraphic exchanges of time-sig-
nals belween the observers at Allegheny and Austin. In the spirit of liberality which has been
invariably mauifested at the requests of the survey iu past years, Col. John Van Horne, general
superintendent of the Western Union Telegraph lines at the South, afforded the free use of the
wires for the reguisite exchanges. Between Mr. Eimbeck at Austin and Professor Langley at
Allegheny, signals were recorded with success on the nights of the 23d, 24th, and 25th of April,
under favorable circumstances. The astronomical clock at Allegheny, being in the telegraph-cir-
cuit, its time was recorded there mpon a Bond chronograph-register, and simultaneously upon
a Morse fillet at Austin. Each series of signals consisted of twenty-five exchanges between the
observers, made alternately, and at intervals as nearly as practicable of five seconds each. All
the signals being recorded at both stations, the double-transmission time was obtained by com-
paring the times recorded on the respective chronographs. «

The several wire-circuits between Allegheny and Austin make in the aggeregate about one
thousand five hundred and hifty miles. Four “ telegraph-repeaters ” were used at intervals in that
distance while signals were passing to determine longitude.

Before leaving the station at Austin, Subassistant Eimbeck recorded observations made Loy
the usual method for determining the latitude, and others, also, for the magnetic elements,

INTERIOR.

Astronomical observations at Sherman, Wyoming Territory.—At the last session of Congress, a
small appropriation was approved, “to enable the Superintendent of the Coast Survey to cause
astronowical observations to be made at one of the highest points on the line of the Pacifie Iuil-
road.”

The observations here referred to were recommended by 2 committee of the American Association
for the Advancement of Science, and were authorized by Congress with a view to ascertain the
advantage of noting celestial phenomena with the telescope at an elevation quite above the least
transparent portion of the atmosphere. In view of ulterior purposes, the memorial of the association
was properly met by the action of Congress ; all general operations in the survey being of necessity
condueted under the known disadvantage of observing with portable instruments at stations near the
sea-level.

The station selected for the observations and tests desired by the memorialists was Sherman,
on the summit of the most eastern range of the Roeky Mountains, and at the highest elevation on
the line of the Union Pacific Bailway. That station is about 8,268 feet above the level of the sca.
Under the general charge of Assistant Richard D. Cutts, of the Coast Survey, and his aid, Mr. I3,
A. Colonna, the observing-party was Prof, C. A. Young, of Dartmouth College, well known by sue-
cessful researches with the spectroscope; and his assistant, Prof. C. F. Emerson. The excellent
12-foot equatorial and other apparatus requisite for the observations were farnished by the trustees
of Dartmouth College. For collateral operations, Assistant A.T. Mosman, of the Coast Survey, was
stationed at Salt Lake City, to co-operate in determining tlie true longitude of Sherman station.

Three femporary observatories were put up at Sherman in June : one for the transit and latitude
instraments, including also the telegraph and chronograph apparatus; another for the meteorolagi-
cal instruments ; and the third for the cquatorial telescope. The respective observations were

_commenced in each early in July, and were continued until the 16th of August., Professor Young
has, with my sanction, maide known the special results in leading scientific publications of our
country, and they have been read with much interest by European observers.
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To gnard against molestation by roving Indians, the observing-party was attended, in accord-
ance with orders from the War Departiment, by a sergeant and ten men of the United States Army.
Four of the latter, instructed by Assistant Cutts, recorded meteorological observations for sixty days.
The registers show that, during June, July, and part of August, the weather was unfavorable for
astronomical work, a condition said to be exceptional in that region. When, however, the sky was
clear, the brillianey of the firmament was startling by the upusual number of stars visible to the
unaided eye; and their apparent proximity demonstrated at a glance the transpareney and steadi-

- ness of atmosphere gained by elevation. Iustrumental comparisons confirmed the correctness of
the eye-iupression. From the results obbained, it inay be stated that the value of observations at
an elevation of 8,000 feet is from 20 to 25 per cent. greater than at the sea-level. As a single illus-
tration of increased power apparently given to the telescope when used above the dense and more
perturbed strata of the atmosphere, Professor Young reports, in reference to the spectrum of the
chromosphere, that, at Dartmouth College, he had succeeded in making out a list, iu all, of 103
lines reversed ; but that, during the six weeks at Sherman, he added 170 new lines to the catalogue.

Amonyg the observations were included careful determinations of the latitude and longi-
tude of the station, and the magnetic declination, force, and inclination. The details, with the
conclusions drawn by each observer in regard to the transparency of the air due to clevation, are
given in Appendix No. 8. i

Considering the short period employed by the party at Sherman, and the cloudy weather which
prevailed, the results reported are of interest and value. They clearly warrant the continuance ot
special observations tending to the advancement of astronomical scieuce, and not less directly to
the credit of the Government and the repute of our country among nations.

For the astronomical observations needful at Salt Lake City, Governor Brighaw Young placed
s own observatory in Temple Sqoare at the disposal of Assistant Mosman. Time-observations were
made with the transit-instrument belonging to the governor, who added to this courtesy every
facility desirable for the observations. On the 26th of Juue, the governor’s observatory was con-
nected with the Deseret Telegraph Company’s wires, goiug to Ogden by a loop; and by the line,
from Ogden to Sherman by the wires of the Pacific and Atlantic Telegraph Company. Signals
for longitude were exchanged with the observer at Sherman on the night of the 28th of June, and
on seven other nights preceding the 234 of July. That month being very favorable at Salt Lake,
Mr. Mosman recorded time-observations on twenty-five nights in the course of less than a month.
He rejoined Assistant Cutts on the 27th of July, and determined the latitude of the point occupied
for the special observations at Sherman station. Assistant Mosman returned to the Atlantic coast
carly in August, and engaged in computations previous to resuming work, on which he is now
engaged in Section V. His field-report specially mentions the cordial assistance rendered by
Governor Young, of Utah, and by Superintendent Musser, of the Deseret Telegraph, iv furthering
the operations needful at Salt Lake for determining the true position of Sherman station.

Observations at Summit stetion and at Verdi, Nev.—On his retarn to the western coast,
Assistant George Davidson oceupied a station on the Central Pacific Railroad near Summit, in the
pass of the Sierra Nevada, at an elevation of 7,200 feet above the sea, His plan for testing the
advantage of a great elevation included observations with instruments which he had used for
years, and the noting of objects entirely familiar to himn as an astronomical observer in the Coast
Survey. His previous experience on the Pacific Coast Mountains had been limited to elevations of
somewhat less than 3,500 feet. Subsequently, Mr. Davidson occupied several weeks in making
trausit, azimuath, and latitude observations at Verdi, about twenty-five miles east of Swmnmit sta-
tion, with a view of conueeting points with the one hundred and twentieth meridian of longitude
from Greenwich, for the determination of which request had been made, for the uses of another
department. The station occupied at Verdiis about 4,870 feet above sea-level, and not favorable
for steadiness of atmosphere. Inobserving upon Polaris, Assistant Davidson reports, that “every
night the compauion of Polaris was distinctly visible to every member of the party.” The planet
Saturn and the attendant rings were better defined than had ever been previously observed. All
featurer in the aspect of the moon were seen with unusual distinctness; and Mr, Davidson suggosts
that photographic pictures taken of the moon from places above atmospheric perturbation would
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be remarkably effective. His observations on the outline and general features of spots on the sun
revealed what could not be seen with the same instruments at the sea-level. The report of Assist.
ant Davidson, given in Appendix No. 9, also warrants the conclusion that the value of observa-
tions on celestial phenomena and objects is much increased by the use of ordinary instruments
at great elevations.

On the south side of the railroad, near Verdi Bluoff, Mr. Davidson measured a short base, and
made a triangulation of the vieinity. While occupying stations with the theodolite, angular
measurements were made to determine approximately the positions of all the mountain-peaks in
view that could Dbe identified by local names. Records of the observations for latitude, longitude
and azimuth were sent to the Office, and promptly redneed and computed. The results are now on
file in the archives.

In August, Assistant Davidson passed on to San Francisco, and occupied the season in field-
duties, which are yet in operation. Abstracts of the work done by his own party, and by others
under his general direction, will be given under the next head.

The longitnde of Verdi station was determined in April by the exchange of clock-signals
between the aid at that station, Mr. S. R. Throckmorton, and Assistant Davidson at San Francisco,
through the lines of the Pacific and Atlantic Telegraph Company. Mr. Throekmorton recorded
145 transits of 44 stars in the course of eleven nights, using the meridian-instrament No. 1, a
Frodsham break-cireuit chronometer, and Hipp's field-chronograph.

Mr. Davidson subsequently determined the latitude of Verdi by 163 observations on 88 stars,
arranged in 45 pairs; recording at the same time notes on their relative magnitnde. For time, 83
transits of 37 stars were observed on nine nights, with the meridian-instrument and sidereal
chronometer.

Mr. H. L Willey recorded at Verdi barometrical observations simultaneous with others observed
by Assistant Davidson atsSan Francisco, for comparing the derived difference of level with resnlts
given by the levelling-instrument.

Azimuth was determined by Assistant Davidson’s observations on B. A. C. 4165 at western
elongation, and on Polaris at eastern elongation, in conneetion with a station of his triangulation
as an azimuth-mmark. The base-line, half a mile in length, was carefully measured twice with steel
tape. Six stations were occupied with the theodolite, and seventecn positions were deterniined, as
well as the height of each above the level of the sea. )

The aids of the party determined at Verdi the magnetic variation and dip. Mr. Davidson
added to the records a series of observations for the absolute horizontal intensity of magnetism at
the station. )

With reference to a geodetic connection by stations across the continent, Mr. Davidson, before
returning to San Francisco, made a short reconnaissance along the crest of the Sierra Nevada to
note where a large triangulation might cross that chain of mountains. Views were taken from
elevations of nine and ten thousand feet; but smoke in the Sacramento Valley hid from sight the
Coast Range of Mountains along the Pacific. The earliest opportunity will be taken for completing
this reconnaissance.

SECTION X.

COAST OF CALIFORNIA, INCLUDING THE BAYS, HARBORS, AND RIVERS, (SxuTCiis Nos. 14 axp 15.)

In the abstracts which follow under this and subsequent heads, the sites of work will be men-
tioned in geographical order, beginning with the most southern on the coast of California, and
terminating with a general notice of operations on the coast of Alaska. Most of the parties on the
western coast are now in the field. Assistant George Davidson, in presenting results ou the severa]
sites of work which he had selected, remarks that the weather has been unusually bad, but the
returns show a good average in the progressof the ficld-work. When his own field-duties permit-
ted, Mr. Davidsoun has, from time to time, inspected the operations under way in other parties, and,
as heretofore, carefully examined the records and maps before sending them to the office. Abstracts
of his own field-work will be given in their proper order. Mr. Davidson has, as usual, met the calls

H. Ex. 240——-6
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made on the western coast for charts, tracings, and information generally, when needed for publie
use, aud, as occasion offered, has added materials for a subsequent edition of the Coast Pilot,
whiel deseribes all known dangers in navigating between San Diego and the Aleutian Islands, as
well as sea-marks, capes, light-houses, and intervening harbors, Intimacy of relation with the
Light-House Board has been kept up. Assistant Davidson has furnished promptly to the light-
Liouse inspector the ascertained positions of lights and buoys, and, as hitherto, has reported upon
the location and character of ad ditional aids for navigation on the Pacific coast.

Hydrographic veconnaissance betiween San Diego and Panama.—Commander Philip C. Johnson,
U. 8. N., Assistant Coast Survey, has entered upon this service with his hydrographic party in the
steamer Hassler. Special examination was made under favorable circumstances at the site of a
supposed rock off San Diego, in latitude 31° 00/ north, and longitude 1190 24/ west, but only deep
water was found. The steamer was of necessity refitted at San Francisco after the voyage by the
Strait of Magellan, but is now in effective condition for service in the hydrographic reconnaissance
along the sailing-line below San Diego. ,

In September, Assistant Davidson lent to Dr. David Walker a few instruments suitable for
making observations on a projected passage from San Francisco to Guaymas, Mexico, and return
passage to San Francisco. The results received comprise temperatures,recorded at intervals of
four hours, of the water and air; notes on the carrents; errors in the position of eertain parts of
the coast of Mexico ; and notice in regard to a reef off the island of Geeronimo, not laid down on any
chart. This reef was referred to the attention of Assistant Davidson by Captain Metzgar, who
discovered it. )

Commander Johnson is assisted in the operations of the hydrograplhic party by Lient. Com-
wander C. W, Kennedy, and by Lieuts. M. S. Day, H. B. Mansfield, and E. W, Remy, U. S, N,

Triangrlation and topography.—East of the San Gabriel River and toward the Anakeim Land-
ng on the coast of California, the topographical survey and requisite triangulation were continued
during part of the winter and spring by Assistant A. W. Chase. Points for the plane-table work
were determined near the base on the Los Angeles Plaing, and other points connectin g with them
were established at intervals toward the landing. The improvements in the vicinity, including the
railroad and jettee and the town of Wilmington, were added to the topographical sheet, with which
that of the present year connects. Most of the ground represented is low, and cut up by lagoons
bordered by marsh, The shore is low, and marked by sand-dunes.

Mr. Chase returns the following synopsis of statisties:

Signals erected. .. ...l i e 20
Stations 0ceupied. . ..o vt e e e e 20
Angles measured. .. ..o in it i e et e e, 75
Number of observations. .. ....ocei ittt it i, e 900

The topographical work fills two sheets and part of a third, which was used in the field unti}
the opening of the seasen for work on the coast of Oregon. Nine miles of shore-lines were traced ;
the details fill an area of about eighteen square miles.

Part of the winter of 1871 was employed by Assistant Chase in reducing his field-observations
and completing the topographical sheets. The records and results of the work have been received,
and placed in the Office. Further mention of the field-work of Mr. Chase will be made under the
head of Section XI.

Triangulation and topography of the Santa Barbara Islands, California.—Subassistant Stehman
Forney, during the winter of 1871, inked his plane-table sheets of San Miguel Island, duplicated the
records, and forwarded his results of the previous season to the Office. In April, he took the field,
and, after connecting San Miguel with Santa Rosa Island by angular measurements, started with
the detailed survey of the last-named island. Field-work was somewhat impeded by recurring fogs,
but the progress reported is satisfactory.

Santa Rosa Island, in the outer range of the Santa Barbara group, is eighteen miles lon g, and
has a shore-line of about forty-eight miles. Parts of it are elevated more than 1,200 feet, Asa
well-defined sea-mark, the outline will in due time be generalized, and the main features of the
topography will also be defined for the charts of the vicinity. The report of Mr. Forney for the
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present season includes a general description of the island. He is now prosecuting the survey, and
will, if practicable, continue field-work during the winter. The statistics at the end of Oetober were:

Signalserected .. ... . . 23
Stations occupied ... ..., 6
Objects observed ol . ... o 7
Angular measurements ... 155
Shore-line surveyed, (miles). .. ... .. . ... L ... 41
Roads, &e., (miles) ... .. e, 21
Area of topograply, (square miles) ... ... . 41

Triangulation of the mainland of Sunta Barbare Channel—During the winter of 1871, Assistant
W. E. Greenwell was engaged in office-work pertaining to the field-operations of his party in the
preceding season. In the spring, he resumed the triangulation of the main coast of California at
the western limit of previous work, and extended work so as to connect with the astronomical
station near Point Conception. Dense fogs and strong winds are mentioned in the field report as
causes affecting the intended progress. The stutistics are:

Signalserected. ... ... ... . .. . 52
Stations occupied ... ... .. 49
Anglesmeasured. ... ... i e 238
Number of observations...... ... .. L Lo, 7,240

Mr. Greenwell rendered assistance to the party of Assistant Davidson on its start in recon-
naissance for the primary triangulation of the coast of California, northward of Gaviota Mountain.

The records of the field-work of Assistant Greenwell have been duplicated, and the computation
of results is now in hand.

Main triangulation north of Sunta Burbara Channel.—In October, Assistant Davidson detailed a
few hands from his party to serve in charge of Subassistant William Eimbeck, on reconnaissance
for the selection of stations to connect the survey of the Santa Barbara Channel with that of Mont-
erey Bay. The part of the coast included presents many difficulties; but at the close of the season
Mr, Eimbeck had made good progress in laying out points for the desired triangulation. In order
to find intervisible stations, mountains elevated as much as 5,700 feet above the sea were traversed
by the party engaged in this reconnaissance.

Triangulation and topography of ile coast near San Luis Obispo, Cal—Assistant L. A. Sengteller
inked his plane-table sheets of the previous season, and duplicated the records of his field-work in
the course of the winter of 1871. These, with the computations, have been received at the Office.

In February, Mr. Sengteller resumed the topographical survey of the coast of California, about
three miles to the northward of Point San Linis Obispo, and extended the detailed work farther in
the same direction. The triangualation was advanced about eight miles along the coast, and nearly
half of the stretch so defined was included in the plane-table survey previous to the transfer of the
party to a station south of San Luis Obispo. Going southward, the topography of the coast was
pushed about three miles beyond the limit of work in the preceding season. The statistics of the
work north and south of San Luis Obispo are:

Signalserected.... . . ... ...l 16
Stations occupied. ... ... L. 12
Anglesmeasured. . ... ... .l i iiieiceiceinaaaes 81
Number of observations. . ... ... . ... . L iiiiiiiaiaa 1,539
Shore-line surveyed, (miles) .. ... ... e 5%
Roads, (miles). .. ... e, 10
Area of topography, (squaremiles). ... ... .. .. L il 5

Early in May, the party of Assistant Sengteller was transferred to a site of work in the vicinity
of Mendocino Bay, of which mention will be made before closing notices of the work in this section.
Triangulation and topography northward of San Simeon Bay, California.—Assistant Cleveland
Rockwell passed the winter of 1871 at San Franeisco, where he inked his five topographical sheets
of the preceding season, and completed the office-work pertaining to them. Sheets were projected
for the work of his party in Oregon before taking the field near San Simeon Bay. The season there
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was generally unfavorable, but advance was made in the triangulation and topography northward
of Piedras Blancas. On the 20th of April operations were closed, and the party was sent to
continue the survey of Columbia River, as will be further noticed under the head of Section XI.
The statistics of field-work near San Simeon Bay are:

Signalserected. ..o oo e it e i 3
Stations oceupied. .- ..... ...l e et 7
Anglesmeasured.. .. .. ... ... 22
Points determined. - .. .. ... Ll aaiiaeoas Cmmecesameancacanmann 16
Nomber of 0bServations. . cuvree it iioit i ces s caertaannssccesnncnnceanen 392

The fringe of topography, mapped by Mr. Rockwell and his aid, Mr. G. H. Wilson, comprises
the details adjacent to about four miles of the ocean shore-line.

Topography of Table Mountain and of the Southeast Farallon.—Field-work was completed at Table
Mountain by Assistant A. F. Rodgers in the course of the winter of 1871, This important land-
fall at the cntrance of San Francisco Bay presents three summits in a range nearly east and west ;
the highest being twenty-six hundred feet above water-level in the Golden Gate. The north and
south sides of the mountain are cut by deep gulches, between which are steep rocky slopes covered
with chaparral.

Part of the winter was oceupied by Mr. Rodgers in computations and other office-work con-
nected with the operations of the preceding year. Before the completion of these details, the aid
of the party, Mr. E. F. Dickins, was sent to the Southeast Farallon to make the final survey of
that island, Points were determined by triangulation in the usnal manner, and on that basis Mr.
Dickins sketched in the topography. After depositing the sheet at San Francisco, the party of
Assistant Rodgers took up field-work at another site in this seetion, as will be noticed presently.

Longitude-observations at San Francisco.— At the outset of the present surveying-year, request was
pending for the determination of the one hundred and twentieth meridian of longitude on the Union
Pacific Railroad, as stated in my annual report. Assistant George Davidson, who passed part of the
winter of 1871 on the Atlantic coast, took charge of the service desired, and made arrangements for
its performance on his overland return to San Francisco in the spring of the present year. On his
application, the lines of the Pucific and Atlantic Telegraph Company were assigned for the use of his
party, and every facility needful was afforded by Governor Stanford and by Messrs. Vanderburg and
Foley. Assistant Davidson oceupied the station at Washington Square, San Francisco, with transit
No. 3, Kessel’s clock 1440, and with a chronograph ; Verdi station, in Nevada, near the ore hundred
and twentieth meridian of longitude west from Greenwich, was occupied, as already mentioned, by
the aids of his party, Messrs, S. R. Throckmorton and H. I. Willey. Observations by means of the
telegraph were commenced on the 1st of Junc, and clock-signals were satisfactorily exchanged each
way between Assistant Davidson and his aids on six nights. For the instrumental and clock cor-
rections at San Franciseo, Mr. Davidson recorded 120 transits of 35 stars on six nights; and, for
the personal equation between himself and Mr. Throckmorton, sixty-six observations were made in
the course of five nights on 35 stars, When the determination for longitude was complete, Assist-
ant Davidson went eastward and determined the latitade and azimnth at Verdi station, as stated
under a preceding head.

In the winter of 1871, Mr. Throckmorton, uuder special instruction of Assistant Davidson,
made a series of magnetic observations at Presidio station, with a view of determining the yearly
increase of magnetic declination on the Pacific coast. The observations were repeated at the same
station in October, 1872 ; and results of much value are expected from a discussion of the observa-
tions, which will be made without delay.

Observations were made by Assistant Davidson in 1859 at Ross Monntain and Bodega Head,
with the intention of determining then the co-efficient of refraction. Therecords, including registers
of the meteorological conditions under which the observations were made, remained incomplete
during the war, when Assistant Davidson was on the Atlantic coast. Last winter, however, the
requisite lines for level were run by the aids of his party, and the means for the desired determina-
tion are now complete. The records and field-computations of this work are on file in the

Office.
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Hydrography of San Francisco Bay.—During the winter of 1871, Assistant Gershom Dradford,
with his party, in the schooner Marey, conducted current-observations, and from time to time
extended souudings in the Golden Gate approaches, and also between Fort Alcatraz and Point
Avisadera, in order to furnish the means for comparing with the existing chart any fature surveys
of San Francisco Bay. The observations on eurrents were continued daring three days at cach of
the fifteen stations. Assistant Bradford’s report was accompanied by plotted diagrams showing
the results graphically. Connected cylinders with conical ends were used for determining sub-
currents, one of them bheing at the bottom, with two or more at distances above it varying with
the depth of water. For the surface-current, the apparatus was so arranged as to givethe flow
as exerted upon vessels of average draught, The statistics of hydrographic work are :

Signals erected . ..o i e e et iie e 9
Stations oceupied - ..o et 13
Anglesmeasured . .. ... ...t e e 2,070
Miles Tan in sounding . .. o oa i i et e iaa e 289
Number of soundings ..o iritr ottt it e e 9, 449

On the 5th of April, the party, in the schooner Marcy, made arrangements for reswmning work
in the northern part of the section, as will be noticed hereatter.

While ihe steamer Hassler was at the navy-yard refitting for sea-duty, Commander Philip C.
Johnson, with his party, sounded in the Mare Island Straits, and in the vicinity of the navy-yard,
and made a chart for future reference or for comparison with previous surveys.

Topography and hydrography of Mendocino Bay and vicinity—In May, Assistant L. A. Seugteller
transferred his party from San Luis Obispo to Little River, near Mendocino Bay, and resumed the
sarvey of the coast at the northern limit of his work of the preeeding year. The stretch now
included presents a very narrow margin of cleared country along the water-line, which is bordered
by broken bluffs of moderate height, backed by heavily-timbered ridges. Hence the triangulation
was advanced with difficulty, and, as in other sites of work, the season was marked by heavy fogs
and strong winds.

On the topographical sheets are included several ‘landings,” or points of shipment, for lumber
and produce, and the streams known as Navarro River, Salmon Creek or Big River, and Russian
Galch. Tumber is shot into the vessels by structures that stretch from the top of the Dluft” nearly
to the deck, the vessels when loading being :noorved below. These landings afford no shelter from
the heavy gales of winter; but by position they are protected from prevailing summer-winds and
from the swell of the ocean.

For the determination of points on which to base the plane-table work, Mr. Sengteller erected
thirty signals along the coast, and occupied three stations with the theodolite. The topographieal

statistics are:

Shore-line of ocean, (MIlEs) .. oo . ovuo i ai i 294
Rivers, (miles).......cocoviiivniias et ceeenetenemem e e 12
ROAAR, (MIIES) - -« o vvrameeoaaa e ie i e 30
Area of topography, (square miles). ... ... ...coiiiiiiiiiiaiiiiiaa e 123

Before leaving the vicinity, Mr. Sengteller, aided during part of the season by Mr. H. 1. Willey,
of the party of Assistaut Davidson, made a hydrographic survey of Mendocine Bay and its ap-
proaches, recording 1,135 soundings. In this general examination, the bottom of the bay was
foand to be very irregular and broken. Special examination was made in the vicinity of a supposed
rock off the south point of Mendocino Bay, but no obstacle to navigation was developed by the
soundings.

Triangulation and topography southof Shelter Cove.~—In July, Assistant A, F. Rodgers transferred
bis party to the vicinity of Shelter Cove on the coast of California, and resumed field-work from
the limit of the preceding year. The site of operations presented many difficulties. The beach is
impassable, except at extreme low water. Back of the waterline, the country is rugged, and cov-
ered in part with dense chapparral and partly with heavy red-wood timber. The high ground
affords no feed for animals nor any water. Some of the heights occupied by the party for the
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measurement of horizontal angles are three thousand feet above the sea. The gencral statistics
are:

Signals erected . ..o L e e 25
Stations occupied. .. ... .. fe e 27
Angles Measured. o . it e et ai et 392
Number of obServations. ... v i e 11,980
Ocean shore-line, (miles). ... ..o i i e e e 9
Area of topography, (square miles). . ... ... oo 00 Lol iiaoiaaai e 7

Assistant Rodgers was aided by Mr. E. F. Dickins. The party is yet in the ficld, and will
continue work aslong as the weather will permit. Earlierin the season progress was much hindered
by fogs and by the smoke of burning forests.

Hydrography off Cape Mendocino.—In the latter part of April, Assistant Gershom Bradford
engaged one of thesteam-tugs, with a competent pilot of Humboldt Bar, and determined in position
nearly all the sunken rocks which were discovered by Assistant Davidson in 1869. Two other
rocks, not then known, were found to the mnorthward. The survey indicates a passage about a
mile and a half wide between the sunken rocks inside of Blunt’s Reef and the sunken rocks of the
Sugarloaf at the cape. But this channel cannot be used in thick weather. The course by the
passage referred to is, moreover, only about a mile less in distance, as compared with the ordinary
course of vessels outside of Blunt’s Reef.

When these special developments were complete, the steam-tug was returned to her owners,
and the bydrographic survey of Trinidad Bay was taken up by Mr. Bradford with his party in the
schooner Marey. Foggy weather, however, greatly interfered with lines intended to develope the
offshiore soundings. While the party was engaged at sea, tidal observations were recorded at
Trinidad and at Hambeldt Bay. In Trinidad Harbor, two rocks, heretofore unknown, were dis-
covered near the amchorage. The currents of the vicinity were observed and recorded. The hydro-
graphic statistics are:

Signals erected. ..o oner i e e ie e 33
Stations oceupied. ... ... e e e e 22
Angles measured... ... .. oL e e ettt e 4,685
Miles run in soundings ..o o e 548
Number of Soundings . ... i et e e 9,682

Assistant Bradford was aided by Mr. Frederick Westdahl, As already mentioned, this party
was occupied during the winter in the vicinity of San Franciseo.

Under the direction of Assistant Davidson, Subassistant G. Farqubar, though in impaired
health, accomplished in the course of the winter and spring a large amount ot office-work pertain-
ing to the hydrography of the western coast. These details include tracings of the survey of Hum-
boldt Bay, projections for the work between Rocky Point and Shelter Cove, plottings of the enrrent
observations, and drawings of previous work requisite for the field-operations of Assistant Davidson.

Triangulation south of False Klamath Eiver entrance, California.— Assistant A. W. Chase took
up this work late in September; his party having becn previously engaged near Cape San Scbastian,
on the coast of Oregon, as will be presently noticed.

After signals had been erected for field-work scuth of the Klamath, a dense fog set in and
prevailed until the middle of October. This was followed by a short period of clear weather,
during which stations were determined by angular measurement for service in the plane-table
survey. The statistics of the triangulation are:

Signalserected ... ... ciiiiiiiiai it e 9
Stations oceupied. ... ...l iai il iiiaie N 8
Angles measured - ... ... ... e e aiieae i 29
Number of 0bServations . ... .. . . i i e et e 228

The field-report includes a general deseription of the Klamath River. TFauntleroy Rock,
developed in the hydrographic survey of Creseent City Harbor, has been marked, in the operations of
the Light-House Board, by an iron spindle. 'While in that vicinity, Mr. Chase occupied shore-
stations with the theodolite, and determined the exact position of the spindle.
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Tidal observations.—Maj. G. H. Mendell, United States Engineers, has continued bis acceptable
supervision of the tidal operations at the permanent stations on the western coast.

The self-registering tide-gauge, heretofore in use at San Diego, was kept at work by the
observer, Mr, Williamm Knapp, until the structure on which the instrument was placed gave out.  As
a large expenditure would have been required to replace the siructure, it was deemed best to close
obsérvations at this station; the series of nineteen years duration beinguearly eomplete. The tide-
gauge accordingly has been transferred to Port Townshend, Washington Territory, where similay
observations are much needed.

The self-registering gauge at Fort Point, near San Francisco, has been in the care of AMr. E.
Gray. Good records have been received at the Office, and the prospect is good for the continuity
of the series.

As usnal, meteorological observations have been registered at both stations on the coast of
California. The observers have also tabulated from the tidal records the readings of Ligh and
low waters, using for the purpose the new glass seales.

SECTION XI.

COAST OF OREGON AND OF WASHINGTON TERRITORY, INCLUDING THE INTERIOR BAYS, PORTs, AND
RIVERS, (Skerci No. 16.)

Triangulation and topography near Mack’s Aveh, coast of Orcgon.— s mentioned under the head of
Section X, the party of Assistant Chase passed the early part of the year in work on the soutliern
part of the coast of California. In April, the office-work was completed ; and before the end of that
month the party reached Crescent City, and, as soon as practicable, resumed ficld-work on the coast
of Oregon, south of Mack’s Arch. The triangulation and shore-line survey were extended to Mack’s
Reef, from a point about sixteen miles southward and eastward, where the operations closed in the
preceding season. Two plane-table sheets, joining at Whales Head, were projected to include the
limits of work. The shore-line is complete on both, and the final topography on the sheet north of
Whale’s Head, which represents a rough, broken coast, covered with forest and dense undergrowth,
The ¢liffs in many places are precipitons. Nive miles of eoast, with the usnal margin of topog-
raphy, are included in the detailed survey. Twenty-two signals were erected by the party, and as
many stations were occupied with the theodolite. The records of the triangnlation, and the field-
computations resulting from it, have been filed in fhe Office. -

Hydrography of Chetko Bay, Oregon.—In the course of the summer, Assistant Chase sounded
the anchorage abreast of the mouth of Chetko River, and found six fathoms over sandy bottom,
with good shelter from the northwest wind and from the ocean-swell. His report is accompanied
by a sketeh, showing the soundings made at the anchorage.

Topography of the Columbia River—In May, Assistant Cleveland Rockwell transferred his party
from a site of work on the coast of California, and resumed the detailed survey of the shores of the
Columbia River. East and west of Cathlamet, the triangulation and topography were advanced so
as to include the whole of Puget Island and Doth banks of the river as far up as Westport. The
topographical features are much the same as were found nearer the mouth, There is properly no
valley to the river, but between the steep walls of the original channel of the river lie timbered low-
lands and timbered and marshy islands. The banks of the Columbia are basaltic, and are covered
with spruce of great size.

Good progress has been made in this sarvey, notwithstanding impediments arising from {reshets
fogs during the season, and smoke from the adjacent forests. Mr. George H. Wilson served as aid
in the field-party. The detailed work of the season includes the following:

o

Shore-line surveyed, (Miles). ... ... oo r il 35
Creeks and sloughs, (miles). .. ... e oo e 67
Roads, (miles). . ovouvere i e aas f e e em e e, 3
Area of topography, (squaremiles)........coiviiei it conns 24

- The previous occupation of the party of Assistant Rockwell has been mentioned nnder the head
of Section X.
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Triangulation and topography of Shoalwater Bay, Waskington Territory.—This work was con-
tinued by Subassistant J. J. Gilbert several weeks after my annual report of last year was closed.
Some shoals and islands within the limits of two of the plane-table sheets were added before the
field-operations were discontinued for the winter. Mr. Gilbert then engaged in office-work at
Olympia, and completed the records and computations pertaining to the previous triangunlation, and
inked the plane-table sheets. His party resumed field service early in March, and extended the
triangnlation and topography of Shoalwater Bay down to the ocean-beach, and there joined with
the coast-triangulation. -

Shoalwater Bay is filled with extensive flats. Along the shores,the forest generally comes
down to the water-line. By taking advantage of the state of the tides, Mr. Gilbert has made good
progress in this survey. His work of the season includes:

Signalserected. ... .. ... . ieiiiaiiaa. 52
Anglesmeasured.. ... ... ... e, e 193
Number of observations............... ... ... i e el 5,648
Shore-line surveyed, (miles) ... ... .ol i e e 78
Sloughs, (Miles) . ooir it e e e e e 93
Area of topography, (squaremiles). ... .. il e i 2

The survey of Shoalwater Bay and vicinity is yet in progress, and will be continued until the
severity of weather makes it expedient to close work for the season,

Triangulation and topography of Puget Sound, Washington Territory.—~—The office-work of last
year was brought up by Assistant J. 8. Lawson, in the course of the winter of 1871, at Olympia,
These details comprise the triangulation-records, duplicates, and computations, the completion of
the plane-table sheets of that year, and tracings from them, to guard against possible loss in the
transmission of the originals.

Assistant Lawson resumed field-work in April, and extended the topographieal survey on both
sides of Admiralty Inlet from Tagoon Point and Oak Cove to the north side of Dwamish Bay and
Point Restoration; and up Possession Souud to Point Elliott, where the operations connect with the
previous survey of Port Ludlow, Hood’s Canal, and Madison Harbor.

In August, the party commenced the triangulation of Budd’s Inlet, at the head of Puget Sound
This is the proposed temporary terminus of the North Pacific Railroad. A base was measured on
the north stde of the inlet, and the triangulation counnected with it now includes the entire course
of the channel, Some progress was made in the plane-table survey, but the season was well
advanced before the triangulation was complete. Details in the vicinity of Olympiaand New Market
will be mapped in the course of the winter. The work now done is on eight sheets, of which the
statisties are, with those of the triangulation:

Signalserected. ... ..o e e e 56
Stations occupied....... et e e e e et et e 22
Anglesmeasured. ... ... o iii i, e e e eieienaaaa 139
Number of observations . ...... ..o i .ea. 3,248
Shore-line of sound, (miles) ... ..o i ol e 86
Sloughs and lagoons, (miles) ...... ... Ll 30
Roads, (miles) ...... ... ... ... .l e e e e 53
Area of topography, (square miles) .. ... ... ... ... iiiiiiiiaaiiai.. 48

Two plane-fables were used in the party of Assistant Lawson: one of them at intervals by him-
self, when not engaged in the triangulation ; the other was used daring the season by Subassistant
Eugene Ellicott. - Mr. F. A, Lawson was attached to the party as aid. The brig Fauntleroy, as
herctofore, was employed for transportation.

Tidal observations—The self-registering tide-gange at Astoria, Washington Territory, has been
removed to a new wharf not far from the old station, and is well attended, as heretofore, by Mr. L.
Wilson. The series are excellent of both tidal and meteorological observations at Astoria. Mr.
Wilson has also tabulated from the tidal sheets the readings of high and low waters,
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Ay stated under the head of Section X, a series’of observations with a self-registering tide-gauge
will be commenced near Port Townshend, WashingtonTerritory. Thethree permancnt tidal stations
on the western coast remain under the able supervision of Maj. G. H. Mendell, United States
Engineers, who has full knowledge of the conditions requisite for the successful working of the tide-
gauges.

SECTION XII.

PACIFIC COAST—ALASKA TERRITORY, (SKkETCH No. 17.)

Geographical reconnaissance of the coast of Alaska.—In August, 1871, as stated in my last anmual
report, Assistant W. H. Dall sailed from San Francisco with his party, in the schooner Hamboldt,
for reconnaissance at the Alentian Islands. On the trip to Unalaska, the opportunity was taken
to determince the general direction of the ocean-currents. The observations as reported confirm the
deductions published in my report for the year 1867, with other conclusions then presented by
Assistant Davidson.

Before laying up the IJunboldt for the winter at Iioulicuk, Mr. Dall established a self-regis-
tering tide-gauge, and kept up a continuous series of observations. In the Akutan Pass, a rock
was oecupied by an observer for a period sufficient to determine the range of the tide. In geo.
graphical development, the party surveyed and sounded out the harbor of Iliouliouk on Unalaska
Island, and the passage through to Captain’s Harbor.

Between Unalaska and Kadialk, careful observations were made on the currents in April,  Coul
Harbor, on Unga Island, was surveyed and sounded; and the latitude of a station there was deter-
mined by M. W. Harrington, esq., who accompanied the party as astronomical observer. The
magnetic elements were determined at both of the islands. )

In June, Assistant Dall made a reconnaissance of the Shumagin group of isluuds. The shiores
of Popoff Strait were traced, and that passage was sounded. At Sanborn Harbor, on Nagai Island,
the latitude was determined; the shore-line was traced, and soundings were made to develop the
anchorage. Several of the adjacent islands were fixed in position by angular measurements, and
sketclies were made of the nearest harbors.  Northeast Harbor on Little Koniushi Island and a
harbor on Simeonoft Island were likewise traced in outline and brought into connection with others
by a determination for latitude and by observations for position. The currents and tides were
recorded at the Shumagins, and views were drawn of fifteen conspicuous headlands amd harbor-
entrances. Ifourteen harbors or anchorages, and ten islets or rocks not marked on any previons
chart, were noted by the party, and determined in approximate position.

While the schooner Haomboldt was on her course for Kadiak, Mr, Dall discovered a shoal-bank
on which his party caught, in abundance, halibnt and codfish. The bank has a depth of 22 fathoms,
and its approximate position, as determined by the observations of Mr. Harrington, is latitude 56°
13’ north, and longitude 153° 39’ west.

From Kadiak, the Humboldt sailed for San Francisco on the 9th of September. The oceau-
currents were observed on the passage, and observations for temperature were recorded. On the
arrival of the vessel, experiments were made with the magnets for comparison with the results
found by observations in high latitudes.

The registers containing the observations made at various points on the coast of Alaska are
now at San Francisco. Mr. Dall’s detailed report of operations in eonducting the reconnaissance
will be found in Appendix No. 10.

Tidal observations.—The tide-gange sent last year to Alaska was established by Assistant
Dall, at Tliouliouk, on the Aleutian Islands, aud has furnished satisfactory records. These will be
compared with the short series registered at the same place in 1867, :

_Early in the summer, a sel{-registering gauge was sent to Capt. Charles Bryant, agent of the
United States Treasury Department at Saint Paul, onc of the scal-islands in Behring Sea. Should
the instrument reach its destination in safety, an interesting series.of tidal observations may be
expected, from the known zeal and ability of Captain Bryant in prosecuting useful researches.

H. Ex. 240——7
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COAST SURYEY OFFICE.

The charge of the office has remained, as in former years, with Assistant J. E. Hilgard, on
whose departure for Ilurope, in April, the duty of directing the office-operations was temporarily
assigned to Assistant C. . Peirce. The organization of the different divisions of the Office has
remained nnchanged.

In the Iydrographic INvision, under the immediate direction of C. I'. Patterson, inspector of
hydrography, the hydrographic charts have been plotted and drawn from the field-notes by E. Wil.
lenbiicher and J, Sprandel. The former also framed sailing-directions for c¢harts, and prepared the
ncedful matter relative to lights, buoys, and sailing-lines for the charts in progress of publication,
and for others when changes had become necessary. Similar service was performed during part of
the year by Subassistant C. Junken,

Computing Division.—The computing division of the Survey has remained in charge of Assist-
ant Charles A, Schott, with the same organization as in the preceding year, excepting the increase
of force by one geodetic computer during the last three months of the year, The temporary assist-
ance of two astronomical computers was afforded to the division, the same as last year. The cur-
rent work required by the offiec and field parties was promptly kept up, and the adjustment of the
secondary triangulation, old and new, has been. pushed forward. These computations, aiming at
and securing greater consistency and aceuracy in the work, require now more frequent applica-
tion sinee the triangulation is approaching completion. The time of onc computer was ahmost
wholly given to the revision of the latitude-computations, and to the introduetion of improved cate-
logue-places of stars, which in all ecases proved the great accuracy attainable in the measures by
the zenith-telescope.

Besides arranging the work {8t the computers, and giving detailed instructions, examining and
reporting results, Mr., Schott was engaged, in November last, in attending to and giving necessary
information for the magnetic survey of the steamer Hassler. In June, he made the usual annual
determination of the magnetic declination, dip, and intensity at Washington, and rediscussed and
prepared for publication accounts of the lengths of the primary base-lines measnred at Danphine
Island, at Bodie’s Island, at Edisto Island, at Key Biscayne, and at Cape Sable. Some trial-meas-
ures with the Rutherford micrometer-serew were made to ascertain whether there was any noticeable
effect of wear. DMr. Schott also made an addition to the professional papers of the Survey by pre-
paring an account of the measurements of terrestial magnetism in sufficient detail to enable an
experienced observer to make magnetic observations, without further instructions, and to secure
mniformity in methods and treatment in operations, which have hitherto proved troublesome to
many. ITe also constructed and presented to the Survey a sketch of a hypsometrie chart of the
United States by means of contour-lines of definite elevations, thus enabling us at a glance to
ascertain the general physieal features of the country relating to elevations. The chart is specially
interesting to the meteorologist. Assistant T. W, Werner, Dr. G. Rumpf, and Mr. E. I{. Cour-
tenay bave performed the computations of triangunlation and their verification and adjustment,
aided, since tho 1st of July, by Dr. . Kampf. Messrs. James Main, R. Keith, and F. Hudson have
been engaged upon the reductions of astronomical observations; the revision of the several compu-
tations, and the introduction of the best available star:places, being altogether assigned to Mr.
Main. . -

Drawing Division.—The work in this division has been under the charge of Mr. W. T, Bright.
The drawings for engraved charts and tracings for photolithographs of maps have been made by
Messrs. A, Lindenkohl, 1L Lindenkobl, L. Karcher, . Smith, I. Erichson, and F. Fairfax. Miscel-
laneous tracings have been made by W. Fairfax and E. J. Sommer, and corrections on printed charts
by H. Eichholtz. A detailed summary of the work of the division during the year is given in
Appendix No. 4. -

Engraving Division.—The work of this division has continued under the able direction of
Assistant E. Hergesheimer, During the year, Mr. W. H. Knight has been added to the force of the
division, which has been employed as foliows: Messrs. J. Enthoffer, H. C. Evans, A. Sengteller,
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A. M. Maedel, and W. A, Thompson, as topographical engravers; J. Knight, 1. A, Macdel, and A,
Petersen, as letter-engravers; IT. 8. Barnard, J. C. Kondrup, R. 1. Bartle, 11, M. Knight, J. G.
Thompson, F. W. Benuner, E. I{. Sipe, W. H. Davis, and W, H. Kuoight, as miscellancous engravers,
Views of entrances to harbors have been engraved by Mr, George MceCoy on contract. Mr. K.
Molkow has continued the reduction of .outlines on eopper from tracings of orviginal shiects by
meaus of the pantograpli., The clerical dnties of the division have been performed by Mr. G. W,
Morrison. A statement in detail of the work on each plate in hand during the yearis givenin
Appendix No. 5.

Tidal Division.—Mr. R. 8. Avery has continned in charge of this division during the year. 1le
arranged and supervised the computations and other work ; inspected the observations when
received ; attended to the correspoandence relating to tides, with the observers and others; and
fabored to improve the tables and methods. Ife improved the tide-ganges and apparatus for read-
ing off obiservations from the sheets, and supervised their eonstruction. e also supplied many
tide-tables {or ¢harts, data for use in field and office work, and some tidal predictions for almanacs.
The computations were made by Messrs. J. Downes, A, Gottheil, C. Fergason, and Miss M. Thomas.
Appendix No. 6 will show the work in detail performed during the year.

Division of Charts and Instruments.—This division, comprising the map-printing, distiibution of
charts aud reports, and the mechanicians’ and carpenter shops, has continued under the direction
of Mr. John I. Hoover.

The registration and iling of the original maps and charts and records of field-observations have
remained with Mr. A. Zambrock.

Mr. Nissen performed the duty of backing on muslin sheets required for field-work ; and the
map room continued in charge of Mr. Thomas MeDouanell.  The supervision of work in the instru-
ment-shop continued with Mr. John Clark, with 4. Foller, William Jacobi, Charles Wiirdemann,
and E. Eshleman, as mechanicians. The work in the earpenter-shop was performed by Mr. A.
Yeatman, assisted by Mr. If. I8, Tackey.

Mr. V. B. King continued in the performance of the elerical daties of the Offiee, assisted by My,
F. W. Claney. Theduties of writer in the hydrographic office were performed by Mr. C. A. Hoover.

In the oflice of disbursing-agent, Samuel Ilein, esq., the duties of book-keeper were discharged
by Mr, R. L. Hawking; and Mr. W. A. Herbert and W, L Flenuer acted as writers.

The assistant in charge of thie Office, J. K. Hilgard, esy., was temporarily absent from Wash-
ington during the summer. While conducting, on the eastern coast of Burape, the operations for
determining (ransatlantic longitude, of which mention was made in the introduction to this report,
he was called, through the French legation and Department of State, to take part as representative
of the United States in the International Commission on Weights and Measares. I am specially
gratified in saying that, at the conference of the commission at Paris, in September, and in intimate
relations with the most distinguished astronomers and geodesists of Europe, Mr. Hilgard ably sus-
tained the reputation of our country by his extensive knowledge of the subject before the eommis-
sion. Asan experienced officer of the Coast Sarvey, and coguizant of its advances in field andl
office operations, he was, in that relation also, recognized as in close seientific harmony by the most
eminent members of the international commission.

In closing this report, I take great pleasure in recording the continued services of the disburs:
ing-agent of the Sprvey, Samuel Hein, esq,, which have been maintained with intlexible regard to
the best interests of the work ; and also the services of Assistant W. W. Cooper, in the discharge
of office-duties under my immediate direction.

Respectfully submitted.

BENJAMIN PEIRCE,
Superintendent United States Coast Survey.
Hon. GEORGE 8. BOUTWELL,
Secretary of the Treasury.
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"APPENDIX No. 1.

Distribution of swrveying parties upon tie Atlantic, Gulf, and Pucific cousts of the United States
during the survcying-scuson of 13711-"72,

Coast-scctions.
Skcrion I.
Atlanlic ¢oast of Maine,
New ampshire, Mas.
sachusefts, and Rhode
Island, including sea-
ports, bays, and rivers,

Partics

‘ ;
‘ Opreratious. 1
|
| :
L Toposrapiyy and
bydrography.
2! Topozraphy ...
4 | Topography ......
i
4 j Triangulation ...
j
Kl ; Topography . ...
t " Hydrography ...}
T Hydiography .....
R } Topugraphy ... ..
)
o fopography ...
i
!
10 | Triangalation. ...
1
i
i 3 Triangnlation ...
i
| |
{
12 { Longitude .......
{
i
!
i
|
13 | Hydrography . ....

l
14 l Hydrograpby

i

Tersous conducting operations.

J. WL Doun, assistant; 8. N, Oz
den aml F.CDonn, adds,

Charles Hosmer, ants N
MeClintock, subassistaut: R L.
Palfrey, aid.

W, H. Dennis, assistant: A P

Barnaxd, ail.

W.H. Stearns ...l

AW Longtellow, assistant: 11
M. De Wees, subassistant.

Jd. 8. Dradford, assistant; L .
Steedwan, aid.

Hortee Aniderson, assistaut ; ¥, H.

North, E. 1. Kiog, and W. 5.

Bond, aids,

C. T. Tavrdella, assistant; W, C.
Hodgkins, aid.

F. W, Dorr, assistant; W. E Mo
Clintock, aid.

G. A, Fairficld, assistant: W. B.
Fairfield, aid.

Prof. K. I, Quimby

J. B Uilgard, assistant; G. W,
Dean and Idward Goeodfellow,
assistants; Prof. Joseph Win-

lock ; F. Blake, jr., subassist-
ant; A, H. Scott and Edwin

Smith, aids.

Commander J. A. Illowelt, United
States Navy; Lieutenants W.

1. Jacgnes, E. 8 Jacob, Richard ;
Rush, and W. L. Field, United

States Navy.

II. Mitchell, k. D
Granger, subassistant; 1. B.
Wainwright and D. C. Hauson,
aids.
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! seot, including Searsport Harbor and Stockton,
Me.  (See also Scetion 1V,

Topography of the west shore of Penobseot Bay
completed in the vicinity of Northport, and con.
nected with the survey of BelfustBay,  (Sec also
Sections ILand 1V
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the survey of the Kennebee with the primary tri-
the height of sta

i
angulation; determination of
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of longitado between Paris and Greenwich and
the obscrvatory at Washington, D, C.

Hydrographic development of Cultivator Shoal,
and determination of the currents vn Goeorge's
Pank off the cpast of Massachusetis. (See also
Section V1)

Hydrography of the vicinity of Monowoy Sheals,
and near Nantucket, developing chavges in the
depth of water. (Sce also Soction V111

.

southwestern part of

ut istanids and Tedges o thy enast of
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Distribution of surveyiny-parties upon the Atlantic, Gulf, and Pacific cousts, Ce.—Continuaed.
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Persons condueting operations.

J. G. Spaulding ; H. Howland . ..:

A, M. Harrison, assistaut ; Bion
Bradbury, aid.

John lrarley, assistant ..o ... ...

. M. Bache, assistant ..o . ...

C.P.
C. A,

F. H. Gerdes,
Dillaway, subassistant ;

assistant ;

Ives, aid.
II. Mitchell, assistant ; F. I'. Nes
and Il. L. Marindin, assistapts;
E. . leasants and J. 3. Weir,
aids.
w.

F. W. Dorr, assistant; E.

MecClintock, aid.

F. H. Gerdes, assistaut ; ¢ .7, Dil-
laway, subassistant; C. A. Ives
and H. Gerdes, aids.

5. C. Mc¢Corkle, assistant; R. I
Maynard, aid.

R. E. Halter, assistant; 13. A.
Colouna and D, S. Wolcolt, aids.

II. G. Ogden, assistaut; Andrew
Braid, aid.

Charles Junken, assistant; L. B.
Wricht, subassistant; dJos.
Hergesheimer, aid; T. J. Lowry,
T W. Ring, and M. M. Defrees,
aids. -

F. W. Yerkins, subassietant; J.
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Rand, aid.
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8. C. McCorkle, assistant

Tidal observations; R. T. Bassett ... oo.ooivevennao.. ..
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Observations with self registering gauge continued
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|
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% lation of Rhiode Island and Connecticut.

| Plane-table survey of the shores and hydrographic
survey of New Haven Harbor, Conn.

¢ Development of a shoal in Long Island Sound,

] southeast of New Haven light-liouse.

itver, Gowanus Bay,
Jersey Flats, and tho anchorage iu Sundy Hook

roadstead. {See also Seetion 1)

Gowanus Bay (New York Havbor) traced in out-
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|
!
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5; Soundings and current-observations in New York

|

i
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! River and Raritan River to the head of vaviga-

'

: tion, and completion of hydregraphy in Newark

} Bay, N. J.

! Triangulation of Lake Champlain from Burling.
ton, Vt., southward to Crown Point.

Measurement of baseline and triangualation of
Take Champlain from Crown Peint seunthward
to White Hall.

Plane-table survey of the vicinity of Builington,
Vt., aud of the shores of Cumberland Bay, in-
cluding Platisborgh, N. Y. (See also Scction
VI

J
i

Souundings completed in the western part of Lake
Champlain, from Burlington, V., and Cumber-
land - Head northward to the United States
boundary, and in the eastern arm to Butler’s
Island. (Seo also Sections VIILand 1X.)

i
Triangulation between Mount Holly, N. J., and
Barnegat light-house. (See also Section VII.)

Topography of the coast of New Jersey compluted
between Barpegat and Great Bay, including
Manahawkon and Tuckerton. (See also Scction
v,y

Soundings completed along the coast of New
Jersey, betweon Little Egg Harbor light-house
and Absecom, including the sea-water channels
ingido of the coast-line. (See also section V.)

Points determined between League Island and

Fairmonnt for the Lydrographic survey of the
Schnylkill River at Philadelphia.

i Scries of observations continued at Gaverncr's Isl-

‘ and in Now York Harbor, and at Brooklyn, N. Y,

|
Topography and . J. W. Donn, assistaut; 8. N. Og- : Detailed topography and hydrography of the James

bydrography.

den and F. C. Donn, aids.

! River, Va., from Newport News Point upward,
; and including Warwick River. (See also Sec-
| tionL)
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Coast-sections.
SecTION IIT—Continued_.| No. 2
3
SecTION IV,

Atlantic coastand sounds 1
of North Carolina, in-
cluding sea-ports and
rivera. 2

]
3
4
5
[
SECTION V.

Atlantic coast and sea-
water channels of
South Carelina and
Georgia, including o
sounds, barbors, and
rivers.

3

1

5

[
Sgerion VL

Atlantic and Gulf coast 1
of the Florida Penin-
snla, including reefs
and keys, and the sea-
ports and rivers. 5

] |
1I’an,ies. !

H. Ex. 240— 8

i

. 1 . )
Operations, | Persons conducting operations.

i Localities of work,

Hydrography .. ...| Acting Master Robert Platt, U. 8.

Garduer, aids.

Reconnaissance ...! A, T, Mosman, assistant.... ..

Tidal observations| W. J. Bodell

'I}riangu.lation.,..vi G. A. Fairtield, assistant; B. A.
Colonna, aid.
Topograpby ..._.. ¥. W. Dorr, assistant; W, E.
McClintock, aid.
Topography ...... ‘ C. L. Iavdeila, assistant; W, C.
i Hodgking, ald.
|
|
Hydrograpby CF.T. Nes, assistant; C. P. Dilla-

| way, subassistant.

Hydrography ... ! Acting Master Robert Platt, U, 8.
7 N.; J. B. Adamson and C. L. !
1‘ Gurdner, aids.

Topography ... i . M. Bache, assistant; H. M. De

| Wees and II. W. Bache, subas-
sistants.

Shoreline and hy- W. I. Vinal, subassistant; J.d.

drography. J Evans, aid.
Topography ...... i 0. 1L Tittman, subassistant; Bry-
ant Godwin, aid.
Topography ...... W. H. Dennis, assistant; A. D,

Barnard, aid.

Topography and ;
hydrography. ]

Charles Hoswer, assistant; R. B,
Pallrey, aid.

Astronomical ob- | A.T. Moaman, assistant; Edwin

servations, Smith, aid.

Hydrography ..... ¥. P. Webber, assistant; D. B.
‘Wainwright and D, C. Hanson.
aids,

Bydrography ..... F. P. Webber, assistant; D. B.
Wainwright aud D. C. Hanson,
aids.

A. M. Harrison, assistant; W.H,
Stearns and Bion Bradbury. aids.

Triangulation, to-
pography, and
hydrography.

X.; 4. B, Adawson and C, L. |

Hydrography of Elizabsth River, Va.
Sections IV and VI1.,)

(See also

-.; Reconnaissance westward from Harper's Ferry,

Va., for geodetic connection between the Atlan-
tic and Pacific coasts. (See also Section V and
Interior.)
-' Beries continued with seli-registering tide-gauge at
' 0Old Point Comfort, Va.
| Triangulation of the npper part of Tungo River,
i andof the vieinity of Cedar Island and Bay, Pam-
i plico Sound, N. C. (Sce also Seetion I.)
1 Topography ot the approaches to Washington, N.
! C., and detailed survey of the shores of Pungo
River and its branches as far up as Pango Creek
and Durand’s Point. (See also Sections Tand 11)

|

Planc-tablc survey of Cape Iattcras and vicinity,
; including Hatteras Inlet.
i Island Bay and adjacent branches of Tawplivo

Topography of Cedar

Sound.  (Sec also Section I.)

. Oydrograply extended in Pamplico Sound, and
completed in Bell's Bay and in Pamplico River;
soundings in Pungo River from its mouth up-
ward to Leachville.  (See also Seetion T10)

i Hydrography of the onter shoeals off Cape Hatte

rag.  {Sce also Sections III and V1)

I

} Detailed survey of the coast of North Carolina be-
tween Bogue Inlet and New Inlet. (See also
Section I1)

Sbore-line survey of Smith's Island, and hydro-
graphic development of the entrances w Cape
Fear River, N. C. (See also Section IL.)

Development of Little River entrance and recon-
nalssanee of the coast of Sonth Carolina south-
ward toward Winyah Bay.

Plane-table survey of the shores of Winvah Bay,
incluting parts of the Sampit, Pedee, and Wac-
camaw Rivers, and the vieinity of Georzetown,

5. C. (Sec also Section 1.y

Detailed survey of sca-island water-passages, in-
ciuding adjacent paris of Saint Ielena Island
and Ladies Island with soundings, and survey of
part of PPort Royal Island, S. C.
tion 1.}

(See also Sec-

Latitude, azimath. and the magnetic clements
determined at Butler station on Saint Simon's
Island, Ga. (Ses also Interior.)

Sounding of the sea-island channels between
¢ Doboy Sonnd and Saint Simon's Sound, Ga.

(See also Sections V1 and VIL)

Hydrography of Fort Georgs Inlet, Fla., and of
the soa- island
Saint John's River.
VIl

channels connecting it with
(See alse Scctions V and

Detailed survey of the eastern coast of Florida,
‘[ jncluding the southern part of Matanzas River.
{See also Nection 11))
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| W. Ring, and E. B. Ploasants,
; aids.
i

Coast-soctions. | Parties.! Operations. f Persons condueting operations.
SECTION IV~Continned... No. 3 Hydrography Acting Master Robert Platt, T, 5.
! ! N.; J. B. Adamson and C. L.
i Gardner, aids. :
{ |
| i !
o |
' 4 | Hydrograpby ..... Commander J. A. Howell, U. 8. )
{ ‘. N.; Lieutenant W. H. Jacques, |
J | E. 8. Jacob, Richard Rush, and |
I W. L. Field, U. S.°X.
i .
! Tidalobservations.] . ..ove oot i '
|
; . i
Skcrion VIIL |
i i
Gulf coast and sounds of | 1 ? Hydrography ..... Ilorace Anderson, assistant; F.
Western ¥lorida, im- | ! . North and I. H. King, aids.
cluding the ports and ’ ! :
. i ! i {
rivers. 2 Triangulationand | F. 'W. Perkins, subassistant; J.
3 | topography. N. MecClintock, subassistant;
: ; L. F. Chew, aid. j
I 3 ‘ Triangulation, to- | H. G. Ogden, assistaut; Audrew ;
{ : pography, and Braid and J. T. Tratt, aids.
t hydrography. !
i
I ) Reeonnaissance ...} J. A. Sullivan, assistant........._.
f i
_ | _ 3
: 5 } Geedetic opera- | C. 0. Boutelle, assistant; . W. |
| | tioms, Blair and Barnwecll Mabershaw, |
‘ } aids.
{ 6| Triangulation. ... F. P. Webber, assistant; W, H. |
{ z Stearns, aid. I
| :
Secrioy VILL : | i
Gulf coast an bays ot': 1 f Triangulation, to- | C. H. Boyd, assistant; William 1
Alabama, and the f 1 pograply, and Eimbeck, subassistant; Joseph i
sounds of Mississippi Jf [ hydrography. Hergesheimer, aid, (part of sca- |
and Louisiana to Ver- | 1 son;) C. H. Van Orden, aid. |
milion Bay, including | : [
the ports and rivers. | 1
2 | Hydrography ..... ¥. D. Granger, subassistant; F. }
|
|
|
!

SecTron IX.

westert |

Gull coast of ! 1| Hydrography ... .. L. B. Wright, subassistant; 1. J.

Lovisiana.  and  of | j Lowry, aid. j
i

Texas, including bays * | i
and rivers. ! ; ’
: 2 | Astronomieal ob- | William Eimbeck, subassistaut ...}
i | servations. I
H i
i o |
' |
INTERIOR . cvvensnennee 1 | Astronomical ob- | Richard 1. Cutts, assistant; Pro- ‘

fessors C, A. Yoong and C. P,
Emerson; A, 1. Moswmawn, assist-
i ant; 1. A. Celonna, aid.

servations.

George Davidsan, assistant ; S. R.

2 | Aatronomical and ?
Throckmorton and H. L Willey, E
|
t

magnetic obser-

vations. aids.

Laocalities of work.

Development of a shoal off the coast of Florida
uear Indian River Inlet; deep-sea soundings
between Cape San Antonio and Mugres Island
on the coast of Yucatan. (See also Sections ITI
and IV.)

Soundings in the Gull of Mexico off the western
coast of Florida, and hydrography of the vicin-
ity of Sand Xey and Sombrero Key. (Sce also

Section 1.)

Series of observativns commenced with self-
registering tide-gauge at Saint Thomas, West
Indics.

Hydrography of the eastern entrance to Saint
George's Sound, Fla., between Dog Island and
South West Cape.  (See also Section L)

Coast measurement and survey between Saint
Andrew's Bay and Choctawhatehee Bay, Fla.
(See also Section IL.)

i Detailed survey of ihe shores and development of

the waters of Choetawhatchee Bay, Fla. (Seo

also Section 11.)

Reconnaissance for base-line and triangulation to
determine points in Georgia.

Measurcment of & primary basc-line neav Ailanta,
Gran

Triangulation in the vicinity of primary base
near Atlanta, Ga. (Soc also Scetions V and V1)

Detailed survey of the shores and development
of the channel of the Mississippi River, from
Magnolia npward to Jesuit Bead. (Sce also
Seetion XI) Mecasurement of a base-line on
“American Bottom,"” and triangulation continued
in the vieinity of Saint Lounis, Mo.

Soundings in the southeastern approaches of tho
Mississippi Delia and in Mississippi River above
and below Fort Jackson ; hydrography of I'rin-
ity Shoal and Tiger Shoal off the entrance to Ver-

milion Bay, La. (See also Section T.)

i Hydrography of AMatagorda Bay, Tex., completed

by soundings in the northeastern arm.
Section 11.)

{See also

Determination of latitnde, longitude, and the mag-
netic elements at Austin, Tex.
X

(See also Section

Speeial observations on the sun and stars at Sher
man, Wyoning Territory, above ordinary atmos-
pherie perturbations; latitude -and longitnde of
the station defermined. (See also Sections II,
11, and V.)

Latitude, longitude, triangulation, and the mag-
netic eloments determined at Verdi, Nevada;
special observations recorded with instruments
greatly olevated above the oeeau-level. (Seealso
Section X.}
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Coast-sections.

Partics.!

Operations. |

Persons conducting operations. Loealities of work.

SECTION X,

clading the bays, har-
bors, and rivers.

SrecmoN XI.

Coast of Oregon and of
Washington Territory,
including tbo interior
bays, ports, and rivers.

Coast of California, in- | No.

10

11

13

14

. Triangulationand

¢ Triangulation

[
|
1
Hydrography . .... i

Triangulationand *
topography. H

topography.

leconnaissanco. ..

Triangnlationand |
topography. :
Triangulationand
topograpiiy.
Triangulationand
topography.
Astronomical ob-
servations.

Hydrography .

Hydragraphy

Topography and

hydrography.
Triangulation and

topography.

Hydrography ....

Triangulation

Tidal observations

Triangulation and
topograply.

Triangulation and
topography.

Triangulation and
topography.

i GGershom Bradford, assistant; F.

Commander Philip C. Johnson, U. ‘ Hydrographic reconnaissance of part of the sailing-
8. X,; Lieut. Commander C. W.  route between San Diego, Cal.,, and Panama.
Kennedy, U. 8. N.; Licutenants i
M. 8. Day, H. B. Mansficld, and ‘

L. W. Remy, U. 8. N.

A W. Chase, assistant Triangulation and detailed survey of the coast
Letween San Gabriel River and Anaheim Land-

(See also Section X1}

ing, Cal.

Stebman Foruey, subassistant ... Triangulation and topography of the shores of

! Santa Rosa Island, Santa Barbara Channcl.

Triangulation of the coast of California in the vi-
cinity of Point Conecption.

W. E. Greenwell, assistant ... ...

Seleetion of stations for connecting the sarvey of
Santa Barbara Channel with that of Monterey
Bay.

Petailed survey of the coast of California north
and south of San Luis Obispo.

W. Eimbeck, subassistant

L. A. Sengteller, assistant

Triangulation and topography of the coast north of
Piedras Blancas, Cal. (Sec also Scetion XL.)

Cleveland Rockwell, assistant; G.
H. Wilson, aid.

A. F. Rodgers, assistant; E. F. | Detailed survey of Table Mountain, (San Francisco

| entrance,) and of the Southeast Farallon.

Dickins, aid.

Longitude-obsorvations at San Franciseo for deter-
mininy the ene hundred and twentieth meridian;
maguetic observations and determination of the
en-efficient of refraction. (See also Jnterior.)

George Davidson, agsistant : 8. 1.
Throckmorton and H. L Willey,
aids.

|

Speeial observations on the currents of San Frau-

Westdall, aid. I etsco Bay and soundingsin the approaches to the

1 Golden Gule.

Commander P. C. Johnson, U. 8. ! Hydrographie survey of Mare Island Strait, inelud-
N Lieat. Commander C. W. . ing the vicinity of the United States navy.yard.
Kennedy, U. 8. N.; Licutenants | .

M. 8, Day, H. . Maunsficld, and |
E. W. Remy, U. 8. N, i

L. A. Sengteller, assistant; H. 1. | Detailed survey of the coast of California north
and south of Mendocino Bay, and hydrography

of tha buy.

Willey, aid, (part of the season.) !

i

A. T. Rodgers, assistant; E. F. Tapograpby of the coast of California south of
Dickins, aid. Shelter Cove.

Soundings offt Cape Mendocino and development

of the vicinity of Blunt's Reef: hydrography of

Trinidad ITarbor.

Goershom Bradford. assistant; F.
Westdahl. aid.

i
i
|
|

| Triangnlation of the coast of California south of
I False Klamath River. (See alse Section X1.)

A, W. Chase, assistant

Maj. G. L. Mendell, United States { Tidal observations completed at Sin Diego, Cal:
series continned at Fort Point, near San Fran-

Enginecrs ; William Knapp and ;
! (Sec also Section XI1.)

E. Gray, observers.
Y
A. W.Chase, assistant

cisco.

Detailed survey of the coast of Oregon near Mack’s
Arch; soundings to develop the anchorage at
| Chetko River entrance. (See also Section X.)

Cleveland Iockwell, assistant; G. ‘ Topegraphy of the shores of the Columbia River,
H. Wilson, aid. ¢ incluiding Puget Souud and ethers near Cathlamet

i and Westport. (See also Section X.)
....] Triangulation and survey of the shores of Sheal-

J.J. Gilbert, snoassistant . ...
i water Bay, Washington Territory.
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Coast-sections.

Parties.

Operations.

Persons condncting operations.

Localities of work.

Sroerion XI—Continved ..

SecrioNn XTI

Coast of Alaska ’L‘errimryi

No.

i
i
i
i

. Tidal observations

! Triangulation and

topegraphy.

Astronemical ob-
servations,shore-
line, and hydrog-
raphy.

Tidal observations

James 8. Lawson, assistant; Eu-
gene Ellicott, snbassistant; F.
A. Lawson, aid,

Maj. G. H. Mendell, United States
Tregineers; L. Wilson, observer.,

W. 11 Dall, assistant : M. W. Har-
rington, assistant.

W.H.Dall, assistant; Capt.Charles
Bryant.

Survey of tho shores of Admiralty Inlet and of
the eastern shore of Yossession Sound; shore-
line survey of Budd’s Inlet, at the head of Puget
Sound.

Tidal observations continned at Astoria, Oreg
scries of observations commenced at Port Towns-
hend, Washington Territory. (SeealsoSectiou X.)

Goographical and hydrographic development of
various harbors among the Aleutians and the
Shumagin group of islauds off the coast of
Alaska, with observations on the tides, enrrents,
and magnetic elements.

Series continued with selfregistering tide-gangeat
Tliouliouk on the Aleutian Islands, Alaska;
series of tidal observations commenced at Saint
Paul Island in Behring Sea.
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APPENDIX No.

Statisties of field and office work of the United States Coust Survey during the years—

9

o

1

T

{Previous to

1865,

RECONNAIGBANCE.

BASE-LINEB.

Primary, number of......ooeiiiiiiiiiaaa,
Secondary, numberof......... ... oo
Length of, in miles

TRIANXGULATION.

Area in square miles
Extent of general coast in miles .
Extent of shore-linc in miles, including bays
sounds, islands, and rivers........ ... .....
Horizontal-angle stations cccupied. ...
Geographical positions determinad
Vertical angle stations occupied............_.. .
Elevations determined, pumberot.. ... . ...
Parties, number of, ineach year__...._.._ .. ...

ABTRONOMICAL OPERATIONS. !

Stations occupied for azimuth
Stations eccupied for latitude.................. .
Stations occapied tor longitude

tati

t longitnde e
Parties, namber of, in each year
Magnetic stations occupied, number of .. ......
Parties, number of, in each year

P,
Per

TOPOGRAPHY.

Area surveyed, square miles................... :
Length of general coast in miles............... !
Tength of shoredine in miles, including rivers,

creeks, and ponds
Length of roads in miles
Parties, number of, in each year

HYDROGRAPHY.

Parties, number of, in cach year
Number of miles run while sounding. .
Ares sonnded out in squaremiles..............
Miles ron additional, of eutside or decp-ses

Soundings in Gulf Stream for temperature ... K
Tidal stations, permanent
Tidal atations ocoupied temporarily
Tidal parties, number of, in each year.
Current-stations occupied
Current-parties, number of, in each year
Specimens of bottom, number of

RECORDS.
Triangulation, originals, number of volumes. ..
Ast 1 observati originals, number

Magnetic observations, originals, number of

volumes

63,136
a3

56, 615
4,793

23, 9650

1863,

86
140

17,904
4,932

43, 260
28, 459
149

78
184, 760
17,615

30, 340
7,288, 169
4,072

119

1,107

100

1,012

21

¥, 454

1,220
648

166

W

44

1866, 1867
588 | 413
1 1

5 o 3
2 10} 3
538 | 653 100
70 150
410 | 100 .
|
192 218 14
301 363 244 |
E SR
3 IR S
1t 12 10 ;
j
‘ 4 2
5 5

. . 2
13 | 7
3 3
i
144 403 |
i 219 §
593 1,208
310 | 498
2 23
18 24
8, 064 9, 302
454 319
EETTPPRPI 80
i 397,914 . 530,415
7
a1
20
20
2
58
03 o7
17 10
| " 6

1,935
! 453 |
| 20

|
1869. 1870, 1871, | Touwal
! H
]
1,125 3W | 4,193 69,846
3 31 3l 54
i i
|
1! 1., ‘ 12
3 6 5 14
2y 1 3L, 2343
i
260 1,33 1,033 60,672
905 14
364 470
2 19
5 o
IS 1 !
!
i
7| 1 1 15
13 | 6 11 196
‘ 3 250
42
10 ! & 9 65
9 1 13 | 324
3! ¢ b 62
62 942 a1 21,72
242 | 229 a1l 5,288
i
1,901 0 5,993 | 9 964 60, 531
02| 11 ’l 483 32,428
at a7 P 312
a1 | 20 | 32 202
7,36 . %, 0 12,092 | 245,984
1,190 1,384 1, 088 56,276
TS IO R 30,738
496,047 | 442, 0 632, 846 {10, 700, 631
3,072

40

63
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N i
i B ;g‘;‘ T 166, | 1867, 1868. 1869. 1870. 1571, | Total

o i

Recorvs—Continued.

i
Duplicates of the above, number of volumes... 1,481 16 42 45 32 &2 82 . 111 1,801
Computations, number of volumnes............. 1,331 101 | 69 | 41 44 69 58 92 1, 805
Hydrographic soundings and angles, originals, ] 1 .

VOLAMES . oo ea e eee emeaeaeans ! 3,749 135 17 ‘ 272 271 446 143 254 5, 449+
Hydrographic soundings and angles, dupli- : {

|

cates, VOlumes oo vivmeninnnn oo e 202 12 13 | ) £ S, 37 Q3oL 403
Tidal and carrent cbservations, eriginals, vol- “

|
UIEES - ov e me it e ccmeaeeaiaa et 1, 829 16 62 i 62 53 107 44 56 2, 229
j | E
1,578 12 32 31 25 24 19 283 1,744
!
1, 330 24 84 | 84 90 84 95 96 1, 947
Tidal reductions, number of volumes ......... 1,179 36 3R i 39 38 40 37 41 1, 448
Total number of volumes of records ........... 13, 504 356 447 531 511 817 559 578 17, 363
MAPS AXD CHARTS, i
J
Topographical maps, originals..cea. ..ol 913 144 20 | 33 25 37 56 50 ¢ 1,238
Hydrographic charts, originals .__.__.__.. . .. ‘ 872 22 25 32 q7 40 54 47 1,139
Roductions from original sheets .. ... ... . .. 602 29 20 13 1] 12 11 13 709
Total number of manuscript maps and charts. . 2,470 29 20 13 9 12 11 13 2,477
Number of sketches made in field and Office. .. 2,346 60 26 48 22 36 51 44 2,633
ENGRAVING AND PRINTING.
Engraved plates of finished charts, number of.. it 8 11 9 11 8 3 4 165
Engraved plates of preliminary charts, sketches,

and diagrams for the Coast Survey reports,

FIETEL (T v R 435 12 16 13 i2 17 16 20 547
Electrotype plates made in each year . ...._.._. 785 | 24 5 0 18 1 34 30 965
Finished charts published in each year ... .. 104 9 8 3 6 | 7 6 11! 154
Preliminary charts and hydrographie sketches '

published .o oe 415 10 [ 2 2 2 ki 11 455
Printed sheets of maps and charts distribated. 191,709 29, 556 10, 900 9,703 13,900 12, 843 11,420 5,041 278,031
Priuted sheets of maps and charts deposited

with sale-agent8. ..o oiiueriaa e 63, 219 5, 426 4, 007 4,420 7, 545 4,623 4,633 5,242 99, 115

LIBRARY.
Number of volumoes - ... i aiiai 4,003 161 118 239 162 136 94 231 5,200
INSTHUMENTS.
008t 0f Lo #53, 374. 63 151, 500. 00 |$2, 511. 50 183,150, 74 |2, 639, 85 |§3, 182. 15 |§2, 844,56 85, 774,23 $76, 077, 66
i

GENERAL NOTE.

Triangulation.—The cxtent of general coast is measured in outline, including Delaware and Chesapeake, as well as all open bays, but
omitting the minor indentations of the sea-coast. The extent of shore-line is also measured in general outline, and includes snch rivers only

as have been triangnlated.

Topc_dmphy.—-'[ha length of genersl coast is measured similarly to that under triangulation ; butthe shore-line under topography ropresents
the whole water-line surveyed, including all the minor indentations, as represented on tho plane-table sheets.
Engraved plates.—Progress.sketches (averaging twelve yearly) arc not counted.
It is to be remarked that the numbers appearing in the column of this table for the year immodiately preceding that of its cowpilation are
in some vases subject to bo changed, more or less, in the sncceeding report, owing to data not being, at the time of compilation, fully turned into

the Oftice from the distant parties in the ficld.
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APPENDIX No. 3.

Injormation furnished from the Coast Survey Office, by tracings from original sheets, dec., in veply to

special calls during the year cading November, 1872,

Dato. : Names. ; Data furnished.
| -
1871 , :
November 6 ; Col. George H. Thom, United States Corps of Euyi- Hydrographic approaches to Seal Harbor, coast of Muaine, showing
i neers. south breaker.
December 15 ‘ Col. J. H. Simpson, United States Corps of Engi- | Mydrographic survey of Santa Rosa Sound, from Deer Point to Choc-
! neers. | tawhatchiee Pass, Fla.
29 I’ Enoch Comsins.esq.. ... ... ... | Topegraphieal survey, vieinity of Kenonebunk DPort. e,
29 | Jacob M. Clarke, civil engineor. Hydrographie survey of the entrance to Raritan River, N. J.
30 } H. L. Whiting, assistant Coast Snrvey ............_. : Topographical survey ol Point Gamnion, Mass.
30 feeenent L5 71 2 : Topographical survey of part of Capc Ann, vicinity of Gloucester, Mass.
30 ; Dr. Howland, Washington, D.C..........o it Hydrographic survey of Potomac River, Fort Washington to Murshall's
Point.
1872 ; !
January 16 | Committee on District of Columbia, House of Rep- | Hydrograplic survey of the Potomac River, from Aqueduct to Ania
resentatives. ‘ costia bridge.
93 | Board of public works, District of Columbia........; Hydrographic survey of tho Potomac River, from Acueduet to Ana-
costia bridge.
February 9 | G. H. Thomson, e¢sq., assistant engineer New Or- | Hydrographic survey of the Rigolets, La.
leans, M.and T. IR. R.
16 | New York pilot-comumissioners......................" Comparative chart of New York Harbor, from sarveys of 1255 and 1871,
19 § E. A. Marshall, e8¢ ....ovooee i : Hydrographic and topographical surveys of Wimbee Creek, 8. C.
19-: Hon. F. T, Frelinghuysen......o..oooooeoii i, : Comparative chart of New York Harbor, showing changes between
surveys of 1855 and 1871,
arch 7 | General Q. A.Gillmore, United States Corps of Engi- ‘ Hydrographic survey of Inside Passage, from near Fernandina, towards
neers. \i the Saint John's River, Fla.
5 | Danjel T. Van Buren,€8(..--....c<.«.c...c..c......| Hydrographic survey of the west side of the Iudsen River from
! Knickerbocker Pier to Tyler's Point.
11 | Maj. George H. Elliof, United States Corps of Engi- | Topographical survey of Anacapa Island, off coast of California.
neers, i '
15 | Maj. G. K. Warren, United States Corps of Engi- . Hydrographic survey of entrance to Saugatuck River, Conn.
neers. i
26 | United States Corps of Engineers ... . _..._.. ... | Hydrographic survey of main channel and har of Cedar Keys, Fla.
April 3 | Committee on Ways and Moeabs, House of Repre- ' Estimated coast-line of the Atlantic, Gulf, and Pacifie States, with that
sentatives. i of Alaska.
g | George H. Bagwell, €80 ..cocceivaeiiaiaii i Topographical survey of the inner shore of Chincolesguc Island aund
| Marsh Islands, in Chineoteagne Bay, Va.
9 | United States Light-House Board. .. Topographical survey of the southeast end of Mure Jsland, Cal.
9 | Theodore W. Dimon, €8¢ . .cueauaeran iaenmnceneseans i Iydrographic appreaches to Dix Island, Me.
10 | Pavid Peunell, 08¢ . .c.anrmmiei i ‘ Hydrographic survey of Wills Straits, Me.
17 | Rumford Chemical Werks, Providence, R.1.. ..1\ THydregraphic and topographical survey of the Seekonk River, 1L 1.
29 | Hon. James Buffinton, Massachusetts. ...._......__. ! Hydrographic and topographical survey of Fall River, Mass.,, aud
I vieinity.
May 2 | Bvt. Maj, Gen. W, H. Emory, U. 8. A .............. _! Hydrographic survey of Dry Tortugas Keys, Fla.
o | Prof. N. 8. 8haler, State geologist of Massachusetts..| Plan aud scctions in Narragansett Bay, R. 1.
3 | Edward Dodge, esti .................................. Hydrographic survey of the outer edge of the Jersey Flats, from Jer-
. say City to Rollin's Reef light.
........ QO ee e e e teeeieaan e eiameaniiao... Topograplical survey of west sido of Newark DBay, from Nowark Neck
| to Maple Island Creek.
4 “ G S Green, 880 - .o oo ottt iiain e e e : Hydrographic sarvey of Barnegat Inlet and a portion of the bar south-
ward.
4 ! O T S I i Topographical survey, coast of New Jeraey, south of I3arnezat Inlet,
a9 , Col. W. P. Craighill, United States Corps of Engineers, Hydrographic survey of the westera entrance to Cape Fear River, N. .
27 | Hon. Lucius Armstrong, chairman committee of \ Hydrographic survey of Passaic River and part of Newark Bay.
sewers, city of Newark, N.J. !
31 | Prof. N. 8. Shaler, Stato geologist.of Muassachusetts. Topograplieal survey of the southeast portion of Busten Harber,

including the ishunls, from Weymouth Fore Hiver to TPoint Alerton,

Mass.
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Information furnished from the Coast Survey Ofiice, &c.—Continued.

Date. Names. Data furnished.
1832
May 31 | Prof. N. 8. Shaler, State geologist of Massachusetts | Topographical survey of the soathern portion of Boston Bay, from
. Cohasset Harbor to Point Allerton, Mass,
June 14 * Admiral G. H. Richards, royal avy. .o eveevarrnenn-n Line of deep-sea soundings from Cuba te Yucatan,

21  Departmert of Docks, New York
21 William R. Hutton, es8q. -.c.ocoo...-..

Hydrographic survey of Gowanus Bay, New York Harbor.

...--! Topographical and hydrographic surveys of Drum Point, Patuxent
; River, Md.

25 - Maj. Geo. H. Elliot, United States Corps of Engineers! Hydvographic survey of Trinity Shoals, coast of Louisiana.

27 G. H.Bagwoll, €80  ceecriinniiamie i i e Topographical survey of northern portion of Chincoteaguc Island, Md.
28 | Prof. X. 8. Shaler, Stato geologist of Massachusetts.| Complete topographical survey of Martha’as Vineyard, Mass.
July 6 * Maj. G. K. Warren, Unitod States Corps of Engincers, Hydrographic survey of Providence River and Wickford Harbor, R. I.
3 Maj. W.P.Craighil], United States Corpsof Engineers! Hydrographic survey of Bdenton Harbor, N. C.
[ ST do .. e Hydrographie survey of Mackey's Creek, N: C.
8. L g Hydrographic survey of part of Eastern Bay and Chester River, by
way of Kent Island Narrows, Md.
8 ...... do ....... et aeieeratesacerieveiamnanaanan Hydrographic survey of Nomini Bay and Creek, Va.
8 | Hydrographic Bureau, Navy Department . ......._..1 Topographical survey of Cape Mendocino and pottion of Blunt's Reef,
i Cal
13~ Maj. George H. Elliot, United States Corps of Engi- | Tracing of hydrographic and topographical surveys of Wood End,
! neers. Cape Cod, Mass.
18 ... do .. P Topographical survey of coast of New Jersey, vicinity of Hereford Inlet

1% ° Cul. J. H. Siwrpson, United States Corps of Engiusers; Hydrographic survey of Saint George's Sound, Fla,

20 ; Maj. Geo. H. Elliot, United States Corps of Engineers: Topographical survey of Point Fennin, Cal

22 ... QO .o Topographical survey of Point Huenems, Cal.

24 . G 8. Green, jr., e8¢ -o..eceicnieiiaacanaen.ooo .| Topographical survey of Morrisania and vicinity, N. Y.

29 | Maj. Geo. H. Elliot, United Statos Corps of Engineers| Topographical survey of coast of North Carolina, south of Cape Henry.
29 | Maj. William P. Craighill, United States Corps of Hydrographic survey of New Inlet, Cape Fear River, N. C.

‘Engincers,
August 3! Muj. Henry M. Robert, United States Corps of Engi- | Hydrographic survey of Port Orford, or Ewing Harbor, Oreg.
| neers.
7 \ H. Rosenberg, president of the board of harbor-im- | Hydrographic survey of Galveston entrance and harbor, Tex.
| provements.
8 } Lieut. Col. C. 8. Stewart, United States Corps of | Hydrographic survey of Rincon Rock, San Frarcisco Harbor, Cal.
‘ Engineers.
14 1 Liout. Col. G. H. Thom, United States Corps of Engi- | Ilydrographic survey of Kennebec River, vieinity ol Swan island, Me.
| meers.
14 ‘ ..... QO e Hydrographic sarvey of Camden Harbor, Me.
h 24 | H. L. Dodge, €80 caceniveinnenan ias [P PIIN Hydrographic and topographical surveys of the Upper Dotomac River,
g from A queduct Bridge to Chain Bridge,
30 | Maj. William P. Craighill, United States Corps of | Hydrographic survey'of Washington Harbor, N. C.
\ Engineers. !
31 | G- S. Groen, jT., €80 «.eae ot iiia e ‘ Topographical survey of coast of Now Jersey, below Barncgat Inlet.
31 ' Department of public parks, New York Hydrographic survey of east siGe of Hudsom River, from Spuyten
! 1 Duyvil Creek to Yonkers.
September 3 | Gevrge W. Parsons, ¢sq., Salisbury, Md..... ._.....| Hydrographic survey of Crisficld Harbor, Md.
3. Liout. Col. G. 1L Thom, United States Corps of Engi- | Hydrographic survey of Salem Harbor, Mass.
| mecrs.
3 | Col. J.D. Kurtz, United States Corps of Engiueers. .| Hydrographic survey of Cohansey Creek, N. J.
3. . Topographical survey of Billingsport, N.J.

3 vasesimmciereinacianesnoaaoans. Hydrographic survey of entrance to Chineoteague, Va.

3 | Delaware and Raritau Canal Company............_. i Valleyof the Raritan River, from New Branswick to Porth Amboy, N. J.
Marsh-Land Company, New York....... -| Hydrographic and topographical surveys of Flushing Bay, N. Y.

Dr. T. F. Cherry, Baltimore, Md.... Topographical survey of Paramore's Island, Va.

Col. John G. Stovens, New Jersey. Topegraphical and hydrographic surveys of Newark Bay, N. J.

Octaber 16

91 | Harbor-improvement committec Hydrographic and topographical surveys of New Haven Harbor and
vieinity, Conn.

26 | H. R Thomas, e8q . cooouovoinieiiecaaeaamae e Hydrographic survey of Plattsburgh, city, (front,) N. Y.

28 | Col. . D. Kurtz, United States Corps of Engineers... Topographical survey of coast of Maryland, vieinity of Isle of Wight Bay.

28

Captain C. W. Howell, United States Corps of Engi- | Hydrographic survey of Galveston Bay, Texas, from surveys of 1852
NOErs. and 1867,




" Coast chart No, 32, York River to Pocomoke Sound

THE UNITED STATES COAST SURVEY.

APPENDIX No.

4.

DRAWING DIVISION.

Charts completed or in progress during the year ending November 1, 1872,

1. Hydrography. 2, Topography.

Titles of charts,

Moose-a-bec Reach, Me.. e
ome’s Sound and houthwest Harber, Me

Coast chart No. 3, Petit Manan Light to Naskeas Point, Me ...
Coast chart No. 4, Naskeag Head to White Head light, Me .. ..
Penobiscot Bay, Me,, (western part)
Coast chart No. 6, Seguin Island to Wood 1sland lwht Me .
Naint George's Hiver and Muscle Ridge Channel Me. ... ...
Caseo Bay, Me ... . ... .
{irneral coast chart No. T, Quoddy Head to Cape Cod, Mass _. ..
(Coast chart No. 7, Seguin Island to Cape Porpoise, Me
Plymouth, Daxbury, and Kingston Harbors Mass...__.._._._..
Coast chart No. 10, Cape Cod Bay, Mass .._...._._ ... ..
Coast chart No. 11, Monomoy and Nantucket Shoals, Mass .
Narragansett Bay, (upper shect)
Narragansett Bay, (lower sheet).........
€oast chart Neo, 13, Narragansett Bay, R. 1
jurlington Harbor, V., (photolithograph)
J.ake Champlain, Vt. and N. Y
Coast chart No. 26, off Philadelphia ... _
Coast chart No. 27, Cape May to Isle of Wight, Del ...... ...
Coast chart No, 30, Hog Islaud te Cape Heury, ¥
Coast chart No.31, Entrance to Chesapeake, Ilampton Ro-\d‘i &e.

o T

Coast chart No. 33, Pecomoke Sound to York River ............
(oast chart No. 34, Potomac River to Chioptank River
Coast chart No. 35, (‘hoptank River to Magothy Ri-
Coast chart No. 36, Magothy River to Head of Bay . .
Coast chart No, 42, part of Pawplico Sownd, N, C................
Coast ehart No. 43, Pamplico Sound, N.C
Coast ehart No. 44, Pamplico and Nense Rivers. .
Bull and Combahee Rivers, S. C., (lithographic)
Savaonah River and Wassaw Sonnd, Ga.......oooovieinno...
Coast ehart No. 55, Hunting 1sland to (ssabaw Sonnd, inelud-
ing Savanrah River.
Genernl coast chart No,
Sound, Fla.
Ingide Passage between Coosaw River.and Broad River, S.C. ..
Naint Andrew’s Sound, Ga
{roneral coast chart No. X, Straits of Florida
Cnast chart No. 86, Choclawhatchee Entrance to Pensacola, Fla.

Vil Cape Roman to Cnmberland

Coast chart No. 87, Pensacols to Mobile Bay, Fla
Coast ohart No. 01, Lakes Borgne and Pontchartrain, La
Const chart No. 93, Mississippi River and Delts, La.
Greneral coast chart IWo. XI1I, Pensacola to Mississippi Delta, La.|
Coast chart No. 107, Matagorda and Lavacea Bays.......coooonn.
Geueral coast chart No. XVI, Galveston to 1ie Girande, Tex. ...
Sailing-chart, Guif of Mexico..o..o.ooivieannn
Westorn coast No. 7, Mendecino € ity 1o Humlmldt Jh\
Columbia River, Oregon, (shieet No.2) .. ceeacroearonninnrninn.
Waskington Sound, Washington Terriory . ..... oo oveooenenss :
H. Ex. 240——9

3, Drawing for photographic reduction.

4. Details on plhotographic outlines,

G, Veritication,

6o

6, Letiering

Seale. Draughtsmen. Remarks

1-40,000 1. 1l jindenkohl.

1-40.000 ' 1,2 L. Kareher. ... .............._.... Preliminary  edition :

b completed.

1-80,000 | 3. ¥. Swith. 4. H. Lindenkobl.

1-80, 000 i 3. F.Smith. 4. Il Lindenkohl.

1-40,000 | 1. H. Lindenkohl. 1. A. Lindenkolil.

1-80,000 ! 1. A, Lindenkoh!. 2. H. Lindenkohl .._. Completed.

1-40,000 | 1. H. Lindenkohl.

1-40,000 | 1. A. Lindenkohl.. - Additions.

1-460,000 ' 1. A Lindenkobll. 2. . Lindenkohl .... " Additions.

1-80, 000 '1. A.Lindenkohl. 3 F. Smith ..., Additions.

140,000 - 1,2 H. Lindenkoll...o........oooo. .., Completed.

180, 000 ’ 1 k Lindenkohl.... ... ... ... .0 ] Addittons ; completed.

1-86,000 1,2, A. Lindenkohl......................" Additions: completed,

146,000 | 2. P. Erichsen.

1-40, 000 | 2. H. Lindenkohl.

1-80,000 | 1. A. Lindenkohl. 3. F.mith.

1-16. 000 } 1. . Fairfax. 2. P.Erichsen.

1-40,000 | 2. L. Karcher.

1- 80, 000 ‘ 1. A. Lindenkohl Additions : comploted.

1-80, 000 ; 1. A. Lindenkobl © Additions; compteted.

1-80,000 | 1,2 A. Lindenkohl. :

1-80,000 ' 1,2 A. Lindenkohl Additions: completed.

1-80, 000 i 1.2 A. Lindenkoll i Additions : completed.

1-80,000 | 1,2 A. Lindenkohl Additions; completed.

1-26,600 | 1,2 A. Lindenkehl . Additions; completed.

1-80, 000 ’ 1,2 A. Lindenkoll i Additions: completed.

1-80, 0600 : 1,2 A.Lindenkohl. 1. M. Lindenkoh1..: Additions: completed.

1-80,000 | 2. F. Fairfax.

1-80,000 | 2. H. Lindenkobl.

1-80, 000 1,2. A.Lindenkohl., 2 I Lindenkohl |

1-40, 000 ‘ 1,2 H. Lindenkobl. 2 F.Fairfax ...... Complet.d.

1-40,000 | 2. E.J. SOMMET ..eoetrieiiiiaaieans © Additions; completed.

1-80.000 ; 1.2 I1. Livdenkoll ... .. . ......... P Additions: eompleted.

1400, 006 ! 1,2 A. Lindenkohl. ..o L. . Additions.

1-40,000 | 1. A. Lindenkohl 2 L.Karcher.

140,000 { 1. F. Fairfax.

1-400,000 | 1. A. Lindenkoltl..o.o.....o.ococo ... Additions.

1-80. 000 ’ 1. A. Lindenkobl. 1. H. Lindenkobhl. 2. . Additions,

i P. Erichsen.

1-80,000 | 2. H. Lindenkohl.

1-80,000 . 1. H. Lindenkohl.

1-€0,000 | L. A. Lindenkobl.

1-400, 000 ‘ 1,2 A.Lindenkobd...... ... ..., :_ Additions.

1-R0, 000 i ,ﬂ. H. Linderkohl. :

1-400, 000 | 2 H.Jdudenkohl...... .. .. ... ... . Additions: completed.
1-1, 900, 000 \ 1. A Lindenkohl.............oooi.o. | Additions: completed.

1-200, 000 J‘ 1,2 A. Lindenkebl.

140,000 1, 2. 1., Karcher. !

1-200, 000 : {1, A.Lindenkobl...... ... .cooeieinna. ; Addinons: completed.
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Charvts completed or in progress during the year ending November 1, 1872—Continued.

Titles of charts. } Seule, Dranglhtsmen. Remarks.

MISCELLANEOLUS,

i Completed.

I'rogress-sketeles for 1269 ..., A Lindenkoht ..

DBeanfort Harbor, N. (., (lithographic) 1-20,000 | . Lindenkohl .. Completed.

Diagrams illustrating celipses of 1860 and 1270, ... ... i L. Karcher, A. Schott ... ............._. A Completed.

oloring lights and buoysoneharts. ... ... oL H. Eichholtz. ‘

Duplicating geographical positions. .. ... ... ... i M. E. Nesbitt.

Copper-plate projections ... ..o il i e i es e A, Lindenkehl i

Numbering tidal eylinders . oo et e e ., H. Lindenkohl, F. Smith.

Autographic maps of Narreeansett Bay. R0 ... ..o .0, . 1-10,000 , ¥.Smith, P. Erichgen, E. J. Sommer.

Plotting stars ou celestial globe ( L. Xarcher  Completeed.

Duplicating plane-table sheets ... ..o oo . [, .: P, Erichsen. ’

Field-prajections . ... ... ...l [N .- ‘ L. Karcher.

Sketeh of” Sherman station, Wyoming Territory , E.J. Sommer. ;

Hypsometric chart, (engravingon stone) . ...o.......o ool oaa. i H.Lindenkobl........_................ Completed.
' i
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APPENDIX No. 5.

ENGRAVING DIVISION.

Plates completed, continued, or commenced during the year 1872,

1. Outlines. 2. Topography.

Titles of plates.

COMPLETED.

Coast charts:
No. 10, Cape Cod Bay
No. 54, Charleston to Saint Helena Sound
Damariscotta and Medomak Rivers, (preliminary edition) ...
Burlington Harbor, (prelimminary edition). ......o........o....
Rull and Combahee Rivers..........o.oooiiiiiiiiina.

Doboy and Altamaha Sounds ....oveeavoiiiian i
Suisun Bay

CONTINUED.

General coast charts:
No. II, Cape Ann to Gay Head....covieiioricenninnes
No. IV, Cape May to Cape HenTy........oovimiriieniiannian
No. XIII, Pensacola to Southwest Pass .. ...................

Coast charts:
No. 3, Frenchman’s and Blue Hill Bays
No. 4, Penobscot Bay..coovcninvernoniainens
No. 5, Penobscot Bay to Kennebec Entrance
No. 6, Kennebec Entrance to Saco River .....ooovoieneee oot
No. 7, Kennebec Entrance to Cape Porpoife .................
No. 29, Chincoteague Inlet to Hog Island light .........-- .-
No. 30, Hog Island light to Cape Henry .....ccoocienaronn vone
No. 31, Entrance to Chesapeake, Hampton Roads, (new edition)
No. 32, York River to Pocomoke Sound, (new edition} ........
No. 33, Pocomoke Sound to Potomac River, {new editinn}. ...
No. 36, Magothy River to head of bay

No. 30, Cape Fear and approaches . .......oveivaceonriennaans
No. 55, Hunting Island to Ossabaw Sound .....ccoovvivnooionn
No. 56, Savannah to Sapelo light .. ... iiiienians
No. 57, Sapelo light to Fernandinm - ... ccocoveveronsroneans
No. 94, Passes of the Mississippi.

No. 107, Matagorda Bay . ...oooveremeranmnrcmmmiaaomoaees
Saint George's River and Muscle Ridge Channel.
Pen0bECOt BAY, (WEBL) «annerreocneerennsarens cnanssmmsanenan
Narragansett Bay, (APPEr) -....oecovmmommeoncmmnnmnsasesass
Nurragansett Bay, (JOWeT) .. oo vonoonvarnmee o oo

New York Bay and Harbor, (upwer) . ..............cc-ov s

New York Bay and Harbor, (Jower) . ...ouoveeeenenimennonoes

Boaufort RIVEr, &C..cveeneennrioncasasanseones
Savannah River and Wassaw Sound ...........
Cape Orford and reef. ..counooviaioiciaauees n

80, 600
#0, 000

40, 600 |
10,006
40, 000 |

40, 000

40, 000 :

400,000 |

400, 000

400, 000 |

0, 000 |
RO, 000 !

80, 000
20, 000
0, 060
#0, 000
&0, 000
£0, 000
£0, 000
#0, 000
80, (00
&0, 000
£0, 000
%0, 000
¥4, 000
80, 000

N0, 000 |
40,000 |

10, 000

40,000 |

40, 000

40,000 |

40,000

10, 000
40,000
£0, 000

3. Sanding., 4. Lettering.

| 3. F, W. Beuner. 4. E. A. Maedel and J. Kuight.

. A. Sengteller. 1. A. Petersen.

and 3. H. M. Knight. 4. A. Petervsen and J. . ‘Thompsoun.

and 2. J. C. Kondrup, 4. E. H. Sipe.

J.C.Kondrap. 2..J. G. Thompsvn. 3. W. I Davis. 4. J.G.
Thompson, W. H. Davis, and E. 1L, Sipe.

1 3. F.W. Benner. 4. J. G. Thompson and E. H. Sipe.

2. A. Sengteller and R. F. Bartle. 3. ¥, W. Tlenner.

— s

1. J. Knight.
i Laud 2. A. M. Maedel. 3. F. W. Benner.
2, AL ML Maedel, 1. E. A Maedel

t and 2. J. Enthelfer.

1. J. Enthoffer.

3. H. S Barnard. 4. J.Kuight and E. A Mawdel

! 1and 2. J. Enthoffer. 4. E. A, Maedel.

1 and 2. .J. Euthoffer. 4. A. Petersen.

1and 2. 1L C.Evaps. 4. A, Petersen and J. G. Thompson.

Land 2. . C.Evans. 4. A. Petersen.

3, 1 W. Benner, 4. A, Petersen.

3. I W, Benner. 4. J. Knight.

2. A. Sengteller.

3. . W, Benner.

1. J. Kuight.

2. A.Sengtelier. 8. . 8. Barnard. 4. E. A, Macdel.

3. H.S. Barnard. 4. E A Maedcel

1 and €. A, Sengteller.

3. 1L 3. Kaight. 4. J. Knight

2, J.C.Koudrup. 3. R ¥. Bartle. 4. A. Peterscn.

1. J.C. Kondrup. 3. F. W. Benuer. 4. E. A, Maedel and A, Peteraen.
i 1, 1. Molkow and J. C. Kondrap,

1. E. Molkow and R. ¥. Bartle. 2. R. F. Rartieand W. A, Thompsou.
1. W. A. Thompson. 2. H.C.Evaps and W. A. Thompson. 4. A

3

T’etersen.

1. ®. F. Bartle. 2. 1. ¥. Bartle and W. A, Thorapson, 3. H. M.
Kuight. 4. E. A. Maedel.

2. It F. Bartie. 3 1L M., Kuight.

2. A_M.Maedel and R. F. Barile,

| 1and 2. A.M. Maedel and E. H. Sipe.
2. W. A. Thompsen. 3. F. W. Benner.
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Plates completed, continued, or commenced, dc.—Continued.

Titles of plates.

COMMENCED.

Southwest Harbor and Somes Sound
Moose-a-bec Reach.........
Penocbscot Bay, (past) ... ..
Mount Desert, (east) ...... P
Duxbury and Plymonth Harbor:
Burliugton Harhor. .o..vveamiior v iiiiiiciiiiane e cn s

Neuse RIVEr ..o e

Pamplico RIVeT . ..ol it o e iee e
Bull and Combahee 1ivVers . ... _...o.oooiioe e o !

Engineers.

1,3, and 4. 'W. H. Knigkt.

1. E. Molkow and J. C. Kondrip. N

1 and 4, J. G. Thompson.

1and 2. J. C. Kondrup. 3. E. I Sipe. 4 J. G. Thompson and
4. A. Petersen.

1. J.C.Kondrup, R. F. Bartle, and J. G. Thompson.

Scale. !
40,000 |
40,000 | 1. 'W. H. Davis.
40,000 | 1. E. Motkow.
19, 000
40,000 |
10,000 |

E. H. Sipe.

80,000 . 1. . M. Knight.
80, 000
40,000 - 1. .J. C. Kondrup.

2. J. G. Thompson. 3. W. H. Davis. 4. .0.
i Thompson, W.H. Davis, and E. H. Sipe.
i
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APPENDIX No. 6.
FIELD AND OFFICE WORK RELATING TO THE TIDES,

Field-work.—The following stations have been occupied during the year, for long or permancnt
series of observations, to be used for general purposes and theoretical investigations: Northh Haven,
Me.; Boston, Mass.; Governor’s Island, N. Y.; Old Point Comfort, Va.; San Diego, and Fort
Point near San Francisco, Cal.; and Astoria, Oreg. Some short series of observations have
also been made by hydrograplic parties for use in reducing soundings, but which, when reduced by
the tidal division, have furnished valnable constants for improving the tide-tables.

The tidal observations received from the North Haven station have been excellent, with but
few exceptions. The pier on which the tide-house stands is large and strongly built, with a well in
the center, an arrangement which gives great protection from waves and ice; and a self-registering
gauge was furnished. Some parts of this having become so much worn as to endanger the conti-
nuity of the series, a new gauge has been inade, and sent to take its place. This is made on a new
plan devised by me, which, it is hoped, will avoid some of the imperfections of the older gauges.
The heating-apparatus, by which a circulation of warm water is kept up around the moving parts to
prevent the formation of ice, has continued to work admirably when in use, and the experiments
of the observer during the past winfer have shown that it caunot be dispeused with until ice
disappears in the spring. This appears to be a very good place for making a lony series of obser-
vations. A series of meteorological observations is also kept up here. A part of the wbart lead-
ing to the tide-house had to be rebuilt recently.

The ordinary self-registering gange at the Boston navy-yard has worked well except in
winter, when it was stopped much of the time by ice. The glycerine-gauge near it was stopped but
little, and then not by ice ; but, as the curve traced Ly it was never quite satisfactory, it has been
discontinued, and the other gauge is being fitted up with heating-apparatus similar to that whieh
has done so well at North Haven. We may, therefore, reasonably expect better work in winter
than we have vet had at this station. The series of meteorological observations at this place is
kept up. :

A pnew self-registering gauge, on the plan of that sent to North Haver, bas been made and
loaned to the city of Providence, to be used there for a year or more by the engineer of the Provi-
dence water-works; the observations to be finally sent to the Coast Survey Office for reduction
and preservation. A good set of observations at this point was much needed, not only for use on
the improvements going on there, but for the general purposes of the Ceast Survey. Without
them, the work relating to Narragansett Bay would not be complete.

The self-registering gauge at Governor’s Island has run well except in winter, when some tides
were lost, and mauny stoppages occasioned by ice. To securc a perfect record in winter, some im-
provements in the apparatus will be required. Occasional day-observations are wadc at Brooklyn
with a box-gauge for comparison with those of the above self-registering gauge; but the fine
floating ice, ground up by the numerous steamers and ferry-boats, appears to be sometimes drawn
into the float-boxes of the gauges, and obstruets them ; hence, this gauge cannot be relied upon
daring the coldest weather.

Two new self-recording gauges have been made, similar to the North Haven oune, which will
be first used in conuection with the surveys going on around New York. One of these will be
located at Sandy Hook, and the other at some other suitable point, to enable us to study the
relations of the tides of the inmer harbor registered at Governor’s Island to those of the bays and
other waters connecting with it.

The record of the self-registering gauge at Old Point Comfort has generally been good ; but as
the wharf leading to it has been nearly destroyed Dy worms and storms, it has been deemed best
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to move the gauge to the steamboat-whart near it, where it will always be accessible. Aceordingly,
a room has been prepared for it there in the new building erected by the Quartermaster’s Depart-
ment, and it will soon be placed there. We are indebted to General Barry for these accommodations.

The porcelain tidal staff-gauges put up at the principal stations on the eastern coast have con-
tinued to give satisfaction, and seem to be fax more durable and convenient to read than the wooden
ones previously used, as the glazing put on over the divisions and figures protects them, while the
dirt is easily cleaned off.

A self-registering gauge has been sent to the island of Saint Thomas, in the West Indies, in ac-
cordance with an arrangement made by the Coast Survey Office with Col. F. E. de Bille, governor'
of the island. It is expected that the observations made there will be of great use in clearing up
certain difficulties connected with the tidal waves, which, coming from the South Atlantic, pass this
island, and finally reach our coasts.

The self-registering gauge ab San Diego continued to give good work until the supports to the
liouse gave way; and then, as it was not considered best to incar the large expense required for
replacing them, the series having been continued nearly nineteen years, or about as long as had
been contemplated, it was stopped. The gauge was also wanted at Port Townshend, where a good
series of observations with a self'registering gauge is much needed. The self-registering gauges at
Fort Point and Astoria have been kept going. The one at Fort Point, however, had to be refitted
on new piles adjoining the wharf, which had become too much decayed to yield a firm support, and
the Astoria gauge was removed to o new wharf built near the old one. At all three of these
stations, good meteorological observations have been regularly made. G. H. Mendell, major of en-
gineers, brevet-colonel, U. S. A,, has continned his very efficient supervision of these stations, and
carried out the plans seut from the Oftice.

No observations have yet been received from the self-registering tide-gange sent last year to
Tliouliouk, Aleutian Islands, but it is presumed to be in operation. Tt is very desirable that a good
set of observations be secured therc.

Oue of our self-registering gauges was taken a few months ago to the island of Saint Paul, the
largest of the scal-islands in Behring Sea, by Capt. Charles Bryant, an officer acting under the
Treasury Department. 1le appeared to be well qualified for the supervision of it, and we are con-
fident that he will cause a good series of observations to be made with it.

The old self-registering gauge that has been used at North Haven will be returned to the Office
soon for repairs, when it will probably be sent to Fernandina, Fla., as it is very desirable that a
permanent tidal station should be established there.

We have no gauges yet that can be spared for the Gulf coast or the coast of Alaska, though
observations on both are very desirable. The few observations we have just received from Saint
Thomas indicate a close relation between the tides there and those of the Gulf of Mexico, and it
would Le interesting to have simultaneous observations from these places.

A selfregistering tide-gauge was sent, in Auguast, 1862, to Mr. Pease, surveyor on the Sand.
which Islands, by Lieut. George H. Elliott, by direction of’ Professor Bache, together with a deserip-
tion, full instroctions, and a supply of paper, but we have no evidence that it was ever set up;
and, on the death of DMr. I’ease, it was sold among bis effects ; but Mr. W. D. Alexander, the pres-
ent superintendent of the Hawaiian government survey, heard of it, and, after considerable trouble,
succeeded in recovering it, and having it repaired and put in operation at Hilo on the island of
Hawaii. He has anether self-recording gauge at Honolulu, The plan of Professor Bache for
securing series of observations at these islands, to compare with those made on our western coast;
is, therefore, after a lapse of ten years, in a fair way of being carried out. The tides at these
islands are found to be of the same type as those on the coast of California. The tides of the
North 1’acific seem to be everywhere of the same general type; but the study of them cannot be
very complete until we have gauges on the coast of Alaska.

In the following table I give a brief recapitulation of the tidal observations received at this
Office since November 1, 1871, and not before reported, omitting those made by hydrographic
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parties specially for their own use in reducing soundings, but which are generally vedueed by the
tidal division :

. : ¢ Sation, per- ' Time of occupation. :
E Name of station. Name of observer, J‘(}}:";‘“ :f ' manent  or =
; ’ s E temporary. T romm— To— g
[ - T T e e T
T | North Haven, Me..... . _........... J. € Spanlding..... N ¢ Permanent Nov, 1,171 Oct. 11802 335
1 | Boston navy-yard, Mass ...... } . Howland. ... SR TN P Nov. 11871 Oect. 11852 3145
T ...... do ...l A S S Rglyeer-” Temporary ... Nov. 11871 June 21, 1572 (e}
i HITON
IT : Goveruor's Island, N. ¥ . ... ...... ‘ N | S o Nove 1LEETL (et HEM
1E | Brooklyn, N. Y ..o . ... ...l . Box........ ...l dol . . Nov. 1,187 Oet. 35
1IT ; Old Point Comfort, Va ... WL Bodell oL R de . Nov. 11571 (et K
Saint Thomas, West Indies < WO Thilstriip oo o0 SR Temporary ... Oet. 301872 Oet. 23, 0
X | San Diego,Cal ._..__.__. - William Koapp ..o o000 BR. .. Permanent’ ... Nov. 1, 1571 Sept. 1,152 295
X ! San Franciseo,Cal .................. ‘ TP Fhompson ..o o.oooi0 S Woooooodo oo Nov., LIS Oet. 1IN 385
NT | Astoria, Oreg . ..oooivveniiian ... CLeWilsen .o SoRoeeeao @0l Nov. 11871 Sept. 118792 30

NoTE —Day-tides only were oliserved at Brooklyn for comparison with those of Governor's Lsland.

Office-work.—The times and heights of both high and low waters have been tabulated soon
atter the observations were received at the Office, and, in general, the primary reductions have
also been made in order to enable us to give any inforiation that might be asked for relating to the
tides on any part of our coasts, whether for surveying, engineering, or other purposes. Sueh infor-
mation is now very frequently asked for, and the importance of possessing au accurate knowledge
of the tides seems to be so generally recognized that greater attention to the subject will no doubt
be given. We have, for some time, allowed the observers on the western coast to tabulate the high
and low waters from their own tide-rolls, and this mode of working has succeeded well. We think
the character of the observations has been bettered thereby, as there has been more attention paid
to the time and the staffreadings. The new glass scales used for this purpose work admirably.
The four new-style gauges, just sent to North Haven, Providence, and New York, have all been
furnished with triangular reading-scales, some of them with reading-boxes ; and it is expected that
the observers will tabulate the high and low waters and also the hourly readings on blank forms
furnished, as it can be done better and more azenrately before the sheets are removed from the
eylinders than ever afterward.

The tabulation of the hourly readings for the long series of observations at Fort Point, Cal.,
has been brought within a few months of the present time. The work on this series has been
greatly increased by the imperfections in the observations, and sometimes by the loss of them.
Two or three months were wholly lost on the way to the Oflice. 1t will require o considerable
amount of work still to set these hourly readings in proper order for discussion. A portion of the
commencement of the series has been found to be so defective as to call for its rejection, and
3 continuance of the observations enongh longer to complete a set of good ones for a period of the
required length. Copies of about three years of these hourly readings were sent to Sir William
Thomson, of England, for trying his new methods ol discussion on them; and the results which
have been received seem to be good considering the shortness of the series. Buat to carry out such
methods perfectly would seem to require more frequent readings.

Considerable time has been spent in making the necessary preparations for tabulating the
honrly readings for the San Diego series in the best manner. As this series is now terminated, it is
very desirable that this should be done. A large part of the series was good; and probably tho
imperfections which exist in it can be so far remedied as not to very seriously affect any results
that may be deduced from it; but some of the reductions requnired cannot be made in the best man-
ner until the whole series has been tabulated.

Some progress has been made during the year in tabulating hourly readings for North Haven,
Boston, and Governor’s Island, for the last of which the work is now going on.

Two pamphlets, containing the predicted times and heights of the tides for 1875, onc for the
eastern coast and one for the western coast and called  Tide-Tables,” have been computed under the
supervision of Mr. Avery, and published. They give values for the high waters for about twenty of
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the principal ports of the United States, and for low waters also for such of them as have large
diurnal inequality. The modes of prediction and the formule used were the same as were used for
1872; but some of the tables used have been considerably improved. No new tables or methods
have been substituted for older ones until they had been properly tested. The Table of Constants,
appended to the published predictions, have been extended and improved, and embody results from
many volumes of observations. These give the means of deducing from the tides of the principal
ports those for a great number of others, embracing nearly all places of any note on our coasts.

The persons employed on the oftfice-work of this division were 13 S. Avery, J. Downs, A, Gott.
beil, . Ferguson, and M. Thomas. !

Mr. R. S. Avery remained in charge of the division, arranged and supervised the computations
and other work, inspected the observations when reecived, and attended to the tidal correspondence
with the observers and others, and labored to improve the tables and methods. Ile improved the
tide-ganges and apparatus for reading off observations from the sheets, and supervised their con-
struction. He also supplied many tide-tables for charts, data for use in field and office work, and
some tidal predictions for almanacs.



THE UNITED STATES COAST SURVEY. 73

APPENDIX No. 7.

MAXIMA AND MINIMA OF TIDES ON THE COAST OF NEW ENGLAND FOR 1273, BY WILLIAM FERREL.

CAMBRIDGE, MASS., September 2, 1872,
DEAR SIr: Having Deen instructed by you to compute the maxima and minima of the tides
and the times of their ocenrrence for the year 1573, from the tidal formule and talles obtained from
the discussion of the tidal observations of Boston Harbor, and contained in a former report, I have
the honor to submit the following results:

Date. A | B C - Daw A B G
| j Feet. l Feet. ‘ | Feet. Foet.
Poan. 106531 L35 —0.40 [ July 3 8.7 0764 0. 15
i 9453 0,925 1 1058 135604 L2383 —0sy
/ 134796 ] 098] +0.71 " 20 | 4.65 ] 0,945 069
2 389 0794 027 | 23 4. 981 0. T2
3006600 1.349 | —0.35 | Aug. 2|3 W1 042
| Feb. 7110 o0 s:nj 10,61 10 ' 6. 3340036
i 121497 0,3 104 151422 0861 0067
20 402 0.R 046 24 0.975 | 10.39
; 27 683 | 18930 0 14 Sept. 1{3090 0.9 .05
P Mar. € 399 0.774 0 4057 &6 1,405 | —0, 00
i 15 493 | 10070 —0.06 | 151301 0.598 0 0.5
21 l 419 0.5 —0.54 | w4 0.9 0.00
95 lem ! LI - noe 300 3.90 ] 0.615 | —0.54
Apr. 6 361 0.6 40470 Oct. T GEY | 1406 -
15 517! 1054 030 | B3 0,762 4042
o0 437 089l 047 o | 5000 102"
26 6.45 ] 1312 ; 0.26 | oy !4 a0 ; 0869
CMay 508510 036 | 70.35 ¢ Nov. 6 G.hw, 1343
543 L1209 0.5 | 3R 0732
: 190467 0.953 ] —0.26 | 221 515 | 1032 -
25 15,60 | 1183 | 40.40 | o ees] 0046 0w
{June 4351 0.716 ; 40.05 | Dec. 4593 1211 4072
| 15631 LI i ! 0.750 | —0. 02
i 10 15,05 | 1.038 | LT —0.65
] 20519 LO® 1038 | +0.31
i

. 059

In this table of resultg—

A is the co-efficient of the semi-diurnal tide or height of high water above thie mean level;

B is the ratio of this co-efficient to that of the mean tide;

C is the effect of the diurnal tide upon the leight of high water, near the time of upper
transit of the moon.

The sign of C must be reversed for high water occurring near the time of lower transit.

The height of the maximum and minimum tides only are given, aud the days on which they
oceur; but several tides preceding and following do not generally differ much from these in height.
Of the two high waters ocenrring on the same day, the one near the time of upper transit is the
greater when C is positive, but the reverse when C is negative. The highest tide of thg year wixll
be the tide occurring near the time of upper transit on the 7th of Octob(}r. The.: next lgghest will
be on the 27th of February, near the time of lower transit, since C, in this case, is negative.

On account of the smallness of the solar tide, and the unusually large effect of the lunar paral-
lactic inequality, the inaxima and minima of the Boston tides, and 01: the New England coast gener-
ally, are much more irregualar than those of European ports. Whilein th.e latter there are two max-
ima and two minima each month, which do not differ very much in magmtu.de,. and occur gener;f,l]y
within one or two days after the syzygies and quadratures, in the former it is seen that during

H. Ex. 240——10
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some parts of the year, when the moon’s perigee happens near the time of new or full moon, the
oue maximum is almost entirely destroyed, and is frequently less than the mean tide, as may be
readily seen from the column B. Tor the same reason, the intervals between the maxima and
minima in the Boston tides are also very irregular, being in some cases ten days, while in others,
as in the latter part of July, only three days.

Although the absolute heights of the tides may differ very much in different ports, yet, as the
type of the tides is probably very nearly the same from Cape Cod northward along the New En-
gland coast, the preceding dates of the maxima and minima, and the ratios expressed in the column
B, are very nearly correct for all of this coast, and approximately so for the whole Atlantic coast.

It should be borne in mind that the preceding results may be materially modified by the effects
of meteorological causes. A full of one inch of the mercury in the barometer below the mean,

‘causes the height of high or low water to be about seven inches greater in Boston Harbor, and the
reverse for a rise of one inch of the mercury; and proportional effects belong to other ranges of
the mercury. Also nortbeast and contiguous winds cause a considerable increase of the height of
high or low water, while southwest and contiguous winds depress the height of the tides.

The preceding results are not only useful to navigators, but also to farmers who have hay to
make near the level of tide-water. In July and Aungust of this year, very high tides occur on the
13th and the 10th respectively, after which it may be seen from the column B that there will be
no tides for nearly a month which come up to the mean tide, expressed by unity.

WM. FERREL.

Prof. BENJAMIN PEIRCE,

Superintendent United States Coast Survey.
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APPENDIX No. 8.

REPORT OF THE ASTRONOMICAL AND METEOROLOGICAL OBSERVATIONS MADE AT SHERMAN, WYO-
MING TERRITORY, BY RICHARD D. CUTTS, ASSISTANT UNITED STATES COAST SURVEY, AND
CHARLES A. YOUNG, PROFESSOR OF ASTRONOMY IN DARTMOUTH COLLEGE, NEW HAMPSHIRE,
UNDER THE ACT OF CONGRESS OF JUNE 10, 1872.

PART L—REPORT OF ASSISTANT RICHARD D. CUTTS.

v WaAsHINGTON C17Y, March 29, 1873.

DxAR Sir: I beg leave to submit the following report of the astronomical and meteorological
observations made at Sherman, Wyoming Territory, in counformity with your written and verbal
instructions of April and May last. Those instructions directed me to determine the latitude and
longitude of Sherman for the geodetic connection between the Atlantic and Pacific coasts, and
placed under my general charge the class of observations called for in the following paragraph of
the appropriation bill approved by the President June 10, 1872: ¢« To enable the Superintendent
of the Coast Survey to cause astronomical observations to be made at one of the highest points on
the line of the Pacific Railroad, two thousand dollars.”

The character of the observations to be made was inferred from the resolutions passed by the
American Association for the Advancement of Science, at their meetings held, respectively, at Chi-
cago, in 1868, and at Troy, in 1870; and especially from the memorial of J. E. Hilgard, United
States Coast Survey, Prof. Joseph Henry, Smithsonian Institution, and Prof. J. H. Coffin, of Lafay-
ette College, a committee appointed by the association to represent to Congress ‘¢ the importance
of establishing an observatory and maintaining a scientific corps, for one year or more, at one
of the highest points of the Pacific Railroad, and particularly at the eastern rim of the Utal
basin.” The prineipal desiderata mentioned in the memorial were the occupation of the highest
point attainable, and the employment of the best optical means which could be provided, ““in order
that the celestial phenomena observed with the telescope, noted by photography, or analyzed
by the spectroscope,” could be compared with similar observations made near the sea-level, with
a view to determine the advantages to be gained for the advancement of astronomical scienee, by
an elevation of the instruments above nearly one-third, and certainly the densest strata, of the
atmosphere.

The sum appropriated by Congress was altogether insafficient to carry out the extensive pro-
gramme laid out in the memorial. The erection of an observatory of safficient strength to protect
the instriments during tbe violent storms which prevail during winter on the summits of the
Rocky Mountains would alone have consumed the greater part of the appropriation. Being thus
limited as to means, and, consequently, in regard to time, prompt action was necessary in order to
secure the months most favorable in respect to weather; and, depending on the interest very
generally felt in the proposed investigations, outside aid was invoked, and was indispensable, even
for partial results. The Coast Survey contributed all that it could under the law and the regula-
tions which govern it. An able expert in the science of spectrum-analysis offered his services on
acceptable conditions, and earried with him; throngh the liberality of the trustees of Dartmouth
College, the splendid 12-foot equatorial and spectroscopic apparatus belonging to that institntion.
The Army supplied a guard, from which were drawn subordinate observers for the meteorological
department ; and free passes for the party and the free use of the telegraph-line were given in two
instances, to be mentioned hereafter. _

The party reached Sherman on the 6th of June, and consisted, at that date, of myself, B. A.
Colonna, esq., aid, and Mr. Werner Suess, electrician and mechanician. On the 10th, a gnard,
composed of a sergeant and ten men, authorized by the honorable Secretary of War, and selected for
their inteligence and good character by the commandant at Fort D. A. Russell, reported for du.ty.
Within a week afterward, Assistant A, T. Mosman arrived, and, ou the 21st, left for Salt Lake City,
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to co-operate in determining the telegraphic difference of longitude between the two observatories,
distant one from the other about 6° 30/, on the mean parallel of 41° north; and, on the 6th of
July, Professors C. A. Young and C. F. Emerson joined the party, to make the astronomical and
spectroscopic observations, according to the plan arranged.

The instruments carried out were as follows: Time and latitnde instrument, No. 13, by Wiirde-
mann, of Washington ; sidereal chronometer Hutton 202, with break-cireuit, by Bond, of Boston;
pocket-chronometer, mean time, by Jurgensen; Hipp chronograph, fillets, keys, &c.; battery,
repeaters, and sundries for telegraphic purposes; 10-irch Gambey theodolite and vertical circle ;.
reconnoitering-telescope, 21 inches aperture, by Dollond ; sextant and artificial horizon ; gradien-
fer, &c.; magnetic apparatus, including theodolite, magnetometer, dip-eircle, &ec.; 3 cistern-bar-
ometers; 3 sets of psychrometers; 3 detached thermometers; 1 aneroid barometer; 1 anemome-
ter; 1 self-registering maximum-thermometer; 1 selfregistering minimum-thermometer; 2 black
bulbs for solar radiation ; 2 hypsometers; 1 atmospheric electrometer; besides mieroscopes, scales,
clock, complete set of tools for the repairing of instruments, &c.; and, for Assistant Mosman, at
Salt. Lake City, time and latitnde instrument, No. 7, by Wiirdemann ; sidereal chronometer, with
break-cirenit, by Bond; Hipp chronograph, battery, repeaters, keys, &e.

‘With the exception of the meteorological instruments, which were purchased for the occasion
from Green, of New York, all on the above list belonged to the United States Coast Survey ; some
having been made at its shops attached to the Office in Washington. They were packed in 28
boxes, and reached Sherman, June 6, in good condition. On the 27th, 8 additional boxes arrived ;
containing the equatorial and spectroseopic apparatus from Dartmounth College.

Sherman, the locality selected for the observations, is situated on the summit of the Black
Hills, the easternmost range of theé Rocky Mountains, and at the highest elevation crossed by the Union
Pacific Railroad; the track being at that point, as determined by the engineers, 8,325 feet above
the sea-level. The summit is a plateau, the ascent to which, from the Missouri River, at Omaha,
a distance of over five hundred miles, is so gradual that the traveler looks in vain for the ¢ Hills>
Even when the summit is reached, the snow-capped mountains to the westward, as seen across the
sonthern terminus of Laramie Valley, are so prominent, and apparently high, as to keep up, in a
measure, the illusion that the observer is still on the so-called ¢ Plains.” Among the characteristic
features of the platean are the isolated piles of granite, which, layer npon layer, stand up like immense
ruins, and are, in fact, the remains of a still higher summit; the number of huge masses of the
same rock, generally rounded, but frequently weather-worn into fantastic shapes, which are so
delicately poised, one upon the other, as to reguire apparently but a touch to throw them down ;
and, as the result of this extensive disintegration from atmospheric agencies, the reddish glittering
appearance of the soil, composed, to a considerable depth, of an accumulation of crystals of feld-
spar and gquartz. Sherman is a railroad-station, and, in addition to the ticket and telegraph office,
contains eight or ten small frame-houses, and about thirty inhabitants. A few stunted pines are
scattered over the platean; but lower down, on the eastern and western slopes, the cafions supply
not only firewood in abundance but lumber for building-purposes.

The necessity of being in close vicinity to the depot and telegraplh-wires enabled me to decide,
on the same evening I arrived, upoun a site for the observatories. This site was an elevation about
650 feet south of, and 33 feet above, the railroad-track, and commanded a full horizon.

Three observatories were erected: one for the transit, battery, chronograph, and telegraphic
apparatus; another for the meteorological instruments and observers; and a third for the 12-foot
equatorial. The roof of this last building was divided into foar panels of seasoned plauk, each of
which could be unclamped and slid off on trestles placed in continuation of the inclination of the
roof, either singly or together, as the occasion required. It was erected under the supervision of
Mr. Colonna, and, with the exception of the floor, the exact height of which counld not be adjusted
until the equatorial was mounted, was completed by the 25th of June.

The accompanying topographical sketeh of Sherman and its vicinity (see sketch No. 18) will
show the position of the observatories in relation to the railroad-track and telegraph-wires, The
survey was made by Mr. Colonna. A base 42005 in length was measured on a part of the
track found to e straight and level ; and, after a re-determination of the length of the measuring-
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wire by recomparisons with a meter-seale brought for the purpose, the line was remeasured, the
two results agreeing within 0.001 of a meter. Starting from this base, a series of triangles and
quadrilaterals, with sides gradually incressing in length from 500™ to 5,000, was laid off, covering
the plateau. The horizontal angles and differences of altitude were measured partly by the gra-
dienter, and, in the case of the more distant points, by the 10-inch Gambey theodolite and vertical
cirele. The transit, the meridian-mark, and eccentric station were observed npon and introdunced
in the scheme, by which means the necessary data were obtained for computing the azimuth of
each line and the latitude and longitude of each station. The topographical features and minor
details were determined with a plane-table, improvised for the oceasion by Mr. Colonna.

The eccentric station above referred to was established as an additional mark for the preserva-
tion of the point at which the latitude and longitude observations were made. It is distant 224
feet, and Dbears north 89° 08’ west, true, from the cenfer of the block on which the transit was
mounted, and is marked by a hole drilled in the rock, in situ, 10 inches deep and 2 inches in diam-
eter, and filled with lead.

LATITUDE AND LONGITUDE OF SHERMAN.

The longitade of the astronomieal station at Sherman was determined by telegraphic exchange
of clock-beats with Salt Lake City; the interdistance, following the line of the wire, being about
five hundred miles. The observatory at Salt Lake City was the same as that used iu the lougitude-
campaign of 186Y, during which the difference of longitude between Cambridge, on the Atlantic,
and San Francisco, on the Pacific, was determined, including two intermediate stations, Omaha,
ou the Missouri River, and Salt Lake City, in Utah Territory.

By the night of the 25th June, the transit-instrument, ehronograph, and telegraph-apparatus
were mounted and adjusted at the Sherman observatory, and the poles and wires were pat up to
connect the Sherman clock, by means of the telegraph-line of the Union Pacific Railroad Company,
with the clock at Salt Lake City. TIn the mean time, Assistant Mosman had reachied the eity ; and,
finding the transit of Governor Brigham Young mounted at the old observatory and in good con-
dition, proceeded at once to put it in complete adjustment, and to connect the observatory with the
telegraph-station.

By the 28th of June, both observatories were prepared for the interchange of time-signals; but,
in consequence of clondy weather at Sherman and derangements in the circuit, the exchange did
not commence until July 3. Between that date and the 24th, there were seven nights at Sherman
on which a sufficient number of star-transits were obtained for the determination of the local time.
The usual course pursued was to observe ten or twelve starsfor time and instrumental corrections,
equally divided Detween clamp E and clamp W, before the exchange of clock-beats; and a similar
series after the exchange.

The general result is as follows:

ho m. s s
Loungitude of Salt Lake City observatory west of Greenwich._......._.... 7 2’4: 35.16 £ 0.08
Difference between Salt Lake City observatory and Sherman observatory. 26 00.93 4 0.05
Longitude of Sherman observatory - ... ... ooooir vt niiinnaaniannns 7 01 34.23 4 0.09

or 105° 23’ 33.56 £ 17.35
Being too unwell to observe at the time of Assistant Mosman’s return to Sherman, and the
weather being clear, I requested him to remain and make the observations for latitude. Between
the 30th of July and August 7, one hundred and ten measurements, on nineteen pairs of stars,
were taken for difference of zenith-distance, and two sets each for the value of the divisions of the
mitrometer-screw and level. The instrument used was No. 13 ; the same as employed at Sherman
for the star-transits.
Latitude of the astronomical station ........... ... .coeieaiiiiiiain 41¢ 07’ 497.55 £ 010
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TERRESTRIAL MAGNETISM.

The measarement of the terrestrial magnetism at Sherman was made with unifilar magnetom-
eter No. 3, Gausy’s construction, and dip-circle No. 8. The observations were started by Assistan{
A.T. Mosman and carried on and finished by Mr. Werner Saess. The measurements for declina-.
tion were commenced July 30, and completed on August 3; for horizontal intensity on the 3d and
5th, and for dip on the 6th of August. The magnoetic observatory was situated 216.5 feet (66™)
nearly due west of the astronomical station and about 19.7 feet (6*) below it. The observations.
were conducted and the results computed according to the methods and formulwe adopted in the
Survey, and as fuily explained and illustrated in the valuable paper on the subject by Assistant
Ch. A. Schott.

The results are presented in the following table, with the remark that the intensity is expressed
in English nnits, as usual in the Sarvey.

Terrestrial magnetism, Sherman.

I Declination, east. Horizontal and total intensity. [ Magnetic dip.
Date. T ! " P
Daily | Daily | Mean of | Second | Needle 1, Needle 2,
N - Firat set. Mean. | positions | positions| Mean.
| range. nlean. [ ail. set. 111' 2, and 3.11, 2, and 3.

f 18’.’\2_ i [»3 ’ [ o ’ } o ! o 1 Q ’
July3sl.._. 11.5 1 .................... ! ..............................
Angust1.. 1400 5121 15526 |oeeererint|icieeeniieeien SO ISR IS
Augustl.. R I I N | N RN DD SOOI SO l ..............................
Augnstd. .| AR e

i Aungustd..|. ... I S 4. 720 [..... .....................

| Avgasth. ... [UC 47135 RIR L LU PO TP

1 August6..|.......... R Rt R TETEE LRIt PR TPeS I 68 52.5| 6854.2| 6853.3

Mr. Suess reports that, at 10" 45™, on Saturday, August 3, he suspended magnet Oy-; using mag.
net Cg for deflections. At 11" 30", the magnet was iu a continued state of agitation ; and, in conse-
quence of the Iarge differences, the set of observations then made for deflection, as well as theto-
sion-readings, could not be used for the normal intensity. The magnet C,; was, from time to time,
deflected out of the field.

At 8 a. m. on August 5, the observations for deflection were resumed; and on that occasion,
also, the magnet was disturbed, so much so that it was deemed advisable to reject the first set and
to take a second, commencing at 8* 35™ a. m.

Professor Young, in his report, refers to these two instances of observed magnetic disturbances
at Sherman ; and as they coincided in time with the solar eruptions observed by him, he is elearly
of opinion that the former were in a great measure a mere response to the latter.

METEOROLOGY.

The meteorological observatory was a frame-building erected close to the astronomical obser-
vatory, and sufficiently lurge to accommodate both instruments and observers. The bailding faced
to the north, and to this, the highest side, and immediately in front of a small window, the usual
latticed frame was bolted oun, within which were suspended, at a height of 10 feet above the ground,
two detached thermometers, two sets of psychrometers, and the maxintum and minimam thermom-
cters, the two last in a nearly horizontal position. The barometers, two cistern and one auneroid,
were hung up inside, and so placed as to secure, both for adjustment and reading, the proper degree
of light from panes of glass inserted for the purpose in the side of the building ; and, finally, to
insare that the eye of the observer should be on the same level with the divisions on the scales, a
platform, regulated to the proper height, occupied the interior front of the observatory; and here
the observer had his seat and desk, and recorded the readings. )

The wind-vane, elevated 6 feet above the roof, at the northwest angle of the building, was so
arranged that the direction of the wind could be read by the observer without leaving the platform
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inside. In the case, however, of the anemometer, which was set up over the northeast angle, it
was necessary that the observer should go ountside and ascend a set of steps in order to read the
hourly record of velocity.

The observations and observers were placed under the special charge of Mr. Colonuna. The
twenty-four hours were divided at first into four and finally into three watches, for each of which
there was a separate observer; and the observers, with a single temporary exception, were enlisted
men selected from the guard supplied by the Ariny. These were caretully trained by Mr. Colonna,
and their readings were tested more than once on each day daring the progress of the work. Asa
further security, and with a view to obtain some idea of the personal equation of the observers,
twelve sets of comparison were made at ditferent dates, the results of which are exhibited in Table
1. Each set consisted of an adjustment of the cistern and reading of the barometer, and, also, of
the different thermometers, first by Mr. Colonna and then by the others, one succeeding the other
as rapidly as possible. As the attached thermometer, read always after the adjustment of the
cistern, was generally higher toward the close of the set, the height of the column was reduced to
320 F. before instituting the comparisons. . Adopting Mr. Colonna’s readings as the standard for
the purpose of this comparison, the mean of the differences from that standard, as given at the
foot of the table, may be considered as the approximate personal error of the different observers.

TABLE L—Showing the differences in reading by the principal observers.

H 1
Colonna. Soberg. ; Courtney. Aundrit. ;
= . - w T T ITT  Es d : I
Date. | 8 | 2 | £ 51z £ 1 28 1 2 = 5] 2 0= |
’ & = 2 2 ! FE Z . < | = H T ¢+ 1 Z
21203 E 2 2 B 2 - LR B
Ely 21 E P B E £ ELEIELE
g|a || & | & | B I & a = 2 A | B
AU I o S = . ‘ b In N B,
o] i=3 o c ! [=3 [+ o 1)

July 8|.000| 0.0[ 0.0} —.002] +0.1 40.2 | +.003 . —0.3] —0.9 | +.006 | —1.0 ~0.9
g9i1.000} 0.0} 0.0} +.002 1 —0.7 | 40.2 | +.001 +0.3 1 40.3 | 4.003 | ~1.1 —0. 4

100000 0.0} 00| .000| —0.2 | —0.2 | +.006| 0.3} 0.0 {007, +0.3 | 401
11 .000| 0.0{ 00] .000] 00 [{—0.3 | .000| —01! 02 ;-—.003 0.0 0.0
12 .000] ool ool —0037 €0 |—0.2 | 4.004] 0.1 401 | -+.002! 401 : +0.1
13 .000f 0.0 0.0 .000 } —0.4 | —0.6 000 | 0.6 —0.8 | 4.000 | —0.7T | —0.8
15 .000] 0.0 0.0/ 4.002 1 —0.2 | =01 | 4,005 +0.2| 0.0 |+.001}~01 | +0.1
16).0001 Do} 001 —.006 —0.2 | 30.1 | —.008 | 405 —0.1 | +.008] —0.4 | 0.2

18 |.000 | 0.0{ 0.0 —.001 l —0.4 | —0.7 | +.006 ] —L3 ] —0.7 |+.001}-12  ~13

20 |.000] 0.0 0.0 —.001 | —0.2 —0.1 | +4.005 0.0 0.0 | +.001 0.0 0.0
Aung. 6[.000: 0.0} 0.0 4.002 | $0.3 | —0.2 | +.002 0.8 —0.6 | 4.003] +1L0 | 0.7
15].000| 00| 60| —.001 { 0.0 0.0 L000 . +0.1) —0.3 | +.002 0.0 —~0.2

l

|
—.001  —-0.16 % -«(liﬁ‘ 4. 002

i
0.0 E —0.27 \ +.003 } —0.26 | ~0.35

i

Trom a careful examination of the records of the comparisons, it weuld appear that the above
differences are due, in part, to changes in the pressure and temperature which occurred during the
period, say, from ten to fifteen minutes, required by the four observers to make their respective
adjustments and readings.

The barometers 1936 and 1937 were made by Green of New York, were corrected for capil-
larity, and set to standard. The diameter of the tubes was 0.25 of an inch. The attached and
detached thermometers were compared, and found. to be correct. The two sets of psychrometers,
1807 and 1816, were also compared with the standard, with the following results:

Standard. Dry bulb—1807—Wet bulb. Dry bullb—1816—Wet bulb.
620 620 620 620 620
9.0 9108 - + 9108 920 91°.8

Barometer 1936 and psychrometer 1807 were adopted for the hourly observations. The other
two sets of instruments were observed, at equal intervals, four times each day.

The height of the barometric column is in all cases reduced to the freezing-point. .

The observations were commenced on the 17th of June, and continued, without interruption, to

August 15 inclusive, extending through sixty days and nights.
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The full meteorological record is given below.

The number of hourly observations amounted to 1,440. Of these, 60,were taken by Colonna, 86
by Shanks, 363 by Soberg, 446 by Audrit, and 485 by Courtney, and with such variation of hours
that the errors of adjusting and reading peculiar to each observer were, in a great measwre, neutral-
ized in the daily and hourly means.

Table II presents a condensed statement of the results arranged according to daily means,
and will show at a glance the principal atmospheric phenomena and the relation of one to the other.
Each day represents the mean of the twenty-four hours, except in the ease of the velocity of the
wind, and in this the total velocity of the day is given.

The elastic force of vapor and the relative humidity were computed from Williamson’s tables.

The mean direction of the wind and of the lower clouds is the mean or the leading direction of
the 24 hourly observations.

The sky, when entirely overcast, is represented by 10, and, when entirely clear, by zero. The
mean cloudiness was deduced by dividing the total amount by the number of hours for which any
degree of cloudiness was entered in the journal.

The curves require but little explanation. They show considerable and rapid oscillations in the
condition of the atmosphere, and the generally prompt response of the barometric column to the
varying temperature, amount of aqueous vapor in the air, and direetion and velocity of the wind,
the combination of which, that is, of the observed and unobserved phenomena, determine the
changes in the atmospherie pressure. The unobserved phenomeuna are included, as those observed
cannot account for all the barometric indications. Tor instance, on June 20 and 21 and on July 3,
the high barometers of those dates were preceded by violent winds from the westward, a low tem-
perature, and comparatively dry air. The cloudiness did not extend beyond 5. But, on the 10th
and 11th of July, there was another high barometer, preceded, accompanicd, and followed by an
average temperature, unusual amount of moisture, and a velocity of wind below the mean, a condition
of the atmosphere which did not authorize such high barometer; and we must, therefore, look else-
where for the cause. The meteorological journal states that, on the 9th, 10th, and 11th of July,
the sky was almost entirely overcast, and that there were frequent showers, aceompanied by thunder
and lightning. In eonsequence of this envelope of clouds, the radiation was obstructed, and the
observed temperature of the air at the station was specially high, and not characteristic of the
column of air, the weight of which Was represented by the observed barometer. The southerly wind
at the station and the movement of the upper clouds from a nearly opposite direetion, as recorded
on the 10th, show the character of the two currents, and that we observed the maximuwm tempera-

ture of the lower and warmer stratum.

TABLE IL—Daily means, compiled from Appendir A.

I
'

- - & Wind. Cloudiness. E g b
L oeg = g z ; P e f H $3
I T2 g =2 g g £ ] E £ T
Date. | £ E = B = g 3 g J g Z §3
g9 | £ | B | ¢ g | g £ 2 & = g
Eq LR 2 s 8|3 = | % | g | B |ER
g E LB E| 2|3 g s | £ 3 =
A & & & & > = w oA | a a
’ 1872, Inches. ° Inches. Miles. ! Inches. | Inclics.
PJune 17| 22003 | 500 | 487 | 0243 | 504 |....... 8. W. L9 | 2o | 1w
: 18] .os | 4us | 305 | .143] .52 27| sw 13| 5 | wiue6 | .103
190 263 | 440 | 349 | 10| 4| emmvl WwooyN | 18 ; 4 | zas2 | o8t
20| 468 | 529 | 425 | .183| .47 | 43| SbyWw. | 24 | 4 BT | L1t
21| .48 | 534 | 428 | .183| .534| 236.3| N.byE | 2 | s 373 ] 115
221 .395 | 6.2 | 436 | .161| .340| 24| W.SW.| 21 | 3 215 | 120
93| 965 | 641 | 464 | .1®| .316| 3661 W.byN. | =24 | s 24 4|
24| a2 | 639 | 481 | .%3| .| esLelsWoyw,| e | 7 095 | 137 |
25 .42 | 53.9 | 4%z | .253| .68 509.2| W.byS. | 4 | 7 J126 | .16
26 .304 | 56.3 | 458 212 (598 | 330.5/ W.S.W. U4 | 4 L182 122
e7] .28 | 5.8 | 452 | .2w5] 4w 31| W.SW. | 2 ‘ 8 099 | 119




DIAGRAM 1.

Curres of the daily variations.
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TABLE 1L.—Daily means, compiled from Appendiz A—Continued.

Date.

1872,
June 28

July

Ang.

29
30
1

a

3

13

0

21

92 |

b1

&2 . = Wind. Cloudiness. £ Lz
R & F Ty Tawran BEE- BRI S
= 4 H Y =i = L DS % 1 =] H S =
=3 T - S P B Z E T 4 B ; E | 2 cE
=2 g =5 | o« © L2 = -1 g g
ez L E YL E < S g8 2 ez
2T g8 23 S LB E Lg%
& & | B &2 & E = “a | 8 <= A
Inehes. } o ‘; @ i;Inche.&-. Miles. 1 ! TInches. i Inches.
22185 0 549 1 4L8 | 0.204 . .485 2040 24 | 7 ! 22066 19
696 | 1.5 | 469 ‘ 210 449 2683 o1 | 5 eLom 2
21,977 } 57.2 . 44.6 } L 189 .432; 533.7 o | ) 125
2066 ! 448 | 3L€ | .12 440 T50.7 e3 o4 | oo 106
%63 448 | 864 | L1450 507 oRLR | ot | 4 22.065 | .11
PL306 ) 43 | 4L0 1 .22 R 2tL2 | 2 5 S0 |
[o.a0e L 490 | 41 w05 2423 5. a4 6 . 180 122
Do o544 | 46, .24 L5400 25T| N.W. 24 3 L156 | 132
LW i 00 TR 4R B2k 8, 23 5 B EUN IS B
P30ty | o4Te 0 105 358 317 Wby N. | o 500 o | 186
.-W9 633 1 5Ly L Ledw 502 305.4] WON.W. | 5 IR ET I b
R R = B [o-Ed a0 BET|NNW. | o2 L5 1T ; FET
[.B7 0566 0 S0y | LB0R . 631! 19T.5 | 8.1y E YT B ¢ 9232 1 145 ]
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Table 111 shows the tropical hours for the season, and the hours of minimum and maximum
temperature and relative hamidity, as deduced from the sixty-days set of observations ; and Table
1V, similar results from the same observations, divided into four parts. The division is made in
order to determine how close any fifteen days will show the horary oscillations of the barometer at
the particular locality and season of the year. The comparisons prove that the hours of the morn-
ing maximum and of the afternoon minimum were as clearly established by any one of the parts as
by the whole, while the night maximum and minimum oscillated from the mean hour by very small
quantities, The abnormal variations, it will be seen, increased with singular regularity, the
increase of pressure being uniform at the rate of .031 for every fifteen days.

The hours of least and highest temperature are about as clearly defined by any one of the
fifteen-days set as by the entire series.

In regard to relative humidity, while there is a general decrease from sunrise to noon, and
increase from noon to midnight, the hours of maximumn and minimum are not uniform for the parts
of the series, nor could this, or regularity in the hours of high or low temperatare, be expected for
such short periods, so much depending on the condition of the sky and the force and direction of
the wind.

Diagram II (omitted) illustrates the mean of the hourly variations in the pressure, tem-
perature, and relative humidity of the atmosphere from June 17 to Anugust 15, inclusive.

TarLE [1L—Hourly means, compiled from Appendir A.

June 17 to August 15; mean of sixty days.

-~
«

Z = ) . [ z & . E
Hoar of {he day. . é Hourly oscillation. ‘ gé ‘& Diﬁml':;:;:;;.trom ; z ‘ ‘ {E:: . g ﬂ? E é :E -
£ -] N Millime- | - gz‘é [Fuhronv ; Centi- = 1 ’E & g 5 £ é g 55
] Inches. ters, BTz heit. | grade. | g = i E B g SEE £
& 4 i g - R L
o | i i
20217 | L .00d | 40.10 0] 15! 4 416) 600
LT 4007 | 4 .18 @] p7el el leml
eW ] o+ 008 | .90 el w3l ora6] ewl
2] 4007 | 4 .18 el et | e ey
Lanl . 060 .00 4590 1 86| 4+ 48| 603 ‘
L83 — D02 — .05 0.8 4 57| 816 628
coRg | 007 — .18 54.5 . 4+ 200 - 111§ .557 )
203 — .014| — .36 sl — 11— ol .512}—@ .02
26| ~ 0131 — .38 5, 40| — 22| M8 4 .20
2040 ~ o13] — a3 6.0 — 651 —3.061] 4075
;202 — o11f ~— .a8 647 — 82| —455] 384
L9 | — 008 | — .15 654! ~ 89, —4.04] .94 4 .15
280 | + .001| -+ .03 1] — 86| —478] 401
2T ) 4+ 0061 .15 647 — 82| —455| .08y
269 |+ 012 +.30, 48B! —83] — 46| .43 )4
267 | + .014 + .36 63.7) — 72| —400]| .43
265 | + .016] -+ .41 6210 56! — 311 454
268! +.0i3] -+ .33 60.81 — 430 — 237 475 L 065 |eeeveneee
27| -+ .008! -+ .20 5.3 — 08| — 050 .54 |— .004 ..
ceve| +.o03! -+ o8 544 4+ 21| 4+ L16| 584 |— .044 L.
.281] ~ 006 - .15 5291 +36] +200) .68 |— .078
283 — .00 ] — .18 5L61 +49 +2m@!| .64 |- .10
287 ~ .006] — .15 50.6 0 4591 1398 .66l .1:
2831 —.0o2| - .05 96! +69) {383 .67 - .137
i
29,981 | ... ‘i .......... 1 56.5 [ooernnn.. : .......... 540 |l — USSR IR




22. z7o
290

..‘2,70
2o

Curves of the hourly oscillations.

DIAGRAM IL

L R
mgo,,.,u O/ij,WMfW] o/ J3.
Ki /0 I/h-cvu—’ I 3 4 . g 7 s z /Zt.éuy
7
t
i
4 i i
h § T,
A 7
-
A
N, N
N
ey 1
N
A N
.
‘_- H
i .
; 1.
i Fl
T~ : J I
74 - I
| : ] T -
| ! 1 i ; 1
: } — 1t
: ; . < At
i : 4'
; H ol
! T
; g T
! i ]
L bt
!
T
i
S i
Vi o T
Ve
"
-~ |
Ll
/] |
A
L
i |
ot
ot -
U S0 O S
Ll
1
1

M. PETSRS. PROTO-LITHOURAPHER WASHINGTUK. T C



THE UNITED STATES COAST SURVEY. 83

TABLE IV.—Hourly means, compiled from Appendir A.

: i
June 17 to 30, 14 days. July 1to 16, 16 davs. | July 17to 31, 1D days. | Angust1tots 15 days.

RE

ha-

lin

<
-

Hour,

midity.

Barometer, 3
Temperatur o

=
2

;. Baromoter, 32

. Relative

N [ ] P -
1 Lo T 40,2 L0
.1 70 L6 49.2 . 680
5 470 Ioang | w1 608
. & 66 Y 457 665
.3 L4690 Lea L 406 4% R L 654
.4 U 206 ( 5a.0 ¢ .6x3 ) mm SLO- 607
i lonso . 300 § 56.3 565 L343 541 . 572
.6 | 53,7 L30T ¢ DRy LB 346 s L0168
5 55.5 308 1 6230 490 346 el .43
3 60,3 - 310 Doedw 405 L3460 637 L35l
9 61.2 308 | 6n2t 30 B 65%0 L319
1] 61.5 0302 1 691 L34 3340 6650 342
5. 6 619 .200 6.6 .896 1 3w . 657
4] ol & 208 66.1 1 416, .3 65.6°
: T a4 65.4° .43 .30 €70
1 61.0 26 | 6390 .41 309 635
54.5 L 286 64.2 0 . 408 \ . 305 63.9
58 8 Jas6 | 628, 482 80T 6LT . .4%6
56.3 02 | osee. 50| ME. EL1 50
2.9 . 206 5.0 L5021  .BIR 5407 .585
519 . 304 544 .64 1 330 ¢ 53.3 622
0.4 305 | 3.4 .660, .30 5L9° .09
|oae3 307 | suE : L 661
[oaes 302 5.0 . 676
461 2u 64 516 U3 | 222005 | %4 . 532

ANEROID BAROMETER.

The aneroid was subjected to different pressures fromn 20.5 inches upward, and was compared
with, and adjusted to, the standard at 73° and 32°, before it was forwarded to me in May last by
Green of New York. Irom an examination of the journal, or of Table II, it will be seen that the
aneroid when at Sherman was always lower than the cistern-barometer, and that the difference
varied from 0.149 inch at 420.6 to 0.211 inch at 632.2. This divergency from the mercurial
barometer would appear to increase, as a general rule, with the rise in temperature. The disagree-
ment at the coldest hours was equivalent to about .080 at the freezing-point, and this quantity may
be considered as the index-error for the high station. Besides this error, however, the observations
show that there was another, resulting from imperfect compensation, amounting to .003 for every
degree in the increase of temperature.

After being used at Sherman, the aneroid was sent back with the other instraments to the
Office in Washington, reaching the city in September ; and between November 19, 1872, and Feb-
ruary 27, 1873, a series of comparisous was made between the same barometers, with a view to
ascertain whether the agreement, which existed previous to their transportation to an elevation of
8,000 feet, would be renewed on their return to the level of the sea. In all such comparisous, it
must be borne in mind that, while the cistern-barometer can be read to .002, the scale’ of the
anéroid will not admit of a closer reading than .020; and even this reading is subject to an error
from parallax arising from the distance between the index and the scale-divisions. The mercurial
barometer was reduced, as usual, to the freezing-point.

During the ordinary changes in the atmospheric pressure, the differences between the readings
of the two barometers were always less than .01, or within the probable error of reading. During



84 REPORT OF THE SUPERINTENDENT OF

great and rapid changes in the pressure, the differences were as high as .02; one ot the barometers
showing the changes sooner than the other. Daring the intensely cold weather of December, the
aneroid was cooled to 16° F., when it was .023 lower than the other; and, on the same day, the
aneroid was placed before the hot-air furnace and heated certainly to 100° ¥\, when it was .08 lower.
Tor seven days following the exposure of the aneroid to these cxtremes of temperature, the differ-
ences between the two were (uite irregular, varying from ,00 to .04 ; but, after the seventh day, the
agreement was as good as before the exposure. These recomparisons, for which I am indebted to
Dr. A, Zumbrock, of the Coast Survey Office, show that the apparatus for compensation of tem-
perature was in a better condition at 29.9 than at 22.3.

SOLAR RADIATION.

The three solar maximum radiation thermometers, numbered in the record 1, 2, and 3, were
constructed according to the suggestions of Sir John Herschel, and, being those now generally
adopted to obtain the heat of the sun’s rays free from the influence of vapor and of passing
currents of air, are too well known to require deseription. BEach rested i a bracket fastened to the
top of a stand four feet in height and firmly planted in the ground. They were placed in a nearly
horizoantal position, with their bulbs to the south, and secured in position by movable buttons.

The observations were made hourly from 4 a. m. to 8 p. m., including the moments of sunrise
and sunset, and without regard to the condition of the sky. The record, however, (Appendix B,
which it is not necessary to print in full,) shows at what hours the sun was more or less obscured,
as well as the hours when the bulbs received the full heat of the sun’s rays. When the temperature
was rising, the thermometers were read before setting, and, when it was falling, they were read
immediately after the setting. The sefting consisted in taking the thermometer from its bracket
and moving it up and down until the mercury in the tube reached the lowest point permitted by
the temperature of the mercury in the blackened bulb and stem. It was then replaced, as before.
During the morning, the observation, for instance, at 10 o'clock represented the maximum temper-.
ature which had occurred during the preceding hour, while, in the afternoon, the reading gave the
radiation asitexisted at the particular moment for which it was recorded. It would have been better,
perhaps, to have observed in the morning in the same manner as was done later in the day, for the
- reason that in the dry, cold atmosphere of the station, the temperature of the air was immediately
affected by acloud-shadow,and, whensuchoceurred at any morning hour, the air-thermo metershowed
a minimum for that moment, while the radiation-thermometers expressed the maximum, which
may have taken place thirty minutes previous. The observations made under these circumstances
have been excluded, as far as possible, in making up the resaits.

It will be seen that the three thermometers differed always, and, at times, very largely and
without uniformity. The want of regularity in the differences may be due, in part, to carelessness
in reading Nos. 2 and 3, as No. 1, made by Casella, London, was looked upon as the best at a very
early date, and the observer was directed to be speecially careful in setting and reading it.
Thermometer No. 1 was, and bas been, adopted as the most reliable, from the fact that it recorded
a higher temperature ; showing that the vacuum in which it was confined was more perfect than
that of either of the two others.

The observations were extended through a period of fifty-one days, and have been divided into
three sets of seventeen days, for each of which the mean time of sunrise and sunset and the mean
altitnde of the sun at noon bhave been computed.

Table V, compiled from Appendix B, shows the excess of the readings of the black bulb in
vacuo over those of the ordinary air-thermometer protected from the sun; and Table VI, the same
resultsin a more condensed form, inclading a special column containing the mean of the observations
taken on the nine days of clearest weather, viz, July 1, 2, 5, 20, 29, 30, and 31, and August 5 and
14. Adopting the last column as best expressive of the relative value of the resalts, we find that
the amount of solar radiation was not excessive ; that it was the greatest at noon ; that it decreased
with the daily decreasing altitude of the sun; and that there was less cloudy weather and fewer
passing clouds in the forenoon than during the afternoon.
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TABLE V.——Amount of solar radiation, being the excess of the readings of the black bull in vacuo over
the temperature of the air in shade.
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3.6 176 [ 45.9 {509 549 588 6L1;
4577 506 . 6127652

July 451216423 ] 54 5| 66.9 | 66 .
5.4 96.0 | 49.1 54.5;58.6‘}61‘4%64.5‘66.5&68.3}683163.2 5LE 482 | 337 6.4 {~L1 ~21
i ;
smm N Lo
B I TR WU (-3 1 N I 5 355|671 | 588 | GLT 620 63.7|634 627|624 60.6
251630 635 611|640 622 631604
L7587 500 679 o] s 65.9
10580 58.3
.3 58.1 1 60.0
.9 57.0 | 57.9
49| 58.9 | 60,3 :
5.0 | 57.8 | 50.7 |

...... 61.0 | 65,3 69.0
...... {59.1] 624 6390
58581 59.2 631
1607620669 ... li L0 412 40.6 L heeee —1.8

é
)
b4l
»
®

P16 —L6 3.2

|—3.1 —2.9 16.4 4’1.5‘55.7 59.4‘;61.‘2.619 63.2 63.6;63.6
: : i :

The blank spaces indicate that the sun was obscured at those hours.
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TABLE VI.—Solar radiation, altitude of sun, and aumber of observations for each hour.
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ATMOSPHERIC ELECTRICITY.

Observations for atmospheric electricity were made between 8 a. m. and 9 p. m. on twenty-
five days, commencing July 10 and ending August 12; and, although incomplete in some respects,
they are presented with the hope.that the unusual altitude at which they were taken would give to
them an interest not authorized by so short a series. The electrometer was made for the occasion
by Mr. Werner Suess, of the Coast Survey Office, a mechanician of great skill and an expert in
electrical science, and the field observations were placed under his special charge. In his report
lie gives a drawing, (here omitted,) and the following description of the apparatus:

(A) represents a dry battery made of disks of common silver paper, covered on the paper side
with oxide of nanganese and inclosed in two glass tubes. In one of the tubes, the manganese side
of the paper is up and the ball is marked . - In the other, the silver side is on top, and the ball is
marked —. Between these two balls, a piece of very thin gold-leaf, } inch wide, (B,) is suspended,
and fastened to the small ball (@) with a little glue. The other small ball (a') carries a fork of brass
wire, (¢,) provided with the disks (d, d'.) The letters (b, b) show the wire-connections with the larger
ball, (C). The glass tube (1) with the brass end-pieces (%, %) carries the ball,(F.) The wire (i)
in the glass tube () completed the metallic connection between C and F. The stand (g) carries on
its upper end an agate center, on which the point of the fine steel-wire needle (¢) is playing. The
ends of this slightly-magnetized needle are resting against the disks, (4, d.) The whole is inclosed
in the framed box (D)) provided with windows on the four vertical sides.

(K) isahinge. The movable arm (p) with ball (@) can be moved to the ball (F) by means of the
string (1,) as shown by the dotted lines. (M) is a weight equalizing the weight of (p, G,) All the parts
already described are adjusted inside of the observatory.
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Outside of the bnilding, and at a distance of 60 feet from it, a mast, (P,) 40 feet in height, was
erected. To the upper end is fastened, by means of glass insulators, (o0, 0,) the lightning.rod point
(0.) An insulated wire, (n,) fastened to the lower end of (O,)leads through the wall of the
observing-room direct to hinge (K.)

The drawing shows the movable ball (G)in contact with ball (N) of the ground-connection. To
make observations, the observer has to bring ball (G,) by means of the string (,) in slight contact
with ball (F.) If there is any atmospheric electricity, it will be communicated to ball (F) and
charge the gold-leaf (B) and the disks (d, d) with the same. For example, we will obtain 4 elec-
tricity when the gold-leaf will be attracted toward the 4- ball. To prevent erroneous readings, the
balls are marked with the electricity of the leaf. At the same moment, the disks (d, d) are charged
with plus eleetricity, and, by contact, the needle {e.) Two conductors, charged with the same elec-
tricity, are repulsive in proportion to the power of the latter, and the angle of the declination may
be read on the divided circle (&) fastened to the stand (g) by the arms (f, 7.) After each observation,
the ball () has to be removed to (N) again. By this arrangement, not only very feeble degrees
of electricity may be observed, but the apparatus can be used during the heaviest thunder-storms
without danger. In cases of the latter character, the ball (G) is removed only one-fourth of an
inch from the ball (N), allowing the sparks to pass to the ground during the prevalence of the
storm, and at the same time permitting, by communiecation, the quality and quantity of the elec-
tricity to be marked on the apparatus. A distance of two feet, from F to N, was found sufficient
during two months’ observations, with occasional very heavy thunder-storms. The whole arrange-
ment worked admirably, but is, of course, subject to improvement.

Table VIII presents the results, with the omission of more than thirty observations, made day
and night, but principally at 8 a. m., daring elear weather, when no trace of electricity was dis-
covered. From this record, it would appear that electricity existed, or was only collected during
the prevalence of great commotions in the atmosphere, and that the kind and intensity followed
no general law. The entire absence of electricity during comparatively serene days may be dune
partly to the cold, dry atmosphere of the station, and, in some measure, to the incapacity of the
electrometer to detect slight amounts. To provide against such a contingency in the future af
elevations similar to that of Sherman, Mr. Suess suggests that the collectors of atmospheric elec-
tricity shonld command a more extended area; and that, for this purpose, instead of one, fonr masts
should be erected, about 400 feet apart; and that, in place of the lightning-rod point, there should
De substituted a ball of thin copper or brass, from 10 to 12 inches in diameter, to be fastened to an
iron bar raised about 18 inches above the top of each mast, and secured to it by insulators.

It was a source of regret that, owing to other more important duties devolving on Mr. Suess,
it was net possible for him to take a more regular and extended series of hourly observations.
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TABLE VIIL—Afmospheric electricity.

! ! Atmospheric elee- Atmogpheric elec-
| i tricity. tricity.
[ | = 1 @
Date, Hour. : I B [l Remarks. Date. Hour. . g Remarks.
NIRRT R
T 8 | B8
5| € | €% E 1= | Bt
D s & @ R .-
=+ [=] s + [=] e 1
July 10| 8a.m... Cloudy. July 19 { i1a. m..] + 25° .| Distant thnnder.
10 | Noon .._: .| Thunder, lightaing. ! Q! 8am... 0o ... .| Clear.
10 4p.m... Cloudy. ‘ 20 4p.m... o ... Deo.
10! 6p.m... Do. 21 | 4p.m...[Traces. ._....|........ Cloudy.
it 6p.m.. Raining. | 2!gam...| o | Do.
12 2p.m.... Distant thunder. ; 22 | Noon .. — [ Do.
120 9p.m... i .«......| Distant thunder and rain. 23 8am.... 0 |......b..l Clear.
120 10powm.. —~ | 75 [ Distant thunder. t 2Bi6pm..! —~ ...| Distant thunder.
1icam | o L1 .| Clear 25| 8a.m.... O .| Partially clear.
13 | Noon ...i + j...... [T Lightning and thunder. 25 | Noon ...| Light spriukle.
1B1pm..| — | 3 90 | Rain. 25 |5p.m.. ~ Lightning and thunder.
M aom ) 4 o Distant thunder. 26! 8a.m.... 0 .| Cloddy.
14 \’ Noon . ’ — 35 ..., Raining. 26 | 6p. m’ + Do.
14 g 4p.m.... + ‘ 50 ..., Distant thunder. 27| 8a. m. [ 0 Clear.
4i6pow._; 4+ 0 30 . Raining. 271 Noon ...| + Distant thunder.
lfysﬁa mo_.| 0 . oo Fog. 27 3p.m...% - Hail-storm.
15 j am. 0 S Cloudy. 25 | 2 p.om. ..} - Distant thunder.
16 | 1ta.m..i + : 30° 160 | Thunder, distant.; rain. 2| 8am. .| i} Clear in zenith.
16 | Noon ...i + ...... { ....... Distant thunder. : 29 | Noon . } 0 Deo.
i6{2pm..., + | Thunder and lightning. 3 gam.. 0 Do,
16 [ 3p.m_..; + Da. i Ang. 4iep m... -~ Light shower.
16 d4p.m..l — .. Distant thunder. i 7] Noon...| - Distant thunder.
17i8am...0 0 ..., Fog. il Tl lpm...i ~— Do.
17 (4p.m...| ¢ ‘] TFog and light rain. ]? T 4p. m. l L N PR ...| Light sprinkle.
18! 8a.m... 0 . Clear. \ Bl Bam. .. L | I Y jroenees Cloudy.
IR %9am...! 0 Do i 8ilp.m...| — i Hail and rain.
18 4p m.. o . Cloudy and light rain. !’ 10 8a. m... 0 .| Fag.
10{8a.m...t 4+ ceieifaan. Clear, i 12f{8am..! 0 .1 Clear.
19| 10a. m..i 4 i .............. Distant {hunder, Ei
! | ‘

* Sparks too continuous to be’estimated.

ALTITUDE OF THE ASTRONOMICAL STATION.
SPIRIT-LEVEL.

The height above the sea-level of the railroad-track at Sherman, as given by the engineers who
constructed the road, is 8,235 feet. The astronomical and meteorological station was 33 feet above
the track, and, hence, 8,263 fcet above the sea. This result, however, cannot be accepted as con-
clusive. 1ts reliability is affected by the probable errors committed in the leveling, especially
when condacted by the ordinary method, of a series of lines amounting in the aggregate to over
2,000 miles in length, and by errors in the graduation of the leveling-rods, Of the first uncer-
tainty, no estimate of its value can be made, and we will, therefore, assume that the plus compen-
sated for the minus errors. In regard to the second, we have only to suppose that the foot-divisions
of the vod were inaccurate to the extent of ;}; of an inch, which is very generally the case, and
adopting the given altitude of Omaha, 966 feet, as critically correct, we have for the line from
Omaha to Sherman, a distance of 549 miles, with a gradual rise of 7,270 feet, a probable error of
4 30 feet. The height of the station, from the spirit-leveling operations may be, therefore, stated

to be 8,268 feet L. 30.
BAROMETER.

In order to compare the altitade given by the railroad-company with that which conld be
deduced from the barometric observations at the station in connection with corresponding observa-
tions at other points whose hieight above the sea was accurately determined, application was made
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to Dr. G. Engelmann, of Saint Louis, for a transcript of those taken by him during June, July, and
August, and also to General Albert Myer, Chief-Signal Officer, U. 8. A, for those of alike date made
under his direction at the Signal-Office in Washington ; and I take pleasure in acknowledging the
courtesy and prompiness with which both complied with wy request.

Besides these two series of corresponding observations, the mean barometer for the period, as
established by more than one year’s observatious at Saint Louis, Girard College, Sacramento, San
Francisco, and Astoria, has been introduced for similar comparisons; and for the purpose of
showing and of throwing out, if’ necessary, any special discrepancy which might be found to exist,
the sixty-days’ set has been divided into four periods of fifteen days each, as exhibited in Tables
IX, X, and XL

Saint Louis (').—This station, the present residence of Dr. Engelmann, is about two miles west
of Saint Louis; the cistern of the barometer being 549 feet above the Gulf of Mexico. The obser-
vations were made at the hours of 7 a. m. and 2 and 9 p. m., representing the mean of the twenty-
four. The wet bulb was not observed.

Waskington.—The observations at the Signal-Office were mmade hourly, and, besides the usual
corrections for instrumeuntal error and temperature, were reduced to the sea-level.

Saint Louis (*)—The data in this ease, the meéan of the years 1860, 1861, and 1862, are derived
from the meteorological tables published by Dr. Engelmann in the Transactions of the Academy of
Science of Saint Louis. During these years, Dr. Engelmann resided in the city ; the cistern of the
barometer being 481 feet above the Gulf of Mexico. )

Girard College, Philadelphia.—The results in the table are the mean of the period during the
five years’ series taken in 1840, 1841, 1842, 1843, and 1844, under the direction of Prof. A. D. Bache.

Sacramento, San Francisco, and Astoria.—The data for these stations were obtained from the
ten-days’ observations in each month for two successive years, as published by Col. R. 8. William-
son, Corps of Engineers, U. S. A., in his paper “On the use of the barometer.”

The relative humidity and elastie foree of vapor for Sherman were computed, as heretofore
stated, from Willinmsonw’s tables. )

The formulxe and tables used in the computations of the difference of height between Sherman
and the other stations were those of Dr. Richard Rublmaun, professor in the Polytechuic School
at Carlsruhe, published at Leipsic in 1870.

The cistern of the barometer at the astronomical station was eight feetabove the ground, and this
quantity must be, therefore, deducted from any computed difference of height from the Sherman

observations,
The correction for relative huridity, or the elastic force of vapor, has not, in any case, been

applied.

Table XI shows that the first period of fifteen days gives results muach higher, in every case,
than the three other periods. This fact points to Sherman as the canse. Upon examination of the
record and of Diagram I, we find that between the 21st of June and the 1st of July, dates embraced
“within the above period, the barometer at Sherman fell over half aninch. Of course, it could hardly
be expected that this great change in the atmospheric pressure would be felt, during the summer-
season, at so great a distance as the meridian of Saiut Louis, and still less of Washington; nor do
we find at those statious any response, either following or preceding, to this exceptionally low
barometer at Sherman. The pressare is never the same, except under unusually fuvorable circum-
stances, beyond a radius of fifteen miles, so that, unless the two stations were situated within that
area, simultaneous observations for a short period give only approximate results ; the uncertainty
increasing with the distance. When, however, that distance is from 15° to 30° of longitude, the
very best observations cease to be corresponding, and the mean of the period for any year or series
of years would afford results equzﬂly reliable, and especially between a station of high elevation in
the interior and those situated in such an entirely different climate as the valley of the Mississippi
and the Atlantic seaboard.

Rejecting, therefore, the first period as evidently exceptional, and adopting the other three as
representing the trne mean barometer for the station and dates, we find that the results frf)m tl}e
four stations to the eastward are sufficiently harmonious to entitle them to considerable weight in

‘H. Ex. 240—12
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the discussion of the altitude; and the same may be said of the heights dednced from the three
stations to the westward, notwithstanding the two sets of resnlts differ more than 100 feet.

The observations on the Pacific coast were taken on only ten days of the month, and are not,
therefore, strictly entitled to the same weight as the full series on the Atlantic coast. In view, how-
ever, of all the facts, the mean of the two sets, 8,312 feet, has been taken to represent the height of the
station as deduced from the barometrical observations; and, assigning to this mean an equal weight
with the spirit-leveling, the mean of the two shows the altitude of the astronomical station at
Sherman to be 8,290 feet above the sea-level. i : .

TABLE IX.
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TAsLr XI.

i - . T H - H o
) 1st period, 21 perind, | 3d period, | 4th perind, | Mean of 9d, 31, and 4th
Barometer station. 15 days. 15 days. 15 days. “ 15 days. perioda.
S . - i T o !

ATLANTIC COAST. Feet. |  Fect. Feet. Feet. Feet. Meters.
Saint Lowis (V) ool aiaaa. o 8.3505.0 | 830648 X, 385, 8 l 8,385, 8 B 378 8 2,553.8
Washington . 8509.7 | &304.9 8,345.7 | &390 ®354.2 2,546.3
Saint Lowis (%) ..o ooo..... ), 404. R } 8 357.2 £.372.0 | R 3.5 8,317. 4 2,553, 4 |
Girard College .__..._... ... & 391.5 8,349.3 8 366. 4 } 82,3279 R 3479 2,544 4

MEAR « - cr et 84528 | 8,366 4 ‘; & 367.5 £ 339.8 8 364. 6 2,540, 5
PACIFIC COAST. i - 1 1 [
Sactamento ... .. R 3488 R 284 29811 | R 23L5 ; 2,265.0
San Francisco............... 23040 | 82328 82313 | R1855 8265 |
Astoria ...l 83515 | 83122 | 8319.3 ‘ R, 257, 8,206.2
MEAN «. e aaimae e -] 83348 | 82758 ®,9277.2 } 8, 2247 ' §,259.2 | 2,516.8 !
i :

BOILING POINT APPARATUS.

The temperature of the vapor of boiling water was tetermined by one of Casella’s hypsowmeters,
No. 9776. Sixteen mean results, obtained on twelve days in July and August, show that the boiling-
point, at the altitude of Sherman, ranged from 197002 I, to 1970,70 I',; the variations following the
fluctuations in the atmospheric pressure.

The results are given in Table XII. The mean temperature of the boiling-point was 197°.32,
and the observed height of the barometric eolumn for the same hours and series was 22.305. Now,
if we adopt 197°.32 as correct, and compute, by means of the Smithisonian tables, what the pressure
should have been for that temperature, we find that the barometer should bave read 22179, or
0.127 lower than was actually observed ; or, if the barometer was correct, the theoretical temperature
should have been 1972.59, or 0°.27 higher than observed. .

With a view to test the accuracy of the scale of the Casella thermometer at 2126, the temperature
at which it was standarded, a series of carefal comparisons were made at my request, under the
special direction of Prof., J. 1Z. Hilgard, assistant, in charge of the Office, the results of which are
given in Table XIIT. The comparisons show that, at a mean pressure of 29.967, the boiling-point
stood at 212°,087; being almost identically the same as that deduced from the same pressure by
means of Moritz’s revision of Regnaunlt’s tables. It is, therefore, believed that the thermometer
was correct, and that its scale had not changed since it was made ; and, as it is not probable that so
great an error as 0.127 could have been committed by the different observers in adjusting and
reading the Sherman barometer, the discrepancy must be referred to the tables and to possible
mistakes, amounting to one-quarter ot a degree of Fahrenheit in the fietd-determinations.

It should be stated in this connection that the hypsometer was observed at a point about .030
of the barometric column below the cistern at the astronomical station; and, also, that the aneroid
and boiling-point apparatus were in excellent accordance.

Adopting, for the sake of illustration, the observed temperature of 197°.32 as correct, we find
22.178 in the table as the corresponding atmospheric pressure, from which must be subtracted
the guantity .030 to reduce it to the upper station. Witk these new values, 22.148 for the barometer
and 60°.2 for the temperature of the air, the height of the astronomical station would be about
8,416 feet above the sea-level, a result showing that the thermometrical measurement could not be
depended on in this case within abont 126 feet of what may be assumed as the true altitude.
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TABLE XIL—Temperature of the boiling point of water at Sherman.
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TABLE XIUIL.-—Obscrvations made at the United States Coas: Survey Observatory, with Casclla

thermometer No. 9776, to ascertain the boiling-point of water.

Elevation above mean half-tide level of the Potomage, 52.5 feet.
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HEIGHT OF LONG'S PEAK, ETC.

After the triangulation of the plateau was completed, the longest lines were used as bases for
determining the position and altitude of some of the prominent and distant mountain-peaks in
view from the station. 1In conseguence, however, of the short length of the bases in comparison
with the long lines to be determined, and of the absence of signals on the summits and of any dis.
tinguishing mark which eould be pointed at with equal certainty at all the stations, the angles at
the mountain-peaks were very small, averaging 3°, and their determination merely approximate.

The double zenith-distances of Medicine Bow and Mount Agassiz were observed at 6 p. m.,
Angust 7; the barometer standing at 22.239, and the dry and wet bulbs, respectively, at 63°.3 and
510 Fah reuhenc. The observations on Long’s Peak were made the next afteruoon at the sawme hour,
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when the barometer showed 22.216 and the dry and wet bulbs 49°.3 and 46°.3. The highest part
of Medicine Bow range, the summit observed upon, and Long’s Peak, are always eovered with
snow. With the above data and Struve's formula, the co-efficient of the normal refraction was
computed for each line:

o o0
K =( 0.07238 + 553-8) ‘,—W]iwmusss (20 =)

in which—
K = the mean height of the ray above the ground, in meters ;
B = height of barometer in millimeters, reduced to freezing-point; and
T = the temperature of the air in centesimal degrees.

The co-eflicient; for Medicine Bow was .05791; for Mount Agassiz, .058.1; and for Long’s Peak,
05595 ; but, as the refraction increases slowly, and then more rapidly after the midday hours, the
above values do not represent the co-eficients at the hour of observation. -In the absence of u
reliable table of the hourly rates of increase and decrease for altitudes similar to that of Sherman
we have assumed one-fifth of the normal refraction as the increase from 4 to 6 p. m. The results
with their probable errors, principally of distance, are given in the following table, and are based
upon the latitude, longitude, and height of the astronomical station, as given iu the preceding
pages:

) From observations atastronomical i |

|
|
|

station. | Longitude Above | !
Mountain-summits. *————MW* Latitude. west of }Sherman-j Height above sea. |
Zenith- | Greenwich. | | ;
Avimuth. . Distance. | Zenith ¢ " | 1 +
| 1 digtance, ! i

! ; i ;
- : T : ! e
{ o ¢ i Meters. | o « u [0 l o 1o Feat. Feet. Meters. |
| Medicine Bow........ 108 22 55 | €1, 140 89 3328 | 4121 26 106 18 46 1 3,017 . 11,805 3, BOS
Mount Agassiz._....... { 85 47 13 | 46,720 | (89 4152 1 4105 48 [ 105 58 16 | 1,373 | 9,663 . 2,945 |

|

i

} Long's Peak «co......| 1046 55 © 101,007 [ €990 42 | 40 14 09 | 10536 51| 6,08 i 14,3710 | 4,300 |
: i | i H

SHERMAN, ITS ATMOSPHERE AND CLIMATE.

The advantages which follow an elevation of the telescope above the denser strata of the
atmosphere are a lower and more uniform temperature, a proportional dryness or deerease of aqueous
vapor, less refraction, increased darkness of the interstellar spaces in consequence of there being
50 much less atmosphere to produee color, and, for the same reason, the comparative absence of
interfering lines in the spectra of the heavenly bodies, and, as the general result, an improved
brightness, definition, and steadiness of the stars and degree of accuracy with which celestial phe.
nomena can be noted. As the advantages theoretically belongin g to the aititnde are modified by
the atmospheric eonditions dependent on the locality, the results of the meteorological observationg
wade during our stay at Sherman become of the first importance in considering the availability of
the position for a permanent observatory.

A description of the locality and of the wide plains to the eastward and mountain-ranges to
the westward has been already given. In regard to the safe transportation of instraments,
accessibility at all times, and supplies, Sherman possesses advantages not equaled by any similar
altitude in Europe or America. In respect to weather, it may be generally stated that the 72 days
Spent there during June, July, and August were characterized by excessive clondiness; by high
winds from the westward ; by the various directions in which the cloud-strata would be moving at
the same time; by the suddenness with which the sky would be overcast and then become clear
again; and, as a consequence, by a great uncertuinty in regard to the duration of favorable hours
for astronomical observations. This condition of the atmosphere, resulting from the juxtaposition
of the station to the snow-covered ranges to the westward and the heated air over the plains, wonld
appear to Indicate that the altitude was somewhat too great) being within the region ot: the lower
clouds or mist-formations ; and the same objection could be urged against the ()U(Jll[)iltll)ll‘of any
of-the higher altitudes situated within view to the westward and from forty to seventv miles dis-
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tant. In no instance were clouds observed to hang on the mountain-side; but when any existed
and were visible from Sherman, they enveloped the summit. It frequently occurred that there was
bright, clear weather at Laramie, twenty-four miles west and 1,000 feet lower, and at Cheyenne,
thirty-three miles to the eastward and 2,000 feet lower. Assistant Mosman had clear weather,
night after night, at Salt Lake City, when it was the worst at Sherman.

The mean temperature during the sixty days of observation, or season, when the day-temper-
ature would be the highest and the extremes the greatest, was 56°.5 F.; the range being from the
minimum, 47°.8, just before day-break, to the maximum, 65°.4, at noon. There were twenty-two
days on which the temperatare of the warmest hour reached or exceeded 70°, and only one when
the mercury showed as high as 80°. Fires were generally necessary after sun-down, and accepta-
ble for half the time during the day, especially when the wind was strong.

The absolute quantity of aqueous vapor in the air was about 50 per cent, less than is recorded
for Saint Louis; and yet it was, no doubt, exceptionally large for the season, in cénsequence of the
amount of snow remaining on the mountain-slopes from the excessive fall of the previous winter.
The dryness of the air was further illastrated by rapid evaporation ; by unusual and almost immediate
shrinkage of newly-cut lumber ; and by the fact that there was no perspiration, no animal putre-
faction, and no mold. Dew was never seen; the dew-point being invariably lower than the
temperature of the air.., The mean evaporation of water exposed for twenty-four hours on the roof
of the meteorological observatory was, for eleven days of careful comparison and measurement,
sixfold greater than within the building.

The total quantity of rain and melted hail and snow which fell during the sixty days amounted
to 2.55 inches.

The wind was at times very strong, and frequently continued so day and night, constituting
dry gales. The velocity ranged from 2 fo 43.7 miles per hour; there being very few occasions on
which it was entirely calm. The velocity per day varied from 167 to 760 miles; the average being
332 miles. The general direction of the wind was from the mountains to the plains, or from the
quarter between the northwest and southwest; the proportion from this direction was 53 per cent.;
from southwest to southeast, 25 per cent.; from southeast to northeass, 12 per cent.; and from
northeast to northwest, 10 per cent. The direction of the upper winds, as determined by the
movements of the npper clouds, was, as a general rule, from northwest to sonthwest.

Notwithstanding the prevalence of clondy weather, we had opportunities of making all of the
observations which we had proposed, and of fully realizing the advantages of the altitude for astro-
nomical purposes. When the sky was eutirely free from clonds, the firmament was indesecribably
brilliant from the appearance of a host of stars of the sixth and seventh magnitades, rarely, if ever,
seen near the sea-level by the unassisted eye. Stars of the fifth magnitude were observed for some
time Lefore sunset with the telescope of the small portable transit; and the companion to Polaris,
a star of the ninth magnitude, appeared, always distinet and only slightly quivering, with a 21-
inch object-glass and a power of 45. The increased steadiness and definition of the 60 time-stars
observed by me were readily recognized. Those of the first magnitude, such as Antares, were too
large and brilliant for precise transits. The number of telescopic stars was increased by two or
three magnitudes. v

The special observations, however, to determine the value of the elevation in the observing of
celestial phenomena were made by Prof. C. A. Young. [t will sanffice here tostate that his telescope
and spectroscopic apparatns were the largest and most powerful ever mounted at so high an alti-
tude ; and being the same instruments which he had employed for so many years, and with suech
distingnished success, at Dartmounth College, he was enabled to make direct comparisons of the
wost interesting and decisive character. In his report, which will accompany this, he gives it as
his deliberate opinion that the elevation of 8,000 feet made his 9.4-inch object-glass equal in power
to a 12-inch glass at the sea-level.

Before closing this report, 1 beg to acknowledge the assistance given to the expedition by the
detail of a guard sapplied by General E. O. C. Ord, under the authority of the Secretary of War, and
made doubly efficient by the eare with which the men were selected by the commandant at Fort
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D. A. Russell, General John A. King; also, the ecourtesy of Col. Thomas A. Secott, president of the
Pennsylvania Central Railroad Company, for free passes for each member of the party, from Harris-
burg to Chicago; and, finally, the liberality and promptness with whieh the superintendent of the
Atlantic and Pacific Telegraph Company, Col. I. 1. Dickey, erected a branch from the main line
to our observatory, at their expense, and gave us the free use of the wires between Sherman and
Salt Lake City, ¢ from a desire, on the part of the company, to advance the interests of science,”

I am, respectfully, yours,

RICHD. D. CUTTS.

Prof. BENJAMIN PEIRCE,
Superintendent of the United States Coast Survey.
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i menced to sprinkle

ann
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until 12.46 p. m.

Lightning in S E. at
11.20 p. m.
%+ Still lightning 3. E.
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SHERMAN, JUNE 22, 1872,
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B r Ef 2R B ,
L T B s SO S | i ki - N
1a. m.[’ 5423 i Clear. | 0| ! 29 376 ;
Ta. m | L3143, Clear. | 0 372 |
Saom.] 431450 30.6 Clear. = 0| 5% |
daom.l L4391 453 376 .22 st |3 370 |
D a. m.J 4440488 388 ¢ L 444 St. 3 .32 , Light mist seen at &
Ga m. 446 348 4L AN Cir. 1 2 .| 311 a.m. disappeared at
Tami 460580 41L& 307 ! st 1 o319 BS0am.
Ba.m @ 454 6LT 43.5 .27 : Jir St L 0 e i
Gam . 45 632 428 .20 i Cust | 1 NW. | S
108 m. 437,652 437 .22 %8l Cust D2 Noby W, o299 )
Ham | 436 612,448 .20 N W. ' 207 iooeoooaens ... CuSt | 8! NbyE |...... .88
12m ... 4151 60.7 | 45.3 198 w.o | Lo cwst P 6 Wby N, ... 20 |
Ip an w00/ 720 4wz e SWL s CuSt | Wl 245
Lp.oml 363 TL3 45,900,190 0 N.W, 17.6 | Cir. it Cu, St. NW. . .330
Gpom.i 360075 455 182 N.W. 214 Cir &Civ. | 4. ... SR I 74
4p.m. Paos 487 2490 INW.&W. 1009 Cir&Cir | 4o [, P20 |
Spom. L3490 70.0 045,51 .197 1 N.W. 1.5 Cir, &Cir. | 4 196 |
i ; | \ St. 5 i
Gp.m. L350 60.514050.210 | N.W. 27 Cir &Cir | 196
: | ‘ i | st
N.ow 4.4 Cir&Ciro i 5 oL P 200

| .
Tp.m.| 349 670 462

I

‘ T
spom. Loiel 05 401 005 S Wby W, 62

Op.m 337 i : 5w, d2 Cu. Bt. 1
Wpowm | L321 8, g1 CuSt. | 1
Mpom. 308 s. CoR0] CinCa o4

12p . 2 Cir. St.

P22.385  60.2 | 43.6 |




Honr,

la .
2a.m

Ja.m.
4. 1.
Sa.m.

ilam

12m.. .

1p.m.
2p.m.

3p.m.
4y mr.
S5p.m

6p. ur.
Tp.m.
#p.m.
9p.m.
1W0p m.
lp om.
2pm.

THE UNITED STATES COAST SURVEY.

101

METEOROLOGICAL JOURNAL.—SHERMAN, WYOMING TERRITORY—Continued.

R ;
o
SEi 5 2
z H- =
A g z
£ PR
i F s
122,300 i 52,7 | 40.3 | .383
: LELT | 50.5 | .38
49.8 | 38.5 | .402
: 48,9 | 371.6 | .395
{51.8130.5  .3%0
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" Amount.
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At 11 a. 1m, to the east.
the clouds are eirro-
stratus ; at 12 m., to
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squalls.
Wind blowing in
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SHERMAN, JUNE 23, 1872

|

E ! 3 WIND, | LOWER CLOUDS. UPPER CLOUDS. .E: s
g i e e e s = E
S | = s £z £
Wour. | 2 1 . ° Z . s : g E g Remarks.
$E|Z2 £ =1 & o £ SRR
E |y o £ 0 E O R
= | A 1B £ 7 < 2 =z = =
Tam.| 921071580 |45 . el 8 W, 510 Cu. St 29, 024
2a.m.| .102 563|465 .483 ) S W. 15,6 Cu st 073
da.m. 188 547|455 50T, S.W. G4 Cu St .072
da.m.| 195 5L4 447 599 S.W. 140 Cu St 074
Sa.m. 196 5LD 452 601 S.W. 2150 CuSt 7 ! 082
6a.m.| .107 5401469 .557 S W. gL 7! CuSt.  F . 0#
Ta.m.| .221 5510479 .51 W.N. W. 42,0 Cu. St TGRSt |10 W.bvS. ... . 099
2a.m .224 56,1 | 484 | 576 N. W, 29,1 Nini. & Cir. $t. 110 SW. L1053 815 a. wm., raining and
9 a. m‘ L2250 59.1 4R 9 ‘ -491 1 W. by N. 3L& 1 XNim. & Cin S8t 10 W [P, . 103 slight shower: ceased
10a. m.; .23 6L3 512 .49% | W.by N,  4L8; Cun St SoCinst, L9 W.hySs Lo J1E2 At 830; ¢ o, wind
ilam i 231 614 51L.21{.409 ) NW.wW. 315 . Nim,, Cive 0 3 [ . 102 blowing in gusts: 933
; ', ; i St. ‘ : i a.m., light sprinkling
12w ... 235 BR2 4R Y \ L5200 N.N.UW. Q7 Cu. 8t.,- 9 ........... e s [ . 102 of rain; continuons
! ; | : Y Nim. : | maoderate Tain.
Ipm.l .94 54.0 i 450 1688 1 W, by 8. 92,7 0 Nim. .13%  Coutinued rain: wind
Sp.m i 263 820 idnlmal W 18.4 Niw. 150 moderate and squally.
3p.m.. .23 SL5 427 :.809; S W. . 202 Nim. 150 Ceased raining.
4pm. .22 551 485 .620 | K. W. 18,7 | Cir. & Cir. | 150 - Wind blowing in gusts.
‘ ; L8t ;
Spom.; 244 06.4 47T J 536 | w. Co245 Cin & Cir 0l P s [ L1300 Wind blowing in gusts.
: ‘ | 1 St. j ‘
Gpwm.y .8 iBl485|.518] W, W1 Cin St 3 i e e - 130
Tpom.| .260 55,0 {47.5|.510 0 W, | 147 O St & 5 eeveieena.. e ieiiiacimerjeeee..s o148 Began to rain, with
| | ‘ i : D e ose | i storm of wind, at &
! ; ! ; c Py o’clock.
gp.m.. .290  49.5 1 46.2 .74 N.W 24.1 Nim. R | ; y
9pom. L2811 47.0 [ 4450 .818; N 25,81 Nim. i 6ol Joeenn © 1% 9 p.om. rain ceased;
10p.m. 303 ] ‘ 11.2 Cu. St. 4 . .900 wind moderate ; light-
1p.m boLame 1.6 CuSt. | 3 ..... .103 ning N.; 10 p. m.,
Lpm. 313 455 w1 cwst |4 oo 193 lightning 8.8 E.;

ponn, lightning 308

E.;

dark.
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SHERMAN, JUNE 206, 1872,
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=
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o
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9a m| 340577 4640 N.WL 8.7 Cu.

W w98 60.9 4.9 406 WNW.| 201 CinCe |

Tla.m. .330 6L7 477 .30 W.X.W.| 225 CirCu. | -
im... .30 6859 461 .20 N.W. LT Cir.Cu

Epom. LB 657418300 W, 29.0 | Cir.Cu.

2p.om.| (311 61] 489 301 W.by X, | 62| CiCu

Ip.om.| (300 66.6  40.2 316 N.W. 126 Cir.Cu.

4p.m .20, 67
Sp.m L 283
Gp.m . 280 ’ 66,

N.w. 11.9 Cir. Cu,
. 29| CirCu
N.W. 1.3 : Cir. Cu. &

I Cir st
3 Cinst
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[t Cinost
S E. E 26 CinSt
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2w
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]
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i
»a
3
<
w
=
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8 ONLWL by N.
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Cu. §t.
Cu. St.
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SHERMAYX, JUNE 27, 1672,

B = WIND, | LOWER CLOUDS. | UPPER CLOUDS.
= £ i
- D = b4 : ¢ H
Hour. g = . - H . T : T £ Remarks.
£2.% % : B k%R K 2z
2 S B F = O ¥ Ptz < <
Taom | 22930 40,0 | 445 65 . E. 10. 8 Cu. 8t 3 e S 22.123
faom | .23 495143868 S W 6ol Cust | o2 T
Ba.m | L9240 4.0 40.8 0 560 K. W, wE P 130
4a.m | 934 4890 40.9 ' .52, S 5.7 | ih L1323
Sa.m. L2300 483, 40.5,.533 7 S.W. 10. 4 5 e 182
Gam | 230490 4ALE 52T B W, 3 CInCu | B s e L1
Taom . 246 5.0 449 . 4u¥ w. «0 ! Cir. St.& | 9 ... e et T - 130
: ‘ | Cust i ‘ j
Ea.m | .250 589469  .420 . N W, G1ICn St& | 9 L [ 18
: ! | Cu. St ; | ! ;
a.m.| .20 622 460 343 w. 2L.2 | Nim.& Cir. | 9 | P [ L 127 | Nimbuos-clond to west-
“ I I Bt : | “ ward,
10 a. m.} L2309 66,1 49,5 - .332 W.by X, 19.6  Cir, St. & (i B e e {‘ veee. 118 Nimbua-clond to west-
| | Nim. ! ward and northwest.
11 a. m.! 230 - 66.2 4.2 1 .301 5w 171 Cu, Cir St 41 et eeiees L m
; : : i & Cu. 8t,
tmo] e TLe Lo e [ W.ly & ¢ 1.2 CuSt, Cir e el 630
l1pom!| .194 618 47.3 .324 ) W.N.W.| 220 Nim, Cu. S U S (]
: ‘ ! St. i
2p.m L2035 627 4.6 .33 N. W, 20,7 Nim, Cu. 30| oo 070
! st 1
3pom-] .207 638 350.3 | . 402 S K. g1 Nim., Cu. |10 ... e 070
: i st. |
ipm| .210 | . 416 l N. W, 9.2 Nim., 10 NS
Sp.m . 230 . 363 | W. 24. 4 Nim., 10 <107
6p.m L 210 L443 ] W.by X, 183 ° Cir.8t. . ¢ 000
Tp.m . 201 .52 8. L5 Cir. St & ¢ - 030
! H : (‘n. St.
Sp.m | .98 527 Pannioawm | NLWL I 90 CirSs 9 100 Lightuing seen 5. E.
fp.om | .22 51,6 445! .58t S.W. | Tl Cir 8t o4 080 Lightning seen 8. E.
10p.m | .195  49.G 435 S W &8 Cir. St . £ 080 Lightning seen . E.
pm| .18 49.8 425 8. W, o8 CinSh € -0%0
12p.m | 175 488 422! . %1 030
EX TRy 22,008

H. Ex. 240——14
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SHERMAXN, JUXE 28, 1872,

WIND. [ LOWER CLOLDR, ! UI'TEL CLOUDS. ‘ é ; = ‘
[ - B2 T |
‘ | 1 g3, B
. £ ; ' £ gz B remarks
Hour, R f - ; L Z | E E f i Remarks.
£ 3 2 28 1B s I E z | :
— == = = i = i -~ ! 1
[ H
1la.m.: 2 47.5 . 601 W 2.9 1 Cu, St !
2um 9.5 54 W £0] Cu st
Ja.m. 154 49.4 53 8W. 13 Cu St
da.m. 164 46.5 5131 8. WL 9.6 Cu st
Sa.m. L1660 455 59K 8 W 540 Cu St
Ga.m | 165 50.7 S OSW. 9.3 Cin
Ta.m., .195 553 445 Woby N, 0 1L CiroSt
Ra.m,  .213 582 420 | W 16,8 ‘ Cir. St.
9a.m. .92 GL2 92w, 0 126 [CinSt&Ca.
ita.m L2011 - 647 s S0 ( S.WL s 10.4 l Cir. St. &
| ( | Cu St
Tra.m. .205° 6T.2 4RT .24, NW. | 68 Cir&Cusy
12m... 200 661 43.91.318 ¢ 85| Nim &Cu.|
‘ ! | lose
ip.m L1999 GLT 4T3 360 1 W, 15.5 ) Nim. ! . 035
2p.m.l 193 1 56.5 (462 4T SR 221! Nim oo ! Slight sprionkle uf rain
3p.m.l .20 604 48,5 .43¢ I S E. . 204 Nim. L0851 at 1.30 p.m.
4p.m. L1001 5.4 474 .490 W.N.W. ' 56 XNim. . 070
Sp.m . 177 5331 47.3 ¢ .459 W 9.6 Nim. 050
6p.m. .18 573 46.0 .443° W 2.4 Cir.St 030
Tp.om.: L1830 555 46.6 .52 M. W, 4.1 ' Cir., Cir. 8t. L 060 |
gp.n 176 5.5 436 544 . N.W L8 W0
Yp.om. .18 50.5 440 604 E. 58 | Lightuing east,
10p.m. 182507 44.0..595 1 S E 1.6 ! Lightning sontheast.
pm ' .17 50.5 45 | Lightning east.
2y 166 L4715 5T ‘
22185 54.9 22,066 |
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SHERMAN, JUNE 29, 1872,

S ; ‘ . WIND. LOWER CLOUDS, [ UPPER CLOULS. —":r: &
50 = I . — Zi ot
Ifour. R = = ’ = 5 = . Co £ T3 £ Hemarks.
$E ;iali’@ 2 ol N E ¥ EE OZ
NI S S N T R R
Tam 22197 482 ] 425 .65, S 7.9 Ca. St |
2a.m| .12746.24L9 .705 S E. by$ 8.9 . Cu St
Zam.| 1201 46.5 | 4171 677 | S.E. by &, 87 Cn St
da.m.| 128455 4087 .67 S E.byS. 69 Cn St
S5a.m | .161{47.5| 445, 781 |S. E. by § 0.4 Cu. St
Sa.m | 118|547 457 .35 S E.byS 4.0 St
Ta.m | .119 {323 45.4 .39 W.by N, 2.0 St
Ha.m . 110 ; 61.2 | 46.4 ‘ 357 WL 19.3 Nt 1 . C00
Oa m. . 110 ; 64.5 7.9 i . 326 | w. (] Cir, St 1 91,992 |
10a. m L1071 B6.R | 48.3 (202 W 1.5 Cir. $t. 1 -G8l
1ta. m. L1102 90.3 ' 49.5 . 201 w. 5.8 Cir. Cu. & 5 L9070
‘ ‘ Cir. St.
2m... L0904 TR0 1511263 W. by S. 0.1 Cir 8. Gl T i e i aima EoR
: ' : ' Nt
ip.m . 076 44319 .26 KW 39 Nim,Cu. St. 7 ...l s e 2020 0 A squall accomipanicd
Qp.m . 079 2 710§ 50.0 1. 260 ‘ W N, W 16.4 Nim.,Cu. 8t 7 I =925 0 by a litile rain passed
3 p.m. . 068 : 722 1 49.8 1 .240 0 WL N. W, 85 Nim.,Cua St. B <910 overat3.45 p. m.
4p.m | .071[65.2 513 .402. N.W. | 165 Nim. i 918 | Lightning secn 8. F.
3p.m . 039 ; 64,8 :50.5  .384 S, K. ) g6 Cu. St. 7 LO15 £30 p. o lightning
6p.m (065 ; 63.7 1 50.8 : . 419 8.8 E. 6.9 Cn. St 2. LO1% - seen EL9 p. m light-
Tp.om I 064 585 é 48.4 1 .40 S.E. 10.% Cir. 8t.,Ca. B 5 .30 ning seen S. E. at 10
ﬁ Kt. . { . pan.ga squall, accom-
3p.m L0761 55.4 | 46.6 . 520 ) OR 5.7 Cir. Rt e e e .. 1 2050 { panied by rain, at 10
Sp.m | 071|545 42 RN 49 G St 6 i e e [ .90 ] p.m., ceased at 1040
10p. m L0751 54.3 | 44,1 i . 505 s 96 Nim,Cw.8t. B .. e j LH00 : p.omi: lightning seen
lpm| .057 552450 I 472 8. E. 13.0 INim.,Cu. St. : ( E.11p. m.: lightning
12p m . 059 : 56.8 | 4.7 : 416 ¢ 8. W, 5.8 Nim. ! seen E., squall and
{22096 | 59.5 | 46.9 | 489 _.....i. B8 oo e [ p vain, 12 p.m.
; i ; i
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SHERMAN, JUXE 30, 1872.

! St. ; i . at9and 10p. m., blow-
JS.W.by W.. 403 Cu. St. ‘
W.by W 4.7 Cu. 86|

Mpom i .995 ;389 335, . 604

; ing a storm; wind.
Rp.m 22003 358 ﬂ 3L5, . 642

5] WIND. ' LOWER CLOGDS. | UYPER CLOUDS. ; :‘f
o e - [
o . E
2% 5 E
Hour. | o 2 - 9 5 ! Remarks.
2 & P (= <+ b
S W AEl Nim Jotons!
S. E. 16 Nim. L9014 1
S. E. 0.9 XNim, .910 |
8 E. 0.5! Nim . 900 !
8. E. 85} Nim .807 |
8. E. 937 (i . 895
8 W, w5l st .91
W. by 8 19.8 [ Cir. St. 815
, 5. W, 157, Cir St 850
Waw| .990 | s, 125} Cin St 239
Ila.m | . 971 ‘ S B, 16.6 ;Cir.fﬂ't‘, Cir. . 805 i
| i i Cu !
.| e 724 /5Le|.2l. E S B, 206 Cir.CoSt .82 | A strong wind blowing
1p.m L0932 8.7 ! 5L5 .22, BB | 207 .Cu, Cu.St .63 in sqnalls at 12 m.
i : { ! ' and 1 p.m.
2p. w015 P BT.9 ] 49.0 ). 289 8. 3L Nim. =732 © A strong wind blowing.
3p. m.I LEIZ2 66,1 1401 f 322 S.E. by S 26.5 Cir.8t. Nim. JT30 A strong wind blowing.
4p.m | 920 63K i 48.5 . 350 S. 3.2 Nim., Ca. 8t . 760 { Blowing a storm, and
} i i : aprinkling rain.
Sp.m.| .943 ' 508 1 45,5 | L 576 WL 25,3 Wi, Ca. St 1t -810 ° Blowing a storm and
! ( ; : ; : raining.
6p.aa | 989 483 | 432 l . 666 W 2T CaStNime 10 S 8%  Continued rain; wind
‘ ‘ E i . blowing in squalls,
Tp.m. 971 [ 49.2{ 426 { .593 W . 259 Ca.St Nim. -850 © Wind blowinginaqaalls.
Bp.m.| .97 f 49.4/39.0 ) 432 INW.byW. 312 Ca.St.Nim. -868 At 8 p.m., blowing a
¢p.m 069 | 47,01 37. 4 i .44z ‘N.\V.by W. 437 'Cu.8t., Nim. .70 storm-wind ; light-
Wpm! o3 427] 351 f.a12 Now.bgW. 381 Cir St Ca 833 . ningseen east to 8.30;
H ¥
j
|
L

Twa,

2L97TT 1572 [ 416
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SHERMAN, JULY 1, 182,

5 \ C 5 J WIND. | LOWER CLOUDS. UPPER CLOLDS. é
5 E i Ik
Hour, E E 5 .’f ! _: 2 | N ;Ej 3 "é Temarks,
s Rl Al E s I 2= ]
lam:; 22009 339302, .650 S W.by “"i 30.1 Clear,
2 a.m 017 [ 33.5 1 20.5 | .613 IS. W. by W.. 6.3 St
3 am 027 1322 1 203 .662 /8. W. by W. 6.4 St.
4 a.1m .033 30.5| 2.3, .703 s.w. 5.5 Cu. St.
dam L041 133,71 20.9 1 .636 8. W.hy W, 246 1 Cu.
6a.m 054 |38.2 322 |.560 5. 1 20 Ca
7 a m 051 426 33.4 437 S w. 47.6 | Cir. Cu.
8 am L066 | 45.7 | 36.0 | . 436 S.W, 36 Cir.
9am| .06748.4 364 .367] = W a1 Ca 3
10a.m . .066)49.7 36.7|.313| S W. 380 Ca 4
1l aam j 067 | 53.5 | 39.9 | .350 S W 49.9 . Cu. 3
12 m...! 73 1 55T ‘ 41.2, .338 8. 8.\, 40.1 : Cu. 3
Ip.m L0741 56.9 | 41.1 (.31 S w. 378 Cua. 3
2p.m L067 | 57,3 ‘ 40.4 | . 285 NoOWL 29.7 Cu. 5
3p.m | .072 580 40.8.282° N W, 3.0 | Cu&Cit. 5.0
St. ‘ |
4p.m .08 55.9 30.8|.207 ) S W. 3.3 Cir St 30 937
5p.m | .082 553 3%.5).301{ S W. 322 Cin St ¢ 3. . 930
6p m L0896 | 52.3 37.5.308] W.S. W, 28.6 Cir. St. 3. L9970
Tp.m LU67 D464 34.6 | .362 | W.N.W, | 36.4 I Cir. 8t. . 6! . 930 ; Blowing a stormi-winid.
Hp.m LOB1 42,5 0 340 .398 ) W.ONL W, C o324 ‘;Cir.St.,ffrl‘.. L F e .970 : Blowing a storm.
o s :
Gp.m | .105 414 327 449 > W 0.9 [Cie.86.Cn. 6 .0 [ ...... L9900 At 9, 10, 11, 12 pon,
‘ ; ! ; St ‘ . o * lightning seen E. and
0p.m . .102]30.5 327 CWLN. WL ’ 284 | Cu St 6 e L9090 S E.: hlowing.
Mpm.'& .004]37.1 1317 CW.NOWL D 3140 Cu St 6 Y -
12p.m ! 003 % 35.6  30.5 W.oooedl CinSt 4 T 99
%3.2.066!44.8 gl.449 ... TB0T - eeeeniaene oo eeeman ee cemeaeuannaeeeas 21960
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-~
-
-2

153 -
StE oo
(SRS AR T I

-
-

%

-

'S
=P ee
(= I B - - RPN L5

343"

1

= g |
{ =
Huur.“ § ] i -
SRR E
g | £
= ]
U
la. m Q060 357
2a.m. 072 ‘[ 345
da m. 087 | 33.9
4a.m.i 092 ‘ 3.3
Sa.m.; 110 ’ 35.5
Ga.m.: 107 3R.4 1
Ta.m.) 124 42.3 |
8a.m 134 44.7
Ga.m. L1440 407
I
Wam| 168 485
tla.m. .174.30.4
12m... .204 520
tp.m.i  .194° 514
2p.m. .200 ¢ 52. 4
3p.m L2021 53.0 !
4p.m. .203 547
Sp.m.  .210 ! 55.3
6p.m .223 | 53.8
7p.m. .233 | 50.0
8p.m  .934; 47.2
9p.m L2409, 44.4 ¢
10p.m L9G8 ; 40.0 ;
1lp.m  .262 383
12Zp.m L2620 37,1

REPORT OF THE SUPERINTENDENT OF

SHERMAXN, JULY 2, 1872,

S WIXD. | LOWER CLOUDS.
o e
El | o
E LoE
z 7} PRI =t Z = L g
2 £ o ES g & &
& & S [~ | ¥ 4
L .584 w. 5.4 Co St 4
62| W 16.4  Cu.St | 4]
. 588 i W 3.0 Cn. St 3
5930 WON.W. | 250 Cu St 3
5071 WONLWL. | 246 Cu. St 4
6361 W. 146! Ccumst. 2]
.513 W 473 Cu. St 1
. 493 w. 389 Cu. St 1
L4610 W 33.8 }Cir. Cu. & 6
| Cir, St.
L 442 W, ol oenTl oust g
I3 w. | =5 Cu 9
.31 W, | 307| CuSt 81
305 W.N.W. | 38.6 Cu. St 8
7} w. 20.3] Cu. St 7
. 385 W 19.2 | Cir. & Cu. 5 ;
St.
. 376 w. 20.4| Cir.St. = 3
.35, W.X.W. | 285! Cir. St
.387 W.X.W. L ed5 | Cir St
L4322 W.N.W. 14.2 | Cir. 8t
Co453 0 WONLWL 28.6 St.
517 NUN.UW. 20.0 St.
. 679 NS 16.8 Clr.
L7100 . TR Cir.
165 W.N.W. | 05| Che
621.2

22176 | 44.8 364 507 o]

|

TPPER CLOTI

mejted snow,

1 Amount of rain and
Auneroid barometer.

i Moving frot

lemarks.

21. 994
- 994
. 994
22.015
L0R%

! Lightning east.




THE UNITED STATES COAST SURVEY. 111

METEOROLOGICAL JOURNAL.—SHERMAN, WYOMING TERRITORY—Continued.

SHERMAN. JULY 3, 1x72.

! Barometerat 32° Fah-

LOWER CLOUDE. UPPER CLOUDS.

Hour. ; Remarks.

renheit.
melted snow.
Anecroid barom

Dry bulb,

1a.m. 22996

35. 7 : 33, N
2 8, m. 295 r 36.2 ' 33, 1 Lightuing at south.
Saom. 301|357 33 e
{a.m | .282 1 34.7 33,6 4 Fog tormed at 4.20 a. w1,
5a.m | 283 1344 33 .2 Falling fog.
6 a. mo 2w “ 36.2 35,9 L2 Falling fog.
Ta.m  .290 i 40.4 © 384 17.2 - Cumulus-stratus  mov-
ga.m (28T | 45.€ 415 : 13.1 ing from south,
9a m 303 | 518 4.6 13.6 Cirro-cumulus, 3.
10a.m: 271|578 415 1.6
1la.m | .282 575457 &g . R Rain  commenced at
1lm... 2710950 483 9.8 CmSt. 5 J137 1130am.
Tp.m | .280 59,0  47.2 13.8 o CuS 10 . 140 ¢ Thunder, accompanic
2p.m | .29 j 51.4 0 43.4 .530 ‘ .N. 10. 8 Cu.St. L9 e . 150 by a fall of hail, at
dp.om | .304 : 53.8 40,7 .47 i N.E ;I3 Cn Nim. | 8 el froes e e ceeeaan .17 1.15 p. m.: hailing
! | Cu. St. | ceased at 1.30 p.m.;
dpomi 3160499 461 .3 | N.E. 123 Nien Cu . 9 .. ... e eee. .15 commenced to rain;
j : St . ! 230 p. m. ccased.
Sp.m. . 316 , T 440 B2 , 17.8 Cir, St. B N . 190 Sprinkling at 4 p. m.
6p.m| .35, 466 436 .75 | 1204 CinSt . T oo PR 200
H : : Cu. 8¢,
Tpom | 3194664335 719 N.E | 121 St. B ieiennn.. e eeeeeieieen e 208
Sp.om | .32 426 410 .57 | ExE T8 St 2 e ‘ .215  Lightning 8. E. to 3,
Op.m | 356|417 40.3 1 .83 " Q. 6.5 st. 1 .240 | Lightning §. E.
1opm | 364|408 30.9.870] St Lightning & E. to .
ilp.m 0350 41.0 - 40.7 .. i from 8to12p. m. No
12 p.m.i‘ -340 E 41.2 | 40.0 s lantern to read ame-
3

| 22.306 | 45.

‘ ,and
41.0 ‘ . mometerat 10, 11, ant

2p w.
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Hour. !

1a m.
2a.m.
3. m
448.m.
3a m.
6a.m.
Ta.m
Ba. m,
Su.m.
10a. m.
1t a.m.
12m ...

lp m.

2p.m.
3p.m.
4p.m.
3 p.m.

Gp.m ;

Tp-m.

®p.m.

REPORT OF THE SUPERINTEXDENT OF

METEOROLOGICAL JOURNAL.—SHERMAN, WYOMING TERRITORY—Continued.

i
}

,T: 1 e WIND,
1% | £
E- 2 2 = kst
g ro% = £
2 R =)
92,325 0 39.6 | 3.9 | .83% | 8.
(318 304 AT .88 N
310 30.1 314 .88 s
308 393137 .860 1 8,
317 40.6 388 | 853 N,
L3107 44.2 . 42.6 | 87T | s,
312 [ 473 0440 .82 | 8,
L3111 50.0 {46.3 | .752 | 8.
©L308 5410 47.7).628 1 S.S.E
.308}56.4:'48.8 581 s.
.295;60.8‘;50.3 . 486 8.
| .e93!55.0 481 605 SSE
.293 | 56.5 | 48.3 | .53 8.
| ! | i
286 | 5T.5 | 4%.5 | . 491 8.
©.273 1506 46.0 | .703 | S.S.W.
272 [ 53.2 45.0 ! .540] S.S.E.
262 1 52.3 1 46.0 | .62 | S.S.E.
L967 | 52.4 | 445 | 509 s,
287 | 53,6 46.1].572] N.N.E
.304 5.2 45.5].647| N.N.E.
[ 0 1
| .3lliasy 41685 s,
;L3120 454 432 ) 86| s,
; .324:[45.3“426 .802 8.
.32 434416 .861, S
122,302 | 49.0 TAL L] 05 e, i

SHERMAN, JULY 4, 1872.

LOWER CLOLDS. ‘ UPPER CLOUDR. : ‘é
T T T T T T T T Ty 8t
g = -
= E =z
£ g E w o fE
R N S ;
a0l 8. 2 el
3.3 s el :
2.6 St. 1
3.6 St 1
0.5
6.6
8.4
1.6 ‘
10.5 |
10. 1 1
41| CuSt |
17. 3 Nim.
16.3 Cu.St.,Nim.!
! |
17.9 3C|'LSL.,Xim.3
21.2 [Ca.St., Nim.!
12.9 iCa.St.. Nim.!
12.6 iCu.St.,Nim.i
9.9 {Cu.8t. Nim |
6.0 JCIL 86, Ol B fvreenceiann e b e
Cost ! ;
0.2 CinSt, Co. & ... R
Y St ;
L1 Cu St
9.8! Cu St
7.3, Cu. St
55| Cuo.St
2.3 L L

* Velocity for four hours, 33.0.

eroid baromecter.

148

Remarks.

The anemometer was
not read for the four
preceding hours for
want of a lantern,
Heavy dew at 3 a. n.

Thunder; thunder ac-
companied by

commenced at 1150

rain

a. m.

Continued thuader and
rain at 3, 4, and 3,
. L.

¢ Lightning seen cast at

8and 9 p. m.

Lighuning accompanied

by rain at 10 p. m.:
frequent lightning,
fine rain, at1lp. m;
lightning southeast at
2 p.m.
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SHEEMAN, JULY 5, 1872,

i
LOWER CLOUDS.

. T ;
E ! s WIND. UPYEK CLOLDS. E &
5 | z ER I
Hour. i:% E t : E ;:; ; é | E E ‘] E R k
g A IEB A A = i <! & < = < <
la.m. |22 L8661 B.W. 7.7 St. 1 Lightning S. E.
2a. m. . 845 8. W. 27 St. 1. Thunder and lightning
3a m. L910 | W.B.W. 3.7 Cir. 5/t 1 S.E.
4a.m. 659 | W.N.W. 41| Cir. St 2
5a. m. 1R WONLWL 3.51 Cir.5t. 2
6a . m. .m N.W. 5.6 ! Cir. & Cn. 1
7a.m. .615 . N.N.E. 7.2 Cu. 3
8a.m. . 506 N.wW. 8.3 Cu. 3
9a.m. - 452 w. 8.5 Ca. 3
10 8. m. L4221 W.N. W, 1.3 Cu. 3
1l a. m. . 367 N.W. 12.1 Cu. 4 .14
12m... . 356 N.W. 15.1 Cu. 5 .137 ] Wind blowing in
1p.m. . 352 N.W. 17.6 Cu. 6 . 137 squalls, accompapied
2p.m. . 837 N. W. 18.8 Cu, € . 130 byrain, at1 p. m.; rain
3p.m. .264 1 N.N. W. 23.2 Cu. [ .122 | oeased at 1.25 p. m.
4p.m.i .283/65.6|46.5|.215| NN W. 2.1 | Cix, 8t. & | 5 . 122 | Wind blowinginsqualls.
: Cu.
5p.m. 25 1 65.7 46,21 .268 1 N.N.W. 3B.3|Cir. St. & | 4 |..oaeo... T R P 122 |{Windblowingin squalis.
Cu.
6 p.m. .28 | 64.6 | 46.3 | . 288 N. 11.1 | Cir. 8t. & 4 ... R T U P, L124
8t.
7p.m. .280 | 62.2/46.0.325| N.N.E 16.6 | Cir. St. & | B [....oooo.... JR P . 130
St.
8 p.m. .800 | 55.5 ] 45.7 | .489 E. 10.1 Cir. St. 3 P P ———- . 150
9p.m. L3186 | 54.5 | 46.7 | . 563 S E. 6.0 Cir. 5. 2 RS RS IS . 170
10p.m .309 | 50.7 | 46.5 | . 726 S. 1.3 St. ) I O . - .180
ilp.m V313 | 47.5 | 45.0 | . 820 S. 14.3 St. | N P, R DS . 178
12p.m. .306-| 46.6 | 44.6 | . 852 S 13.5 St. ) A P PO P ————- 178
W@ 2WR | 54.4 1 44.6 . 541 ‘.-.......... Q05,7 {renevereann |- [ PR P P DO 22 156

H. Ex. Doc. 240——15
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l % ‘( A ‘:? { WIND. E LOWER CLOUDS. UPPER CLOUDS.
En N —— T
Hour, i \\ 5 1 ; . ;‘ : g
SR RIEEE-B -l R - . | %
ERIR N B £ | £2 . 5 . El 2
5 Tl e 3 z L2 =l = =1 2 =
4 ol R = E | = = z 2 2 o
g 4 g ik & SRR g < 5 4 #
Lo 2208 65 o6 .| s | 1000 Cin ot
2a.m.| .286 ] 464 43.6].80 8 12.5 Cir. 1 ]
3a.m. .22 463429 .760 S, 10.0 Cir. 1!
4a.m| .23 ! 46.7 | 43.0 | . 742 s. 10.5 Cir. 1
Sa.m. .230 4892|413} .932 8. 11.0 Cir.
6a m.| .o284|546) 557 .07 S. 11.3 Cir. ;
Tam.| 9282|517 50.2.50 s. 4.0 Cir, 2!
Bam | .2W3|6LO|50.7].466) 5.8 W. 9.1 | Cirow | 7]
9a, ul.k L2941 64.09 1 4902 1 U348 W. 8. W, 7.2 Cu. St 5t
0 m. 202678419 i 9| SW. 124 CuSt |6 |
11a. 1. LVERT 645 | 48,5 .95 N.W. 1 16.9 I Cn. St. =70 PO P
lem...] .33 |19 408 204 W, | 197 | Cuwst
1p.m. .297{665]485].302 w. | s Cn. St
2p.Tn| .28770.3|49.3|.257 ] N.W. 40.7 Cu. St.
3p.om.| .288 691|483 |.2% ;’ W.SW. | 36.0 | CwSt
4p.m.) .263|70.5])50.8).282| 8 W. 3.1 | NimCuw | 8 oeerrene.... [
St. l
5p.m. .9268|6n8|50.5(.323] S8 E 10.6 | Nim.Ow. | 8 looeeeecrnns I O
st. i
6pom. 275|654 4871.327 W.SW. | 113 | NimCue | 8 {eeevecennencleanliinniinnenn.
St.
Tp.om.] .278|64.4|48.4).330 W.N.W.| 13.5 Ca, 8.
gp.m.| .283|60.3]47.7.416 8. 2.2 Cu. 8.
op.m. .205 585|465 | .42 s. 6.2 Ca, St.
10p.m.| .291|59.5]46.0].325 SSE, 1 | Cu St .
i1p.m.| .236{545]45.4|.510 S. 130 Cu. §t. ;
12p.m| .287 | 523|444 |.548 8. 10.6 | Cu St i
Q2287 | 60.0 | 47.7 | 484 e ] BI28 ...l ! ................ [reeeeees

REPORT OF THE SUPERINTENDENT OF

ME:TEOROLOGICAL JOURNAL.—SHERMAN, WYOMING TERRITORY—Continued.

SHERMAN, JULY 6, 1872

Amount of rain and

melted snow.

l

| Aneroid barometer.

L 164
L1567
. 143
L1482
123
123
118
L1117
. 007

.101

.110

. 120
130
143
<140
2138
.138

22.139

Remarks.

Tichtning seen f{rom
N.N.E. to S.S. E. at
8,9, 10,11, and 12 p. m.




Hour.

1am
2am
3am

4a.m.

Ham

6 a.m
T am
B am
9 am
10 a.m
11 a.m.
12m...

1 pm.

6 p.m

7T pm.

8 p.m
9pm
10 p.m
11l p.m

12 pom.
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SHERMAN, JULY

Barometer at 322 Fah-
renheit.

| o2 288

[
RS

. 290 ¢

. 293
I Loor
. 301

. 309

. 291
. 281

. 80
. 291
. 291
.2

985

'f‘z:z.ags 629 | 4.2 35

|40,

52.
53,
57
62,
66.
€9.

71

oLt oo
Aoew

[
&

Dry hulb.

Ttowl & e ol D

€~}~l~l~l
GERsg

[

LS )

@ =l W om0

[N

[ Wet bulb,

)

)
A
TV e W W A

o
WGe ® X W e

S
wQI.VI

50, 3

6.7
46.6
6.3
5.0
44,4

! Relative humidity.

1
i

. 308

. 376

414
. 442
455
. 428
. 442

,

1872,

WIND. LOWER CLOUDS, | UPVER CLOUDS,
g < <
£ ER z
S. ;1L8 Cin &St 1
S8W. | s0|Cir&st | 1]
NN.W. | 150]Cir&st | 1]
PNW. | 50, L
CW.N.W. ' 43 Cin &St |1
Nw. | 75 Cr&Cul 1
W.N. WL ‘ 10. 4 Cir. ;
WN.W. | 136 Cir. 3
W.N.W. a7 Cir 4
w. . w4 Cir 2| Ca 3 W.to B
W.N.W. . 209 Cir. ¢! cCu 5 W.to E.
N.wW. 17.9 Cir. 2
N.W. 5, Cu. St &
N.W. e, CaSt | 7.
N. W 5.3 Cu St 8
W.S. W. | 240 Nim. & Cu.| 9
St.
W.S. W, 36,4  Nim. & Cu.! 9
St. -
W, 12,9 ' Nim. & Cu.| 9 %
. St ‘
$. W, 3.0 | Cir. & Cir. | 7
5t
8.8, W. 6.9 Cir. St
8 W, 1.5 Cir St
8.W. | 92| Cinst
N.N.W. | 122 Cinst
| 161 Cir.St |

harometoer,

temarks.

1.30 p. m.,, fresh gale from
N.E.

Windblewinginsqualls.

Wingblowinginsqualls.

Lightning s2en from &

E.to 8. W, from 7.30
to 10 p.m.
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SHERMAN, JULY § 18%.

'i a | i | 5 WIND. ‘jwwm: CLOUDS. ULPER CLOUDS.
1&; £ 1 :é ] i ; !
@ T | | = 2 i E
Hour. § -g I = 2 . Vo R ] &
STE E | E|E 2 £ £ £l @
E 2 s E| E (240 2 5 % (B %
B & elz] & 2 B o4 ® 12 2
—— e — —i
Lam 2295 545 5231.017] W.N.W.  146| CirSt. | 2 I
2am L2830 55.0 ] 53.6 | .906 ) W.N.W. 13.3 Cir.St. | 2.
Tam| 22 557 5.9 .81 WNW 97| CirSt | 3
4 a.1m. L2985 ° 56.7 | 95.0 | W.N.W. 14.8 Cir.Cu. I 4
5am.| .295|3550)53.0.87 ] W.N.W. 13.2| CirnCo | 3.
6ami .295 5853563 W.N.W. | 165| Cir.&St | 2]
Yam| .297!61.4 483 404 | W.N.W. | 182 Cin &St | 2.
gam| 310 643 49.4 .36 W.N.W. | 19.3] CirSt | 1.
9am.| .305' 67.1!50.5:.336 w. 24,5 Cir. 1.
Wwam| .309] 604|507 o w. 233 | Cit & Cit | 5 {eeeeeeoeooooleida
\ | St I
Tam| -308 720 5.6 .21 WNW. | 186 Cir&Cir| 5| oo E ............
| i Cu.
12m..| .306 nsisxsi WNW. | 162] co&on | 7 el
| | St.
Tpm| .30 7352 .2 SW 13.8! Cu.St 7 PO U SO
2pm.| .23 732|527, .26, S W. 9.2 Cu&OCE B loeveecomeenilioidiea
: St. i
3pm| -298|6€9.2|526|.343] NNW 14.4] Cin& 0| 9 feoveevecec)eifieeaninnnns
St.
4pm 296 1 73.0 15261 .278 1 N.N.W. 170 I Nim. & Co| 9 ... ... FUE O
St, i
5pm | .246.5]49.3 (.38 | N.W. 13.7 | Nim. & Cu. 95 ............ I O
. St
6pm| .292]663|50.4].309) NNN.W. | 163] Cn St
7 p.m .303 1 66.0150.9.363 WX W. 7.0 Cu. 8t.
8 p.m .307 180.9]50.1].476 EN.E. 4,8 Cu. St.
9pm| .32{50.7/49.3[.486 SE 0.6, CuSt
10 p.m| 3110 58.7]49.3|.518| W.N.W. 0.4 St.
il p.m. 7 5.3 | 46.7 | .469 | W.S.W. 22| Cir.St
12pm| .30 559476 549 w. 381 Cir St
22.990 1 63.3 | 51.3 | .502 |..eaeei.an. 3054 | oveeanniaan
L

melted snow.

=
g
A
<
I
=
=
3
-]
3

Aneroid barometer.

145

.130

. 130
.110

.110

Remarks.

i Lightning in 8. E.
S. E.

Lightning in S,
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SHERMAN, JULY 9, 1872

Hour.

1a.
2 a.
3a.
4a,

6a.
7 a.
8.
9a.

10 a.

11 a.

12m...
1p.m.
2.
3p.

4ap.
S5p.
6p.
Tp.

gp.

m
m.

10p.m.
11 p.

12p.m.

Anervid barometer.

i Remarks.

:d 'a ;,:. WIND. i TOWER CLOITDS. | UPPER CLOUDS. ;
% ! = 3 : =
e i g | 5 ! [ =
57T | E E : £ £
55 o5 | =2 | 2 g Loy . . &
TR0 E|E & | EE £ ERI
E L% |2 g = =2 g 2 g £
] B2 o &= < £ £ =] 2 ) |
& Ak & 2 = E <l 2 < a3
22,305 | 55.5  45.1 | .46, N.W. 22 GRSt | 1ieiciieeioa.s SRR S
.209 533, 44.1|.500 ] N.W. 6.0 Cir. 8t .
303 | 528 45.0 .55 N.W. 7.0 Cir St
.314 | 50.9  43.1 | .56 ] N.W. 6.5 ' Cir, & Cir.
: St.
.321 5161 43.7 | .545 ] N, W, £.0 | Cir, & Cir.
; St
322 [55.3 | 45,5 .48 1 N.W. &2, Cir St
.331 | 58.7 | 4.2 | .444 | W.N.W. | 1.0 Cir. St
.335 | 624 14801 807 | W.N.W. | 121, Cin St
341 66.5 | 50.6 | .340 | W.N. W, &1 ! Cir. & Cir.
.St
347 69.5 1506 .205 | N.N.W. | 10.4Cir. &Civ.| 8 ... .. I S S
ISt
.351 | 68.5 | 50.5{.310 | N.N.W 129 [ Cir & Cir.| 8 eoveoveenod]. S FOUTRRURR
St.
L35 | 751 54.3 | .278 | NN W, 7.4 Cir.&Cu. | 7
336 | 76.6 | 54.6 | 261 N.W. 64! CingCn | 6
.34 |75 5.3 .38, N E 8.0 [Ce.&Cu.5t) 9 -
.336 | 712 55.0|.361 | E.S.E 18.2 | Cir. $t. & | 5 Cir, & Cu. L
! ! Nim. | B
.30 | 7.2 |5n.2] .31 SE 15.8 Cn.&Cu.St) 5 Cin&Cu| 2] N.W, |.....
.329 | 69.3 | 54.8|.306 | S.E. B9, CwSt | 4| Cinst | 3 W,
835 1 68.5 | 546 .400 | S E 14.6 iCu.&CuSt. 4| Cir 3ONW. L.
3411653 (539 .41 S E 0.3, CuSt. | 4! CinSt’ | 3, SE
353 6.2 51.3] .58 ESE 63 Cu.S. : 5 Cir.St | 2,
.363  60.150.8].52%6 EN.E. 6.4 CuSt | 7|
.361 (509 50.5] .52 | EN.E. 46 Cu St
.369 | 50.5 | 50.8 | .547 E. 6.7 Nim.
37 57.2 | 51.5 | 671 N. 57! Nim
22.336  63.1 | 50.4 | 440 [ceeoen.. 216.7 ORI A e
i

;22,152

.152
57
. 160

.16

L 150

.160
135
. 176
178
R0
LRI
.22

22,177

! Lightning 8. 1.

Lightning seen at E. 5.

i E.tpm.; atE.S.L &
W.4¢p.m; at .8 1,
10 p. m.

Lightning and rain 11
p.m. ; lightning in the
E.and 8. E. aceompan-
ied by rain, at 12 p. m.
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SHERMAN, JULY 10, 1872

& T T .
! i WIND, | LOWER CLOUDS. | UPPER CLOUDS. ; ‘ g.; l
H * i Pd
o ; i R =El © f
e : J ‘ T g f
=3 | i : | " oa o
Hour. | ;—E ' . - Z . i ) ’ . I 2 J“E =z | 5 Remarks.
21 Bz 2 £l £ 1E5E oz
12 % 3 B |z El £ % £ |E8 g
[ £ z | = 2 g £ E g E g .
- E & & | K 4 & - = 4 < .
e | o |
54.5 LT16 : 10.5% Cuw Bt ¢ 8 il 22,220 [ Lightning in E. from 1
| 56.4 . 2051 Cu st .20 | to3am;at3a m.
3a.m. 56,2 ] { Cu. 8t .212 rain began to fall and
fa.m. | 4 {58l Cu s .29 | fell lightly for 15 min.
Sam .3 ‘ 56 CinCug 240 | utes,
| H i } Cu. St.
6nomg 83534 }.713 | 8. | 0.4!Cir.&Cir.St, . 242
7a, m.I 4.4 1 54.4 | .515  X.E 2,2 |Cir.& Cu.S$t. 47
ga.m | .9 55.%).468  N.E 9.0i Cuo .240
9a. m.| 16565331 .445 | E. i 10.6 |Cu.&Cn.St., .247 | Thunder sccompanied
) ! . | , Nim. by rain at 9.40 a. m. ;
10a m.| .406 } 58.2 5L7|.636 N.XN.E. 85! Cu St . 235 lightning at 10.15 a.
i i i Nim w. ; contin'd thunder,
J J + 1
11a 1423 ' 546 ,49.9 ) .711 / S. 1290 Nim. . 267 lightning and rain, 11
- o
1m...| .423 526 49.4).789 ' S 8E | 9.1 Nim. .277 | Continued thunderand
o o . e
Ip.m.| .44 ] 52.6 1 49.0 | . 766 s.E .8 Nim ! .284 | Continued rain.
2p.m L399 0 57.4 0 33.5 | 762 SwW. 531 Cua B, .267 | Raining moderately.
i : Gim. !
} ! : Nim. ! )
3p.m.l .392) 603537 .508 8. W, 9.8 | Cu. St., .250 | Rain ceased.
! ‘ g Nim, J
4p.m.| 39505025250 631 S8 W 1.6 Cu 8t, | 7| Cu St 2 N.E. |o.c... Lo.es0
; | .
:1 ; ! Nim.
Sp.m. 404585516 619 8. 2.4 Nim. 71 Cu.St 2| N.E .257 |
: I i | . | = |
6p.om.| 409 56.4 502 .603 S. £.0 1 Cir 31 Cu.St 5 N.E. .- 257 ¢
Tp.om. 4011356 5.4 .71 S 1.3 Cir 7, Cn.St 3 N.R ceep e
&p.m. 421525 [ 49.9 ‘ . 825 S 0.9 t Cir. Nim. | 5] Cu.St 3 N.E - . 268
9p.m L4240 517 ; 49.4 843 S, 10.7 Nim. 5 { Cu. St 3 N.E |...... .77 } Lightning seen at N.
0 p.m b4 5L L42.4 0 .809 1 8.8 E 8.7 Nim. 6! Cu. St 3 N.E. PR 1 i Lightningseenat N. E.
11 p.m L4066, 512 ‘ 48.0 .785 S. 17.0} Cir. Nim. 5 \ Cir. & Cun.| 3 N.E. e -277 | Lightning seenat N. E.
| i } Cu. St., | st
| 484 .70t (B eeeenl 270
. ( [P EPIN PN P P 22,252
i !
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SHERMAN, JULY 11, 1872,

é’i ? WIND. E):’s:un CL()l'DiV‘ UPPER CLOUDS. ’é - E
; fﬂé o ;; LB [ i | L
Hour. : 5 % s : 2 . | ;( . ‘ g *; : E Remarks.
E- = = h=4 <2 : : = = z g =
] A B & & > i ¥ 4 = < <
la.m ; €N.391 | 52.6 | 48.3 | . 126 8. 8. W, 15 Cu. St. i P .- i)
Sa.m., .984|52.6|47.4|.678 S. 0.0 Nim,, Cu. | 7 jeoceennonl]o. bl 245
St.
3a.m. 2378 ) 52.7 | 41.6 | . 683 S. 1.5 | Nim., Cu. [ 3 DO, VY . 242
4a.m. 373 541471 672 N.E. 222 . 9239
S5a.m.| .381|33.047.6.669| S E. 51 946 |
Ga.m.| .396 | 53.74B.5 |.682 8. E. 5.0 253 ! Slight rain commenced
Ta.m. .406 ; 53.4 ] 49.6 | . 157 S.E. 99 W27 at 6.30 a. m.
8 a.m. .416 | 51.8 | 49.5 | . 843 8. B, 10.0 .282 | Raiuing.
Sa.m.| .417 | 51.4 | 49.7 .88 S. 10.2 Nim. .287 | General rain.
1¢ a. m. 420 | 51.0 | 40.7 | . 908 S. 9.9 Nim. .288 | General rain.
11a.m.] .424 | 5.7} 49.7|.861 8. 13.5 Nim. .290 | General rain.
12m...| .427|52.64.8|.813| S. 8. E 1.5 Nim. .291 | General rain.
1p.m. 410 | 5%.5 | 48.6 | . 148 E. 10.5 Nim. .280 }r General rain.
2p.m. . 403 ’ 525 4.5;.742| E.N.E. 10.5 Nim. 10 j....... T AR S, .23 1‘ General raiun.
3p-m.j .391 542|487 :.669| E.N.K. 1.6 {Cu. & Nim.!| 9 PO [ PR, .267 | Rain ceased.
4p.m.| ,393 54.6)|49.4}.636| E.N.E. 134 Cu. St & [ 10 |oooevii i e .266 | Raining.
Nim.
5p.m. L3931 54.8149.51.681] N.E 101 | Ca. St. & | 10 [..oooooao. .. S P ————— 258
Nim. .
6p.m L3890 § 52.7 | 50.8 | . 870 8. E. 126 | Cu. St. & | 9 Cir, 3 S. B lee.-.- .252 | Raining,
Nim. |
Tp. m. .402 | 50.4 | 48.3 | . 853 . S.E. 145 | Cu St & | 9 [ iceeniniie i ciraneacmnnfonannn 269
4‘ Nim. J
8p.m_| .397]50.0 48.1[.865! 8.8 K. (A R CTVI 1A I N RSN SO R SOOI .267 ; Continued raining.
Nim.
9p.m.| .400|50.5 | 48.3 | .847 8. 8. E 50, Cu St. & 9 Y D .272 | Lightning seen at E.
| Nim. | sk
0p.m.] .390|50.5|485.89] 8.8 E T4 ] Cuw Bt. & | 8 leeimcin e eae e . 270 | Raining fine rain.
Nin.
Mp m.| .387|50.5]|48.6].866! S.S E 6.0 Cu. St & | 9 |eeeeenee.. JR IO F .267 | Raining finc rain,
Nim,
12p. m. .378 1505 48.2 ] .839 8. E. 6.7 Cu. St. & [ T FRURP R R . 250
___ | XNim. I
22,307 | 52.2  483.7 | .79 |eeeneaniaann 195.6 fromeeeeee R .- ...........i,. |20, 266
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SHERMAN, JULY 12, 1872.

Hour.

1a. m,1 22. 359
2a.m.
3a.m.
4a m.

Sa.m.

6a.m.

Ta m.

8a.m
9a m.
10 2. w.
1i1a m.

Wm...

lpm.

2p.m.

3p-m.

4p.m.

5p.m.

6p m.

Tp.-m.

Bp.m.

9p.m.

10 p.m.

11 p.m.

!

|
| £
&
=
L2
£
-
3 | =2
Bl
SO P
48.6{.886
49.2 | .907
19.4 | .803
49.2 | .907
49.0 | .934
19.9 | .om1
50,6 | .964
515 | .943
52.5 . 030 |
53.5  .868 |
547 .818
55.5 | . 763
54,6 | . 801
542 1,869
[
55.7 | 877
56.4 .81
;
56.3 | . 806
54.5 | . 889
53,7 .94
52.7 | .o¢4
54.2 | . 979
52.5 | 867
524 | 892

=
=
g |
& |
&
'
=T :
2a | 2
EE 2
£ B
| z
el =
| 50.2
.349 | 50.5
.346 | 50.9
344! 505
.351 | 49.9
.355 | 50.3
.367,’51.1
382 | 52.3
.370 | 53.5
367 | 55.5
364 | 57,6
346 | 50.5
.38 518
341 | 56.2
.327 | 5.6
323 | 59.5
312 ] 59.5
.317 | 56,2
318 | 4.5
313 | 53.5
338 | 54.5
.328 | 545
.313 | 54.0
.204
20, 340

; i

J WIND. LOWER CLOUDS, UPPER CLOUDS. I[ E . §

! t gk ©

| g { | I gg) &

R g i @ =
& | . B & gt A Remarks.
g | 58 E < w 52| =
k= | 82 = I8 : 5 g 25| B
£ 3 E |8 F 8| & |ET| 3 .
a [ [ i ¥ | = < - )
$.8.E | 96| Nim [ 10 e 22.238 | 1 & m., fine rain.

l ! ) ’ Fine rain at 2.20 a.m.
SS.E | 1o Nim 10 4eeeeeee R RS -228 | Slight fog falling 4 a. m.
SSE | 10.5| Nime | 8 |omeeees oo .g9p | ¥ine rain falling from

. | | 405 to 435 a. m.;
8.8.E 120 Nim. | 9 liioeeiioee.. JUOS DUURUUNURNN I .22 | 5a m., raining, fog
denser; clouds mov-

S, 1.5 | Nim. and! 8| _........ . 1‘ .................. -] ing from S. W. at 5.30
Cu. 8t ; a m.; heavy fog

S. E. ) LUN: 8 PN e R PR U 224 shuts out clonds at 6,
S. E. 16.0 eeemrerecnns|. JUR SOOI SURR FOTUSURRURIN SRR ogp | and8a.m.; raiming

! commenced at 7.40,
S.8.E. b 01 2 PRI F PR PR B [N I . 246 ended 8.15 a. m.
S.S.E. 19.9 Nim W e P DU P . 245 | Fog cleared off; rain'g.
8.8.B. 18.5 Nim. | (U VRS PO IURRPRPIPN PO . 247 | Raining.

8. 8.E. 19.8 Nim. ) L 2 I SN I OUS PSP .237 | Raining.
S. 8. E. 22.2 Cu, St., |2 D N S . 223 | Wind blowingin gusts.
Nim,
S.8E | 20| Cu St, 9 Cir 1 SW.  oeeens .218 | Raining.
Nim.
8. 8. E. 18.4| Cu St., [ O, [ P PR .210 | Raining; thunder at1.20
Nim. P.m,
8. 8. E, 19.2 Cu. St., [ RN PRI PR S I, .192 | Raining.
Nim.
S. 2.9 Cir. &Cu.| 7 Cir 1 W, |ee.... .187 | Thunder at 5.25 p. m.;
& Cu. St. windblow'ginsqualls;
S8 E 16.6 |Cir. & Cu.| 8| ... ...._.. PR DU FOU, .179 } fog formed at 6.15 p.
& Cu, St. m., falling and rising
S.E. 26,7 |Cu St. & 9. ......... JR PSRN U .185 | rapidly at 6.30 p. m.;
Nim. thender and lightning
S.8.E 180 |Cu St &| 9. .ao... P DU DR 178 at 830 p. m., accom-
Nim, panied by rain at 9 p.
S.8.E. 2.2 iCu 8t & 9 |iavereunnnn D PR P .180 | m.; heavy rainat 9.25
Nim. p.m., ended at 9.45p.
8. 2.5 Nim. < I R P R L2021 m.; thunderandlight-
S.8.W. 74 Cn St & 9 .180 | ning in E.; 10 p. m,,
. Nim. thunder andlightning
s. 80!Cu St &| 0|...o..eoe. [ SO ,179 | S.E.; 10.15 p. m., fine
i rain, thunder, and -
[T I SRR I .170 | lightning; 1110 p. sa.,
rain ceased.
S 22,212
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SHERMAN, JULY 13, 1872.

E k‘x ‘ WIND. ‘i LOWER CLOUDS. ' UPPER CLOUDS. E | é ‘:
g — | -
$s E g - bOUEE B
Hour. | g2 | o | 2 ‘ A o ‘ e . . £ Tzl B Remarks,
SElEE 2 £ | ZE E Lo ESOE
& & E & A& ¥ g3 ‘ B2 2 23
. | | ;
la.m.| 2227 52.9 | 40.9 | .802 ! 8. Co154 7! . Rain,
ga.m.| .278|53.3|49.7! %] W 40 9 { Rainy; lightning X.W.
3a.m.| .26953.9 501 .758 E. 4.0 | Lightuing N. W
fa.m.| .28 537486 .680 w. 40 Nim. &Cuw! T i, U0 IR, .13 Lighiniug E.
‘ St. | :
S5a.m| .264 | 52.3 | 47.3 | .608 W, 55 Cuto €U, 5 emieieneinns, I AU U .140
! St. .
6a.m.| .28 563|502 .648 w. 185 Cir. &Cu. | 4 138
7am.| ,262150.3]519]. 600 w. 4.0 . Cir&Cu. . 3 138
8am | .964]60.8|5.2, 5% W.N.W., 140 Cin&Cu. | 4 135
9a.m| .25[633|5.4 .54| W.N.W.,  16.6 Cir. &Cu.| 5 125
| f & Cir. §t,
Wa m. ,254;653]55.5 % L5261 W.S.W., 18.0 i Cu. & Cu. | 7~ . 113 . Thunder at 9,43 a. o
j TS ‘
11a. m .948 166.0 | 53.7 . H5 w. 2.2 Cu & Cu.! 7 . 102 ; Lightning seen E.
st.
12m ... L2301 67.2 | 5.5 110 | W. N, W, 19.5 ’Cir. & Cu.l 8 . 078 Thunderat12.3C; light-
| 8t & Nim. | | ningat12.45.
ipm.| .233[646|545:.512) W.S.W. | 200 Cuw St. & 9 wceovvoeeer b, . 075 ' Ruining.
i Nim, 1
2p om. LR21 1 67,5 | 35.4 | . 458 S.W, 9.4 Cu. 8t & 8 . oiiioi e, ...... . 064 . Thunder; Taining.
! Nim. : | i
3p.m.| 213 67.5!{536.405 w. 2.3 Cu. 8t & 9 oooiiceenn I SR vene 050 . Thunder; rainiug.
Nim.
dp.m.l 191 70.6 | 526 [.317] N.W. | 156, Cu &Cir| 6 ..oooooioeo e e .03
| St. & Nim. :
5p.m.| 1871615515 |.547, 8.8 W. 139 iCu &Cin' 7 i 022
} : St. & Nim. |
6p.m.| 179673 /3550|431 W.S.W. | 192 Cu &Cir. 5 .......... R .019
! ! (Bt & Nim. | 1 ;
Tpom.| 175 {64.0 {517 | .430 W. | 2L0!Cin &Cu. 5 ..ee..oiennn R D . 010 }
. i | Nim, i
8p.m.| 16013586 |49.5(.520 W.N. W 9.6 i Cu & Nim. 4 . 010 Lightuing seen at S. E.
Spm. 1Bl 57.2 {475 | 5011 N.W. 15.0 :Cu. & Nim.! 4 . 034 ! at 8 and 9 p.m.; at S.
0pm| ,1925%5|48.0.500  W.N. W 21.4 Cu 3 . 047 | E.and 5. W. at 10 p.
Mpm.| ,192|5.7{481|.58! WNW 18.6 Cu. - SRS e o040 my atE and £.8. T
12p.m| .101|54.5|47.3}.500 { W.N.W. | 1.4 C(irS& 4 0 } at 11 and 12 p. m.
22,228 | 60.7 | 51.5 | . 551 : ............ B2 Liiiiiea s e eeae [ PR zrz.usxl!
~ | i i

H. Ex. 240——-16



122

Iour.

1a m.
Za.m
Ia.m.
48 m.
Sa.m.
6a.m.;

'
~ i
[N lu.}

84 m.;
Ya.m.
10 a.m.
1l a. m.

12.m...

1p.m.

2p.m.

4p.m.'

6p.m.

|
|
I
|
|
ﬁp.m.l
Ap.mA1
]

Sp.m.E
9 p.mm.;

10 p. m.%

|
|
i
1
1 p.m.
2p.m.

{
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SHERMAN, JULY 14, 1872.

E ‘ s WIND, €140WER CLOUDS. ' TYPER CLOUDS. | E
c = ! e —— )
§’§ PR P | L £ T3
IR 2R OEL 2 T EE B B2 E%
2 FF B E E £ 38 & 2 %
22,120 1541 46.9 0 .388| W.N.W. | 151 St 1 ; R ISR
182 1549 413 .575 | W.N.W. | 10| St . 1.
L1853 | 53.1 ‘[ 6.9, 63| NW. | isel  S. 1.
138 533! 46,8 .616 | W.NX.W, 155 ICu.St.&St 1
J101 | 53.3 1470 .626 ] W.N.W. 14.5‘ Cust. | 2.
194 | 56.5 | 49.1 589 ] W.X.W. ¢ 135 CinSt | 1
J185 58,4 511,621 | W.NUW 15.5 l Cir. St | 1
(187 62315260 519 W.N.W. | 1851 CinSt | 1.
101 64.6 527 453 | W.X.W. | 220 ( Cir. St | 3
188 [ 66.6: 566 .457] N.W. | 149 Cu&Cir| 3
| st
J188 | 63.0 545 419 N.W. 143 ! Cin&Cu | 6
| : & Cu. St. :
(184 | 63.9 535 .500 | N.W. 13.6 |Cu.& Cu. St 8
E i & Nim.
(162 1677 584,395 | N.W. B0 Cm St & | 8 |eiireint e irmenceoneferanes
| ; Nim.
152 1625 55,3 .618] 5.8 W. | 13.8Cu. St & 9 .
l i Nim.
148 | 65,7 ' 36.7 . .557] ESE 3.1!Cu St. & 9
; ’ J Nim.
L1533 1 61,7 54.7 | . 624 N.E | 96 Cn SL &
| Nim.
-154 | 60.0 | 53.5 | .642 | E.N.E. 9.1 Nim.
164 | 50.8 | 52.3 | .638 E 54| Nim.
.198 | 50.6 | 48.8 len| mxw. | 126 cu st & ‘
b Nm. || " ;
177 | 513 4m0 | L Ti4 . 15,0 | Cu Bt & | 8 oeeremnn... e e
| | Xim ! i |
: | f \
i i
80 1525 4.5 .68 | N.N.E. 7.5 Cw St & | T leveernns S TS SN A
] | 1 Nim, i l
149|512 474 LT | KWL 63| CIL&CW | 6 eveeevnnnnn U AN
i ] St & Nim.| | ’
142 1 5L8° 424 .75 ] WONLW. 6.7 | Cir. & Cu.
[ i St. & Nim.
133|524 4n.8 | .708 | W.N.W. | 115 | Cir. & Cu.
i ! & Nim,
22.174 5&1;50.7'.6091 ............ 2040 | .ooeeeans

Aneroid barometer.

Remarks.

22.040 ¢

. 043
045
. 049

.042
. 042

032

. 003

. 892

. 990

.97

.| 22.019

L0532

L043

I .040

o .057
L 046 |

|
! Lightning E.
{ Lightning F.

050 |

L038 !

| Thunder, 11.15 ; shower
i of rain, 11.40.

020 ¢

Thunder; raining.

Thunder; lightning E.;
continued rain.
Thnnder; raining.

Thunder]; lightning N.
N. E.; rainy.

Rain, thunder, and
lightning W. N. W.
at 5 and 6 p. m.

Moderate rain  com-
menced at 6.20; end
7,15 p. m.

Light seen to N. N, K,

Light seen to S. E.
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SHERMAN, JULY 15, 1872.

s i | P | i =
E \ : ; K WIND, LOWER CLOUDS. ; UPPER CLOUDS. 2 5
P I N -~ T T L r 28| %
=%+ 1 E LA [l | g Sg) B
Hour. £= | = [ = ‘ 2 ; = ; o . I P ; 3z = Remarks.
TE 2R 3 L EE PEd PE = ET| O
= LB = = ! = 1 '8 & . P2 - = k=) =1 4
2 |z 2L B |2 T |8 E (E| : 2% %
g |ajlB2 18, & |~ 2 l<4| E i< B 4 < |
P H —_— N . ——me -
Lam| 2213 513 46.9 .16 W.N.W. | 290! Cinse | 11 .| 22 013 | Lightning.
22 m| .141 } 51.0 f 46.4 { L1040 W.NLUW. 198 Cir. St 1 \ . 020 | Lightning E.
Ba.m.| .164 474465 .93 N 1B Cwst ¥ . 040 | Falling fog.
4a,m .136 ‘ 45.0 i 44.7 ; L9TT ) NUNLE. ¢ 200 Lol . 063 | Dense falling fog.
Sa.m 190 | 44.0 0 43.7 1 .976 N. 23.0 . o , 077 | Dense falling fog.
Gam.| .26, 426,423 9% NNXE | 25 i ................. i .. 083 | Rising fog.
Tam. .20 45.4 429 .86 NNE | 35} . .qu.s:,,Nim.j 9 \ W.N. W 110
8a,m.| .236({48.8|45.8! .70 N.X.E. 2.5 . . Cu. St. 7
Ya.m.| .28 ’ 5.2 4.7 .78 NN.E €5 Cir,Cu8f. 6, Cir. 3
Waw| .22 511 5.5 .65 NE 6.9 CoSt | 80 Cu St |
lla.m.| .21457.6;5L7 .662! S.E. 125 CuSt. | 8! Cir.
@m...| .206/50.4) 525 .62 SE&E | 17.2|Cir&Cu | 6  Cir. |
1p m. .190 : 60.2 | 53.3 | . 624 8.8 E. 18.4 | Cir. & Cu. 5 Cir. & Cu.
2p.m 176 | 61.5 | 54.3 | .615| S.S.E. 2.6 Cir&Cu. | 6:
3p.m. 166 | 62.5 | 54.6 | .89 | 8.8 19.6 | Cir. & Cu. i
4pm.| .15 586527 .665: &. 20.9 | Cir. & Cu.
5pm.| .137|5%.8;5.9|.663] S. 22.8 | Cir. & Cu.
Gpm.| .141 | 535 498 .762 . 26.0;Cu. & Nim. Lightseenins. and N.E.
Tpm.] .135 ;527 49.6 | .795 35 4 1 Cu. & Nim. #p.m.; in the S.and
8pm.| .131)514;48.9 .82 , 10.2 | Cu, & Nim. §.S.E. 9p. m.
9p.m.| .12715L.3|4385).809 S E 181 Cir., Cu.St. Clearing off 26 10.20; fog
Wpm. | .132 40.9487 .013; . 30| Nim rising at 11.35; en-
llp.m.| .130|48.7|47.2|.890 5.8 K. 17,3 Cu. St. tirely overcast with
12pm.| .16 | 4.9 | 41 .00 ‘ ST VAU ¥ 3 B R U PSS DR falling fog at 1
2172 | 524 | 87T
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SBERMATX, JULY 16, 1872,

24
Ja,

4 a.

-

11 a.

1p.

2p.

4p.

5p.

G p.

g p.
9p.
10 p.
il p.
12 p.

: Barometerat 320 Fah-

5a.
G a.
Ta.
8a,
Da.
0 a

EresEe

=

106 ; 47.0 | 42.4
101 41.8 | 42.0
| |
2103 | 46.4 | 41.2
12 | 471.0 ;388
2126 50.4 | 41,0
.144 | 52.4 | 415
J14B 55,0 | 42,6
2150 | 581 | 44.0
.15 I 61.0 | 45.5
167 Z 55.4 | 45.0
210 (‘ 3.5 | 4.4

3p.

g

2E3 B E

e |
20 !
z 1
a1 05 | 2
w“ﬁ{—:‘-
& =
el A
n o8
SR

128 5.5 50.2 |

171535 493
192 {484 4T3
220 45.4, 45.3

|
.249 | 40.3 | 30.7
256 | 30.4 | 30.2
-267 | 38.3 | 37.9

TRelative hmpidity.

|

g

690 |
028

a9 |
466 |
.7‘;’3:
671

.550 |
617

L135

8 ¥
2992 |

.948
.983
. 965

LOWER CLOUDS.

Velocity per

. Direction.

|
)

¥ 4

|
;
i
|
1
|
|
i
b,
}

22. 150 l 50.7 | 44.7 | .666 1 ........

bl
u

14,

19.
19.

21

14,
11
12.5

hour.

W oww oo o

Kind.

Cir. & Cu. | 1

St.
Cir, St.

Cir.
St.
Cir. St.
St.
St. & Cu.
Cu. St.

| Cu, St.& i

Cir. & Cu. ;

Cu St. &

Nim.
Cu. 8t &
Nim.

Cu.St.& {10

Nim.

Cir. & Cir. |
St

13.6

1.0

15.6
22.2
2.8
18.%
19.9

3719.6

wount of rain antd
melted snow.

" Amonnt,
! Moving from—
| An

o
i

| Aneroid barometer.

. 989
. 980

i 21,994

. 965

. 986

985

.998

.155

|
|
———
21985 |

Remarks.

Lightning 8. E.

Lightning X, and N. E.
Lightning N. E.

Commenced to rain
11.10 &. m., wind blow-
ing Jin squalls; rain
ceased 1215 p. m.;
wind blowing in
squalls.

‘ Thunder, lightning, and

rain at 3.10,
Thunder; tainy.

| Few drops of rain at

6.6 p. m.

| Rain commenced at 7.30

p.m.; ended 7.50.

Falling fog commenced

at 8.25 p. m.; falling
fog at 10 and 11 p. m.

} ‘White frost at31.15p. m.
cevene| 22025 |
! i
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SHERMAN, JULY 17, 1872

|
|

WIND. LOWER CLOUDS. UPPER CLOUDS.

- : = L :

22 | 3 5 | I g ¢
Hour, | & % . R | Z . I i g 5 ; L',-_'-! Remarks.

$E.E20% ¢ B =% 5 0% 2E %

ET A% g g82{ < £, < £ £ 2% E

2 o < | = 4 = = =T = = 2 & 2

& & lEI|E& S 2 2 |2 H# < = b < |
1a.m.| 22.261 ‘ 38.6 | 38.1 1 L9357 19.8 |.. 22,140 | Rising fog.
fa.m.| 257 385 |39 | 947 8.9 . 140 | Rain.
Ja.m.| .208 384 37.7§.ﬂ3a -2 S RO 153 | Fog.
4a.m.| .212)381 373,930 .7 Fog.
5a.m.| .275!37.5| 310 ‘ . 936 Foy.
6a.m.| .28 ,37.3(56.8 .95 Fog.
Ta.m.| .20 30.1!334 .940 Fog.
8a.m.| .274 ) 4L81 413 } . 959 Fog.
9a. m. .273 | 42.9 | 42. 4 ‘ . 960 Fog and rain,
10a.m JRTE ) 444 ) 3.2 907 ¥og and rain.
lla.m| .274|46.2 | 441 .84 { Fog clearing off : raiu.
12 m...| .267|50.6|46.6 736 ‘
I1p.m | .28 50.6|46.7 ;. 741 5 |
2p.m.| .262 | 46.6 | 4.7 | .83% | Fog falling.
3p.r| .28 | 453|436 .87 ﬁ Fog falling and rain.
4p.m .9275 | 44.0 | 43.2 ' . 937 } Fog falling and rain.
5p.m L9661 44.5 [ 43.5 . 922 . | Fog falling.
6p.m.; .96843.5]42.5].031 . S. | Fog falling.
Tp.om | 9275 427 | 428 ‘ ...... . S. . Fog falling.
8p.m | .294 426|418 .93¢; S.S.E. | Fog falling,
9p.m.| .307|426| 423 .47 SSE ' Fog falling.
10pm | .306 426|423 .07 SS.E | Fog falling.
lp.m.| .317!431 426 .960  S.SE. ! Fog falling.
12p.m .315 | 43.3  42.6 o441 S 8K Fog falling.

22.278 | 42.

(8]
o
[
£l
o
=3
=
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SHERMAN, JULY 18 13712.

Hour.

|
|
|

W =
F

*,.
L FalE A
EsEEpEEERE ]

aa,
6a.

w
14

9 a.
10a,
11 a,

[N

2m...

ip.

2.
dp.

4p.

6p.
&p.

9.
10p.
11 p.
12p.

E

m

EE

m.
m.
m.
m

m.!

O

& !
-

€= | F
g =
5
22,302 | 13,2
.306 | 43.2
302 | 4.8
305 | 40.6
.316 | 41.9
312 ! 44.9
316 | 48.7
.32 | 51.8
.330 | 55.4
338 | 58.3
.3331:61.01
L3271 | 642
.324 | 67.0

L3122 62.8

.309 | 61.6

; Wet bulb.

, Relative humiditg.

i . 590

| :
314 }57.3 49.9 | 593
L334 [ 55.5 46.1[.504
.33¢ | 53.5 474 .637
320 | 52.8 | 4n.8 | .o88
327 | 517 | 411 | 706
.323 | 50.2 | 45,7 ' 707
.304 | 49.3 46,0].774
22.319 | 53.1 | 46.5 | . 662

|

5

WIND. ‘ LOWER CLOUDS. f TIIPER CLOUDS. : E ‘;; "
‘ ! -
T T s B

; ' E 4‘: ': ; Remark

d - £ 1A = Remarks.

= = 8 BE =

] i E = "E&8| B

£ I E E 18 | =&

a | - = 1 <

. 22,190 | Fog with fine rain.

8. .185 | Falling fog.

s .185 | Falling fog.

E. .180 | Fog clearing off.
8w, .190 | Fog formed a snowy
X. W. L1490 landscape cast at
N.W. ; . 196 and 6 a. m,

w. i 551 Cu St .200 | Clouds all in the east.

W.N.W. | 13.0 ; Ca. | .207 !
SW.N WL 137 Co 197 ;
IW.N.WL) 1280 Cu 188 |
S W, 03] Cu | .67
N.W. 9.1 Cu. & St. | 143
S.8.K, 9.8 Nim, 140,
| ‘ |
S. LT, T, : 140 |
| | i
S, 10.7 ceeneeeas ans 2 ¢+ .137  Commenced to rain.
Nim || P
N.X.E 54, Nimo | 4]Cest &) 5f Wsw. ..l 1 Continued raining;
“ ‘ Cir. 1 \ { i | ended 530 . m.
8. 8. E. 7.3 Cu. 41 Cu St 6 W. ... bt
70 “Ca. 3{ Cn St { [ ! N. W, {383 | A shower of raiu.
9.4 Cu, &€ T loeeemnieenn. e { a0 | Light at S.
Cose Lo { ’

8. el Ca 3 | ! 167
E. 8. E. 1.7 St 2 REE
$.8. 1. 191 st | 180

s. | o2 | 178 | Light secn at 5. 5. E.

.\ 206. 6 “g9. 178




THE UNITED STATES COAST SURVEY. 127

METEOROLOGICAL JOURNAL.—~SHERMAY, WYOMING TERRITORY—Continued.

SHERMAX, JULY 19, 1872,

: - -
E : :‘:‘ WIND, i LOWER CLOUDS. i TPPER CLOUDS. i _E 1 ::
& . g , -
BT E :‘: : [ é = ; g
Hour. ‘ E fg P = =l 5 - ‘ g . = =z 2 Remarks.
SELE Bl B3 &z z & BT X
8 - < == = D2 E £ET| %
S BTl = £ PR E £\ z 27| g
& sleE |2 R g = = z Z
1 — - i A
1a m. 22,301 | 48.3 1 45.4 | .794 ‘ S ! g0 Cu. St. i 1 92,165 | Lightning S. E.
2 a8.m 4 L2041 489 | 45.5 | .808 | [} 2.5 Cir 1 .160 | Lightning ¥.
3 a. m. JRR9 1 49.4 0 46.9 | .825 | S 6.0 St 1 .157 | Lightning E.
dam. 290|521, 43 07 Nw 2.0 | Cir. Cu. & 1 146
; o St.
Sam. .23[528 4.4 .50 NW. : 15| CcwSL 2 L 161
6am. .290]550 47.0|.35% N.W. | g3 CinSt | 2 155 |
Taom. .288]59.7 485 |.4%. N.W. | go0! CirSt - 3 .15
Bam, .200)623 40.7|.424 W.X.W., 1.3 Cu St & 3 A ioame
1 j Cir. 8t. | i i
Yam. .28 646 50.7 .30 W. 1 AL5  CIL St & 5 foceeren.. S U i1
i i ; Cu 8t | :
0am.’ .21[60.6:50.7].5006 N.N.W. | 203 Cu St & &p...coo... R PO e .132 | Thonder; wind blow-
| ‘ | ‘ Nim. ! i | ingin squalls.
lam.! .320]337 482 667, N.N. W, | 40.8] Cir.&Cu. |, 0 Cir. 2 S.E ... U Thunder; wind blowing
‘ 1\ ! } St. & Nim. : : in sqoalls; raining.
I2m.... 308586 :50.3,.560 i NOWL 2.0 Cir. & Cu. - 8| ... .. R S -153 | Thunder; wind blow-
1: i St. & Nim. | ! ing; raining.
Tp.m. .267[60.4 5.3 1.5% W 190100 St & ol oo firmeeviicei o .133 | Shewer of rain at 1.0
| i Nim., | | p. m.
2p.m.  .265{643 5.7 4931 S S W. 17.3 ; Cw. & Cu. © 7
: j : 8t. & Nim. | !
3p.m. .243{656 5.4 .39 W.S.W.! 130 Cu & Ca.| 7 !
‘ } % | St. & Nim.| | |
4p.m. .20 663 554 .420 W.S.W. | 181 |CinSt,Cu| 7 :
o ‘ ; '8t & Nim,
5p.m 215 | 64.2 515 .48 W.S.W 2 8 Cir. 8t., Cu.| 7
; : . Sk i
6p. m 24577 491544 X 17,8 | Cu, Nim. | 4 1 .
Tp.m. 245535 4%.2).627  N.N.E. 2.7 | Cu,Nim. | 5 | Light iv the W. 8. W,
8p.m.| .234) 491457 |.w7, X 2.4 Cu,Nim. | 9, | Light in the §. W.
9p. m 220 | 48.9 | 46.5 | 830 8. WL 30,8 Cuo. St &) @ | | Commencedrainingat 8
i | Nim. : | p.m.; endedat8.50. p.m.
T0p. .| (241 ]49.7 | 46.2 ) ; N.XN.E 7.5 Cu,Cu. 8t 7 ‘ A shower of rain at
lp. m.| .250|484|45.6 .802! I 7, Cu J 4 50 10.25 p.m.
12p.m. .23048.7 | 44.7 | .729 N. 128' Ca .3
22,268 | 55.9 | 48.3 | 602 .eoiieeen... o2l ; ................ o foeenne
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SHERMAX, JULY 20,1872,

E f i IWIND. g LOWER CLOUDS. 1 TPPER CLOULM. i E : é‘,
= ] ] 2 | ! f | E |5 g -
Hour. | £ & | Lo 3 . = L [ B &S] ;] g Remarks.
$E £ F's &£ pE| e ¥ 0% gf g |
g = - - SR et = } | g o 2% 5
g N R 2 £S5 < |El. = §{ £ gz £ |
R - R I~ 5 5 0 E 130 3 £ 0E |87
] &2 A IEI& R L < B 4 | < o
¢ : ' : A | i , i
lTam 22%25}490%4;5 0 N.W. Le Cir St &| 1 . | 29,104 |
P P e ]
2am. 212 { 45.3 [ 458 [l N. 1.3 i Cir. St. . 083
Sam| .210|49.7 45.2.705 s, 0.0 |oieeaenanlinn, .07
tam| .200[483 |41 .16 SSE EX 073
Sam.| .25 402 448 708 . S.S.E. 10.0 iovennns 075
Sam| .9200 531 pupE s 8. . . 067
Tam) .26 57.6|5L4] 648 s. 2.5, 070
bam| .20 6Ly ®5 | e SsW. el 010
fam| .915]654 543,481 W.5 W. 63 CirSt . 060
10 a.m.| 213 67.3 I'5.2] 400 CWLONLW. . 17| Cinst .053 ¢
lamn| .25 f‘ 7.1 J 52.9.333 . W. 19.2 Cir. & Cn. 045 o
12m...| .24{60.3]5%3).35¢ N. N.W. | 29.6|Cir&Cu os2 Windblowinginsqualls
| ; ‘ & Cu.St. -
1p.m. 227696 |53.6|.358, W.N.W.| 185 Cir.&Cu .050
| f & Cu. St, |
2p. m .R25 1 7.8 89.7 |...... W.N.W. ( 33.8 L0 T RS O S 042 ,‘Wiml blowing in squalls
3p.m 222 73.0149.7 ) .228° W.N.W. | 339 Cu. <040 | at®,3,and4p.m.
4p.m .m!n.'r 49.27.2361 N. W, | 3L5!Cin&Cu, .033 |
S5p.m. .217|7L9 ) 501! .249 N, W. 28,2 | Cir. & Cu. | 004
6p.m.| 224 TLO!50.1|.249 N, W, 2.0 | Cir. & Cu. . 035
Tp.m.| .231.665 50.5].347  X. 11.8 | Cir. & Cn. : 053 |
gpom. 242 | 6131501 461 . 56] Cu g 065 |
op.m.| .96 5eTi;ms .e| S 10.2 | Cu. & Cir. ! .08 |
i { ; St. ,
0p.m| .23 (5.1 5.5 .23 ENE | iL3| Cu ; 102 | Passing fog at 10.35;
11p. m 2751 50.7 1 49.1 | .887 | N. E. 12,5 Cu. : \ 112 | cleared off at 10.50 p.
12p.m.; .28 } 49.7 | 48.8 , - 932 E.N.E. 6.6 . e i 112 | m.; falling fog at 11.15
[al_—l 60, 515 | 480 [.oooioacns) B e :% ................ } .................. Jmom| B




THE UNITED STATES COAST SURVEY. 129
METEOROLOGICAL JOURNAL.—SHERMAN, WYOMING TERRITORY-—Coutinued.

SHERMAN, JULY 21, 1872,

E K WIND. LOWER CLOUDS. UPPER CLOUDS, £
) S : | T g
3T LE g Cod
Hour. | E --5 4 | = ,:—:« é :‘- = B g :'5 Remarks.
= ~ -4 X [= 3 bt < i < =
lam 2 965|504 408 .95 I : 99,117 Slight fog.
2a.m.| .25 522 |50.8 .903 S E. L1200 Dense fog.
3o.m.| .26 532 !5L0|.910 K8 E L1317 Dense fog.
4 a.m. L2350 3L.5 1 50.5 1 .929 S. .110 Dense fog.
S5a.m. .21 515 150.4|.921: S. .105  Dense fog.
Ga.m.! 249 512|501 921 S. , .102 - Dense fog.
Taomi 200504546717 S W i ! 102 Fog oft.
i ! H i
Sa.m., .2551653 ‘ SUT L6 8w I 105
9a.m.| .252!63.6.574].666 8.8W. i .0u3
' i Cu. }
Wam| .26]72.5:543.320! S 8. W. L80 e Cir. &Cir. . 71 W, ... 074
b st :
la.m.| .26 73.7) 527 .210 Ww. 25.0 Cir. St 9 e e e L0
12m.... .228]|72.3|56.6].378 s, VB e CirSt.,Cu. 0 w. o . 033
. ‘ St., & Nim., | : ‘
l1pm. .23066.7|55.2|.474 | S. | o1ds ©Cu. St 9 } w. | 040 © Raining at 1 p. m.; a
H ! : © Nim, . shower of rain at L2
2p.m. L2457 | 642 | 513 | . 422 ‘t S. E 2 2 O Cu.St. 10} W [ L063 ¢ p.m.: wind blowing
: : Nim. | in squalls.
3p.m.| .24 |581|5L3].622; W 20.3 | Co. 8t. & | R RRREEE N P foeeee .095 | Continued rain.
; " Nim, 9 o
dp.m. 935 5T SLE LG4 W 20.3  Cir.St,Cu.’ e L0653 . Rain ecased 2t 3.35p.m
: ! Bt &Nim. | &
Spom.  LR06 | 6LD . Gt : 366 W.SW. s CISGCu e l 030
‘ : P8t &Nim. ' 8 !
Gpm.| .200621]5.9;.501; W.S.W. | 33.0 Cir.Cu & SRS S S S L 040
| | ! i CusSt. | 7’ o
Tpom. .79 6LO | 5LY .507] WS W. . 2.0 CinCu &, |eeeeo O RO S 020
: ; : ¢ Cu.St. G ‘ » )
8p.m. .17 587(5LE: 619 W.SW. | 2.0, 0rCu& T e <017 . Light seeninthe 5. E.
| ’ | | cust. 6] i :
9p.m.| 194|571 50.3 .68 WS W. | 240 Cu,CuSt S [CTSRRNE R oo
0pm) 184595 50.6 615 | W.S.W. 2.0 | Cu,CaSt.| 7 .. i (023
Hpm., .191}5%.5|50.6 .65 W.S.W. 33.4 | Cu.CuSt.| & .037 |
12I>.m.( 197 | 57.0 [ 490.3 | .50 | W.S.W. | 3.8 CirCu & ! 8 . -043
i ‘ | | Cost | i ‘; ‘ ‘
{ez.mxtsg.s 52.3‘.6375 ............ ‘ YIRS R P S ORI e S 22,069 |

H. Ex. 240—17
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L8 Lo
| = =
- I =
P8 1=
HCE= i E
8T | 2
Hour. | = | | -1
| &2 =13 1%
R - -
E . 2,215
z pig
| & &4 B &
Lam.| 922,203 56.9  49.0 570
2am | 189 1 55.6 0 48.3 500
3am| 210551480 .57
4 a.m.{ 214 | 554 48,2 504
| F
Sam.| .20 556 48.2].5%
fam.) 250555 4.2 .6
Tam| 243 5.0 49.8 642
! | !
Fam. .25 60.4|5L7.55 |
9am. .261;6L35.6 .56
Wam| 259 646526 .45
Uom! .o 6716|5843
Lm..., .263 674|543, 428
i : |
: ‘ [
fpomi 257 681|567 | .43 |
2powm.| 207 66.3 1547 460
3p.m.| .259 677 536 | .40
4p.m .253 1 66.3 | 52.7 | .400
: ;
Spom.| 2050 6L.350.7|. 484!
6pm.| .285 57.2]|49.4|.564
7p.m. .m;‘sm 48.8 | . 526
gp-m.| .287156.2]47.6 .58
9p.m.| .200 547|472/ 577
Wpm.| .99 547475 .591 |
i1 p.om.| .23 .555]|48.2.590 |
i
| |
12pm.| .23 5L6|49.5 .sssj
: !
22,256 | 50.5 | 50.4 | .543 |

SHERMAN, JULY 22, 1872.

WIND. LOWELR CLOUDS, | UPPER CLOUDS. % E.-; 1 R
S : ; : —i B é T :
: 4 EEE
5 = l | £ g EE = Remarks.
2 g = z ! g z I = e=", B
= i E - A g g EoLoa
A = 24 [ <. =& |4 < oy
w. 217 Cin 86 & | 8 eeeee b 2. 045
Cu.St. {
W.N.W 2.0 Cir.&Cu. | 6] . 040
N.W. 18.0 | Cir. & Cu. ; 5| A4 058 |
w. 6.0 | Cir. & Cu. | i | .- 062 i
st 0 . P
w. 180 | Cir.&Cu. ¢ 6 |..eenon... [ceeheeiaas el 075
w. 2L0 [ OISt & | 8 |oorimiinl i ieei e eas o097 |
Cu. : ] ] i
w. 160 {Cie. St & 8 [ Do e om0
Cu. : i : :
W 19.8 [Cir.,Cir. 8t., F U S SR PO L1060 ¢
Cu. St., & ‘ !
Cu. ! i i .
w. 2.7 | Cin&Cir’ 6 ... RO I -
$t. i 1
w. 25,9 | CIR &CITe: 5 |eemeceedos e lveeee, 090 !
W.NW. | 210 |Cu,CinSt 7ooe. ..ol SO ISP I o8t
W.NW, 216 |Cir. 8t & @ B ool ' ............ ereeai 082 | Comumenced to tain at
‘ Cn., Nim. [ ‘ ‘ 11.40; thunder at 12.5.
S.SW. 0.7 [Cu8t, Nim 082 !

S.w. 13.2 |Cu. St., Nim . 082 | Commenced to raiu ai
W.R W, 20.5 |Cn. St.,Nimf .082 | 130 p-ma.; raining at
W.8.W. | 19.6 (Ou.St,Nim .073 . intervals at 2 and 3

N.W. 25.1 |Cu. St., Nim! 099 | p.m.

NW. 2.3 [Co. St., Nim! .120 |
W.N.W. | 158 [Cu. St., Nim| .91

w. 12.3 |Cn. 8t., Nimj f . .127 ' Light seen at E. 8. T. at

NW. 9.4 Cu. St., Nim| } [ .12 8 p m;at 8 S E

N.W. 4.2 10u.8t, Nim| 7 oo | 125 | andN.N.E.at9p.m;

N.W. 1 7.4 Cu. & Cu. | S . ORI I © .122  and at S. S. E. &t 10

I St. . i p.m.
ESE | 5,4;Cu.&Cu.L L O .123
] ost ; |
414.6 | ‘
1
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— . a . 4 —
| | ‘ i v WIND. LOWER CLOUDS,
\ ; Pz
33 E <
Hour. } g . = =z P = -
: = = = 4 2 e <=
g L E 5 & 5 L - E
g ri 2 £ Z 5 E B
(8 |8 B &, A > 4 <
S A Nl ” SEaEUE.E
la.m. 222921501 484 .819| N.E. Lo
i ‘ i
Sam 207 500|480 .88 SW. | 4
Sa.m.} .993150.3 47.8|.826 S W, 3
da.m. 298| 50,2 4T3 .800 w. 0.2 Cin&St.° 2
Ha.om. .299 - 49.3 \ 46.7 Bl N.W. 5.0 © Cir. 8t. & 3
! : ; Cu.
Gam. L8021 521472 .602] N.W. 40 Cin ¢
Ta.m. (3010552 4B6  .620. N.W. 07 Cinst 7
Sa.m. 3201607 5L1 .57 W 47 Cir. 8t & ° 3
. Cu.
Ya.m.l 319660 537 .45 S5 W 4.6 Cu &Cir; 6
; | ; ‘ st.
0am. .33 626 546 .406 S.8W. 83 Cin&Cir ! 7
1 i : St.
1 a‘m,‘ 31517001 1545 0 .3m 8. RO
! H
| j ‘ ‘ ‘ ;
12m...} .308 0.5 56.3 | .410 S. IR TS 1 SOOI
| i ; :
{ | { H |
l1p.m.i .209|72.7 %67 .37 s, TE0 e
2p.m. .28 7h2 384 .44 S.S.E 185 e, .
dp.on . L9281 7231568 .382 ! S.SE 10,8 . cieeine e
dp.m.l 29 TR3 I AES L3720 RS E. 0 194 .. -
Spom. 255|606 568 .431] S.SL. | 168 ...
| | -
6p.m.| .28 650 540!.511! S.SE 163 ol \‘
i ! i ! |
Tp.m.] .284&52.7‘48.31.721‘ N.N.W. ' 203 ' Cu& Nim 5
Spom.| .2R15L34n4 .44 NW 2.7 Cu. $t., Nim| 6
op.m.| .261!50.9 43 .760 SW. 6.3 1Ca. &CuSt] 5
Jﬂp.m.f .263}'49.5"47.7\,87] 3. K.
llp.m.i .985 537521 .802°
‘ ‘
pom. 980531 5L0! 917
i 22,290 | 59.5 | 5L

TPPER CLOUDS.

i Awount.

i
i

mt of rain and

melted sney

Cir. & Cu.
St.

Cu. & Cir, |
| 8t. & Cu. Bt.

¢ Cir. & Cir.

St., Nim.

Cir. & Cir.

St., Nim.

Cir. & Cir.

St., Nim,

i Cir. & Cir.

St., Nim.

ieiventesn. Cir & Cir. |

St., Nim. |
Cir. & Cir. :
St., Nim, :
Cir. & Cn.

5

Arneroid harometer.

. 130

L1168

. 160

.87

. 099
.113
10
L1382

Remarks.

Thunder N, E. at 1.95.

Thunder at 6 p. m.

5 - Thunder and lightning

N.E,SE, and NNW
Raining at8p. w.: light-
ning scen from N.N.KE,
tos E.at8and 9p.m.;
sky entirely overcast
with fog at 10 p.u.:
cleared off at10.20p.m.
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Hour.

1a.
2a.
3 a.
4a.

Ja.
fia.
Ta.

fa,

9a.

4p.

5.

6.

g

I

itp.
12 p.

i

.

I

S

.

m

B

SHERMAN, JULY 24, 1872,

2 o WIND LOWER CLOUDS. | UPPER CLOUDS. ! 'é
: ‘ - - . RE
50202 2 & pil g I
2 E E oz = ¥ . B L 187 B &%
g w32 : £F1 £ g % i if
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SHERMAN, JULY 25, i&i2.
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SHERMAN, JULY 26, 1872.
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SHERMAN, JULY 27, 1872,
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SHERMAN, JULY 29, 1872
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SHERMAN, JULY 30, 1872
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SHERMAN, JULY 31, 1872.
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SHERMAN, AUGUST 1, 1872

!A WIND. ‘ LOWLER CLOLTDS. UPPER CLOUDS. : —é ‘1 5 l
T T P =) | H
g \ | ~a| g
onr. A o B = | "2 = = Remarks.
PE oL g 1 E7 JE I OEE| £
i Pa B a P 5 Caq = < o< g
S e S . e L
Tam ‘92 457 50 419 SE | 16 e s 92,300 | Slight falling fog.
2a.m. 449503 48.0 | 8.8 E 10. 296
3a.m.| 435 | 455 46.8 8. 10. 262
da.m| g6 ldet g0 8 10. .280  Slight fox.
Sa.m.l 428 454 413 8 17.0 . 233 | Densc fog.
Ga.m.| L1 st a0 “ 3 15.0 ; ©,205 | Slight fog: clearing off.
Ta.m 46 540 515 S 1.0 i . 209
i | H
Bam.| .47 535 526 665 N I S TR L300
9a m.| 452, 0LE. 526 .536 s B2l 4 Cu frhowW. . .200
Wa m ! 453 655 53.70.459 S 1.2 | el JCw&Cu | 3 NW. o -280 |
. o | s |
L4401 | 69.3 | 55.3 | . 410 ; 8. 8. E. E T D, 1....§Cir.,Cm S, 6] N.W. ...l .25 | Thunder; sprinkling
‘ I 1 ol N ‘ | rain.
4235 - 66. 8 53,4 . 416 | S, \‘(Ju.,(,‘u. St.i 7 N.W. Sb.ess 1 Thuuder; sprinkling
: i | Nin. (‘ . rain.
Fpm’ 430 517 4B .521; S E. Cw,CoSe.b 80 NoWL L ! .47 | Thunder; raining.
‘ i i ! I Ninn :
Tpom | .45 606 508 .50 S 54 [0, OB T NWL .253 | Thuuder.
! b | Nim. , |
Spom| 41687527 .90 S.E Jen.Cuse 6] NwW. oL { a0 i
l T \ Nm | P
dp.m | 417 686 527 .338. S \ jCu,Cu.st,] 4, NwW. Loam |
J i : ! , Nim. ‘ i !
ip.m | 40w 681 5L ‘ LMy SE 5.4 ccevcnf O, Cu st ] 4 NWL L [ |
6p.m l L411 - 65.5 ! 49,0 ; 33, ESE 25 | Cu., Cu. Stp4! MW, o 1)
Trm | 415 6074044501 N.E 7.1 US ..i‘.A.f ............ e .230
Bpowm. .43 555|467 @11 K i LS SOSURN BUR 5& | Light seen E. §. E. and
9p.m. 462 525|449 .53  S.E. 56 | S.8.E.at 8 9, and 10
0pm. 465 50.6 415 .62 S. K. E 6.2 p.m.
1ip. m.“ L4860 40,7 445 (668 8. { 6.3 Light seen 8. S.E. at 11
Tpom.! 462 437445 .78 8. 8.5 and 12 p. m,
F2430 515 495 009 foeeneeaenn| 202.0
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SHERMAN, AUGUST 2, 1872,

Hour.

1a,
2a.
3a.
4a.
da.
6a.
Ta.

8a.
%a.

10 a.

11 a.

3.

4p.

5p.

6 p.
8 p.
9 p.
10 p.
11 p.
2.

m.

St

2
[

Barometer at 322 Fah-

. 452 |

renheit.

i
458 ¢
. 454

. 451

<435

. 466

. 490

441

. 435

L 425

. 417
L 420
.43
. 438
L 43%
. 440
425

% e WIND. FLOWER CLOUDS. UI'PER CLOUDS.
! -2
1 . E . A ‘ £
5 = © 2 N =
O £ z K g = e 2
o 4 = = @ = H w P =
=) - ~ aQ [ % - 4 KE =
! 1
49.2 | 44.0 | . G664 S 135 St. O N S S PP
| 48.71 439 (684 L o I U P
L48.7 | 43.8 677 S {90 Cir. 8t 1
i 49.1 | 43.8 1 .659 S.w. | 50 | CirSt. 2
50.3 | 44.0 | . 613 W 20 | CinSt. | 4
{555 462 .507| N.W. . 00  CipSt 1
[60.3 | 47.2 .400| N.W 6.7 CinCu,Cir] 2 oo
St. :
{645 49.9 ° .075 W 2.1 Cu. O P
[67.650.5 .326| S.E 22 ieeeinnes LoolCa&ce 2 W,
! TS ‘
168.2.50.3 .31 E 4.2 et l Cir. 8. & 3 w.
| i | é Cu. 5t
;700 5.4 .303 w [ &y Cin&Cu 5 1 B P
| ; ! St.
665 | 0.5 324 E (% . CuSt, T WL
1 Nim.
7. 8 E. 8.5 e ein Cu. §t., & W,
} 1 ! Nin.
[72.5 E.S.E. 67 ; CwSt. 1| Cuwst, . 7 NW.
| ; ‘ Nim.
716|527 .303| E.S.E. L T (PO S Cu. &Cu. | 5° XN W
1 ; | St., Nim.
70,5 | 52.7 | .322 S.E 9.4 ... S jCu&cu 7] NW.
j i , Sk, Nim. !
| 67.1 | 50.1).326 E Cir.,Cu.St, 6| W.N.W. ......
Cu. ‘
67.4 | 50.4 ENE | 05§ Cuo
612 49.5 E.N.E. | 10.6 Cu.CuSt
U570 1423 E.S.E | 63 Cu, CuSt
56.2 | 46. S. 8. K. 5.7 Ca. St
54.3 | 45 8.8 K. 10.4 .St
53,4 | 45. 8. 10,8 Cu St
519 | 44.8 | . 58 8. N U
B0.4 {481} 453 | coenieennn 167.9 ...

in and

melted suow.

barometer.

=
-

310 |

. 209
. 298

L2080
L300 !

2904

311

.303
. 290

967

Rewarks.

Lightning 8, E.
Lightning S. E.
Lightning .

Thunder.

Thuuder; a shower of
rain at: 1.40 p. m.

5 1 Lighit seen E. 8. E.
! Light seen E. 8. E.




142

REPORT OF THE SUPERINTENDENT OF

METEOROLOGICAL JOURNAL.~—SHERMAN, WYOMING TERRITORY—Continued.

.
SHERMAN, AUGUST 3, 1872
e ; | ] | . = .
; i B 3 WIND. LOWER CLOUDB.? UPPER CLOUDS. f:: g
o0 £ ‘ | ‘ FHE
<L BN g | ; 1 Eg
Hour. | &3 | | = B ) I : ; S k] 2| 2 Remarks.
TElz % g E 22 B Bl 0w EE =
g a2 = = 3 e 3 g [ | g k=l o |4
g SR E | 2 2 g g = | § = 2" g
g aiel&g| & % i 4 B2 |4 2 4 g .
lam 2221 522 .05 S D6 | os 2 [‘ 22.260 | Lightning S. E.
2a.m| 412521 45.2).582 8 | &5 | cinst | 11 . 260
3am| 417 522 4.3|.502] 8 85 | CirSt ’ L9265
dam| .47 511 feL2].587] BW. | 1.0 | Cinst . 260
S5am. .417 528438 .505. N.W. . 60 | Cir8t . 260
6a.m.| .48 541 436|.456) N.N.W. | 00 | CirSt .262
Tam.| .424]60.0 40| 202 NW. 20 | Cir.st. .263
Ba.m.| .427 63.6[4v.2).3%6 W. | 50 | Cinst . 265
9a.m.| .424 /655|413 |.204| W. 1 10.7 Cu. 243
Wam | 417|687 16| 000 | w. | 15, Cu .33 -
Mam| .41|7.8|sm7).em W . 3 | CinCu i .ato
Bemo 402713 14220.1430 NW. DL | Cu 3 ; j .200
fpom. 89375487 (.27 N.W. | 114 [Cu.Cw St 5l S 180
2pmi .39 722 48).23] Nw. 100 |Co&On| %l R ISR T L1950
? Lo ! ! st Nim. || ; 1
3p.m. 368 THT 404 .25 N.W. | 122  Cu&Cu| s b N [P, e J160 | Shower of rain at .15
H 1 : ’ St., Nim. i p.m.
fpw | 387706 T, NW 103 ] €0 &Cn | 8 oo e .150
! : : | ; St., Nim.
Spom. .858 1 7L0 1476 28] Coo&Cu | 8 leeeeecie oo e e . 160
: | St., Nim, ;
6p.m.. 355 G0.5 | 47.6 | .937 Co & Cu | Bl i .159
: I St., Nim. : i
Tp.om. 357 6L2146.9 .28 N.E . 120 |Cu,CuSt .163
8p.m | .366 63.4)455;.%2| XN.E. | 84 [Nim, Cu& Rty
| ‘ ‘ 1 | Cu. St
9pm; .37 607|445 .30| N.E | &4 [Nim,Cu& .193
| S R Cu. St. ‘ ‘
10pm .37 590 43.4].327| N.E 10.0 |Nim., Cu. & FUUR DUUUSOORIYS I . 200
‘ Cu. 8t. ) :
tipom. .38 389 43.4;.3%| NK.E 1.2 Nim, Cu.é| 6 ...oo.n.. U IR IS . 202
: Ca. 8t. !
12p.m.: LUT7 587,434 .34 N.E 9.1 INim.,Cu. & 6 .._......... [ PO S . 200
| i PoCw St : ! !, “
I e e — H e
IR ST S T - -3 i RO S FO e feoenns ©2.212
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SHERMAN, AUGTUST 4, 1872

ﬁ ! ' i . WIND, i LOWER CLOUDS, | UPPEL CLOUDS E 20
g E B i £
g2 | 2 b | F £
5 E ? £ = £ - £
Hour. | & § ] - E | - o . B ] £ Remarks.
2 =] < = H | -
£205 1% 2] & % 2 S ozfo:
§ =318 2 27 = g = R :
] l ElE D £ s g g & £ £ ]
A 8 [ F & a > e <t &= = = -
" a2l I _ - ——
1a.m.| 22.365 { 51.2143.21.361 N.N.E 9.9 | roerieen - [CuSLNim, 7 W 22 157
2a . m. . 388 i’ 56.3 /432 .38 N.N.E. 6.5 ... ... iA,_A‘CIL St.,Nim.‘, 9 1 w. L2106
Sa.m| .390 551|428 .41 NN.E | 180 . cedieed Cast 40w L Do
4a.m.| .39 1 5131 | 467 | N.E. FE 3 2 e Cust | 3] Now. . .219
5a. m. -400 i 50.8 1 41.8 | . 494 N.E. 120 ... lcuSt&Cic] 4] NW. L. Coe35
Gam.| 411|546 4.1 1459 N.E. 10.0 .. L CuSe&Ci] 3] NW. L L2
Tam| .432 585 46.7|.435 E N.E. 10.0 | .. Onsu&Cir] 41 Now. L . 238
gam. .420|60.2]469|.304! EXE L5 ocinse &) 3l Nw. 1 260!
‘ i ! Cu. 8t. ; '
9a.m| .428]645 9.0 300 E | ‘ Cir.8t. | 2 ! Doaes
10a.m| .491|6%7 5.8 .31 SE ! Cu.Cir.St| 2 .233
law| .419|70.6{5.7].29 SE .l cuSt | 2] .220
1em. .| .413 725 526|.26| SE 150 ... e Cu.St. | 31 LT |
lp.m.| .300|746 \ .69 S.E 16,6 <. Cu.8t, Xim| 4| 187
2p.m. .889 | 70.6 | 52.5 . .315 ] S.5.E. 19.3 ..o cee. Cu8t., Nim.| 8] . 173 ' Shower of rain.
3p.m.| 380 |69.5)5L2.307| 8.8 W. 15.4 .. Cu.st. Nim| & i .163 | Raining: thunder.
4p.m.| .37 69.5‘ 51.6 ‘ 31518 7.2 .|Cu., Cu. St..| 7] 162 Thander.
\ 3 | ;
Sp.m.| .361]7L7 519 .28 i 8. E. B7 ‘
| |
6p.m.| .361 6%.5|5L5].3851] ST 23.2 | Cir, Cu. st.} 5
Tp.m. -372(6L1 49.6|.464! SE | 9228|Cir,CuSt] 5]
gp.u.| .304 56.3]47.8|.543 ! SE 14.8 | Cir, Cu.8t.| 3
9p.m. .405|55.4!47.6|.568; 8. 13.6 { cuSt | 2|
10p.m | .402 |544|47.3|.5%4 S.S.E. 17.8 | Cua. St 2
1p.m.| .397 53.1]46.8|.625 8. 184 Cn.St 2|
12p.m.| .395 5.4 46.0.663° 8. 19‘7f cust | 3!
99306 | 61.4 | 48.0 | 415 L. ool BHT6 joiiieniiiiinl oo
i !
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SHERMAN, AUGUST &, 1872.

i E ‘ { 3 { WIND, ! LOWER CLOUDS. % UPPER CLOULS.
EFE T | T
Hour. | §§ z o E | . ‘ :: . o i _5
E . % | E : == g 2] = g 2
bz Sz ‘ £ S g 1Er & £ :
& “RERE: 3 e B 41 R < =
| i +
1 &.m,! 99,334 | 51.1  46.2 | .688 | . 58 St 1 S s
9am.| -382 5.0 46.0/.682, S 12.5
Ja.m., .370]52.0 45.0[.587 8. 1.
4a.m. 3716|531 443].515 S
Sa.m.| .38 53.90|4L7].307 N.W.
6a.m.i .393 | 56.1,42.0 .
7a.m. .39 60.2 436 :
Ba.m. .414) 612 45.4
9a.m. | .418] 6.4 467
Wam.| .419]7.0 416 1
Mam 4576|458 10
12m... .41‘.2;74.4149.6 2.
1p.m| .403}76.7 5.6 | W.N. i 3.
2p.m.| .393]77.2)50.0) .18 W.X.W. | 136 2 Ca. | 4
3p.m. (08878 |5L6|2L W 13.0] Cun | o4
4pom| .35 503|168 W \ 9.7‘011.,(111.81;.‘ 4 l..
Spom.| (35| TL5 401171 NW. | 100 | Cu.,Cu.St.| 4 .
Gpm| W5 W7 479,163 N W. | 122 Cn,CuSt.|
Tpom. .3 LT 1416|210 NW. | 10.0 ) Cu,Cust.
gp.m. .38665.7|463| .20 SE | 40 [Cir,St.,Cu.i
; : | : | ose
op.m. .30/ 640|429 .29 SE | 24| Cust |
10p.m. .31 ‘} 62 4 l £1.5 1 .358 S. 1 22 Cu St
Upm| 35623 0.8 M w. | 29 Cast |
12p.m. .364 613 |4L5]|.2.2| N.W. 28| CuSt |
i i B H ————— H
}2&390[65.8;46‘5 304 L 248.0? _________ '

mount of rain and
melted snow.

=

Aneroid barometer.

Remarks.

2.

&2

. 155
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SHERMAN, AUGUST 6, 1872,

E ! P i WIND. LOWER CLOUDS. | UTYER CLOUDS. ’E: . :
5 | £ : EE| |
|2 1 |z | : Ll 1EEE
Hour. | & £ L= = i ; | S -~ 2 | Remarks.
lEE8 1 2|2 % g o g oy REE 1221 2
BT EE &) o2 5E . (B lEoF ER R
'E s 8 E 2T E R OE o |:os 1ET B
& SRR A S i | < & < = C< IR
H I
1am. 2235 59.7i40.9§ 254i N.W. 1 8 | 1 . 165
2am.; .351 59.5;‘ 40.5i 249 N. W. 9. 1 1 160
Sam.| .35 564 4lom| NW. | 10 i .165
4 a.m. 351 | 56.7 | 46.2 l . 469 N. W. { 10. ] 1 ‘ . 163 : Observation of wet bulb
5am | .33 |36.0 g 55.61.973| N.W. | 4 . 175 rejected at 4a. m.;
6 a.m.{ .35739.0;4L0 ' 269 N. W 10. i L1719 | wet bulbdryat Sa.m.
7am. 358 63.5‘543‘2}.9431 N.W. 15 170 |
8am. .364 664 & 63590 | WN.W. 14 175
i ! i ;
9am.| .364{70.5 486 : @8 W. | 130 Cinst 153
10 a.m. 361 | 7401 49.0 |.206 | W, 1.6 Cirnst | 142
Ham| .352 75.6]49.0 .18 w. 16.9 - Cu. & Cir. | .130
\ Pose ; 1
lem...| .39 7.5 496 .11 w. 131 Cu& Cu | 5o . ' ...... 107
| L st | 4
1pm| 321! 79.5 528 198 w 10.4 ' Cu. & Cu. ; v ! .083
b ost i | I
2pm.| .300 80.5[49.6 .15 W 12,0 | CIE,CUBt,| 6 ooneeienloonfomeenneeeas . . 062
‘ i Nim. | ‘ [
3pm.| .27 8L.6i534!.18 w. 19,6 {Cu., O 8ty 8 cereneniifinne femermmmecns feeens 045
I Nim. | i
4p.m. .289[77.7‘526 .216 w 14.4? Cu. Sty | 8 fieecroieanas S S [ . 042
| Nim i [
5pom. .274!71.4|5L4].2028] N.W. 86 O St & | T |occemcuean.n S IO Ceeens .042
i Nim.
6p.m. .27480.4|548].216] SW. | 58 Co St & 6. . 033
i [ Nim '
7pm.| .967|7.3 40.7|.951] S.E 45 .033
\
Epm| .22|68940.6 .284| E.S.E. 1.9 Cu St. & | 5 041
i \‘ Nim.
9pm.| .260663|45.4 .28 NW. | 26/ CusSt&]| 5 . 062
| Nim.
0pm! 264|623 447 . 204 N. . L5 CuwsSt | 4 . 063
Upmi .o |59.3]42.8|.306 N.W. 80| Cust | 2 .00
12pm .27 570421 .335! N W 1] Cust |2 os
2317 | 682 | 414 277 [ennnnn o3 e ’ l'22 106
H., Ex. 240 19
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SHERMAXN, ATUGUST 7, 1872,

la ] | = .
1 5 1 E: ‘ WIND, LOWELR CLOUDS. ULTER CLOUDS. 9 ) H J )
I ———— g5 &
e T E & P €2 §
Hour. | & = . - 2| g & | 5] “ Tz B Remarks.
2 1225 < 22 = il = 2, £ £ £
| & 13| 3 £ c R g Z & £ z
| A AR 2 > % = i - = l< |
1am j 2263 | 51.6 [42.0 | 320 ] NW. 5 e5| €ISt | 3| ' 22.0% )
2 a.m. 59 343 N.Ww. | 10 Cir. St. [ P . 065
3am.| 2 MWL N.W. | 10.0] Cir St | 3 PO, . 070
4 nnm,! , 340 Now 12.0 Cir. St. 4 . 070
5a.m.| 3 340 N.wW. 9.0 Cir. §t. 3 . 070
6 a.m. 325 N.W. 1.5 Cir St 3 . L0
7 a.m. 206 | N.W. 0.5 | Cir & Cir | 7T} eoiiaaaan. R r ...... 067
st. ,‘ |
§ aom. 218 w. 72 Cin & Cir i 81 ... ‘ 070
! St. |
Sam 262710494 (.250 | W.N.W. 84| Cin&Cit. | 8 leeevenvnnnns [ P [ 060
| | St. |
10am] .258!746 506 .93 W.N.W.| 70|Cir&Cir| 8 ....oeecens T (R I 045
! J‘ ‘ St. . Shower of rain, accom-
11 am.| .254 722 49.0.2927 | w. 101 | Cir St., Cud 9 lceeeoann e immeeanaaaas]eaeen .030 | panied by thunder,
| St., Nim. { 11.20; continued
12m...| .22 756|525 .24 8. E. [ % 3 DA . Cust Nim| 91 sW. ... .01 | ghunder, 12 m.
1 P . 230 68.4 | 53.6.] .485 8. E. 1B 8 |uemreeennn.. ....|Cu.8t., Nim,| | 008 | Thunder and raiv atin-
l \ ' tervals during hour.
2p.m.| .227 686 49.8 |.203 S 19.3 . Nim .013 | Thander and rain at in-
i 4 1 tervals during hour.
3pm.| .20 60.3!350.5).29 ; S. 2.8 ..ol ... Nim. .000 | Thunder and rain,
4pm.| 214 684 48.4).280] S W. 17.6 Nim. 10 cieanenne -014 | Rasning.
5p.m. .236)60.2 485.444] N W. 310} OCu. St 3 'Cu.St., Nim. 042
6pm.| .239 63.3 | 5L.0 | .436 8.W. | 86| Nim,Cn | 8 CunsSt 044
; | 8t. [ :
Tpm. .20 ‘ 58.6 416 | 460 NW. | 124 | .o, Nim., Cu | 8| 021
i St. |
8p.m. .220 588 47.4].448 N. W, t 12.5 Nim. § 6 | | .032 | Rain commenced at 8,30
9 p.m. . 235 ‘ 581 50.11.570 ‘ S.wW 15.5 [Cu.St. Nim.| l . 080 p. m., fine.
10 pom.) .2922 0543|483 |.644 N W. 10.2 {Cu.St., Nira, [ . 040 .
11 p.m. 216 5.5 4%.5 | .688 w NW. | 174 {CoSt, Nim. 1 .037 | Rained at intervals un.
12 pom.| .24 50.5]467|.746 W.N.W. { Cu.St., Nim, } .034 | i111.45 p.m.
22.939 ' 62.4 | 46.7 | .746 1 | u2e [ PREEE eI O 22,044
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SHERMAN, AUGUST & 1572,

=
=21
b .
E-
Hour. - < A =
T £ |3
£ A
= g
& gl B
!
la.m.| 2218 | 513 | 46.7
2a.m. 178 | 5L.6 | 46.4
3am.| .17 522 46.3
4p.m.| 176 5L0 | 45.2
Sa.m.| .182 | 52.7 | 45.0
6a.m 178 1 53.4 | 45.0
Ta.m | 175|561 46.0
8a.m | .17 {57.3 | 46.7
9a m. .183 | 59.8 | 47.8
10a m.| .183|60.8 | 48.3
Hlam| .19 635491
12m...0 .190 | 65.8 | 49.4
1pm.| .19 655|516
2p.m. L165 | 69.3 | 53.5
3p.m.| .170 | 64.8 ) 48.8
4p.m.| .9208  50.6 | 46.2 |
Spom.| .26, 5157 47.5 |
6p.m.| .216 | 40.3 | 46.3
Tpm L217 | 49.0 | 46.4 |
8p.m T | 48.6 | 45.% |
O9p.m | .951 ] 46.9 | 45.7
0pm | .23546.5 455
lipm.| .202| 448|449
12p.m.| .260 | 42.5 | 42.5

92,901 | 54.4 | 46.9 .58

i

Relative humidity.

l

L7005

L L GTD

. 469

L A32

. 420

.376

| LOWER CLOUDs, !

WIND.
by ) }
i =
Y
a = t
w. | 2.1 ' Cust
w. 192 : CuSt &
Nim.
w. 9.1 Cu. 8t. &
. Nim.
w131 ! Cu St& |
; Nim, }f
W. | 141 | CuSL& !
i Nim.
WKW, 103 CuSt&
! Nim. i
W. 12. 0 Cu. 8t & |
; Nim, 1
W. | B3 | CinSt&
i Cu. St.
W.N.W. 143 | CirSt&
: Cu. St.
WN.W. | 196 | CinSt& |
. Cu. St.
W.N.W. | 2.5 ; Cir.St. &
Cu. St.
W.N.W. | 143 ;| CirnSt &
i Cu St |
W. 10.2 Cu. St.,;\'im.‘
| s Bl foveeironnal,
x. 10.7 |......
¢ NNN.W. 439 Nim
I NNw Lt | Nimo |
NWw. i 2.3 |Cu.St.Nim.,
Ww. i 13.0 iNim,Cu.St.!
w. 4.0 iNim.,(Cu.St;
X.E. 9.9 INim.Cu.§
N.E. | .7 “
N.E. 10.6 ¢
N.E. l 20,5 iieeiiinean!
}
1
|

‘ a8l

P ‘Amuunt,

: —
; 4 :
i £ PT e
< & i <
= & -
£ £ £ E

z < = =

f ‘ 1
Cir. St., Cu| 7/ |
St., Nim.

. Cua. 5t Nim..

. 003

L00R ¢

147

ontioned.

Remarks.

Commenced to rain and
thunderat 12.35; ceased
raining at 1.20 p. .

<015 Shower of rain at 245

P m.

. 015 | Thunderand rain-storm.

L0603 |

wind, at 3.30 p. n., and
continued during hour.

. 002 | Fine rain commenced at

i

545 p. m.; lasted 25

003 | minutes.

. 003 AtR45p.m..afineaureral

. 003

. 000

21. 996

display was observed,
which ended at 9 p. m,
When first seen, it was
cirenlar and about in
thie zenith, from which
it fedl like a curtain to
the northernr horizon,
along which it extend-
ed from XK. N. W. to
N. N. E., and, at 9
p. m., began to sheot
out long projections,
one, the hrightest and
longest, along the
Milky
tending itself’ a little
past the zenith,

Way, and ex-
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SHERMAN, AUGUST 9, 1872,

E : ! WIND. 1 LOWER CLOL“DS“ UPPER CLOUDS. ‘lé i E‘ '
g = — i~ i i BB <
£ ¢ g | L f EE B
Hour. £ = . = = - f“ o ) C ! é = 5 = Remarks.
TE ZVE R £ £ 2 | 5 (£ = gz EB |
g 3 = Z | € g3 = g < FE £ g 81 B |
2 ol g = & T 8 g 5 g i 2 27| 8 \
g slEIE] 37 > | H > 2o« & 14 4 ,
— - | — | ; . {  —
la m2R2W1141.9141.5].97! N.E ! Densefog, withfinerain
2 a. m. LREL | 40.3 | 40.7 |...... ! N.E. Dense fog.
3 & m. -994 1 40.3 130.6 (.940 | N.E. 2 . Dense fog.
4a.m] 206 30.5] 39.4 \ L9911 N.E. | Dense fog.
5 & m. .305 | 39.2 | 39.0 ' . 933 N.E. | Dense fog
6 a . 3191 39.0 1 38.6 | .96, N.E. ; Dense fog.
Taom 325 (39.313%.0/.0% ! NE | Dense fog.
ga,m} .337[30.3(387{.98| N.E i Dense fog.
0a.m| .33 432|405/ 8R \ N.E. . | ¥og clearing oft.
10a m! L5448 425 | s { E Nim.
1la.m| .33 4.3 4.3 | .780 E. Nim.
12m .. .m5045.4|420|.157| ESE 12.6 |  Nim. L180
1p.m.| 325|457 | 42.3 .75 S.E 16,0 | Nim. 112
2p. m. 318 | 45.5 | 42.0 | . 751 S E. 16.5 | Nim. .167
3p.m.| .303]45.742.4 . 764 S E. 16. 4 Nim. . 147
4p.m.| .304 | 445 2.2 | 827 8. E. 9.7 Nim. ] . 150
Sp.om.| .201 | 44.3 | 42.2 | . 840 S.E. 16.4 |Cu. 86, Nim.| 10 |.._........ O T I . 140
6p.m.| .272|43.0 (4.9 |.913 S.E. B D, hoodeeoceecodiel| 135 | Dense fog.
Tp.m.j .27 |42.6 | 41.7].926 | S.5.E U I \i PSRN .137 | Falling fog.
&p. m. 203 | 42.5 ‘l 41.7 | .934 S. [ | U PO PO . 121 | Falling fog.
9p m.| .285|42.7 ] 42.2 | .960 8. 20.0 U U ‘ [ R -, 142 | Falling fog.
10p.m] .268|43.2 26|.952] SSE T3 DUUUURUUR PO AUURUUS SN (SRUSPNIE SR .122 | Falling fog.
1pom| .261|43.3)43|.020 SE | .105 | Falling fog.
12p.m.] .247 427421 ]|.052] SE .102 | Failing fog.
22.300 | 42.6 | 41.2 | .854 |........... 22151
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SHERMAXN, ATUGUST 10, 1872,

Hour.

la. m.
2 a. m.

3u.m

4a m.
3 a. m.
6 a.m.
7a.m.
8a.m.

52EBEBBEEBEEEE;

:E "f‘ i WIND, ELO\VER CLOUDE. E PPER CLOUDS. :
e = 2 <
g é = = o | - - ‘ . E Remarks.
$E | % £ s | E z
2 = S & 3 = = £ g
[ =] &= =} D 4 4 < <
22 246 | 42.6 o83 | 8.S.E. | 2010 Falling fog,
L2331 42.5 1 49 1., S.E. 095 . Falling fog.
.236 | 43.0 936 8. L. .097 * Falling fog.
234 | 42,9 944 8. 095 Falling fog.
236 | 42,9 . 944 S, . 095 - Dense tog.
.239 | 43.4 960 S, .16 Dense fog.
244 44,0 . 968 8. .100  Fog.
L2539 | 4.2 L9446 | S.8.W. | | .100  Sun peeping through
‘ ! ! | fog.
247 | 50.2 | 48.4 | 872 | S.S5.W. 7.0 Cir..Cu. 8t 6 | .093 | Fog cleared off,
240 | 36.6 | 50.7 | 659 | 5.8.W. 5.2 | Cu.,Cir. St.. 4 o=
L242 | 50.6 | 48.2 | . 451 w. 5.9 | Cu.,Cir. 8t 5 L0863
925 | 610 | 47.4 | . 380 Ww. 9.9 Cu,Cir. 8. 7 |....... L 033
220 | 62.5 | 52,7 | .516 8. 7.5} LCnSt Nim. 7 . 040 |
.215 | 61.3 | 32.6 | . 554 8. 16.2 | <CaSt., Nim. 7 W.N.W. |...... I .03 Shower of rain at 1.30
207 1 59.7 | 5L6 . .571 | S.8.E. 16.6 JCe.St, Nim. 7 W e {015 pom. '
L2903 ! 59.6 | 51.3 ; . 563 8.3, E. 2002 | o..... e Cu,, Cu. Sl.‘ 6 W .. 015 | Shower of rain at 2.10
.192 | 56.5 [ 49.5 | .607 | S.8.E 30.5 [Nim.,Cu.8t. 5 [....... .01 p. .
187 (54214931 .70 S.SE 25.4 (Nim,,Cu.St.: 6 ... ... ... [T PO 030 |
.203 | 51.2 1 48.3 | .803 S. 13.9 !Nim.,Cu.Sl.j [ e 040 |
913 | 50.7 { 48.7 | . 859 8. 22.7 |[Nim..Cu.St.; & 035
221 | 50.4 | 48.3 | .853 S, 25.0 Nim.,(?u.St.j 9 062
926 | 49.7 | 4B.1 | . €85 8. 21.0 ;6 -070 |
.232 | 48.5 | 47.2 | . 904 8. 17.0 . 075 | Dense fog.
230 | 48.0 | 47.0 924 | S.S.W. %0 073 | Dense fog.
22.226 | 5.2 1 473 ML |oiennnaais 360. & 22, 062 ‘
|
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SHERMAN, AUGUST 11, 1872,

|
|
|
|
|
l

Remarks.

E: { ; K WIND. ( LOWER CLOTDS. }‘ TPPER CLOUDS, Ej L
L RS E—— R R
if 5 | TRELIE
T2 2 2 E 2, o |El 2 B £ F
£ R Z < ] £ ' Z 3 € |
& EiE | & & e i < M < S &
.8 | . 804 w. 25!
| 3.0 | . 641 8. W, 5.0 " 070 |
235 1472  49.6 | . 6401 B W. 2.0, Cir St 2 .07 ¢
3 | 49,0 417 | 560 Ww. 3.0 | Cir&Cir. | 3 .07
‘z i |t |
0908 L2 NW. |40 CuSta| 1. 080 ‘
! | Cir, i
o | sL1 420 .5 NW. | se|Cust&l 2
{ | | Cir. St. Co :
262|547 48140 WN. W0 9.0 Cu & Cao 5 leeeeeene. UL I .100
‘( iose | ! |
.265 | 56.9 | 44,8 [ . 416 w. | 19.0 | Gir. & Cire | B ieccmmeniins S R S 097 |
J ; Cu., Cir. ‘ | :
I | 8t., Cu. ‘ '
.63 | 60.7 | 46,7 | .3%6 W. | 187 |Cir.Cir.St: 4 .09
.260 | 63.7 4n.8).338| W, 210 |Gir. 81, Cul 7] 080
| ’ 8t.
L9250 | 66.5 | 48.6 | . 304 w. 17.1 | Cir. 86, Cul 7 060
} j St., & Nim.
.243 | 65.5 | 47.6 | .300 w. 17.5 |Cu., Cu. 5t 8 045
‘ Nim, :
241} 60.5 | 5L7 | .547 E. 13.7 . Bt, Nim' 9! S W. |..... . 047
264 | 56.3 | 40.5.615 | S.S.E. o1.8 LSt Nim 9| sw. | .07
(230 | 623 5L43.4m | ST 18.9 LSt, Nim 7| S.W.  feee.. .042
9911 62.0 407 ].432 | S.E. 14.8 LSt Nim' 7] S WL | 033
210 58.2|49.0|.5% | ESE 20.1 L St,Nim 7| S.W. ... Lo%
2181550 | 47.2(.538 | E.N.E | 142 St Nim 8] S W. [..... .642
.257 | 45.2 | 42.6 | .808 | N.E. 30.7 . [Cu St Nim 9| S W. |..... . 097
(6L 4E.2 | 1Y | 704 W, 3.4 Cu.St, Nimj 9 ‘; : .100
267 45.6 | 42.7 ] . 780 w. 10.9 Cu, St., Nim
278 | 45.6 | 43.5 | 843 w. 11.7 [Cu, St., Nim
281 1 461 | 44.1 | 851 w. 15.0 =Cm St., Nim
979 1 45.0 | 44.1 | . 865 w, 15.4 Cu. St., Nim
22,240 | 53,9 | 45,7 | 582 i 3|ﬁ§ ............

I

; 1
.0 22,075 | Slight fog at 1 a.m.;

lightning, N. W., at
4 a m.; thunder at 11
a.m, and 12 m,

.090 ' Commenced to rain and

thunder at 12.15p.m_;
thunder, continued to
rain, at 2p. w.; at 3
P. m., raining at in-
tervals during the
hour; ceased rain-
ing at 4 p. m,; Light .
seen at 5.30 p. m., ac-
companied by thun-
der, in the N.and N,
E.; at5.25 p. m., heavy
gale from 8. W., ac-
companied by thunder
and lightning; at 5.30
p- m., heavy shower of
hail; at 535 p. m.,
shower of hail; rain
during the time t05.55
p- m.; wind changed
from S.W.to E.N.E.
at 6 p. m. ; continued
thunder and light-
ning, accomypanied by
fine rain.
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SHERMAN, AUGUST 12, 1872

.« A i i | t
| E ‘ ’ f 3 WIND. LOWER CLOUDS, TUPPER CLOUDS. ‘; E :‘é i‘
g, L E :: <
L ‘ 13 % R T
Hour. | ¢ % I | = \ z . I § ) :E_' I i:' Remarks.
$EIE 1% lz2| £ | gE 5 E0% lzE oz |
& | A1 B = g v =R =0 =2 < |4
1a.m.| 22 966 6.6 i 3.6 .785 | W.N. W 7.6 Nim, 22,115 | Lightniug E.
Q2a.m .21 | 46.3 - 43.2 | .17 N. W 10.0 | Nim. & Cu. | .120 | Shower of rain at 1.5
| ! St. !
3a.m.| .21|46.2 45.7|.817| X.K 5.5 1. I .120 | Shower of Tain at 1.25
‘ !
4a.m.| .266)46.2 | 47.6 |.._... w. 5.0 5 Cu 8t 15
Sam| .27 450, 420 .71 W.NW.. 8ol oust ! 120 |
Ga.m.| 2850466454 .73 N.W. | 55 CnSt.Cinl 5 : N RE
7a.m.] 295 46.6] 442 825 Nl oms G |1l Cust |3 W L. 140
wa.m.| 280 [45.7 686 | W.S.W. 1010 Cu S6 & | 3 eeevocnn. e e I e
j ! CoCw
9a.m| .290 53.7 45.5|.53| W. ' 155 Cir.&Cir.. 3! Lo |
i T \ Poost . . |
10 &. m. . 296 i L4715 | 404 ’ W, ! 14, & :Cir. & Cir. | 4 ST ‘\ ____________ [ 125 | Commenced to rain and
| | i i \ | St. : : j : \I ‘ [ thunder at 11.35 and
lam.| .219' 9.6 415 | WS, W. | 144 [Cu.SLNiw. 6 oo e, hoeeens | .10 continued during the
12m...| 202} 4.4 477, N.W. | 178! : ' .105 ; hour.
1p.m.| .29 4.9 .618 | w. i @50t .127 . Thunder ccasedatl p.m.
2p.m.i .300!50.4 435 .565| N.W. ’ 310 .125 | A storm-wind with rain
i i { ot 1.30; wind during
3p.m| .22|s82 45 |37 | W.N.W.| 250 -093 . hour.
! | i
4p.m.| 288 58.0 | 4G4 | .438 W.N.W.| 210 [Cir.St. Cu. 8| ..o 105 !
© St., Nim. i ‘ ’
Sp.m.| 302544461 .52 | W.N.W.! 20.0 Cu.Sl,Nim! 187 |
6p.m.| 333|456 434 .87 W.N.W.| 289 CuSt,Nim,| -162 Rain commenced at
Tpom.| 306 | 46.3 [ 43.0 | 766 S W 13.4 Cu.8t. Nim. .140 | 5.05, ended at 6.15.
8p.m.| .340]45.4 /433! 83| N.W. | 6.0 CuSt Nimi BEN
9p.m.| .365|43.9 ! 43.0!.920 | N.W. 204 e .213 ; Dense fog clearing oft
0p.m.| .360 | 43.4 ; 425 .92 N.W 6.5 Cir. 8ty Ct. 4 |eevuemuennnn TN IO N .207 | at9.45p.m,
i ‘ i st !
pm.| .369)41.5|40.6' .95, N W | R - 220 Dense fog.
2pm.| 347 |40 4i404) 81| s W | . 187 | Fulling fog.
22,303 49.3@44.3i,qs6 | ............ T SRRSOt AONURRURRS S IO N ‘22.139‘!
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SHERMAN, AUGUST 13, 187,

‘:—;_ WIXD., E LOWER (‘,LOHDS.T YTPPER CLOUDS. 1] ’Eﬁ . i é
= T ra ‘ a £E E
E g L # e 122 g
= 5 = E o . f 1 . é E = -] Remarks.
&l B2 a & ¥ <] K < = < | =
- i 7 N
39.2 | 38.4 | .963 w. 6.5 CILSt | 31 oo feenns | 22175 | Lightning §. E.
41.2 | 30.1 | .833 N. w. 2.5 | Cir. St. L PO R ISR PSP | .175 | Lightning S, E.
42.0 | 388 .79 | N.W. 6.0 | Cir St | U R I 165
420388 .10 | X W. 9.5 | Cir. St. . 165
41,0 {382 .783 | N.W. 10.0 | Cir. St. & 180
Cu. St.
43.0 [ 39.9 | .70 | N.N.E. 10.0 . 200
46.1 ] 42.5 | . 147 . 8.0 .. . .20
48.1 | 43.6 | . 699 w. 5| Gt Cu & T ieeenannenns, JRR TR AU . 210
Cu. St.
50.7 | 488 .867 | W.N.W.| 13.1] Cir St R PO O PO I =l 203
53.1 | 525 | .958  W.N. W, 17.9 | Cu. & Cir. | 2 JORURSUIINS FR (R NN . 205 | Wet bitlb dried up at 10.
) i St.
56.6 | 46.2 | . 472 w. millonecw | 3. b el 203
f t.
50.547.3 ) .425 | W.N.W.| 168 | Ca. &Cu. | 3. SN PO ceeel] 185
1 St.
59.4;46.1.3% K W.N.W. 16.0 { Cu. St & | 6 |oeiveunnann. R (PP BN .187 | Thunder; shower of
: Nim. rain at 1.25 p.m.
56.5 | 43.5 | .387 | W.N. W. | 16.8 | C0 St & | 9 |ceeremreenlofonninninn e, ,182 | Thunder and showers
. i Nim. of rain.
51.5 | 46.3 ) . 436 N.W. 16.2 {Cu., Cw. Sty 7T oeivecaiann. P SN R .182 | Rain and thunder dur-
i ! & Nim. ing the hour.
58.6 | 45.7 | .401 | N.W. 19.6 [Cu., Cu. St} 5 |oeieonioen. [ FURUTURU ISP .173 | Thunder.
] 1 & Nim.
50.8 | 46.2 | .384 | N, 19.5 |Cir. & Nim.| 4| Cu. St W. 8. W. |.oon. 180
53.3 | 47.1 | .630 | N. E. 10| cu st & slwW.s W, ... 197
{ l Nim.
49.3145.6.7490 N.E. 182 ... cu. st &f 50 S.W. ... . 220
3 . Nim. | .
410|448 80 S E 6.8 | Nim & Cu.i 4|........ E ...... U I . 242 | Light seen at 8. 8. K.
| { st. i
4.4 482172 NN E 5.4 CuSt | 3 O IS .958 | Light seen at S. 8. E.
{45745 .1 N.E. 50| Cir.8t | 2 Y IO P . 260 | Light seen at 5. 8, E.
46,4 {421 .705{ N.E. 3.2 | Cu St 2. ‘ ................... . 260 | Light aeen at S. 8. E.
4611421 .1, S.E 3.8 Cu.St. | 3|.... B B PO PR I .263 | Light scen at 8. 8. E.
s | S v
49.5 1 43.7 1 R 2674 e SO FORRO 2. 204
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SHERMAN, AUGUST 14,1792,
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THIE UNITED

TATES COAST SURVEY. 1:

Part IL—ASTRONOMICAL OBSERVATIONS AT SHERMAN, WYOMING TERRITORY,
BY PROT. C. A, YOUNG, '

Darrymovtin COLLEGE, October 23, 1872,

Sir: I have the houor to present the following report of my observations in connection with
the Coast Sarvey party which was stationed at Sherman, Wyoming Ferritory, during the months
of June, July, and August, 1872,

Leaving my home at Hanover, N. T, on the 28th of June, 1 stopped three dayvs in New York
for the purpose of consulting with certain of the scientific gentlemen who reside there and in the
vieinity as to the observations most important under the eircumstances. To President Morton, of
the Stevens Iustitute of Technology, I am under special obligations for the Ioan of a radiation.
thermometer and a pyrheliometer.

I arrived in Sherman upon the 6th of July, in company with my colleague, Prof, C. F. Emerson,
who had kindly consented to act as my assistant during the expedition. Mr. C. 1. Wead was also
with us, a young gentleman much interested in scientifie matters, who remained at Sherman a few
weeks on his way to California, and aided usin various observations with great zeal and intelligenee

We found the party under the charge of General R. D. Cutts, United States Coast Sarvey,
already established and vigorously at work, having arrived upon the ground nearly a month before.
Our iostraments, which had been sent on by express, had preceded us by a few days, and the
observatory was nearly ready for their oceupaney.

As the report of General Cutts will probably coutain all the necessary data regarding the
topographical position of the observatory, I need only say that it was situated about 100 yards south
of the railroad, and some 40 feet above its level, upon the sunmmit o a small hill. {Approximately
lﬂtitudu, 41207 longitade, 1* 55™.3 west of Washington; elevation, 8,300 foet above sea-level.)

The observatory consisted of a single room of rough boards, about 16 feet square and 9 feet
high, with a slidirg roof, removable in three seetions. The telescope when in use was, 8o to speak,
completely out of doors, and it was very soon found that some farther protection was needed from
the violent winds,  Accordingly, a high fence was erected upon the north side of the voof, while
upon the east and west masts were placed upon which tent-flies could be drawn up like sails when
oceasion demanded.  The range of vision was thus considerably reduced, being limited on the north
t0 a distance of about 20° from the zenith ; but it became possible to observe tiie sun, whenever the
wind was not too strong, nearly as satistactorily as in arevolving dome. _

The interior of the observatory was painted a dead black; the extent to which this facilitates
the observation of tlie fainter portions of the spectrum is really surprising.

By the liberality of the trustecs of Dartmouth College, I was permitted to take with me the
fine equatorial belonging to that institution. This instrument, one of the latest and most pertect
productions of Alvan Clark & Sous, has a telescope of ¢.4 inches aperture, and 12 feet focal length.
Tuhe mounting is in the main the same which earried the old 6-inch Munich telescope, which it
replaces ; but the clock-work is new and excellent. '

This mounting, though entirely satisfactory under a dome, is hardly heavy and firm enm.lgh for
80 large a telescope in the open air; and a breeze of any considerable strength, notwithstan‘dmg Thc
brotecting tent-flies I have mentioned, used to make the telescope vibrate sufficiently to interfere
seriously witl: the observation, _

The instrument is provided with a full battery of eye-pieces, ranging in power from .50 to },u()ﬁ,
with ring and filar micrometers, and with a very perfect spectroscope; the same descrlliyed.m the
Journal of the Frauklin Tustitute for November, 1870, but with certain improvements there indicated,
by which it is rendered automatic. .

The collimator and view-telescope have each an aperture of seven »eighths.e <§f an ineh, and o
foeal length of 10 inches. The full prism-train is equivalent to 12 prisms of flint glass, b (’::m
ea’si]y be reduced to any extent desired. The whole dispersive power was always used, hnwcwr7
and I should have bien very glad to double it if possible. o o

I also brought a quantity-of polarizing apparatus for the purpose of examining t;hve sky :Pt’{d.“..
zation,.and a pyrheliometer and radiation-thermometer, alrcady mentioned as loaned by the Stevens
Institute of Technology.
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The pyrheliometer, however, proved to be unmanageable on account of a trick it had of detaeh-
ing a greater or less portion of its mercary-column whenever it was inverted into the position for
observation—the vacaum above tlic mercury being teo perfect ; sometimes, instead of detaching a
portion of the column, it wonld fill the whole tube with mercury, having a vacunm-babble in the
balb.

It is not necessary to say much about the weatlier, as inspection of the meteorological report
will at once show the state of things. For a weck and more atter our arrival, it was exceedingly
disconraging; and, during our whole stay, only about one day in three turned out good enoungh for
observation; and the proportion of good nights was considerably smaller.  Tle contrast between
the climates of Sherman and Salt Lake City was very striking. It is, however, only just to add that
all the citizens of Sherman conenr in representing the summer as a very unusanal oue in respect to
its cloudiness; and this is quite probuble, sinee the amount ot snow which fell the preceding winter
was entirely unprecedented, and at the end of July it was still Iying to a depth of 8 fect on the
platean from which rises the Medicine Bow Mountain, about fifty miles west of our station. This
was the report of Mr. Gardner, the topographer of King’s geologieal expedition, who twice visited
us. It is easy to see that the moisture from such a body of melting snow, carried by the prevailing
westerly winds, could hardly fail to affeet the clearness of our sky.

But when the sky was clear, it was beautifully so. At night, hundreds of small stars, which I
never saw at home, came out distinetly. Thus, within the ¢ Bowl of the Dipper”—the quadrilateral
marked by «, 3, y, and 5 Ursie Majoris—I bave Deeu accustomed, under favorable ¢ircumstances, to
contut three stars with glimpses of a fourth ; at Sherman, I eould seeeight: and Professor Emerson,
whose eyes seem to e superior to mine, could sce ten, and sometimes cleven. Indeed, I think a
majority of the stars rated in fhe British Association Catalogue of the seventh magnitude were
fairly within reach of the naked eye. The Milky-Way especially was magnificently brilliant near
the southern horizon as weil as in the zenith. « Lyrie was several times observed with the naked
eye from 10 to 15 minutes before sunset.

As observations of the sun regquired about as many hours of work each day as my eyes would
bear, I did less at night with the telescope than I otherwise should ; spending on seven different
nights perhaps three or four hours each. On two of these nights, the seeing was exquisitely per-
frct 5 on two others, very fine; and on the other three, it ranged from fair to poor, i. ¢, there was
more or less gquivering and twitching of the images.

As tests of definition, I tried ¢ Cygni, Z Herculis, & Equulel, o Herculis, and 72 Andromedwx.
All of these were readily seen, of course, and very beautifully so on the best nights; the background
being far more dark, and the images cleaner and sharper than T had ever seen them. y Coron® was
tried, but T could only suspect thut the image was a little wedge-shaped. : Bootis seemed to we
perfeetly round, with a power of 1,200, and the air almost perfectly steady,

Having with me only Struve’s « Mensure Micrometriew,” Smytlys Celestial Cycle, and Webly’s
little book, I was not prepared for any very serious work., I picked up two or three double stars,
not in cither of their catalogues, (one of them, . A. C. 6468, rather delicate at Hunover, was con-
spicaons here,) but T find them all in other lists, My observations involved o measurements, bus
for the most part only the examination of objeets with which I was previously more or less familiar ;
and 1 have no hesitation in affirming that L never was able to see them at Hanover with auything
like the perfection attainable here.

I was able to examine the moon only once, (July 13,) and then under unfavorable circum-
stances, as it was very windy, Linné was observed; no crater was visible; only a small white spot.
In the case of Hygimus, with a power of 550, no wall conld be made out around the crater; and if
there is any at ally it must be very low.

Saturn was examined repeatedly, and on two oceasions the views were exquisitely beautiful—
July 26 and Angast 1. Notwithstanding the low altitude of the planet, the definition was almost
absolutely perfect, excepting a slight eolovation of all hotizontal lines due to the atmospheric
dispersion, and all the details came out in the most delightful manner with powers ranging from
409 to 1,200; a power of about 600, on the whole, did best. ,

Bond's dusky ring was clearly seen, and also, on both oceasions, a dark streak on the outetr
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ring about one-third of the way from theouter edge; this streak was Lardly black enoungh, how-
ever, Lo indicate a complete division of the ring.

On both these evenings, and also on others, when the air was as clear thongh not so steady,
Mimas and Euceladus were hoth easily seen at distances from the ring ranging between 3 and 257,

At thesuggestion of Mr. Alvan Clark, T carefully examined « Ophinchi for small stars near it,
and easily saw the four very fuint ones, in the same field, one sonth preceding, aud the other three
nearly in line following, and a little north. Of this, Mr. Clark writes, in reply to a letter of mine
with diagram, “I have examined « Ophinchi with the 26-inch, now building for Gevernment,
but made no drawing. 1 think ycu bave all that we can sce. The little preceding star is the
faintest, and is the one 1 supposed you might possibly reach, thongh, if you did, it would indicate
a great advantage in position.”

The minute companion of «* Capricorni was well seen donble, (pos. 2452, dist. 1.7, both esti-
mwated.) The companion of y Aquilae, which I see with diffienlty at Hanover, was conspicuous.

y Lyrie was examined for the minute companion discovered by Alvan G. Glark in 1568 with the
12-inch glassstill in his possession. I knew nothing as to its distance and position, and accordingly,
when Ifounda minatestarabout 407 s. p., I supposed I hadit, especiaily as there are two other stars,
nearly as faint, barely visible at Hanover with my instrument, under favorable circumstances.  Mr.
Clark calls the new companion “ about the faintest thing that any one could possibly see with
12-inch aperture,” and I was accordingly very greatly pleased at having seen it as 1 supposed.
1 was equally chagrined ou receiving, a day or two before we left, a letter informing me 1 was
mistaken, and had missed it.

I did not have another clear night or I should have tried again, and I believe with success,
though that, of course, is ouly matter of opinion, based on the behavior of other tests.

With reference to this companion, Mr. Clark writes, ¢ It precedes, thongh I am now unable to
say in which quadrant, but your distance shows that you have not gotit. Alvan was astonished
that the Newhall telescope made so bold a thing of it, but since seeing it through ours he finds he
did not sce it at all, but only the star you allnde to. It is very faint.,  Even with 26 incles, no one
but a fierce star-gazer wonld be struck with it at onee.” Later, he informs me that it almost exactiy
precedes the larger star at a distance of about 167,

I regret very much that I could not have devoted more of my time and attention to determin-
ing the precise range of the power of my telescope, so as to furnish a more reliable estimate of’ the
gain incident to our elevation; still, putting everything togethier, it is my deliberate opinion that
at Sherman my 9.4 object-glass was just about equal to a 12-inch glass at the sea-level.

Speetroscopic observations of the sun, however,oceupicd mealmost entirely.  These were made
upon twenty-two different days, between July 13 and Aungust 12, mostly Letween the hours of 6 a.
m. and noon. On three vecasions only, observations were possible in the afternoon. In the ordinary
course of things, during the best summer-weather, elouds would begin to form hetween 10 and 11
a. m., and soon after noon there would be a thunder-storm, actual or threatened, which would clear
away before supset, leaving the night clondless for observation. 1n many cases, however, the
storm did not burst till late in the afternoon, and the e¢learing-up was postponed till after midnight,

On eleven days of the twenty-two, the observations were confined within an hour or two by
unfavorable weather; on the other eleven, the whole forenoon, ov at least four or five bours of it,
was available.

My spectroseopic work naturally separates itself into three portions:

1. Observations on the spectrum of the chromosphere.

2. Observations on the spectra of the spots.

3. Observations of solar storms and eruptions.

A
SPECTRUM OF THE CIIROMOSIIIERE.

" 1f, asis generally admitted, the solar photosphere consists of a layer of Inminous cloud, having
a physical constitution essentially like thut of terrestrial water-clouds, it would seen to be almost a

necessary consequence that those portions of the solar atmosphere in which these photospherie
clouds float must cousist not only of permanent guses, but must be fully saturated with the vapors



158 REPORT OF THE SUPERINTENDENT OF

whose condensation furnishes the clond-dvoplets. Nor would it seem at all likely that these vapors
disappear from the solar atmosphere just at the upper level of the clouds—in our own atmosphere,
certainly aquecus vapor is not absent in the clear air above the agueous clouds—but it is far more
probable that these vapors extend far heyond the cloud-level, thongh, of course, rapidly diminishing
in density, temperature, and luminosity.  Undoabtedly, also, their percentage in the solar atmos-
phere fulls off Tapidiy, so that, while in the photospheric vegion they may form a large proportion
of the whole, the permanent gases will vastly preponderate in the upper portious of the chromosphere
and in the coroual atmosphere. Different vapors, too, would ¢ thin out,” as Mr. Lockyer expresses
it, and lose their luminosity at very difterent rates.

Asa consequence of tlll\ view, that portion of the solar atmosphere just above the photosphwp
must contain, in the gaseous form, all the substuneces existing in the photosphere itself; and the
absorption of such a region accounts for the Frannhoter lines as seen. TFurthier, whenever the
direct light of the sun is excluded, as in a total eclipse, we oaght to get, for the spectrum of this
layer next the photosphere, a positive or bright-lined spectrum complete, with ali the TFraanhofer
lines reversed; as the elevation increases, we should find certain of the lines becowning fainter, and
then vauishing, at a height depending very much, in most instances, upon the perfeetion of the
spectroseope employed and the sensitiveness of the observer’s eye. It might, however, very pos-
sibly happen that the lines of some sabstances would disappear suddenly at some particular
elevation, where the temperature falls to a certain critical point, or some associated chemical
eleent ceases to react. The apparently definite upper limit of the chrouosphere way perhaps be
explained in this way. The hydrogen-spectrum here nndergoes a sudden and sharp degradation
ot brilliance, although, as we now know, this gas extends high into the coronal regions. The
« Dy-stuffy” however, whatever that may be, ceases entively at the boundary of the ehromosphere,
so that, as Proctor suggests, it looks very mueh as if the brightness of the hydrogen in the
chromospliere were mainly duae to its assoeiation with this other mysterious substance. Unusual
disturbances of the solar surface would, of course, carry vapors (and often, perhaps, masses of
solid or lignid matter) far above their ordinary habitat.

These views, I think, are fully confirmed by all the observations thus far made.  The existence
of a thin layer at the base of the chromospliere, whose spectrum reverses all the Fraunhofer Hnes,
a fact whieh has been rather persistently doubted in some guarters, would seewm to be sutisfactorily
establishied by the observations of the late total eclipse in India, and the still later observations of
Mr. Pogson on the annular eclipse of last June.

Of' course, the reflective power of our own atmosphere is the only cause which prevents our
seeing this reversal at any time.

Thie spectrum of the illaminated air near the snn’s place is simply a comp]ete solar spectrum of
ronsiderable brilliance with all its dark lines.  When now this is saperposed upon another spectrum
containingr the same lines bright, then, aceording to the relative intensity of the spectra, the result
may be, either i solar spectrom with its dark lines weakened ; a brightline spectrum with the
bright lines rendered fuint by the bLrillianec of the continuous speetrun whiceh is made to form its
backgrounud; or, finally, if there is an approximate compensation, a continuous spectrum with all
lines sensibly obliterated ; and it may happen, aiso, it the bright lines in the one spectrum do not
correspoud in intensity to the dark lines of the other, (which is actually the case,) that while some
lines are simply obliterated, athers will be distinetly bright, and others yet strongly dark.

In New England, the first is the actual resnlt; at the very edge of the sun the dark lines are
somewhat weakened, but, generally speaking, there is no reversal

In Italy, Father beu,m long ago reported that a thin layer close to the limb gives a sensibly
continuous spectruin.

I had hopes that at Sherman the atmospherie illomination svould Le safficiently reduced to
realize the second case, and permit me again to see a reversed solar spectrum, as in the eclipse of
1870, In this, however, I was disappointed; T did not find «ll the lines reversed, or even most of
them, unless momentarily and doubtfully on certain oceasions when there was cvidently some
unusual disturbance in progress. Dnt, whenever the air was perfectly steady, allowing me to
magnify the image of the sun to a diameter of about four inches, then, on placing the slit of the
spectroscope perpendicular to the san’s lumb, I obtained the appearance which 1 have tried to
represent in the figure,  Runming through the spectram along the line which divided the spectrum



THE UNITED STATES COAST SURVEY. 159

of the sun from that of the region outside, there was a narrow streak, in which many of the lines
turned bright, most of t hem sensibly vanished, while some persisted, though generally much
weakened.

This effect was still better seen on placing the slit at an angle of
not more than 8° to 16° with the limb. When it was made tangential
then, just as the image of the sun’s limb touched the slit, the dark
lines, for the most part, either turned bright, or more or less completely
disappeared. e

The thickuness of the layer producing this effect could not have L ;
been more than 2/, and I think was inside of 1”/; tbat is to say, it was ——
only within five hundred or one thousand miles from the surface of the
photosphere that the vapors to which are due most of the dark lines exist in sufiicient guantity
and suvitable condition to manifest their presence, subject to the atmospheric and instrumental
limitations under which 1 observed. The constitution of the chromosphere being such asI have
indicated, the observation of the bright lines in its spectrum becomes perhaps of less interest than
if only a few were to be discovered in it. Still, this kind of work is not without value, since the
lines most easily seen are naturally those which are really most conspicuous in the spectrum of the
chromospbere, and this conspicuousness stands in important, but by no means obvious, or even
entirely simple, relations to the intensity of the corresponding dark lines, when such exist; that is
to say, the lines which are conspicuous as dark lines in the golar spectrnm are not at all certain to
be equally couspienous as bright lines in the ehromosphere-spectrum, so that the latter speetyun
still remains a separate and important subject of investigation. Tt cannot be doubted that a cave-
ful study of these bright lines, and their behavior, will bring out many significant facts as to the
constitution and habitudes of the solar atmosphere.

I accordingly took great paius to determine asaccurately as possible the position of every line 1
was able to perceive reversed. At Dartmouth College, I had succeeded in making out a list of
103. Tdo not know of anything which brings out the atmospheric advantages of Sherman more
clearly than the fact that here, in the eourse of six weeks, I observed not only all those previously
seen, but 170 new ones in addition. 1 give herewith a catalogueof all the lines observed. 1f seems
to me very singular that no new bright lines should have been found below C. It was not for
want of careful search.

The ounly ones among the new lines of any especial importance are the H’s.  These seem to be
always reversed in the spectrum of the chromosphere; at least, after their first discovery, I never
had any difficulty in perceiving their reversal when the seeing was good; or, rather, I was always
able to do it, for the observation was never i really easy one, but regnired the use of every pre-
caution in the way of excluding extraneous light, careful adjustment of the slit in the foeus of the
telescope for the particular rays, &e.

As will be seen a little further on, the same lines are also reversed in the spot-spectrum,

I am persuaded that there are many more of these chromospherie bright lines i the ultra-
violet portion of the spectrum, which could probably be found by means of photography. The
telescope used for the purpose of searching for them ought to be corrected for photography, ( unless
a reflector is employed,) and the clock-work would need to run very perfectly.

In the catalogue, the first column contains simply a reference-number ; a § refers to a note at
the end of the catalogue.

The numbers in the second column refer to my “ Preliminary Catalogue,” contaiuing 103 lines,
which was published a year ago in the “American Journal of Secience.” 1n this column, a t indi-
cates that some other observer has anticipated me in the determination and publication of the line.
AsT have depended for my information almost solely upon the Comptes Rendus and the Proc«ev.,d-
ings of the Royal Society, (which give the observations of Lockyer, Janssen, Rayet, and Seccht,)
it is’ quite possible that some other lines ought to be marked in the same manner.

The third column, headed K, gives the position of the lines on Kirchoff’s scale; the numbgm
above G being derived from Thalew’s continuation of Kirchoff’s maps. In this column, an asterisk
(*) denotes that the map shows no corresponding dark line; a? that the exact position, not the
existence, of the line, is for some reason slightly uncertain.

FiG.1.
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The fourth column, headed A, gives the wave-length of the line in ten-millionths of a milli-
meter, according to Angstrom’s atlas.

The numbers in this and the preceding column were taken, not, from the maps themselves,
which present slight inaccuracies on account of the shrinking and swelling of the paper during the
operation of printing, but from the numerical catalogues of Kirchoff and Angstrom, which accom-
pany their respective atlases. In the preliminary catalogue, the numbers were derived from the
maps; hence, some slight diserepancies in the tenths of division.

The fifth column, marked ¥, contains a rough estimate of the percentage of frequency with
which the lines were seen during the six weeks of observation; and the sixth column, B, a smu]ar
estimate of their maximum brightness compared with that of the bydrogen-line, C,

The variations of brilliance, however, when the chromosphere was much disturbed, were so
considerable and so sudden that no very great weight can be assigned to the numbers given ; nor
is it to be inferred that lines which have in the table the same index of brightness were always
equally bright. On certain vccasions, one set of lines would be particularly conspicuous; on others,
another. '

‘With two or three exceptions, indicated in the notes, no lines have been catalogued which
were not seen on at least two different days. In the few cases where lines observed ounly on one
oceasion have been admitted to the list, the observations were at the time carefully verified by my
assistant, Professor Emerson, so as to place their correctness beyond a doubt. Many other lines
were “ glimpsed” at one time and another, but not seen steadily enough or long enongh to admit
of satisfactory determination. The last column of the catalogue contains the symbols of the chem-
ical elements corresponding to the respective lines. The materials at my disposal are the maps of
Kirchoff and Angstrom, Thalen’s map of the portion of the solar spectrum above G, and ¢ Watts”
I ndex of Spectra.”

Since the positions of the lines in the latter work are given only to the nearest unit of “ Ang-
strim’s scale,” I have marked the eoincidence indicated by it with a (w}, considering them less cer-
tain than those shown by the maps.

In addition to the elements before demonstrated to exist in the chromosphere, the following
seem to be pretty positively indicated: sulphur, cerium, and strontium ; and the following with a
somewhat less degree of probability: zine, erbium and yttrium, lanthanum and didyminm. There
are some coincidences also with the spectra of oxygen, nitrogen, and bromine, but not enough, con-
sidering the total number of lines in the spectra of these elements, or of a character to warrant any
conclusion. Omne points to the presence of iridinm or ruthenium, and there are only three lines
known in the whole spectrum of these metals.

No one, of course, can fail to be struck with the number of cases in which lines have associated
with them the symbols of two or more elements. The coincidences are too many and too close to
be all the result of aceident, as, for instance, in the case of iron and calciam, or iron and titanium.

Two explanations suggest themselves. The first, which seems the most probable, is that the
metals operated upon by the observer who mapped their spectra were not absolutely pure ; either
the iron contained traces of calcium and titanium, or vice versa. If this supposition is excluded,
then we seem to be driven to the conclusion that there is some such similarity between the mole-
cules of the different metals as renders them susceptible of certain synchronous periods of vibra-
tions—a resemblance, as regards the manmner in which the meolecules are built up out of the
constituent atoms, sufficient to establish between them an important physical (and probably chem-
ical) cousinsbip, so to speak., I have annexed to the catalogue a table, showing the pumber of
lines of each substance, or combination of substances, observed in the chromosphere-spectrum,
omitting, however, oxygen, nitrogen, and bromine, since, with one exception, (line 230,) neither of
thiem ever stands alone, or accounts for any lines not otherwise explained.
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Catalogue of bright lines in the specirum of the chromosphere, 1572,

No. | P.C. | X t A
+1 1 541, 0 x
2| i2 634.3 6.9
3 tal Coe9a1 8
Y 7114 55
5 4 TR T 6496.0
I 731.7 G461 7
7 5 34,6 5453, 8
3 70,9 6438. 1
ta 6 744,3 6420, 0
750. 1 G415, 6
56,9 6309, 0
12 759.3 6392.6
13l 767 1 6373,
14 't 768, 1 6371, 7
15 ..., 778.3 6346. 1
116 | 8 823.5 6245. 4
17 9 827.6 6237.3
30, 2 6231, 5
836, 5 6218.3
839, 2 6214.1
21 ... 845.7 6199. 6
22 ... 810, 7 6190, 5
23 ... 859, % 6168.3
£03. 9 61612
(8709 6148, 1
VR4 6146. 8
Q4.3 6140.6
(86,5 6136.1
temro’ 6133. 6
884. 9 6122
890.2 . 6109.9
32 . €94.9 | 61017
33 903.1 6083. 1
34 9121 | 60645
35 933, 8 G018, 0
36 949, 4 5990. 0
Er S I 920! o132
38 111 D,10028 |  5895.0
39 112.| D,1006.8 1  5880.0
140 # 101L2 ' 5883.0
141 113 | *D,1016.5 5874, 9
4@l 1031.8 5850, 7
a3l 11351 5708.3
44 .. [ 1511 5687. 2
45 | l 1154.2 5683.5
46 ... ... 1155.8 | 5681. 4
47 . 1165.7 5667, 8
1167.0 5656, 0
1170. 6 5661, 5
11795.6 5656, 7
1176.6 5654, 4
1187.1 5640. 2
1189.3 5637.3
1200.6 5623, 2
1207.3 56145
1229.6 5587, 6
12313 5585, 5
1274.2 5534, 1
12863 5525, 9
12875 5518, 7
1298.9 5505, 8
1303.5 5500, 5
63 ..., 1306.7 5496. 6
o4 * 1320.6 5480, 2
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Ni.

Fe, N (w).
Ye.
Te, Ti, Br («).
Zn, Br (w).
Fe,

Yo, Ti.
Ba, Ti, S (v).
Ti, Mn.
Fe.

Mn (w).
Fo. Ni.
Cr.

Fe.

Fe, Ti.
Mnu.

Fe, Ti.
¥e, Ce,
Ti.

Fe.

Fe,

Fe.

Fe.

Fe.

Fe, Co, Ce.

Fe, Mn, O («).
T, 71 (w}.

Fe.
Fe.

¥eld Ol

Ca, Brie)
Ti ().

Fe. Ca.
Fe.

¥e. Co.

Ca, Br («).
Sr.

Fe, Mn.

Fe, Zn («), Bris).

Fe.
Fe.

Mun. Zm ().
Fe.
Srl.
Fe.

Sr, Br(w).

Ti.
Fe, Cr.
Cr, E {«).
Cr, Fe.
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‘
No. | P.C K. A.
1600.2 {52013
16113 5199.7
1613, 9 5107,9
1615. 6 5197.0
1617.4 | 51950
1626 51941
2.2 1 m1e89
teese | s
1631.5 aIRd. 1
b, 1634.1 5183, 0
by 1645,8 1 5172
b 1653.7 1 51683
by 1635, 6 | 5166. 7
M2 16667 1 56l ?
s . % WTL3 | BI54 8
144 53 WI3.7 | 51505
1450 5 1675.9 | 5150.1
196 ... 1680.5 | 5142.9
1oL | 51330
L7 ‘ 5130, 8
91 5128.6
LT 51967
22| 51255
¥ " 5124. 4
52 5198.2
L9 51210
4l sLioe
3 51149
6 [ 5108, 8
S S TT A
PR U
281 5086.5
5.0 | 50870 |
51 50835
%5 f 5077. 9
L6 5047, 8
3, 4 ‘ 5041.2
Ay 50401
.9 i 5030. 1
01 0235
1 5016
.6 5015.0
.1 1993.3
.0 4956.7
| 51 4933.4
Dootsy 6 49931
15 f60 | 2003.2 | 40213
176 61| w0072 | 40182
197 Lo 2160 [ 401L2
18] te2 20311 4890.3
1790 163 g 052,51 4882.9
190 Ll , 2067. 8 4869. 4
181 164 g T, 2080. 0 4860. 6
182 J ......... 2087.6 4854. 7
18 | [ 20940 8481
184 ... | a6, 4826. 5
L 2191.2 1892, 8
! 20424 4804, 4
AL 5 1778.7
229.1 | 470.8
9951, 3 12,5
2309. 5 4666. 3
2314.3 4663, 3
2393.0 4656, 0
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Cataloguce of bright lincs in the spectrum of the chromosphere, 1872—Continued.

|
}
!

E. K. | A.

Fe. 2358. 4 146290

S (wh E (. 2359.5 | 480
Fe. 2369,7 | 4620.3
2410, 2 4589, 4

Mn. 212.6 | 4315
Fe, 2419.3 1 4383.2
Fe, Ca. 0.5 | a516.0
Fi. 2435.5 ' 4571 4

Fe, Ti. 2443.9 | 4564, 8
Mg. 2446.6 ' 4563.2
Mg 2452.1|  4559.5
Fe, Ni, Br (+). M1 4581
Fe, Mg, 2457. 9 4553.3
L2 4553 4

Na. 2463, 4 4551.8

Na, Cu 2. 2467. 6 | 4548. 9
Fe, Br (x). 2480.8 4539, 2
S (+). ! 2486.6 4535.5
Fe. Panl 7 2489.4 | 45332
Fe. 212 ... 2490. 5 J 4532.1

Ti 213 % 2502.2 | 45244

Fe, Ti. 214 bt 92505. 6 ! 45220
A5 e 2517.0 | 4514.0

Fe. 216 ... 2518.4 | 4513.0
Fe. A7 |eveeenn. 2527.0 | 4506.0

Fe. 218 e 2371 4500.3

Ti. 219 ko 25504 | 4490.9

Ni. 220 80 2555. 0 1489, 4

Ti (s} 2821 €1 2566. 3 4480. 9
Fe. 1922 tee | +7.2581.97 471.2

! Fe. 223 3 2585, 4 4468. 5
Fe, 5w || 224 ool 2620. 8 4446.3
E (). © o5 81 2695.2 44430
2D (). 296 1........ 2633. 0 4435.7
Xe, Pear 2639, 6 4433.5
FelZn (). | 228 J.ooee.  *23L5 4426, 0
Fe, Ca. - ) S 2653. 2 44925, 0
Fe. 230 [eeen 2664. 9 4418.0

8 (o) a31 2665. 9 4417.5

S (w) 232 270. 0 44147
Ye, Ni. 233 |........ 2680. 0 4407.7 |
Ti {w). T R 2686. 8 4404.9
Fe, N(w). | 235 f..ccoao. I 6960 4308.5
Fe. [ i PO ; 2698. 2 4396, &
Ba. 237 87 . 21025 4304.6

Fo, S(v), Zn(w. | 288}......... 27152 4388.5
5 (w). 239 88 t 2718, 5 4384, 7
Fe. 240 [eueenn..i 27202 4353. 5

Zn (). 241 8! eomLs 4382. 8
Ba, Lo, E (wh || 242]..cee... | e 4380.4
Ce. U3 |reeenen. | om0 4379.1

i 244 90|  23Y 4375.5

H. 245 91 2736, 9 4374.2

F¥e, Ni, E(w). | 246 [....._.. | 2762. 0 43501
Ca, O (w). 2u7 92 } 2715, 7 12518
248 t93 | 2195.7 4340.1

Mn, 249 1. 1 emeo 4338.2
Ti, S (w), O (w). || 250 | esesa|  4msa
Co, N (w). ) 251 J = 4324.0
Fo. | 252 L 9830.7 4320.1
Ce, 0 (). || 3 |eeen.... l 2643. 0 4313.5
Fe, Ti. J 254 94 ’ G 92854.2 4307.2

| 285 25 2067, 7 £302. 1

Ti. | 256 06 9w 4208,0
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Ti.

Ti.

Fe, Ti.
Ba.
Ti, 8 (w).
Ti.
Ce.
Ti, Ca.
Fe.
Ti, Ca.
Ba, Fe.
Ti, S («)-

Ti.
Mn.
Fe, Mn.
Mg.
Ce.
Ti, O (w).
Ti.
Ti.
Mn?.

Ca.
O ().
Ti.

Fe, Mn, O (w).
Fe, Ca.
Fe.

T, Ce, O (~).

Fel
Ca, Ce.

Fe, Cr.

Ti, O (+)-
Ti.
Ca, Fe.
Ca, Fe.
Ca, Fe.
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Catalogue of bright lines in the spectrum of the chromosphere, 1372—Continued.

; ; ] ; —
No. | P. C. X ‘ A. ¥. L. E. | No. | P. C. : K, i A. k. } B. i K.
P— . | : - — ¢ S

251 97 2804. 5 4280. 4 1 1! Cr, Ca, Ce (). ;‘ 266 ‘ ........ ' 7.0 ‘ 4166. 7 1 Ca.
258 98 2928.5 4274.6 2 1 Cr, Ca. /T . 1103 1o 3363.5 ¢ £101.2 100 HE
259 89 R961. 2 ‘ 4260. 0 2 1 Fe. 343L0 ‘, 407700 25 Ca,
260 100 2996. 2 J 4245.2 30 3 Fe. ! £ 3526.0 ¢ 4045.0 3 e
261 3018. 0 4235. 5 30 & Fe. | 2 J08.3 i 3490, ? 2!

262 3622, 8 4233, 0 bl ] T, Ca. boert ... 3769.5 | 3070.7 2 Fe.
263 3040.0 4226.3 3 i 3 Ca, Sr. i tare j AAAAAAAA I H, 3778.5 ! 3967. 94, T Te, Ca.
264 3061, 8 4215, 3 40 i % Ca, Sr, ‘} pt2} \ H, 3882.5 } ‘ 50 Fe, Ca.
65 |...ieann 3155, 5 4178. 8 ‘ 1 : 1 ‘> ! |

NOTES.

1. The position assigned to this line, first observed by Respighi, (s fact of which I was ignorant when the Preliminary Catalogue was
published,) rests npon two series of micrometric measurements, teferring it to four neighboring dark lines; the probable error is about
one-twentieth of a division of Kirchoff's scale.

Y. No.6in P. C. Position there given, 7437,

16 and 17. Nos. 8 and 9 of P. C. Position given as B16.8 and #27.6 by a mistake in identifying lines upon the map.

40. I have never mysel{ seen this line reversad. Professor Emergon, however, saw it several times, It was first reported by Rev. 8. J.
Perry, in Nature, vol. IIT, p. 67.

41. "T'he position of this line has been independently determined by three series of micrometric comparisons with neighboring lines. My
resnlt agrees exactly with that of Hugpins.

72. Erroneously given in P. C. as 1363.1, which linc does not reverse, or, at least, was never seen reversed at Sherman.

160. The principal line in the spectrum of the corona. The corresponding line in the spectrnm of iron is feeble ; and on several oceasions
when the reighboring lines of iron (1463, &c.) have been greatly disturbed, this has wholly failed to sympathize; hence I have marked the
Fo with a 2. Watts indicates a strong line of oxygen at 5315 A.

152 and 156. Observed ouly on one day, but veritied by Professor Emerson.

172. Called little C by Mr. Stoney.

179, Given by Lockyer as K 2054. TIts position is a litfle uncertain; it seems to coincide with neither of the dark lines at 2051 and 2054,
but lies befween them, a littie nearer to 2051.

189. Rather a band than a line.

222, The position of this line, which, however, like 189, is rather a band, was determined by two series of careful micrometrical measure-
ments. It was first discovered by Rayet, January, 1869, Tt was named f by Lorenzoni, who, ignorant of the previous work of other observers,
claimed it as a discovery of his own.

272 and 273. These lines were both reversed (by a narrow bright stripe running down the center of the broad hazy band) as coustantly,
whenever the seeing was good, as k or C itself. The observation was difficult, however, and required the most scrupulous exclusion of foreign
light, and a careful adjustment of the slit in the plane of the solar image formed by these particular rays. They were alse found to be regu-
larly reversed npon the body of the sun itself, in the p bra end ¥ diate neighborhood of every important spot.

Table showing the number of coincidences between the bright lines observed in the spectrum of the chromosphere and those of the
spectra of the chemicel elements.

Fe, Ti, E (). 1 Ti, S (w). 3 t Uaknown. E 52 ; Total. |
Fe, Ba, Sr. 1 Ti, Ca. Q I Fe. 64 | 110 °
Fe,S(«).Zn(w)| 1 | TI, Mn. 1 ‘ Ti. [ = |43
Fe, Co, Ce. 1 L Ti, Ce. 1 Ca. 10 . 2
Fe, N, E(x). | 1 | “ \ L ‘
Ca, Cr, Ce. 1 Ti, Sr. 1 Ba. P8 13 !
Ca, Li, Zn. 1 T Zn 1 S | T 4
Ti, Ba, 8 (w). 1 Mo, w 6 12 j
Ba,La, Bt | 1 | CacCa 1 Ce. Ls 0o l
| Ca Ce 1 H. |4 1
Fe, Ca. 16 Ca, Co. 3 Na. l‘ 4 ! 6 ]
Fe, Ti. 9 Ca, Cr. 1 Cr. P4 0
Fe, Mn. 4 Ca, Sr. 1 Mg. ! 3 1]

Fe, Cr. 3 Sr. P8 ’ 6
Fe, Ni. 3 S (v). E (+)- 1 Zn 3 | o ﬂ
Fe, Ba. 2 [E (+) ] 2 ! L
Fe, Zn. 2 Mp, Zn. 1 Ni. | 2 6
Fe, E (v)- 2 Co. P 5 |
Cr, E (). 1 Cu. ‘ 1 2 l

Fe, Ce. 1 La. 1 “ 3
¥e, Co. 1 Ce, Co. 1 R, Ir. } 1 1 )

: Fe, Mg. 1 Cde feeees I
Fe, Na. 1 Na, Cu. 1 Li. R 4 1]
Fe, § (). 1 5
Fe, La. 1 | Lines marked “ ‘
with an * 14 | fx

The numbers in the last column denote the whole number of times that the symbol of each el t appears in the catalogue, either singly

or combined with others.
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SPECTRA OF SUN-S8POTS.

These were observed on several occasions very carefully, but not so frequently as would
have been the ease if the time at my disposal had been greater. I felt that, as the observations on
the chromosphere were especially favored by the atmospheric conditions, they should have the
precedence, and I aceordingly paid particular attention to the spots only at times, when there
appeared to be nothing peenliar going on at the sun’s limb, a state of things which occurred but
seldom.

I annex a catalogue of the linesbetween Bandd, which were found tobe especially affected ; above
b it was found difficult to observe the lines separately. Between the limits mentioned, the spectrum
of the nuclens appeared simply as a dark band running lengthwise through the field, and crossed
by the same dark lines as the spectrnm of the surrounding photosphere. Most of these dark lines
were entirely unaffected. Many, however, were more or less widened and deepened, while a few
were thinned and rendered less conspicuous, and a very few were sometimes reversed. This was
frequently noticed as to the hydrogen-lines, and very rarely as to the following: 654 K, Dy, Dy, D3,
1474 K, by, by, b, by, and 2002 K.

Most of the lines in reversing become simply thinner and fainter and then finally bright. But
the sodium and magnesium lines behave quite differently ; they become wider and blacker, and
finally, so to speak, split open down the middle, showing a bright streak in the center of the
shade.

In this way the two H’s were always seen reversed, (by a bright stripe down the center of the
broad hazy shade,) not only in the nucleus and penumbra of the spot itself, but over a large area
sarrounding it. ‘On widening the slit, the whole region eould in some cases be seen throngh M to
be covered with eloud-forms much like masses of heaped-up cumulus,

The definition, however, was never good like that of the prominences seen through the C-line
and open slit, the reason, of course, heing simply that the bright His not like C, a sharp line in the
spectrum, but a band hazy at the edges, and of considerable width, perhaps one-sixth the width of
the dark shade.

This reversal of the I’s over a spot was usually brighter and more easily seen than their
reversal in the chromosphere, though, of course, by no means visible without careful adjustments
and the use of all precautions as to extraneous light, There can be no deubt of the fact, how-
ever, as it was seen by me in nearly twenty different spots, and verified by Professor Emerson in
many of them—in all that he had the opportunity to examine.

I have said that many of the dark lines were munch widened ; but those most affected in this

FIG.2. way were not generally among the more prominent
s ‘I]‘S 117 Jls 7‘9 8\0 8‘\| alp Ones of the o_rdinary spectrum. In many cases,
| | ) \‘HHMH strong dark lines showed themselves which had

T

2

NI
| ! no corresponding line at all in the photosphere-
|I spectrum. Occasional bright lines (or, at least,

1
;
HE
‘
i
!

interruptions in the dark-nucleus spectrnm) were

also found ; also in one or two places such a pecu-

‘ S liarity as I have attempted to exhibit in the an-

{ nexed figure, at 761 and 764. (The scale is

q l Kirchoff’s, and bright lines are shown at 755
! | i and 797.)

It is possible that these peculiar shadings, so closely resembling some of the appearances in
one of Plucker’s first-order spectra, may be the Persiennes, on which at one time so muneh stress was
laid as indicating the presence of the vapor of water. The figure also shows very well the appear-
anee of the lines which are widened and strengthened in the spot-spectram.

The observation of the spot-spectrum was rendered diffieult by the almost total absence at
Sherman of the air-lines which usually abound between C and D ; their disappearance made this
portion of the spectrum almost unrecognizable, .

The fact is easily accounted for by the dryness of the air, which, in fine weather, was extreme.
On the 18th of July, while observing, I several times obtained slight sparks on touchi;lg the metal of

i

L

i
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the instrument; blankets of a dark color had been laid upon the floor to diminish the reflected
glare of the sunlight, and the motion of my boots upon them generated the electricity which pro-
duced the spark. Such phenomena are common enough in our steam and furnace heated houses
in the winter, butI do not remember ever to have heard of a similar occurrence under natural con-
ditions.

In the catalogue, the first column, headed K, gives the position of the line according to Kirch-
off's scale. A ¢ denotes that the same line occurs in the chromosphere-spectrum ; a * that there is
no corresponding dark line in the ordinary solar spectrum. The second column, headed A, gives
the position of the line on Angstrém’s scale. The third columnu, headed T, gives the symbol of the
corresponding chemical element when known. The last column indicates the amount of widening
or re-enforcement of the line according to an arbitrary scale from 1 to 10. These numbers, how-
ever, are not greatly to be relied on. The same line appears quite differently in different spots, or
even in the same spot at different times, and the numbers given are only the mean of three or four
observations, as a general rule.

In the list, iron is represented by 52 lines; caleium, by 19, including the H’s ; titanium, by 15 ;
sodium and manganese, by 6 each ; maguesiam, by 4; and chromiam, bariam, and nickel, by 3 each ;
lithinm and strontinm, 2 each ; while hydrogen, cobalt, rutheninm, and cadmiaom each present bat
a single representative within the limits of the catalogue. The number of stars (*) is 26. Tn this
estimate, a line which is marked with the symbol of more than one element is credited to each.

Catalogue of lines affeeted in the spot-spectrum between B and b.

K | A E. Widening. [~ Y = ; Widening.
| !
592.5 6R04.8 |1 B O PER 4
585.0 63880 ... ..., 1 ;o eRTL4 | 6146.8 - Vauishes in spot-speetruni.
641.0 6716. 4 1 P 8T7.0 | 61356 | '3
*644. 0 67023 2 *E83, 61247 8
654, 3 6676. 9 i 1, bat sometimes reversed. Pocmed 9 61219 4
*678.0 | 66151 ... L2 Lot | 61153 3
6814 | 65971 |... ioceaLy | cloLt K
690. 9 6571.1 1 { o g0L1 6086.5 |.. 4
Ce694.0 6561, 8 { Often reversed. | ch03.1 6083.1 | ‘ 3
*697. 0 6554. 1 4 0046 | 60%0,0 | ‘4
696.1 | 6349.8 L4 Loeas - 60645 | 3
720.1 6492. 1 b (2 718 ‘ 913, 0 606237 Bal. g
736.9 6449. 0 2 U ER) 6057.37 tirnnnieeanaenl 8
710.9 | 6438.1 |3 | o0 | emn5?;  Pbn g
*755.0 6404. ¢ | DBright streak faint. Seefigure. |  00.2 6007.5 | Fe 2. | Double; nearly invisiblein
*61. 5 6387.7 .. .- a2 Shading toward llne, See B ; in spot-spectrum.
4.2 | 63T fieeiiiiieinnn ‘2 figure, LN Ti. 4
7954 | 63577 Fe. | 4, shaded slightly. § 9637 50653 Ti, (2
<178.3 6346, 1 Ru, Qr. 2 ‘ by 58950 - Na. | 6, but sometimes reversed.
9.5 6343.1 |..ocoveieeecen.. 3 [ ¢ 3889.0 | Na. | €, but sometimes reversed.
86. 8 6338, 0 L4 ‘: *cl)y | 5874.9 i ................ 1 1, but sometinies reversed.
*196. 5 6305. 0 ‘5 H1022.5 0 5866.3 ..oeiei.aiienans 2
‘97,1 6303, 0 Bright ; brightness, 2. i 1023.0 5863, 3
802.7 6291, 5 3 1 lo20.3 5856, 5
809.9 6276. 9 3 o144 5740.9
813.1 | 6269.1 |.........._.._.. 4 | *1116. 5735.0
818.0 | 6260.2 Ti. "3, double. |omutes | 5705
821 5 6249, 5 3 §oerie 57270
826 4 6240, 3 |'s 1 1rs 5705.1
S5 | 62254 ! 2 o136 | 56972
835.0 | 6220.9 | ....o..o.o.... ! Bright; brightness, 2. I ensL1 5687, 2
ed1, €200.3 | ... ‘g Loeises | 96815
B46.5 | B197.0 |.vrevevininnnn. 4 | w65 | 56723
819.7 | 6190.5 Fe. Lo | *meas | o615
8607 | 6168 3 Ca. | 4, double. 1 cl170.6 5661. 5
863.9 6161.2 | Ca. L4 | o*1197.5 56270 ‘
864.4 6160. 0 Na. 4 q c1200.6 5623. 2 Fe. 2
867.8 6154, 2 Na. 4 1 c1207.3 5614, 5 Fe. i3
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Catalogue of lines ajfected in ihe spot-spectrum between B3 and b——Continned.

K. A. E. f Widening.
i R —

19178 | 56017 | CaFe. |2

1921. 6 5597.2 | Ca,Fe. |2

1294, 7 5503.4 | Ca,Fe. 2

1206.2 55012 | Fe. {2

c1931.3 5585.5 Fe. I3

1232.8 55037 | Fe. i 4

1242. 6 5571.7 | Fe. e

1264. 4 T B DR 6

1272.4 5536.3 iveeceeniiiians ls

c1274.2 55341 J‘ Ba, Fe, 1. |2

1276.5 5531.6 | Fe. |2

1980.0 | 552T.4 | Mg. | 2

1289.7 55156 oenienean .. |2

12019 | 55184 | Ti, 13

c1298.9 5305.8 | Fe. E

1299.7 53051 |eeereanensannnns 3

~1301. 5 5503.8 |..eieieiiiioo.. 2

13035 5500.5 | Fe. Lo

1306, 7 5406.6 | Fe. 2

:gi? 51:0 5490, ................ 3, a wide dark shade.
1315.0 5486.8 | Fe. I3

(1320,6 | 5480.2 |  Ti sr |2

1339, LT N 4

c1343. 5 5454,% | Fe. i3

1B5L1 | 4.9 | FeTi i

*;223 5 b l 5438, eeeeeeiens 3,a wide dark shade.
c1362. 4 5433.0 ¥e 4

1364. 8 5431.8 ‘ ................ Blackened. not widened.
c1367. 0 5428. 8 t Fe, Ti 3

*1371. 0 5425, L.ieeiiannon. 4

1372.6 S93.6 Fe. 3

1377, 4 5417.9 | Mn, Ti 2

c1380. 5 5414.5 | Fe .3

1387, 4 5406.5 | ‘4

1389, 4 5404. 8 j4

1390. 9 5403.1 Fe, Ti. | 4

A307.5 | 53961 Fe, Ti. |7

1421, 5 0.5 | Fe. 14

£1423.0 5360.0 | Fe. 4

1439.9 5352.4 | 12

1443.5 5248.6 i3

14444 | 5347.4 3

c1446,7 | 5345.0 6
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Fe, Mn.
Fe.

Widening.

N W

| Distinctly weakened and
sometimes reversed.

il

PN AR L N

w o

w

. 3, cloge doulle.

PER L G

W o B e

i3

[ 3, but sometimes thinned ,

i and even reversed.

3, but sometimes thinned
and even roveraed.

4, but sometimes thinned
and even Teversed.

2, but sometimes thinped

| and even reversed.

i 3, shading.

2

Bright ; brightness, 2.

Three bright lines, very
close ; brightness, 3.

Aborve here to K 1830, the spectrum of the nucleus is made up of dark transverse shadings,
almost continuous, but interrupted by bright streaks too numerous to count.
Above 1830, the spot-spectrnm was not observed systematically, except to note the reversal of
the two H’s.
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SOLAR ERUPTIONS AND OTHER DISTURBANCES.

Although I was not fortunate enough during our stay in Sherman to observe any eruptions
equal to some which had previously fallen under my notice, at least as regards the velocity of the
cjected matter and the elevation attained by it, yet, on several occasions, phenomena of a very
interesting and instructive character were witnessed, many of them in connection with a large spot,
which, daring its previous revolution, had been the source of disturbances described by Secchi
in the Comptes Rendus for August 5.

On July 16, I note that for a few minutes, about 9t 30" a, m,, (Sherman time,) a little spike of
the chromosplere ou the western limb, besides showing a great number of bright lines between b
and F, showed also a continuous spectrum, which was very bright for a tew minutes.

July 19.—A prominence situated on the sun’s limb south $2 cast, about 4/ high and 3/ long,
was very brilliant, and reversed the sodinm and magnesium lines to a height of about 2073 1474
was reversed only to a height of 37 or 47,

July 26.—Considerable eruptive coergy was manifested in a series of small but very active
prominences, situated about 32 south of the west point. At 6 a. m, only three or four small flames
were visible, about 257 high, and very bright.

At 8" 12™, happening to turn Lack from the portion of the spectrum I was examining to the
C-line, 1 found it greatly broken up, as in the figure annexed, (Fig. 3.)

The point marked ¢ was displaced 173 divisions of the micrometer-scale, nearly 7 divisions of
Auvgstrom’s seale, or 2,44 of Kirchoft’s. Calenlating the velocity FIG.3
which would produce such a displacement,* we find it one hundred
and ninety-five miles per second toward us. The change of refrang-
ibility was so great and so difterent, at even closely contiguous -
points, that when I opencd the slit to obtain a view of the form of
the prominence, definition was found to be alwost destroyed, and
the intensely brilliant point which correspounded to the point « of
the figure appeared to be wholly detached from the rest of the
prominenee, and thrown quite out of the slit upon the bright por-
tion of the spectrum. The appearance lasted about four minutes; |4 i
before 1 could get fairly adjusted upon the TI'-line, it bad nearly b 1L sl bt IR
vanished.

(It shonld be noticed that, in fact, the C-line was bright, and the point “a” very bright, though
in the figure represenied by dark lines and points.) .

In the afternoon, returning to observation after the sky had cleared up from the almost regular
midday storm, my attention was again called to the same prominence by the brilliance of the spikes
of which it was composed. At 2" 20m, these were about 40 high. At 2t 30™, a jet was formed of
vertical filaments, which at—

2h 312 measured 1/ 257 = 37,250 miles.
i Veloeity, + 80.2 miles per second.

71 70 . 69 68 67

2 37 2 28 66,600
+ 30.4
* The formula for calculating the velocity producing a given displacement of a line in the spectrum is simply—
. A= i \
V=L ( A) Line, . A K.
in which— - 1
Li is the velocity of light; (.
. . =, & 7Y, 90
7 is the wave-length of the ray under normal circumstances, (i. ¢, coming from Comeeeiveeeee- ‘2/ fz 7. U ;
a luwminous point at rest to a prisw, also at rest;) and Dyoovier iaenen 31.57 4?- 04 -
' is the apparent wave-length of the ray when displaced by a motion whieh | ¥ ... ... .... 35.21 @ 2819
causes the prism and source of light to approach each other; Fooa o 38,16 1 28.34
V is the velocity of this approach. ) i ) Hy (near G).. 42,75  24.02
Assuming the velocity of light to be 185,500 miles, we find the aunexed table, H 46.75 | 15,87
in which the first column contains the designation of certain lines in the spectrum; § = -=2=== ===~ . ;Ao

the second, headed A, contains the velocity (in miles per second) which would - - — -
prodnce in the corresponding line a displacement of one division of Angstrom’s scale; and the third, the velocity

which would displace the line one of Kirchoff's divisions. The irregularity of the numbers in this last column is dus
simply to the irregularity of Kirchoff’s scale.
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2t 41m measured 27 a27-="73,900 miles.
Velocity, 4+ 29.5 miles per second.

2 44 2 56 79,200

+ 55.5
247 3 18 89,100

— 375
2 51 238 50,100

— 575
2054 235 69,750

— 30.0 \
2 535 228 66,600

— 52.5
2 56,0 2 21 63,450

— 41.0
3 04 140 45,000

— 264
3 10 118 35,000

—21.7
3 20 ) 22,500

The altitudes were measured by observing the time required by the prominence to pass across
the slit when the clock-work of the equatorial was stopped; corrections being applied, of course, for
the sun’s declination, and the inclination of the prominence to the parallel of declination passing
through its base. The observation was rather diflicult, owing to a breeze that often jarred the
instrument, and the times at which the measurements were made were only recorded to the nearest
half-minute; so that the results as to the altitude of the prominence at different times, and still
wore the numbers representing the velocity with which the summit rose and fell, can be considered
only as approximate. Bat the irregularity noticeable in the column of velocities corresponds to a
fact of which I feel eertain, that the eruption was paroxysmal, and the rate at which the summit
moved was neither uniform nor uniformly varied.

At 3t 30™, the eruption was renewed on a smaller scale, and, at 3" 45™, had attained an eleva-
tion of 2/ 15, 4, e., sixty-one thousand miles.

During the first eruption, the stem of the prominence indicated, by the displacement of the C-

/MMJM' ! St oBioniioted TR R gy SRS ¢
FIG. 4. 2h45 M FIG. 5 3h 454
line, motion toward us with a velocity of about one hundred and fifteen miles per second.

The top of the prominence was carried violently toward the south, (from the equator,) as shown
in Figure 4, which represents its appearance at 2" 45=,

On the renewal of the eruption at 3" 45™, the prominence assumed a brush-shaped form, which
is rather unusual, and the upper current seemed to be nearly as strong in the opposite direction,
(see Figure 5.)

July 29.—Considerable disturbance was manifested at the base of a pair of prominences, whose
Y position-angle was 10° south of east; altitude, ninety thousand miles.
& At 10b 45=, the C-line showed displacement toward us, amounting to 18
micrometer-divisions, and indicating a velocity of about one hundred and
ninety-eight miles. At 10" 58, as seen through the F-line, the northern
edge of the brighter prominence a, in Figure 6, had a motion toward us
o AN of about one hundred and twenty-seven mniles per second; while the
P ' 6‘ b ~ southern edge, b, in the same figure, was moving from us with a velocity

’ ' of about eighty-seven miles. Af 11" 10™, the velocity of the southern
edge had considerably increased, while that of the northern had fallen off nearly one-half.
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The prominence was clearly a tremendous cycloue, and its spirality was shiown in the distribution
of its filaments, as represented in the figure.

On examining the prineipal bright lines which appeared in the speetram of this prominence, 1
fouund that some of them exbibited no displacement at all, while others showed the disturbance
nearly as well as the hydrogen-lines. I regard the observation as important in enabling us to dis-
criminate between the gases ejected from the sun and those which form the comparatively guiet
atmosphere into which the ejected matter is thrown; the spectral lines of the atmospheric matter
would be, of course, slightly, bnt only slightly,disturbed by the rush of the foreign current through it.

The disturbed lines, besides the hydrogen, were those of sodinmm, magnesinm, and bariam, D,
the E’s, and many other of the iron-lines. Those which, though very bright and easily seen, were
apparently undistorted, were 2581, 1474, and 534, (but, on August 3, this last line participated in a
distarbance.)

With reference to the H-lines, I could not malke out to which eategory they belong, as the seeing
was not very fine,

These phenomena occurred on the cdge of the group of small spots, which were just coming into
view around the edge of the sun.

July 31.—An immense plume shaped prowminence, about 2/ high, (35,000 miles,} with accom-
panying filaments rununing toward it from a distance of nearly 3’ on each side, made its appearance
at a point whose position-angle was nearly south 83° east. For several days it maintained roughly
the same place and general aspect, and was found to be the precursor of the re-appearance of the
great spot, which, having disappeared on July 21, again came into view ou the 4th of August.

In this plume, the sodinm and magnesinm lines were reversed entively to the smmnit.  The
same was true of the line 2381 K, (Loreuzoni’s /) and also of 1870, although this, in the chromo-
sphere, is far less brillizut than some of its neighbors. The line 654 K alse at times showed itself
at a-great altitude.

At 9105w, the displacement of F was to 2086.5 I, indicating a velocity of about 100 miles,
which a minute later had increased to 218. At 9" 07>, I turned to the C.line and found a dis-
placement, of 2.6 divisions of XKirclhoff, corresponding to a velocity of 208 miles, a very sat-
isfactory accordance® At 92 13", the displacement of F was to 2087, corresponding to 204 miles.
At 9" 15 a small displacement in the opposite direction showed itself, but came to nothing; amd,
by 9" 20m, everything was quiet.

After the eruption, the seeing was very poor for a while, and I took up work on the spectram
of a spot. Retarning to the chromosphere about 11* 30, T found things agaiu in motion.

The line 654 K was reversed finely to the very top of the plume. Considerable velocity was iudi-
cated, and it was especially noted that the line 1870 K was distinetly, and even largely affected, while
1867, though much brighter, was not. No disturbance was manifest in 534 K, in1474,1in 7, (2381.2,
or in either of the I’s, though & showed it well. At this time, the reversal of the sodinm-lines at
the summit of the prominence was distinctly more brilliant than at the base, and the same was
true of the magnesimm-lines. 1t is a circumstance which is not often met with.

August 3.—As the spot approached nearer te the limb, the surrounding prominences were, of
course, better seen, and on this day the disturbance was incessant, and sometimes very violent.

At 11+ 35=, I find in my notes that I exhibited displacement upward as far as 2036, (175 miles
per second,) that in K 2003 the disturbance extends quite as far; so also in 1870; 1867 seems to
be somewhat affected ; 20015, and the barinm-lines 1989 and 2031 show nothing. The magnesium-
lines are distorted ; 1474, 1505, and 1315 are not; X slightly ; the sodium-lines very much dis-

* Perhaps this is the proper place to recant an opinion expressed in 1870, that the displaeemofxts and disturbances
of spectral lines might be due to causes other than the motions of the luminous matter. The opinion was 1)zxse(.1 upon
a failure to detect in the spectrum of a prominence where the ¥-line was greatly disturbed, even “shattered to pieces,”
any corresponding effect upon the C-line. 1 did not then comprehend the rapidity with which these phenomena alter,
and presume the explanation of the observation was simply that the disturbance had come to an end while I was chang-
ing the adjustment of my instrument from F to C; a process which, with the instrument I then used, would take fwo
or three minutes. In order, however, to test the matter more carefully, I have devised, and hope some day to execute,
an arra.i:gemeut of two spectroscopes by which the disturbances of two lines may be simultanconsly observed and
directly compared in the spectrum of any point on the sun's limb.

H, Ex, 240—-22
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turbed, and 1), of course. C is very much broken up and very brilliant; and both 654 K and 534
K are distinctly affected. .

At 11" 40™, the upward displacement had ceased, and was replaced, at a point very near, by a
downward displacement, which brought a portion of the F-line down to K 2077.5, (96 miles per sec-
ond.) This ceased at 11" 48™, At 11" 51™, a new and even more violent disturbance began. This
time two points, about 2’ apart, were simultaneously affected, and the ejected gas at both points
was uuder so great o pressure or at so high a temperature as to give a continuous spectrum ; i. e.,
the spectrum was marked by two bright streaks running the whole length of the field, and where
these streaks crossed eertain of the Fraunhofer lines they were turned bright and distorted, while
others were not in the least affected. The displacement at the northern point indicated a veloeity
of 230 miles per second, the matter receding from us, while at the sonthern of the two points the
motion was toward us with even a slightly greater swiftness, By 12 0™, noon, it was all over.
The afternoon was clondy.

August 5.—By this time, the spot had come around the limb of the sun, and was distiuctly
advanced upou the disk. Between 6" 30" and 7 20= a. m. of this day, there was a very unusual
amount of disturbance in and around the spot, exceeding anything of the sort I ever before wit-
nessed. 1 find the following notes:

6" 30" a. m., C is plainly reversed in spectrum of nucleus, but much more brightly in certain
points about 13/ south of it; also in one point abont 1 north.

“At these points, (undoubtedly the orifices through which prominence-matter was ejecting,) 654
K is also distinetly reversed upon the body of the sun; 534 K is not.

“The sodium-lines reverse faintly in points, but generally are only much thickened. DD, reverses
distinetly but faintly, and, where not reversed, is visibleasa dark shade rather than as a fine black line.

“p; and b, are plainly reversed and somewha t distorted ; b, is reversed, but more faintly; bnt
by—and this is very singular--is more brightly reversed than either of the others, and more distorted.
The points which reverse these lines give also a bright continuous spectrum, and the 1474.line is
faintly reversed when crossed by the bright streaks. The line 2001.6 is reversed in the penumbra,
not in the nucleus, faintly, but unmistakably; its neighbors are not. 6" 50™ a, m., F is magnifi-
cently reversed and shattered; portions are displaced to 2088.3, and, on the other side, to 2071.5,
indicating velo cities of nearly 240 miles per second in both directions. By opening the slit of the
spectroscope slightly, a prominence can be traced on the sun’s surface from its origin on the south-
ern margin of the penwmnbra to the limb; there it projects from the chromosphere. f {2581.2) shows
no effeet at ail; 2796 (H y) is affected like F, but less brilliantly ; & was like 2796, but still fainter.”

H; was distinetly reversed across the whole width of the spectrum 6. Tu the penumbra, it was
also mu ch distorted ; the effect being certainly more marked than in 2. H, also sympathized, but
was difficult of observation, -

On turning back to C at this time, I found its reversal far more briliiant than I have ever seen
on any other occasion. TFor a length of nearly 2/, it was turned into a bright and jagged streak of
light, and from one side (the more refrangible) projected a flame, in form closely resembling a
candle urged by a blow-pipe, but so bright that eveun on the scarlet background of the speetrum it
blazed like a calcinm-light ; the line 654 K, plainly in sight in the same field, faintly imitated the C-
line, showing corresponding irregularities of form and thickness, and especially the flame,

By 740, the disturbance was entirely over, nor did I see any repetition of it that day, although
I continued observing till noon.

On August 3, the photographer of the party had beeu occupied during the morning with mag-
netic observations, under the direction of Assistant Mosman. About 11 o’clock, he began observy-
ing deflections for the purpose of determining the horizontal intensity. From the first, he found his
observations unnsually diseordant. From 11t 30™ to 11" 45™, the results were very bad; and, at
11" 54™, he was forced to give up work, the magnet swinging entirely beyond the rauge of the scale,
in such a direction as to indicate a diminution of the earth’s magnetic power. .

Ou the 5th, the magnetic work did not begin until after 8 o’clock, and, when it did, nothing
unusual was noticed.

The coincidence on the 3d seemed to me sufficiently striking to deserve investigation; and I
accordingly wrote to Greenwich aud to Stonyhurst College (England) for copies of their antomatic-
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magnetic records during the time in question. From Greenwich I have received nothing as yet;
but Rev. 8. J. Perry, of Stonyhurst, has most kindly sent me the annexed copies of Lis own mag-
netic curves, with tracings of those obtained at Kew during the same period, accompanied by the
following interesting letter, (see sketeh No, —:)
“STONYHURST COLLEGE,
“ Blackburn, Scptember 15, 1872,

“PurAR SIR: I am forwarding to-day by book-post the magnetic records which you require, and
also two remarkable curves traced by the vertical-force magnet during the past month.

*As 1 supposed you would prefer photographic copies to tracings by hand, I have sent photo-
grams of the three curves for August 3, 4, and 5; but, though the originals are quite distinet, the
tint of the curves is not deep enough to give a very satisfactory copy.

“ Unfortunately, the apparatus for cutting off the light of the H. . and V. F. magnets was out
of order for an hour or two on the 3d; I have therefore sent you a copy of the corresponding Kew
curves, forwhich Iam indebted tothe kindness of the director of the Kew Observatory, S, Jeftery, esq.

“I am sending two copies of the declination-curve, and also a tracing of the same. Of course,
the photograms are the most satisfactory for exact measurements,

* You will notice at once the disturbance that corresponds with your observation of the 5d;
but T think this is not so satisfactory as might at first appear, on ucecount of the day being one of
great magunetie perturbation.

“The agreement on the 5th appears to me to be much more striking, Loth on account of the

quiet character of the curve through the day, and from the peculiar nature of the movement.
* * ¥* * #* * *

“Yours, sincerely, .
“S. J. PERRY.

¢ Prof. Younea.”

I entirely agree with him that the coincidence on the 3d is not of very great weight in itself
on aceount of the remarkable magnetic disturbance ranning through the whole day; and yet it is
by no means to be forgotten that the whole day, so far at least as my observations go, was also a
day of unusnal solar activity.

But the coincidence on the 5th seems to me of very great force; this peculiar shiver of the
needle, on a day otherwise magnetically quiet, simultaneous with an intense solar paroxysm,
which was probably the only one of much violence within twelve hours. :

Considering the number of coincidences of this sort already noted, it becotes highly probable
that among the canses which produce magnetic perturbations on the earth, we must include sueh
solar disturbances as those I have described. What may be the relative importanece of this direet
solar action as compared with other forces which co-operate in producing the magnetic storms, it
is too early yet fo estimate.

1 feel that in bringing this report to its close, I should be guilty of a great injustice if 1
omitted to acknowledge how much I owe to the patient and intelligent skill with which Professor
Emerson assisted me. My obligations to im are very great.

Respectfally submitted : ¢. A YOUNC.

Prof. BENJAMIN PEIRCE, LL. D,, &e., &c.,

Superintendent of the United Statos Coast Survey.

ADDENDUM.

Within a very few days after writing the above, a most courteous reply was received from Sir

G, B, Airy, containing the desired information, as follows:
¢ RoYAL OBSERVATORY, GREENWICH,
« London, 8. E., October 9, 1872,

«Dgar Sir: 1 have much pleasure in sending you traces of our photographic magnetic records
for 1872, August 3 and August 5. I should be glad to learn that they reached you safely. And 1
am glad to send them for the following reason: On August 3, there was a jump, which corre-
spends well with the solar burst that you observed, allowing an interval of some threc hours apd t
half. Now, in a letter to Nature some weeks ago, (I forget the precise number, but the date of my
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communication is 1872, August 14,) I sent a comparison of an outburst observed by Secchi on
July 7 from 24 40 to 6* 0 Greenwich time, (apparently Secchi did not see the beginning,) with a
magnetic jump on our sheets, forming the sudden and strong bLeginning of a magnetic storm. If
it be true that we have thus got an interval of a few hours for tran%mlssxon of magnetic influence
a great point is gained. * * * * *
¢]1 am, dear sir, yours, very truly,
' “G. B, AIRXY

I annex the tracings of the curves of vertical force and declination; and, for the purpose.of
comparison, I have drawn in upon the latter the declination-carve from the Stonyhurst sheat,
reduced to the same scale. It will be seen that at both places there are considerable jumps not
found at the other, arising, of course, from local causes, I have marked some of the most impor-
tant of them with a letter I, to call attention to them. :

1 am unable to agree with Professor Airy in the idea that several hours are occupied in trans-
mitting magnetic disturbance from the sun, on account of the indications of the curves for Au-
gust 5, when the only disturbance appears to be strictly simunltaneons with the ontburst noted
on the sun.

S0, also, on the 3d, all the curves show at 11* 30™ (Sherman time) a sudden movement, (cleavest
upon the vertical-force carve.) My conviction is strengthened by finding, in my note-book, the fol-
lowing remarks: 8" 45" a. m: “All the lines in this part of the spectrum reversed at moments,”
showing that at that time, and for a few minutes, there was great activity at the base of the pro-
minence I was then examining, which was the same in which the 11* 50™ disturbance was afterward
noted. Again, at 10" 30w, «“A little bunch gives a continuous spectrum much of the time,” and these
are the only records of extraordinary activity during the whole morning. Now, on looking at the
vertical-force curve, we find precisely at those moments, and at no other time during the morning,
sudden and violent disturbances. The same are recognizable on the declination-curves, though
Iess conspicuous. I am therefore disposed to conclude that every violent eruptive disturbance on the
surface of the sun propagates a magnetic disturbance to the earth with a velocity sensibly the same as
that of light, or, at least, with a velocity of the same order as that of light; for our time-observa-
tions are not sufficiently precise to enable us to measure the rates of the velocities with any aceu-
racy. We can only assert that no sensible difference in the time of propagation is evident.

It seems also clear that even a violent disturbance on the sun produces directly only a compara-
tively small effect on the earth’s magnetic elements; and it is very doubtful, therefore, whether
intense magnetic storms can be ascribed to direct solar influence. On the other hand, it is not at
all unlikely that even a small magnetic impulse, acting simultaneously and alike over the whole
surface of the earth, may so disturb an unstable magnetic equilibrium as to give rise to convective
actions, and thus, in the course of a few hours, indirectly produce a magnetic storm of an intensity
only remotely proportlonal to its exciting cause. The subject, however, evidently needs further
and careful investigation.
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APPENDIX No. 9

ASTRONOMICAL OBSERVATIONS ON THE SIERRA NEVADA, BY GEORGE DAVIDSON, ESQ., ASSISTAN
IN THE UNITED STATES COAST SURVEY.

SAN FRrANCISCO, CAL., October 7, 1872,

DEAR SIR: In accordance with the plan I submitted to you on the 16th of Febrnary, 1
occupied a station on the line of the Central Pacific Railroad at Summit, in the pass of the Sierra
Nevada, at an elevation of 7,200 feet above the sea, and in latitude 30> 20/, longitude 120 20, both
approximate, to determine whether great elevations were better than small ones for astronomieal
observations. The plan contemplated the using of instruments which T had nsed for years on the
Pacific coast, and observing upon objects with which I was familiar in the regular operations of
the Coast Survey. My experience had extended through elevations from high-water mark to 3,471
feet above the sea.

DESCRIPTION OF THE COUNTRY ADJACGENT TO SUMMIT.

Preceding the occupation of Summit, I had for 2 month been making transit, azimuth, and
latitude observations at Verdi, in counection with the determination of the one buadred and
twenticth meridian. Verdi is about twenty-five miles east of the Summit, at an elevation of 4,570
feet above the sea. It is on the right bank of the Truckee River, in a contracted basin-shaped
widening of the Truckee Cafion, and surrounded by mountains about 2,000 feet above the river.
There the weather was extremely dry and hot, reaching 1270 Fahrenheit during part of the time in
which I measnred the base for the triangulation; the nights were generally cool.

Summit, at the head of Donner lLake, is in a gap of the Sierra Nevada, and about 2,000 feet,
below the general elevation of the chain northward and sonthward. The summer-winds draw
through it from the westward sometimes very strongly. A few days before I occupied the station,
the smoke from the great forest-fires of Oregon, Washington, and British Columnbia had drawn down
the great valley of the Sacramento, filled it nearly to the tops of the mountains, and completely
obseared the Coast Range of Mountains that are visible during the greater part of the year. At this
time of the year, I labored under that disadvautage, and this other, that the heated air of the valley
was partially drawn through Summit Pass. I could have oceupied an elevation of about 9,000 feet
within three miles of the station and avoided these difficulties, but at more expenditure of time
than could then be given.

The Sierra Nevada in this region is a narrow backbone orridge, rising at least 3,000 feet within
twenty or twenty-five miles on each side ; it is mostly grass-covered, and, in many places, has pine-
forests along its flanks, and close under the crest. I examined the ridges for several miies to the
north and south of Summit, and was well satisfied that Iocalities of 9,000 fect elevation were
available to railroad and telegraphic communication; but the question of the best location on the
Sierra Nevada can be readily settled by examination of the prominent mountains farther north aund
south, within reasonable reach of communication. Peaks of 10,000 feet and over lie just south and
west of Lake Tahoe, near the Placerville road; aund of 9,000 feet and over to the northward of
Summit Pass. :

THE CLIMATE AND THE OPPORTUNITIES FOR OBSERVING.

My own experience is limited to the month of July and part of August, 1872, At Verdi, in
July, there were about six nights cloudy; and the same proportion held good for the Summit. And,
while I was at the Summit, every night was clear.

In January, February, March, 1859, I was stationed on Table Mountain, north of San Francisco,
and could see the Sierra Nevada, one hundred and fifty miles distant, as clear, sharp, and steady
as objects seen ordinarily fifty miles distant. I then observed upon some of the peaks for direction

and elevation.
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But I have examined the meteorologieal records kept at Summit from December 7, 1866, to
the end of November, 1567, and find the following results:
i

25 .-§ = 1
Months, . -‘—;-‘ i 20 { Remarks. i
2% | 8% | {
T = S |
Do i
E December, 1866. . covvennieviiaanecnens : [} 19 [ Stormy. |
January, 1867 ...l 19 12 j “Fine weather;’’ stormy. } .
| Febroary, 1867 .o cioiininianauan. . 13 13 ’ One storm lasted 13 days; snow 10! '
Mareh, 1867 teveemiiin i aaaes 21 10| § feet. [
April, 1867 Lo e bl 7 | Andon theldthihe Jjournal says, “Fine "
May, 1867 « o oviaeee e came e o | 2 g weather tor next three mnnthq ex- ‘
June, IRG7. ..o aiiiianaaa 30 0 5 cept May 24th and 25th.° \
S I L 1 SR 31 0 ’ 5
( ARZUSE, 1867 cemmvee s et creaenaenns , 30 1! I
j September, 1867 - .. iiiit iiiinans : 26 ; j '[
| OCtODET, 1867 « e ocmeenmen e cameananns ] 97 | 4!
‘ November, 1867 ... ... ...l : 15 15 L
> _— |
i 358 ARFSecemwmrmrneimeaemmeans ‘ 70 8 ]

The total snow-fall was about 45 feet, and, dur ing February, March, and April, the average
depth was abont 13 feet. Hills were free from snow about May 1, but 10 feet of snow lay in some
valleys, Weather frosty early in May ; flowers in bloow June 4.

The winds are mostly cast and west, the latter very largely prevailing, and, when strong,
with bad weather, the barometer falling with westerly and rising with easterly or light westerly
winds. Greatest range of the barometer during the year, one inch,

The weather during the summer is very pleasant, and the nights cool ; the clear, cool nights of
winter are reported as marvelously clear.

As the mountain-flanks are covered with verdure, there is freedom from great clonds of dust
that prevail in strong winds eastward of the Sierra, where the rain-fall as far as Ogden does not
average more than one-fourth of that on the Sierra. This rain-fall is during the winter only, with
an oceasional cloud-burst on the eastern slope of the Sierra in summer.

THE OBSERVATIONS.

At Verdi, unfavorably situated for steadiness of atmosphere, and 4,870 feet above the sea, I
was using for azimuth a telescope of 2.0 inches aperture, 25 inches focal length, and magnifying-
power of about 35 or 40.

1 made a regular series of azimuth-observations upon B, A. C. 4165, sixth magnitude, (Argelan-
der,) upon two nights, using good illumination and diagonal cross-threads. I also used a Urse
Minoris at the other elongation, and was astonished to see the companion. I was making no search
for it and had no catalogue to refer to, but noted its position, &e. It wasso distinct that I think I
could have made, with difficulty however, measures of precision upon it.

‘With the zenith-telescope No. 1, I observed stars for latitude, and could make good observa-
tions upon stars of the eighth magnitude. At ordinarily low stations of 200 to 500 feet elevation,
the same telescope is good for stars of the sixth-and-a-half magnitude.

At Summit station, my observations were made for one week in the open air, with a telescope
of three (3.0) inches aperture, 453 inches focal length; direct eye-piece, with magnifying-power of
about 60 or 65; an inverting eye-piece, not a good one,and power of about 250. The telescope
was poorly mounted upon a tripod-stand.

My principal observations were made upon the companion of Polaris, the moon, Saturn, some
double stars, and the sun, and full field-notes were roughly entered atthe time. The examinations
were always completed before ten o’clock at night.

Polaris.—Every night the companion was distinctly visible with the direct eye-piece, not only
to myself but to my aids, who have had very little experience, and even to the employé of the
party. It was so distinet at times that there would have been no difficulty whatever in making
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observations of precision upon it. TUpon two or three nights I found it as soon after sunset as I
could find Polaris ; the twilight being quite bright.

I noticed no jumping of the pole-star whatever, as is generally the case at low elevations.

Saturn—~—The rings of Saturn were well divided at the extremities of the apparent ellipse with
the direct eye-piece, and the form of the shadow of the planet on the ring plainly defined. With
the inverting eye-piece, the division of the rings was carried completely around the ellipse, and the
brighter appearance of the inner ring, as shown with the dircet eye-piece, more plainly apparent.
The markings across the body of the planet were visible, but not well marked or defined.

Upon the last two evenings, I moved the telescope until the planet was just outside the field of
view, and I could detect one of the satellites.

The body of the planet and the rings were sharply defined and very steady ; no jumping or
irregular motion or blurring, so that I could very readily have made good observations of precision
npon them.

The division of the rings was traced by my aids and employé, and by strangers who came to
look on. :

The moon was more familiar than the other objects, for I had made a continuouns series
of four or five years' observations upon it for longitude, by transits and occultations, from beach
stations up to 3471 feet elevation. My present observations upon it revealed a distinctness, sharp-
ness, and steadiness for which I was wholly unprepared. When there was the slightest unsteadi-
ness in the early evening, the impression upon my mind was that a very thin tremulous medium
was between the moon and the observer, aud not as if a dense medinm was immediately envelop-
ing the moon, which is the impression conveyed at moderate elevatious. When the moon was
young (less than three days old) and very low, I traced the cusps to estreme fine lines of light
with a wonderful distinctness; and followed the ash-gray limb very sharply all aroand ; using
direct eye-piece and power of 60. This sharpness of the cusps was marked on subsequent evenings
even before dark, and the peints of the cusps traced to finer lines than the finest spider-threads in
our instruments. They were traced even 3 and 5 degrees farther than what I could ordinarily
expect to see. The mountains were very sharply defined, and the outstanding bright points on the
dark limb minute, sharp, and very steady. There was not the least haziness orunsteadiness to the
fine lines of the cusps, and no blurring whatever with a power of 250. The outline of the bright
limb was so sharp and clear and steady that every night I noted the irregularities throughout its
border, and, with proper means and more time, could have wade measures and drawings of them
all. I had never seen them before. In one place, I noted a large elevation projecting so far beyond
the general curve of the limb that it would have occasioned an error of one or one and a half seconds
in the time of emersion of a star at that place. And all aronund the limb were irregularities from
the general outline that would very sensibly affect the time ot emersion of a star.

On the dark limb of the moon, I was able to trace the lights and shadows with great distinct-
ness ; minute points of light and shadow were visible. I traced the outline of the dark limb when
the moon was nine or ten days old.

On the 9th of August, I observed the occultation of a star of tiie eighthi-and-a-half or ninth
magnitude behind the dark limb, keeping the bright part of the limb out of the field of view, und was
certain of noting the time of its disappearance to the tenth of a second.

From my previous experience in observing transits of the moon, occultations, and eclipses, 1
have no hesitation in saying that direct measures upon the moon for diameter, &c., made under
similar circumstances to the above, would, in cne or two nights, be of greater value than the
resalts of six months’ observations at small elevations. For occultations, the observations won_ﬂd
have special value, as the topographical character of the moon’s lin?b at .the poiut§ of immersion
and emersion wonld be known ; for observing transits of the moon’s bright limb by using the double
transit-threads, the sharpness and steadiness of the limb would give results fully equal to star-
transits ; and I am not sure but that the transit of the ash-gray limb could be observed ‘under favor-
able circumstances in the long nights of winter. The phenomenon Qf a star’s. appearing upon the
body of the bright limb before disappearing in an immersion (as I bhave twice qbserved in the
case of a Scorpii) could be well studied, probably for both limbs, and also at emersion.

-Photographic pictures of the moon could be taken with remarkable effects. o

The sun.—Upon three days, when not on reconnaissance-duty, I observed upon the body o
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the sun, commencing as late as 104 a. m., and using direct eye-piece, power 60, sunshade (not
good) showing sun pearl-color. Telescope in the open air; weather, smoky. The limb of the sun
wuas as sharply defined aud as steady as that of the moon at night; any slight unsteadiness
oceasionally experienced gave the impression of a very thin medium moving between the observer
and the sun; or that the telescope was very gently vibrated by a light wind.

There was no confused border to the sun as if a boiling material enveloped it. The lines of
the faculiw were distinctly visible on the body of the sun, and several peculiar patches noted par-
tieularly in order to trace changes in their position, shape, or brightness. Some of the lines were
very fine, interlaced, and stretching from spots near the border to the border with such distinct-
ness that it seemed as if' I ought to see them projected beyond it. With a larger telescope and
higher power, I have no doubt these lines could be seen changing; in one and a half hours I noted
changes in a group of bright spots and lines favorably disposed and of different degrees of bright-
ness, for satistactory observation, Aroundall the spots near the sun’s border 1 noted these facule;
aronnd the great spot existing August 9, well toward the middle of the sun, I saw indistinet lines
and masses of faculie, and over the body of the sun could detect a mottled appearance, the more
especially when I intentionally jarred the telescope slightly. '

On the second day I noted changes in the great central spot ; distinctly saw the striations over
the penumbra toward the central black spot, and the inflowing of the white stream across the
penumbra and black spot; also saw the white stream stretehing into the spot near the lower border
of the sun. Around the penumbra of the great spot there was a mottled appearance that scemed
as if an intermediate pennmbra existed between the penumbra proper and the brighter body of the
san beyond. This secondary penumbra () embraced all the small and seattered spots in thie vicin-
ity of the great spot. The spots, penumbra, striations in the penumbra, and the faculic are so
marked that all might possibly be exhibited in a photograph.

On the lust morning of my observations there was a heavy dew, and at 5* 20 a. m. T found
the atmosphere too unsteady for good observations; bat, at 9" a. m. the seeing was as good as on
previous days, and I verified all my previous observations,

Upon each day I was impressed with the remarkable sharpness of outline and steadiness of
border of the sun, and what a capital object it was for measures of precision. The spots, penum-
bra, striations through penumbra, inflowing white streams, facul@e near border, were remarkably
well defined and good objects for study and observation; but the secondary penumbra (?) and the
mottled appearance over the middle part of the sun’s body were not well made out.

Fron my examinations I am satisfied that one or two days’ observations for the diameter of the
sun, made under similar circumstances, would be better than six months’ results at low altitudes.
With our instruments, 1 felt convinced that I could observe with the same precision npon the sun
as upon the moon, both for diameter and for right ascension and declination; and that the obser-
vations would have a valne equal to our best observations upon stars for latitade.

The spots and penumbra appeared to me much clearer, better defined, and in greater detail
than when I saw one or two spots through the 6-inch (7) equatorial, with spectroscope attached at
Cambridge on the 28th of March,

Yours, very respectfully,
GEORGE DAVIDSON,

Assistant in the United States Coast Survey.
DIrof. BEXJAMIN PEIRCE, ‘
Superintendent of the United States Coast Survey, Cambridge, Mass,



THE UXITED STATES COAST SURVEY. 1-4;7

APPENDIX No. 10.

HARBORS OF ALASKA AND THE TIDES AND CURRENTS IN THEIR VICINITY, BY W. H. DALL.
ACTING ASSISTANT IN THE UNITED STATES COAST SURVEY. (Skercu No. 12

SAN Fraxcisco, CAL., October 22, 1872,

Sir: I have the honor to report that, in pursuance of your instructions of May 25, 1871, 1
sailed from San Francisco for Unalashka on the 28th of August, 1871, arriving at our destination
on the 23d of Septembenr.

Coutinuous current-observations were kept up during the voyvage, comprising in all 264 obser-
vations for temperature, 36 for longitude, and 18 for latitude.

Continuous meteorological observations have been kept up during the year, including temper-
atures of the sea at the surface and at the depth of five fathoms.

We lay in the harbor of Unalashka from the 23d of September, 1571, until the 23d of March,
1872, and subsequently from the 23 of April, 1872, until the 15th of June. During this period,
the tollowing observations were made :

Observations of ®@’s altitude for time...... ... ... ... i 308
Observations of ®’s altitude forazimuth.......... ... ... ..ol 48
Observations of Polaris for magnetic deelination.......... ... .ccoiiianaoia 23
Observations for tidal currents in and ontof harbor....... ... ... o0 336
Observations of horizontal angles from 19 stations ........ ... ... .. ... 274
Individual observations of angles................cooariieoen e 2,272
Observations for magnetic dip, 10 set8. . ... ...or i o i 120
Observations for magnetic dip, Lloyd’s method, b sets..............cvn enns 60
Observations telemetric observations bearings and angles while running shore

HDES. v e ee e e e e [ 2, 470
Total distance run, (MELEIS) .. . c.wnour e carame sttt 214, 755. 18
Number of soundings ou 93 TANEZES. ... ..o L oriar i 2,198
Miles of SOUNAINEB.. . .- v camrerenrmiaranarars s e 23.7

Saxton’s selfregistering tide-gauge No. 14 was kept running (with hut one break of any con-
sequence) from October 13, 1871, to February 14, 1872.

On the 23d of March, 1872, we sailed for Coal Harbor, Unga Island, arriving there March 30,
and remaining until April 18. During tbis and the return voyage to Unalashka, current-observa-
tions were kept up continuously while the weather permitted, making in all about 144 observations
for temperature and 20 observations for position.

At Coal Harbor the following observations were taken :

Observations for latitude...........cccvinee Ceaeen et s 12
Obgervations for Iongitide. . cv . vooeomn it e 41
Observations for dip, ordinary, 6 8ets. .. .....cooovaame onier e 72
Observations for dip, Lloyd’s method, 7 sets........cooovrermornnrmr oo 84
Telemetric observations, bearings, &c., for shore-liBes. - ovvnen v oot 289
Shore-1ines I, {MeTEIS) .« . «ccuunernmascase s merame s omorrr s 19, 597 2
Soundings (second visit) on 33 ranges...........coo oot 1,438
Miles of soundings.....-. U S 13.63

On the 14th of June we sailed again'fron Tnalashka for the Shumagins, arriving at Popoff

Strait on the 16th, continuing our current-observations by the way. Weremai ned. in Popoff Strait
and the immediate vieinity until July 23, 1872, Here we accomplished the following work :

Telemetric observations, bearings, &c., on shore-lines......... R R TRETEEE: . 8;;; N
Shore-lines TN, (IELETB) av . vs . eannersoomononastonrssr s s s tmr 2 mimnnn o 66, “6. 2
Horizontal angles from 12 SIRIODA. .ow..vovvnneerrmmmsosrrsrmerns smes 2

H. Ex. 240—-23
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Number of observations........... e e e e e mas 468
Soundings of 45 TANZEE <.« cuinorin it e e 2,636
Miles Of SOUNAIDZR. «vn i o e 35.0

On the 23d of July, we sailed for Sanborn Harbor, Nagai, reaching our destination on the 24th
and remaining until the 26th of August, aceomplishing the following work :

Observations for latitnde ..... P . 32
Observations for longitude. ... ..... ... ... e e e 86
Hoerizontal angles from 17 stations. ... .. ..o .o o oo i 45
Observations for angles......c..... e e e e, 162
Telemetric observations, bearm«s, &c shore-limes..... ..ooo iy aan 865
Lines measured, (meters). ..o ceeiieininiimananan... A 50,485. 4
Observations of interinsular angles and bearings, at b stations. ... ........... 135
Sketches of adjacent BarDOIS. .o« .ovmoiie it iii e iiaeeiaaens e 2
Soundings on 108 ranges ..... . ... oot il i it e e 962
Miles of SOUDAIDES. c ..o it i it et e ey 14. 35

On the 26th of August, we sailed for Little Koniushi Island, arriving at Northeast Harbor the
same day. Here we took—

Observations for latitude. .. ... ... . it i e e 40
Observations for longitude. ... cooinveir i i e 90
Horizontal angles from 4 stations. ..... ... ... o o i i R 8
Observations forangles................... e e e e e 48
Observations for vertical angles. .. .. ... oo i e e 26
Observations of interinsalar angles, at 1 station....... ... ... ... .. 31
Sketeh of harbor. ........... o o el 1
Telemetric observations, bearings, &ce...... .. - ...l 142
LADes FOm, (METETS) « . o vt ot e et et e e cme o e 2,062.1

On the afternoon of the 28th of August, we left \01theast Harbor, and entered a new harbor
on Simeonoff Island, where we obtained—

Ubservations for Tongitude .. ... ... .. e e i 18
SORNAINES < - oo e e e e e i e iiaaa e 2
Sketch of harbor......... e e e e e e e e 1
Interinsular angles and bmrmgs, at2stations. ... ... il L 132

During these short voyages between the islands, a large number of miscellaneous notes in
relation to tides and currents, bearings, &ec., were obtained, and also fifteen views of prominent head-
lands, entrances to barbors, &e. ¥ourteen new harbors or anchorages and ten islands or rocks
were noted (and more or less definitely placed) which are not to be found on the charts.

On the 2d day of September, 1872, we left Simeonoff Island for St. Paul, Kadiak, where we
arrived on the 7th. Onthe way, current-observations were continuously taken ; and, on the 5th, we
sounded on an unknown bank (iun latitude 56° 13’ and longitude 153° 39’ west) in 223 fathoms, and
found cod and halibut in great abundance.

At Kadiak, we obtained sixty observations of ©®’s equal altitndes for time, and proceeded to
sea, bound for San Francisco, on the 9th of September. Current-observations were continued as
usaal until our arrival in San Francisco, on the 20th of September, 1872. Here, on the 16th of
October, the dip was determined by the ordinary (6 sets, 72 observations) and Lloyd’s methods
for comparison with our northern observations. On the 18th of October, the ecceutricity of our
compass-needles was determined by comparison with a determined azimuth. The vessel has been
placed in charge of a ship-keeper, and the party employed in office-work since our arrival.

Three rolls of tidal registers, one package each of duplicate dip-observations and abstracts of
angles, and fifteen volumes of duplicate copies of observations and notes, have been forwarded to
the office ; also onr accounts to the 30th of September, 1872,

In compliance with your instructions, I append to this report a sammary of such hydrographic
and other observations as require presentatioun in a connected form, together with synoptical tables
of the observations on meteorology and currents, a diagram illustrating our observations on the
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latter, and on the tides of Iliuliuk, Unalashka, together with the views of headlands and sketches
of harbors made during the voyage. The plotting of charts, for which the materials were
obtained during the season, will require considerable time ; and it is, of course, impracticable to
forward them with the present report, If desired, I am prepared to draw up sailing-directions
to accompany them when they are completed.
I remain, very respectfully,
W. H. DALL,
Acting Assistant in thelnited States Coast Survey.
Prof. BENJAMIN PEIRCE,
Superintendent of the United States Coast Survey, Washington, D). C.

NOTES OX THE NORTH PACIFIC CURREXNTS, MADE ON THE VOYAGE FROM SAN
FRANCISCO TO UNALASHEKA, SEPTEMBER, 1871.

On leaving the California coast, in latitude 382 50/, and longitude 123° 38/, on the 1st of Sep-
tember, 1871, our records show light southerly and easterly currents of a third of a knot an hour,
with a temperatare of 60° and 61°. At 42, nantieal time, September 3, the temperature, which had
fallen to 58, abruptly rose to 62°, and the observations showed a change toward the west in the
direction of the current. The temperature increased to 63, at 20", on the 3d, and continued so for
about twenty-four hours, when it fell to 622 again, and the observations indicated a slight uortherly
and westerly drift. On the 4th, at 24% the temperature rose again, reaching 65°, and averaging
63°.5 for the next twenty-four hours, with a slight drift to the south and west of about 0.2 of a knot an
hour. The temperature culminated on the 6th, at 8", in 67°, after whieh it fell rapidly to 64°, which
continued for the remainder of the day ; the observations showing a strong northerly and westerly
carrent, about forty-five or fifty miles broad, running at the rate of a kuot and an eighth an hourj

Another sudden rise of temperature took place between 0" and 4%, on the 7th, reaching 69°, and
averaging 68°, with a slight fall of 1° at night, the water being warmer than the air. This change
was coincident with a current diametrically opposed to the previous one, running to the south and
east at the rate of more than half a knot an hour. This gradually diminished in velocity, though
the average temperature of 67°.5 was maintained for nearly forty-eight hours longer. .

On the 9th, the temperature fell simultaneously with a succession of southeast gales, which
obliged us to lay to for two days, and prevented astronomical observations from being made. On
the 13th, the temperatare had fallen to 32°, which was steadily maintaived unptil O® of the 14th.
Here, in latitude 48° 40’ and longitude 152% 35/, approximate, a sudden and very remarkable change
of temperature was experienced, being an abrupt rise from 52° to 65°, The temperature of the air,
though lower than that of the water, changed in a similar manner. We sailed over this hot strf-am
for twelve hours, when the temperature fell, as abruptly as it had risen, to 51°. The width ot the
stream was about forty miles in an east and west direction. The impossibility of getting any astro-
nomical observations unfortunately prevented the determination of its rate and direction.

From this time until the 18th, the temperature maintained an average of 49°.5. A-curr‘cut,_
running from half a knot to a knot an hour was perceptible, which proved to run, on the 15th, In a
southwesterly direction ; on the 16th, nearly to the east ; and on the 17th, to the south and eaxt. On
the 18th, we could obtain no observations. On the 19th, we struck the south arm of the Alaska
stream, with a temperature of 49°, and a northerly and westerly velocity of ueaf'ly a kunot an hour.
On the 20th, we passed through an eddy, which will be hereatter referred to, having a southeasterly
direction, and about half the velocity of the last mentioned. ' -

On the 21st, we entered the north arm of the'Alaska current, about latitude53°; the tel?aperaturcv
rose to 50°, which was maintained while we were in the body of the stream. The rate (with stroug
adverse wind and the vessel making a great deal of leeway) was over a third of a I.;not. an hour at
first, gradually increasing to a knot and a third on the 22d, The temperature fell two degrees
(48°) as we neared the shores, and two more (46°) when the mouth gf the Akutan Pass' was }'GRIChf%d,‘
where the cold water of Bering Sea was following the falling tide into the Pacific. The following
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morning, however, when we were laying becalmed within the Pass, the warm Pagcifiec water rising
with the tide drove all before it, and the temperature rose accordingly.
About noon of the same day, we reached Captain’s Bay, and completed the voyage.

HYDROGRAPHIC NOTES ON CAPTAIN'S BAY AND VICINITY.

The peculiar pinnacle off Cape Kalekhta, which marks the entrance into Captain’s Bay, is
locally known as the Priest Rock, while the inner pinnacle at the south head of Letum, or Summer
Bay, is sometimes called the Second Priest. |

The entire eastern shore of the bay, from Cape Kalekhta nearly to Ilinlink Village, is anIP or
less studded with sanken rocks, and vessels should give it a fair berth.

The first bay south of Cape Kalekbta, on the east shore of the Eastern Road, is known as Con-

stantine Bay. A vessel called the Constantine, belonging to the Russian-American Company,
attempted to enter it and was wrecked.

A reef extends clear across the entrance, and the whole bay ix shoal and full of rocks. Just
off the entrance we obtained 27 fathoms, smooth, rocky bottom.

The next bay to the south, on the same shore, is known as Letum, or Summer Bay. The village
situated upon it is known as Imagnée. This bay may be entered until the vessel is iu line with the
North Head and the Second Priest pinnacle. Beyond that line, the bay is full of rocks, which do
not break except in heavy weather, Near the lake, at the south end of this bay, are hot springs.

The sounthern end of the Eastern Road has improperly been marked on the Coast Survey chart
as Ilinliuk Harbor. That name applies only to the land-locked harbor northwest of the village,
formed by Amaknak Island.

Ulakhte Harbor is known to the Russians as Duteh Bay, a Duatch vessel, it is said, having
been the first to enter it. The holding-ground in the middle of this barbor is good, being soft, black
mud and shell, in 14 to 16 fathoms. Close to the end of the spit 22 fathoms may be had with
shingly bottom. To the east of the spit, rocky shoals, covered with kelp, extend some distance into
the Eastern Road. A good rule for navigators in this region is to * keep out of the kelp.” There
is mo kelp without rocks, (though there may be plenty of water,) and there are few rocks in less
_ than 8 fathoms which are not marked by kelp.

The shore between the entrance bf this barbor and the village is very rocky, and should be
avoided.

The small island in Ilialink Harbor is named Expedition 1sland. Sarycheft moored his explor
ing-vessel behind it during one winter.

The land to the west and sonthwest of this harbor, on Amdkuak is rocky and mountainous,
not low and marshy, as represented on the charts.

The southern entrance to Ilinlink Harbor has a very narrow and tortuous channel, and may be
considered unfit for navigation.

The bay to the sonih of the south end of Amaknak is the harbor properly known as Captain’s
Harbor, or Port Levasheff. 1t is not used by vessels at present. A rock off Obernoi Point exists,
which is not down on the later charts. Its position was redisecovered and fixed by our party ;
though we afterward found it laid down on Sarycheff’s chart of 1792

The passage between Hog Island and Amaknak is full of reefs, though a channel probably
exists, It should be avoided by vessels until more is known.

Extensive shoals extend off the south end and the sonthwest shores of Hog Island. The bay
south-sonthwest of Hog Island is known as Nateekin Bay. The shores are entirely broad sand-
beaches, and a low valley extends several miles south from them, watered by two streams of con-
siderable size. The Coast Survey chart erroneously represents the shores as rocky and precipitous,
A good boat-harbor exists on the extreme western side; but the bay affords no protection for
vessels, .

The bay south of Igognak Point is known as Broad Bay. Behind the reef of Igognak, a safe
anchorage exists. There is no village now existing on this point, nor is there one on Kalekhta
Bay. A small village is situated on Hog Island, near its southern end.

A bank, noted for its cod, is situated two miles west of Igognak Point. It has 50 fathoms
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water on it, with gravelly bottom. From this bank to Ulakhta Head, the water deepens to 72
fathons. We were able to find no depth over 72 fathoms anywhere in the bay, and outside of
Captain’s Bay it rapidly shoals to 68, 60, and 50 fathoms sandy mud.

The portage between Constantine and Kalekhta Buys is very incorrectly represented on the
charts. It isentirely low, and the lakes extend from beach to beach. With regard to the approaches
to Unalashka, it may be noted that the tide-rips (which occur at half-tide) are not dangerous to
vessels except in severe storms. They are in general to be met with at the northern entrance of
the Unalga and Akntan Passes, and are especially violent off the northwest point of Akutan
Island.

The Unalga Pass is preferable for steamers and small vessels, The depth of water is abont GO
fathoms, with a rocky bottom, and the tide-rips are less severe than in the Akutan Pass. For large
vessels, the latter affords more room, and they are in less danger of being drifted ashore by the
tidal enrrents. It is a noteworthy fact that there is never any wind over the tide-rips, however
fresh it may be blowing before they are reached and after they are passed. I ean offer no expla-
nation of this well-attested fact, which I have myself observed on several occasions.

NOTES ON THE METEOROLOGY OF UNALASHKA.

The table herewith forwarded contains the means and extremes of our meteorological observa-
tions. The prevalent winds in winter are southeast, and bring rain and fog. Northeast winds
bring clear weather, and north and northwest, snow. The heaviest gales are said to come from the
southwest; the worst we experienced were from the southeast. The winds generally change from
east to south and west, with the suu, when they change, a fact corroborated by the testimouy of
the inhabitants, and by Veniaminott in bis work on Unalashka. The high mouutains and deep
valleys, acting as funnels, change the course of the wind abount the island before it reaches the
bay, and greatly increase its force. It is rarely possible to judge correctly of the direction or force
of the wind outside, when in the bay, and vice versa.

From similar causes, we have been unable to connect the changes of the barometer with those
of the winds in such a manner as to afford any guide for navigators. Westerly winds usnally bring
high barometers, and southeasierly winds the reverse; but exceptions are very common. Indeed,
daring one of the fiercest gales we encountered during the year, at Coal Harbor, the barometer
stood at 30.420, while a few days before, with a strong northeaster blowing, it stood at 28.634. No
ice obstructs the outer road of Captain’s Bay in winfer as a rule. Once, after two weeks of
northers, floating ice from the north did enter the bay, and remained for sowe time; but this is
the only case on record.

Skim-iee, very destructive to boats, will form daring every calm winter-night, but it never
attaing any thickness nnless by the freezing of wet snow which may fall upon it. In any case, it
will be broken up by the first strong breeze.

The force of the winds, even in the land-locked harbor of Ilinliuk, must be feit to be appre-
ciated. It surpasses everything I have ever experienced elsewhere. The squalls are especially
viotent in Ulakhta Harbor and in Iliulink Harbor, with westerly or southeasterly winds.

Shocks of earthquake and other volcanic phienomena are of almost daily occurrence, though
uone of great severity happened during our visit. In 1866, however, half the village was shaken
down, and a portion of the spit on which it is situated was rendered uninhabitable by the sinking
of the surface nearly to a level with that of the sea.

As arule, the winter-nights are clear, and astronomical observations could, except for the wind.
be very frequently obtained. In suwminer, however, the reverse is the case, and hardly a clear night
or day will be met with from May to August.

The aurora borealis, very faint, was once or twice observed as a white glow on the northern
sky. It is said to be very rare here. .

It may be mentioned here, for want of a more appropriate place, that in Augugt we obser'ved
lightning in the Shumagins during a northeaster, the first reported as obs'erved in this region.
Also after shortly leaving Kadiak, in September, 1872, as a squall was passing tp ‘lgeward of the
vessel, two miles distant, a lunar rainbow, forming acomplete arch, and faintly exhibiting thg eolors
of the épectzmm, was observed, Parhelia and paraselen® are of rather common ocenrrence in these

regions, and usually precede a storm.
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TIDES OF ILIULIUK.

The tides of the Aleatian region have long been considered as likely to afford a key to many
problems connected with the general subject, and hence any contribution to a knowledge of them
cannot fail to be of interest. The only observations on these tides which have yet been ‘made, so
far as I am able to discover, are those of the United States Coast Survey. A tidal observer was
engaged by Assistant George Davidson dunring his visit to this region in 1867, and prosecuted hig
labors for some time with a simple box-gauge and staff. These observations closed with the dis-
solution of the Russian-American Company, and the removal of the observer to Unga Island from
Unalashka. His records were taken charge of by Capt. Charles Bryant, special agent of the
United States Treasury, and by him forwarded to the Coast Survey Office at Washington ; but I
have not had access to them, and the following remarks are solely the resalt of our own observa-
tions. The latter were taken with Saxton’s self-registering gauge, (No. 14,) carefully regulated by
chronometers to mean local time, and extend, with but one break of any consequence, over the
time from October 13, 1871, to February 14, 1872,

These tides belong to the ¢ mixed type” emphatically, and at least a year’s observations would
be necessary to unravel the tangled skein and afford materials for a prediction-table. They agree,
in most particulars, with the tides which prevail over the entire northwest coast of America, though
a thorough comparison would prebably expose some individual peculiarities.

Something may be gained from our present fand of observations, and so far as they supply the
materials, tables (herewith forwarded) have been prepared according to the method recommended
by Assistant Henry Mitchell in his “Tides and Tidal Phenomena.” The result of scattered obser.
vations among the islands to the eastward of Unalashka shows that they are of the same type,
though the range or volume of the tide increases as we go eastward, being nearly twice as great in
the Shumagins as it is in Tliuliuk.

The method suggested by Mitchell, as will presently be shown, appears to need some modifica.
tions, at least in theory, before it can fairly be applied to the peculiar tides of this region. Thix
report will be confined, as far as possible, to a statement of their observed characteristics, leaving
the reference to their proper causes,of the various effects exhibited, to those who have greater facil-
ities for research, and more experience in the treatment of tidal phenomena. During two-thirds,or
thereabouts, of esch lunar month at Iliuliuk, two high and two low waters per day may be ob-
served. For the remainder of that period, one high and one low water occur daily. The latter are
here designated as componnd tides, being evidently the result of the merging in one dinrnal tide
of the previous semidiurnal tides. The ditferent kinds will be considered separately. As a whole,
these tides attain their maximum range about the time of the moon’s maximum declination, north
or south, and their minimum range about zero declination; but the highest water occurs about the
time of the moon’s quartering, apparently withont much reference to the declination. The bench-
mark to which these observations refer (a line cut into a perpendicular rock near the gauge) was
13 feet above the zero of a graduated staff outside the crib. The plane of reference, being the mean
of all the low waters observed at that station, was 4 feet on the staff, or 9 feet below the level of
the bench-mark. :

The following general observations may be mentioned :

Ft. In,
Plane of reference {(as above) == mean of Towlow waters...................._. 0 00
Mean of high high waters, i. e., those rising more than 4 feet 4 inches above the

planeof reference.. . ... ... ... ool 4 103 +

Mean of ell high waters... .. ... .. . . . ... 3 09.7
Mean of all low waters...... ... .. ... ... L. ...l iea. P 1027
Mean level of water.......... e e e et . 2 06.2
Mean of tides which fell below the plane of reference. ................. . e —0 06.7
Highest water observed. ... ... ..ooiiii i i e e +6 00 .
Lowest water observed...... ... . . i —~1 05.5
Mean riseand fall. ... .. i e e e +2 07

In platting the profile which accompanies this report, the observations of the high waters, and
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their succeeding low waters, were referred, respectively, to the upper and lower transits immedi-
ately preceding. The order thus established has been carried through the entire profile, and the
tides colored accordingly; that due to lower transits being blue, and that due to upper transits car-
xﬁiue, forming, where they overlap, a purple, of which a slightly lighter shade has been used to de-
fine more clearly the compound form of the tide. The high and low water assigned to each transit
have been used as absciss® on the ordinate reserved for the tramsit. In most respects, the figure
explains itself, (Sketch No. 18.)
We may now proceed to examine the different components of the tide separately.

COMPOUND TIDES.

These tides invariably occurred during the moow’s north declinvation, aud at no other tiume,
Their greatest height was usually reached about one lunar day after the moon’s maximum north
declination. Their greatest range was at the time of maximum north declination.

The other tides united to form the compound tide from one to three lunar days before the north
maximuam, and it ended by their separation from three to six and a half lanar days after the maxi-
mum; their duration varying (relatively with the interval between the maximum north declination
and the time of full moon) from five to eight lunar days. The shorter the interval referred to, the
greater the duration of the compound tide, and vice versa, without reference to the priority of either
the phase or the declination.

A greater portion of the increase in duration of any epoch of this tide appears in that portiou
of the epoch which follows the maximum declination, rather than in that which precedes it. The
last-mentioned portion, as well as the range, appears larger when the phase precedes the declina-
tion than when the declination precedes the phase.

The increase in height of this tide toward the time of maximum declination, as well as a
smaller increase apparently due to the phase, does not increase the range in like proportion, as the
line of low waters bears to the plane of reference a relation very similar to that snstained by the
line of high waters, both rising and falling together, in a general way.

Higbest observed compound tide. ... ............ .. e e 0 0300
Lowest observed compound tide.... ... ... it ol —0 08. 0
Greatest observed rangeinoneday........ ... ..o il 4 04,0
Smallest observed rangeinoneday.... . ... ... ... e e 3 00. 5
Average diarpal range..... ... ...l Lo il L 311.0

SEMI-DIURNAL TIDES.

The period which clapses between the end of one epoch of compound tides aud the beginning of
another averages twenty lunar days, being longest when its full moon approximates most nearly to
a zero declination, and vice versa. During the time covered by our observations, the duration of
this period varied from nineteen to twenty-one lunar days. While it lasts, two tides cccur daily,
due to a combination of forces, which the material in hand is insufficient to exhibit fully.

Mitchell, in his paper already referred to, states tbat, in mixed tides, similar elements follow
upper transits in north declination and lower in south declination, and upper transits in sounth and
lower in north declination. (Loc. cit., p. 17.) o

This generalization will not always apply to the tides of this regiou, {assumning the semi-diurnal
waves of the same day to be of equal age,) as the change in the nature of the tidal elements of one
of the waves, at least, does not invariably occur until a greater or lesser period has elapsed a}ter
the moon’s change in declination. This period varies from two to ten Iunar days; the north declina-
tion of the moon actually lasting longer than the south declination, and also exerting an influence
upon the tide for a longer time after she has passed south of the equator thaun is the case under the
opposite circamstances. .

Therefore, it has seemed preferable, in this preliminary work, (hereafter to be revised by abler
and more experienced hands,) to plat the tides as they actually occurred, rather than to attempt to
shape the observations to fit a hypothesis seemingly at variance with the facts.



184 REPORT OF THE SUPERINTENDENT OF

Treated in this way, these tides resolve themselves naturally into two series, apparently cor-
responding in nature, though nhot in duration, to those referred to by Mitchell. They finally unite,
as previously mentioned, to form a diurnal compound tide.

The time oceupied in passing from the middle of one compound series, through the various
changes, to the middle of the next compound series, is about a month, The duration of the semi-
diurnal tides is somewhat more than two-thirds of this time. The two are theoretically referred to
the two orders of transits, upper in north and lower in south declination, and vice versa. The north
declination, more enduring and potential, exercises a greater amount of attraction, and is thus ap.
parentily enabled to overcome the various opposing forces, and combine both waves in one com-
pound tide. Inthis, nevertheless, the varions elements can be more or less distinetly traced, though
not sufficiently pronounced to form a true tide. During the epoch of soath declination, the attrac-
tion of the moon, even at its maximum, is insufticient to combine the two waves,

It will be sufficient for present purposes to describe their respective characteristics.

TIDE REFERRED TO LOWER TEANSITS.

This tide, colored blue in the profile, preserves in its total range a greater elevation above the
plane of reference than the other, though its range averages much less than that of the other. The
highest waters appertain to this group.

This tide reaches its maximum in height about the time of the moon’s first gquarter, that maxi-
mum being greatest when the moon's zero declination most nearly corresponds with that phase ; or,
in other words, when the moon exercises the least attractive influence. The maximum height is
smallest when the quadrature approximates most nearly to the maximum of declination, north or
south,

In these respects, and in some others, it is the opposite of the other semi-dinrnal wave. The
laster seems to be governed by the declination to a prepouderating extent, while upou this the
phase seems to exert a more exclusive influence.

As the phase gained upon the declination about four lunar days a month, (that is, the interval
between new moon and the precedivg zero declination increased at that rate,) during the period
covered by our observations; so the body of this tide seemed to gain on the body of the other in
time. The irregularities of the periods of phase and declination, however, prevent the gain of the
tide from being exactly proportioned to the gain of the phase.

From October 13, 1871, to February 14, 1872, they were respectively as follows :

H I i
Iuterval between new moon and zero declina- ) © Start in October. } November. , December. ‘ January. | Februury.
tion. §' 1 transit. 1 5transita, | 9 transits. % 13 trausits, i 16 transits.
; i
- N { e
Ivterval between zero declination and time ) : . | ! i i
uterval betwe © _“ ae . tion a ; & transits. ; 10 transits, 15 transits. | 18 transits. 20 transits.
of preponderance of blue tide. : i i
' | i
Gainsof @ .. cociiiviiiniaaenn reeans e imirer e | 4transits, ‘ 8 transits, | 12 transits. 1‘ 17 transits.
[ ) i
Ciaine of tide ... S, . | 2transits. ! 7transits. 10 transits. j 12 tranaits.

This tide, being referable to the lower transits, should, according to the theory, have prepon-
derated over the other in height immediately after the moon’s southing, but this did not actually
take place until some days (four to ten) afier; a fact noteasy to explam even if, taking the heights
as an index to the age of the tide, (as mamtcuued by Airy,) we consider this tidal wave as being
from four to ten days old. In that case, we should have to admit the possibility of a difference in
age batween the semi-diurnal waves of one day at one locality—and neot only a difference, but a
variable difference—for the other wave appears to agree very constantly and promptly with the

declination in its changes in height and range.
The ¢ blue” tide emerges from the compound tide about the time of the south moonw’s least

influence ; i. e., about her third quarter. The shorter the interval of time hetween this phase and
the zero declination, the earlier the tide appears. Itis inconsiderable when compared with the
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“red” tide, both in height and range, increasing slightly in the latter about the time of zero
declination, and then diminishing, reaching sit minimum range about the time of new moon. The
height and range then gradually increase, and, at the varying period previously mentioned, it
leaves its subordinate position behind azd below the “red” tide, and appareuntly passes the latter,
taking the lead in height and rapidly inereasing iu range, the last being greatest at zero declination.
If the body of the ¢ red” wave retained the same position with regard to that of the ¢ bilue” one,
the former would resume its superiority aboat full moon. As before stated, however, the “blue™
tide gains with the gain of the interval between the phase and zero declination, and, therefore, it
happens that, with the approximation of the full moon to maximum north declination, the ¢ blue™
tide has gained so much in the race that both are enguifed in the compound tide Lefore the ¢ red
one can attain its original position in advance. A full year’s observations are required before the
details of the varying and persistent conflict can be enumerated. It is probable, however, that
at some time during the tidal year, the *“Dblue” tide emerges from the compound tide, above and
before the other, though only a hint of this is to be found in our observations.

TIDE REFERRED TO UPPER TRANSITS.

It now remains to describe the peculiarities of the ¢ red” tide.

It is naturally referable to the upper transits, but appears to be mainly governed by the changes
in the moon’s declination.

When the compound wave separates into its dual clements, (always in north declination,) as far
as our observations go, the “red ” tide at once takes the lead, rapidly increasing 'its range and (in
general) its height. It reaches its maximum range within half a lnnar day of the moon’s maximam
south declination. It attains its maximum height sometimes before, sometimes after that time,
varying with the relative interval between the time of new mooun and that of her maximum
sonth declination, but varying so irregularly as to render any geueralization on the matter imprac-
ticable without more material in the shape of observations.

At the variable period referred toin the account of the “bluc” wave, this tide falls behind the
latter in height. 1t continues in this subordinate position until (when the full moon is sufficientiy
distant from maximum north declination) about the time of full moon, or a period varying with the
advance of the phase upon the zero declination, but always some days after the latter.

It then resumes the place in advanee and the superiority in height which it had lost.. At the
same time, it diminishes very rapidly in range uatil it is merged with the ¢ blue” in one compournd
tide. -
As before mentioned, however, as the time of full moou and maximum north declination
approximate, (through the gain of the phase on the declination,) this tide becomes unable to regain
its superiority, before it is merged in the compound tide, in what would otherwise be the moment
of victory.

MEMORANDA IN REGARD TO THE SEMI-DIURNAL TIDES.

Ft. In.

Highest upper transit (red) tide, high water..... e eeaeeaeiecnai e +35 07.0
Smallest upper transit (red) tide, high water........ ... et +1 ()8.(_)
Lowest low water transit (red) tide.....-............ R . —1055
Greatest diarnal range of “red” tides. ... ..ccveverior i inmiaiiiaaensn +6 04.0
Smallest diurnal range of “red” tides.... .. ... ceoimiieariiioia i +0 010
Average diurnal range of “red” tides.........coooiienr i +3 010
Highest lower transit (blue) tide, high water.........cccoeein it tinnnnn +6 00.{:
_ Smallest lower transit (blue) tide, high water......... et ieecbeeiaceaneenan +1 09..:
LOWESE JOW WALET - <« vv nenenraenennannersonanernarmoeneommnnasass oannions . —0 113
Greatest diurnal range of “blue” tide.... ... cocieiomciimranaann ceaenn . +4 ()3.;:
Smallest diarnal range of *blue” tide.......ooileomier it +0 00.5
Average dinrnal range of “blue” tide ...... .. .oiriiaiiiiiiiain i 41 08.5

H. Ex. 240—-24
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ON THE TIDAL CURRENTS OF UNALASHKA,

The old residents of Unalashka believe the tide to come from the eastward through Akutan
Pass, and this belief is fully corroborated by our observations. :

A series of observations for determining the relation between the oceanic tide and the tide as
it appears at Ilinlink was decided upon in June, 1872, The circumstances which led me to under-
take the observations in the Pass unassisted were detailed in my report of progress.

The station selected was a small islet in the middle of the Akutan Pass, one of a group known
as the Gull Rocks. No other position near Unalashka was at once so accessible and less subject to
the action of disturbing influences on the tide.

"A sunken buoy, with float attached, and a surface buoy were used in determining the currents.
The simultaneous observations of the height of the water were read on a graduated staff, and the
temperature of the water was determined with a Casella thermometer. The weather was eminently
favorable for observation, being calm, and without any ground swell; the sky was overcast. The
observations in the pass comprised readings every ten minutes for twenty-four consecutive hours.
Those at Unalashka began before and lasted longer than those taken in the Pass, but were other-
wise simultaneous. The results may be regarded as approximating to general accuraey, and are
briefly as follows :

I. The tide attains its maximum and minimum in the Pass about two hours before these points
are reached at Ilinliuk.

II. The difference between the Ilinliuk tides and the Pass tides, in range or volume, is about
eight inches. Using the corresponding lowest waters as a plane of reference, the Hiulink tide is
the higher.

IIL. The tide in reaching Ilinlink, through the various passage-ways about to be described, is
shorn of some of its irregularities in form; and the distinctness of the two elementary waves of
which it is compounded is to a great extent lost. A reference to the accompanying profile will
exhibit these propositions more clearly. With regard to the current caused by the action of the
tidal wave, it appears:

IV. The rising tide is stronger than the falling tide.

V. The rising tide advances on the surface a little before the water at a depth of 6 fathoms, and
begins to move northward. It also creeps along the shores slightly before it becomes noticeable
in mid-channel.

VI. The temperature of the water which comes in with the tide is a degree higher than the
Bering Sea water which it drives before it. In this case, the temperatures were respectively 45°
and 44°. '

In regard to proposition I, it may be remarked that the two hours which elapse before the tide
reaches its full height at Ilinliuk, after having done 8o in the pass, cannot be considered as entirely
taken up with the regular march of the tide. Much of this time is lost in forcing a passage-way
into Bering Sea, during which process tide-rips are formed. Tlese rips normally are just beyoud
the northern entrance of the Pass, and only occur within the Pass when, to the barrier of Bering
Sea water, is added the additional force of a northerly wind.

1n proportion to the strength of the latter, the rips will approximate more nearly to the middle
of the Pass, and will be more vivlent. They are never known to occur to the south of the middle
or smallest diameter of the Pass, and with southerly winds are comparatively insignificant or even
wanting. - These facts indicate that the bulk of the tidal fiow is from the south, northerly and-
westerly in the direction of the axis of the Pass, and afterward with the trend of the islands.

Observations taken off the heads of Captain’s Bay, April 22, showed a surprising difference
between the surface-temperature of Bering Sea and the deep water; the former being 39°, and
the latter, even with the correction applied, falling below the freezing-point. It appears that the
stratum of warmer water (which is clearly due to the influx through the passes of warm water
from the northern edge of the Alaska curreat) was extremely thin, less than 28 fathoms, and prob-
ably not much over 15 fathoms. The distribution of life also corroborates this evidence ; the ani-
mals living on the bottom of Bering Sea being all arctic forms, while many of those of the shores
and shallow water are of warm temperate types. Among the former may be named Astarte, Car-



THE UNITED STATES COAST SURVEY. 187

dite borealis, Peronca, &c., and, among the latter, Nacella, Scaphella, and Cancellaria. After clear-
ing the Pass, the tidal current curves to the west and south, striking full on the west shore of
Captain’s Bay, and is refiected to the southeast. But a small part of it passes to the eastward of
Amaknak Island; the majority finds its way through the strait between South Amaknak and the
west side of the bay, one branch being deflected to the northeast by Obernoi Point and eutering
Hiulink Harbor. The accompanying sketch shows the general course of the flood-tide in the south-
ern and eastern part of Captain’s Bay and its appertaining harbors in calm weather.

The ebb takes a nearly reverse direction, except that a large portion of the water accumulated
in the bight forming the east entrance passes out through Iliwliuk H arbor, south, and then north-
west through the heads of Captain’s Harbor.

Thus, in calm weather, with an ebb-tide, there is usually a strong current into Ilinlink Harbor,
though, with a rising tide, but little runs out in a reverse direction. All this, however, may be
altered by the wind prevailing. If it be north or northwest, (tide rising,) a larger part of the current
may be deflected to the east of Amaknak, and we shall have a current into iustead of out of Tliz-
liuk Harbor. A uortheast or southeast wind has a contrary effect. With ebb-tide and a southerly
wind, a strong carrent may ran out of the northeastentrance of Hiuliuk Harbor, the egress of the water
by its usual channel being impeded ; and these eonditions may be indefinitely varied. Taken as a
whole, howerver, in Iliuliuk Harbor, the tide rises and falls principally through the southern entrance.
Although it is frequently stated that the height of the tide here is much affected by the wind, yet
no important difference attributable to this cause presented itself during our observations.

It is stated that the Bering Sea tides increase in volume to the eastward, reaching their max-
imum (16 to 22 feet) in the narrow estuaries of the Kuskoquim and Bristol Bay, and diminishing
to the northward and westward.

THE ALASKA CURRENT.

I use the above appellation to designate, in this repors, a carrent which bathes a greater portion
of the coast-line of this territory than any other one oceanic stream; and to which, in great part,
is due the peculiar climate of most of the Alaska eoast south of Bristol Bay. Certain peculiarities
in the distribation of animal and vegetable life may also be reasonably referred to its influence.
The existence of such a current as a whole, was, to the best of my knowledge, first contended
for by Assistant George Davidson, United States Coast Survey, in an able argument, (Coast Survey
Report for 1867, p. 205,) in which the high isothermal line of the shores of the Gulf of Alaska,
the isolated but rather numerous observations of the older navigators, the Russians and others,
and the notes of the Coast Survey geographical reconnaissance of Alaska in 1867, were all brough-
to bear upon the subject. Duaring the last fourteen months, I have collected a number of addi,
tional notes upon those portions which we did not visit ourselves, the testimony being all one way ;
and, indeed, there is hardly any room for a doubt upon the subject. The existence of a continuous
current,-trending with the shores of the Gulf of Alaska, the peninsula of Aliaska, and at least
the eastern portion of the Alentian Islands, will be assumed here. Its origin by a deflection of a
portion of the great North Pacific stream in longitude 148° west has been treate d of in the report
of Assistant Davidson already alluded to. As a contribution to the knowledge of the subject, I
have to offer a summary of observations taken under my direction by our party on that portion of
this stream situated beween longitude 150° and 167° west, and extending south of the coast fromn
two to six degrees in latitude; also some notes obtained from others in relation to those portions
of the current lying to the eastward. :

Our observations were taken during three voyages between Unalashka and tie Shumagins,
respectively in March, April, and June, 1872, on the latter part of our voyage from San Frauncisco
to Unalashka in September, 1871; during our stay among the Shumagins from June to September,
1872; and on our voyage thence to San Francisco via Kadiak. A synopsis of the observations is
given herewith, comprising not only the notes on currents and temperatures, but also the direction
of the winds at the time of observation. The thick and foggy weather and frequent severe storms
which prevail throngh a great part of the season have somewhat interrupted the contiuuity' of our
record. The great amount of leeway made by the Humboldt under all circumstanees, has,' in most
cases, tended to diminish the apparent rate of the current; and it was impossible to obtain obser-
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vations as frequently as could be desired, from the prevalence of fog and clouds. Bearings on the
Iand were also unavailable for the most part, as the coast-lines on the ounly charts in existence are
1aid down very inaeccurately. Nevertheless, the material collected is less meager and more interest-
ing than might have been expected, and a greater knowledge of the tides of this region will pro-
Liably reconcile many discrepancies in the observations of the older voyagers. It must constantly
be kept in mind that, like all cuarrents which hug the coast, especially if the latter be irregular or
studded with islands, this current is more ar less affected at every part of its course -by the
irregularities of the shore and depth of water, and the never-ceasing action of the winds and
tides. It is not sarprising that its troe course should often be masked or temporarily diverted by
these agencies. An ofticer of the revenue mariue on daty on this coast has even reported that, in
his opinion, ¢ the currents along this part of the coast are controlled entirely by the winds.*

1t has, however, been proved by our ebservations that, in the body of the current off shore, a
southerly and westerly drift of at least a knot and two-thirds an hour may be maintained directly in
the teeth of a strong adverse wind. 1 will leave the discussion of these modifying agencies for the
present, and give,in as compact a forin as possible, the general characteristics of the carrent
within the region over which our observations extended. The general course of the current is
about west-southwest, varying from this to the north and south according to the locality and the
modifying agencies, which increase in power as we approach the coast. In general, it trends with
the trend of the land. At some indeterminate point, the current deflected from the great North
Pacific stream divides into two branches, one of which passes between Kadiak and the mainland,
hugging the coast, and finally striking off to the southward in the vicinity of the Shumagins. The
other has a more evenly western course, and its extreme southern limit is yet undefined, but may
probably be found between latitude 51° and 52° north. Between these two arms, a counter cur-
rent or eddy exists, running in an easterly direction.

September 19, 1871, and March 26, 1872, we foand a northwest by north current of nearly a
knot an hour in latitude 52° and longitude 163° west, approximate ; but about sixty miles to the
north of this, on the 20th of September, we came upon the eddy above mentioned, having a velocity
of two-thirds of a knot an hour, with a temperature of 49°; and again on the 27th of Mareh, 1872,
we reached its upper or northern edge when lying to, and found a veloeity, against a strong
adverse wind, of a quarter of a knot an hour, with a temperature of 40°. Detween longitude 157°
and 163° west, this eddy appears to be very narrow, probably not exceeding tweuty miles in width,
and has a temperature about the same as the north edge of the south arm of the Alaska current.
Tiater in the season, we encountered it (or a similar one) again, and found it striking to the south.
ward, where, pressed by the northern arm of the Alaska eurrent before reaching the shelter of Ka-
dialk, and then continuing in an easterly direction south of that island close to its shores; its rate
averaging a little less than a knot an hour, and its temperature about 522, nearly the saine as that
of the south arm of the Alaska current, which we entered a few days subsequently. The counter,
current mentioned by Lisiansky, and encountered by Assistant Davidson in 1867 when searching
for the Pamplona Roeks, is very probably the same. The southern edge of the south arm would
. appear from our observations on the voyage from Kadiak to San Francisco to be met with in about
latitude 50° 30/ north ; but very many more observations must be made before we can atrive at a
correct understanding of these details. There can be no doubt that we struck the great North
Pacific easterly stream, with a temperature of about 60°, on the 14th of September, in about lati-
tude 48° 37/, approximate. . :

Our observations of September, 1871, give a temperature at the surface of 49° for the north arm
near its southern edge, 50° for the middle of the stream, gradually decreasing to 48° on the edge,
which impinges on the islands. At the same time, the temperature of the Bering Sea water was
4605 and, thetide turning to rise while we were in the Akutan Pass, the influx of Pacific water was
marked by a rise of one degree in temperature of the surface. A similar rise of temperature was
observed whilemaking tidal observations in the Passin June,1872. InMarchand April, thenorth edge
averaged 37° and 37°.5, the center of the current 40°, and the senthern edge 38°. Atno time was
it practicable to obtain trustworthy temperatures of thé water of this current at any depth below
the surface. In September, 1872, we were able to obtain observations at 25 fathoms below the sor-

* Report on & cruise in Alasks, Capt. J. W. White, Senate Ex. Doc. No. 8, January, 1869.



THE UNITED STATES COAST SURVEY. 189

face of the counter current or eddy before deseribed, and found the temperature, when the correc-
tion for the thermometer was applied, to be the same as at the surface. ‘

In Jane, 1872, the temperature of the north edge of the north arm had risen to 43°, farther
south 449, though we did not reach the center of it, which was not improbably a degree higher.
The temperature of the south arm in September, 1872, ranged from 49° to 520,

With regard to velocity, that of the north arm may be safely set down as at least a knot and a
quarter an Lour in those parts most free from the action of external agencies. It is mueh greater
in many places where the actions of the tide and wind eombine to accelerate it,and correspondingly
less when they combine to retard it.

The rate of the south arm appears to be aboutb a kuot an hour, thongh our opportunities for
observing it were so few that this must be regarded as merely approximate. On the first oceasion
in September, 1871, it was 0.92 koots per hour; on the 26th of March, 1872, 1.63 knots; and farther
east, in September, 1872, we determined it to be slightly over a knot an hour. In regard to the
width, the north arm may safely be assumed to average about a hundred miles. That of the south
arm is probably twice as great, but further observations are necessary to determine this accurately.
Captain Archimandritofl, late of the Russian-American company, informs me that that portion of
the north arm which passes north of Kadiak (sending a braneh into Cook’s Inlet) through Sheli-
koft' Strait, has a velocity of five or six knots an hour with the tide favoring. M. Aphonse Pinart,
& gentlemen wlho has lately explored this region in the interests of philology, gave me a graphic
account of his passage across thie Shelikofl Strait. Aeccording to his statement, the current is very
strong; the passage in skin-canoes, from the peninsala to the island, is commenced from a point on
the former twenty miles to the eastward of the point on Kadiak, which it is proposed to reach ; the
current, even at slack water and in calin weather, (when alone it is practicable to cross,) carrying
the canoes over that distance to the south and west. I take it to be this portion of the streamn
which, crossed by the barrier of the Shumagins, pours through it principally by two channels ; the
main one being the deep gap between Nagai and the islands to the westward of it, and the other
the strait between the north end of Unga and the peninsula. The former strikes full on the south
end of Unga Island, near Delaroft Harbor, and is slightly deflected to the southward. It may be .
mentioned here that the eurrent in these straits of Nagai is very strong. The tide has no percepti-
ble effect in retarding it. Vessels at anchor there always tail to the southwest, and with a south-
west or west wind au extremely bad sea is produced. The south end of Unga is, however, the
gainer, This locality becomes green weeks Dbefore the surroanding country, and veg etables grow
more rapidly and matare earlier than elsewhere, on account of' the balmy air and higher tempera-
ture brought by the current.

The branch which passes to the north of Unga isless powerful, but by no means insignificant,
also deflected to the sonthward by the islands and shoals off the coast of Aliaska, it joins with the
Nagai branch, and both dash upon the rocks and reefs of Sannakh with all their velocity. The
current at this point attains, under favorable circumstances, a far greater rapidity than came under
our notice elsewhere, and may reach three or four knots an hour at times when wind, tide, and
current are passing in one direction. The deflection cansed by the Sannakh veefs turns this portion
of the current to the south of southwest for a time, but it soon regains its normal course, trending
with the islands and having its center of velocity from thirty to forty miles south of them, when in
the vicinity of Unalashka.

It is an established fact that the tides of this region rise toward the west, and fall toward the
east, approximately ; this is universally known among the natives and resident_s of the reg:ion, and
is confirmed by my observations in the Akutan Pass. This course being cmpculent with (and
perhaps caused by) the general trend of the coast and direction of the currents, it naturally follows
that the rate of the latter inshore is accelerated with the rise, and, to sowme extent, retarded by
the fall of the tides, particularly in passages and straits, and their vicinity. The fa}l., being opposed
to the direction of Lhe current, is always less powerful than the rise. This is espeeially noticeable
in the vicinity of the passes, where the outward current is so effectually chec.ked by. the coast-
carrent that but a very small proportion of the Bering Sea.water ent'ers the Pacific, ‘Whl]G a corre-
spondingly large proportion of Pacific water pours into Bering Sea W.ltl.l every flood-tide. How far
thismay hold good to the westward of Unalashka I cannot say; but it is eminently true throughout
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the region we have visited. So, too, in those passes which have a more nearly north and south axis,
like Unimak and False Pass, we find fewer tide-rips and fierce bores, such as prevail in Akutan and
Unalga Passes, where the axis inviting the influx of the current is nearly east and west.

The foree of the wind in affecting the direction of the current, except in narrow passages and
in shoal water, has, I think, been much overrated. In shoal water,like the eastern half of Bering
Sea, the wind is all-powerful, and drives the water irresistibly before it. But in deep water, such .
as the offshore portions of the Gulf of Alaska and the northern border of the North Pacific, T am
inclined to believe that the principal result of a strong wind opposed to the current is the creation of
a very bad sea. Small and narrow bodies of water, like the deflected strip of current at Sannakh,
may be diverted from their nsual course, and in narrow passages the power of the wind in retard-
ing the opposed eurrent cannot be questioned, but our observations lead me to think that elsewhere
its effects are comparatively insignificant, or, at all events, less obvious, A long and careful series
of observations would be needed to decide the question, which presents the greater difficulties from
the fact that the agencies to be investigated in their very nature present almost insurmountable

obstacles to observation.
EFFECT OF THE ALASKA CURRENT ON THE CLIMATE OF THE ALEUTIAN DISTRICT.

The temperatures of the sea-water at the surface and at a depth of five fathoms were obseived,
during the entire year, as continnously as eirenmstances wonld permit. The means and extremes
for each month and quarter and for the year are appended in the meteorological abstract herewith
forwarded. It will be seen on comparison that the temperature of the Bering Sea water below the
surface averages about 3° lower than the temperatures taken south of the islands during the same
months, aud this appears to hold good throughout the year. This would give a yearly average
temperature for the Alaska current of about 459, which cannot be far from the truth. It is a sig-
nificant fact that the mean annual temperatare of Unalashka is within a degree of the mean tem-
perature of the deep-sea water for the same period. The latter averages a little higher and the
surface-water a little lower than the mean temperature of the air. All three do not vary among
themselves more than a degree and a half. The air, however, reaches its maximum in August,
while the sea-wafer is warmest in September.

THE CIRCULAR CURRENT OF BERING SEA.

1 make use of this term to designate a current supposed by Assistant Davidson to result from the
impinging of the Bering Sea branch of the Kuro-Siwo on the island of Saint Lawrence, and which
is described by him as sweeping around that sea, in a subcircular manner, from west to east, south,
and finally west again, north of the Aleutian Islands. We have not visited the western portion of
Bering Sea, and can therefore supply no information in regard to the existence of such a current
there; but I have collected a number of notes from others, and made some cbservations on the
eastern portion of the sea. A more or less intermittent current does appear to exist around the
eastern and southeastern shores of Bering Sea, butit may be acecounted for by the following causes:
The large rivers of thiat coast all débouche toward the south and west. The tides rise toward the
porth and fall toward the south and west with great force in the numerous shallow estnaries east
of Unimak Pass; while the westerly drift north of the islands, as far as Upalashka,has been shown
to resnlt in great part from the influx of Pacific water with the tide. The whole of that portion of
Bering Sea is exceedingly shallow, averaging less than thirty fathoms; and it may reasonably be
supposed that this body of water, with the great river-currents, the tides, and the tidal carrents
through the passes, all pushiog on its circamference in one direction, would receive a motion in
that direction varying in velocity with the variations in the above-mentioned factors. The follow-
ing notes have a bearing on this subject : '

In July, 1890, Bernard Bendel, esq., in the schoouner Lizzie Sha, started for Unalashks from the
mouth of the Kuskoquim. The first land sighted was the point north of Destruction Volcano, in longi-
tude 1640 45 west, approximate. A strong westerly wind and clear weather prevailing, they beat all
day off this point without being able to make any westing. The night was foggy, and they continued
to bea: against the same wind until 9 a, m. the next day, when the fog lifted, and they found them-
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selves, to their great astonishment, off Akhun Bay, in longitude 1652 45', The wind then hauled a
little to the northward, so that they could barely run to westward; and toward night, the fog
rising, they proposed to run into Akhun Bay, as they supposed, but, on examination, the land proved
to be that of Unalashka, near Cape Kalekhta. - A dead calm prevented their working into Kalekhta
Bay, and during the night they were carried by the ebb-tide to the eastward as far as the longitude
of Unalga. The first stretch was made in twenty-four hours. .

On a voyage toward the Kuskoquim in the same season, when off Cape Neweunhain, it shut in
calm and foggy. In the morning, the fog lifted, and they were off Hagemeister Island, having
drifted the whole of that distance in twelve hours.

When on the Frances L. Steele, in 1868, bound from Awmak Island toward Unimak Pass, we
were unable for several hours to make headway against an easterly current, although the wind
favored, With the turn of the tide, however, though the wind meanwhile had shifted to an unfa-
vorable quarter, the vessel was able to make a fair course toward her destination.

Capt. E. Hennig, of the Alaska Commercial Company, who has spent several years in this
region and made many voyages between Unalashka and the Kuskoquim and Nushergak Rivers,
informs me that the currents in this part of Bering Sea are very variable, and, in his opinion,
depend in great part on the tides.

The above notes, taken together with the low temperature of the water below the surface, and
its slight depth, seem to imply that no regular oceanic current exists on the extreme eastern border
of Bering Sea, even if the small depth of water would admit of it.

It is a well-known fact that the ice-line in winter describes a curve from the Siberian coasts in
latitude 62° to 64° north, inclosing the Saint Matthew group of islands, reaching south nearly to
the island of Saint Paul, of the Pribiloff group, and thence extending eastward into the head of
Bristol Bay. This ice first gives way to the westward, along the Siberian coast, and the whalers
press in on this line every spring, following the open water until they reach the Arctic. To the
east of Saint Matthew, the ice endures much longer, and a passage into Norton Sound can frequently
be made by going to the westward of Saint Lawrence, while the ice to the northeast of Saint Mat-
thew, between Saint Lawrence and the mainland, still presents an impenetrable barrier. This
would hardly be the case were any large porticn of the warm current deflected to the eastward by
impinging on Saint Lawrence Island.

According to information farnished by Captain Chapman, of the Hannah B. Bourne, who has
wintered in Plover Bay and at Unalashka, on one occasion a whaler, stove in the ice off Cape Saint
Thaddeus, drifted into Seniavine Strait shortly after the ice passed out of the latter place.

Also, in the spring of 1871, the ice between Plover Bay and Baint Lawrence If]am'i gave way
late in May, and, in the middle of June, a vessel might have been navigated there satel.s-* if she could
have forced her way through the floating ice to the southward. Theice on the west of Saint Lawrenf:e
Island, according to Captain Chapman, is always open before that to the east and southeast of it.
In 1869, Capt. E. Hennig, in the schooner Hutchinson, bound for Saint Michael’s, Nortron Sound,
encountered floating field-ice in the month of June. This was in the latitude of Cape Roman_zoﬁ‘,
about half-way between Saint Matthew, Saint Lawrence, and the mainland. At the same time,
Capt. E. E. Smith, in another vessel, went to the westward of these islands, and found all clear of
ice. Captain Hennig, after working through one hundred miles of this ice, found all clear to the
north of it. It appeared to extend from the islands to the main. ‘ .

In the spring of 1872, Captain Archimandritoff, in the schooner J oh'n ‘Bn.ght, on an exploring
expedition, fitted out by the Alaska Commercial Company, visited the Prlb}loﬁ Islands in the .eal']y
purt of June. He sailed north from them, and found the ice south of Saint Matthew,.m latltl.u]e-
580 30, He sounded a good deal about the island of Saint Paul, finding 70 fathoms eighty miles
southwest of it, and a few miles farther, on the same line, }20 f.athoms without bottom. He found
a cold. current ranning fifteen miles a day in a due south direction north of Saint Panl, and stated
that the currents in that vicinity vary with the winds, &c., bat that season are generally south-
westerly, Judging by what we know of the topography of Bering_Sea bottom, an.d by the meuzl?-
randa above recorded, it would seem more probable that the deflection of any, {)'Ol’thIl of the mrt ‘ -
erly warm stream in Bering Sea to the eastward and southward would be more likely toPocc]u; :lxt; ‘;i
edges of the shallow plateau to the south and west of St. Lawrence, St. Matthew, and St. Paul Islands



192 REPORT OF THE SUPERINTENDENT OF

than upon it nearer their shores. 1f this were the case, the southern deflection wounld strike the
Aleutians to the westward of Unalashka, and thus wonld be explained the absence of any trace of
its existence in the evidence I have been able to accumulate.

That some deflection of a portion of the northerly warm streamn does occnr, or, at least, that a
part of it is lost or remains quiescent in the main basin of Bering Sea, is very probable. In evi-
dence of it may be mentioned the fact that cocoa-nuts (and perhaps other tropical productions) are
frequently cast on the northern shores of the Aleutians. 1In the winter of 1871-"72, T picked up on
the west shore of Amaknak Island nearly the whole of a cocoa-nut shell, with the husk attached,
and I was informed by the residents that they are not unfrequently found there. Among the mis-
cellaneons drift-stuff which accumulates in those bays which open to the northward are found in
particularly large quantities the peculiar spruce (Abies alba) of the Yukon and Kuskoquim, and
that (A. Sitkensis) of Kadiak and Sitka; also, the Sitka cedar, (C. Nutkaiensis,) the poplar or cotion-
wood, birch, and alder. The cedar is frequently ealled ¢ camphor-wood,” from its odor, and errone-
ously supposed to be of Asiatic origin. The three first mentioned are particularly abundant in those
bays opening to the northeast, and compose nearly all of the drift-wood found on the islands. We
found one tree of the Sitka spruce, with green leaves still attached to it, and one speeimen of wild
ginseng, (P. horridum,) which is more or less peculiar to the Sitka distriet. A more thorough
examination of the drift-wood deposits wonld doubtless reveal many interesting facts. Among other
matters thrown up on the beach of Captain’s Bay by the winter-storms of 187172 was a piece of
the schooner Idaho, wrecked the previous year on the south coast of Unimak,

NOTES ON THE SHUMAGIN ISLANDS.

The following hydrographic and other memoranda were coliected during our visits to the
Shmmnagins. This group is very incorrectly laid down on all existing charts, and we made great
exertions to obtain as many intersections as possible from known points on the other islands. 1In
this way, we shall be able, when our work is platted, to define the area within which a majority of
the islands are situated, and also to correct the shore-lines to some extent wherever they came under
our immediate observations. We shall also be able to define much more nearly than has yet been
done the actual position of the more prominent points by these intersections.

The geological features of the group, which are very simple, (as partly shown in the annexed
diagram,) have considerable bearing on their hydrographic characteristics. Two axes of elevation
are especially noticeable; the main one being at right angles to the great voleanie axis of the penin-
sula of Aliasksa, and the other parallel with it, and, of eourse, at right angles with the former, The
axis of every harbor, ridge, or strait among these islands lies in one or the other of these two axes.
The rocks all dip at various angles to the westward, (magnetic,) and preserve the following order.

To the east the islands arc composed of massive granite, not bedded, and intruding in the form
of dikes and veins into the metaworphic slates and sandstones, which surmount it in the middle
islands.

The metamorphic rocks in their turn, as we reach the western Shumagins, are surmounted by
Tertiary strata, of which the upper beds contain fossiliferous layers of Miocene age, the lower ones
containing remains of warm temperate vegetation, and the uppermost the remains of marine animals,
mollusks, and cetacea. The Tertiary and granite rocks, opposite extremes, decompose into sand,
forming good beaches, while the recent lavas (which interrupt the continuity of the snccession of
the other rocks, especially about Iopoff Strait) and the metamorphic slates are of such a flinty
hardness that the beaches and shores of the islands composed of them are rocky and irregular, so
that it is exceedingly difficult to make one’s way along the beaches or to find a boat-landing even
in the harbors. v

The bottom of the straits and passages about these islands partakes of the irregularities which
characterize the islunds themselves, in which, however, there is a certain uniformity. Thus, all
the islands being composed of uplifted waves of strata having their axis trending in a north and
south direction, 80, in a general way, the submarine elevations are parallel with them. Thisis
especially marked in the strait which separates Nagai from the islands to the westward. At the
mouth of the large bay, without a name, which heads to the eastward in Sanborn Harbor, Nagai, we
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obtain 60 fathowms, gradually deepeniug to 100 and 120 fathoms; two miles off shore is a long sub-
marine elevation known to the fishermen as the “Ridge,” where 45 and 50 fathoms may be obtained.
Beyond this, again, is a deep depression, where over 200 fathoms are reported, (and through which
oune branch of the north arm of the Alaska current pours,) which separates Nagai and the islands
east of it into a differenut hydrographic group from those to the westward. Each of these groups is
composed of ilands separated from each other by comparatively shallow water.
‘ In these notes, I shall consider these groups separately. Tosaverepetition, those islands, hat-
bors, &c., which are not to be found on the charts, will be marked with an asterisk, and those which
are without names by a dagger.

In all cases, I have adopted the names nsed on the first published charts, as far as they have
come under my observation, and any other names of subsequent date are inclosed in brackets.

WESTERN SHUMAGINS.

This group consists of Unga Island, Popoff Island, Korovin, Bouldyr, and Andronica Islands,
the Haystacks, Seal Rocks, and five or six smaller islands.

Unga.—This island contains two good harbors and one anchorage. In conmection with Popoft
Island in the strait another good harbor is formed.

Delaroff Harbor, so called, is the best known, but is merely a safe auchorage in northerly and
westerly winds. The holding-ground is poor and rocky ; several reefs in ill-determined positions
exist off the entrance; and the inner anchora ge affords ouly a fathom and a half at low water, rocky
bottom, with room for only one of the smallest class of vessels, and open to southeast winds, which
are the most prevalent and powerfal in the stormy season.

New harbor. * +— A new harbor exists on the east side of Unga in the deep bay north of Dela-
roff Harbor., It is formed by a sand-spit, behind which, in a southeaster, Captain Morse, of the
schooner J. D. Sanborn, in 1869, found 9 fathoms water, good holding-ground, and protection from
all winds. We did not enter it.

Two small islandst esist in the middle of the wide strait between Popoff and Unga Islands.
There is plenty of water on either side of them, and no hidden dangers known.

Zachary Bay, (Coal Harbor, North Harbor of Unga, &ec.)—This bay is open to all northerly
winds, the holding-gronond is bad, and the shoals extend balf a mile from shore on the west
side, while on the east side, within the same limits, are numerous reefs and shoals, some of which
are hidden. A very long and dangerous reef extends two miles from the West Head, north by com-
pass, toward Gall Island, a small rounded rock, 20 feet high, which lies off the mouth of the bay.
That portion of this bay Iying to the southwest of Round Island is shoal, but a navigable passage
exists on each side of Round Island into a new harbor.t This harbor was first entered by the
boats of the Western Union Telegraph expedition in 1863, and very roughly sketched by their
parties. It is one of the best Larbors in the Shumagins. The holding-ground is the best in 9
fathoms water, muddy bottom, with plenty of room ; water, wood, (alders,) and fine sand all con-
veniently situated. '

A small islet (called in our notes Range Island) lies between Round Island and the point to
the seuth of it ; it is about 15 feet above high-water mark in height. A long and narrow sho.al
extends in a southeast direction from the spit on Round Island for halt' a mile. Vessels beating in
by the northeast entrance should keep open the eastern end of Range Island and the western end
of the point south of it, thus avoiding this shoal. The astronomical position of Round Island was
obtained by us, the shore-line run with the telemeter, and the harbor sounded, but we had got the
time to devote to triangulation. A view of the northern entrance to this harbor is herewith for-
warded. Observations for magnetic dip were also obtained here, and the beight of Round Island
determined to be 427 feet.

The western shore of Zachary Bay is rapidly wearing away under the heavy' sygll causped by
northeast storms in