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ERRATA.

Page 116, second paragraph, for Palasosyopsos, read Palaeosyops.

Page 116, seventh paragraph, for medium, read median.

Page 118, third paragraph, for .010, read M.010.

Page 118, eighth paragraph, for Ecfoganus, read Esthonyx.

Page 123, fifth paragraph, for Hyposyus, read Hipposyus.

Page 123, eighth paragraph, for four molars, read three molars.

Page 124, eighth paragraph, for mandibular series, read preceding species.
Page 125, ninth paragraph, for sectional, read sectorial.

Page 128, seventh paragraph, for normal, read dermal.
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{EXTRACT FROM THE ANNUAL REPORT OF THE CHIETF OF ENGINEERS TO
THE SECRETARY OF WAR.]

OFFICE OF THE CHIEF OF ENGINEERS,
Washington, D. C., October 20, 1874,

* * #* * * * *

GEOGRAPHICAL EXPLORATIONS AND SURVEYS WEST OF THE ONE
HUNDREDTH MERIDIAN IN CALIFORNIA, NEVADA, UTAH, ARIZONA,
COLORADO, NEW MEXICO, WYOMING, AND MONTANA.

Officer in charge, First Lieut. George M. Wheeler, Corps of Engi-
neers, having under his orders First Lieuts. R. L. Hoxie, W. L. Mas-
shall, S. E. Tillman, and P. M. Price, Corps of Engineers, Second Lieunt.
A. H. Russell, Third United States Cavalry, and, during portion of the
field-season, Lieuts. H. R. Brinkerhoff and L. H. Walker, Kifteenth
United States Infantry,as escort officers, Acting Assistant Surgeous J.T.
Rothrock, H. C. Yarrow, and C. G. Newberry, United States Army, who,
in addition to their professional duties, were engaged in botanical, or-
nithological, and natural-history labors.

Active field-operations were in progress at the commencement of the
fiscal year, the three main divisions of the expedition having departed
trom their rendezvous at Salt Lake City, Utah, Denver, Colorado, and
Santa Fé, New Mexico, moving south into Arizona, connecting with
work of former years, covering during the season an area of about
75,000 square miles, and disbanding at the close of the field-season in
November and December.

Following the disbanding a sufficient number of the members to pre-
pare the matured results returned to Washington, where they were en-
gaged during the winter months, and where a small force of draughts-
men and cowmputers are continnously engaged in elaborating the material
gathered in the field.

In addition to topographical work proper the survey combines the
establishment of numerous points astronomically; (an important feature
in relation to many public and private interests ;) observations in mete-
orology and hypsometry ; investigations in geology, mineralogy, and
natural history; and the gathering of many other facts upon subjects
bearing upon the industries and resources of the regions traversed. A
mass of usetul information and results is thus constantly being accumu-
lated and made available to the Government and the public.

By experience and improvements in methods and instruments, the
value of the results is annually enhanced and the cost of the work am-
ply repaid.

Final results in the astronomical and other branches of the work have
appeared, and additional will be ready for the press and engravers
before the close of the present year.

The expedition for the present field-season is well organized and
equipped, and the officer in charge is sanguine of most satisfactory re-
sults. The field of operations lies iu southern and southwestern Colo-
rado, northern and northwestern New Mexico, and northwestern Ari-



4

zona. Several primary astronomical stations will be determined in

addition to astrouomical observations in the field, and the astronomical

observatory at Ogden, Utah, will be well advanced toward completion.
Lieutenant Wheeler submits estimates —

For continuning the exploration. ... ... e ool $95, 000
For engraving and printing the plates and atlas-sheets accompanying the re-

ports of the geographical explorations and surveys west of the 100th meri-

L4 25,000

His annual report and estimnates are appended.

(See Appendix FF 1 and ¥FF 2.)

Lieutenant Wheeler has also submitted a report of Prof. E. D. Cope,
paleontologist, from his camp, on Galinas Creek, in the Rio Grande
basin, including a description of new species of vertebrate fossils, and
of an extensive series of deposits of the Iocene age, indicating the
existence, in earlier geological time, of an extensive lake of fresh water
in that part of New Mexico. ,

The collections made and to be made by this special party are likely
to prove of unusual interest. :

(See Appendix FF 3.)

* *

* * * * *

REPORT.

APPENDIX FF.

ANNUAL REPORT OF LIEUTENANT GEORGE M. WHEELER,
CORPS OF ENGINEERS, FOR THE FISCAL YEAR ENDING
JUXNE 30, 1874,

GEOGRAPHICAL EXPLORATIONS AND SURVEYS WEST OF THE ONE HUN-
DREDTH MERIDIAN, IN CALIFORNIA, NEVADA, UTAH, ARIZONA, COLO-
RADO, NEW MEXICO, WYOMING, AND MONTANA.

Season’s operations.

UNITED STATES ENGINEER OFFICE,
GEOGRAPHICAL EXPLORATIONS AND SURVEYS
WEsT OF THE ONE HUNDREDTH MERIDIAN,
Washington, D. C., June 30, 1874.

GENERAL: I have the honor to submit the following annual report
upon geographical explorations and surveys west of the one hundredth
meridian, in California, Nevada, Utah, Arizona, Colorado, New Mexico,
Wyoming, and Montana for the fiscal year ending June 30, 1874.

Toward the close of the last fiscal year, the expedition of 1873 had
taken the field in three separate divisions from Salt Lake City, Utah,
Denver, Col., and Santa Fé, N. Mex.

The Salt Lake division, under Lieut. R. L. Hoxie, Corps of Engineers,
crossed the Colorado River near the mouth of Paria Creek, emerging
upon the mesa to the southward, in the vicinity of El Vado de los
Padres; from thence making its way to the southward, joined the south-
ern or main division, operating in the territory in New Mexico and Ari-
zona but little known, lying between the thirty-fifth and the thirty-sec-
ond parallel after it bad completed the duties assigned to it in atlas
rectangles 50 and 59.
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Each division was accompanied by a small escort. These escorts
were (with the exception of one corporal and six men, with Lieutenant
Hoxie, detailed from the military department ot the Platte, General E.
0. C. Ord commanding) drawn from the military department of the Mis-
souri, General John Pope commanding, the larger portion ot the latter
having been detailed from the military district of New Mexico, Col. J.
Irwin Gregg commanding., These escorts were distributed among the
several working field-parties, and were in numbers sufficient only for the
protection of the lives of the members of the expedition and for guarding
the public property. The necessary namber of guides, packers, herders,
laborers, &c., accompanied the expedition.

The Denver division, or Colorado party, under Lient. W. L. Marshall,
Corps of Engineers, was occupied for the entire season in Colorado, and
completed most successfully the duties assigned to it in that tield.

Executive reports submitted by Lieutenants Hoxie and Marshall are
herewith,

EReport of Licut. R. L. Hoxie, Corps of Engineers.

UNITED STATES ENGINEER OFFICE,
GEOGRAPHICAL EXPLORATIONS AND SURVEYS
WEST oF ONE HUNDREDTH MERIDIAN,
Washington, D. C., January 1, 1374,

Sik: I have the honor to submit the following executive report of
operations under iy charge during the field season of 1873:

The party to which I was assigned as executive officer in charge was
organized at Salt Lake City, Utah, and consisted of Gilbert Thompson,
topographer; Edwin E. Howell, geologist; Williain Somers, meteorol-
ogist ; Alexander Brown, odometer recorder; one cook, one cargadore,
and four packers, with an escort of one sergeant and five privates from
the military Post of Beaver, Utah.

The party left Salt Lake City on May 30th, and operated, until Septem-
ber Tth, east of the Wahsatch Mountains, in Castle Valley, working its
way southward to the Colorado River, over the western part of Castle
Valley, the portion of country required to complete atlas sheets Nos. 50,
59, and 67, at that time prepaaing for publication.

On the 7th of September we crossed the Colorado River and proceeded
by way of Oraybe and the Moquis Pueblos to Fort Wingate, N. Mex.,
whence, after refitting, we proceeded southward, co-operating with the
other parties in New Mexico and Arizona Territories, and, returning
at the close of the season.disbanded at Fort Wingate on the 25th of No-
vember.

During the three months’ operations in Utah about fifteen hundred
topographical and triangulation stations were occupied, and oune thou-
sand and twenty-five miles of meander lines measured, besides which
namerous detours were made for the ascent of prominent points as tri-
angulation stations. Thelatitude and departure of camp was computed
each night, the meander lines of the day plotted, and the prineipal topo-
graphical features drawn upon the field-map. Sextaunt observations for
latitude upon north and south stars, and observations on Polaris for
maguetic declination, were taken at each camp. The meridian ot Provo
was conuected with that of the observatory at Salt Lake City, time-sig-
nals having been sent over the wires of the Deseret Company, treely
tendered to the expedition by the courteous action of D. Milton Musser,
superintendent.
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The cistern and aneroid barometers, with the psychrometer, were read
at regular intervals in camp and at all points that would serve to indi-
cate the reliet of the country.

About six thousand square miles of a very difficult mountain and
calion eountry was mapped here.

The accuracy of the work depends upon the triangulation and the
latitude-checks.  The former was entirely upon natural objects, the
peaks of the Wahsatch range, the Henry Mountains, Navajo, and prom-
inent mesas, and made with the gradienta by Mr. Thompson, who has
shown more than ordinary skill and energy in performing rapid and
accurate work. We derived much assistance from Mr. Howell, whose
investigations in geology were necessarily carried on in intimate con-
nection with the topography.

The sextant observations were made entirely by myself, and the aver-
age probable error of the results is about ten seconds of arec.

More time was taken in this part of our field of operations than
allowed by your instructions, but this was necessitated by the obstacles
encountered. In the month of June we found the high passes of the
Wahsatch Range blockaded with snow and mud, and the streains on
the eastern slope were swift, cold, and deep, causing serious detentions.

Later in the season we had worked our way southward into the caiion
country, in which progress was necessarily slow, and a scarcity of grass
and water added to the difficulty of traversing the country. At this
time two of my packers deserted with thirty-two mules, and caused a
further delay of about twenty days. The time was usefully employed,
however. The full working force kept the field as usual, and although
I had not intended to give the time here, the work done in consequence
could not well have been dispensed with. The recovery of the mules,
with the men who ran them off, cost me a chase of four hundred miles,
the return being accomplished in two hundred more, over the wildest
part of a difficalt country.

We encountered considerable hardship during this part of our season’s
work, being frequently without good water, and sometimes without any.
At one time we subsisted for seven days upon hard corn, brought along
for the mules, and taken tfrom them when they could ill spare it.

It was not possible to sacrifice close work to the pressure of time, as
the devious track which covered so much ground was forced upon us by

" the difficult nature of the country.

"~ A portion of the results of this part of the season’s work are already
publishied in Atlas sheets Nos. 50 and 59, and Mr. Howell will report
upon the geology and mineralogy of the country so far as observed by
him.

From the crossing of the Colorado to Fort Wingate, the, most direct
ronte was taken and no attempt was made to map the country through
which we passed. The trail was carefully meandered, however, the to-
pography adjacent sketched in, and frequent bearings taken as checks
upou prominent points, with the usual latitude-checks for the camps
and the observations with cistern barometer, aneroid, and psychrometer.
The primiary object here was celerity of motion, the survey recom-
mencing at Fort Wingate. The length of measured meander line was
about two hundred miles. .

Soon after leaving Fort Wingate Mr. Thompson was detached by
your order, with a small party, to carry a system of triangles over the
ground covered by my own aud the other parties then operating together
iu New Mexico. This work was successfully accomplished. Base lines
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were measured at Fort Tulerosa and Fort Bayard, and others located to
be measured next season.

The work of my own party in this section of the country was con-
ducted in the same manner as in Castle Valley during the earlier part of
the season; but, having much more favorable conditions, better results
were obtained.

About five thousand square miles were covered along the Aflantic
and Pacific divide, in the section of country embraced in Atlas sheets
Nos. 76, 83, 77, and 84.

This has been mapped and is ready to be transferred to the Atlas
sheets. .

Detailed reports of the geology and mineralogy of the region trav-
ersed will be submitted by Mr. Howell and Dr. Oscar Loew.

Very respectfully, your obedient servant,
R. L. Hoxig,
Lieut. of Engineers, U, S. A.
Lieut. GE0. M. WHEELER,
Corps of Engineers, U. S. A.

Report of Lieut. W. L. Marshall, Corps of Engineers.

UNITED STATES ENGINEER OFFICE,
GEOGRAPHICAL EXPLORATIONS AND SURVEYS
WEST OF THE ONE HUNDREDTH MERIDIAN,
Washington, D. C., June 30, 1874,

Sir: I have the honor tosubmit the following executive report of the
operations of the Colorado party of the expedition for explorations and
surveys west of the one hundredth meridian, during the field season of
1873.

In accordance with the annual project, approved by the Secretary of
War and Chief of Engineers, and pursuant to instructions from you, I
organized the party at Denver, Colo., about June 1,1873. Its personnel
was as follows: First Lieat. W. L. Marshall, United States Engineers,
executive officer and astrouomer; Dr. J. T. Rothrock, acting assistant
surgeon, United States Army, surgeon and naturalist; Prof. J. J. Ste- .
venson, geologist; J. J. Young, topographber; Edgar Schroeder, assist-
ant topographer ; Prof. John Wolf, collector in botany ; Bernard Gilpin,
meteorologist, and a small escort of enlisted men from the Fifth In-
fantry. Including packers and employés the party numbered forty-two
men. Later in the season we were joined by Mr. Louis Nell, chief of
triangulation. Pending the organization of the main party, on the 8th
day of June a small topographical party was sent out to define the bases
of the mountains, or ¢ hogsbacks,” from the mouth of the Platte Caiion
to Golden City, with orders to join the main party at Georgetown, Colo.,
on the 16th.

On the 17th of June, having received at Georgetown the necessary
supplies, I sent the main party, under Dr. Rothrock, to encamp near
Fair Play, in South Park, to allow the collectors in natural history an
opportunity to make full collections in the several branches in that
vicinity, and to establish a meteorological stafion at the permanent
camp. My small party retraced their course to Idaho Springs, visited
the mines at Central City and Black Hawk ; thence, by way of Chicago
Lake and Mount Evans, to Georgetown, making the necessary topograph-
ical stations. On June 22 the Atlantic and Pacific divide was crossed
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at the Argentine Pass, and from this date to July 4 the party worked
about the lieads of the Blue and Platte Rivers, in the cross range be-
tween Middle and South Parks, and in the Blue River range, making
the ascent of Lincoln Peak and such other stations as were necessary
to give a knowledge of the topography of this region.

Leaving the collecting party at Ifair ’lay with orders to move camp to
Twin Lakes, on the west side of the Upper Arkansas River, by August
1, the field party proceeded to survey the mountain-ridges bounding
South Park, examined the country about the heads of the North Fork
of the South Platte; the Kenosha range from Mount Evauns to the
Platre and Arkansas dlwde this divide from the southeastern limit of
South Park to the head of th(, South Fork of the South Platte River,
meandering en reute the principal roads and streams, and making the
necessary Stations upon mountain-peaks to check by triangulation the
principal points of the survey. Wet Mountain Valley was visited, and
the Arkansas River traced from near Cailon City to Granite C. H., at
which place we arrived August 1, 1873.

During this interval, July 5 to August 1, Mr. Schroeder was employed
with a small topographical party in collecting topographical data and
in meandering roads and streams in South Park not traced upon the
plats of the General Lard-Office, and not visited by my own party.

From the non-arrival of supplies forwarded by the Quartermaster’s
Department from Cheyenne, a delay of several days was necessitated,
which interval was spent in the immediate vicinity of Twin Lakes in
collecting topographical details. A base was measured and an accurate
trigonometric survey of the lakes made, and the topographical features
relatively located from it. Two lines of soundings across either lake
were made at the request of Prof. Stevenson.

On the 6th of August, having purchased the necessary supplies, the
geologist and topographer were sent to visit the mines at Oro City,
Oolo., and M¢Nutty gulches, and Homestrike Mountain, and to exam-
ine the country about Ten-Mile Creek. one of the tributaries of the
Blue River; the western slope of the Blue River range ; to meander
Eagle River and its main branches, and to define the northern limit of
the main or Sagunache range west of the Arkansas River.

This party having accomplished its object, returned to the permanent
camp at Twin Lakes on Aungust 18, On the following day, still leaving
the collecting party at Twin Lakes with facilities to extend the field of
their investigation wheresoever they pléased, two topographical parties
were dispatched—Mr. Schroeder, assistant topogmphu to colleet topo-
graphical data and meander the streams tlowing into the Arkansas
north of Luke Creek ; to fix the water-shed and locate the heads of the
mwiddle branch of the Roaring Fork of the Grand River; while my own
party crossed the divide at the head of Lake Creek, and tfrom August 19th
to September 3rd were engaged about the heads of the Gunnison River,
and the southern tributaries of the Roaring Fork of the Grand River
stations were made upon prowminent peaks in the Elk Mountains, and
also in the Saguache range at the heads of Chalk and Cottonwood
Creeks, and the cafion of Taylor River traced to the junction of this
stream with East River.

On the 3d of September the party was joined by Mr. Nell, chief of
triangulation, from Fort Wingate, N. M.

On September 5th, he was sent with orders to make triangulation-
stations near the junction of the Eagle and Grand, at the northern ex-
tremity of the Saguache range, in the Blue River range, upon Gray’s
Peak and Mount Evaus, connecting the former with the astronomical
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point at Georgetown ; thence to proceed by the shortest road to Pike’s
Peak, which point had been located from a base measured near the
astronomical station at Colorado Springs by Dr Kampf, making sec-
ondary stations en route ; thence wvia the southern rim of South Park
and the Platte and Arkansas divide to South Arkansas Creek, and
thence to Fort Garland, making the necessary stations to give a con-
nected system of triangles from the northern to the southern limit of
our survey, from which points those occupied by Messrs. Young and
Schroeder could be fixed. These orders were carried out by Mr. Nell,
except that he was prevented by snow from actually occupying one of
the main stations near the head of the South Arkansas, suggested to
him. This point, though quite accurately fixed inlongitude and latitude,
must be oceupied the coming season.

From September 5 to October 10 two parties were continuously em-
ployed in completing the survey of the drainage-areas of the upper
Arkansas, and that part of the area drained by the Gunnison River
which lies east of the one hundred and seventh meridian. From the
10th of Oectober to November 4 a line-survey was run up the valley of
the Rio Grande River to the San Juan mining district, but snow, which
fell to the depth of 13 inches on the 15th, 16th, and 17th of October, pre-
vented any further work in this region at high altitudes and effectually
prevented any wain stations on mountain-peaks. The Las Animas River
was headed, and a line run down this stream connecting with Mr. Nell’s
trail from Fort Wingate, thence via the Pagosa Hot Springs, Tierra
Amarilla, and the head of the east branch of the Chama, and the San
Antonio River to Fort Garland.

The streamns tributary to the Rio Grande from the west and its main
South Fork had meanwhile been meandered by a small party. The
Sangre de Christo range south of Fort Garland as far as the New Mex-
ican line was also surveyed by Mr. Young. The interval from Novem-
ber 4 to November 14 was employed by Mr. Nell in measuring a base
near Fort Garland and expanding it to Lis triangulation-stations.

A small party under the direction of Dr. Rothrock was dispatchied on
Novewmber 9 to Denver via Wet Mountain Valley, the Hardscrable Mines
at Rosita, the Coal Mines at Cafion City, Colorado Springs, and mouth
of Platte Cailou, to define the limits of the foot-hills and meander cer-
tain reads and streams. This party arrived at Denver December 4th,
1873. The measurement of the base and the local triangulation about
Fort Garland baving been completed, the escort returned to its station
and the supernumerary employés were discharged. My party left Fort
Garland November 14, and proceeded, via the Aheyta Pass, to the east
of the Sangre de Cristo range, headed the Cucharas, the Apishpa, the
Purgatoire, and the North Fork of the Canadian River, made a triangu-
lation station upon the Greenhorn Mountain ; then proceeded via Mace’s
Hole, Red Creek, Caiion City, Oil Creek, the Cafion of the South
Platte, North Fork of the South Platte, and Turkey Creek, to Denver,
making the necessary topographical stations en route, aud, with the lines
already ran by Messrs. Nell and Young, completing the survey of the
foot-hills. On the 10th day of December the parties were disbanded at
Denver, Colorado.

METHODS OF SURVEY,

The tavo peaks, Gray’s and Pike’s, were located from the astronomiecal
stations at Georgetown aud Colorado Springs, C. T., and the computed
length and azimuth of the line connecting them were used as a base for
our triangulation,
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During the season thirty-six peaks, over 13,000 feet in height, were
occupied, and many others of less altitude, which were fixed by triangu-
lation processes. At the main points, the angles, repeated, were read
from an instrument made by Stackpole, 8 circle, graduated to read by
vernier to 10 of arc. At other important points a gradienta was em-
ployed. In addition to the mountain-work, nearly five thousand miles
of roads and streams were meandered ; the angles being read from a
Casella theodolite and the distances measured by an odometer, checked
by angles to fixed points, and by sextant observations made by myself
for latitude. The area covered is nearly twenty-one thousand square
miles. .

METEOROLOGY AND HYPSOMETRY.

At all camps cistern-barometer readings were taken tri-daily when
the cawmnps were for an entire day or more, and at 7 a. m. and 9 p. m.
when en route.

The altitudes of mountain stations were determined by cistern-barom-
eter observations, referred either to our main camps or to the astronom-
ical hourly stations, and by vertical angles from barometric and trigo-
nometric bases.

At topographieal stations along roads and streams aneroid readings
were taken. The profiles of nineteen passes, eleven over the Atlantic
and Pacific divide, and eight over subordinate ranges, were taken, and
the slopes of many beds of streams near their heads determined.

GEOLOGY.

Prof. J. J. Stevenson, of New York, accompanied the party as geolo-
gist, and his report, already submitted, attests the ability and zeal with
which he worked in spite of the necessarily limited facilities that could
be afforded.

NATURAL HISTORY.

Dr. J. T. Rothrock and assistant John Wolfe were offered every facil-
ity and aid in my power in making collections in natural history, and
the results, especially in botany, have probably never been equaled by
any exploring or surveying expedition to the West. Nearly 12,000
specimens of plants from over 1,100 different species, and large collec-
tions in other brauches of natural history, were gathered by these gen-
tlemen, and are now being worked up.

To these and the other gentlemen of the party, for their efficient aid
and exertions during the field-season, I desire to return my thanks,

Respecttully submitted.

W. L. MARSHALL,
First Lieutenant of Engineers.
Lieut. GEo. M. WHEELER, )
Corps of HEngineers, tn charge.

The division moving out from Santa IFé accomplished during the sea-
son, with the assistance of the Salt Lake division, the survey of 11,000
square miles in the Territory of New Mexico, and 17,500 in Arizona, in
a region possessed of remarkably interesting topographical features.
The total area surveyed during the entire season was, approximately,
72,500 square miles. The degree of accuracy of the survey was con-
siderably in advance of that of former years. The connecting station
for ast ronomical signals of the main parties was at the Mormon observ-
atory, Salt Lake City, until late in September, when it was transterred
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to the observatory constructed under the auspices of the survey, at
OOden, Utah. Several astronomical parties were remarkably fortunate
in ((Lrumg, out their observations at all points selected, which were
twelve in number, making it notably an astronomical cdmpalgn of a
single season, marked by the most successful results. The parties are
agzu’n about to take the field to continue their labors in southern and
southwestern Colorado, northern and northwestern New Mexico, ana
northwestern Arizona. The geographical area to be occupied is repre-
sented by Atlas rectangle No. 69, southwestern quarter of No. 61, west-
ern halt of No. 70, and portions of N~. 68. The equipments and prepa-
rations, notwithstanding the late date of commencing the latter, are
better than ever before, and “he addition of a few new members to the
organization has establisheu for each of the parties an efficient personnel.

The number of applications by young men, graduates of the several
scientific schools of the country, besides geuntlemen of professional note,
has been much greater than heretofore, and it is believed will increase
from year to year.

The following officers and civilian assistants have been connected
with the survey during the season or portions thereof: First Lieut. R.
L. Hoxie, Corps of Engineers, in charge of main field party No. 2, until
the close of field operations; since that time in charge of the meteoro-
logical branch of office; Lieut. Wm. L. Marshall, Corps of Engineers,
in charge of main field party No. 3, and of astronomical work in the
office, and since March 24 in charge of topographical branch ; Lieut.
S. E. Tillman, Corps of Engineers, reported for duty upon the survey
on the 29th of August, and trom that date until the close of field opera-
tions was in charge of main party No. 1, and of topographical branch
of the office nntil March 24, when he was relieved and ordered for duty
upon the observations for the transit of Venus; Lieut. Philip M. Price,
Corps of Engineers, reported for duty on the 27th of dJune, 1874, Sec-
ond Lieut. A. H. Russell, Third United States Cavalry, was connected
with the work daring the year until February 4, 1874, as acting assist-
ant quartermaster, assistant commissary subsistence, and ordnance
officer to the expedition. In addition to these duties he was in charge
of a portion of main field party No. 1, during field operations, and after-
ward employed in the settlement of his accounts and reduction of his
topographical work, until relieved. Lieut. H. R. Brinkerhoff, 15th
United States Infantry, was detailed as escort ofticer to the expedition,
in which capacity he served until July 5, 1873, when he was relieved by
Second Lieut. L. H. Walker, Fifteenth United States Infantry, who in
addition had charge of a small party in its operations from Fort Win-
gate to Fort Tulerosa, New Mexico, until close of field operations.

Acting Assistant Surgeon J. I. Rothrock, United States Army, was
on duty with the survey during the entire season; Acting Assistant
Surgeon H. C. Yarrow, United States Army, from Janunary 31, 1874, and
on the 3d of February was assigned to the charge of the natural-history
branch of the survey, ip addition to his other duties. Acting Assistant
Surgeon C. G. Newberry, United States Army, reported for duty on the
7th ot May, 1873, in compliance with instructions of the Surgeon Gen-
eral United States Army, and continued with the work until January
31, 1874, when he was relieved and his contract annulled.

Hospital Steward Theodore Y. Brown has been on duty with the survey
during the entire year until May 1st, when he was granted furlough for
three months, with permission to go beyond the sea.

In the astronomical branch of the survey Civilian Assistants Dr. F.
Kampf, William W. Marryatt, J. H. Clark, Professor S. H. Safford, and
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Professor H. B. Herr have been engaged—Dr. Kampf during the entire
year; Mr. Marryatt fromn July 1, 1873, to October 8, 1873 when his
death occurred, at Bozeman, ’V[ontana, Mr Clark from J u]y 1 to April
1, 1874; Professor Safford "for seven months ; Professor Herr until
Aug‘ust 25, 1873.

Assistants Louis Nell, Gilbert Thompson, J. J. Young, E. J. Sommer,
Max E. Schmidt, R.J. Ainsworth, and, at times, Francis Klett and
Edgar Schroeder have, under direction of the officers in charge,
conducted field topographical work, and during the winter have been
engaged in the reduction of their notes and plottings.

Assistant F. M. Lee has been employed duaring the entire year in the
reduction of barometrical observations taken by the several parties.

In the reduction and presentation of topography Messrs. Weyss and
Herman have been engaged during the whole year, and Messrs. Lang,
Philp, and Aquirre a portion thereof.

In the natural history branch Assistants H. W, Henshaw, George M.
Keasby, and John Wolf were employed in making collections in the field,
and Mr. Henshaw, during the winter, classified and arranged specimens
collected.

Mr. T. H. O’Sullivan, photographer, secured forty-two landscape views
and one hundred and four stereoscopic views, a portion of which will be
published.

Mr. A. H. Wyant, artist, traveled with the photographic party, and
made studies of some,scenes in the Cafion de Chelle, one of which he
proposes to put on eanvas when his health will permit.

Assistants G. K. Gilbert, Prof. John J. Stevenson, E. E. Howell, and
Oscar Loew were employed during the year in geological researches in
the field, and compilation of results during the winter. Dr. Loew has
made mdny interesting analyses regarding minerals, soils, &e. In the
general duties pertaining to the work, both in the ficld and the office, I
bhave been ably and faithfully assisted by Assistants W.D. Wheeler and
J. B. Minick. I bave again the agreeable duty of reporting the cour-
tesies extended to the survey by the officers of the Western Union Tele-
graph Company, and the use of wires of that company over lines extend-
ing from Salt Lake City westward to Virginia City, Nev., eastward to
Cheyenne, and thence southward to Santa Fé; and northward from
Ogden, Utah, to Helena, Mont. Mr. Hibbard, the superintendent at
Salt Lake City, made, with commendable zeal, all the arrangements
necessary to carry out this extended programme, in which he was
seconded by Mr. Woodward manager at Denver, Colo. ; as likewise the
operators at Cheyenne, and at all the points from whence signals were
sent and received.

The Atlantic and Pacific Telegraph Company extended also the free
use of their lines. Messages for longitudinal difference were also sent
over the lines of the Deseret Telegraph Company from Richfield, Utah,
by Lieutenant Hoxie. Mr. Thomas Largey atforded the use of his lines
from Helena to Bozeman, Mont., at reduced rates. We were thereby
enabled to fix the geographical position of this important point agree-
ably to the wishes of Bvt. Maj. Gen. E. O. C. Ord, commanding the
Department of the Platte, it being one of the extremities of the routes
surveyed by Capt. Williamm A. Jones, Corps of Engineers, from the
Union Pacific Railroad to the head-waters of the Yellowstone, and
beyond. Longitude connection was made between the observatory
at Ogden, Utah, and that of the United States lake survey at Detroit,
Mich. ; Maj. C. B. Comstock, Corps of Engineers, detailing at the Detroit
end of the line Assistant O. B. Wheeler for that purpose.
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The officers of the United States Naval Observatory have, as hereto-
fore, extended kind assistance to the survey.

The only casualty to be noted during the year has been the death,
from fever, of Astronomical Assistant Wm. W, Maryatt, while engaged
in carrying on his observations at Bozeman, Mont. This was one of
the last stations to have been occupied by him during the season. He
had gone forward, after having been very successful at the other stations,
and was stricken down soon after reaching Bozeman, and, after a short
and severe illness, died at that point. The survey lost a most valuable
assistant, and the profession of astronomy an accurate, faithful, and

zealous worker.
ASTRONOMICAL BRANCH.

The classes of astronomical work conducted by the survey have been
of two distinet grades:

1st. Those at the main or primary station, where, by the most refined
methods and use of the best class of instruments, the astronomical co-
ordinates are determined with the utmost accuracy, and the meridian
line of the point carefully established.

2d. At positions in the field, where, in order to carry out the scheme
of survey, sextant latitude checks are required, and at other points
where, the telegraph being accessible, the weridian is determined by
comparing local times, the watch-errors having been obtained by sextant
observations. The latter class of stations are more or less numerous, in
accordance with the character of the area surveyed, and of the points
within the same whose position can only well be determined by this
means.

The others are at specifically-selected points near the fields of survey,
and from which, measured and developed, bases controlling the trian-
gulation can easily be laid out.

The main or primary points occupied during the season of 1873 were:
. Georgetown, Colo. :

. Hughes, Colo.

. Colorado Springs, Colo.
Labran, near Cafion City, Colo.
. Trinidad, Colo.

. Ogden, Utah.

. Green River, Wyo,

. Winnemueca, Nev.

. Virginia City, Nev.

. Bozeman, Mont.

. Santa Fé, N, Mex.

2. Fort Union, N. Mex.

Q’:CD-’IG’:@&FCXJL\SH
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OBSERVATORY AT OGDEN.

A substantial observatory, of three rooms, with brick superstructure
and stone foundations, has been built at this point. The walls are com-
pleted, but the dome and the middle observing-room are yet unfinished.

The co-ordinates of this position, as referred to the meridian estab-
lished by the United States Coast Survey at Salt Lake City, and that of
the United States Lake Survey at Detroit, Mich., have been determined.
In the season of 1874 it is intended to exchange signals with the United
States Naval Observatory at Washington, and resulting therefrom
another check will be introduced. The several results will be discussed
in theastronomical volume. The meridian of Ogden will then be assumed
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as the standard of reference for the future astronomieal positions deter-
mined by the survey.

There are submitted results from the reports upon the determinations
of the astronomical co-ordinates of the following main or primary sta-
tions : 1. Carlin, Nev.; 2. Battle Mountain, Nev.; 3. Auastin, Nev.;
4. Saint George, Utah; 5. Fort Whipple, Ariz.; 6. Fort Fred Steele,
Wyo.; 7. Laramie, Wyo. ; deduced from observations made during the
years 1871 and 1872.

CARLIN, NEVADA.

Geographical position—longitude, 116° 7/ 20.6", latitude, 40° 42/ 26.67"

The astronomical station is sitnated west-northwest from Carlin, Nev.,
344 feet from the track of the Central Pacific Railroad, and 1,406 feet
from the Humboldt River, which is due south, and 550 feet from the
railroad-bridge over a small creek entering the Humboldt from the
south. The town has nearly 2,000 inhabitants, and is’ mainly located
from east to west along the railroad-track.

Physical geography details—The ground around the station is level to
the east and west; at a distance of 2,000 feet south and north a gentle
rise commences. At adistance of two or three miles some slight hills,
not more than £00 to 800 feet above the station, are visible. The eleva-
tion of the monument above the level of the sea is determined approxi-
mately to be 5,000 feet.

Meteorological conditions.—No meteorological observations of a general
or special kind were made during the time of observations. As far as
can be seen from the diary of the observer, there was a great diurnal
change of temperature, by which the rate of the chronometer was much
affected.

v Description of observatory y.—The observations were taken in a common
wall-tent, 10 by 10 feet, with an opening for the meridian line. The
telegraphic instmments were placed in the northeast corner. The wires
of the Western Union Telegraph Company were used for exchange of
signals. The observer had no assistance but, Carlin being the starting-
point for all parties, Mr. Francis Klett acted as recorder during the time
he was present.

Description of instruments.—The astronowmical instrument was a com-
bined transit, made by Wiirdemann, numbered 16. 1t was of 26 inches
focal length and 1% inches aperture, and mounted on four pieces of red-
wood scantling 4 by 4 inches, which were planted in the ground about 4
feet, and fastened togetherabove by board cross-pieces. For telegraphing,
a switeh-board wasused, adescription of which will be found in the report
on Colorado Springs, Col. The observations were taken by eye and ear,
using the sideral chronometer Negus 1344 ; for the exchange of sig-
nals, mean solar chronometer Hutton No. 288 was always used.

Points with which connections were made were with the United States
Lake-Survey Observatory at Detroit, Mich., and the United States
Naval Observatory at Washington, D. C.—Detroit receiving the signals
sent from Carlin and Washington. Signals were sent on May 19, 23, and
24, 1871. Carlin was occupied by E. P. Austin; the observations at
Detroit were conducted by Mr. O. B. Wheeler, assistant, United States
Lake-Survey ; at Washington, by Prof. John R. Eastman, United States
Naval Observatory. The computations relating to Carlin and also the
arrangement of the report were made by Dr. F. Kampf.

Instrumental values, &c.—The value of one division of the striding-
level was 1.14"; the value of one division of the zenith-level was 2.70%;
of one revolution of the micrometer screw, 80.86”. The wires of the




15

Western Union Telegraph Company were brought into the tent by a
loop. By means of automatic repeaters the signals were sent to the
counected stations—the repeaters being placed at Corinne, Cheyenne,
Omaha, Chicago, Pittsburgh, and Philadelphia.

In relation to the personal equation, I have to state that, as far as it
is known in this office, this value for the relative error of the observers
has not been determined. Mr. Austin was in Washington in the spring
of 1873 for this purpose, but no satisfactory results were obtained. The
resulting longitude is therefore affected by this relative error.

OBSERVATIONS TO DETERMINE THE CLOCK-CORRECTION AT THE
UNITED STATES NAVAL OBSERVATORY.

The instrument used in these observations is that known as the
‘“ meridian transit,” which has been employed at the Observatory for
many years, and is now situated in the east wing of the building. The
description of this instrument may be found in the ¢ Washington Astro-
nomical and Meteorological Observations” for 1862.

The transit was employed in 1871, under the direction of Prof. M.
Yarnall, United States Navy, in observing stars for the ¢ General Cata-
logue ;” and, as the observations for time used in the longitude work were
made after the regular work with the instrument was finished for the
night, the same observations for collimation were employed in reducing
the time-stars as were used in the reduction of the regular work.

The system of transit-threads in this instrument is composed of five
groups or sets. When the clamp end of the axis is east, the set which
is first reached by a star in its transit at the upper (,ulmmatlon is known
as set A, and the others as sets B, C, D, and B.

During the early part of 1871 the equatoria,l interval between each
thread in the five sets and the mean of B, C, and D was found to be
as follows :

! T
Threa(L!Interval. Thread. Interval, | Thread. |Interval. | Thread. | Interval. ,Thread. Interval.

8. . 8. 8. .
AL BT 89T leeeeceennfaaeieaaaes Cpocenen [ 3183 [Dy...... 15.146 || By ..... . 30.003
Agono... 35,972 fceacaneeanfanneeannns [o . 1.654 || Dy oooll 17.589 | By -.... o 32,647
Ageeenn. 34.308 | By eevnn- 19.216 || Cg -.o-., 0.014 || Dg......| 10.110 | By ..... I 34.153
Ageeen.. 32,745 {| By cceunn 17.563 || Cq vue-e- bo1639 (e, Equeun. | 3582
‘ .................... Ej..--. i 37.693

Ageenn.. 30.205 || Bg «---.. 15.069 || Cg ... (X571

The reduction for C?is 4 05,014 when the clamp end of the axis is
east. The clock used is that known as the ¢ mural clock,” and is
mounted against a stone pier in the transit-room. It is connected with
the chronograph in the usual way, and closes the circuit at each second,
except at the sixtieth second of each minute, when a small ivory lever
on the axis of the escapement-wheel raises a very delicate spring, which
forms a portion of the circuit, and prevents the closing of the circuit at
that instant.

The observations of all except circumpolar stars were recorded in the
usual manner by the chronograph, which is deseribed in the annual
volume for 1862,

In the reductions, whenever a broken set of observations occurred,
each thread was reduced separately.

Instrumental corrections.—The corrections to the observed transit of
a star were derived from the observed and computed errors ¢/, »/, and m'.

The error of collimation is represented by ¢’; the equatorial value of
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the distance between the line of collimation and the true meridian at
the pole, by n/; and the distance between the line of collimation and the
true meridian at the equator, by m/.

The quantities represented by n/ and m’ are used instead of errors of
azimuth and level.

By means of a collimating eye-piece, the error of collimation and level
was determined by reversing the instrument over a basin of mercury,
and measuring with the right-ascension micrometer the distance between
the central thread (c;) and its image reflected from the mercury.

Denoting by—
¢, n, and m the corrections obtained from the observed and computed

errors ¢/, #/, and m';

2 4, the dlstanee of the central thread west of its image when the
cl(mm p-end of the axis is east;

2 4/, the distance of the central thread west of its image When the
clamp end of the axis is west ;

», the correction for the excess of the radius of the clamp-pivot=0s, 008

r, the equatorial distance of the widdle thread from the mean of sets
B, C, and D=05.014;

a, the correction for dlurnal aberration=0%016;

b, the level-correction;

a, the adopted place of the star;

o/, the observed place of the star;

é, the deeclination of the star;

¢, the latitude of the observing-station;

C’, the approximate clock-correction ; and

C, the clock-correction derived from the observation of each star—

and we have the following formulas, which have been employed in reduc-

ing the observations for time :

n was (etermined from the observations of circumpolar stars.

The quantities 4 and 4’ are given in revolutions of the micrometer-
head, each revolution ==15.5865.

¢=34(4—4") — p—r— a for clamp east.
¢=—4(4—4')+ p + r —a for clamp west.
b=—1}% (44 4")—p for clamp east.
b=—4(4+4')4-p for clamp west.
n=a—(a’ 4+ C' 4 ¢ secd)

sec ¢
m=-—n tan ¢4 b sec ¢
C=a—(a'+m+4ntan d 4 ¢ sec o)

In the column “ Adopted right ascension” in the following table, the
places of the clock-stars are those used at the observatory in 1871, some
of the Nautical-Almanac places being slightly changed.




Observed clock-corrections, United Stales Naval Observatory.
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Seconds of transit over wires. . £ % T g
3 | =t Pa . g2
= Date. | 5 i Object. T T T T T T T 77| Mean | EZ I EE Adopted right | 5 2
. i oo - asceusiol. P =
g L I |un|Tv.| v. | VL |VIL i vion IX. | X | XU £5 | 2R <
v = [« =
Lo —- —_— e — - g - !
, i
1871, ! 3 s. [ A 8. 8. 8. 8. 1w, S. 8.
May 19 1] & Bootis o oeeomrieiiiieieiciecaiannes . N . A 1.4 [ 23.2 ] 25.0 263 39 23,20 + 0.08°
2 B Bootis . . . ! 3.8 5.31 7.4 9.5 1L.6 57 7.42 i+ 0.15
3 ‘ B Librae . . 46| 6.2 7.8 9.6 10 6.17 | - 0.07,
4 1 plBooti8.ciann ... $37.2 139,10 413 45.2 19 39.25 |+ 0.13 ‘
5 a Coronz Borealis . . . 31385.5 | 37.0 49.5 52.4 20 15.70 '+ 0.06 |
6 a Serpentis......... . 8 30. . 3. 50.3156.9 436 0.2 37 56,96 — 0.02
7 ¢ Serpentis.. ! 2582 2.9 W5 44 25,20 — 0.03
8 & Aquilm. 59.9 1.5 3.0 4.4 19 1.42 — 0.03
9 - & Aquile.. 57.2 5881 0.5 2.2 X 0. 06
10 y Aquilie.. 75 91711 12 0.01
11 a Aquile. 9,3 | 30.9 32,5 341 0.01,
12 B Aquile.. 53.5| 0.1 1.8 3.2 0.02
+ 13 A Ursa Minoris 170 1 40.0 1 7.0 3L0 487
May 23 14 % HeretliS, oome oo vneaenoen icmeeeena]ieaecn comaeeenhoeae oo foaa e 6.3 9.7 0.13
15 « Oplhicgehi 3 .5 1311 (326 34.2. 35.8 0. 16
16 d Herenlis 3, .6 47.6 1 49.5 i 5L.5 1 53. 4 0.13
17  a! Herculis .. 251 26.5 1...... 41.3 ' 43.0 | 44.8 ' 46.5 | 43,0 ¢ 0.15
18 ¢ TUrsi Minoris . 510 165580 20.5145.0'14.0 44.0| 6.5 0.77 !
19§ Aquile ... I [ . 13.2 15,7 17.3 285 3L0 . 0.16
20 y Aqunike .. 46.6 48.1 | 50. 27 45 61| 7.7 9.2 0.15
2l e Aquile .. 84 9. 12. 24.5 2.1:27.7]2.4 3.0 44 2 - 0.16
(92 B Aqguilwe .. 37.8 . 9 55.4(57.01586 0.2 43 57.00 - 0.16
P93 |7 Aquile .. 20.3 { 4 46.9143550.1 5L7 57 4851 . - 0.16
May 24 | 24 | & Serpentis.. 35.1 1525|541 | 53.8 5.2 37 54.25 — 0.11
25 | e Serpeutis.. 3.4 5.2L0)927 24,2, 2.7, 44 2244 - 0.11 |
26 ¢ Coronie Bure: 52.9 9112.5(14.4116.2 | 121 , 52 14.44 - 0.09
WS ()J)hiu(%hi ......... 15.5 5331347362318 7 3469 - 0.13°
28 4 TUrsae Minoris .. 0 485|145 40.0) 9.0 14 14.66 — 0.51 |
29 ’ a Lyre........... 6 3L.5133.6|358|317 32 33.66 -- 0.03
30 | 8 Lyre 5 163|134 |20.3 (223 45 18,37 - 0.09 !
June 16 | 31 | a! Herenlis 5.3 47.9 | 49.7 | 51.4 | 52.9 8 49.64 | - 0.22 |
32 a Ophiuchi.. 5.3 1 589 | 0.5 23| 4.0 29 0.57|-0.21°
33 p Terealis.... .0 26.5]2.2 30.1] 320 41 24351 - 0.30
34 4 Urse Minoris 21.5 4801150 415, 9.0 14 15,60 4,92
35 1 Aquile .. L8 11830151 16,7 1 I8 23 15.04 - 0.12
36 e Lyrwe 342 : 36.1 380 40.1 421 32 3210 - 0.30
37 B Lyr 9.1 20.9[229 . 249 2.6 45 w6 - 0,33
138 ¢ Cyen 5.6 W 30.1, 322 338 T 30.(9 0.31 |
139 01 Pegasi coeeieiiiiiiiaiiiiiiiiina, 711 £7110.5 . 12.2 . 14.0 16 10.51 . — 0.24 ;




Observed clcck-corrections, United States Naval Observaiory—Continuned.

|

_— — e —

, B e e i 2. | o E
i l Seconds of transit over wires. *E g bs é
g e 3.2 g " 5%
Date. « 3 | Object. B e T - ' Mean. | EE | 52 |Adopted right! 2
ER L | 1. | oL [1v. | V. | VL | VIL |VIIL| IX. | X. * XL £2 | 2® | E
“ L ; b B a9 £ o )
1871, | 5. 5. 3 l 5. | s s. s. s s | s D m s s 5. h. m. s 5.
June 16 £ 40 8 Aquarii.......... . 29.9 1315 340! 46.0 \ 47.6 492|509 {525 | 45 71| 85 24 40.95|—0.13| 40.33| 2l 24 4715 |-2.23
At ari . -1 36.9 1385 409533 547 56.2 5781505 ... 30 56.27 |- 0.12 | 56.30 | 2L 30 5400 '—2.30
P2 e 348365 349|510 526 54.2 (558 574 6.5, 118 135 37 5417 - 0.20| 5437 | 21 37 52.09 —2.28
. ! l o . e (S O
Nos. 2,7, 13, and 28, set C. I COLLIMATION.
14, set E.

16, B; and Dj; rejected, ' May 19. 9. Imago east 07.16; clamp east.

17, B; and Dy rejected. ’ Image west 0-.19; clamp west.

19, sets D and E; E, rejected. May 23. 9. Image west 0r.17; clamp west.

23, D, rejected. May 24. 9. Image west 0.19; clamp west.

33, sets C and D. | Jmage ecast 07.10; clamp east.

34 set C; cloudy. June 16. 9. Image west 07.20; clamp east.

35, sets C and D. ‘ Image west 0.42; clamp west.

41, sets B. and C. On the 23d and 24th the stars were very unsteady.

While observing on May 19 and Junc 16, the clamp was east, and west on the 23d and 24th of May.

81
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The values of m, =, and ¢, used in the reduction, are as follows:

Date. m n ¢

8. 8. 8.
—0.143 : +0.184 -+0.102
—0. 046 -+0. 088 —0.114
~-0.010 ' +0. 082 —0.110
—0.113 , +0. 242 -+0. 050

From the clock-corrections obtained from the observations the fol-
lowing corrections and rates were computed by the method of least
squares, and have been employed to determine the error of the clock at
the time of the interchange of signals on each night:

Date. Sidereal hour. Correction. Hourly rate.
l 8 s ! s.
14.0 —0.5944.0. 007 —0.034
16.0 +2.8544-0. 010 —0.039
15.0 +2.117+0. 012 +0. 016
17.0 ol —R.23440. 007 —0.012

UNITED STATES LAKE-SURVEY, DETROIT, MICHIGAN.

The dates of the observations are May 19, 23, and 24, and June 1,
3, 10, 16, 26, and 29, 1871. The observer at Detroit was Mr. O. B.
\\'heeler, assistant United States lake-survey, and the instruments used
.were the Troughton and Simms transit of 43 inches focal length, clock
No. 184, Bond & Son, and chronograph No. 216, Bond & Son.

The stone pier upon which the transit-instrument was mounted is sit-
unated 321.0 feet west and 294,0 feet north of the southwest corner of the
stone foundation of the Westminster church, on Washington avenue.

The reductions bhave been made by Messrs. Thomas Russel, C. F.
Buarton, and John Eisenmann, subassistants United States lake-survey.
A preliminary reduction by high and low stars of May 19, 23, and 24,
was made by Mr. Burton. Two reductions by the method of least
squares, on different suppositions, were made, either of which would
cause an extreme range of only 05.05 from the preliminary reduction.

For the remaining dates, the high and low star reductions were made
by Mr. Eisenmann, and the least-square reductions by Mr. Russel. The
agreement in extreme cases was the same as above.

In the following tables are contained the abbreviations :

(C4i = reduction to the middle wire;

Aberr = diurnal abera.ion;

B b =level-correction;

C ¢ = collimation- comectlon-

t' =observed time of transit of a star commonly the mean of five

wires; .

t=— ¢’ the above corrections being made ;

a = right ascension of a star;

(«—t)—{an assumed At)_the absolute termof the equations of con-

dition ;

a—deviation from the meridian, + when the instrument points east

of south;

¢ = distance of the middle wire from the line of collimation';

p=hourly rate of the clock ;

4t = clock-correction, — “hen fast; 4+ when slow.
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NoTES.—On May 19, 23, and 24, t =1, as above, except that the

the collimation-correction is not included.

On June 16, a —=the devi-

ation to be applied before the exchange of signals, and o’/ =that to be
applied after the exchange of signals.
When C4i is omitted, ¢' = the mean of the several wires reduced to

the middle wire,
Computation of clock-correction for Dctroit, May 19, 1871,
— -
111 Star. Cai | Aberr.| Bb | t } a (a~1t) v
‘ s s. | h om s h. m. s s. s.
E., Polaris, L.C.......... )il +.58 | +2.01 131124751 1310 59.40 —27.94 |....__..
W.. Polaris, L.C..oooi il +.58 | —R.23 | 11 29.60 |eaemneonaaa oy 2355 f..... ...
¢ Virginis . ... .o +.03 —. 0L} + .06 28 39. 41 28 08.37 | 31.12 +. 02
n Urse Majoris_.......... 05 —. 020 f 15 | 42 59. 87 42 29.05 | 31.00 —.22
n Bootis . .o.oiiiiiaail. +-.03 — 027 4+ .13, 49 04. 80 48 3080 | 3114 —. 03
{ T Virginis. +.03 | —.0L | 4 .12 55 37.29 | 55 06.13 | 31.30 +.13
p Bootis... +. 04 =02 4 .25 | 14 26 488 | 14 206 17.67 [ 31.45 -+ 17
W.! £ Bootis. .. +.03 —. 02| 4 .20 | 39 53. 85 39 22.66 | 31.40 -+.00
E. | .8 Bootis . —. 04 —. 02 4+ .09 57 38. 34 57 06.91 | 3146 +. 06
8 Librec . —.03 —-. 01 4+ .05 1510 36.60 ' 1510 05.42 | 31.19 - 17
©1 Bootis. .. —. 04 —. 02 ’ + .09 20 10. 24 19 38,7 31.51 +.07
a Serpentis.. -~ 03 —. 02 4+ .07« 38 27. 62 I 37 56.27 7 31.34 ~. 08
i ¢ Serpentis. . —. 03 —~. 01 4+ .07 “ 44 55,94 44 24,62 | 31,35 —. 12
d Ophiuchi .. —. 03 —. 0| 4 .07 1608 07.94: 16 07 36.60 | 31.37 —. 15
¢ Ophinchi ... —.03 —.01 | + .14 19 00 0L.73 ‘ 18 59 20.82 | 32.01 +.16
@ Aquilis o.oiioeiiaeaan -, 03 —. 01 4 .11 12 18,40 | 11 46,62 ¢ 31.83 —. 13
y Aquile eeeann - 03 —. 01| 4+ .16 40 40. 43 40 08.43  32.12 +.07
! a Aquilet cooiiiaaiians —. 03 —.01 | + .15 45 02.14 4430.15 | 32,10 +.03
E. | B Aquikie ..ol —.03-| —.0L i + 15 49 31. 56 | 48 59.36 ¢ 32.31 +.23
Normal equations.
+ 1965. 223 @ + 3.671 ¢ 4 167. 496 p + 0.250 J 6—168. 098=0
4+ 3.67la 4 3458724 ¢ — 36.620 p + 4.820 §0+ 3L 768—=0
7.496 @ —  86.620 ¢ + 104.196 p 4+ 2.170 § 6— 30. 069=0
0.230 @ + 4.820c+ 2.170p - 19.00086 + 3.510=0
a=+009
c¢=—0s, 007, lamp east.
p=-105. 1493, ratc per hour.
At=—31% 54, £0% 023, at 15 57Tm.
Computation of clock-correction for Detroit, May 23,1871,
1. Star. Cai |Aberr.| Bb |4 a (a—t)
8. s, s. [ h. . 8. h. m. s. .
E. Polaris, L.C.ooomeaai ool +.58 | —1.56 13 11 55. 87 13 11 02.14 A
W. Polaris, L.C oooceeeaai |l +.58 | ~3.78 i 11 59.%6 {. oot .
¢ Virginis +.03 —. 01| 4+ .12 28 50. 01 28 08, 36 .
n Crs® 1 4.05{ —. 02| + .30 43 10. 32 42 29. 00 .
n Bootis ... +. 03 —. 01+ .19 49 15. 43 48 33.79 .
T Virginig ...l -+.03 ~.01| + .17 55 47.91 55 06. 13 L€
W.| a Bootis 4,03 | —~.0L} 4 .26 14 10 29.69 | 14 09 47.92 . 05
E. —. 13 —. 061 + .52 28 35.24 27 54. 47 .
—. 03| —.01 |+ .08 44 28,17 43 46.09 | 42.12 —. 12
-.04 ~. 02| + .16 59 32,71 58 56. 60 42.21 +.16
—. 03| ~. 0L 4 .03 151047.54| 1510 05. 45| 42.13 —. 14
“ — 04| —.02] 4 .147  2090.9 19 88,77 | 42.26 | 4922
a (‘oronax Borealis . —. 04| —.02| 4 .1 { 29 57.40 29 15.13 | 42.32 +4.19
a Serpentis........... - 03| —.01} 4 .07 38 38, 46 37 56.30 | 42.19 —. 07
€ Serpentis _.....ooooaa... —. 03| —.01 | 4 .07 45 06. 77 44 24.65 | 42.15 —. 14
¢ Coronx Borealis ........] —.04 | —.02]| 4 .10 52 58. 65 52 16,49 | 42,20 - 02
2 SAgIttaril . eeuenneeenann. — 03] —.02|+.11| 191049.10 | 19 10 06.99 | 42.87| —.03
w Aquilie Lol —.03 ~. 0L | + .18 12 9. 52 11 46.73 | 42.93 +.17
E. | é Aquile —.03 ~. 01| 4 .16 19 43.29 ¢ 19 00.63 | 42.78 —. 04
W. | & Aquile 03] —.01] + .13 30 40. 43 29 58.00 | 42.63| —.24
y Aquile .03 | —.0L| 4 .17 »40 51. 03 40 02.51 | 42.68| —.12
a Aquilee ...l .03 | ~.011 + .19 45 12.87 1 44 30.26 | 42.82 .00
W.i B Aquilw oeenranenniaai.. +.03 | ~—.01 | + .20 49 42,12 | 48 59. 47 | 42.87 +.03
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Normal equations.

+1972.912a — 8095 ¢ + 168.577p + 70.62 60 4 =02.347 =0

~ 8095 4 34T7.516c — 3.731p 4 6.26060 4 73.934=0

+ 168577 a — 3.131c¢c + 131784 p + 44713 .0

4+ 70.620a +  6.260 ¢ 4 23.00660 4 51.740 =: 0
o —= —0s 38

¢ = —0s 02, lamp east,
p = 405 147, rate per hour.
At .= —42.08. & 0 019, at 16" 04m
Computation of clock-correction for Detroit, May 24,1371,

. Star. Ccai vt By - ¢ | & @b
—_— . I T B ~
! s. j s. s. ! h.om. s l h.om. s, ‘ s . s
W. "Polaris, L.C ..o ] 4 €., +.58 | —=3.78" 13120185 1311 02.74 —55.91 ..
E. Polaris, L.C........oo.o.f .. I | —2.93 11 54. e
¢ Virginis -. —03| —. 01| + .00} a8 53, —.16
n Bootis —. 03 ! — 021 4+ .12 49 13, | =09
a Bootis —.031 —.02] + .12' 1410331 —. 02
p Bootis .. J =04 —.02) + .14 27 04, [ 51
' & Bootis .. Jo—04 —02] + .14 40 07. L +.08
E. a?Libre.. b—e3 o —0r 407 44 31 —. 20
W. f Bootis .. - +.0% —. 02 + .22 37 SL ¥ +.11
" B Libra .. +.03 —.01 " + .13 15 10 50. 5 —.13
' w!'Bootis ....... +.04 —.02 + .31 20 23. +.04
a Coronw Borealis +.04 —.02 + .31 30 00. +.10
D a Serpentis...... +.03 —. 01 + .23 38 41 +.14
. & Corona Borealis. . +.04 —.02 + .31 53 01 +.09
1B Scorpii..anooonnn +.03 —. 02 + .14 58 43 —.12
[ & Ophiuchi +.03 —.01 4+ .2 . 16 08 21 +.01
d Sagittarii . +.03  —.02. 4+ .07 19 10 5L —.18
W. | o Aquile - +.03  —.01 + .10, 12 32. —. 11
L. |y Aquile . — 03 —.0l 4+ .08 40 54 +.04
la Aqnile . .o=03 =01 + .08 45 16. +.08
E. BAquilw ...l —. 03 —.0L 4 .07 49 45, o420
Normal equations,
+ 1967.037 o — L0675 ¢ + 163.3053 p + 72.4604 8 + 519,956 = 0
- 0.675a + 3458511 ¢ + 11.019p — 1.480J6 + 222.909 = 0
+ 163.305a¢ + 1L019¢ + 101.074p + 32883 =0
+ 124600 — 1.430¢ + 2000086 + 24870 =0
: = — 0520
¢ = — 0% 07, lamp east.
p = + 0% 098, rate per hour. .
At = — 45498 £ 0% 020, at 150 54m
Carlin, Nevada, May 19, 1871.
Name of star.  Clamp. T E B aA | cC E iy AR. AT
' h.om. s s. s s L.m. s hom. s, ' m s
o Virginis ....... E. 11 53 46.09 { +0.06 + 9.70 —0.23 ; 11 53 55.62 | 11 58 38.97 +4 43.35
& Corvi.. K. 58 20.58 1 +0.02 + 17.65. -0 25 58 47.60 | 12 3 30.55 ! 43. 55
4 Draconis. E. 12 22458 0 +0.12 ~ 55. 7 —1.14 112 127.7% 6 10.99 43.21
13 Comw . 13 3.16 0.00 + 4.95 —0.26 13 78¢5 17 50.99 43.14
& Corvi E. ' 18 13.30 © ~-0.04 + 15.99 —0.24 18 29. 01 23 12,86 | 43. 85
8 Corvi........ E. 2 36.70 ' —0.07 4+ 17.87 —0.25 22 54,25 2T 3780 43. 55
21 Cassiopee, L.C.  W. | 31 24.60 ° —-0.20 + : 3 32 25.20 37 .33 42.13
32 Cameclopardalis W, 45 37.3% 1 +0.56 -1z 2, 43 37.68 43 p
6 Virginis ...... w. 58 20,47 +0.02 + 13 L 2 58 33.93 |13 3
e Virginis ....... W, 13132694 +0.04 + 1461 +0.23 ! 13 13 41.82 18
Vivginis ....... WL 23 12.64 , +0.07 + 1201, +0.23 23 24.95 28
Mean correction for 12h 40m local sidereal time. .
Excluding polar stars . ... .o ono i e e
Normal equations.
0=— 25L41L004T — .57 + 1.20¢ 0T = 4 05234
0=41844 — 0.57dT 4+ Gr. 94 a’' + 62.19¢ a’ = — 05058
0=+43553+ 1.2887T 4 62.19 @' + 140.36 ¢ ¢ = — 0~230

(Toavoidlarge numbers, an azimuth of 418450 was introduced: o', found by the method of least squaies,
gives the correction of the adopted azimuth; therefore, @ = + 1%.442.)
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Carlin, Nevada, May 23, 1871.

; ‘
Name of star. . Clamp. T . bB | aA ¢C T | AR AT
- - S— fomm— e H— R
; h.m. s s. | s. s ,hm s 'hom s m s
¢ Ophiuchi ....... L. {1625 20.82 | —0.02 '+ 4.46 | —0.01 16 25 25.25 - 16 30 4.89 i+4 39.64
» Herculis. ow. 3349.96 | —0.22 4 0,20 . +0.02 . 33 49.96;  3830.22,  40.26
¢ Oplhiuchi W 431284 | —0.17 4 2,90 | 40.01 | 43 15.58 1 47 55.84 ©  40.26
« Ophiuchi .-...... W, 465246 | —0.18 + 296 | +0.01 ' 465525 | 513516  30.91
& Trsee Minoris ..., . 55 14.33 | —0.72 —27.78 | 4+0.08 ' 54 45.96 59 23.94 39, 93
@ Heroulis..c.coooi Wi 117 4 £77) —0.15 4 258 +40.0L ' 17 4 7.2t ) 17 84738 40,17
w Draconis .---.... E. 33 13,82, —0.63 - 7.35 | —0.03 | 33 5.81 37 46.C1 4 40.20

Alcan correction for 178 0m local sidereal time

'+-4 40, 060

Normal equations.

0=— 1.9047008T~ 3.90a — 7.97¢

6T = + 05060

0= +10.25L3.905T+27.‘26(‘6'-}-32.156 o = — 0.353
0= 1266 — 7.97 6L + 32.16 ¢/ 4 68. 53 ¢ ¢c=—0.012
I introduced a preliminary azimuth of + 6500 ; the azimuth of the instrument was + 5.647. The
observations of » Draconis and o Dracouis differ so much that they had to be excluded.
Carlin, Nevada, May 24 1871,
- 7 . - — e
Name of star. A cC T ‘ AR. ' T
‘ !
3 s. EX h.m. s t k. m., 8 . 8.
y Cephei, L.C.... N . —4.13 4132 112920.081 11 34 259 +4 4251
Leonis ......... . L85, —0.43 —0.31 37 48.52 ‘ 43 29.27 40.75
¥ Ursiwe Majoris .. . : 4044 —0.52 42 22,60 47 3.00 40. 40
o Virginis ....... . 5 5 —0.57 —0.30 53 58.59 58 38. 92 40. 33
4 Draconis 2. 12 130,32 —1.84 +3.93 —14% 12 130.23 |12 6 10.58 | 40. 35
B Corvi.......... L. | 92 52.86 —0.94 1 —1.04 —0.32 22 57.26 27 37.76 40. 50
21 Cassiopess, L.C.| W, +  323L19 40.3¢|-8.57 —L11| 322085 57 6,05 39,20
32 Camelopardalis w. o, 43 30.87  —2.68 | +7.10 , 4+2.90 : 43 38,19 I 48 19.81 ! 41. 62
0 Virginis .. w. 58 3792 —0.24 ! —0.77 ' 40.30 ; 58 37.21 ' 13 3 17.36 40. 15
e Virginis ....... W. 1313 45.64 1 —0.15 ] —0.85 , +0.31 ; 13 13 44.95 | 18 25.05 ;—}4 40.10
Alean correction of chronometer oxcluding the polar stars, for 13k ¢m local sidereal time. 44 40. 372
Normal equations.
0=+ 422410.008t+ 0.63a
0=—280.144 0.630t4+8297 @ a= — 15072
Several other computations have been made, giving for the correction of chronometer no better
result. The error of collimation was adopted to — 95.30.
Carlin, Nevada, May 24, 1871,
—_ — . . o . —— ————— ——
Name of star. Clamp. T "B ' aA } ceC I T V AR. AT
)
h.m. s s. ' s | s fhom s |hm s m.
& Serpentis ...... w. 15 40 45.54 | —0.06 " —1.25 | 40.30 [ 15 40 44.53 | 15 44 24.65 | +4 40.12
¢ TUrse Minoris .. w. 44 1.61 | —0.19 ' +6.32 I +1. 47 44 9.21 48 49. 34 40.13
1 Scorpii... HERA 53 19.06 1 —0.01 —1.95" +0.32 53 17.42 57 57.84 40. 42
& Ophiuchi. wW. 16 257.60 | 0.00 . —1.48 | +0.30 | 16 2 56.42 | 16 7 306.65 40.23
7 Heveulis . E. 11 14.90 © —0.17 + 4.0.32 | —0.44 11 13. 71 15 53. 70 39. 99
7 Draconiy. . 17 36.72 | —0.24 1 +1.61 | —0. 64 17 37.45 [ 22 17.79 4(). 34
¢ Ophiuchi... E. 25 26.92 | —0.07 —1.67 —0.30] 25 24,88 | 30 4.89 40. 0L
7 Herculis E. 33 5110 1 —0.13 . —0.07 —0.39; 33 50.51 | 38 30.22 1 +4 39.71

Mean correction for 16h 10m

b4 40.12

Normal equations.

0= — 2784+ 8005t— 0.86a
0=+2499 —0.86d¢t +11.74 a

gt =+ 0120
a = — 2120

The error of collimation of the instrument is adopted as —0+.30.




23

The following table contains the corrections of the chronometer and
its rate, to obtain the correction for the time of exchange:

[
Local side- ; Corrections of  Hourly

Date. ; real time. | chronometer. rate,

v h. m. & 3.
May 19, 1871.... 12. 667 + 4 43.445 — 0.034
May 23, 1871.. 17. 000 + 4 40.060 - 0.009
May 24, 1871.... 14. 502 + 4 40.246  + 0.009

For exchange, mean-solar-time chronometer Hutton No. 238 was
always used. May 19, I find in the proper place only one comparison
of Negus 1344 with Hutton 288:

ho m. s he om. s
Negns...1344 13 30 20.0 13 33 27.0
Hutton.. 233 9 21 0.0 9 %4 265
Hutton 288, at 9t 22m 53525, is slow of local sidereal time 4 13w
43%.666. In anothcr place I find one comparison made May 19, in the
wmorning, and one at nearly the same time May 20:

May 19. May 20."
h. m. s. h. m. 8. h. m. s
Negus... 0 32 120 1 41 31.0 1 44 34.0

Hutton..20 25 21.50 21 30 205 21 33 320
Therefore, I find the rate of Hutton 288 from the morning to the
evening of May 19, 4 929785, and from the evening to the next morn-
ing, + “gs 9641, both for one hour of Hutton 288. To reduce Hutton
for the time ot exchange, the mean -+ 959713 is used.
For May 23 and May 24, one comparison was made before and after
exchange.
May 23.
k. m. s h., m. s h. m. s
Negus...1344 13 27 18.0 13 30 25.0 13 33 34.0
Hutton.. 283 9 2 25 9 5 310 9 8 395
And after exchange
he m. s h. m. 8.
Negns...1344 16 12 10.0 16 15 15.0
Hutton.. 238 11 46 495 11 49 54.0
May 24,
h. m. s h. m. s
Negus...1344 13 34 320 13 37 35.0
Hutton.. 230 9 5 375 9 8 400
After exchange:

h. m. s ho m. 8.
Negus...1344 15 30 19.0 15 33 20.
Hutton.. 238 11 1 55 11 4 6.0

From these comparisons and the rate given for Negus 1344, the fol-
lowing table for Hutton 288 is derived :

<

Losing per

Hours on the face | Hutton 288 be- hour oa face

Date. of Hutton’sehro-1  hind local si- Logarithm.

. on] 1 of Hutton's .

nometer. E dereal time, | 5 o eter. 1

he m. s h. m. s s !
May 19, 1871 9 2 53.25 ! 4 13 43.666 9.9713 0. 9987518
May 23, 1871 ... 10 %6 56,72 | 4 29 47.454 9.8478 0. 9933402
May 24, 1871 100 4 5225 i 4 33 44.496 9. 8232 0. 9948986

The logarithm is used to convert the chronometer-time of the means
of the signals into sidereal time.
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EXCHANGE OF SIGNALS.

Signels sent from the Washington Observatory.

On the 19th of May the first signals to Carlin were at intervals of one
second, and were sent by so arranging the apparatus that the clock
broke a closed cireuit at each second. These signals could not be used
at Carlin. _

Afterward an attempt was made to send signals by eausing the clock
to close an open circuit, but these signals failed to get through.

So much objection was made at Carlin to the clock-signals that sig-
nals were sent, finally, at intervals of ten seconds, with an ordinary
message-key, by breaking the cirenit in coincidence with the beat of the
clock as indicated by the sounder in the local circuit.

Similar signals were sent on the 23d and 24th of May.

On the 16th of June signals were sent, at intervals of ten seconds,
directly from the clock, by switching the clock into the main line at the
proper time to enable it to break the circuit at the desired second.

Signals sent to the Observatory.

Signals from Carlin and Austin were received on the Observatory
chronograph.

Exchange of signals between Jlashington, D. C., Detroit, Mich., and Carlin, Nev.

ATAY 19, 187L.—Signals sent from Washington.'

Carlin chro-

Washingten :

clocle, | Detroit clock. t Ca;;g;‘: et“t}:‘” ! Washington clock. ! Detroit clock. . nometer.
h. m. s k. in. s h. m. s h. m. s h. m. s | h m s
17 35 0.00 ],7 1L 30.75 10 44 45.20 17 37 30.00 .17 14 0.90: 10 47 15.00
10. 00 | 40. 70 55. 40 40. 00 10. &2 - 24. 80
20, 00 SU.TT 45  5.30 50. 00 20.85 | 34. 90
| 38 0.00 30.80 ° 45. 00
36 0.00' 12 30.77 ; 45 45.60 10. 00 40. 82 55. 00
10.00 ! 40,83 55. 10 20. 00 50. 81 48 4.80
20.00 ° 50. 86 | 46 5.60 ‘é 30. 00 15 0.8 14.90
30.00 13 0.8 15. 20
40. 00 10.91 ¢ 25.10 ¢ Aean, 17 36 52.94 17 13 23.78; 10 46 3806
50. 00 | 20.90 | 35.90 ' :
37 0.00 30. %6 | 44.90 !

'

MAy 23, 1871, —8ignals sent from Washington.

Washington Detroit clock.

clock.
h. m. s h. m. s
18 35 0.00 18 11 45.19
10.00 '’ 55.28
20. 00 12 523
50. 00 15,27
40. 00 25,20
50.00 ° 35.19
36 0.00 44,99 |
31 0.00 13 45.05
1¢. 00 55. 30
20. 00 14 516
30. CO 15.11
40. 00 25. 05

Carlin chro-
nometer.

h.
11

m. 8.
28
]

1z.
2
3=
43,
48,
58,
31 &

2. 00

Washington clock. ' Detroit clock,

Carlin chro-
nomeoter.

(

h. . 8. h. m. 8. h. m. 8.
18 37 50.00 . i8 14 3511 11 31 37.90
38 0.00 45.05 ¢ 47,90
39 0.00 15 45.18 32 47.70
10. 00 55.18 57. GO
20,00 . 16 500 33 7.60
30. 00 15,00 | 17. 60
40. 00 25. 00 27, 60
50. 00 35.00 | 37.60
40 0.00 45.20 ! 47.60
Mean, 18 37 30.00 13 14 1515 11 31 1&02
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My 23, 1871.—8ignals sent from Curlin.

FIRST SERIES.

| Detroit clock.

Carlin chro-

clock. ‘ Detroit clock. (jlé;ll(hl?ef(}][‘[.() Washington clock. hometer.
h. . 8. Bhome s | ko om s : ho m. s . h. om. s h. m. s
17 53 ..... 1T 99 ..., 10 47 ...-. i 17 55 46.20 17 32 30.90 10 49 40.00
15.80 30 0.52 10.00 51,20 35. 80 43. 00
21.20 5 84 15,00 | 56.50 ' 41,20 i 50. 00
25. 80 10. 49 20. 00 56 1.50 46. 20 55. 00
30. 90 15. 69 23.00 6. 30 51.00 50  0.00
35.90 20. 60 30. 00 i
40.80 ' 23,52 35. 00 i 57 33 51.18 5L 0.00
43.90 30. 59 40. 00 I 56,20 5.00
50. 90 35. 61 45.00 i 34 1.20 10. 00
. 53.90 40. 61 50. 00 ! 6, 40 15.00
54 1.00 i 45. 69 55.00 i 11.30 20. 00
6.00 50,70 48  0.00 , 16. 18 23. 00
...... . e 21.25 30. 00
' 26. 00 35. 00
55  6.10 l 31 51.05 49 0.00 | 31.40 40. 00
11.20 56. 05 5.00 ! 36.39 | 45. 00
16.20 | 32 1.00 10.00 | 41.22 50. 00
21,30 6.00 - 15. 00 ; 58 ' 46.40 35.00
26. 30 11.05 20. 00 | 51.35 ! . 52 0.00
3L.50 | 16. 15 25. 00 "
36. 40 . 21. 10 30.00 : Mean, 17 35 17 32 28.97 10 49 37.97
41,30 | 206. 00 35.00 . \‘
MAY 23, 1871.—S8ignals sent from Carlin.
SECOND SERIES.
W a:}ggﬁton Detroit clock. ‘ (’i‘:{}g‘e;go ‘ Washington clock. | Detroit clock. (*E:l'ol;:e‘t‘}:;.o
h. m. s. h. 8. ’ k. m. 8. l h. m. s. k. m. s L. m. s
13 26 11.20 18 11 20 0.00 18 28 56.80 18 5 41.63 11 22 45.00
16. 20 5.00 29 L70 46, ¥1 50. 00
21. 20 10. 00 G. 80 51. 61 55. 00
26. 20 15,00 11. 60 56. 41 23 0.0
31.30 20.00 ! 16.70 6 1.49 5. 00
36, 20 25,00 ¢ 2L 60 6. 39 10. 00
41. 10+ 30.00 20. 80 11 5% 15. 00
46. 40 35, 00 31,60 16. 45 20. 00
51. 50 40.00 | 36. 70 21. 4% 25. 00
56. 40 45. 00 41.70 26. 51 30. 00
7 1.60 50.00 | 46. 80 31. G0 35. 00
6. 30 55. 00 51,80 36. 64 40. 00
11.30 . 21 0.00 56, ®0 41. 67 45. 00
16. 50 b 5.00 i 30 2.00 46. 80 50. 00
26, 50 15.00 | 6.70 51. 59 55. €0
3140 20.00 11. 80 56. 70 24 0.00
36. 40 25.00 ! 16, 90 7 1.80 5. 00
41. 30 30.00 21.70 6. 50 10. 60
46. 60 ° 35.00 ¢ 26. 90 1L 78 15. 00
51. &0 . 40. 00 32. 00 16. 80 20, 00
22 160 50. 00 36. 90 21.70 25.00
6.50 i 55. 00 41. 90 i 26,70 30. 00
11,40 : 22 0.00 47. 00 § 31. &0 35. 00
16.50 5.00 52,20 37.00 40. 00
21.40 10. 00 57.10 | 41. 89 45. 00
26 40 15.00 | 31 2.30 47.18 50. 00
31.30 | 20. 00 1 7.20 52705 55. 00
36. 50 ¢ 25,00 | 12.10 56. 95 ! 25 0.00
41.60 | 30.00 |
46. 60 l 35. 00 | Mean, 18 28 43.92 | 18 5 2805» 11 22 3212
51. 60 i 40. 00
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NMAY 24, 1871.—Signals sent from Washington.

FIRST SERIES.

T -
<hi ; i - ) i .
Wa&ﬁt};{g.ton | Detroit clock. Cg:}gleg:'o 1 Washington clock. | Detroit clock. Ci?;?egg; o
| i
h, . s . k. om. 3 h. m. s ‘ h. m. s h. m. s k. m. s
16 .. .. . 16 .. 9 .. 16 56 50.00 | 16 33 37.60 9 46 54.10
- 51T 0.00 47.80 47  4.20
|
) 58 0.00 3¢ 41.82 48 4.20
54 ! 31 44 10. 00 51.76 13.90
| 20. 00 35 1.7 23. 70
i : 30. 00 17. 69 33. 60
: ; 40. 00 27. 54 43. 40
36 ! 32 ... 46 : 50. 00 37. 89 53. 80
Vs 0. 00 47. 89 49  3.80
33 .....
17.70 10.71 16 33 58. 47 9 47 14.76
1. 65 43.90 .
|
SECOND SERIES.
Wa‘fllélcr]]fton Detroit clock. Cil(llmtlletcégo' 1 Washington clock.  Detroit clock. C{xl:;}xll?egé]rl.o‘
|
h. m. & h. m. s ho m. s “ h. m. s | k. om. s h. s.
17 1 ..., 16 37 ..... 9 &1 ' 17 4 ... 16 40 47.36 9 54 3.00
38 ... 10.00 | 57. &0 12. 80
30. 00 17.70
40. 00 27.70 5 10.00 41 57.89 55 170
50. 00 37.79 20. 00 42 779 22. 60
2 0.00 47.85 52 30.00 ; 17.70 2. 60
10. 00 Steg | 1320 ... | I P PN
50. 00 : 3i.11 52. 60
3 10.00 39 57.89 53 13.10° 6 0.00! 4117 56 2,60
R0. 00 40  7.62 22.30 | 10.00 | 57. 90 12. 60
30. 00 17. 60 32. 80
40. 00 RTT 42, 80 | Mean, 17 3 49.44 : 16 40 37.21 9 53 52.33
50. 00 47,76 53. 00 .
THIRD SERIES.
ashing . arli - . . . rlin -
W”l&l&nﬁton Detroit clock. C;‘C};]efgfo i ‘Washington clock. | Detroit clock. C; om. efelgo
h. m. s k. m s ho m. 8 ° h. m. 8. h. m. s. h. m. s
17 26 0.00| 17 2 48.00| 10 15 59.60 . 17 2 40.00 ( 17 3 27.93| 10 16 39.50
10. 00 57.90 16 9.30° 50. 00 37. 80 49.10
20. 00 3 7.63 19.20
30.00 17.85 29, 30 ,i Mean, 17 26 25.00) 17 3 12.86| 10 16 24.33
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AMay 24, 1871.—Signals sent from Carlin.

FIRST SERIES.

Wagﬂ?éton Detroit clock. | Ci‘;}]‘l’:egé‘:o' Washington clock.  Detroit clock. ’ Cﬁg;l?egg{ 0-
h. m. 8 h. m. EX h. m. 8. h. m. 8 ' h. m. 8. | k. m. 8.
17 9 59.30| 16 46 46.55] 10 0 0.00 17 12 39.70 ° 16 49 27.00' 10 2 40.00
10 4.40 51, 70 5. 00 44,90 - 39,28 | 45, 00
9.30 56. 63 10. 00 49.70 } 37,10 50, 00
14. 40 47 1.76 | 15. 00 5480 4215 | 55. 00
19. 40 6.69 | 20. 00 59,50 47.15 3 0.00
24. 50 1L &L 25,00 13 490 52.20 ' 5. 00
29, 40 16.71 1 30. 00 9. 20 57.13 10. 00
31,20 21,51 35. 00 14. 50 50 2.10 15.00
39. 60 26. 90 40,00 19. 80 7.03 20. 00
4470 32,00 45. 00 24, 80 12. 10 25. 00
49, 50 36, &0 50. 00 29, 20 17.15 30, 00
54. 50 41 %8 53, 00 35.10 22, 45 35. 00
59,70 46. 90 1 0.00 39,90 . - 27,15 40, 00
11 4.60 51,91 5. 00 44, 90 32.15 45. 00
9,30 56. £0 10. 00 50,00 37.30 50. 00
14. 60 43 1.90 15.00 5410 ! 42,39 53. 00
19.70 7. 00 20. 00 39.90 | 47,20 4 0.00
24,70 12. 00 25. 00 14 5.00 | 52.21 . 5. 00
29,70 16. 98 30. 00 9.90 | 5110 10. 00
34, 60 2L, 92 35.00 15.10 51 2.30 15. 00
39. 20 26. 98 - 40. 00 19,80 | 7.10 20. 00
44. 60 3107 . 43,00 24.90 12.15 25. 00
49. 80 37.10 50. 00 99, ¥0 715 30. 00
54. 80 42,00 55. 00 35,20 22,50 35,00
59,70 47. 00 2 0.00 40.20 27,50 40. 00
12 4.70 52. 00 5. 00 45,10 32, 34 45. 00
9,70 57. 00 10. 00 50. 40 37.30 50. 88
...... 49 ...... 55. 10 42,39 55.
19, 20 7. 00 20.00 | 15 0.10 47,21 5 0.00
24,70 1195 95. 00
20, 70 16. 99 30.00 | Mean, 17 12 30.06 . 16 49 1720 10 2 30.25
34.70 21. 69 35. 00
SECOND SERIES,
‘Va‘fll;g{fton l Detroit clock. | (";‘lloll'r?efégo‘ Washington clock. E Detroit clock. C::]r(}]l;]'tetcgo-
i 1 -
h. m. 8. h. m. 8. h. m. 8. h, m. s. . h. m. 8. h. m., e.
17 17 0.50| 16 53 4789 10 7 0.00 17 19 40.90 16 56 28.18 | 10 9 40.00
5.90 592,81 5.00 ! 46. 00 33.21 45.00
10. 30 57.36 10,00 | 38,29 50. 00
15. 50 54 2.7 15.00 ! 43.30 55. 00
20. 50 78D 20.00 ! 20 4815 ° 10 0.00
925.30 | 12.53 | 25.00 | 53.19 5. 00
30.60 | 17.20 | 30.00 | 58.19 10. 00
35,30 22. 61 35.00 57 3.33 15, 00
10.70 ¢ 28,00 | 40.00 ' 8.30 20, 00
45.70 | 33 00 45. 00 ‘ 12.70 . 95.00
50. 60 | 37.91 | 50. 00 18. 50 30. 00
55,70 42.90 55. 00 : 23.55 35. 00
: 47,90 ‘ g 0.0 i 98, 60 10,00
53. 10 5. 00 : 33,49 45,00
57.70 | 10. 00 ! 38.59 50. 00
55 eceend]  eeeens ‘ | 43.70 55. 00
5 E 550 o ol
88 | 5. 53,52
mp o mw c I
2. ¢ 33. .50 .
98,05 | 40. 00 i % g 36 20. 00
33. 00 45. 00 |, ' 13.72 25. 00
3R 10 50. gg ' 18. 30 30. 00
43.10 35.00 | ...t b ..
4510 | 9 0.00 28, 60 40. 00
53.10 * 5. 00 33.48 45.00
.................. 38,59 50. 00
................. . 5. 00
20,90 STy 3,00 ) .50 12 600
25,90 1320 | 25,00
30. 90 18.10 30.00 | Mean, 17 19 3182 16 56 19.00 | 10 9 30.98
36. 00 23,92 35. 00
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May 23, 1871, I find one more set sent from Washington to Carlin,
but not recorded at Detroit:

h. m. 8. k. m. A .
17 21 10.00 10 15 10.80 17 47
20. 00 20. 80 |

40. 00 40. 40 48
50. 00 50. 30
22  0.00 16 0.20

8. h. m 8. i k. m. ! h. m. 8.
...... 10 41 ...... 17 49 30.00 . 10 43 26.00
40. 00 36,10 | 40. 00 35.90
50. 00 46.30 | 50. 00 45,90
0. 00 56.20 | 50 0.00 55. 80
10. 00 2 6.2 10. 00 44 5.8
20. 00 16. 20 20. 00 15.70
30. 00 W0 |
d
Mean, 17 40 56.47 ‘ 10 34 53.81

And one set sent from Carlin to Washington, on the same date,
recorded only at Washington and Carlin:

m. 8.
1 37.40
42. 30
47. 30
57.20
2. 40
7.30
12. 80
17. 60
22. 70
27. 50
32.30
37.50

18

w®

h. m.
10 55

56

8. l! h. m. 8. h. m. - s

30.00 |i 18 3 7.8 | 10 57 000
35.00 17.€0 10. 00
40. 00 22.70 15. 00
50,00 ' 27. 60 20. 00
55.00 ! 32. 60 25. 00
0.00 | 37.40 30. 00
5. 00 42, 60 35. 00
10,00 | 47.50 40. 00
15.00 52. 60 45.00
20. 00 ! 57.20 50. 00
25.00 | 4 760 58 0.00

0. 00 .
1 Mean, 18 2 51..22 | 10 56 43.70




Deduction of the resulls for longitude.

! Longitude of Detroit.

R, m.
24 0.43

§ % A = § . 2 I % . Double- | Final differcnce of
£ PO fj s 5 ] Carlin west of— wavetime longitude ; Car-
E] = a =E . O . gs for Carlin.|  lin west of—
| ; 2 g% @ 2 & 5 o ¥ 28 !
sl £ E.; a e - =28 ! B ' - -
8 © . 5 X =yl ° =5 ]
2 2 Edl o o Eo ] g . 55 |
Date. | = © wg 33 24 =3 3E S %8 == : . .
- a C = 5] > — I 2 1 ' < =] = I =
8 £ |g%| E® g ° | &% g 22 | &% S g E
& ) K e 5} g =5 4 S35 = g . 3 R .
4 g |3 CE! 2 £ EE ° g | =% £ £ | 2%, & 5
i = D ~ Q0 S o ] A & - = <] = S =) <]
g 2 |2 | %A £ | g L z E EE Z £ 125 z g
Ry IS ) S < 3 =] < ) ! 3 < o 3 S o
% = S 3 A 3 S S 3 [ E & 1B A l E =
—_— R PG | : — I SRR
1871, ‘ k.. s 8. |h.m. 8. ‘h.m. s kX h.m. 8. 'h.m. s h.om. 8 -h.m s, 18 s. I h.m. s h.m. s.
May 19'W.toC.117 36 52. 94l—-0. 217 36 52.22 17 13 23. T§—3L 1317 12 52.05/10 46 38. 06 +4 13 57.58 15 0 35.64 2 36 16. 582 12 16. 41,(1.30] [0.77] 2 36 17.232 12 16, 800
May 23'W.toC.I17 40 56.47: 42,7917 40 59.20 ........... B P '10 34 53.811+4 20 48.76 15 4 42,57
May 23 W.toC. 18 37 30. 00 +2. 7518 37 32.75/18 14 15.15 42 4()’18 13 32, 70 11 31 18.02 58,0216 1 16.04
i i |
May 23iC.to W.[17 55 44.24'4-2. 7817 55 47.02'17 32 28.97,—42.30 17 31 46. 67 10 49 37.97 51.18 15 19 29.15;
May 23C.toW.18 2 5192 +2.7818 254.00j........... ! ceee-. 10 56 43,770 52.34 15 26 36. D{i
May ‘23\0. to W.‘IS 23 43, 92‘+2 6,18 23 46, 68|18 5 2. a" —42. .38 18 4 46 °0 11 22 32.12 56. 5d|15 52 2. 70'
May 24 W.toC.16 57 10.71 +2. 15,16 57 12.86:16 33 58.47 —45.3516 33 13.12 9 47 14.76|+4 33 41.59'14 20 56. 35 16. 51 16. 77
May 24 W.toC. 17 3 49.44 +2.1517 3 51. 59|16 40 37.21 —45.36 16 39 51.#5 9 53 52.33 42. 68 14 27 35. 01 16. 58 6.
May 24|\V.t0 C. 17 26 25. 00'-1-2. 16,17 26 27,1617 3 12,86 —45.3917 2 27.4710 16 24.33 46. 40 14 50 10. 73, 16. 43 B
| |
May 24‘C.t0W.’17 12 30.06 +2.1517 12 32, "1|lG 49 17, “9 —453. 37,16 48 31.92:10 2 39,25 44,0114 36 14. 2(" 17. 95 17.66 ... e e ! .......... !
May 24C. to W.‘l7 19 31.83 +2 15|l7 19 34. Odllu 56 19. 00 —45. JBLID 55 33. 02110 9 30. JZ: 45,26 14 43 16. "4! 17.79 17.38 1.36 | 0.74 17.19 17. 15,
| | ! ! ; ! |
b.om. s s.
Carlin west of Washington...2 36 17.25 +0,026
Carlin west of Detroit.....__. 2 12 17.02 x0.075

Detroit west of Washington...0 24 0.23 +0.076

66
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Mean places of stars for 1871.0 used for determination of latitude of Carlin, Nevada.
No.of | No. in o "No.of| No. in S No. of | No, in e lira
pair. | B. A. C. Declination. pair. | B. A.C. Declination. pair. | B. A.C. Declination.

o ! " o 17 " o I "
4526 | 25 1 273 4825 | 37 11 39.22 5234 | 13 32 30.71
1 4540 | 56 0 36.66 6 4341 | 44 11 57.58 11 5249 | 62 59 56.06
4568 | 55 20 5.00 4885 | 42 55 27.50 5322 | 23 9 52.30
2 4504 | 26 2L 256 7 4897 | 38 20 36.56 12 5348 | 58 54 37.13
4640 | 29 17 L9 4952 | 47 47 15.90 5335 | 36 49 12.83
3 4684 | 51 35 32.39| 8 5000 | 33 34 10.00 | 13 5400 | 44 9 52.74
4728 | 42 7 33.27 “ 5071 [eecencnaenanenn. J' 5432 | 34 11 14.06
.4 4158 | 39 23 16.50 9 5098 feeerenraancncnns | 5463 | 46 37 18.00
4804 | 50 25 922,70 . 5116 | 62 43 17.93 |
5 4808 | 30 56 20.26 L 10 5146 | 18 5 14.96 ’
Observalions for latitude.—Station, Carlin, A vadd.
g :c.:& !Level. P §m Level.
P ot - < &L
e gE T 2 gE b
Date. | « gz Remarks. Date. |« | EZ Remarks.
IS) - <, o
e EE wis s 88 |N|s
iam o A Z . A
187, > 1871, ! r \
May 17 4568 12 52.213.510.0 May 26 [5322 32 51.613.816.4!
4594, 24 66.3; 8. olls,o : 483 15.415.713. Qi
: ; ! : oo
4640 7947110125 I 5385 9 64.213.216.2
4684 31 12.615.0; 8.3 " 5400- 28 8% 7'13. 8115. 2|
! | : : : { i
4804 17 35.8 9.8i14.0 ! 5432 4 41,716.213.2
4808 15 25. 6/L4.8 9.9 ! 5463 36 62.2 7.820.& Must be 31t.
I ool o
25 4568 12 92,717, 2/13.0 27 14526 6 99.822.216.2
4504 25 8,012 41150 i 4540 24 6.017.820.5
oo 753014 8)15.3 T 4568 10 9. 991 2‘16. g
14684 31 30.917.013.9 1 14594 22 22.815.822.7
: ' I i i
!4798 19 16.915. 0!18.0 Mistakein reading, 4640 3 18.5'16.023.0'
4758 23 16.716.815,0'  to be excluded. 1634 27 8.020.019.5
. i F
4704 18 32,0 16. 0l16. q {4728 10 16.9'18.8120. 7'
4%08 16 B.213.218.8 4758 13 78.9.17. siez.ol Must be 14t 584.9.
t | |
26 4526 11 73.617.010.0 1804, 13 22.218.022.0:
4540 28 74,9 12.4'14.7| 4308 10 §7.7 18,221, ss
: i { ,
4568 9 59.014.2112.8 . 4825 14 9. ‘{ 19. 0'21 2
4594 21 83,2 15. 7\12. 5| ; 4341 15 12. 8‘17 0123. 3
4640 1 45.314.814,0) ‘ !4885 19 69. 4/18.8'92. 01 Very faint.
4654 25 26,912.816.3 4897 13 5.0 L7. 623.0:
L 1 I i
4728 16 20. 4'13. 0 16. 0; i ‘ 4932! 11 30. 0 20. 9120. 0,
4758 20 63.716.013.9! 5000 8 52.913. 7' ---j Bubble beyond
. . scale.
4R04 17 52.5 9.82L,0i 5071 2 76.9 5.0110.2
4808 15 20.819.0 11, 8 ‘ 5008 27 510 2.3113.01
i i i
4825 11 91.2 7.293.5 + 30 6.022. e’xs 8 Mistake in reading,
4841 12 88,3213 0.6 ! 354.720.72L3  excluded.
1085 25 6. 'Iflb.‘)la. 0 14 97.813. 8110 8
4897 18 53, 511L.320.2 : 9 9759 0.021.0 Must be 9t 4549,
. |
4932} 15 66.2! 9.219.8 1 53221 32 87.012.0 9. 8?
5000i 12 99.216.9 11. 7 ‘ 5348 3 58.311.210.8
; g ‘ :
5071 162513 0152 ! 5383 5 1L.118 315.7
5098' 26 51, 6/13. 0 15. 4| 5400 24 37.413.220.7)
i :
5116 33 23.9/17.810. 5 5432 4 36.014.023. 0
15146 6 18.7 9.0119. 2 5463 31 48.121.016.2

H5234 20 74.2i17.811.2
5249 15 20.0¢ 9. 7105

-
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Computations for latitude of Carlin, Nevadua.

= i Corrections.
= Half-sum of .
Date. S | declination. i Latitude.
S . Micr. and ref. Level. Merid. |
Z i
1871, o ' " ’ " . " . : ot "
MAY 17 ceenvmeeeneenenns 2 i 40 50 37.68 — 8 11.00 e 236 [eceeenaans 40 42 24.32
’ i 3 26 19.97 | 416 1.70 + 3 .. 25,18
i 5 40 53.23 + 125,00 + 19.18
MAY 25 - eceneaeeaameaas 2| 40 50 39.29 — 81149 - 40 42 26.85
’ 3 26 21. 67 +16 1.69 + 25.12
4 45 29,14 — 2 61.63 - [26. 36]
5 40 553.10 + 1 30.50 — 21..68
MAY 26 ¢ reenaanecaeeen- 11 40 30 55.63 +11 28.04 + 40 42 26.84
; 2 50 39. 48 - 8 15.08 + 27. 50
3 26 21. 88 +16 318 - 23.24
4 45 99,37 -3 0.08 - 25, 68
5 40 55.33 | 4+ 13370 - 26. 33
i 6 41 52,30 + 03926 - 20, 46
7 38 5.52 4 4 24.16 24, 48
8 40 44.81 | + 147,97 29,13
9 59 17.83 --16 46. 65 3. 28, 08
10 | 24 17.32 +18 14. 08 L 30.12
11 ! 46 13,33 — 34413 — 2 26, %9
12 62 14.01 - 19 4747 -- 0. 26. 27
13 29 31.73 +12 58,04 2 26. 20
14 24 14.68 | 4+1820.25° — 6 23.18
‘ .
MAY 27 e eeeeerneeeaanns | 1| 40 30 55.82 4113002, 4+ 223 ceceenn... |40 42 28.07
2 50 39. 69 — 81060 | — 163 ... 27.20
3 24 22.09 | 416 6371 — 4.3% ... i 24. 07
4 45 29.61 | SRR | — 432 [aeai. 26. 54
5 40 55. 56 +13483; —513|...e.. ! 25.26
6 41 52,57 40 4LB5 | — 574 lceeeioon. ] 28, 68
7 38 5.7 -+ 4 28.69 — 580 ieeenen--. ! 98. 66
8 40 45.05 4+ 15205 = BBO0 jeceeeaaann ! 2R. 60
9 59 18,07 | - 16 40.59 S 10,73 eeeenns | 26.75
10 24 17.55 183251, o 230 {eeennenon [32.36]
11 46 13.54 — 3 43.24 540 ... 24. 90
12 62 14.30 S19 44,44+ 4 L76 [eeomniont 31. 62
13 29 32,00 - +1259.01 . —- 3,31 leceenn.... 27,70
14, 24 14,94 IS 16,85 — 28 eeeenn 22,96

Mean, 40° 427 267.67 + 028,

We conclude, therefore, that the longitude of Carlin station is 39°
04/ 18".80 west of Washington, or 116° 07/ 20”.6 west of Greenwich,
and the latitnde == N. 40° 42/ 26//.67.

BATTLE MOUNTAIN, NEVADA.

:l:(glelz(;,g{ralwhical position of station: Longitude, 1162 56’ 13”.50 ; latitude, 40¢ 38’ 18".74

The astronomical station is situated near Battle Mountain, Nev., a
town on the Central Pacific Railroad. The track of the railroad runs at
this point in a nearly north and south direction. The astronomical
monument is placed southeastward from the town, and 1,475 feet east
of the track, and 1,166 feet from the public-sehool building. Battle
Mountain has about 800 mmbabitants. The astronomical station is but
slightly elevated above the railroad-track ; the place islevel, but at a
distance of one mile prominent hills and ridges, rising 3,000 feet above
the station, are visible. The elevation of the station is determined to
be, approximately, 4,500 feet above the level of the sea.

Meteorological conditions.—No detailed meteorological observations
were taken at this station. From the diary of the observer it can be
seen that it was cloudy almost always during the day, but clear at night.
‘The observer lost much time waiting for the line to Detroit. On some
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days only very few observations for latitude were talken, after he had
waited until late at night expecting to get the use of the wires for longi-
tude-work.

Description of observatory and instruments used.—The construction of
the observatory was the same as at Carlin, and a description of it will
be fonnd in the report for that station.

The same instruments for time-determination ar'd exchange of signals
were also used. TFor the latter purpose the wires of the Western Union
Telegraph Company were employed. The observer, 1. P. Austin, was
assisted at this point by two enlisted men.

DPoints with which connections were made.~It was intended to connect
Battle Mountain with Washington and Detroit, but it was impracticable
to connect with Washington, and the exchange of signals was made
with Detroit only, where Mr. O. B. Wheeler, assistant United States
lake-survey, conducted both observations and computations.

An explanation of the signs and symbols used in the determination of
time at Detroit will be found in the report for Carlin station. The ob-
servations made at Battle Mountain were reduced in 1873 by Dr. I.
Kampf, and revised in 1874. The arrangement of the report was also
made by him.

Instrumental values, re.—The instrumental values are given in the
report for Carlin station. The signals were sent by sound from Battle
Mountain, and recorded by eye and ear. At Detroit they were sent by
sound also, but recorded on a chronograph. By means of automatic
repeaters at Corinne, Cheyenne, Omaha, and Chicago, the signals were
transmitted direct to the.connected stations, .

It has been found impossible to get a better result for longitude. The
observer used for temporary monuments pieces of wood buried in the
ground, which proved too unsteady to give the most accurate results.
These temporary monnments were replaced later by a sandstone pier.

Computation of clock-correction for Delroit, June 1, 1871.

m. Star. | C i |Aberr. Bb © Ce 2 T (A o
! 8. S [ 8. l S, I hom. s h.m. s m. 8. 8.

W. @ Scrpentis........ 4,031 — 01 4 .23 | 4 .11 15 39 04.91 15 37 56.36 |—1 08.91 , 4-.08

. ¢ Serpentis........ +.03] —.01, } .2 @ .10 45 33.21 44 24.71 08.82 ; — 02

¢ TUrse Minoris ...| .16 —.07 | R E I § 49 56.06 ' 48 49.16 08. 44 } ......

& Coronm Borealis.| -+.03 —021 ¢+ .24, + .12 53 24.93 1 52 16.53 08,37 —.03

B Secorpii .......... +.03 — 021 4 .10 + .11 59 06.39 i 57 57.91 08.770 , -2

d Ophiachi........ .03 ] —.0l . & .12 | 4 .10 16 08 45,31 16 07 36.71 03,84 | —. 06

7 Herculis ........ —+.04 - 02, 4 .27 4+ .15 17 02.15 ¢« 15 53.74 08.85 | +.08

W. « Ophiuchi........ -+.03 —.24 , “4- .21 ) 4 .11 52 44,06 {51 35,27 09,13 | +.%0

E. ¢ Trse Minoris ...l........ —.24 ] .. 218 | —1.76 {18 15 23.94 18 14 17.23 06.89 [......

1 Aquile.......... - .03 —. 01" 4 .12 | — .11 29 21.54 | 28 12,61 08.90 | —.23

2 Aquile.. 4 — 03 —.01 i 419 0 — L1119 06 39.26 | 59 30.13 09.17 | +.05

w Aqnile.: - 03 =01+ .19] - .11 12 56.11 19 11 46.95 09.20 | +.06

¢ Agquile. .03 — 0l .16 | — .10 20 10.03 ¢ 19 00 85 09.20 | +.03

y Aquile —. 03| —.01 ' + .19 - .11 41 17. 97 40 08.738 09.23 +.04

a Aquile. - 03 -0l + .19 ) — .11 45 39.61 41 30. 50 09.15 —.03

E. B Aquile... --.03 —. 0l .19 | — .11 50 08.92 47 59,71 09.25 .04

Normal equations.

+ 151980 4 0.96p — 6.8860 +19.62—=0

~ 0.96a - 42.91p — 3.57--0
— 6.83¢ 4 16,0000 }13.45--0
=517
¢ = — 0% 10, lamp east.

p = + 0% 087, per hour.
At— — 1m 08, 91 & 0% 021, at 17h 38m,



Computation of ¢lock-correction for De'roily June 3, 1871,

Star.

W.

w.

T

W.
W,
E.

a Bootis............

BANG 0 RR BR®

Seorpti ..........
Ophrachi
Ophiuchi ..
Herenlis ..
Herculis

SN

Ophiuchi ..
Urste Minoris
Urse Minoris
Aquile....
Aquilee. .
Sagittarii
Aquila ..
Aquike ..
Aquilae ..
Aqguile ...l

RN S&HE Ao » R

Computation of clock-correction for Detroit, June 10, 1<71.

Star.

p Bootis ..
& DBootis
a? Librae
Trame Minoris
Ursae Minoris .

=
=4
2

Serpenti
Serpentis . .
Ursae Minoris ...
Seorpii .

Ophiuch
Ophiuchi .
Ursre Minoris ...
al erenlis c........

Serpentis. .......
Cephei, L. C .
Cephei, L,
Aqaiiae
Sagittarii -
w Aquibe ...
& Aqnite
K Aol oLl

FF—3

Corona: Borealis.

96
JI

I
Cai

Alerr.; B

Ce v

w
Jw

Pl
|

I
oS
e

RN

!

.' -I .l .l

J

Normal equations.

14.49a - 3.96p — 3.72860 —15. % 0
3960 - 29.78p — 5.67=0
- 372 © 15,0060 13.41-= 0
a 0s. 07,
¢ - 0%03, lamp east,
o = 08201, per hour.
At 1w 135 6 & 0% 024, at 13° 50m

CAi Aberr. BD Ce [4
[ 8,
=02 .13

—.02 =~ .15

—. 02 14
L02 v

L .05 42
=05 091
...... N (1 14
.o~ 02 L]
02 - 0x

-.01 = 1%

i =07 - RS
— 02 11

- 01 - .13

— 01 .17

3 <01

10

Normal cynations,

-~ 1ve — 3473p 17.08¢6 ~1.99
- BN Ba o 60.420 — 12,35
+ 1.03a RN R S I )
a  — 003

e — %03 lamp east.

p— 0. 009, per hour.
At — 12w 0 01T 2 10 42

45 44. 57 X

14 30,

L0
Y
—. 03
- 05
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Battle Mountain,

Vev., June 1, 1871,

Name of star. l Clamp. E T bB a A cC T AR. AT

3 s. 8. S, h. m. s h. m. s m. S
e Virginis ....... . + 0.02 [+ 3.23 |+ 042 " 1317 9.65'13 18 25.01 |+ 1 15.36
¢ Virginis .. 5 + 0.08 + 2.66 |4 0.41 26 52. 67 28 832 15. 65
7 TUrse Majoris..' .. . 41 13,48 {4+ 0.26 |— 1.02 {4 0.64 41 13.36 42 23.88 15.52
n Bootis...._....I.. . 47 16.24 |+ 0.18 |+ 1.60 |+ 0.43 47 18.45 48 33.74 15.29
50 Cap., L. C. 50 59.16 |— 0.23 (+12.11 |— 1,31 51 9.73 52 25.27 15. 54
7 Herculis . 16 14 39.59 |— 0.36 |[— 0.61 |— 0.60 | 16 14 38.02 | 16 15 33.75 15.73
a Scorpii 20 12.34 |— 0.11 |+ 4.17 |— 0.46 20 15.94 21 31.80 15. 86
15 Draconis. . 27 10.04 |— 0.54 [— 5.44 |— 1.15 T 2.91 28 18.51 15. 60
a Camelop,, L.C . 39 44.96 [+ 0.14 |+ 9.65 |+ 1.0L 39 55.76 41 11,40 15. ti4
e Ursm Minoris..|........ 58 35.38 |— 1.21 [—20.12 I— 3.04 53 11.01 59 25,98 |+ 1 14.97
Mean for 15b Om local sidereal time. .oovee e it e + 115.52

Four different computations to find the error of chronometer were made. The error of collimation
adopted from two computations = — 0°.41. The method of least squares gave an unsatisfactory result ;
the azimuth of tbe instrument was therefore computed from polar and south stars — + 4%.09. g Dra-
conis is excluded in the above determiuation of time, as it gives a result differing too much from those
of the other stars.

Battle Mountain, Nev., June 3, 1871,

l P T
Name of star. : Clamp. T 1 b»B a A cC T AR. i AT

i [ S S _ U

. hom s | s I s. | s. . h.om. s Ph s. .+ om. s
2 Virginis...__..' "~ W, 13 26 52.96 — 0.16 4 0.33 + 0.32 13 26 53.45 ' 13 28 8.31 . +1 14. 86
n Urse Majoris.. ... . 41 13.50 — 0.11 — 0.13 + 0.50 41 13.76 42 24, 85 15. 09
7 Bootis ......... .. 47 144 — 0.12 4 0.20 .4 0.34 47 1R.86 43 33.74 ! 14. 38
50 Cassiop,, L. C . 51 .85 4+ 0.20 + 1.50 .— 1,02° S5l 10.53 ! 52 25.39 14. 86
a Draconis ... _.' ... ... 59 41.45 — 0.35 — 0.49 [+ 0.%6 59 41.47 | 14 0 46.21 +1 14.74

.
Mean for 13b 45m local sidereal tiIne . oo i o i iiieiieaceaaan. j+1 14. 886
Normal equations.
0: — 0234500884+ 27Ra 8t - — 0115

0 ~286+ 2780t 1033 a a = 4 04,303

By preliminary reduetion the error of collimation is found
== 4+ 0%20. The azimuth of the instrument found by the method of least squares -

- — 0.32; adopted error of azimuth
+ 00303,

Battle Mountain, Nev., June 3, 1871,

; ,
Name of star. :‘Clamp. . T bB ‘ aA i cC T i AR. ‘ AT
! t b s . 8. s. I s, hom s l h. m. s l m. §.
¢ Corvi..ooooocee B 1292505210 —0.02 45.%4 ;) —0.33 12 42 57.01 ' 12 23 12.00 , 41 i2.99
x  Draconis. . .- 26 55,48 1 —0.0% , —9.99 1 —0.96 26 44.45 27 59. 50 I 15.05
y Virginis .. . 33 49.00 | —0.04 +4.43; —0.32" 33 53.07 35 807 15. 40
35 Virginis ....... 40 59.°1 | —0.06 +4.02 ¢ —0.32 41 2,85 41 18,10 1 15.25
12 Canum Venat..' .. 44 45.52 | —0.14 '+ +0.27 ) —0.41 43 45.24 ¢ 50 0.39 15.15
6 Virginis ...... 54 423 | —0.12  43.35 1 —0. & 54 31.181 35 46.32 | 15.0
Virginis ....... preeneesal 13 15T 84| =000, 4483, —0.32 13 2 225,13 31730 41 15.0
j—
Mean for 12t 40m local sidereal time ...... .. .oeoiini i ' 41 15.00
Normal equalions.
0--40.05 4+ 7.000¢ +19%a €t == — 0501
02— 0.02 4 L9906t +4.55a a = + 0,000
The crror of collimation is found by preliminary reduction.......... =

The azimuth was determived by 6 Corvi and « Draconis. ...

And by mean of the least squares the azimuth is given 70)

—+G~:
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Batile Mountain, Nev., June 10, 1871.

Name of star. |Clamp. T bB a A cC i T AR. AT
|
h.m s 8. 8. s. 1 h.om. s h.om. 8. m. s,
Ursa Minoris ..| W. 15 47 41.85 | —2.25 | 4+0.40 [ 4-0.06 | 15 47 40.06 | 15 48 48.84¢ | 41 8.18
Seorpii caeueooifianaaan. 51 3588 | —0.24 | —0.13 | 4-0.01 51 35.52 52 44,91 8.69
B Scorpii. ... coolfiiiian 56 49.56 | —0.29 { —0.12 | 4.0.01 56 49.16 51 51.97 8.8t
Groom. 2320....0........ 16 45442 —1.43| +0.17 | 40.03 | 16 453.19!16 6 2.00 841
v Herculis.......{........ 14 45,42 | —0.83 | +0.02 | 4+0.02 14 44.63 15 53.76 9.13
e Scorpil .....oifecaanaas 20 23.40 | —0.24 | —0.13 | 4-0.01 , 20 23.04 21 31.88 | 8.84
Mean for 16° 0m Jocal sidereal tme .. .- .eemeenneemaeeaeenaeaannnss e 1'__+1 8 84
Normal equations.
0=-40.59 4 6,005t — 1.47a —12.20¢ t=—016
0=4173 — L4746¢ +13.47a +13.7l¢ a = — 0133
0=-+0.36 —12.284¢ --13.7la +36.75¢ ¢ = — 05 012

From the preceding observations, the following table containing corx-
rections of chronometer and adopted rates for Negus No. 1344 is
derived. '

1871, k. . m. S. 8.
June 1, 15.0 local sidereal time: cor. of chronometer, 4- 1 15.52; adopted rate, 4 0.011

June 3, 13.2 local sidereal time: cor. of chronometer, 4 1 14.99 ; adopted rate, 4 0.023
June 10, 14.8 local sidereal time: cor. of chroaometer, - 1 8.84 ; adopted rate, 4- 0.035

Before and after exchange, comparisons of Negus 1344 and Hutton
288 (mean solar chronometer) were made, as follows :

1871. h. m. s. b, . s, Lo om.oos.
June 1. Negus 1374...... ... ... . ...... 13 56 30.0 13 59 34.0
Hutton 288. ... oovai s 8 55 57.5 3 5o 5L.0
After exchange:
Negus 1344 . ... .. 15 57 56.0 16 00 59.0 16 4 6.0
Hutton 2838... ... ... .......... 10 56 53.5 10 89 56.0 11 3 2.5
June 3. Negus 1344, .. ... ... ... ...... 14 5 2.0 14 v 5.0
Hutton 283....... ... ._......... 2 56 25.0 ~ 50 7.5
After exchange :
Negus 1344, .. .. ... 15 0 40.5 15 3 44.0 15 6 49.0
Hutton 283.. ... ... ... ... ... 9 51 54.0 9 54 57.0 953 1.5
June 10. Negus 1344... .. .. ... ... ... 14 14 13.0 14 17 17.0
Hutton 288.... ..o i il i.. 8 37 57.0 241 0.5
After exchange:
Negus 1344 .. .. ... . ... 15 32 24.0 15 41 26.0
Hutton 288.. ... oo 10 1 54.0 10 4 55.5

From these combarisons the following table for mean-time chronome-
ter Hutton 288 is derived.

Hutton 288.

‘Slow of sidereal - Losing per

| Hutton time. ' time. ‘ hour. I Log.
- S — i ,,_i - - — i

) h. ! L. m. 5. s. }
June L, 870, ceoueimenieiii | & ggg;.;l L 0.708 | 0. 9933363
June 3, 1870 e eceeneneaeeeennn . ' 8. 96562 | 9 52.9 : i <

) ‘ 5 51507 1w o 10.249 | 1. 0106754

June 10, 1371, . o ceeeaaneann e, 8. 65799 37 2511 .

, 10, 06021 3 39,06 9,949 0. 9977380
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Erxchange of signals between Detroit, Mich., and Battle Mountain, Nev.

JUNE 1, 1871.—S8ignals sent from Detroit.

. Battle Mount- | Battle Mount- Battle Mount-
Detroit clock. ain )| Detroit clock. ain Detroit clock. ain
chronometer. ' : chronometer. | chronometer.
h. m. s l he m: s ' h m s h. m. s h. m. s h. m. s
17 22 40.25° 10 3 4080 005 ... 17 2 20.05) 10 7 29.00
50. 06 50. 60 17 24 40.10 49. 30 30. 20 39.¢0
23 0.35 4 Y20 0. 20 39. 10 40.20 49. 00
i 35 24 6 9.40 50.15 39. 00
24 0.2 | 5 4.8 [ W 0.2 8 4.0
10.03 19.20 | W 0.2 T 9.30 : _
20. 05 29,20 ¢ 10.19 19.00  Mean, 17 25 3.92 , 10 6 13.03
SECOND SERIES.
Battle Mount- | | Battle Monnt- || Battle Mount-
Detroit clock. ain I Detroit clock. ain i Detroit clock. ain
| t chronometer. ! chronometer. | ; chronometer.
}
h. wm. s { h. m. s heom. s | hom. s - heom. s ko omo s
17 32 40.29 i 10 33 44.30 1 17 54 50.10 10 35 54.40 17 57 0.05 10 38 4.00
50. 21 5470 55 0.08 . 36 4.30 10. 05 14. 00
33 0.21 I 34 460 10.138 | 14.30 20. 10 23, 90
10.20 14. 50 20, 10 24 00 30.20 33. 90
20. 15 24,50 1 30. 20 | 34.10 40.10 44. 00
30. 20 34.50 40. 20 - 44.20 ' —
40. 11 44. 50 Aean, 17 35 10.14 10 36 14.96
56 40.05 37 43.90
54 40.08 33 44.30 50. 14 51. 00
Signals sent from Battle ountaia.
Battle Mount. Battle Mount- Battle Mount-
Detroit clock. ain i, Detroit clock, ain Detroit clock. ain
chronometer. ') chrouometer. chronometer.
k. om. 8. } h. m. I h. h, m. s h. m. s h. m. s
17 40 24.31 0 22 17 10 26 40.00 17 46 15,10 10 23 0.00
20. 50 i | 45.00 | 20.05 5. 00
34,02 1 ! 50.00 i) 25,12 10. 00
39.31 55. 00 30. 25 15. 00
44,28 ' ! 27T 0.00 35. & 20. 00
40, 45 ! \ 3. 00 40. 25, 00
54. 60 | 10. 00 45. 32 30. 00
f I 15. 00 X 35 00
44 ' 26 20. 00 3.8 40. 00
25 00 47 p 45. 00
N 30. 00 5.19 50. G40
" 25.00 10,30 53. (00
i 40.00 15200 29 0.00
| 45. 00 : —_— !
| 50.00 - Mean, 17 44 36.44 10 w6 4148
1 55.00

JUNE 3, 1371.—Signals sent from Detroit.

Battle Monut- | | Battle Mount- Battle Mount-
Detroit cleck. | ain ~ Detroit clock. ain Detroit clock. ain
chronometer. || ‘ chronometer. I\’ chronometer.
i b N
: !
h. m. s h. m. s . om. s l h. m. s. k. m. s. i h. m. s
16 41 ... L T 16 43 10.12 | 9 16 2880 16 45 20.05 7 9 18 38.40
10.25 20,10 20,03 | 3= 60 30. 25 48. 50
20. 00 34, 0V 30.10 48, 64 40. 12 5. 50
30. 15 49 10 40. 20 \ 53.70 50.12 19 230
40. 25 39.10 50. 29 17 860 ' 46 0.40 18.50
5031 15 9.20 . 44 0.30 ! 18.80 | —
4 0 19. 60 - ir Mean, 16 43 37.70 | 9 16 56.24
I 45 0.98 18 18.60 '|
43 0.38 16 19.00 ¢ 10.08 4 28, 40
I
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SECOND SERIES,

| Battle Mount- Dattle Mount- ‘BattleMount-
Detroit clock. | ain ! Detroit clock. ain Detroit clock. ain
chronometer. " chronometer. chronometer.
"
|
h. m. s | h m. s h. m. s keom, s h. m. s | h. m. s
17 0 0.2 ;9 3t 16. 50 17 2 10.20 9 33 25.80 17 4 20,20 9 35 35.40
10.05 ) 26. 10 20. 18 35.80 . | e
20.13 ¢ 36,20 30. 15 45.80 ! 40. 18 - 53. 50
30.21 ! 46. 30 40.21 55. 30 50.25 | 36 5.40
40.11 ! 56. 00 50. 13 34 6.00 5 0.2 15. 20
50. 23 32 6.00 3 018 16. 00 = 1
1 0.4t 16.00 i I Mean, 17 2 2419 9 33 30.83
| 4 0.10 35 15.40 : '
2 0.30 i 33 15.90 10. 20 ?5.50 |
Signals sent from Battle Mountain.
| Battle Mount- | Battle Mount- Battle Mount-
Detroit clock. ain ' Detroit clock. ain ' Detroit clock. ain
chronometer. ‘* chronometer. chronometer.
ho om. s 1 h.o m. s “ h om. s ' ko om s h m ' h m. s
16 49 43.23 9 23 0.00 16 51 2872 9 24 45.00 16 19 26 30.00
43.30 | 5.00 33.45 50. 00 | ! 35.00
53.12 | 10. 00 38. 60 55.00 40. 00
58,20 l 15. 00 43,70 25 0.00 45. 00
50 3.30 20. 00 48.70 5.00 ' 50. 00
883 23,00 53. 59 10. 00 ) 55. 00
13.50 30.00 | 58, 59 15,00 2T 0.00
13. 61 35.00 1 2 3.8 20. 00 5.00
23. 68 7 40.00 ! .83 25. 00 ' 10. 00
a3, 6x 45,00 ! . & 30. 00 i 15,00
33.45 50. 00 35.00 20. 00
38. 60 55. 00 40. 00 : 25. 00
43. 42 24 0.00 45.00 . 30.00
48. 41 5.00 50, 00 35.00
53. 45 10. 00 55. 00 40. 00
58.55 15. 00 26 0.00 45. 00
51 3.50 20.00 - 5.00 50. 00
882 | 25.00 ¢ 10. 00 55. 00
13. 60 30. 00 .78 15. 00 28 0.00
18.70 35.00 53 5 20.00 | —
23.70 40. 00 ‘|‘ . | 25.00 ' Mean, 16 9 25 30.00
! i
JUNE 10, 1871.—Signals sent from Detroit.
Battle Mount- ! Battle Mount- | Battle Mount-
Detroit clock. - ain H Detroit clock. ain Detroit clock. ain
) chronometer. | chronometer. chronometer.
- B [ ! — .
hom s | hom s 4 hom s hom. s h. m. 8 |h m s
17 12 ...... 9 17 ...... ‘l 17 14 10.00 9 19 44.80 | 17 16 20.10| 9 21 54.60
10.10 45. 10 ! 20.15 54.90 30. 10 22 4.50
20. 25 55. 40 I 30.10 2 4.90 40. 10 14. 40
30.20 18 5.40 ! 40. 10 14. 90 50.15 24.20
40. 45 15.50 ;. 50.20 24. 80 17 0.53 34.10
50. 20 25.10 15 0.10 34. 60 { —_—
13 0.20 35. 10 Mean, 17 14 37.069 9 20 12.32
: 16 0.43 21 34.60
14 0.25° 18 3510 10. 10 44. 40 .
SECOND SERIES.
* Battle Mount- ! Battle Mount- Battle Mount-
Detroit clock. | ain Detroit clock. ain Detroit clock. ain
chronometer. 1 chronometer. chronometer.
h. m. s. ‘ h. m. s 1" h. m. s h. m. s 1 h. m. s. h. m. s
17 26 30.24 1 9 32 3.00: 17 28 40.21 9 34 12.60 17 30 50.15! 9 36 22.00
40. 00 | 12.70 ’ 50. 21 22. 50 l 31 0.00 32. 00
50. 20 | 22.70 59. 84 32.20 ¢ 10. 26 42.10
7T  0.20 32,70 29 10.12 42. 40 20.10 52. 00
10. 10 | 42.60 1 20. 15 52. 40 30. 30 37 210
20.12 | 52,50 . 30. 21 35 240
30.10 33 260 Mean, 17 29 0.15° 9 34 32.40
| : 30 30.21 36 2.20
28 30.27 34 260 40. 13 12.20 |}
i | |
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Stgnals sent from Battle Mountain.

Battle Mount- Batile Mount- ' Battle Mount-
Detroit clock. ain Detroit clock. ain ' Detroit clock. ain
chronometer. chronometer. : chronometer.
h. m. s h. m. s h. m. s h. m. s k. m. s h. m. s
17 19 26.69 9 25 0.00 17 21 - 6.93 9 26 40.00 17 22 47.29 | 9 28 20.00
3175 5. 00 12.08 45. 00 52.38 25. 00
36. 60 10. 00 17.20 50. 00 57.30 30. 00
41. 80 15. 00 21. 86 55. 00 23 2.46 35. 00
46.90 20. 00 27.03 27 0.00 7.42 40. 00
51. 84 25. 00 32.01 5.00 12. 49 45. 00
56. 88 30. 00 36.82 10. 00 17. 45 50. 00
20 1.92 35. 00 41. 90 15. 00 22 50 35. 00
.15 40. 00 47.18 20. 00 27.55 29 0.00
12.10 45. 00 51.92 25. 00 ! 32.41 5. 00
17.03 50. 00 57.25 30.00 , 37. 48 10. 00
22. 00 55. 00 Q215 35. 00 42. 40 15. 00
26. 90 2 0.00 7. 24 40. 00 47. 62 20. 00
32,00 | 5. 00 12.45 45. 00 52.55 25. 00
37.00 10. 00 17.25 50. 00 57.50 30. 00
41. 96 15. 00 22. 50 55.00 24 272 35. 00
46. 95 20. 00 27.35 28 0.00
51. 95 25. 00 32. 35 5.00 || Mean, 17 21 44.66 | 9 27 17.50
56. 98 30. 00 37.32 10. 00
21 2.00 35.00 42. 30 15. 00




Deduction of the results for longitude.

<o
»
Local sidereal B t Local sidereal 2 . s
. : 1. | Clock cor-| time of the attle Mount- | oo vootion of | time of the |Differencesof £ ¢ | Final differ-
Date. Signals sent from— Detroit clook. | ™ otion. |  mean of the g;::hronom- chronometer.| mean of the | lougitude, | Y1630 | ZE iy} of lon-
signals. . signals. > | gttude.
—— - ‘~“Q -— .
: h. m. s mn. 8 h. m. s. k., m. 8. h.om. s ko m. s k. m. s 8 8. h. m. s
June 1, 1871 | Detroit to Battle Mountain.] 17 25 3.92 | —1 891 17 23 5501 [ 10 6 13.03 | +5 2 9.65 15 8 2268 |2 15 3233 |-..coue |eeemeelemrenranuannn
Jumne 1, 1871 | Detroit to Battle Mountain.| 17 55 10.14 1" 89417 54 1.20|10 36 14.26 2 14.60 | 15 38 28.86 3234 | 3234 ..ol
June 1, 1871 | Battle Mountain to Detroit.| 17 44 56. 44 1 89217 43 47.52 |16 26 41.48 2 13.02 ;15 28 54.50 33.02 | 33.02 | 0.68 2 15 32.68
June 3, 1871 | Detroit to Battle Mountain.| 16 43 37.70 | —1 13.64 | 16 42 24.06 | 9 16 56.24 { +3 9 55.45 | 14 26 51.69 32.37 1.
June 3, 1871 | Detroit to Battle Mountain.! 17 2 2419 1 136917 1 1050 9 33 39.83 ¢ 9 58.30 14 43 38.13 32.37
June 3, 1871 | Battle Mountain to Detroit.; 16 52 13.75 1 13.67 16 51 0.08: 9 25 30.00 * 9 56.91 |14 35 26.91 33. 17
i
June 10,1871 | Detroit to Battle Mountain.| 17 14 37.69 | —1 21.34 117 13 16.35| 9 20 12.32: +537 31..87 14 57 44.19 180 Ui 2 (R IR PR
June 10,1871 | Detroit to Battle Mountain.} 17 29 0.15 1 2L.35 17 27 38.80 9 34 32.40 37 34.24 1 15 12 6.64 3216 | 3216 |...... ..ol
June 10, 1871 | Battle Mountain to Detroit.| 17 21 44.66 1 21.34 L 17 20 23.32( 9 27 17.50 ) 37 33.04 ‘i 15 4 50.54 32.78 | 32.78 | 0.62 32.47

Battle Mountain west of Detroit 2h 15m 320,64 + 0%.06.

68
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Mean places of stars for 1871.0 used for determination of latitude of Battle Mountain, Nev,

i . P
No.of XNo. in ot , No.of No.in | P No.of No. in inati
pair. . B. A.C. Declination. ! pair. ‘ B.A.C. Declination. pair. | B. A. C. Declination,
- ! i | o : o -
b ! ‘ !
! | o ’ " ‘ o i " ‘ o) ’ 1"
1: 4568 . 55 20 5.00 7. 45| 37 11 30.92 i 5385 36 49 12,93
[ 43%4| 26 2L 256 LAY 44 1L 5T 130 5400 44 95274
2, 4605 | 55 4 e 8 4863, 37 18 26.30
i 14 5432 34 11 14.06
i 4640 | 29 17 1.25 4952 ' 47 47 15.90 5463 46 37 1800
3 4684 1 51 353230 9 5000 ° 33 34 10.00 15 5479 3{ 614.%6
! i
4694 | 31 28 3.52 5072 | 33 23 49.53 i s54L 30 46 15.72
4 4701 50 4 5.00 10 5113 | 43 9 26.20 16 5349 50 24 52.85
| 47123| 20 423442 5157 | 43 35 44.60 5596 49 10 53.8¢
5 | 4752 | 51 5418250 11, 5178 37 32L0 17 5604 3L 50 17.80
4804 | 50 9592.70 - R - R X ’ 732 56 52 42.77
6‘ 4808 | 30 56 20,26 ' 5307 59 17 364 18 5798 24 23 49.00
Observations for latitude.—Station, Battle Mountain, Ner.
. & el | ! = 5 .
g £q 'Lech ‘ i R ' Level. I
b = — EA =) .
Date. ;2 E;; | Remarks. ', Date. < = Remarks,
e 88 |x s " s . EE . N8
“ = i A A , |
) s —— z |- .
1871 | t  d. ' I8 | t d
Jupe 6 | 5432 | 1 415, 1R.2. 135 [June® | 5252 | 7 91.015.0 | 10.0
5463 | 22 13.9]18.5 | 15.2 : 5307 | 35 67.0 | 10.0 | 15.0
5479 |-2 34,4 18.2 ' 15.8 | ; :
: N ; | 5385 | 8 97.8 | 13.0 | 12.5
5541 112 62.¢ [ 17.5'16.8 ! . 5400 { 26 90.5 | 14.8  11.0 | Must be 21t
5549 | 16 49.0 | 22.0 | 12.0 : :
i |‘. 5432 | 13 76.815.8 . 10.0
June 7 | 5252 | 7 482|170 '150" h 5463 ' 34 43.5{12.8 13.0
5307 |35 82180 138 i i 51110 1.6 15.8 10.0
5385 | 11 72.2 | 218 110.2 ) } V5541 ' 18 16.2 | 9.5} 16.8
5400 | 24 59.5 | 12.8119.0 I 5549 , 2L 93,9 | 2.2 5.0
532 [ 13 81,0 | 15.6 | 15.0 I 5596!25 9.9, 12.0  14.0
5463 | 34 47.8 [ 20.0 | 12.8 ‘ 5604 3 14 51,0 ' 17.5 8.8
5479 | 10 19.2 | 16.3 | 16.3 ! I ( ,
{ 5152123 64.8 178" 9.2
5541 | 18 53.0 [ 20.3 ' 13.0 | ‘ 5793 , 23 83.8 | 17.0 . 10.2
5549 | 22 35.3 [ 18.0 | 15,0 | i June 9 | J i
| ' ) i 4568 | 9 86.2 12.0 @ 110
June 8 | 4568 | 11 10.0 | 12.0 ' 10.5 - } 4594 128 12,0, 80| 15.8
4594 [ 29 47.0 | 12.0 : 10.5 i
4605 | 22 55.8 | 10.7 ; 12.0 {4640 1 10 ®7.9 | 13.5 | 10.3
4684 § 28 79.0 | 4.0 |20.8
4640 | 11 88.8 | 10.2 | 12.2 |
4684 [ 29 50.3 | 13.0 | 10.2 i 4694 1 26 40.2 0 6.2 | 18.8
| I 4701 | 14 80.0'17.0] 8.0
4694 [ 26 51.0 | 15.5 | 8.0 : | | !
4701 |14 83.6 | 80! 16.0 i 4723 25 6.9 112 13.5 | Must be 23t,
c412 1 5 938 1.2 13.2
47123 | 23 23,0 |12.6 1 11.8 | . :
4752 | 5 48.9 [ 14.0 | 10.3 | Is No. 4742, 404 |12 782 ' 12.0 | 13.0
4808 | 16 67.7 | 13.0 ' 12.2
4825 | 23 27.9 | 14.8 | 10.0 | , ;
4841 117 7881 14.0 ] 10.5 4825122 94.2: 14.0 i 1.8
4863 | 28 23,0 | 14.0 | 11.0 j 4841 |17 56.7 128 ' 13.2
4863 | 27 945 16.0 | 10.5
! 1
5072 | 24 9.1 1.8 118! . - i
2 4952 1 20 42.5,19.2 ' 7.8
513 | 11 63.6 | 12.8 } 1.8 5000 24 285 i 13.0 | 15.0
5157 (32 99.515.0 9.5] 15072 | 23 56.7 - 14.0  14.0
5178 | 4 65.3 | 10.0 - 14.8 | 87.0 20.8 7.2

5113 | 10
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Computations for latitude of Battle Mountain, Nev.

l

Corrections.

i No. nf Half-sum of

Date | pair.  declination. i Latitude.
Micr. and refr. Level. ! Merd.
e —— [ . — e ————— ‘ - - — — — ‘ —— S
- 17 ' " [ " - "
FI3 SR L 405 40 33 19.82
416 30.13 . - 3.85 21. 83
- 23642 4 T.9 18.70
~1836.24 <+ 4.1 16. 89
. 840.61, + 3.6 19.21
~1356.25 &+ 5.9 19. 46
216 2216, + 4.8 15.11
- 23457 4 6.9 16. 82
Sz e 40 38 20.86
430,54 + 0.1 16. 86
115238 + 0.5 17,922
~ 75212 40 19.19
—11 59.50 | + 3. 20. 71
- 342,07 | + 5. 18. 40
~7 4311 4 4.3 18.29
—~ 82370 0. 19.31
| 1837911 4 0. 15. 11
! 18 42,71 0. 19.43
4 B2 4 20. 90
113 55.82 =+ 3. 17. %0
: <16 21.55 | + 3, 19.71
; < 23471! 46 16.35
I~ 7354 - 4 17.86
| —0 768 410 18.43
June 0, 1871 .ovneneoeeenan, L 121890, — 4.5 18.93
{ <12 4.3¢ . — 9. 19. 67
‘ -T2 —2 20, 21
© 11588 — Q. 16. 63
23751 - 0. 20. 63
— 33737 4+ 1. 18.92
— 659.70  + 3. 22,93
- 23610 + 6. 18. 74
- B 3349 ] 4 9. 18.28

Mean latitude of Battle Mountain, Nev , 40° 38/ 187,74 4:0. 21,

Resulting astronomical co-ordinates.

Adopting the longitude of Detrmt as given in the Report of the Chief of Engineers for 1271, to be—
b Q4m (), 14° west of Washington, or
83O 3 37,90 west of Greenwich—
The resulting astronomical co-ordinates of Battle Mountain, Nev., will be—
Longitude: 116° 56’ 13", 50 west ‘of Grreenwich.
392 53/ 11,70 west of Washington.
Lahtude N. 400 38 18”74 +0". 2L

AUSTIN, NEVADA.
Longitude 117° 03’ 41".70; latitude 39- 20" 21'.92,

The astronomical station is situated near Austin, Nev., in the cafion
through which the road to Belmont passes. A short distance above the
Manhattan Mill, to the east of the station, the land rises rapidly to
Mount Prometheus; to the north, there is a slope downward to the valley
of the Reese River. The mountains to the south and west rise to a height
of several hundred feet above the station. The weather seems to have
been quite fair when the station was oceupied ; at least, at night. During
the day the clouds accumulated aboat 3 p. m., clearing again at 11 p. m.
No detailed meteorological observations were made by the observer. The
observations were taken in the same tent nsed at Carlin and Battle
Mountain ; the instrument was placed on three pieces of board buried
three feet in the ground. The observer, E. P>. Austin, was assisted by
two soldiers.
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The wires of the Western Union Telegraph Company were used for
exchange of signals, For time and latitude observations the same in-
strnments were used as at Carlin and Battle Mountain, a description of
which is given in the proper place in the report on Carlin.

Connection was made with Washington and Detroit ; Washington
could be reached only once. The result derived from the exchanges
between Austin, and Detroit and Washington for the longitude of De-
troit is again larger than that given in the Report of the Chief of Engi-
neers for 1871. This discrepancy of the results, being all independent
of each other, will be investigated at another time.

The observations for time were taken on the 16th, 26th, and 29th of
June; those for latitude on June 15,17, 21,and 23. The corresponding
determinations for time at Detroit were taken by Mr. O. B. Wheeler,
assistant United States lake-survey, and at Washington by Prof.
John R. Eastman, United States Naval Observatory. The reductions
of the observations, made at the connected places, were made in the re-
spective offices; those for Austin station by Dr. F. Kampf, who also
prepared the report.

The explanation of signs in the report for the Detroit observations
will be found in the report for Carlin; the same report contains the
observations and computations for time relating to Washington.

For the reductions of observations made at Austin, the same instru-
mental values as given in the report on Carlin station were used. The
signals were sent through by means of automatic repeaters; the num-
ber of them and also the places where they are situated are given in the
Carlin report. '

Computation of clock-correction for Detroit, June 16, 1871.

Im. Star. } CAi|Aberr.| Bb ; Ce [4 a (a—t) v
s. 8. ES ko om. s, k. m. s m. 8. 8.
W. |8 Bootis........... — .02 | + .29 | 4 .08 | 14 58 32.36 | 14 57 06.78 |—1 25.97 |+ .16
48 Cephei, L. C. i + .06 — .47 1 — .20 ]15052512 | 303 58.79 25.63 |.ue..
B Libre........... + .03 | — .01 | + .14 |+ .07 11 30.94 | 15 10 05. 49 25.68 [— .15
o Coronie Borealis | + .03 | — .02 4 .23 | + .07 30 40.68 29 15.14 25.85 |+ .01
a« Serpentis........ + .03 — 0L+ .19 + .07 39 22.07 37 56.38 25.97 |+ .12
¢ Serpentis.. .. W03} — .00 + .19} 4 .06 45 50. 31 44 24.75 25.83 |— .03
¢ Ursa Minoris . + .16 | — .07 |+ .97 + .31 50 12.81 48 48.52 25.66 |— .16
¢ Coronz Boxeahs {03 - 021 4+ .28 + .07 53 42.05 52 16. 54 25. 87 {+ .01
W. | d Ophiuchi S 4 .03}~ .01 |+ .18+ .06 | 16 09 02.44 | 16 07 36.79 25.91 |+ .03
E. ¢ Ophiochi . —.03{— .01+ .12} —.07 31 30.68 30 05.11 Q5,58 {— .32
n erculis . — .04 — .02 4 .24 — .08 39 56,30 38 30.35 26 05 (+ .14
I3 Ophlu(’hl L= 03— .01+ 17— 07 - 53 01.20 51 35.39 Q.87 |— .05
¢ Urse Mmoms ........ ol =10 +1.16 ] — .47 | 17 00 50.24 59 25. 52 25,31 lieannn
E. | a! Herculis ...... .. — .03 | —.02| + .18} — .07 10 13.51 | 17 08 47.64 25. 93 .00
|
E. | x Aquile . ‘ 03[ — .01 + 06 — .07 19 31 24.57 | 19 29 58,59 25.93 |— .01
y Aquile. i 03 — .01 4 .08 — .07 41 35.08 40 09.12 25.93 |— .05
a Aquile. { 03| — .01} .08 —.07 45 56.92 44 30.85 26.04 [+ .07
B8 Aquilze - L0341 — 0L 07T — .07 50.26.10 49 00.06 26.00 {+ .03
E. A Urse Minoris ...[.._..... — .74 | +3.8 | —3.39 |19 55 44 83 54 13.55 3103 [......
W. | A Ursa Minorig ... |........ R £ S - PSR B 1+ N Y A OIS PO,
a? Capricorni ...... 4+ .03 | — .0l | 4+ .06 + .07 2012 21 07 20 10 55. 20 26.02 |+ .08
W. | ¢ Delphini ........ + .03 — .01 4 .09} 4+ .07 28 30.22 27 04,33 26.07 |+ .06
i !
Normal equations.
+ 49.63 a + 96lp+ 174884+ 360=
+ 148091 @/ 4 90.89p — 34626 — 228.03=0
+ 96la+  90.8) o/ 4 T7.44p — 1681 =0
. + L7da— 3462 o 4+ 210068+ 2313=0
a — 05,01
o ==+ 0% 14

¢ — 0% 06 lamp east.
[ + 0% 051, per hour.

At = -~ 1m 25°.93 &+ (%019 at 17" 19

It
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Computation of clock-correction for Detroit, June 26, 1871.

1. Star. C Af|Aberr.; Bd ' Ce | t } a ' (a—t) v
8. 8 & th. m. s jh. m. s m. 8 8
E. ~.02 |4 .15 [— .10 14 53 35.55 {14 57 06.66 (—1 28.84 | .16
+. +.06 |— .27 -+ .35 15 05 28.01 |15 03 59.68 28.61 |......
i - —-.02 |+ .18 [— .10 21\ 07.49 19 38.63 R8.84 | 4-.17
a Corong Borealis..| —. 07 | —. 02 {+ .17 |— .09 30 43.75 29 15.09 28.65 | 4.01
a Scorpii........... —.06 | —. 01 {+ .13 |— .08 39 24.93 37 56.37 28,54 | +.06
¢ Serpentis......... —.06 | —. 01l |4 .14 i— .08 45 53.16 44 24.74 28.41 | —.19
¢ Coronm Borealis..| —. 07 | —.02 |4 .20 ;— .09 53 45.14 52 16.50 28.66 | 4.04
¢ Ophiuchi ......... —.06{ —.01 |+ .14 |— .03 |16 09 05.23 |16 07 36.81 28.41 | —. 16
¢ Ophiuchi......... —.06 | —.01 |+ .13 |~ .08 31 33.49 30 05.14 28.33 | — 21
E. | « Ophiuchi......_.. —.06{ —.01 |4 .18 |[— .08 53 03.93 51 35.42 28. 54 .00
‘W.. 6 Ophiuchi......... +.06 | —. 01 |+ .15 [+ .08 |17 30 26.85 (17 28 58.56 28.57 | +.05
W. < —.01 |-+ .20 [+ .08 {19 00 58.79 {18 59 30.57 28.55 | 4+.11
% —. 01 | .16 |-+ .08 13 15.69 |19 11 47.40 28.58 | .14
—. 01 [+ .13 |4 .08 20 29.48 19 01.35 28.39 | —.02
—-.01 |+ .10 08 3L 26.91 29 58.78 28,36 | —.02
W. —. 74 [+4.78 i+4.12 55 40.46 54 16.37 32.25 .00
E. - —.01 j+ .11 '— .03 [20 28 32.83 20 27 04.53 28,24 { —. 13
-. —. 02 [+ .18 — .11 38 32.63 37 03.96 28.64 | 4.22
—_ —.01 |+ .08 '— .08 47 11.52 45 43.19 28,26 | —.06
- —.02 [+ .12 I~ 09 50 33.70 49 05.35 28.29 | —.06
! - —.02 [+ .16 |— .10 {21 02 37.45 21 01 0s.83 28.58 | +.10
E. i —. —. 02 [+ .13 |— .09 08 56,69 07 28.32 28.32 | —.04
Normal equations.
+1502.25a + 83.30p — 256788 -—151.33=10
-+ 83.30a +111.16p - 230=0
— 25.67a +22.00860 -+ 1486 =0
a = + 010
¢ = — (%08, lamp east.
p = — 0053, per hour,
At= —1m 2854 + 0% 019, at 18 04m
Computation of clock-correction for Detroit, June 29,1871.
No |y i Star. CA{ Aberr.| Bb r Ce . t a (a—t) v
wires. H H N
8. £ £ ‘ 8 "h m, 8 |k m s
9 {'W.| 8 Urse Minoris ....|-+.23 | —. 05 [+ .68 -+ .13 14 52 32.24 [14 51 09.25
9 B Bootis «ceenn.nn... +.08 | — 02 |4 .26 + .04 58 30. 83 57 06. 62
9 B Librae ....._...... +.06 | —. 01 [+ .11 |4 .04 15 11 29.59 (15 10 05.45
5 ! Bootis... el 04 1 —02 |4 .23 (4 .04 21 02 17 19 38. 60
9 a Serpentis. ceel .06 | —.01 |4 .16 [4- .04 39 20.55 37 56.36
Y ¢ Serpentis .. eeu 06 | —. 01 4 .17 |4 .04 45 48.84 44 24.73
5 ¢ Ursae Minoris ..... +.16 | .07 [ .88 |+ .17 50 10. 47 48 47.70
9 £ Coron Borealis ..|+.04 | .02 |4 .25 {4+ .04 53 40.61 52 16. 49
9 B! Scorpii...cceee-.. -+ —.01 [+ .12 4 .04 59 22.05 57 58.00
9 & Ophiuchi. .. Zo01 [+ .17 1 103 16 03 00.89 16 07 36.81
5 7 Hercalis ... —. 02 |+ .37 |+ .05 17 17.83 15 53. 64
9 Ophiuachi... — 0L |+ .15+ .04 31 29, 14 30 05.15
9 Herculis ..... —.02 [+ .29 -+ .04 37 51.37 36 27.20
9 5 Herculis . —.02 |-+ .29 + .04 39 54.39 38 30.31
9 « Ophiuchi... —. 01 |+ .22 + .04 52 59.59 51 35.43
7 | W.i & Urse Minor —.10 |41.49 |-+ .25 117 00 46.86 59 24. 69 3 R
5| E. | a! Herculis. —. 01 {4 .13 [— .04 10 12.00 |17 08 47.70 24.35 | +.04
5 a Ophiuchi. —.01 |+ .13 — .04 30 22.82 28 58.58 24.29 | 4-.01
5 pu Herculis ... —.02 |+ .16 '— .04 42 50.72 41 26. 50 24.28 | 4-.02
5 8 Urse Minoris —.24 |41 79 — .57 18 15 41.00 18 14 16.93 24.51 |......
f {
5 k Aquil®e ........... +. —. 01 [ .12 — .04 19 31 22.83 119 29 58.83 24.04 | —. 07
5 y Aquile .. R —.0L | .13 — .04 . 413341 40 09. 36 24.10 .00
5 a Aquile ... —. 0l [ .10 '— .04 45 55.05 44 31.09 23.98 | —. 12
31 E i A Urssee Minoris ........... i —. 74 {+1.79 —1.81 l 55 41.23 | 54 17.05 23.42 |......
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Normal equations.

1561.89 @ - - 125.63 p — 51.00 86 + 19.91 -0
S 125.63@ - - 55.1Bp 4,89-0
— SL00e - 24.00 66 6. 02==

a = —0%003.
= —0s .03, lamp east.
p == —0s. 082, per hour.
At== —1m 245 33 + (%019, at 16% 53,

Austin, Nev., June'16, 1871.

. |

Name of star. |Clamp.’ T B | aA | cC T AR, | a7

"aom. s | s 1 os s k. m. s { h.m. s . s
n Bootis ......... E. 11348 1.08' 40.221 +0.76 -.0.36 13 48 1.70 13 4R 33 64 +0 31.94
50 Cassiopeew, L. C. 5 —0.25 | +6.15 | +1.08 51 54.74 1 52 26.2 31. 54
a Draconis ......|. +0.53 ‘ —2.11§ —0.80 : 14 024.04 14 0 55. 4) | 31. 41
a Bootis ......... C40.20 1 4.0.74 | —0.36 9 15.95 | 9 47,80 31. 85
t C’wqmpese,L C. —0.12 | +-5.04 | —0.36 } 17 54.41 | 18 26. 44 32.03
8 Bootis . . +0.28 1 —0.76 | +0.56 | 20 17.59 ¢ 20 49, 86 32,27
5 TUrsa Mi S .. -0. 578 ‘ —5.20 | +1.43 ! 27 21.43 L 27 53.23 31. 80
& Bootis ......... 1013 0.4 | 10.33 | 3350.7t 1 39 22.56 40 31.85
Mean for 14» 30m local sidereal time ........ooouini i 1 + 0 31,836

Normal equations.

0= | 008 --B8004¢t — 247a’ — 3.15¢ dt=— 0,163

0=+ 100 4+ 247d¢ -+ 2268a’ - 5.92¢ a' = -+ 05.063

0=-+14.82 —3.15d¢ - 599« + 46.35¢ ¢ = — 0%.339
Adopted azimuth = -t 2% 00; the whole azimuth of the instruwment, a = - 2:.063.

Austin, Nev., June 16, 1871.

Name of star. | Clamp B | aa | cc 1 T | ar ’ AT
. R B . b
s. 8. 8. S. h. m. s. h.m. s $.
0 Sagittarii 9 31.40 | —-0.03 | +4.44 | —0.36 | 19 9 35.45| 19 10 6.88 rO 31.43
¢ Draconis. 12 9.85 1 —0.15 [ —6.00 : —0.89 12 2.81 12 34. 46 31.65
d Aquile .. 18 27.26 i —0.06 | +2.93 | —0.34 18 29.79 19 1,17 31. 38
x Aquile .. 29 23. 80 i 0.00 | 4-3.56 ; —0.34 29 27.02 ! 29 38.59 31. 57
y Aquile.. 39 35.78 1 < 0.04 | +2.39 | —0.35" 39 37.86 40 9,12 3 31.26
a Aquile . 43 57.3%  40.06 ) +2.54 : —0.35 43 59. 63 44 30. 85 31.22
¢ Draconis 43 15.98 ; -, 0.25 | —-7.22 1 —0.99 48 8.02 48 39.22 4.0 31.20
Mean for 19* 30m local sidereal time ........eeoimmiiiiie i it iiiiee ciieie i e +0 31.387
i
Normal equations.
0=—0.55 --7006¢t 4+ 0.54a 3t =+ 0% 08
0= :0.68 - 0.543¢ +593a @ = — 05,192
Adopted azimuth, - 52.00; whole azimuth, - 4 878,
Austin, Nev., June 26, 1871.
o -, . e FR ~ -
Name of star. | Clamp. T i bB a A ] cC ‘ T AR. AT
2 s. S, h.m. s h.m. s m. 8.
a Draconis.... .. 91 [4+13.11 | +1.35 114 02512 | 14 0 55.45 (40 30.33
x Virginis . 2 |— 9.89 . -0.58 5 33.42 6 2.09 2. 67
a Bootis 30 |[— 4.60 . +0.61 9 18,91 9 47.72 28, 81
¢ Bootis ......... . 58 14 4.74 | +0.93 20 20. 45 20 49. 67 29, 22
5 TUrse Minoris.. 95 1+ 2.44 ' +2.41 27 23.08 2T 52, 54 29. 46
z Bootis ......... 20 1—32.98 = +0.64 38 53.35 39 22.48 29.13
a2 Libree. . 11 {—10. 93 * —0.59 43 16. 09 43 46. 04 29. 95
4 Urse \[morls.. . .68 [ +28.03 1 —2 16 50 40.26 51 9.44 29.18
8 Bootis . . .46 [+ 0.49 | —0.37 56 36. 88 57 6.68 29. 80
f# Libre. .06 |[—10.13 | —0.56 | 13 9 35.21 | 15 10 5.46 30. 25
#1 Bootis .11 1— 0.48 | —0.72 19 8.76 19 38.19 |+0 29.43
Mean for 14" 40m local sidereal time . ....cocuenoaiiin i it iea et aarcrrocans +0 29.475




Normal equations.

0= 4.6z - 1100 Jt— 3.00 a— 2.80¢c &t~ 0s. 525
0= 42.20 — 3.09 §t-14.42 qi- 5.64¢c a= . 2858
0-: 43,17 - 2.30 dt- 5.64 a+49.98¢ o= - 0%570

Adopted azimuth, - 105 00; whole azimuth of the instrument, —12+ €58,

Austin, Nev., June 29, 1871.

Name of star.  Clamp. T '8 aA | ocC | T " AR AT

!
‘: h.m. s, s X 8. hom. s, | h.m. s m. 8.
5 TUrse Minoris.. E. 14 27 40,83 —0.41 10,64 -1.11 14 27 2067 14 27 52.32 ;-0 23.65
7 Bootis ... 34 16.22 - 0.20 +~ 183 . —0.28 34 17.57 34 41.00 | 23.43
¢ Bootis 38 58.40 - -0.31 - LO5. -.0.30 ) 32 58 84 39 22. 04 | 23,20
a2 Libre .... 4319.20 —0.20 - 3.90 | - 0.27 ! 43 22.63 , 43 46.02 | 23.39
B Urse Mino 50 57.06 - 0.16 --10.00 | —~1.00 50 45,90 51 9.25! 23.35
B Bootis 56 43.98 —0.20 — 0.18 - 0.40 56 43.20 57 6.62 | 23.42
43 Cephei, L. C. 15 31896, -, 0.43 --1857 —1.19 15 336,77 15 3 59.96 23.19
B Librwe ...... 93822 . —0 - 3.62 --0.27 9 4189 10 5.45 23.56
¥? Ursee Minoris. 20 45,32 --0.8 216 | 4-0.87 | 20 37.17 , 21 0.04 ! 22,87
a Coronwe....... .. 28 50.50 —0.35 -+ 1.10 - 0.29 . 23 5154 29 15.07 ! 23.53
a Serpentis.............. 3730.08 - 0.3% . 248 .0.27 ! 37 32.49 - 37 56.36 40 23.87
Mean for 15" 0m local sidereal time . cuec oo votee i o iiac e cama e inm—a e -0 23. 405
Normal equations.
0— .- .48 -1.11.00 dt- 0.78 a -10.86¢
0—= --13.57 - 0.78 46t 3L61 a .- 29lc a— —0%415
0= - 1571 - 10.86 d¢t+ 291 a -712.60¢c = —-0%263

Adopted azimuth, , 5% 00: whole azimuth of the instrament, - 45, 585,

The following table shows the corrections and rates for the sidereal
chronometer:
Negus 1344,

Date. Local sidereal Correction of Adopted hourly

time. chronometer. rate.
|
h. m. 8. ' s.
Jue 16, 1871 17.0 - 031612 4-0. 042
June 26, 1x71 4.7 0 29. 475 - 0.070
June 29, 1871 Lo e 15.0

20 23. 405 f -4 0.085

The signals were sent by sound from the mean-time chronometer
Iutton No. 238. It was compared with Negus 1344, both before and
after exchange. The comparison, Juue 16, 1871, made before exchange,
is:

h. . s h, o s.
Negus 134400l oen 14 45 45.0 14 4% 500
Hntton 23, . ... ..o 3 45 370 5 43 415
and after exchange—
. hoooan. 8. [T S,
15 44 160 1% 47 200
12 43 37.0 12 46 405

The hourly rate of IIutton 238, derived from these comparisons, would
be 72773 ; this first comparison has to be rejected, as there is evidently
a mistake in it, as shown by the comparison below. Both chronometers
were compared again the next morning,

Negus 1344
Hutton 2=

h. m. s
Negus 1344 .._........... 6 41 370
Hutton 233, _........ 0 41 595

The rate derived from this comparison and that made after exehange
is 45,3561, and is used for the determination of thie change of Hatton
283 against sidereal time,
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The comparisons of both chronometers on the other dates are as
follows:

h. m. 3. h.  m. 8.
June 26,1871, Negus 1344... ... ....... . 15 38 300 15 41 31.0
Hutton 285....... veeeee.. 8 B8 57.0 9 1 575
After exchange:
Negus 1344.....c......... 13 20 210 18 23 24.0
Hutton 288............... 11 40 21.0 11 43 235
June 29,1871. Negus 1344 15 42 120 15 45 15.0
Huatton 288 8 50 445 8 53 47.0
After exchange :
Negus 1344 ... ... 17 30 33.0 17 33 35.0
Hutton 283............... 10 33 475 10 41 49.0

From these comparisons is derived the data given in the table below.

Hutton 283,

i i

Hutton's Slow of sidereal  Losing per
Date. time. z time. hour.
( | ‘
! k. hom., s. ES
June 16,1871 ..o ial .ol 12.7524 6 110,79 ‘ 9. 8561
June 26, 1871 . . . 1L 6978 6 40 29. 46 9. 9620
Juue 29,1871 .............. - 10. 6717 652 894 9.91238 -

Exchange of signals beticeen T ashington, Detroit, and Austin,
JUXNE 16, 1871,

Signals sent from Detroit.

. i
. X Austin chro- ctenie olaele Austin chro- ik aTeale © Austin chro-
Detroit clock. nometer. Detroit clock, nometer. Detroit clock. ’ nometer.
h. m. s \ h. m. s \‘ b . h. m. s b om. s l h. m., s
13 53 30.16 10 35 12.G0 12 20 10 37 42.10 ¢ 19 0 0.03) 10 41 41.30
40. 24 22,70 52,90 !
50. 26 3270 ¢ 38 0.00 59.97 ¢ 42 41.10
54 0.30 42,60 oo L. 1 10.11¢ 51.20
10.22 ¢ 52.60 i 20.08 43 1.2
20.21 ¢ 36 2.60 . 39 40 0.00 30.10 1 1110
30. 08 1250 |} 51. 60 40,22 | a1, 40
i 41 1.30 50. 05 3110
55 30.206 37 12.30 11.70 2 0.07: 41.10
40. 08 22,20 24,60
50. 15 32,20 “ 3160 . Mean, 18 57 4253 10 39 30.26
SECOND SERIES.
. Austi - . sti 0- . in chiro-
Detroit clock. | E;ggg:fo ‘ Detroit clock. 5 A;}Zg‘ég;‘w ’1 Detroit clock. A‘;i‘,}gg}f"
I — JOI N B —_—
|
h. m. s ‘ h. m. s [\ h. m. s ' k. m. s ! h. m. s h. m. s.
19 13 0.05) 10 54 39.20 f 19 15 10.17 1 10 56 49.00 - 10 17 20.10 | 10 58 5850
10.00 v 49.10 | 20. 20 59.00 30.10 59 860
20,23 ! 59,40 " 30. 43 l 5T 9.2 40, 28 18.70
30.28 | 55 9.40°, 40.17 18.90 | 50.25 22, 60
40.29 | 19.50 | 50.10 | 98, 80 it 59. 57 38.00
50.2L 4 29, 30 ‘§ 16 0.05 33.70 |, b
59. 83 38.90 |I f | Mean, 19 15 30.12 l 10 57 890
i 17 0000 58 3270 )
15 0.00 i 56 38.90 . 10. 20 48. 60 H {
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£Lignals sent from Austin.

. I Ausnn chro- | . Austin chro- || . Austin chro-
Detroit clock. i nometer. | Detroit clock. nometer. “ Detroit clock. nometer,
h. m. s l h. m. s. ‘ k. m. s h. m., s. h. 8. h., m. s.
19 5 20.33° 10 47 000, 19 7 O5.85| 10 48 45.00 19, 8 5L00f 10 50 30.00
25,26 1 5.00 ! 10. 61 50.00 | 56. 00 35.00
30.24 10.00 15.70 55.00 | 9 1.2 40. 00
35.32 15.00 ¢ 20.70 49  0.00 \ 5.95 45. 00
40.31 20.00 | 25,717 5.00 : 10. 98 50. 00
45.37 | 25.00 ; 30. 61 10. 00 -, 15.92 55. 00
50. 38 l 30. 00 | 35. 69 15.00 | 21. 00 51 0.00
55.58 | 35. 00 40. 74 20.00 25. 99 5. 00
6 0.77 | 49. 00 ‘ 45. 69 25. 00 30. 90 10. 00
5.71 l 45. 00 i 50. 80 30.00 ; 35.98 15. 00
10.54 50. 00 ; 56. 00 35.00 . i 4121 20. 00
15. 46 | 55. 00 ' 8 0.95 40. 00 | 46.24 25. 00
20.44 | 48 0.00 | 6.00 | 45.00 || 51.23 ; 30. 00
25.47 5.00 i 10.88 | 50. 00 ‘ 56.26 | 35.00
30.34 ! 10.00 ! 13,72 | 55.00 | 10 1.98 40. 00
35. 60 15.00 . 20,386 | 30 0.C0 | 6. 00 45.00
40, 47 20. 00 25. 87 ; 5. 00 11.21 50. 00
45. 60 23. 00 30,78 | 10.00 16,10 55.00
50. 63 30.00 | 35.8L 15. 00 21.10 52 0.00
55. 68 35.00 41.00 ¢ 20. 00 X
T 0.70 40. 00 ; 46. 00 | 25. 00 “ Mean, 19 7 50.78 1 10 49 30.00
il ! !
Signals sent from Washington.
Washington ' Austin chro. | Washington | Austin ol i | Austin
asningion ustin caro- ashingion ustin chiro- H - ustin ¢nro-
clock. | nometer. clock. nometer. Washington clock. nometer.
h. m. s Db om. s h. m. s h. m. s ‘\ h. m. s. h, m. 8.
20 14 40.00 11 33 36.6 20 13 50.00 11 34 46.2 ! 20 17 10.00 | 11 36 6.0
50. 00 46.2 ! 16 10.00 35 6.2 20.00 - 16.0
15 10.00 34 6.3 ; 20. 00 16.1 !
20. 00 16.3 30. 00 26.0 ¢ Mean, 20 16 0.00 11 34 56.16
30. 00 2.4 40. 00 36.0
40. 00 36.0 L 50. 00 46.0
SECOND SERIES,
Washington | Austin chiro- ! ‘Washington A ustin chro- S Tonle Austin chro-
clock. | nowmeter. clock i nometer. . Washington clock. nomete r,
- = e ] -
b, om. s h. . m. 8. | m. s Che om. s
‘ 11 54 181 @ 20 38 51 11.6 20 40 5.00: 11 583 57.0
I 2.9 | R7.6 | 15.00 ° 39 7.0
i 38.0 315 25.00 17.0
i 47.9 ' 47.4 ) 33,00 | 2.1
‘ 58,0 39 R 45.00 | 37.0
! 55 7.9 58 1.4 ” 53.00 4.0
12,0 17.2 | —
27,7 27.3 | Mean, 20 3% 15.40 | 11 57 7.90
i 37.6 | ; 3.2 |
i 7.6 Ll |
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Stgnals sent from Austin.

Washington | Austin chro- ; Washington ' Austin chro- 2 : ! Austin c¢hro-
clock. ,  uometer. ! clock, nometer. { ‘Washington clock. | nometer.
! :
! i |
hom. s | h m s 1 ko owm. s h. m. s. i h. m. s. h. m. s
2 21 6.0 11 40 .00 20 24 36.7 . 11 43 30.00 i 20 2 .... 11 45 ...
11.0 5.00 41.7 45. 00 41.8 ! 35. 00
15.9 10.00 . 6.7 40.00 - 47.0 40. 00
210 15. 00 ST 45.00 : 52.1 1 45. 00
e, 36, 4 50,00 - 6.9 50. 00
22 56.3 41 50.00 25 1.6 33. 00 271 1.9 55. 00
23 1.3 35. 00 6. 4 44 0.00 6.9 46 0. 00
e 1.7 5.00 12.0 5. 00
31.3 42 25.00 16.6 10. 00 17.0 10. 00
36. 4 30. 60 1.7 15.00 | 21.9 15. 00
e 26. 6 20. 00 i R
46.6 40. 00 3L7 25,00 | 32.0 25. 00
51.5 45, 00 36.7 ¢ 30.00 ! 37.0 30. 00
86.5 . 30. 00 41.9 1 35. 00 42.0 35. 00
i
e L e B F T
24 6.3 43 0.00 51.9 45. 00 2.0 45. 00
1.2 5. 00 56.5 50. 00 56.9 50. 00
16.3 10. 00 % 1.7 ! 55,00 28 1.8 33. 00
2.4 | 15.00 6.6 45 0.00 7.0 47 0.00
26. 6 20. 00 . 1.7 | 5.00
31.6 ! 25,00, 16.6 10.60 . Mean, 20 25 19.37 ' 11 44 1274
]
Signals sent from Austin.
Washington Austin chro- . Washington ° Austin chro- : 1. Austin chro-
clock. nometer. clock. nometer. | Washington clock. nometer.
. ' i *
C I !
h. m. . h. m. & ho om. s | hoom s | h. m. s ' h m s
20 48 10.3 12 7 000} 2 43 50.5 12 7 40.00 !g 20 49 30.5 12 8 20.00
15.3 5.00 35.5 | 45.00 ' 35.5 25. (0
.2 10. 00 49 0.5 ' 50.00 '| 40. 4 30. 00
.2 15.00 |, 55 55.00 || 45.5 35.00
4 20. 60 1 10.3 8 0.00 ; 50. 6 40. 00
25,00 | 15.3 5.00
30.00 20.6 10.00 . Mean, 20 49 0.41 12 7 350.00
35. 00 3.9 15.00

i

‘Washington Austin chro-
clock, nometer.
h. m. s | hom. s
2 57 1L9 12 16 0.00
16.9 ' . 5.00
2.8 10.
20. 8 15. 00
32,0 20. 00
6.9 | 25, 00
41.8 30.00
46. 8 35. b0
52.0 40. 00
57.0 45. 00
58 2.1 50 03
7.0 55. 00
12.0 17 0.00
17.0 5.00
22,0 10. 00
27,0 13. 60

00 !

Stgnals sent from Austin.

I Washin gton ' Austin chro- —— Austin chro-
i clock. ! nometer. ' Washington clock. . nometer.
‘ — ' ——— - ————
h. m. s h. m. 3. h. on. 8. h. m. s
I 20058 320 12 17 20.00 2 59 523 12 1% 40.09
| el L, 51.7 45.00
! 42,1 30. 00 200 0 2.4 30.00
47.0 33.00 ) 53. 00
52.1 40. 00 12.4 19 0.00
p
’ 39 2.4 50. 00 10. 60
7.3 32. 00 15. 00
H 12.2 12 0.00 20.(0
17.2 5.00 25. 00
2201 10. 00 30. 00
e e 35. 00
32.2 20, 00
3.2 25.00 Mecan, 20 38 12 17 45.50
. 42.1 30. 00
47.3 33,00
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JUNE 26, 1871,

Signals sent from Detroit.

: . Austin chro- | .. _ | Austin chro- : Austin chro-
Detroit clock. nometer. | Detroit clock. | nomeuter. Detroit clock. nometer.
h. m. s % hoowe s L ke om. s, h. m. s h. m. s h. m. s
19 43 0.19 10 45 9.6 19 43 50.00 10 45 9.3 19 59 030)16 1 7.2
..... e 44 0.00 46 9.2 |
19. 87 l 29.2 Mean, 19 48 38.04 { 10 50 47.57
30. 00 ¢ 394 S8 40.35 11 0 473
40.00 - 49.5 50.54 | 57.4
- [ | .
~ SECOND SERIES.
s . Austin cbro- | Austin chro- L I ! Austin chro-
Detroit clock. nometer, J Detroit clock. | nometer. :g Detroit clock. l nometer.
— . - _ _
h. m. s | ko m 3 I k. ! h. m. s} h. m. s i m. 8.
20 9 0.00 1 1 . 2 20 9 .)9 98 1 12 5.1 ‘[ 20 11 40.10 13 4.9
10. 060 1 ! 50. 19 55.0
20. 20 2 l 11 0.00 - 13 50 ¢ 59.73 14 4.8
30. 00 2 10. 27 15.0 !
40. 51 .4 ! 20. 18 25.0 Mean, 20 10 30.11 | 11 12 35.09
50. 20 .4 30.13 35.0 |
|
Stgnals sent from Austin.
s Austin chro- | R Anwnstin chro- . Austin chro-
Detroit clock. nometer. \ Detroit clock. ' nometer. Detroit clock. nometer.
h. m. s . h. m s 1 h. m. h. m s k. m. s
20 0 55.49' 11 3 0.00 | 20 2 20 4 2474 11 6 30.00
..... ' ; 29, 92 35. 00
1 460 10. 00 | 35. 00 40. 00
9. 53 15. 00 40. 00 45. 00
14.79 20.00 | 45.17 50. 00
19. 77 25. 00 3 49. &9 535, 00
24. 69 30.00 ! 55.15 7 0.00
2 3500 0 . L
40. 00 5 5.00 10. 00
45. 0G 10.18 | 15.00
50. 00 15.20 20. 00
53.00 . 20. 10 25. 00
4 0.00 ' 25. 00 30. 00
5.00 30. 21 35. 00
2 10.00 35.21 40. 00
15.00 ! 40. 39 45. 00
! 20,00 ! 45. 47 50. 00
{ 23, 00 4 50. 43 55. 00
[ 30. 00 59, 48 g8 0.00
..... ‘ O " Mean, 2 3 30.63 11 5 35.69
JUNE 29, 1871,
Signals sent from Detroit.
. Austin chro- t Anustin chro- ! . . N Austin chro-
Detroit clock. nometer. . Detroit clock. nometer. Detroit clock. nometer.
h. m. s h. om. s, | hom s I b om. s ! h. m. s b m. s
18 54 0.00 9 44 34.2 18 56 10.31 9 46 43.9 1z 58 20.24 9 48 §53.6
10. 11 44,0 20. 18 53.8 i 30.19 49 3.5
20,17 54.1 30. 21 47 3.6 | 40. 21 13.57
30. 20 45 4.2 40. 37 13.8 50. 20 923.4
40. 12 14.0 50. 09 23.6 |‘ 59 0.18 33.4
50. 42 24.2 57 0.29 33.7
55 0.16 34.2 , Mean, 18 56 30.19 9 47 3.718
H 58 0.15 48 33.5 ‘
56 0.00 46 33.8 | 10.19 ‘ 43. 4 !
'
F r—4
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SECOND SERIES.

Detroit clock.

Austin chro-

Detroit clock.

Austin chro-

Detroit clock.

Austin chro-

nometer. nometer. nometer.
h. m. s h. ™. s h. m. s h. m. s . m. s R om. s
19 10 0.38 10 0 316 19 12 10.26 | 10 2 41.0 19 16 20.21 ) 10 6 50.5
10.32 41.5 | 20. 17 5L1 30. 30 7T 0.6
20.12 51.6 i 30. 20 3 Llg 40. 20 10.5
30. 23 1 L6 | 40. 21 1L0 50. 00 20. 4
40.16 1L5 | 50. 22 QL1 17 0.32 30.5
50. 25 2L6 | 13 0.18 3L 1
11 0.27 - 315 Mean, 19 13 10.23 | 10 3 41.06
! 16 0.28 6 30.7
12 0.27 2 3.3 10. 20 40.5
Signals sent from Austin.
. Austin chro- s Austin chro- ‘ : + Austin chro-
Detroit clock. nometer. Detroit clock. nometer, | Detroit clock. i~ nometer.
h. m. s i ho om. s | h m s R om. s | h. m. s h. m. s
19 1 27.99 i 9 52 000§ 19 3 13.13 9 53 4500, 19 4 58.43 9 55 30.00
32.98 | 5.00 18.27 50. 00 5 3.47, 35. 00
37.83 ‘ 10.00 ¢ 23,32 55.00 8.42 40. 00
43. 00 15.00 i 23, 46 54 0.00 ’ 13.55 45. 00
48,18 ' 20.00 33.37 5.00 18. 67 50. 00
53. 00 25. 00 ‘ 38.29 10.00 @ 23. 63 55. 00
58,10 ' 30.00 : 43.26 15. 00 28.77 56  0.00
2 293 35. 00 43.27 20.00 33.76 .00
8. 00 40. 00 53.25 ¢ 25.00 38.48 10. 00
13.00 45. 00 58.42 30.00 1! 43. 70 15. 00
15.16 50. 00 4 352 35. 00 48.79 2. 00
23.10 55.00 - 8.45 | 40. 00 l 53,64 ¢ 25.00
23.00 ; 53 0.00 ‘ 13. 46 | 45. 00 i 08.72 ¢ 30. 00
33.23 1 5.00 18,45 ! 50. 00 6 3.80 35.00
33.00 10. 00 23.35 | 55,00 1 8,85 40. 60
*43.00 15.00 . 28,65 55 0.00 M 13.79 45,00
43.00 | 20.00 ' 33, 66 ; 5.00 18.73 50. (0
53.10 25,00 38, 41 ' 10,00 | 23.83 55. €0
58,22 30.00 43.35 15,00 ¢ 28. 84 51T 0.00
3 3.9 35.00 43. 45 20.00 ,
8. 24 40.00 | 53. 53 25,00 | Mean, 19 3
|

53.37i 9 5 30.00




Deduction of results for longitude of Austin, Nev.

. - o | o P . o
= = . g S & 3
' 2 i 3
é\) : + Eﬂ né < ;‘5_, : = .gn . £ S
; % ek 2 52 Fea B o 83
Date. Signals sent from— 2 : 2 £3 g : - g i £e 2's z ig 2
) gs =g 3 1 L g ' =B S+ 3 = o
] s G " 55 %Y g ; & 2
) > — g = | Lo —~ A = - =
& [ ] a : = i < 7] g = =
3 £ €3 ] £ .- = g | 8 8
| 9] _r < ) (o A = | R P
1871, h. m. s. m. 8 k. m. s. h, m. s. ] h. m. s. h. m. s | h m. s 8. 8. h. m. &
June 16 | Detroit to Austin.......... Cememmamanea 18 57 48.53 [ —1 26.01 18 56 22.52 | 10 39 30.36 | 46 0 50,15 | 16 40 20.41 | 2 16 2.11
16 | Detroit to Austin .19 15 30.12 26.02 19 14 4.10 | 10 57 890 53.05 1 16 58 1.95 2151 2.13
16 | Austin to Detroit.. 19 7 50.78 26,01 | 19, 624,77 | 10 49 30.00 : 5179 : 16 50 21.79 2981298 0.8 216 2.55
26 1 Detroit to Austin.....oooei oL 19 48 30.04 | —1 2845, 19 47 10.59 } 10 50 47.57 ' 46 40 20,98 1731 855 2.04 l
26 ; Detroit to Austin.. . R0 10 30,11 243, 20 9 631 1112 35.09 , 24.60 17 52 59. 6Y 1.99 | 2.01
26 | Austin to Detroit....covenuoiieii il 20 3 30. 63 2843 2 2 72,2 11 535069 l 23.44 . 17 45 59.13 307307 1.06 2 54
29 | Detroit to Austin.. ... ...coooiiiiaiall 12 56 30.19 } —124.17 1 18 55 6.02 947 3.78 } 4652 0.14 ) 16 39 3.92 2.10
29 | Detroit to Austin.. | 19 13 10.23 24,14 | 19 11 46.09 { 10 3 41.06 2.89 | 16 55 43.95 214 | 2,12
29 | Austin to Detroit. . ......cocviimiianiaan. 19 3 5837 24.16 | 19 2 34.21 9 54 30.00 | 1.37 | 16 46 3L.37 2.84 | 2.84 i 0.72 2.48
i i

Austin west of Detroit, 2t 16m 23,52 + 0% ,015,

14
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Determination of longitude between Washinglon, D. C., and Austin, Nev.

" Mean of sig- | m: I I 1:
June 16, 1871. nals sent Tlmteioc]grrec-| C(;Ef:ted Dﬁ)ﬂ.ne;,ri';ga%‘)f Means.

~and received. * | g = '
"homo s h.m. s | h.m s | h. m. s h.m. s

Washington clock............... 20 16 0.00 —00 227 201557.73"

Austin chrocometer. ... 11 34 56.16 | +6 0 59.26 | 17 35 55. 4

‘Washington clock...... .20 33 15,40 —-00 228, 203813

Austin chronometer. . - 15T 7,900 461 290 17 58 10.

Anustin ehronometer 1441274 461 0.73| 17 45 13. 5%

“Washington clock.... 20 25 19.37 | —00 223 20 25 17.

Austin chronometer. ... 12 75000 | 461 4.65| 18 € 54.68

‘Washington clock...... .. 2049 041 —00 2.28 i 20 48 58.

Austin chronometer. . . 12174550 1 461 6.29 0 18 18 51.

‘Washington cloek. .............. 20 58 57. 63 —-00 223 i 20 58 55. 35 2 40 3.56 2 40 3.54

Austin, Nev., west of Washington, D. C., 2h. 40m, 2. 93s.

Medn places of stars for 1871 used for determination of latitude of Austin, Nev.

¢ v
i :;gu"i BI'\O’.‘(’}' | Declination.g :j;(:)u:')f Bljg.l(q)’ Declination.
o 1 wod o 7 "
4847 16 58 22.31 | 5693 3155 0.47
1 4814 61 48 45.81 ;| 11 5706 46 44 55. 94
! 4905 19 38 14.45 ‘ 12 5740 65 19 54.64
P 4018 59 49 7.80 13 5745 65 14 7.35
¢ 753 13 47 26.25
4980 48 39 1,13 3107 13 45 18.36
3 5001 29 43 14. 44
5785 54 38 26. 40
! 505 30 45 18.71 14 5798 24 23 49. 00
4 5113 43 9 26.29 .
5863 3238 9.9
5239 36 3 33.20 15 5871 46 22 6.04
5 3271 42 48 48.95
. 5900 20 11 30.49
! 5319 33 41 43.38 16 5918 58 45 37.83
) 6 5388 45 16 26. 88
; 5951 55 15 38.97
5426 19 8 8.60 17 5967 24 23 18,74
7 5459 60 4 6.27
6021 27 47 52.65
5480 34 0 16. 80 18 6052 50 48 45.30
8 5497 44 59 9. 56
6087 30 1% 528
35568 46 52 31.97 ! 19 6129 48 27 33.22
9 5604 31 50 17. 80 i
) i 6162 43 26 50.67
5628 64 50 1.62 20 6235 36 0277
I‘ 10 5647 13 29 20.80
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Observations for latitude.—Station, Anstin, Nev.
JUNE 15, 1871.

C . . [
£% Level. | . EE Lovel. |
No.of | £8 4 i No.o Z9 .
star. EL® ——— Remarks. o star. l g T e _ .i - - Remarks
=53 - I — o
[=het N. S ‘ 585 ) N. ; S |
t. d. d. d. | ' t. d “ d d.
@47 | 12 9.1 140 | 11.8 ! | 5740 | 12 18.2
4874 | 2 6L6) 122 | 13.6 5745 | 16 481! 16.8 | 1L0
i 5753 | 18 4R.5
4905 | 2680.8 1 14.0 | 12.0 Y5157 | 1693.4| 6.5 | 2.5
4918 5125 18.2 | 125
5785 | 12 69.7( 15.8 | 12.5
5075 | 16 41.2| 13.3 | 13.0 . 5198 | 15380 1L5 | 16.5
5113 | 1925.6 | 125 | 13.3
©o563 ' 18411 12.8 | 15.7
5319 | 1380.2| 13.8 | 13.0 {5871 | 17214 142 | 14.0
5383 | 14 2L.0| 120 | 150
| 5900 | 2010.6| 13.0 | 15.0
5426 | 958821 10.5 | 16.8 Y5018 | 21224 145 | 14.0
5459 | 1576.7| 15.0 | 12.0 i .
. 6021 | 1119.6| 13.5 | 150
5420 | 19950 | 13.3 | 14.2 | 6052 | 27 67| 13.0 | 15.6
53497 | 1936.2 ) 122 | 154
| 6087 | 15927.5| 14.0 | 14.8
5568 | 24 99.9| 12.5 | 15.7 [ 6120 | 2949.6| 1L2 7.2
5004 | 1319.5| 140 | 14.4 I
Co6162 ;7450 12.5 | 16.2
5628 | 34 57.9| 1.8 | 16.8 {6235, 2860.0 16.5 | 128
5647 550.3| 16.0 | 125 ‘ E
5693 8750 14.5 | 13.8 N i
5706 | 9249.2 | 1&8 9.3 :
JUNE 17, 1871,
|
No.of °% Level 1 ’ No.of gg ; Level
0.0 =8 0. 0 S8
Star, é 5 E‘ - - - Remarks. star g E §’ } Remarks.,
‘ga.... N. | S, E*"" i N. S.
[ DR S _ —_—
£ d. d. d. t d | 4 d.
4305 | 26 3.71 14.0 | 120 5740 | 11 610
4918 47161 9.0 | 17.0 5745 | 15925 13.0 | 16.9
5753 | 18 10.2
4980 | 3338.7| 13.8 | 12.8 5757 | 16 56.3 | 16.5 | 13.5
5001 660.6 | 15.3 | 10.8
5%&5 | 1336.7, 14.0 | 15.8
5075 | 16984 20 | 250 | Mustbe68%.4.;| 5798 [ 15944 13.7 | 16.3
5113 | 19 51.5| 22.0 5.2
5863 | 1939.4{ 17.0 | 12.8
5319 | 1363.6| 13.0 | 158 5871 | 1830.0| 123 | 17.2
5388 | 14 7.8 | 12.0 | 17.2
5000 { 2113.8 ) 158 | 14.8
5426 | 268L0] 152 | 12.8 5018 | 223L.6) 11.8 | 17.8
5459 | 16 71.8 | 1L.5 | 17.8
6021 | 11 41.3 112 | 17.2
5480 | 20 15.2 | 13.&% | 16.0 16052 | 27848| 15.8 | 12.8
5497 | 19 59.5| 13.7 | 15.6 !
6087 | 14617 130 | 150
5568 | 2422.3| 155 | 142 | Mustbe2.3. || 6120 | 23¢7.9' 11.2 | 16.2
5604 12 27.9 | 16.0 14.0 | Excl. !
' 6162 689.4 122 | 14.6
5628 | 3442.7| 85 | 21.2 6235 | 27927' 9.8 | 16.5
5647 515.5| 20.2 9.3 | i
! :
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Observations for latitude.—Station, dustin, Nev.—Continued.

JUXNE 21, 1871.

g"g Level, ‘;EVE', Level.
No. of 25 No. of ]
star, % g g Remarks. star. E % gt Remarks.
g8 | N s g25 | W\ s.
t. d. d. d. t. d. d. d.
5568 24 75.3 | 14.8 17.8 5863 18 91.4 | 16.0 17.2
5604 17 97.6 | 17.2 15.5 | Must be 12t o871 17 8L9 | 14.9 18.5
5628 3459.7 | 11.7 21.2 5900 2220.0 | 16.4 17.0
5647 540.2 | 21.2 1.5 5918 3359 14.7 18.7
5693 937.0| 16.8 16.0 5951 48L0| 17.0 16.5
5706 23 29.1 15.0 1.7 5967 34 171.4| 16.8 17.0
5740 12 83.3 | 14.7 180 6021 11 345 11.5 16.1
57145 17 2.9 6052 7 75.1 14.0 19.6
5153 19 27.4 | 18.1 15.0
5157 17 69.7 6087 14 63.71 17.5 16.3
. 6129 2878.7| 15.9 18.0
5785 13 51.2 15.7 17.2
35798 16 21.3 | 16.2 17.0 6162 773.0] 15.9 18.1
6235 28 95.0| 19.8 14.0
JUNE 23, 1871,
Xo.of g’g Level. No.of é:% Level.
0. 0: 3 0. 0 4
star. g E Ei, Remarks, star. E o %:o Remarks.
€28 | W S gS5R | N 8.
t d. d. d. t. d. d. d.
5259 16 5.5| 15.5 16.0 5480 20 86.2 | 20.8 12.5
5271 20 65.4 | 15.2 17.0 5497 20 33.4 8.8 24.5
5319 13 86.7 | 14.5 18.0 5568 2520.5| 16.5 17.0
5383 14 3L9 | 14.2 19.0 5604 13 471.9| 1.0 21.0
5426 26 49.9 | 12.8 2.5 5628 34 25.0| 13.8 19.5
5459 16 45.5 | 11.5 15.5 5647 5 4.1 14.5 18.8
Computations for latitude of Austin, Nev.
Corrections.
No. of | Half-sum of :
Date. pair. | declination. Latitude.
Mier. and refr. | Level. Merid.
o ! i 1 1" ” o r "
June 15,18711.c........ [ 11 3923 40.78 + 5 44.77 +0.54 39 29 26.09
2 43 41.715 —14 36. 93 +1.82 2, 64
4 27 28.27 + 1 55.01 —0. 67 22. 61
6 29 9.43 + 0 16.50 —1.48 24. 45
7 36 10. 96 — 6 49.06 —2.93 19. 67
8 29 46. 70 — 0 23.78 —2.77 20.15
9 21 27.37 + 75737 —2.43 22.31
10 9 43.52 +19 35.97 -—1.01 20. 48
11 20 0.40 + 915.75 +6. 88 23.03
12 33 42.18 — 414,91 —6.21 18.94
13 29 44. 56 — 01831 —6.21 20. 04
14 31 9.2 — 1 48.50 —115 19.55
i5 30 897 — 0 45.98 —1.82 21.17
16 28 34.74 + 0 45.22 —1.01 18, 95
18 18 18. 66 “+11 6.53 —2.77 2242
19 19 48.31 -+ 9 35.12 —4. 59 18. 84.
20 43 37. 46 ~—14 15.35 0.00 22,11
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Computations for latitude of Austin, Nev.—Continued.

Corrections.
No. of | Half-sum of .
Date. pair. | declination. : Latitude.
Miecr. and refr. | Level. | Merid.
[o] 1 i ! " " [e} ’ "
June17,187L....._.......... 2| 3943 48.10 ~--14 19. 87 39 29 24.18
. 3 11 14.51 -+18 3.10 21. 32
4 27 28.70 -+ 1 54,48 21. 02
6 29 9.90 -+ 0 17.87 Q.37
7 36 11. 43 — 6 48,13 20. 67
8 29 47.20 - 02253 21. 90
10 9 43.99 19 43.90 26. 68
12 33 42. 60 - 4 22.55 19. 44
13 29 44.98 — 02579 18. 58
14 31 9.73 — 1 44.22 Q2 54
15 30 9.53 — 0 44.24 24. 82
16 28 35. 28 -+ 0 47,65 22.55
18 18 19.22 +11 4.67 21.87
19 19 48.90 -+ 936 78 20. 96
20 43 38. 14 -14 10. 62 ?1.38
June 21,1871, ... ... ... 9| 39 2128.92 + 7 56.27 39 29 24.31
10 9 44.91 419 40.78 25. 83
11 20 2.10 - 9 22,99 23. 81
12 33 43.72 — 4 20. 49 23. 09
13 29 46. 02 — 0 27.01 18.88
14 31 10. 80 — 1 49.23 20. 02
15 30 10.64 — 0 44.28 26.12
16 28 36. 34 -+ 0 46.88 20.12
17 49 30. 82 —20 9.42 21. 60
18 18 0. 36 -+11 3.49 21. 02
19 19 50. 06 -+ 9 32.25 21.70
20 43 39. 50 —14 18.18 3. 71
June 3, 1871 .....o....... 51 39 26 17.51 +3 5.99 39 29 21.95
6 29 11. 32 -+ 0 18.27 23.99
7 36 1279 — 6 46.19 Q.75
8 29 48. 69 — 0 21.36 QWQ. 34
9 21 29. 43 -+ 7 57.85 cen 20. 87
10 9 45.38 +19 41.35 +6.75 19. 98

Mean latitude of Austin, Nev., 39° 20/ 21,92 +0".20

Adopting for the longitude of Detroit 83° 3/ 3.90 west of Greenwich, the resulting astronomical
co-ordinates of Austin, Nev., will be:

Longitade, 117° 3' 41,70 west of Greenwich.
40° 0/ 39".90 west of Washington.

Latitude, N., 390 29’ 217,92 +0”.20.
ST. GRORGE, UTAH.
Longitude, 1130 35’ 0.30 ; latitude, 37° 06 29" 38 & 0"".08.

The astronomical station is situated in St. George, a Mormon town in
Southwestern Utah, of about 2,000 inhabitants. The monument, a sand-
stone pier buried in the ground and 24 inches above the surface, is lo-
cated 30 feet distant from the southern door of the school-house, 72 feet
distant from the street running from east to west, and 150 feet from
Main street. The connection with natural objects was made in the year
1872 by Mr. Thompson, topographer of the expedition of that year. The
town is situated in the valley or cafion of the Virgin River, near the
junction of the Santa Clara with this stream. To the westward, fifteen
miles distant, is the Virgin range; to the north, the high Pine Valley
range; while, to the south and east the broken, eroded, and faulted
plateaus of the Colorado extend. In the immediate neighborhood are
several smaller settlements] the most promising of which is Washing-
ton. The climate is mild, and the principal industry fruit and wine
growing.

No detailed . meteorological observations were taken at this place
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when the station was occupied by the astronomer. As far as can be
learned from the diary, the nights were pretty clear, and the condition
of the air very favorable for astronomical observations. In 1872 some
barometric observatious were taken to determiune the altitude of the
place.

The astronomical observations were taken in a common wall-tent, as
at the other stations. Mr. A. R. Marvine, the observer, was assisted
by a recorder and two soldiers, and Mr. IS. P, Austin had charge of the
Salt Lake observatory, the use of which was kindly tendered by Presi-
dent Brigham Young, of the Mormon church. Through bim the use of
the Deseret Telegraph line, for exchange of signals, was secured. The
wires were brought into the tent by a loop.

The astronomical instruments used at St. George were the combined
transit, used before by Assistant 1. P. Austin, in Nevada, and the side-
real chronometer, Negus No.1344. The Salt Lake instrument belonged
to President Young, and was used by a Coast-Survey party, and by the
expeditions of 1872 and 1873. All the data relating to this instrument
will be found in the general report for 1873 by J. . Clark.

Hutton mean-time chronometer No. 238 was used for the determina-
t'on of time. All the observations were taken by eye and ear, and the
exchange of signals made by sound.

Connection was made, as stated, with Salt Lake observatory. Ex-
changes of signals were effected on the nights of September 13, 14, and
15, 1871.

The observations at both stations were compared in 1873 by Dr. F.
Kampf, and rereduced in 1874, when this report was made up by him.

The instrnmental values for the St. George instruments will be found
in the Carlin report, and those for the Salt Lake transitin J. H. Clark’s
general report for 1873. The telegraphic line is three hundred miles
long, and the signals were transferred direct, without repeaters. The
discrepancy between the results for longitude on the first and secoud
days is very remarkable, but too large on the second day to take into
the final result. It may be that this change is an example of rapid va-
riation in personal equation.

Salt Lake City, September 13, 1871.

S i :
Name of star. | & T " B | @A ¢C l T ! AR. AT
o : ‘ i
- Al . - -
h.m s | s s 1 s hom s 'h om. s h., m. s,
v Lyre W.| 6 54 12.09 | —0.33 0. 00 ] +0.02 6 54 11.78 18 32 35.48 [+11 38 23.70
8 Lyra |7 6 56.94 I —0.26 | 4-0.02 | +40.02 | T 6 56.72 45 20.37 23. 65
50 Draco. 12 9.50 ~0.65| —0.28 | 4-0.06 ; 12 3.63 50 32.36 23.73
¢ Aquile .- ot 6.88 ! —0.922 +0.06 | +0.02 | 21 6.74 59 30.33 23. 54
d Draconis..|.... 34 9.651 —0,40 | —0.151 +0.04 ' 34 9.14 /19 12 3264 23. 50
Jd Aquile...| E. 40 37.59 } —0.17 | +0.08 | —0.02 | 40 37.48 | 19 131 23. 83
k Aquile...|.... 51 35,097 —0.15 | +0.09 | —0.02 . 51 35.01 | 29 58.86 23, 85
Aquile ...|....| 8 1 4570 ; —0.20 | +0.07 | —0.02 ! 8 1 45.55 40  9.35 3. %0
¢ Draconis..i.... 10 14.64 . —0.34 | —0.18 | —0.05 . 10 14.07 43 37.84 |+11 38 23.77
Mean for 7h 5369 Hutton's time ... oueoooeiie oot ie et iae e eeaaaeaaa +11 38 23.713
Normal equations.
0=:4012 +9.00d¢t —1.25a — 4.10¢ dt= 14 0013
0=—1.3" —1.25d¢t +9.79a = 834c a:—= + 0%125
0=—166 —410d5¢t +884a --350lc c=— 0016
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Salt Lake City, September 13, 1371,

Name of star. ‘lClump.\ T | B | aA | cC T | AR. T
h.m. s F 8. l 8. 8. : h.m. s. ) h.m., s. h.m. s.
¢ Pogasi........ W. | 950 253 — 006+ 0.13 |+ 0.02' 959 262 (21 37 53.24 | {-11 38 50.62
# Capricorni....|........ 10 7 27.46 |— 0,02 |4 0.21 |+ 0.02 10 727.67| 46 18.06 50. 39
79 Draconis... 1220621 000! 044+ 006 122024 | 51197 50. 50
@ Aquarii....... Jeaaanaas 20 20.91 ;— 0.06 [ 0.16 . 0.02 | 20 21.03 59 1L 74 |4 11 38 50. 71
Mean for 10n1616 Hutton's time ... .....oooo.iiae 411 38 50. 535
Normal equations.
0=+40.5244.000¢+0240a §t==— 05145
0=—1234024d¢ 4.89 a =+ 05238
A lopted ¢ = — 0016, It is not possible to solve normal equations if factors for ¢ are introduced.
Salt Lake City, September 14, 1871.
o e m— e
Name of star. lClamp.i T bB aA . eC | T AR. AT
s. } s. [ 5. 1 hom s | hom s h.m. s.
0.00 — 0.32 '+ 0.05 {730 6.80 |19 12 32.59 | {11 42 25.79
— 0.04 '3 0.17 |+ 0.02 36 35. 65 19 1.29 25. (64
0.00 .+ 0.2L [ 0.02 47 33.15 29 58.84 25. 69
+ 0.06 '+ 0.14 — 0.02 57 43.68 40 9.33 25, 65
+0.06 + 0.15 l— 0.02 | 2 2,535 44 31.12 5. 77
4+ 0.20 — 0.39 l— 0.06 ! 6h2 13 48 37.78 25. 65
+ 0.07 14 0.16 l— 0.02 15 26.24 57 52,12 |+11 42 25.88
Mean for 7h.8796 Hutton's time 288 ... . oiu ottt iiciaceeaeaaeanan +11 42 25.724

Normal equations.

0==+4041+ 7000t + 04l a Gt = — 05076
0=—1.41+4 0418t + 5.18a a = + 05278
Error of collimation found by preliminary reduction = — 0%.02.

Salt Lake City, September 14, 1871.

Name of star. Clamp.' T B |i aA cC T AR. AT
"hom. s [ s. ( s. s. { h.m. s | h.m. s. h.m. 8.
£ Aquarii.............. E. 9 48 06,08 —0.14 +0.16/—0. 02! 9 48 06. 0%} 21 30 55.206 411 42 49.18
11 Cephei coeoonnaaiiiifieainot. 57 16.36 —0. 10'—0. 31|—0. 06| 57 15.89 40 05.01 49. 12
m Capricorni .oeeevao il 10 03 28. 76 —0.02'+0. 18/ —0. 02] 10 03 28. 90, 46 18.05 49. 15
79 Draconis . Ww. 08 30.76 0.001—0. 38!40. 07 08 30.45 51 19.71 49. 26
a Aquarii............o]ooao.l 16 22. 57'—0. 04,-+0. 14{4-0. 02 16 22. 69! 59 11.74' 49.03
0 Aquarii...... ..ol 27 14. 42 —0. 10{40. 16/-1-0. 02 27 14,501 22 10 03.89:+11 42 49.39
Mean for 1051279 Hutton 28R . ... u .o ce e iiaeecmaeaseceeanaasaeaaaaarananas +11 42 49.192
Normal equations.
0— +0.07+6.00d¢—0.27a J¢ = —0108
0= —1.69—0.276¢ +8.06 e a = 40206

Adopted ¢ = —002
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Salt Lake City, September 15, 1871.

Name of star. Clamp. T bBlaA | ¢cC ! T AR. AT
h.m. 8. 8. 8. 8. ‘ h.m., 8. h.om. 8. h.m. s.
6 41 51.86|40.03/+0.23 +0.02' 6 41 52 14| 18 28 12 71[+11 46 20.57
46 15. 03] 0.00{+0. 01}+O. 63 46 15. 07 32 35. 43| 20. 36
58 59. 85(—0. 06!4-0. 05: 0. 02| 58 59. 86 45 20.32 20. 46
7 04 12. 47|—0.10:—0. 69,4+ 0. 08; 7 04 11.76 50 32.17 20. 41
13 09. 94(—0. 05{+0. 15.+0. 02! 13 10. 06 59 30.29 20.23
26 12.37|40. 12—0. 36.—0. 05 26 12.08| 19 12 32. 52, 20. 44
32 40.70}+0. 04{40. 19|--0. 02, 32 40,91 19 01.27 20. 36
43 38.21}+0. 02({4-0. 23i—0. 02! 43 38. 44 29 58.83 20.39
53 48.70{+0. 03|+ 0. 16:—0. 02i 53 48, 87! 40 09, 32| 20. 45
58 10. 48|+0. 03:4-0. 17.—0. 02, 58 10. 66 44 31.11{+11 46 20.45
....................................................... +11 46 20. 412
L
Normal equations.
O= +1.744+10.003¢ +0.47a dt = —0°188
0= —2.59+ 0.47dt +8.67a a = +0°309
Adopted c= — 0% 02
Salt Lake City, September 15,1871.
°
Name of star. { Clamp. T B aA {* ¢C T AR AT
h.m., s 8. s. 8. m. S h.m. 3. h.m. s
11 944 542 |+ 0.03 {4+ 0.27 [— 0.02 | 944 570 | 21 30 55.25 |+11 46 49.55
11 53 15.48 {4+ 0.42 |{— 0.53 [— 0.06 53 15. 31 40 04.97 49, 66
® . 59 27.96 |+ 0.03 {4+ 0.31 [— 0.02 59 28.28 46 18.04 49.76
a Aquarii... 10 12 21.94 |— 0.04 [+ 0.23 |+ 0.02 | 10 12 22. 15 59 11.714 49. 59
® . Aquarii... 23 13.93 |4 0.03 [+ 0.27 |+ 0.02 , 23 14.25 | 22 10 03.88 49. 63
7 Aquarii.. 315379 [+ 0.03 [+ 0.22 |+ 0.02 | 31 54. 06 18 43.63 49. 57
226 Cephei.... 43 15.74 |+ 0.45 |— 0.92 |+ 0.09 43 15. 36 30 04.97 [+11 46 49. 61
Mean for 100.9278 HIUA0D’S B, - v erveersnnoereeneansnoenoeeemsenesasannnns 111 46 40. 624
Normal equations.
=— 0724700t~ 043 a §t = 4 05124
0=—415—0438t+12.05a a= + 05349
Adopted ¢ = — 0.02
8t. George, Utah, September 13, 1871,
Name of star. Clamp‘} T B | aA 1 cC ™ AR. AT
h.m. 8. s. | s 8. |h.m. s h. m. s. m. s
19 06 04.44 |~ 0.11 '— 0.13 |+ 0.42 | 19 06 04.62 | 19 10 07.05 |4+ 4 02.43
14 00.18 |— 1,39 |+ 0.29 |+ 1.28 14 00. 36 18 02.76 02. 40
25 56.62 [— 0.43 '— 0.10 ‘—f- 0. 40 25 56. 49 29 58. 86 02. 37
44 58.83 |— 0.34 ‘— 0.03 !— 0.40 44 58,06 49 00. 40 0%. 34
......... 53 50.47 [— 0.18 i— 0.03 ,— 0.41 53 49.85 57 52.14 02.29
..1200915.02 [— 1.53 '+ 0.18 — 1.82 | 20 09 11.85 | 20 13 14.25 02. 40
. 15 56.56 |— 0.32 — 0.05 |— 0. 42 15 55. 717 19 58.30 02. 53
¢ Delphini...... ... 23 03 52 |— 0.52 — 0.03 |— 0.41 23 02. 56 7 04.92 |+ 4 02.36
Mean for 19t 40m local sidereal tiMe. ....oocoe it iiiie et i e ireecaraeaeacaaaan + 4 OQ_TQ

The azimuth of the instrument is changed after reversing.

The error of collimation is derived by

preliminary computation, = — 0°.40 ; and the azimuth determined for both positions separately.

For clamp west: 0= —0.06 +3.006¢t— 044 a
0=+ 078 —0440¢t+ 539a
For clamp east: 0=+ 0,04 + 5.00 §t— 039«
0=+ 061—059d¢t-+10.13 ¢

Normal equations.

St= 0000
@ = — (s.145

8t=— 001
@ = — 0°.060
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St. George, Utah, September 13, 1871.

Name of star. Clamp. T bB aA . cC T AR. AT.
h. m. s 8. 8. s. |h.m s |hom s . 8
¢ Pegasii.......... E. 21 33 50.76) — 0.57 — 0.07} — 0.75] 21 33 49.37 21 37 53.23| -+ 4 03.86
7 Aquarii.........f.....o.0 22 14 41. 04| — 0.51] — 0.09| — 0.74} 22 14 39.70; 22 18 43. 64 03.94
{ Pegasi 31 01. 65| — 0.66, — 0.07 — 0.75 31 00.17 35 03. 99 03.82
t Cephel.. 41 08.34] — 1.66) + 0.36] — 1.79 41 05. 25| 45 09, 12| 03.87
6 Piscium . 23 17 24.31] — 0.94] — 0.08| -+ 0.74) 23 17 24. 03] 23 21 27. 82| 03.79
¢« Pisciom ........f.o.o 29 17,88/ — 1.02) — 0.08| 4 0.75| 29 17.53 33 21.38] + 4 03.85
Mean for 22t 30m local sidereal $ime .. ... iiiiiiieiniii i + 4 03.855
Normal equations.
0=—030 +600d¢t +028a 8 t=+4 0%.055
0=+1.03 +0288¢ +657a a=—0158
Error of collimation found by preliminary reduction = — 0°.74.
St. George, Ulah, September 14, 1871.
Name of star. Clamp. T bB aA cC T ! AR AT
h. m. s. 8. s, 8 | h. m. s | h. m. . . 8
¥ Agquarii........ W. 21 26 42.34; — 0.03} 4 0.64] — 1. 46| 21 26 41.49] 24 30 55.26{ + 4 13.77
¢ Pegasi.... 33 40.54} + 0.09] 4+ 0.42 — 1. 46| 33 39.59 37 53.23 13. 64
p Capricorni 42 05.11 — 0.06] + 0.71] — 1. 46| 42 04.30 46 18.05 13.75
a Aquarii 54 58. 92 0.00} + 0.55 — 1.44 54 58.03 59 11. 74 13.71
7 Aquarii. 22 14 30.82) — 0.10/ + 0.52) — 1.44/ 22 14 29.80| 22 18 43. 64, 13.84
226 Cephet 26 00.90] — 1,28 — 2.23 — 5.79) 25 51. 60 30 05.00 13. 40
¢ TPegasi 30 49.11| — 0.24] + 0.41; + 1. 46 30 50. 74 35 03. 93 13.24
¢ Cephei 40 54.56) — 0.79] — 2.03| + 3.48 40 55.22(* 45 09.11 13. 89
a Pegasi . 54 07.67] — 0.29{ 4 0.35] + 1.49 54 09. 22 58 22.53 13.31
6 DPiscium .1 2317 12,901 — 0.501 4+ 0.46' 4 1,451 23 17 14.31] 23 21 27,82 4 4 13.51
Mean for 220 25m local sidereal time ....o. . oiveiiiiie ciiiiiii i tiii e e :_4_13. 606
Normal equations.
0=+ 431 +10000¢ — 023a — 3.57¢
0=—16.67 — 0.23dt +1434a + 2.18¢ a =4 0°.884
0=—4550 — 357d¢ -+ 278a -+30.07¢ ¢ =+ 1°.444
S8t. George, Utah, September 15, 1871,
Name of star. |Clamp. T b»B aA cC ] T AR. AT
h.m. s. 8. 8. . h. m. s. h. m. s. m. 8.
d Trsa Minoris. . E. 18 10 06.18 | +4.18 (—33.93 | —5.46 | 18 09 30.97 | 18 13 53,94 | 4 22.97
a Lyre........... 28 12.63 | 4+0.38 |— 0.08 | —0.42 28 12,51 32 35.43 29. 92
{ Aquila . 55 06.36 | +0.26 |+ 1.08 | —0.33 55 07.37 59 30.29 22.92
7 Draconis . 19 13 43,67 | +0.26 |— 5.37 | +1.12 | 19 13 39.68 ; 19 13 02.62 22. 94
x Aquile .. 25 33.83 | +0.10 -|- 1.32 | 40.33 25 35.58 29 58.83 23.25
vy Aquile 3544.76 | +0.14 1.22 © +0.33 35 46. 45 ! 40 09. 32 22.87
a Aquile 40 06.46 | 1 0.17 + 1.24 +0.33 40 03.20 44 31.11 {4 4 22.91
Mean for 19" 0= local sidereal time. .....evemoee ottt i iicaee e e : 22. 97
Normal equations.
0=+ 38.84 + 7.004¢t— 13.04a + 12.69¢ dt= — 02030
= — 516,71 — 13,04 ¢ -4 169.32 @ — 210.22 ¢ a = + 2.647
0=+ 654.68 + 12.69J t — 210.22 ¢ +301. 96 ¢ ¢= — (%324
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8t. George, Utah, September 15, 1871,

Name of star. ' Clamp.' T } bB | aA . cC | 1 | AR AT
I ) H X
s s s. s. l h.m. s h. m.
8 L4811 --0.29 | 11,53 | +-0.33 | 21 20 23.19 | 21 24 48.%2¢
£ ,60 | --0.06 § 4-2.15 | --0.38 26 31.0%7 30 55.25
a £ 511 | -0.13 | +1.851 40.3% 54 47.21 5
m Aquar .. e T2 020 | --0.24 | +1.76 | -5 0.32 1 22 14 19.10 { 22 13
a Pegasi . 535692 ) —0.331 4119|4030 ! 5335812 5
¢ Piscium 123170149 —0.31 ) 4-1.56 | +0.38 , 23 17 03.12 { 23 21
y Cephei..... . . 29 53.33 | —1.50 | —7.86 | +1.66 20 43. 63 34
Groon. 4163. ... 44 23.63 | —1.32 | —6.34 | - 1.34 44 14.63 48
a Andromed®....|....... 7 21,36 | —0.43 | +0.54 | —0.42 572105 001
y i 3 +1.23 | —-0.39 | 0 02 13.57 06
a (assiope®.. [ IO , 28 53.74 | —0.80 | —1.70 | - 0.67 ; 2R 50.57 33
21 Cassiope®. .rvcteeenann. 33 02.86 | --2.67 | —6.67 1.33 2 5 14 37
Mean for 23% 5m Jocal sidereal time. ....... .ottt it
Normal equations.
0=-33.83.1.12.008¢ - 3.60a - 0.72¢ 8t == —1%900
0= —66.22 — 3.60d¢t+-18.84a — 7.91¢ a = 4- 2.992
0= 46.583 + 0.726¢t — 7.91a + 57.33¢ ¢ = —0%.375

The following table contains correction and rate of Hutton 288:

| i

Correction of

Date. ‘ Hutton's time. Hutton. Rate per hour.

oo hm s 5.
September 13, 1871 2.8492 | +11 33 37.134 —10. 2265
September 14, 1871 9. 0033 42 37.458 —10. 4379
September 13, 1871 8. 1807 46 35. 018 —10. 0937

Date Local sidereal | Correction of | Rate per hour
. time. Negus 1344. adopted.
! h. k. m. s. s.
September 13,1871 ... ... covt ciiiiiiiaaaas e ! 2L 1 +0 4 '3.122 —0. 410
September 14, 1871 N 224 13. 606 —0.432
September 15, 1871 2L.0 23. 785 ~—0.450

Exchange of signals between Salt Lake City and Saint George.

SEPTEMBER 13, 1871.
Signals sent from Salt Lake City.

Salt Lake Saint George Salt Lake Saint George [ Salt Lake chronom- | Saint George
chronometer. | chronometer. || chronometer. | chronometer. |, eter. chronometer.
h. m. s h. m. s h. m. s k. m. s h. m. s h. m. s
9 11 090 20 38 52.7 9 13 10.0 20 41 3.0 9 15 20.0 {20 43 13.2
10.0 . 39 28 l 20.0 13.1 30.0 23.2
20.0 12.6 30.0 3.2 “ 40.0 33.2
30,0 22. 6 40.0 33.0 | 50.0 43.1
40.0 32.6 50.0 43.0 | . 16 0.0 53.2
50. 0 42.7 14 0.0 53.2 4
12 0.0 52.8 | Mean, 9 13 30.00 | 20 41 23.00
15 0.0 42 53.4 |
13 0.0 40 52.9 | 10.0 43 3.4
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SEPTEMBER 13, 171,
Signals sent from Salt Lake City—Continued.

SECOND SERIES,

Salt Lake . Saint Georze | Salt Lake Saint George ' Salt Lake chronom- Saint George
chronometer. . chronometer. i chronometer. | chronometer. | eter. i chronometer.
| | !

h. m. s h. m. s Ik om. s b. s. k. m. s [ h. om. s
9 2 4.2 20 53 59.9 9 28 140 | 20 56 9.6 g 30 26.0 ' 58 2.3
13.8 54 8.8 ‘ 235.3 20.6 35.7 315
2.1 20.1 ! 35.2 | 30.5 45. 6 41.3
35.2 0.1 45.7 | 40.9 55. 4 510
45.1 16. 2 ‘ 31 5.6 59 11
55,1 30,1 T2 51 BYAREN Ay S !
/W 4.7 59.9 | ( ; Mean, 9 28 20.35 (20 56 24.70
| 30 ... 58 ... ; i
W 5.2 36 0.6 . 15.6 i 1.2 :

Signals sent from Saint George.

: I '
Salt Lake Saint George | Salt Lake | Saint George | Salt Lake chronom- |Saint George
chronometer. | chronometer, ! chronometer. i chronometer. eter. chronometer.
i
| ‘ T
h. m. s . om. 8. | h.om. s k. m. s h. m. s h. m. s
9 19 6.3 20 47 0.0 9 21 15.8 20 49 10.0 9 23 25.4 [ 20 51 20.0
16. 1 10. 0 " W8 i 20.0 35. 4 30.0
26.2 20.0 35.7 30.0 45. 4 40.0
36.0 30.0 45.6 _40.0 55.3 50.0
46. 1 40.0 35.5 50.0 24 5.2 52 0.0
56.0 50.0 22 5.5 50 0.0
20 6.0 i 43 0.0 | i Mean, 9 21 3572 20 49 30.60
‘ 23 5.4 ! 51 0.0 ;
2 59 ! H 0.0 | 15.5 | 10.0 |

|

SECOXD SERIES.

{ .
Salt Lake Saint George ' Salt Lake Saint George | Salt Lake chronom- ?Saint George
chronometer. | chronometer. ‘ chronometer. | chronometer. | eter. chronometer.
I v o T T 1 :
m. s ' h. m. s i h. m. s h. m. s ! h. m. s h. m. s.
9 36 44.1 | 21 4 40.2 | 9 33 54.1 21 6 510 : 9 41 4.0 MW 9 1.3
53.7 50.3 I 39 3.6 7 0.6 14.8 12.0
37 3.6 ° 5 0.2 | 14.6 11.1 24.6 219
14.2 ¢ 10.7 || * 4.2 | M0 34.5 31.9
4.1 20.7 ! 340 3L0 44.2 41.7
340 | 30.4 4.0 | 41.1 !
43.9 0.5 | | Mean, 9 39 14.12]2l 7 11.02
' | 40 442 | 8 4L4
38 43.8 - 6 40.9 i 54.4 l 5.5 |

SEPTEMBER 14, 1871,

Signals sent from Salt Lake City.

Salt Lake Saint George ; Salt Lake Saint George |: Salt Lake chronom- !Saint George
cbhronometer. | chronometer. | chronometer, | chronometer. | eter., chronometer.
!
k. m. s h. m. s h. m. s k h. m. s | h. m. s h. m. s
9 6 000] 2 37 411 9 8 10.0 i 20 39 515 | 9 10 20.0 |2 42 1.8
10. 0 511 20.0 | 40 15 = 30.0 11.8
20.0 38 1.2 30.0 1.5 | 40.0 21.8
30.0 1.2 40.0 2L.6 50.0 319
40.0 213" 50.0 315 | 1 0.0 42.0
50.0 311 9 00 41.7 :
7 0.0 a3 |  Mean, 9 8 30.60 |2 40 1153
. 10 00 41 41.8
8 0.0 39 414 ) 10.0 52.0 |
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SEPTEMBER 14, 1871.

Stgnals sent from Salt Lake City—Continued.

SECOND SERIES.

Salt Lake Saint George ‘ Salt Lake Saint George || Salt Lake chronom- | Saint George
chronometer. | chronometer. ’ chronometer. | chronometer. eter. chronometer.
. m. 8. h. m. s ! h. m. s k. m. s h. m. s. h, m. s,
9 18 46.8 2 50 2.8 || 9 20 571 2 52 40.5 9 2 1 |2 54 51.0
51.0 40.0 |: 21 16.9 50. 4 17.3 55 1.1
19 6.7 49.9 | 17.0 53 0.5 26. 4 10. 4
16.6 51 0.0 26.1 9.6 37.6 21. 4
26.0 9.1 3.0 20.5 47, 3.4
37.6 20.5 471.5 30.7 |
47.2 30.4 Mean, 9 2t 17.33 {20 53 0.46
¢ 2 47.4 54 30.9 |
20 47.2 52 30.4 | 57.5 4L1 i
' !
Signals sent from Swint George.
|
Salt Lake Saint George Salt Lake Saint George | Salt Lake chronom- | Saint George
chronometer., | chronometer. chronometer. | chromometer. [ eter. chronometer.
[
h. m. s. h. m. s. ¢ h. om. s h. m. s ’ h, M. 8. h. m. s
9 12 18.2 2 44 0.3 9 14 25 20 46 10.0 9 16 37.1 |2 43 20.0
1.9 10.0 31.6 20.0 | 47.1 30.0
37.8 20.0 47.5 30.0 5.1 40.0
4.7 30.0 57.6 40.0 17 1.0 50.0
571.7 40.0 13 7.5 50.0 | 1.1 49 0.0
13 7.6 50.0 17.5 47 0.0 -
17.6 45 0.0 | " Mean, 9 14 47.48 |20 46 30.00
i 16 17.2 42 0.0 :
14 17.6 46 0.0 1.2 10.0
SECOND SERIES.
Salt Lake ! Saint George Salt Lake Saint George | Salt Lake chronom- | Saint George
chronometer. | chronometer. |, chronometer. [ chronometer. | eter. chronometer.
. . ! R
h. m. s k. m. & ‘h. m. s, h. m. s ! h. m. s h. m. s
9 25 36.6 20 57 20.5 ; 9 27 46.0 20 59 30.6 . 9 29 56.5 {21 1 4.4
45.7 30.0 4 55. 9 40.5 | 30 17 52.3
55.7 40.1 28 1.1 51.6 16.7 2 17
2 1.1 5L.3 16.8 2l 0 1.6 | 27.6 12.6
16.2 58 0.6 211 17 ! 37.2 2.2
27.6 1L7 3.1 2.7
37.0 214 | Mean, 9 28 6.79 |20 59 51.33
: 29 37.2 1 22.0
27 31.2 59 2.7 | 46. 6 3LE |
| '
SEPTEMBER 15, 1871.
Signals sent from Salt Lake City.
|
Salt Lake chro-|St. George chro~| Salt Lalke chro»"St. George chro-| Salt Lake chronom- | St. George
nometer. nometer. nometer. nometer. eter. chronometer.
h.om. s h. m. s h. m. s h. m. s h. m. s h, m. s
3 53 0.0 20 28 21.5 8 55 10.0 20 30 37.6 3 57 200 | 2 32 481
10.0 37.4 20.0 4.7 30.0 58.1
20.0 47.3 30.0 51.6 40.0 33 8.0
30.0 57.4 40.0 3t 50.0 18.0
40.0 29 1.5 50.0 1.7 58 0.0 8.0
50.0 1.5 56 0.0 27.8
54 0.0 R1.5 Mean, 8 55 30.00 | 20 30 57.76
57 0.0 32 220
55 0.0 30 R7.5 10.0 38.1
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SEPTEMBER 15, 1871.

Signals sent from Salt Lake City—Continued.

i
Salt Lake chro-St. George chro- Salt Lake chro-{St. George chro—‘ Salt Lake chronom- | St. George
nometer. nometer, nometer. nometer. I eter. chronometer.
h. m. s k. m. s h. m. s k. m. s h. m. s h. m. 8.
9 8 .... W 44 ... 9 10 41.6 22 46 1.7 9 12 5.2 22 48 2.6
41.5 171 | 57. 4 21.5 13 6.7 37. 4
51.5 27.2 11 6.6 36.9 17 9 48. 4
9 66 36.8 18.3 48.3 27.6 58. 4
18.0 438.0 1.4 57.6 38.0 43 8.5
2, 1 58.1 37.6 47 20 |
3.7 45 1.8 Mean, 9 1i 15.00 | 22 46 45.23
12 315 48 8.2
10 37.6 6 18 41 17.3 |
I X
SEPTEMBER 15, 1871.
Signals sent frem St. George.
| = i
Salt Lake chro- St. George chro-| Salt Lake chro- St. George chro-| Salt Lake chronom- | St. George
nometer. nometer. nometer. nowmeter. | eter. chronometer.
h. m. s. h. m. s h. m. s h. m. s h. m. s. h. m. s
9 2 3.2 2 38 0.0 y 4 40.7 20 40 10.0 9 6 50.4 20 42 200
411 10.0 50. 8 20.0 1 0.4 30.0
512 20.0 5 0.6 30.0 10. 5 40.0
3 L2 30.0 10. 6 40.0 ¢ 20.4 50.0
1L0 40.0 20. 6 50.0 30. 4 43 0.0
211 50.0 30. 6 41 0.0 _
3.0 39 0.0 Mean, 9 5 0.75{ 20 40 30.¢0
| 6 30.5 42 0.0
4 30.9 ' 20 40 0.0 40.6 10.0
Salt Lake chro- l%t. George chro-, l Salt Lake chro-;‘St. George ohro-‘:‘ Salt Lake chronom- ! St. George
nometer. | nemeter. ‘{ nometer. nemoter. I cter. | chronometer.
h. m. ‘l m. s hom. s | h.m. s  h m. s
9 14 20 50 .. 16 41.6 20 52 129 | 9 18 52.4 W 54 23.6
41. 4 12 0 5L6 22,4 19 3.1 34.2
5L.3 22.0 | Y 33.1 12,6 44.1
15 1.8 32.6 12.0 43,2 228 54.2
1.6 42.5 21 53.3 3T 55 4.2
2L7 | 52.6 32. 4 3 3.6
32. 4 | 51 3.2 © Mean, 9 17 9.62 20 52 40.71
i . 18 3.7 54 4.0
16 3.3 . 52 3.3 41,9 13.3 g
: ! s . ——
- - ey ] B = 1 S
EE 2 2 o3
328 cé b ZE
Signals sent from— |  Recorded at— ° 2 S g v = g‘i::'n Means.
! - R ane] o
i 8RE E" £ &5 1
=== (= o A |
September 13, 1871. I . . |
I h. m. s h. m. s L. m. s h.m. s jh.m. s
SaltLake ............ St. George........ 1913 30.00 |- -11 38 40.98 | 20 52 10.98 |
120 41 23.00 -+ 0 4 2.95 | 20 45 25.95 10 6 45.03
|
| i 99238920.35 411 38 43.53 | 21 7 12.88
. 20 56 2470 {+ 0 4 3.05 | 2L 027.75 43.13
St. George ........... " Salt Lake ........ 9 21 35.72 |-4-11 38 42.36 | 21 0 18.03 E
’ 20 49 30.00 |+ 0 4 3.0L{ 20 53 33.04 45.07 |
| 9 39 14.12 |4-11 38 45.36 | 21 17 59. 48 I
21 71L024 0 4 3.13 2111 14.15 45.33 0 6 45.14




=)
e~

Signals sent from—

September 14, 1871.
Salt Lake............

St. George

September 15, 1871.
Salt Lake............

Recorded at—

St. George

Salt Luke.........

St. George........ :

Salt Lake.........0

Pinal difference of longitnde, St. George, west of Salt Lake

Adopted longitude, (by excludmg September 14,1871) ceveenianannn

&g ' = o
232 1 3 s 03z
g5 ] °s . ZE i
- o 8 °8 £5 Means.
== 1 =+ [hat gg =] {
oEd | = ° =2
HAR = 3 &
| !
h.m. s i h.m s h. m. s hom. 8. h.om. s
9 230.00 +11 42 38,90 | 20 51 290 .
20-40 11.53 ;+ 0 4 12.88 | 20 44 24.41 44. 49 !
|
921 17.33 1411 42 41.12 | 21 3 58.45 i
20 53 0.46 -+ 0 412,93 | 20 57 13. 44 45,01 |
9 14 47.48 11 42 39.99 | 20 57 27. 47 !
120 46 30.00 4 0 4 12.93 | R0 50 42.93 44.54 |
' |
923 6.79 +11 42 42.31 1 21 10 49.10 !
20 59 31.38 B 0 413.03)21 4 441{ 44. 69 44. 68
8 55 30. 00 ‘1'—11 46 36.48 | 20 42 6.48 |
20 30 57.76 4+ 0 4 23.60 | 20 35 21.36 45.12 |
| 911 15.00 {+11 46 39.12 | 20 57 54.12 ’
22 46 45.23 '+ 0 4 23.72 |20 51 895 45.17
9 5 0.75 !-H.l 46 38.07 | 20 51 38.82
20 40 30.00 + 0 4 23.67 | 20 44 53.67 45.15
917 9.62 -+11 46 40.12 | 21 3 49.74 !
20 52 40.71 |-+ 0 4 23.76 | 20 57 4.47 45.27 ' 45.18

Mean places of stars for 1871.0, used for determination of latitude of St. George, Utah.

§I “é Declination. é\""A“z/ Declination. : l 1 Declination. g %, | Declination.
[e] 7 " [=] ’ " I [} ! " [«] ’ 1"
6404 41 18 15.82 6731 44 24 40. 50 7029 31 46 30.12 7474 23 42825
6426 32 39 56.12 6740 29 51 26.07 041 4211 1.46 7512 51 7 R7.42
6473 41 26 19.86 6784 33 25 42.66 I' 7121 14 8 52.88 7348 49 5 53.46
6491 32 30 50. 60 6817 40 16 22.12 | 7160 14 731.14 7511 2 3 10.72
7176 60 2 22.18
6542 24 3 851 6839 16 17 41.03 7193 60 8 14.29 7593 48 42 47.58
6566 50 924.24 6863 57 54 36.98 %627 2519 854
7218 52 31 33.82
6589 21 9 50.63 | 6382 24 26 31.77 I 1215 | 21 49 41.53 7736 58 39 42.20
6623 53 7 52.68 6895 49 44 47.56 | TT42 15 24 20. ol
l | 7317 44 16 58.50 7155 58 46 41.63
6659 50 1 11.62 6912 23 14 38.59 J! 7368 29 41 56. 66
6674 24 24 19.93 6959 51 4 35.00 “I 7807 | 20 11 49.54
1“ 7410 23 18 50. 27 846 7 5333 9.44
6712 58 19 28.10 6986 39 58 0.90 {I 443 51 6 11.60
6724 16 10 29.08 6993 34 34 51.16 i ! |
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Observalions for latitude.—Station, Saint George, Utah.

o E, I Level. 5 ] fi'..i Level.
S L T
+ =) — - b3 = f— — .,

Date. 2 .EZ . : Remarks. | Date. ;;_f POEE . Remarks.
! =3 "B
5'.255‘}:.15.‘ s EZ N.[s.,

’ S _" i i [ = = v l
A, A | i Al A '
w0 j 1871 | ‘ ! |

19 6404, 25 2.9 89, 8.4 Sept. 21 6239: 21 6.7, 9.6 9.4,
6426 15 20,0 - 9.0 | 85 ‘ 6963 21 14.1 ‘ g‘sl 9.0
\6473} 19 ™5 R0 95, ) 6382) 19 16.0 : 8.6 10.4l
6491, 8 46.8 9.5, &3 | G895( 19 77.1 12.0 6.8

{ ! !

6542 17 8.9 ° 9‘4' 9.7 6912 22 49.4 | 5.0 E 13.9
6566 17 70.9 10.1 &0 - i 6939 17 34.7 | 15.3 | 3.4
i | !

63801 22 45.8 ¢ 9.0| 9.1 1 ! 6986l 11 14.0 121 6.3
66231 18 49.9  9.1{ 9.0 | I 6998 26 30.7 . 7.2 1L3

: i | J !

6839 20 60.0 7.7 10.9 , 7029. 12 52.8 | 7.7 110

68631 20 72. 3 ] 1.0y 7.5, i 7041 23 49.7 10.0 %7 |
[ ! -

6882 20 34.41 8.0(1L0 ’ 22 '6404 25 33.5; &8 7.9,

lgo3 21 4.5 (10.0] 85 i ! 6426. 15 41.3 . 7.3 . 9.3
1 }

20 6404/ 25 69.9° 89| 80 647320 10.4 | 5.5 115
6426. 15 20.1l 9.0 80| ; Cmm 8 65| &5 89
. I ) .
647319 70.5 | 9.4| 7.8 | 65421 17 56.1' 7.9 9.8
l6491 8 46.8 9.0| 8.5 | 65661 17 43.0 ‘ 0.0 7.3
'6542) 17 24.6 ¢ 9.0 8.5, 6580 23 59 ' 9.0 87
6566, 17 4.9 , 0.0 { 7.4 6623 19 9.6 | 9.1, 8.4

H "
6659 16 10.0 ' 11.0 s.sl '6650. 16 6.4 ' 1.0 6.9
6674 25 90.6 | 8.3| 9.1 6674i 2 133120 6.0 ]
.
67121 10 40.3' 89! 24| lam’; 10 267! 9.0 9.0
6784| 23 49.1 \ 103 7.0} “6724 23 33.3| 9.0 : 9.0
6131, 18 13.7| 6.0 [1l4’ 6784 12 35.3 | 87 ‘ 10. 4
67400 20 90.8 131} 44, 6817 34 90.9 | 6.1 12.0
! |
;ms‘ﬂ‘ 12 4.2 &6l 03 6330 21 10.0 11.9 8.8
16817 34 78.9; 9.9| 80| Mustbesr.9 !686& 21 16.4 7.6 1L9
! | | | t ) b
68301 21 4.0, 7.7 ,10.0 : | 6882 19 30.0 | 9.4 . 10.4
6863 21 4.0 i 13.7 4.0 6895, 20 7.8 7.9 ) 12.0
| )
lﬁssa 19 4511100 7.8% 16912 22 50.7 9.9 10.3
68950 20 9.3 10.0 | 7.3 | : 6989 17 d2.1 {10.5 ' 10.0 i
! i
6012 21 757 : 9.0] &5 , ! 6026 11 27.4 | 10.8 l 9.9
6959' 16 63.3 ' 11.2| 6.5 ! 69981 26 48.0 | 9.2 112
; | i I
ool 11 1.0 96| 4’ ! 70200 12 85.6 | 5.5 | 15.0
}6998[ 26 30.7 . 10.0 | &7, { 7041, 23 83.2 [ 15.0 | 5.5
i ' i ,
70200 13 131 &8 | 9.9° ' 71211 22 24.8 1 10.6 10.5
7041, 24 5.0 ' 2.0 6.8, i 17160' 21 24.3 | 10.8 10.6
| ‘ H 7176 23 8.0 [10.3 : 10.5

21 (6404 26 14.0 83| 7.1 i 7193 18 3.9 | 10.2 | 10.5
6426 15 59.7 . T.5| 8.1 i |
| ] i ) 7218/ 16 16.8 | 1.0 10.0
6473 20 145 9.0 6.8 72750 22 T8.4 [ 10.0 101
G491 8 6.0 T.4| 8.7 P |

| ‘ ! t 7410 29 10.8 | 11.0 | 10.0
65420 17 4201 &5 | &0 X 7448 19 30| 9.9 ' 1L1
6566 17 35.1 8.8 | 8.0 ! : Lo '

[ ) ' i l7474 18 46.3 | 1.3 10.0
65800 22 41.6 ; 7.0 ] 10.2 i 7512 18 81.4 | 10.6 | (1.3
6623 18 432 | 10.5 | 6.6 ; (] |
N ! ‘ 7548° 19 76.5 | 11.7 ! 9.4
6659/ 15 97.8 11.1| 6.3 ! 7571 17 34.3 | 9.4 1L9
[6674 25 74.0' 6.5 |1L2 ‘ Lo P
! t 08| 22 86.2 1114100,
6712/ 10 1.3 80| 9.7 | 3627 15 14.6 | 9.5 ' 122
6724/ 23 3.0 10.0| 80! ! [
. i 7736 25 0.1 |12.1'10.0
6731 18 13.5 9.7 1 8.4 7742 18 719 | 9.4 1311
67400 20 93.0 9.5 1 88, 17755, 19 76.3 | 12.3 | 9.0 ;

F F—5
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Observations for Iat"itude.—Station, Saint George, Utah—Continued.

l:é 5’& Level ' ;; g4 ‘ Level.
- < . + @
Date. | o E'E 1 Remarks. | Date. J,:i | g.g i Remarks.
: §§ N | s ’ }d’ £F ‘;N. S
% A | ; 17 I
1871. ‘ ! 1871. | '
Sept. 22 7807 9 40.7 120 1L.0° Sept. 24 17020 13 2.6 [ 10.7| 9.9
8461 28 5.7 1.8 1L8 7041‘ 23 98.3 | 10.4 | 10.2
{

23 |6404 2 16.1| 9.6 8.5! | o191 22 24.37 10,1 1L0
64260 15 70.2 | 10.3 .7} | 7160 21 27.5 ¢ 11.1]10.1
' | ; i 7176 23 10.8 | 10.0 | 11.2
6473 20 16.9 | 9.7 8.5 1 7193 18 74.9 ’ 10.0 111
16291 8 92,5 10.0 | 8.2 !

1 l i I 7912 15 85.7 1 10.9 © 10.6
6342 17 8291 9.8' g9 [i2i5 22 49.9 112 10.6
6566 17 65.4 | 10.3 | 8.3 .
. ’ ’ 7317 97 2.0 | 3.6 | 13.5 | Very faint.
6530 22 52.3 | 86105 ' 9368 16 97.0 | 9.7 12.3
6623 18 47.1 | 13.11 5.8 | | ! l
: ' i 74100 29 13.4 119, 10.3 ,
16659 16 39.9 [ 10.9: &5 ! 74480 19 72.4 111|101 |
16674: 26 20.8 | 10,0 9.5 ~ n |
| i 7474 93 525 1247 9.9
6712 10 57.9 | 8.0 11.4 7512 23 78.9 12,0, 10.2
16724 23 65.6 [ 12.9 | 6.9 | |
7348 19 74.3 | 1511 6.6
6839 21 86| 9.0/10.3 BT 34| 70 145
863 21 8.2 | 13.3| 6.4
6au3 e ‘ 7508 22 66.3 9.0 1.5
682! 19 50.0 | 9.4 10.1 !7627’ 14 so.el 23132
| )
l6895 20 22.5| 121 7.4¥ Ime o 8ol 78l1e1
l6012' 22 73.9 | 14.0| 5.6 7142 18 99.0, 16.8 5.1
16050 17 59.3| 8.1 12.0 . 7155 19 7.4 ; 1L0  10.9
6986{ 11 34.9 [ 9.8 | 10.5 ot 9 1111009 | 10.5
6998 26 60.3 | 13.3 | 7.0 1246] 28 1.3] 9.0 !12.4
7099 12 94.1 | 1.5 | 9.1 25 [6404) 26 22.0 | 7.7 9.3
7041 23 680 | 16,4 | 4.1 6426/ 15 69.8 | 9.0 8.0
6473 20 28.4 | 8.6 9.0
7191, 22 31.0 | 11.0 | 10.6 ‘
;{22? 2280 110 | 10.7 6491 8 96.7; 9.0| 86
T S 6731 17 13.5 | 13.7| 5.0
7193 18 70.1 1 13.4 | T.5 6740 20 4.4 9.5| 9.3
7218 16 14.4 | 11,1 | 11.1 6734| 8 659! 8.0[10.5
72750 22 76.3 | 1.4 | 11.6 6817 31 85! 1.1 | 7.6
7317| 26 95.0 | 11.0 | 11.5 68820 19 53.7 1 100 | 9.6
7368 16 96.4 | 10,6 | 11.9 6305 20 24.0 | 9.0 10.5
7410' 20 50.2 | 10,7 | 11.9 2029 13 25.6 | 1.6 | 8.8
7448, 20 14.0 | 11.1 | 11.0 7041 2¢ 23.1| 7.5|13.0
7474| 18 87.5 | 11.1 | 11.0 7121] 21 88.9 | 238 10.0
7512) 19 13.7 | 138 | &5 ;igg gg .0 13' 0 gsl;
7548 20 52.2 | 12.0 | 10.3 71931 18 36.4 | 10.4 | 8.4
7571 18 15.6 | 12,9 | 9.5 ot 16 131! 03|11
4 N . .
7508 22 34.1 L_‘; 11.4 72150 22 64.5( 9.3, 12.0
7627 14 70.4 | 40| 81
' 7410, 28 69.4 | 10.5 | 11.6
7R07| 9 28.8 10.0 7448/ 19 27.7 [12.0| 9.8
7846 8 4.7 10. 6
747418 1.7, 10.0 | 12,1

o4 [6650] 16 46.2 13.4 5120 18 33.6 | 12.4 | 9.7
0074 26 9.3 &9 7598 22 65.0 | 11.9 ' 10,

56 5. . .5
67311 17 70.0 85 9627 14 83.1] 7.5 ) 14.9
6740, 20 45. 4 10.4 |

7736: 23 3.9 13.0 9.9
6784 8 62.0 10.0 7742 18 €6.7 | 9.8113.2
6817)31 3.4 7| 95 715519 80.8 | 14.0 | 9.0
098219 50.5 | ;) 110! 7207 0 20.0 123 | 11.0
6895/ 20 18.2 | L ; 7.9i 7846 @7 93.0  11.8 | 11.6 i

I
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Computations for latitude of St. George, Utah.

Mean latitude of St. George, Utah: 370 6/ 20,38 + 0,08,

! Corrections,
No. of Half-ssum of s
Date. pair. | declination. i Latttude.
Micr. and refr. | Level.
e} ! " ’ " I "
September 19,1871 .......... 1 36 59 23.58 47 581 37 6 30.06
2 58 52.98 + 737.68. — 30. 52
3] 37 633.93 — 0 4.45 | -+ 30. 02
4 9 9.16 — 2 40.11 29.05
6 15 15.90 — 847.94 l — 27.89
9 6 26. 50 + 0 497 4 31. 67
10} 6 087 4+ 02834 ’ — 28,20
September 20,1871 .......... 1) 36 59 23.61 + 7 4557 4+ 1. 20. 43
2 58 53.04 + 73444 4+ 1. 28. 89
3 37 6 34.00 — 0 7.96 4 2 28,13
5 13 3.77 — 6 36. 57 - 2 29. 49
6 15 15. 99 — 8 49.31 + 2 29. 25
ki 8 21, 69 — 15207 4 2. 32.18
8| 36 51 20.96 +15 8.61 | + 0. 30. 37
9 371 626.62 -+ 0 0.00 S 31,62
10 6 1.00 <+ 0 26.04 4+ 3. 30. 35
11 9 55.07 — 3 27.23 ‘ -+ 3. 3L. 35
12 | 16 44. 84 —10 18.63 1 4 1 27.90
13, 36 59 4.51 7 21,59 4 2 28.87
September 21,1871 .......... 1/ 36592365 + 7 6.37 ' + 0.40 30. 42
3] 87 634.07 — 0 51.22 P+ 0.88 | 29.73
4 9 9.31 — 2 41.12 -+ 0.47 . 28. 66
5 13 384 — 63479 4 0.07 29,12
6 15 16. 08 — 8 46. 44 + 0.20 |. 29, 84
7 8 21.78 — 1 53,04 + 1.35 |. 30: 09
9 6 26.73 + 0 299 4 0.67/. 30.39
10 6 1.12 + 0 24.70 - 2.30 1. Q8,12
11 l 9 55.20 —~ 3 28.16 4 2.02 |. 29. 06
12 | 16 44.97 —10 17.01 + L 15 29. 11
13 36 59 4.65 + 7T 23.61 0.00 Q8. 26
September 22, 1871 .......... 1 36 59 23.69 + 7 552 — 0.74 28, 47
2 58 53.15 4+ 1 4180 4+ 432 ). 30. 63
3| 37 634.13 — 0 5301 4+ 0.54 |, ?9. 37
4 9 9.38 — 24108 + 0.68 . 28. 98
5 13 3.92 — 6 42.35 + 6.82 |. 28.39
6 15 16.16 — 8 43.42 0. 00 7. 714
81 3651 2117 +1512.21 | — 513/ 2€.25
91 37 6 26.84 + 0 2.59 — 0.81 28. 62
10 6 1.23 + 0 31.45 — 3.44 1. 29, 24
11 9 55.32 — 32.70 ! 4 0.07 29. 69
12 16 45.10 —10 14,95 — 0.74 |. 29, 41
13| 3659 4.78 + 72389 0.00 ;. 28. 67
14| 371 55535 4+ 03363 — 0.07 28.93
15 8 10. 55 — 141.27 — 0.07 |. 29,21
16 10 56.26 — 4 27.57 -+ 0.61 |. 29. 30
18 12 49.32 — 6 19.26 — 0.14 |. 29, 92
19 6 16.09 + 014.19 0.00 |. 30.28
20 4 50.35 + 11795 — 0.13 |. 28.17
21 1 16.23 4+ 5 12.06 — 0.88 . 2741
22 2 18. 68 + 4 11. 64 — 1.08 29.24
23 5 48.36 -4 0 39.79 - 0.91 221
24 | 36 53 46, 64 -12 42. 34 + 0.67 20. 74
September 23,1871 .......... 11 3659 23.72 + 7 298 4+ 2.5 29. 20
2 58 53,20 + 7347 + 2.02 29, 94
3 37 63413 — 0 708 4+ 1.9 29. 06
4 9 9.45 — 2 43,87 + 3.78 20, 36
5 13 4.00 — 6 36.69 - 1.96 29, 27
6 15 16.25 — 8 48. 86 + L6 29.15
9 6 26,94 -4 0 0.08 + 3.78 |. 30. 80
10 6 1.35 - 0R5.67 [ 4 270 29. 72
11 9 55.45 — 32812 -4 3.04 .. 30.37
12 16 45.23 —10 16. 89 + 3.78 32,12
13| 36 59 4.92 4+ 71431 -4 9.92 29.13
N 14| 37 55549 + 020521 .. 4.32 20. 33
15 8 10.69 — 144,661 4 4,18 30.21
16 10 56. 41 — 4 27.70 — 0.14 28,57
17 36 59 46. 58 4+ 6 43.8¢ | — 1.22 29. 20
18 | 37 12 49.50 — 6 18.62 — 0.74 30.14
19 6 16.27 4+ 0 10.59 { + 3.64 30. 50
20 4 50. 54 -+ 1 35.69 i - 3. 44 29. 57
21 1 16. 42 + 5 8.8 - 4.05 29. 33
24 36 33 46. 82 ~-12 38. 66 I 70 23.18

(ememmoaann
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Computations for latitude of St. George, Utah—Continued.

| Corrections.
No. of Ialf-sum of | s
Date. pair. i declination. Latitude.
| Micr. and refr. | Level. Merid.
-— — i !
| |
o 1 "o 1 " " 1 ot "
September 24,1871 ... ... 5 3713 4.08: — 629.49 — 4.93 37 6 29.66
ki 8 22.05 — 15138 0.00 30. 67
8: 36 51 21.36 +15 6.47 — 0.40 27.43
10 4 + 027.30 | + 0.68 29. 43
13 + 7212 + 0.67 28. 84
14 | 4 034,981 — L4 29.19
15 — 142.16 — 0.07 28. 60
16 — 4 28.63 + 0.61 ) 23,54
17 4 646.43° — 5.06° 28,10
18 — 620.56 | -+ 1.08 30.19
19 -+ 0 10.67 + 2.90 30. 02
20 . + 13823 + 0.67 |. 29. 63
21 1 16.61 + 51176 — 5.67 28.70
22 4 2 19.07 + 4 6.66 + 3.64 i, 29, 37
23 5 48,75 ; <= 03171 -+ 1,96 . 2. 42
24! 36 53 47.00 ' 122144 | — 2.02 31.42
September 25,1871 .......... 1 ; 36 59 23.79 + 7 552, — 0.40 23.91
2 58 53,29 + 737,68 | 0.00 30, 97
7 { 37T 82214 + 15165 | + 6.01 ; 30. 50
8 36 51 21.45 415 6.95 + 0.68 29, 08
10; 37 6 1.55 -+ 0 2843 - 0.7 29. 23
13- 3659 5.18 | - T 23.85 — L8 27.21
14 1 37 555,76 . - 033,24 + 088 29. 83
15 8 10.97 : — 141.99 + 0.714 20,72
16 10 56.72 — 4 23.45 , — 3.37 29. 90
13 12 49.85 1 — 6 20.84 ! -+ 0.74 29,75
19, 6 16. 63 5- 012,90 4 0.40 29. 93
2t 116.81 , +5136.22) — 4.05 28,98
22 Q19,28 4 9.68: — 0.20 ¢ 28. 69
! 23 5 48.95 | - 0 38.05 | + 1.08 . 28. 08
| 24 ! 36 53 47.17 | 12 39,95 0 4 L.01 27.93

1

]
|
i
i

Adopting the longitude of Salt Lake, 111° 53/ 42//.90 west of Green-
wich, the astronomical co-ordinates of St. George will be:

Longitude, 113° 35’ 0/.30 west of Greenwich.

Longitude, 36° 31/ 58/.50 west of Washington.

Latitude: N. 37° 6’ 29/.38 4 0".08.

The results obtained for the longitude by lunar culminations of Camp
Independence, California, and Fort Whipple, Arizona Territory, and
for the latitude of Camp Independence, California, will be incorporated
in the astronomical volume,.

In the same publication will appear a list of the geographical posi-
tions established by the survey.

Observations and computations for latitude.—Station, Fort J} hipple, Avizona Ter.
OCTOBER 27, 1871.

B ; g 4 Level. " Corrections.
I .
B | 2| e —— e —— Half-sum of §
2E §€ Remarks. | “geciination. "Micrometer| Latitude.
gm £5 N. S. and refer- Level. [ Merid.
= a7 ence. |
t d o 1 ;o ‘ " o + n
6990 ! 12 40.4 12.5 13.8
7029 | 26 52.2 15.7 1L0 |eeceeennnns . 3442351 —930.5 ) +23|.......... 34 33 6.9
.
7061 { 16 86.3 11.9 18.2 '
7131 19 6.5 19.0 120 |eomaeennnn. 343461 — 1290 40.5 | co.aoa... ; 6.1
I
251 13 76.4 16.3 16.0 | ' ;
7301 | 24 67.0 15.0 I b I A O i 25 46.7 ; + 7207 —L2|..c.o.... ‘ 6.2
73712 | 17 49.9 17.0;  16.0 f I
7387 . 19 3.5 6.0, 172 ........... 3MWS5 - 1138 —0.1h........ 7.2
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Observations and computations for latitude of Fort Whipple, drizona—Continued.
OCTOBER 27, 1871.

1
\
\
E

oy .
e i :r.:, 3 Level. \ | Corrections. &
[y == .
T 83 i . Half sum of v | .
2‘5 €3 . Remarks. ~joclination. Micrometer : Latitude.
3 o N. S and refer- | Level. | Meridian.
7 =) , | euce. |
r‘ d. { [} ’ " 7 " } " | ] ’ 1"
7455 14827 20.1 136 |
T4 20 3.9 129 2008 . 337180 - 4110y —0.9 ... 3433 6.1
7300 1 24 70.41 164 17.6 [
560 © 13 587 1TT . A6 T teeeeoe. ... 40358 — 720.2 \ 0.1 oo, 1 6.5
7606 ' 14 8.4 5.5 5.6 : ; :
T676 21265 29 L3 ... 28489 4 42.7) -3.0 .......... . 6.6
7749 19323 49 4.9 1 |
796 . 20 65.3 40 58 f........... . 34 200 ~ 0537 —L2 ......... , 1.1
WOT: 19 86 28 4.0 ; :
75204 92248 4.0 3.0 | 30 58.4 4 2 7.6i B T ' 5.9
7915 1970.0. 1.5 6.4 ‘ I
923 20 4.2 i 49 9.0 il 33222 - 0138 -20 .oeeooo... : 6.4
. + t } 0
R023 22 60.7' 1.1 7.0 ! i i !
#0320 199242 53, B9 i... ... 30527 4 2160 - 2.4 ... ‘ 6.3
| i .
2076 | 20 60.7 6.7 2.0 [ | |
WY 16500 6.5 80 |eeeiii... 30271 2423 L9l 7.5
! 1 !
8097 15 74.2 85, 14,1 i :
BI28 24 63 B3 ... 21 53.9 +510.8i 0.5 e A 4.2
H I
8158 ’ 2101 61 83| % k : ;
182 | 16508 63  T9 ... .. 26 40.6 1 4+ 6276 —22 ..o....... > 6.0
/195 1 19 80.5 ! 79 1o | ! : !
#2006 22 0.8 53 01 ........... | 34361 — 120 -20% ......... ‘ 51
| |
@50 | 15424 80 6.7 ' !
&80 | 95 L3. 5.1 &9! ........... 9389 4 6206 —2d .oeeeon.. i 4.1
@0 w1 73!l 79| '
8307 15748 60 oil... 36368 - 39282 —25.......... 6.1
. N s i } ) ,
o' 1600 71!l 8o l ‘ 1 ‘
721 0.9 80 7.1i..._ ........ 30 5.3 4 2586 0.0 eeeaen. 3.9
b t H
1661 16 83.9, &6 6.0 | l |
173 25236, 82 100 .......... | 23926 -4 5303 28 ......... : 5.1
oot! 14 000 64l 16l : | ' '
211‘ 22 60.1 5.7§ D N 38552 | —54n2' —25| ... { 5.5
v : i :
232 15930 58' &5 i | i
235 131L1{ 59| &4l 3 79 —6 80 4T3 oo 7.2
24T 25 37| 140, 0411100 934 -8 19, il ‘ 5.6
i i\ i
OCTOBER 28, 1871.
tod ) ) ) i ) T T
7975 1363.2, 5.1 8.5 ! |
7301 24 47.1 99| 40 ...o....... | 95 46,6 +718.0
45| 19483 9.6 40 ...l ; 99 0.4 -3 56.4
i Cloudy. i
%000 | 920 920.2 R3] A7
Q07| 15 20 9.6, 63 ... 36 37.0 | —333.0
. | 1
42 18988 10! 0.0 | \
92 17450 109} 53 ... i 34 1.6 —1 29
1661 16 55.9 184 | 10.6, I :
173, 25 6.0  150| €9 ... | 93 98.8 | 5435,
201 147741 7.8 9.5 \
1| 2455 1L.0| 6.4 ........... 3855.3| —551.61
2| 15533 46| 127!
27| 24485 13.0 400 ..., 39 81| —6 18
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Observations and compu'ations for Latitude of Fort Whipple, Arizona—Continued.

- OCTOBER 29, 1871.

S ‘: .
e 84 Corrections.
& < 0
25 g - Half £ .
5] g5 alf sum o
'g 2 ] declination. , Micrometer Latitude.
5 L3 and refer-
= g ence.
d. | 1 " ot #H
TR75 12. 4 T 3.2
7301 3 99.2 3.3 7.5 34 25 46.6 +719.2 34 33 6.8
7345 | 1899.6 | 3.9 1.7 29 0.4 +351.3 7.1
!
7372 | 16 55.9 6.8 | 5.0
7387 | 18 33.0 5.6, 6.3 31 53.5 +11L6 5.8n
7455 | 14 50.2 5.3 6.8
7474 | 20 79.1 8.4 4.0 37180 414.1 5.8
7520 | 24 27.4 7.0 5.4
7560 | 13 10.0 7.2 5.2 |. 40 35.8 —73L5 6.7
7641 | 16 6.1 6.3 7.0
683 ) 27 3.6 9.0 4.6 25 40.4 +%23.5 6.4
7149 | 18 R.7T 9.1 4.5
7796 | 20 13.5 5.5 8.5 3¢ 2.1 —0 56.9 6.3
7807 | 2073.0| 36| 107
7820 | 22 78.0 14.7 0.8 30 58.5 +2 3.2 7.4
9151 19 7.0 8.0 7.2
7923 | 19 52.4 7.8 6.9 33 2.4 —0 18.4 5.1
7943 | 25 57.0 6.5 7.8
7953 | 15 62,6 7.2 7.2 39 48.5 —6 41.8 5.8
8023 . 22 67.0 8.5 6.6
8032 ' 19 40.7 7.3 7.8 30 52.9 +2 1L.9 5.7
8076 | 20 25.8 8.2 7.0
8079 | 16 35.4 .2 8.0 30 27.3 +2 37.7 5.3
8158 | 25 85.0 5.6 9.5
8182 | 16 33.8 10.0 5.2 26 40.8 +6 4.4 5.8
8195 | 16 51.0 81 1.2
8206 | 18 82.2 8.5 70 34 36.3 —133.4 4.5
8250 | 15 3L.3 7.4 8.1 .
8280 4.0 8.1 7.3 26 39.1 +6 29.0 81
48 4.5 7.6 2.0
92 2.1 7.9 8.2 34 7.7 —1 1.6 5.6
122 R.5 8.5 5
146 7.8 7.5 8.7 W 19.7¢1 + 945.6 5.2
201 6.2 8.7 7.8
211 0. 7 W8 8.3 385541 — 549.3 60
232 2.3 8.4 80
235 | 12 58.0 8.2 8.0 39 82 —6 0.7 7.6
247 4.9 8.0 83 41 3.6 | — 7556 7.9
OCTOBER 30, 1871.
275 7.3 7.0
7301 5.8 7.4 34 25 46.6 + 7216 3433 7.3
345 6.2 8.4 29 9.3| 4 3515 5.5
372 6.8 8.0
317 7.8 7.0 28 36.4 + 49285 4.6
455 9.5 5.8
44 6.0 9.6 37180 — 4119 6.2
7520 8.0 T4
7560 7.3 8.5 40 35.8| — 726.8 8.6
7641 7.3 8.5
7683 8.6 7.9 25 40.4 | + 7 2.1 6.2
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Ubservations and computations for latitude of Fort Whipple, Arizona—Continued.
OCTOBER 30, 1871,

3 & | .
4 S Level. Corrections.
[ S 0 .
D= g5 e e i i
'E*E §§ Remarks. ﬁ[:glgiggof | Micrometer| Latitude.
= S8 N. S. i and refer-| Level. Meridian.
“ = i : | | ence.
t. d. I I . o 1 1" [ 7 " " o 7 "
7749, 1857.6| 6.0 10.3 1 P
7196 | 19 88.4 7.5 89 einnnn. 343422 | —0529| —3.8 ... 134 33 5.5
7807 | 18 95.8 6.7 9.8 . i
7820 22 0.5 125 I 30586, +2 3.1| +3.9 |.......... 5.6
7915 | 18 95.1 8.6 7.1 | l {
7923 | 19 35.3 %7 - 33925 l — 016.2 0.0 {oeurnnnn.. 6.3
. ‘ -
7943 | 25 64.5 86. 7.5 ‘ i |
7953 | 15 70.2 141 90 .. 3948.6 ) — 6418 —0.3 |eeonn.... ! 6.5
8158 | 24 41.0 7.8 8.5 ! I
RIS2 | 14 2.2 BO| 81 .. .26 4L0| + 6205 | —0.5ccoe.... I &0
! !
eoso | 15003| so! 78! | 9
8280 25426 | 10.2] 6.4 ccreen ann 2639.2] +62.2| 427 |ceeennn. 5.1
1 1 ' 1
8299 96 22.0 7.9 9.0 i
8307 I3ILT| 56| 1L0 oo ; 36372 —32.2| —44|ceieennn. 6.6
8335 | w30l 7' ag i
7! 20 4.7 86 BB eeeiiieo... 30 57| +2359.3]| —11|cein..-. 3.9
48, 19339, 0.0 86 .
92 17 83.4 8.7 9.1 eineenns 3¢ 80! — 1008 0.0 |eemenennn. 7.2
16| 13 1.2 8.9 | 9.1, :
122 | 12 343 0.1l g0l ' 23472 + 9173 | +0.1 |cerenans. 4.6
146 | 26 80.3 9.1 88 eiieeoen.. " 9319.8 | + 9443 | 40.3 |-eceiii.o. ! 4.4
. ' .
OCTOBER 31, 1871.
166 | 16 53.7 9.5 &5 l
173 | 24 914 | 8.0 \ 100 |iemerenennn 3427200 + 5385 —0.7[eereuenn- 343368
201 | 1386.5. 9.0 9.0
211 | 22 40.3 l W9 10,0 [ceecenoon. i 38556 | — 5487 —1.4 | eeceeen.. 5.5
I
232 | 1512.1 7.2 10,7 |
235 1220.2| 6.6 1L 4 |.......... 30 84| —6 29[ 431 [eeceannn.. 8.6
247 | 24 10.0 ‘ oL, 5.0 |cieeioii i 41 3.8 — 7512 422 [ceceanenn. 8.8
! i
7204 | 20230 87 4.5 .
2130 976l 4.6 8.6 |oeemeannnn. 453211 —1225.7| 40.1[eeiiaaen 6.5
215 131670 1L4 10.4
7300 ) 23 98.4 - 120 0.8 | eernannns 95467 + T1%1] 422 |ceerinnnnn 6.0
7345 | 19 9.7, 9.0  13.0 |.ooo..... | 29 9.4| + 359.6| —2.0 |eeeen... X 7.0
72| 163351 103 12.0 :
7387 | 18 6.4i 13.2 9.0 | Very faint 3153.6 | +1 9.9 +L7 ... 5.2
7455 | 1431.0 110 120 . .
44l 206020 14.6 BS feemannanns ‘ 37181 — 4155 434" ..., 6.0
i i
7520 | 23989, 1L0 121 ‘, ,
7560 | 12820, 13.0 9.4 i 40359 — TBL3| L7 |ieeeeeenns ’ 6.3
706 | 13841, 120  1L5! |
7676 | 20 1477 131 110 ..o........ 9849.2 ) -+ 41481 +L8|.......... 5.8
I
7149 | 1816.7] 120 12,2 |
7796 | 19 49.3 | 10,0 147 ... .. ' 34 22 ~— 05336 —3.3'.......... ! 5.3
i ’ i
7807 | 18 55.2 1 16.2 83|
7820 | 21 68.0 T8 120 leiiiiaenn. 30587 +2 6.4 425 |.ouiiaenn. ! 76
7015 | 18 89.5 .1 7.1 I E
7923 | 19 28.0 6.8 8.5 |iernannn : 33926 — 0156 —L1 |.ocoeeen.. 5.9
7943 | 25 84.9 84! 6.8
7933 | 15 89.0 8.0 Tod |eeenennns 30487 — 6425 1.5 |..ceon.. 1.7
8023 | 22 80,1 9.0 6.7 :
2032 19526, 68, 9.0/.... ees : 30532 + 2123 —0.0 feoeeeuet 5.5
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Observations and computations for latitude of Fort T kipple, Arizona—Continued.

OCTOBER 31, 1871

s ‘_‘3 @ Corrections.
[T s
£ g5 Half sure of j-—————— = JUTTR.
i @ SE declination. | Micrometer | Latitude.
= <2 and 1'efer- Level. | Meridian.
“ -he ence. L
—
t_ d. | ! " 1 " it 2 1 ‘
8097 | 18 95.0 8.8 7.4 |
8128 | 26 656! 7.6 g9 | 3491543 + 5114, 401 ... 3433 5.8
8158 | 25 30.6 ! 7.0 9.1 | |
8182 | 15 63.3 * 57] 105 26 41.2 6309 —4.7 .......... T4
8195 | 1677.6: 99| 6.4 ;
8206 | 19 1.6 2.3 8.8 34366 —130.5 413 ... 7.4
8250 | 15 23.6 7.5 8.8 : |
8230 | 24 60.5 | 13.1 3.2 2639.4| - 6186 458 .......... ‘ 3.8
8299 | 20 47.1 9.0 7. | i
8307 | 15 25.9 7.4 9. 36 37.3 3306 0.0, ...c.... ‘ 6.7
e317| 12231 121 4 |
8370 | 24 744 6.5 0. 41 31.6 825.6, 428 .......... 8
48| 18 65.5 81 9.
92 | 1712.2 8.9 8. 34 8.0 5.8
116 | 1334.4| 10.1
122 12709 10.1 23 47.4 5.1
146 | 2713.2 75 23 20.0 5 3.4
166 | 16 15.2 5.1 |
173 | 24 63.0 7.1 27 29.2 544.6, ~6.9 .......... 6.9
{
201 | 13 60.2 7.2 |
211 | 22208 8.3 38 55.7 5478, —1.6 .......... 6.3
032 | 14844 .5 ‘
235 | 11 95.0 .9 39 8.6 558310 —1.9 ..., g4
247 | 23 71.1 .6 4l 4.0 7530 —L3 : .......... 7.4
b
NOVEMBER 1, 1871 .
5| 124150 85 1. .
7301 | 23 26.0 7.9 7. 34 25 46.6 71831 w10t , 343359
7345 | 18 26.2 8.4 7. 20 9.4 35631 4140 ... .1
,
|
7372 | 16 48.8 8.1 8. :
7387 | 18 314 7.2 9. 31536 +113.8] —12l......... ! 6.2
7520 | 24 34.6 8.3 8.7 | ‘
7560 | 13 19.6 9.7 8.1 40 36,0 7306 40.8 ... 6.2
|
7749 | 18 51.3 6.1 121
7796 | 19 82.7 ! 10.1 8.2 34 22| —053.1] —28|.......... ‘ 6.3
7007 | 18140 10.3 8.4
7820 | 21 290.7 8| 121 30 58.8 2 76, —L6 | ..., , 4.8
7915 | 18 86.8 9.0! 10.0
7923 | 19 26.0 9.6 9.6 33 22.7 0158 | —0.7 .eeenn ... i 6.2
7943 | 17 40.3 6.1 128 ' !
7953 | 7445 130 5.9 . 30 48.8 642.4 | +0.30.. ... .. ; 6.7
80923 | 22930| 95| o8 !
€032 | 19 60.4 86| 10.9 3053.3| +210.8] +1.4|.......... ‘ 5.5
8076 | 20 43.1| 10.6 i '
8079 | 16 51.0 8.3 30276 +2385| —0.7|.......... 5.4
8097 | 18 85.0 9.0 |
8123 | 26 55.5 9.8 543 4 51L4| —14 ] 1 4.5
! J
8195 | 16 6. 10.5 |
8206 | 18 31. 9.2 34367 —130.8| ~0.1].......... 5.8
8299 | 20 12. 8.0 .1 ) |
8307 | 14 24. 13.7 . 363761 —333.5! 20/ ... ... } 6.1
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Obscrvations and computations for latitude of Fort Whipple, Arizona—Continued.

NOVEMBER 1, 1871.

|

S g
© 55 Level. ! ‘ Corrections.
e, T
H | =25 _— . Half sum of - )
E g 3 Romarks. Goclination. Micrometer
Z =3 xX. S. : and refer- Level. Meridian.
A = \ 1 ence. !
¢ t. d. ‘ , o ¢ " 1 " " :
317 12 26 10,20 9.7
8370 24521 10.1 | 1000 ool 34 4137 — 8249 l 404
4° 11662 100! 10.3 !
2 29 3.5 88 LT ... 21%.6‘ 411421 2.2
48 1R46.4  1LR  RT. |
92 16 96.2 8.0 127 eeeee.... 34 82 —1 07 —L1 ..........
116 13 42.1 9.0 12.0 j :
122 12 76.1 0.0 12.0 23 47.5
146 0 27265 10.5  10.0 23 90,2 |
166 | 16 27.3 8.4 12.9 ‘
173 24 66.3 1.2 10,0 ........... 27 29.4
201 12935 9.5 i
o1l 21520  10.8 38 56.0
22 15 9.0 10.6
235 12202 10.6 39 8.7
247 23 99.0 9.0 41 4.1
NOVEMBER 2, 1871,
8250 0 15303| 9.9 124 | | f
2280 24960 83 135 ..o...o.... 342639.6, & 630.2( —5.7 1eeueennn '
4 11880’ 10.4| 120 ! |
28| 20208 10.5| 120 ... AT U] 21
6] 13230 10.4] 120! . !
146 1 27 5.6  10.5 | 120 .. | 23476 + 9186 | —21 |cceeenin.. i
166 16831, 10.71 124 ‘ ! | |
173 25185, 1200 105 ........... 27995 4 5306 —01 ...,
201 1360.5T 0.8, 13.0. ; | -
211 222 13.6 0.0 e ne. | 38560 — 550.2| 40.9 |.oeo....
|
2141 19520  19.5 ' 3.0 | l
210 1759 - 0.5 27 Veryfaint, 34969 —120.5 -0.8" .. ...
9w 1577| 1.6, 109 ' ‘ } ‘
235 129L8 | 120! 1007 ... ... ! 30 RO 61201 9.0 ..........
7T 2000.3| 1T6) 50 .l 41 42, —8 s.0| R i
NOVEMBER 5, 1871
e e . ) o P e = s
R0Y7 19 39.7 9.8 8.1 Veryfaint ’
8198 | 21 L4 10.2 L S 497550 4+ 5 7.8 480 ..........
8136 | 17 8.9 12.9 4.8
B39 20626 70 107 ..oee.o..o. 35 23 1591 430 .......... ,
8250 | 15548 10.3 7.6
#2900 | 25 4.0 8.6 0.8 ieiinanens 26 40.0 - 6836 410 ..........
8299 ' 20 68.0 9.0 9.1 . :
8307 l 15 4.8 113 7.2 IS — 3 AT
83171 13 11.2 7.5 1.0 i ‘ |
370 ‘ 25 66,7 12,6, 6.1 ...oeev.... ‘ 40322 — 8204 420 .oeeen...
t H H .
4% 12 85 151 1.3 ! |
28 20320 9.9 ‘ 8.9 .eeina.. | 21951 411365 +3.5 .. ........
ol4 ‘ 19182 10| &1. ‘ ! 1 }
219 ' 17 7.0 10.4! 0.0 feeanns 349213 — 1253 429 ..........

!
i
i Latitude,
]

o 1

3433712

343358

6.2

4.6

-

6.8

5.1

4.9

Mean latitude of Fort Whipple, Arizona,

34033 6”124 0. 065.
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FORT FRED STEELE, WYOMING, (1872.)

Longitude, 106° 56’ 48".80 ; latitude, 41° 46/ 40”.24 4.0".05.

The point selected for the station at Fort Fred Steele was just in the
rear of the sutler’s store, on the west side of the railroad-track. Being
across a ravine which lay between it and the railroad, it was entirely
free from the jar of passing trains; and being at the same time to the
. windward, there was no interference from smoke. Fort Fred Steele is a
military post pure and simple, is sitnated on the left bank of the North
Platte, where the Union Pacific Railroad crosses it, and has no citizen-
population whatever, if the few railroad employés and the proprietors
of one or twoinsignificant ranches in the immediate vicinity be excepted.
The location is on a bluff of the river, which presents here limited and
rather barren valleys, while the surrounding country has been much dis-
turbed by volcanic action, and, subsequently, farther cut up by erosion.
The general view is very limited; the top of Elk Mountain can be seen
at the southeast and directly north on the east side of the river, and
but two or three miles distant a rocky ridge, around which the river
works its way to the west. Southward the view is up the valley of the
river, the barrenness of which is somewhat relieved by a few straggling
cotton-wood trees. Taken altogether, its surroundings are not inviting,
and, if we except the country about Green River, no region which the
Union Pacific Railroad traverses is more destitute of animal and vege-
table life.

Meteorological.—The most unfavorable condition possible as to weather
prevailed during the occupation of this station, which was in the month
of November. In this time there was scarcely a week altogether that
could be made available for astronomical work in connection with Salt
Lake. It was entirely too cold to make anything like satisfactory
observations, the thermometer showing frequeuntly a range of tempera-
ture from 30° to 40° below freezing, and ouce it actually touched 600,
when it was no longer possible to remain in the tent or keep the ink
and battery from freezing, despite the use of a stove—a very objection-
able feature to an observatory under any circumstances. It was not
only cold, but an almost uninterrupted series of drifting snow and dust
storms succeeded each other.

Observatory and instruments.—The observatory and instruments were
the same as those used at Cheyenne, Wyo., and the transit was
mounted in the same way. The assistants, (J. H. Clark being the prin-
cipal.) were also the same. The telegraphic work was done over the
Atlantic and Pacific line, and the operators were Messrs. Brown, McCoy,
Murphy, and three others. These were not all present at the same
time, but came as reliefs during the occupancy of this station.

Connections.—Conuection was made with Salt Lake observatory. On
the 1st, 4th, 5th, Tth, 19th, 20th, 21st, 22d, 25th, and 26th of November,
observations were made with the view of interchanging signals for
longitude, and chronometer-signals were sent and received on six nights.
For eleven nights, work was prosecuted on the latitude. On many of
them only a pair or two of stars here and there between the passing
storm-clouds could be observed.

Instrumental values.—The instramental values are given in the report
on Cheyenne station already published.

Circumstances of telegraphic connection.—The length of the circuit is
about four hundred miles. The observatory was connected by a loop
with the railroad telegraph-office, and all the signals were received and
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sent Ly the instrumentality of the chronograph. No information is
available as to the batteries and repeaters on the circuit employed,

The computations were made by civilian assistants, J. I. Clark and
Dr. F. Kampf. The arrangement into publication form was made by
the latter.

Umform tables of time- 1eductzons at Fort Fred Sfeelc, Wyo., Nowmbcr 5, 1872

Q.

Name of star. . & T B | aA | ¢C ’ ™ i AR. AT
SR b IS B

| ) - |

! h. m. s s. s. 8. h. m. s |h. m. s h. m. 8.
€ Pegasi...... W.[23 38 16.20 | —0.28 - 2.37 1 —0.04 23 38 18.25 21 37 55.64 '--2 00 22.61
11 Cephei...... .... 40 32.96 { —0.87 '— 6.45 | —0.12 40 25.52 40 02.79 22,73
p Capricorni .. .... 46 40.04 | —0.19 ‘-{- 3731 —0.04 ‘ 46 43.54 46 20.92 22 62
79 Draconis 51 48.27 | —0.41 |— 7.86 | —0.13 51 39.87 5L 16.95 22.92
o Aquarii .. 59 34.12 | 4+0.04 |4 2.99 | —0.04 | 59 3711 59 14.42 22. 69
32 Urs. Maj.,L. .10 08 5809 | -10.04 [+10.18 { —0.10 0 09 08.21 '22 08 44,65 23. 36
o Aquarii ..... ... 19 06.25 | —0.04 |- 2.90 | -1-0.04 19 09.15 | 18 46.36 22.79
9 Draconis,L.C .... 24 1743 | 4020 |4+16.42 | —0.17 - 24 u3.83| 24 1101 22, 87
n Draconis .... .... R0 08.831 —0.10 [ 2.99 | +40.04 ° 20 1176 | 28 48.74 23.02
¢ Pegasi .........., 35 27.42| —0.17 ' 2.33 | £0.04; 35 29.62, 35 06.65!-2 00 2297

Mean for 220 0w Jocal sidereal time ... .. i i iiiiii i iianaeaan - -2 00 22.88

Normal equations.
10 dt— 6.74a -13.16¢ =4 30.82

— 6.7460t + 2M3a +1L12c¢ = — 12102 @ == — 48. 390
—1216d¢+ 1i12a 451.0l¢c =— 40.81 ¢ = + 0. 033
Tort Fred Stecle, Wyo., November 5, 1372.
TR ! T T T T
Name of star. ' T bB i aA ' cC l T AR. AT
3]
e —-- e
| h. m. s s. ' s \ & thoom s h. m. s h. m. s
¢ Piscium..... cE Ll 33 43.92 | +0.07 -+ 2.08 | 0.00 )1 33 46.67 23 33 24.44 |-2 00 22.23
Groomb. 4163 ... 49 12,05} +0.21 \— 845 | —0.01 49 03.80 48 41.34 22. 46
o Piscium..... oo 53 06.65 | +0.04 [,g_ 2. 64 1 0.00 53 09.33 52 46.80 Q.53
a Adrom ......|.... 2 02 10.38 [ +0.05 4 1.16 0.00 |2 02 11.59 |0 Ol 48.95 2. 64
4 Drac., L.C . . 06 12,13 | —0.12 --4-19.09 , 0.02 06 31.12 06 08.90 22.22
a (‘aqsmpex.p w. 33 43.22 —0.04 {— 1.92° 0.00 33 41.26 33 18.58 22. 68
B8 Ceti. . 37 3L.54 | 40.05 |5 4.11 0.00 i 37 35.70 37 12.51 23.19
32 Camel., L. . 47 51.86 | —0.57 [+35.27 - 0.03 . 47 26.53 ! 43 04.97 2. 56
€ Pls(,lum ..... e 56 40.98 | +0.08 [} 2.55: 0.00, 56 43.61 | 56 20,77 22,84
Mean for 0% Om local sidereal time ... . ... -2 00 22 52;
Normal equations.
9 §t. 12.78a 4 7T.66¢ =4+ 60.50
—12.784¢ |- 86.18a — 49.74¢ == —389.94 a = — 4% 470
4 T.668¢--49.74a - 140.57¢ = | 2R4.57 ¢~ - 0% 003
Fort I'red Steele, November 19, 1572,
- r e ‘ - . e
Name of star. iClamp. } T S bB { aA | cC T AR. ‘ AT
H i
ﬁ h.om. s s. | s. 8. . h.om. s | h.m. 8. [ h. m. 8.
¢ Pegasi........... w. 0343285 —~ 0.44 '+ 0,93 — 0.50 | 0 34 32.84 22 35 06.47 —1 59 26.37
¢ Cephei .... .. 44 39.27 — 1. lG '— L7 |- 119 l 44 35.21 45 08.90 26. 31
a Piscis Australis. j........ 50 02.05 ‘ 0. 1 1.94 [— 0.57 50 03.23 50 36. 74 26. 49
a Urs@ Majoris, L. C! ........ 55 12.13 0. 3 | 3.70 |- L.07 v 55 17.23 55 50. 44 26.79
o Cephel ...... ....j....... 1 12 56.31 1. 69 1.09 1— 1,29 1112 51.34 23 13 24.57 6. 77
@ Piscium ... ... .} ... 20 57.12 0.57 | 1.04 |— 0.50 ; 20 57.09 21 30. 63 26. 46
y Cephei ... el W 3345031 2.56 ' 4.47|— 219 33 35.81 33 69.15 26. 66
a Cassiopeiz .. ... E. 2 32 46. 48 | 1.7 | 0.76 [+ 0.88 | 2 32 44.82 y 033 18.38 206. 44
BCeti..oooon ciiiii]ianaann. 36 37. 46 0. 54 1 1.62 |- 0.52 36 39. 06 37 12. 42 26. 63
¢ Piseium ... ....|......l. 55 46. 54 ! 0.86 4 1.00 | 0.50 ! 5547181 56 20.74 |—1 59 26.44

Mean for 23 0m Jocal sidereal time.....ce o oo e —1 59 26.44
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Normal equations.

10 (5!— 0.74da — 6.6lc¢c = — 7.33
— 074 0t -~ 16274 — 19.42¢ -= — 37.82 @ = — 157538
— 6.61 3¢t — 19.42 @ -+ 45.50 ¢ = -} 60.16 ¢~ i 0s.495
Fort Fred Steele, November 20, 1872,
B e | - - —
Name of star. I Clamp. T cb B I a A ' cC ! T ; AR. AT
i "hom. s 3 h. m. s.ihms\hm.s
9 Piscium ......... l E. 1205090 ' . 0 W - 2 6’3 0,41 120 53.66 23 21 30.62 —1 59 23.04
y Cephei... | | 334287 — 1.2 —11 30 -+ 178 333212, 33 69.08. 23. 04
a Cassiopei® . ....| ’, 2324471 — 0.69 — 1.91 — 0.72, 2324139 0331835 23.04
Mean for 0t 0m local sidereal time]. .. ...cooi oottt ac e ceeceaeaaaan s —1 59 23.04
Normal equations.
+3 dt+ 238@ - 3.65¢ = — 9.23
4+ 2380t + 6.98a@ 4+ 9.86¢ == — 21.20 a = — 45,452
+ 8.65 0t - 9.86 @ + 2373 ¢ = — 34.48 ¢ -~ .. 0%403

Fort Fred Stcele, November 21, 1872,

Name of star. lCIamp T B aA f cc, T | AR ’ AT
-8 1o I s | s.  h.m. | hom. s, ' h.m. s
a Aquarii... ... ... .. A .00 —0. 12 + .64/ —0.3823 58 32 14 2L 59 14.22 —1 39 17.92
32 Ulsa,Ma,]oxls L.C. .15 + 9.00°+0.91 0 08 03.73 22 08 45.72 13. 01
« Aquarii 118 4 2.56 —0.33 18 04.05 18 146.16, 17. 89
9 Dracoqls (H.) . .60 +14.51 +1.59 23 30.87 24 12.70: 18.17
Y Aqum'_l .19 + 2.64 —0.38 28 06.49 QB 48, 55 17.94
226 Cephei. L 13— 8.63.—1.51 29 19. 70 29 61,29 13. 41
¢ DPegas .16 4+ 2.06'—0.38 34 24.35 35 06. 45, 17. 90
7w Aquarii..... .34 + 3.03 +0.38 45 16.‘2‘11 45 38.10' 13,17
a Piseis Australis. 119+ 4,27 +0.44 49 54. 64 50 36. 715 17.93
a  Ursee Majoris, L. C. .28 + 5.15 —0.81 35 08 36 55 50. 56, 17. 80
a Pegasi .50 + 18R +0.39 57 42.83 58 25. 07 17.76
¢ Piscium . W B .44 + 2.33 +0.38 1 32 41.92 23 33 24.29, 17. 63
y Cephei.............. 33 ’() 89, —2.02 — 9.86 4-1.66. 33 26. 67, 33 69.01 —1 59 17.66
: e ‘ —139 1704
Normal equations.
13 8¢—-88at 5.09 c=+ 37.50
— B8.808¢+39.24 a—15.28 ¢ = —158. 95 = — 33,880
5.008 t~15.28 4 +72.72 ¢ == + 90,21 = +06.375
Fort Fred Stecle, November 22, 1372.
Name of star.  ‘Clamp.i T bB l aA ¢C | T ‘ AR. AT
i i ! '
— ) - ' [ . ' _;‘ { — - f
! +h.ooan. s, 8. ' s, o 8 h. m. s. ' h. m. s, ‘ L. m. s.

9 Draconis, L.C ...... WL 023 1872 §0 1‘7 +8.75 0.00; 023 27.59 22 24 12.81. —1 59 14.78
226 Cephei L2920, 34‘ —5.29) 0.000 29 15. 421 29 61.20 1422
¢ Cephei.............. [ 44 25.84'— ‘2 27| 0.00 44 23.27 45 08 18 14. 49
a TUrse Majo s, L.C.. N 54 5¢ .0)w+4 91! 0.00° 55 04.79 55 50. 62 14.17
o Cephei B 112 4t . 200—2.65  0.00, 1 12 38.53 23 13 24. 41/ 14.12
A Draconis, L. C f o 22 55. L 0%,-3-6.37 0. 00 23 02 073 23 48, 22| 13.85
y Cephei... .. ... ... Femeenns i 33 29, 63]—0.25,—5.94, 0.00] 33 23.44; 33 068.83] —1 59 14 56

Mean for 23" 0m local sidereal time. ... ... ..o i Ll | —15914.31

Normal equations.

T 3t—1.60a - 412¢=+ 1.76
—1.698¢+3%.44a -53.84¢ = — 91.94 a. —.345
--4.12 6 t—-53. 84 @+79.50 ¢ = -127.58 e= 0000
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Fort Fred Steele, November 22, 1872.

Name of star. Clamp. T 5B aA : T AR. AT
R — L :
h.m, s. s. s 8 h. 5. hom. s h.m. s.
« Draconis ..... wW. 22707191 1 0.11 - 6,48 1 0.67 | 2 "7 14.45 0 28 00.46 ¢ —1 59 13.99
a Cassiopeia 32 33.67 | —0.17 — 1.01 1 —0.40 32 32,00 . 33 18.30 ¢ 13.79
21 Cassiopei® ... ........ 36 38.17 | —0.32 — 4.66 ' —0.83 36 32.36 1 37 1818 ¢ 14.18
32 Camelop'rdalis E. 47 04.43 | +0.57 18.46 v —2.19 472L.27 | 48 07.25 14.02
€ Piseiumt cooool coinnn.s 53 33.60 | —0.0% 4. 1,33} ..0.23 55 35. 08 56 20.71 . 14. 37
38 Cassiopeia . L, 32105611 —0.25 —3.14] +40,65; 321 0287 1214897 —15913.90
Mean for 0h 30m Jocal sidercal time weecue.ovaeiieneneiiiiiiaiaaaaa, JERTEEPR —1 59 14. 04
Normal equations. )
6 dt— T47a— 834c= 15.34
— 74740t 7618 |- 63.73 ¢ = — 163.74 = — 95340
— 8340t 6313 @ ;- 120.86 ¢ = — 119.46 08220
Fort Fred Steele, November 25, 1872
Name of star, |Clamp. ' T i »B ! aA cC I AR. ! AT
] h.m. s s. | s. 8. h.om. s, kb, m. s | h. m. s.
¢ (‘thcl ................. 0441350 | —1.12  —2.03 | +0.45 | 0 44 10.80 | 22 45 08.60 '—1 59 02.20
a Piscis Aust.. 4 4936.43 1 —0.18 | £2:30 | +4-0.21 49 38.76 50 36.64 02,12
o Trs.Maj.(L.C.) 4 544809 | 40.27 | 44.39 | —0.40 | 54 52.31 55 50,79 01.52
o Cephei... L 1122060 | —1.17 | —R.36 | +0.48 | 1 12 26.55 1 23 13 24.28 l 02.27
8 Piscium . 20 31.54 | —0.40 | +1.23 | 40.19 20 32. 56 21 30.56 | 02. 00
+ Pisciom . 32 25.09 . 3 . 3 32 26.18 33 24.23 01,93
Groom. 416 P47 46,42 . 66 47 41.75 48 40.24 | 01. 51
» Piscium ......|. v 51 41.50 ¢ L 1€ 51 48.55 52 46. 63 01. 92
a Andromeda . |.. . 2 00 50.32 3 2 00 50. 62 0 01 48,74 : 01. 88
4 Draconis(L. c. ) .. .o 0403.82 . g 04 12.85 06 10,73 02.12
0 Ceti..........|. . . 316 41.14 . 1€ 16 42. 46 17 40.24 02.22
38 Cassiopier ...|.. .| 20 54.96 . 5¢ 20 50.87 21 48.91 01. 96
y Piscium . - 23 42.39 N . . 23 42,87 24 40.90 | 01.97
o Piscinm . . - 37 42.31 A . 1€ 37 42.98 1 38 41.05 01. 93
B Arietis ......_|. .- i 46 38.92 | —0.44 | 1-0.82 | —0.20 46 39. 10 ¢ 47 37.27 —1 59 01. 83
Mean for 0 0m local sidereal time. .. ... cooo il “—1 59 01,96
Normal equations.
4 15.008¢— 638a— 021¢ 13.83
— 638d¢ - 33.86a | 3267¢: 64.88 a = — 2:.000
— 0.210¢ -+ 3Rb6Ta + 5L ¢ =— 54.83 e = ; 05.185
Salt Lake, Norember 5, 1872.
- 7- h ‘.—"W W't P ‘_—-)] __’ o -
Name of star. l Clamp.l T LB l aA ¢cC T/ AR. \ AT
B —— . e e
E hom. s ~ s. | s. 8. s. 'h.m. s | hom s
o Cephi........oooo.o. W, 2316 0113 0.46+ 5.09-+0.08 93 16 05.84] 23 13 25.00 - -0 02 40.75
8 Piscium . i .. 24 14.061 0.07 2. 52 {0.03 24 11. 501 21 30. 82) 40. 68
@ Piscium .. : 36 07,59 0.10' - 257 +0, 03 36 04. 95| 33 24. 40! 40, 55
y Cephei. .... o 36 40.31° . 0.62 +11.31 1+0.13 36 51. 13| 34 10. 29 40. 84
Groom. 4163 } . 51 14.14 0.44 - 844 .0.11 51 22, 03| 48 41.3% 40. 68
® Piscium .... IS 55 30.21 - 0.09 — 2.48--0.03: 55 27. 61 52 46. 80 40. 81
a Andromed:e - 004 30.97 0.10 — 1.04- 0.03: 0 04 29.80! 0 01 48. 96 40. 84
y Pegasi.._... . 09 24.11 0.06 — 2.00- 0.03! 09 22. 02! 06 41. 26 40. 7!
P - S S I 15 41.91., 0.02. - 3.39 .0.03! 15 37, 81‘ 12 56. ‘.)ﬁ'i -0 02 40.&3
.................................................. "0 02 40.75
o == - 4% 346,

¢ == 0% 029
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Salt Lake, November 19, 1872.

Name of star. Clamp. l T bBlaA]| cC g AR. AT
—_— | U —] —
h.m. S s s, s. | k.om. h.m, s ‘ h.m. s
6 Aquarii............. W. 22 12 19, 55/ - 0. 15|—0. 35-+0. 04 22 12 19. OJ 22 10 06.54 —0 02 12.55
= Aquarii 20 59.27-0.12 0,23 +0. 04‘ 20 58.90 18 46. 19 12.71
9 Draconis, 26 27.29'5-0. 13]—1. 71} —0. 1 ; 26 25.54 24 12.22 13.32
226 Cephei . 32 13.80 —0, 30°-+1, 05,-1-0. 16 32 14.71 30 01. 39, 13.32
¢ Pegasi.. 37 19. 55|—0. 12 —0. 24]+-0. 04 37 19.23 35 06. 53| 12.70
¢ (/ephel . 43 21. 71| —0. 21j4-0. 46|—0. 09 43 21, 87, 45 08. 89| 12.98
A Aquarii......o.ooooooolfoaialal 48 11. 40(—0. 07]—0. 35|—0. 04 48 10. 94; 45 58. 17| 12.77
a Pegasi...ccoeecneeiii|iaiennnn 1 23 00 33. 24[—0. 18|—0. 21’f0 04' 23 00 37.81 58 25, 10! 12,71
¢ Aquarii .............|. RN 9 56.96|]—0.14|- -0.34--0. 04 09 56, 44) 23 07 43.74 12.70
o Cephei..coverennenia|iuainnn, 15 37.22(~0. 46:4-0. 5¥ —0. 10 15 37.19 13 24.50.—0 02 12.69
N e
Mean, excluding 9 Draconis and 226 Cephel. ... oiiiiiiiiiiiL —0 02 12.84
Meau for 22h, Om local sidereal $ime. - oo eri o e ciieeccciimaaaaan 002 12.74
1
Normal equations.
10.006¢ -+ 3.19a - 5.25¢ = — 0.17
+3.19d¢ - 24.29a --19.60¢c = 1145 @ -=-- 0% 457,
— 5950t —19.60@ 4 52.59¢ = -1-10.57 ¢ == + 05042
Salt Lake, November 19, 1872,
Name of star, Clamp. , T ’ bB|aAl| cC T I AR t AT
. f_ S S . -
hmsls h. m. s. h.ms!hm s.
a Andromeda} ......... E. 0 04 01.72—0. 32— 0 06 —-0 ]0 004 01.24 0 01 48.83] —0 02 12.41
08 53. 98 —0. 28/—0.11,—0. 09 08 53. 50| 06 41.16 12.34
25 46.171—0. 211—0. 18 —0. 09 25 45. 69 23 32. 92| 12.77
35 30. 98|—0. 73 4-0.11)4-0. 16 35 30. 52| 33 18.27, 12. 25
eti 39 25.21|—0. 10,—0. 22,4-0. 09 39 24.98 37 12. 46 12.52
32 Camelopardalis, L. C 50 20.52/40. 92 —1.97—0. ¢3 50 18,59 48 06.17; 12,42
e Piscium .... ... bl 58 33.471—0. 13|—0 14+4-0. 09 58 33.29 56 20. 73 —0 02 12.56
Mean for 0t 30m local sidereal time ..oeeeoonirnneieiinioiimaacieencneans —0 02 12.47
Normal equations.
+ 7008t +10.43¢ — 9.07¢ =+ 0.34
+ 10.438t + 66,14 — 8. 8¢ ——17.81 a = — 03. 246
— 9.078t —78.83a +103.96¢c = { 23.82 ¢:= 4 0% 091
Salt Lake, November 20, 1872.
Name of star. Clamp T Bl aAl cC ' ™ . l AR. | AT
h. m. s s. s'hm s. | h.om s h. m. s.
#  Agmarii............. w. 22 20 56. 45'—0. 17| —-0 27 --0.03. 22 20 56. 04| 22 18 46. 18] —0 02 09. 86
9  Draconis, L. C. 26 23.86 +0. 40.—] 60(—0. 11 26 22. 55 24.12, 32 10. 23
226 Cephei...... 32 11.20; —0 66, -0, 98|+0. 11| 32 11. 63 30 01.31 10,32
¢ Pegasi.. 37 16. 75}—0 16—0. 22 0. 03 37 16. 40 35 06. 52| 09. 88
A Agquarii. . 48 08, 30‘—0 17,—0. 33|4-0. 03 48 07.83 45 58. 16 09. 67
¢ Cephei.. 23 15 34. 54‘—-0 62 +0. 50]—0. 07. 23 15 34. 3 'h’ 23 13 24. 45 09. 90
6 Piscinm 23 41, 231—0. 22)—0, 24|—0. 03¢ 23 40. 74 2L 30. 67| 10. 07
y Cephei.. 36 19. 1.)‘_0 97 +1. 11]—0. 12: 36 19. 17| 34 09.22 09. 95
¢ Piscium coooon ciiiiiiaeaans 35 34. 791—0 2‘21—0 25|—0. 03; 35 34.29 33 24.26| —0 02 10.03
Mean for 23h 0m local sidereal time. . ....oove oot it iiiiieiai e, —0 0; 09.99
Normal equations.
@ = — 03 427

¢ == 4 0% 027
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Salt Lake, November 20, 1372,

1 N - ‘
Name of star. : Clamp. | T ! a A “ cC T ‘ AR | AT
A - R R .
! i ! B B
' | s s s, v hom s s. h. m.
o Andromedx....0 E. ‘ 0 03 .)J 2% ~0.28 .- 0.08 |— 0.10 ' 003 58.80 0 01 48 82 |—00 02 9 98
Pegasi....coooo ioilL.. 08 51.73 |-- 0.22 -~ 0.16 |— 0.09 08 51.26 06 41.16 10.10
¢ Cethns ol 15 07.28 |— 0.14 .— 0.27 '~ 0.09 15 06.78 | 12 56. 84 09. 94
12 Ceti Ww. 25 43.15 1— 0.12 — 0.25 + 0.09 25 42.87 23 32.91 09. 96
a Cassmpela ......... 35 28.16 — 0.22 + 0.16 + 0.15 3528.25; 331825 10. 00
B Ceti.oerecoinn e, | 39 R79 ' 0.06 \— 0.32 ‘+ 0.09 39 22.50 37 12.45 |—0 02 10.05
Mean for 0 0m local sidereal time. ... ... .ccoouie ieeomiimii i iaiai e et —0 02 10. 00
Normal equations.
.6.000¢ [ 2.64a 4 0.66c = — 0.91
2644t ' 243a— 0.68¢c——091 @ - — 0351
1 0.660t—0.68a | 8.72c - |- 0.99 e== "' 05.0R6
Salt Lake, November 21, 1872,
T i ) i i i -
Name of star. 1 Clamp T B I aA | ¢cC ‘ T AR T
i .
S - | I_ . . - i
‘ " hom. s 8. 8. s . h.om. s h.m. s. h.m s
¢ DTegasi.. W. 2237 14.76 0.22 [ -0.35 - 0.14 2237 14.33 2235 06.51 --0 02 07.£2
[3 (Alph(’l.. ..... 47 16.32 [— .59 *4- 0.68 ! 0.33 47 16.74 . 45 08. 80 07.94
a Degasi. 23 00 33 24 |~ 0.25 - 0.30 -+ 0.14 23 00 32.83 | 58 25,08 07.75
) Aquar 09 52,001 0.16 --0.50 ¢+~ 0.14 09 51.49 \ 23 07 43.72 07. 717
o Oephei.. 15 32,32 0. 46 078 0.35 9 32.24 13 24. 41 07. 88
Piseium. 233899 [ - 0.16 .~ 0.38 6.14 X L3 21 30. 66 07. 65
¢ Piscium. 35 32.38 0.16 -- 0.39 0.14 35 31. 69 33 24.25 07. 44
y Cephei....... feeeaeaes 36 16.64 - 0.72 0 LT3 0.61 36 17.04 34 09.14 ‘-O 02 07.90
Mean for 23 0m local sidereal 16, . o av . et it e aaaaas —0 02 07.77
Normal equations.
¢ 2,004, 1.92¢a 3.54c— - 2.63 .
- 1926811 1092 - 12.78¢ 5.07 a. 04,664
- 3.546¢ 1278w ) 37.43 4.19 c=-! 0137
Salt Lake, November 21, 1872.
J— 1 | ; e
Name of star. | Clamp. T [ aA | ¢C T/ AR. AT
. R o I
h.m. s 1 s. S, | S h.m. s. } h.m. s. h.m. &
a Andromedxe .| E. 003568 — .34 |— 0.13 — 0.02] 0 03 56.39 0 01 48.81 —0 02 07. 5!
¥ Pegasi " 08 49,33 — 0.28 |— 0.24 |— 0.02 08 48.79 06 41. 14 07. 65
t Cetl ......... 15 05. 1(" — 0.18 '— 0.42 '— 0.0 15 04. 54 12 56.76 07,78
a Cassiopei®.. 35 25.7%0 \— 0. 38 4 0.25 :+ 0.03 35 25. 60 33 18.23 07.37
Ceti ......... 39 20. n — 0.09 ,— 0.49 {4 0.02 39 19.97 37 12.44 07. ')3
32 Camelop.,L.C. 50 17. 6: | + 0.90 — 4.33 |— 0.18 50 14. 03 48 06. 53 § 07. 5
e Piscium ..... 58 28.78 |— 0.14 — 0.30 + 0.02 | 5R 28.36 56 20.72 —0 02 07. ('4
Mean for 0t 0m local sidereal time. o.. ... oo uie e e '—0 02 07.58
I I
Normal equations.
- 7.008¢  10.47Ta — 9.08¢c - — 2.88
- 10.47 8¢ -t 662]a—7892('--—32.53 a— — 0°.541
— 9.08 6t — T7R.92a |104.02¢ = - 40.66 c=+ -+ 0% 018
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Salt Lake, November 22,1872,

!
Name of star. |Clamp. T b»B a A Il ¢cC | T AR. AT
h.om. s s. s 1 s h.om. 8. i hm. s. | h.m s
2220 52,18 |— 0.22 |— 0.30 + 0.03 22 20 51.69 . 22 18 46. 17 |—0 02 05. 52
32 06.86 |— 1,02 |4 1.08 4 0.12 32 07.04 , 30 01.13 05. 91
37 12.47 |— 0.27 [— 0.25 + 0.03 " 37 11.98 | 35 06. 50 05. 48
47 13.93 |— 0.59 14 0.48 4+ 0.07 47 13.89 45 08. 75 05.14
. 48 04,16 |— 0.15 .— 0.36 + 0.03 48 03. 68 | 45 58.14 05. 54
23 00 30.98 \— 0.07 — 0.21 — 0.03 23 00 30.67 : 58 25.07 05. 60
09 49.85 |— 0.01 I— 0.35 — 0.03 09 49.46 23 07 43.72 05.74
15 29.60 |+ 0.07 ‘4 0.55 - 0.08 | 15 30,14 13 24.36 05. 78
23 36.69 |+ 0.04 — 0.27 — 0.03 I 23 36.43 | 21 30.64 05.79
36 13.19 {4 0.18 ]+ 1.23 '— 0.13 | 36 14.47 ; 34 09,05 |—0 02 05.42
Mean for 23 0= local sidereal time. ...- ..o : 0—2_0.5-5
‘ Normal equations.
+ 10.00 6t — 339@¢ — 0.63¢c = — 4.34
— 3.3968¢t 4+ 16.8le + 3.15¢ = — 5.87 a = — 0473
— 0.638¢t+ 3.150 + 54.55¢ = + 0.64 ¢ =+ 02032
Salt Lake, November 25, 1872.
Name of star. |Clamp T b»B ‘ a A cC T AR. AT
)
l s, 8. D .M. 8. k. m. s.
26 Cephei ©40.68 | +0.21 ' 22 31 59.83 | 22 30 00.83 [—0 01 58.95
IS +0.01 i —0.15 | +0.05" 37 05.54 35 06. 46 59. 08
t .06 ¢ +40.30 | 40.12 47 07. 44 45 08. 61 58. 83
A . —0.23 | 4+0.05 47 57.16 45 58.11 53.05
a . 02 —0.13 | 4-0.05 - 23 00 24.00 58 25. 03 58.97
¢ 3 —0.22 | —0.05 09 42,67 | 23 07 43.70 58. 97
[ 3 +40.35 | —0.13 15 23.18 13 24.22 58. 96
[/} . —0.17 | —0.05 23 29.33 21 30. 61 58.712
¢ Piscium ... . 0.04 | —0.18 | —0.05 35 23.15 33 24.21 58. 94
¥y Cephei......l........ 36 07.12 | -0.14 | +0.78 | —0.23 36 07.81 34 08.82 {—0 01 58.99
Mean for 23t 0m Jocal sidereal time ......._ ... ... .. L.l —0 01 58.95
Normal equations.
+10.005¢ — 3.44a — 0.55¢ = +1.53
— 3.4468¢t 4 16.75a 4+ 2.85¢ = —5.03 a=—0%. 298
—0.550¢t 4+ 2.85a + 54.55¢ = +1.96 =102, 052
Salt Lake chronometer.
NEeuUs 1511,
1872 Local sidereal | Correction of | Adopted hourly
g time. chronometer. rates.
h. m. 8. 8
November 5 ....ccuuiicinocaiiiaianicamanaaaans 2.5 —2 40.75 0. 017
NOVOMmDOT 7 . oeeeriiieeciencnaiaercamnnenas 2.5 39.96 0. 026
November 19 . 23.5 12.61 0.101
November 20 . 23.5 10. 00 0.103,
November 21 . 23.5 07.68 0. 092
November 22 . 3.0 —2 05.59 0. 090
November 25 .. 23.0 —1 58.95 0,112
NOVEmDEr 26 .. eueeeiiiiiirieniieienaaaecnraemananan 23.0 55,18 0.132
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Fort Fred Steele chronometer.

NEGUs 1499.

1872, Local sidereal | Correction of | Adoptedhourly
time. chronometer. rates.
k. k. m. s 8.
NoOvember 5 ..ceoiiiiiiiiiiiiimariaacanar s 23.0 —2 00 22.70 0.129
November 7.. 22.5 16. 52 0.140
November 19 .. 23.0 —1 59 26.54 0.150
November 20 .. 24.0 23. 04 0. 180
November 21 .. 22.5 17.93 0.131
November 22.. 23.5 14.16 0. 161
November 25. . 0.0 59 01.96 0. 201
November 26 ............... e etmameemneeeaenaaean 22.5 —1 58 56.40 0. 232
NOVEMBER 5, 1872.
Signals sent from Salt Lake.
|
Ft. Fred Steele | Salt Lake chro-| Ft. Fred Steele [Salt Lake chro- || Ft. Fred Steele chro- | Salt Lake
chronometer. nometer. : chronometer. nometer. nometer. chronometer.
i
I
h. m. s, k. M. s, ho m. S k. m. s | h. m. & h. m. s
1 03 40.4 22 46 10.7 1 05 30.% 22 48 011 1 07 20.9 22 49 511
50. 4 20.8 40. 7 11.1 3L2 50 01.4
04 00.2 30.6 50.6 20.9 41.2 11.4
10.2 40. 6 6 0.0 3L1 sl.1 21.2
20.3 50.7 10.6 40.9 08 00.7 3L1
30.7 47 0L 1 20.7 5L O 1.0 41.1
40.6 10.9 30.9 49 011 21.0 51.3
50. 4 20. 8 40.9 1L1 31. 4 51 OL7
05 00.5 30.8 50.7 2.1 41.0 1.3
10. 4 40.7 07 00.7 310
20, 4 50.8 10.7 41.1 Mean, 1 6 10.71 |22 48 41.02
Signals sent from Fort Fred Stecle.
Ft. Fred Steele | Salt Lake chto-” Ft. Fred Steele | Salt Lake chro- I Ft. Fred Steele chro-| Salt Lake
chronometer. nometer. !j chronometer. nometer. nometer. chronometer.
|
ho m. 8 k. m. s h. . 8 h. m. s. k. m. s h. m. s.
1 10 06.1 22 52 36.3 1 12 06.7 22 54 311 1 14 005 2R 56 37.9
17.1 471.3 1.3 4717 16.8 47.1
7.6 58.0 |! 210 57. 4 1.7 58.1
35.8 53 06.3 | 36.1 55 06.4 36.6 57 07.0
46.0 16.3 47.9 18.2 47.2 17.8
56.1 26.3 56. 6 21.0 57.2 7.8
11 06.5 36.8 13 07.3 37.8 15 0.5 38.0
17.0 47.3 17.1 47. 4 17.2 47. 6
26. 4 56.9 2.0 37. 4 7.4 51.9
36.1 54 06.3 36.8 56 07.2
46.7 16.1 47.2 1.7 Mean, 1 12 46.88 22 55 17.23
56.6 7.0 57.0 27.3
NOVEMBER 19, 1872.
Signals sent from Salt Lake.
T
Ft. Fred Steele ! Salt Lake chro- | Ft. Fred Steele | Salt Lake chro—’ Ft. Fred Steele chro- | Salt Lake
chronometer. nometer. ' chronometer. nometer. l nometer. chronometer.
|
ho m. s, k. m. s h. m. s h. m. s k. m. s h. m. s.
2 00 283 23 43 27.0 2 02 180 23 45 16.7 | 2 04 083 W 47 07.1
38. 1 36.9 28.2 26.9 18.3 17.1
48.2 46.9 38.2 36.9 23.6 2.1
38.0 56. 8 48.3 471 38.7 3.2
01 08.2 44 06.9 58.2 56.9 48.7 47.92
17.9 16.6 03 08.1 46 06.9 58.7 57.2
27.8 26.3 18.3 17.0 05 08.6 48 07.2
3.2 36.9 28.3 26.9 18.7 17.3
48.3 47.0 38.3 3.1 28.6 1.2
58.1 56. 8 48.7 47.2
02 07.9 45 06.7 58.3 57.1 | Mean, 202 58.30 s23 45 56.97
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Signals sent from Fort Fred Steele.

Ft. Fred Steele | Salt Lake chro- || Ft. Fred Steele | Salt Lake chro- || Ft Fred Steele chro- | Salt Lake
chronometer. nometer. chronometer. nometer. nometer. chronometer.
k. m. s. h. m. s k., m. s h. m. s h, m. s. h. m. s
2 07 33.8 23 50 32.6 2 09 24.6 23 52 R3.3 2 11 14.6 23 54 123
43.5 42.2 34.2 33.0 24.9 23 8
53.6 52.3 43.7 4.5 34.8 33.7
08 03.2 51 02.0 54.1 52,9 43.8 42. 6
14.0 12,9 10 03.2 53 01.3 53.3 53.1
4.7 23.3 14.5 13.2 12 03.5 55 02.1
34.4 33.1 4.6 23.3 14.8 13.5
43.7 42.3 3435 33.2 25.0 23.8
53.7 52.3 44.0 42.8 34.9 33.8
09 03.4 52 02.1 54.5 53.1
14.6 12.2 11 03.3 54 02.0 Mean, 2 10 03.11 i23 53 01.84
NOVEMBER 20, 1872.
Signals sent from Salt Lake.
Ft. Fred Steele | Salt Lake chro- |} Fit. Fred Steele ! Salt Lake chro- i Ft. Fred Steele chro- J Salt Lake
chronometer. nometer. chronometer. nometer. | nometer, ; chronometer.
|
h. m. s h. m. 8. h. m. s h. m. s. k. m. 8. 1 h. m. s.
2 55 1.7 23 38 16.9 1 57 07.5 23 40 06.8 1 58 57.8 |2341 57.0
21.3 26.5 17.5 16.8 59 07.8 42 07.0
37.6 36.9 1.8 7.0 17.8 17.0
47.6 46.9 37.8 311 28.0 2.2
51.1 56. 2 47.8 47.1 38.1 3.3
56 0711 39 06.3 57.8 56,9 48.2 47. 4
1.3 16.5 58 07.6 41 06.9 58.0 57.2
21.6 26. 9 17.5 16.8 2 00 03.0 43 07.1
37.8 37.0 28.0 2.1 17.8 17.0
41.8 47.0 38.1 31.2
57.5 56.8 47.7 47.1 Mean, 1 57 47.71 | 23 40 46.93
Signals sent from Fort Fred Steele.
*Ft. Fred Steele | Salt Lake chro- || Ft. Fred Steele | Salt Lake chro- || Ft. Fred Steele chro- | Salt Lake
chronometer. nometer. chrouometer. nometer. nometer. chronometer
h. m. s h. m. s h. m. s h. m. s. h. m. s h. m. s
2 01 19.5 23 44 188 2 03 10.5 3 46 09.9 2 05 OL1 23 42 00.3
30.5 30.0 20.3 19.7 11.2 10.2
40.7 40,0 30,7 30.0 20. 8 20.1
50.7 50.0 41.0 40.2 30.8 30.1
02 00.3 59.7 50.8 50.1 40.9 40.1
10. 4 45 09.7 59.9 59.2 51.2 50. 4
19.7 19.0 04 10.3 47 09.6 06 01.2 49 00.5
30.5 29.9 20.2 19.5 11,0 10.2
41.0 40,2 30.3 20, 6 210 20.2
50. 8 50.1 41.1 40.2
03 00.4 59. 8 513 50.6 Mean, 2 03 50.65 | 23 46 49.93
NOVEMBER 21, 1872.
Signals sent from Salt Lake.
Ft. Fred Steele | Salt Lake chro-“ Ft. Fred Steele | Salt Lake chro-| Ft. Fred Steele chro-| Salt Lake
chrouometer. nometer. chronometer. nometer, | nometer. chronometer.
;
h. m. s. h. m. 8 heo m. s h. m. s k. m. s h. m. s
2 00 34.5 23 43 36.9 2 02 24.8 23 45 21.1 | 2 04 14.9 23 47 17.3
44.2 46.8 34,6 3.0 | 25.1 1.7
54.1 56.7 44. 4 46.9 34.9 37.3
01 04.2 44 06.8 54.5 56.9 44,7 47.1
14.5 17.0 03 04.5 46 07.0 54.7 57.1
24.6 21.1 14.8 1.1 05 04.9 48 07.4
34. 4 36.9 25.1 1.6 15.1 17.
41.3 46.8 34.6 311 25.3 21.8
54.3 56. 8 44.6 47.1 | 35.1 37.8
62 04.3 45 06.8 54.6 57.0 |
14.6 17.0 04 04.8 47 0.1 Mean, 2 03 04.65 | 23 46 07.12
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Signels sent from Fort Fred Stecle.

Ft. Fred Steele | Salt Lake chro-] Ft. Fred Steele | Salt Lake chro-; Ft. Fred Steele chro-| Salt Lake
chronometer. nometer. j chronometer. nometer. nometer. chronometer,
) .
h, m. s h. m. s ! h. m. s h. m. s s. h. m. s
R 06 45.2 W 49 4.8 } 2 08 55.5 ”W 51 581 2 11 05.9 W 54 08.5
56. 6 59.2 09 05.8 52 083 15.1 17.3
07 05.1 50 07.6 25.6 28.1
14.9 17.5 35.0 3.5
25.2 1.5 34.9 37.5 45.7 48.2
34.5 31.0 | . 56.1 58.5
45. 4 48.0 e 12 06.2 55 085
55.5 58.1 10 ... 83 ... 15.6 11
08 05.6 51 021 s e 3.5 Q281
ceen . e 35.0 37.6
. ... 34.8 37.3 45.7 43.2
34.4 31.0 45.5 48.0
45.2 47.5 55.9 58.3 [ Mean, 2 09 49.69 ] 23 52 52.20

NOVEMBER 22, 1872.
Stgnals sent from Salt Lake.

|
Ft. Fred Steele \ Salt Lake chro-

Ft. Fred Steele ' Salt Lake chro-|| Ft. Fred Steele chro-

Salt Lake

chronometer. nometer. i| ehronometer. nometer. nometer. chronometer.
h. m. s k. m. s h. M. 8. hoom. s 8 h. m. s
1 57 23.1 23 40 2.1 1 59 13.1 W £ 1.1 2 01 03.3 23 44 07.2
33.0 3.0 3.1 2.1 13.5 1.3
2.9 -46.9 33.0 36.9 23. 4 27.2
53.1 511 43.0 46.9 33.3 37.1
58 02.6 41 06.6 53.0 56. 9 43.3 47.2
12.9 16.9 2 00 03.1 43 07.1 53.1 57.1
22.9 26.9 13.1 171 02 03.4 45 07.2
32.8 36.8 23.1 211 13.7 17.7
42.9 46.9 33.0 3.0 23.6 214
52.8 56.8 43.1 41.0
59 03.0 42 06.9 53.1 57.0 Mean, 1 59 53.11 ] 23 42 57.05
Signals sent from Fort Fred Steele.
: -

Ft. Fred Steele Salt Lake || Ft. Fred Steele Salt Lake Ft. Fred Steele chro- ! Salt Lake
chronometer. | chronometer. | chronometer. | chronometer. nometer. ] chronometer.
h. m. s h. m. 8. h. m. 8 '} h m. s h. m. . h. m. s.

2 12 00.1 23 55 04.1 2 13 50.6 R3 56 547 2 15 40.4 23 58 44.3
10.8 14.9 14 00.3 51 04.3 50.9 54.9
20. 8 24.9 10. 8 14.9 16 00.6 59 04.5
31.0 35.0 20.7 24.8 10.9 14.8
40.3 44,2 30.7 347 20.8 4.9
50. 6 54.7 40. 4 44.3 30.9 34.9
13 00.0 56 04.0 50.9 54.9 40.5 44.6
10.3 14.2 15 00.9 58 04.9 51.0 55,0
20. 6 24,7 10.5 14.3 17 0L¢ 24 00 05.0
31.0 35.0 Q0.6 24.8 i
40. 4 44.3 30.9 34.9 e' Mean, 2 14 30.65| 28 57 34.66
!
NOVEMBER 25, 1872.
Signals sent from Salt Lake.
Ft, Fred Steele Salt Lake Ft. Fred Steele Salt Lake | Ft. Fred Steele chro- | Salt Lake
chronometer. | chronometer. || chronometer. | chronometer. | nometer. chronometer,
I -
!
h, m. s k. m. s h. . 8 h. m. s h. m. s h. m. s
2 36 24.0 0 19 33.1 2 38 14.4 0 2L 235 2 40 04.7 0 23 13.9
34.3 43.3 24.2 33.3 14.7 23.9
44.8 54.0 4.5 43.8 24.6 33.9
54.5 0 03.8 45.0 54.2 34.9 44.0
37 04.3 13.4 54.8 22 040 45.1 54.1
14.2 3.3 39 046 13.9 55.0 24 04.2
24.1 33.3 14.7 23.9 41 04.8 14.1
34.3 43.5 24.3 33.3 14.8 4.0
44.8 54.0 34.7 44.0 24.8 34.0
54.7 21 04.0 44.8 54.1
38 04.4 13.6 54.8 W 04.1 Mean, 2 38 54.60 0 32 03.79
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Signals sent from Fort Fred Stecle.

Ft. Fred Steele Salt Lake Ft. Fred Steele Salt Lake Ft. Fred Steele chro- | Salt Lake
chronometer. | chronometer. | chronometer. | chronometer. nometer. chronometer.
k. m. 8. h. m. s h. m. s k., m. 8 k. m. & k. m. 8.
2 43 54.8 0 32 04.1 2 50 2.5 0 33 34.9 2 51 549 0 35 04.2
49 05.2 4.2 34.8 44.1 52 05.6 15.0
15.7 5.1 | 45.3 54.6 15.9 5.2
5.7 35.1 | 54.9 34 04.2 5.7 35.1
35.2 44.5 51 05.5 14.8 34.7 44.1
45,3 54.1 15.7 25.1 45.6 55.0
5.7 33 04.0 25.7 35.1 i 55.3 36 04.7
50 05.1 14.4 35.2 44.6 —_—
15.7 25.1 45. 4 54.9 Mean, 2 50 55.32 0 34 04.67
28 g g 8
519,5 <] g 4y,
< z g 3 e gg 3
blgnﬁ‘lgmfnt Recorded at— o S 5 3 SB g .
EE s 2 4] =) g
- -
58S 2 g | g
= = ) = =
Now. 5,1872.
h.m. 8. k. m. 8. h.m. s |h m s 8. 8
Salt Lake -.-... Ft. Fred Steele.| 106 10.71 | ~2 00 22.69 | 23 05 48,02
Salt Lake...... 248 41.02 | —0 02 40.76 | 22 46 00.26 | 0 19 47.76
Fort Fred Steele' Ft. Fred Steele. 112 46.83 | —2 00 22.67 | 23 12 24.21
Salt Lake...... 22 55 17.23 | —0 02 40.76 | 22 52 36.47 47,74 | 0.02 | 47.750
Nov. 19,1872. °
Salt Lake ...... Ft. Fred Steele.| 2 02 58.30 | —1 59 26.39 0 03 3L.91
Salt Lake...... 23 45 56.97 | —0 02 12.59 | 23 43 44.38 47,53
Fort Fred Steele; F't. Fred Steele.| 2 10 03.11 | —1 59 26.37 0 10 36.74
Salt Lake...... 23 53 01.84 | —0 02 12.58 | 23 50 49.206 47,48 | 0.05 | 47.505
Nov. 20,1872,
Salt Lake ...... Ft. Fred Steele. 1574771 | —159 23.03 | 23 58 24.68
Salt Lake...... 23 40 46.93 | —0 02 09.98 | 23 38 36.95 47.73
Tort Fred Steele| Ft. Fred Steele.| 2 03 50.65 | —1 59 23.01 0 04 27.64
Salt Lake...... 23 46 49.93 | —0 02 09.97 | 23 44 39.96 47.68 | 0.05 | 47.705
Nov. 21, 1872,
Salt Lake .-.... Ft. Fred Steele. 2 03 04.65 | —1 59 17. 64 0 03 47,01
Salt Lake......] 2346 07.12 | —0 02 07.66 | 23 43 59. 46 47.55
Fort Fred Steele| F't. Fred Steele. 2 09 49.69 | —1 59 17.62 0 10 32.07
Salt Lake...... 23 52 52.20 | —0 02 07.65 | 23 50 44.55 47,52 | 0.03 | 47.535
Nov. 22, 1872.
Salt Lake ......| Ft. Fred Steele.| 1 59 53.11 | —1 59 14.08 0 00 33.03
Salt Lake ..... 23 42 57.05 | —0 02 05.53 | 23 40 51.52 47.51
Fort Fred Steele| Ft. Fred Steele.| 2 14 30.65 | —1 59 14,04 0 15 16, 61
Salt Lake......| 23 57 34.66 | —0 02 05.51 | 23 55 29, 15 47.46 | 0.05 | 47,485
Nov. 25,1872,
Salt Lake «..... Ft. Fred Steele.| 2.38 54.60,| —1 59 01.83 | 0 39 52.77
Salt Lake...... 022 03.79°( —0 01 58.80 0 20 04.99 47.78
Fort Fred Steele| ¥t. Fred Steele.| 2 50 55.32 | —1 59 01.79 0 51 53.53
Salt Lake...... 0 34 04.67 | —0 01 58.78 0 32 05.89 47.64 | 0.14 | 47.710

longitude : Fort Fred Steele, east of Salt Lake, 0b 19™ 47°.612 & 0°.034,
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Observations and computations for latitude of Fort Fred Steele, Wyo.

NOVEMBER 3, 1872,

S '
c 8a Level. Corrections.
[ 54 é‘:
2 3 g'é Remarks. g&lﬁ ::g;gf Micrometer Latitude.
g S N. S. and refer- Level. |Meridian.
& = ence,
t. d. d. d. o " 1 " n o 7 "
8212 4 1.5 9.5 32.5
8237 | 26322 36.0 6.0 feeaaen [P 4135 6.2 411333 |+ 1.8 .ccaee.... 41 46 41.3
8256 | 35 67.0 20.0 2L.0
8322 | 29 63.5 23.0 175 feeeriiannnn. 49 47.4| —3 76| 4 L2 |.ceaea..n. 41,0
8284 5 43.0 20.0 21.0
8422 | 29 63.5 23.0 17,5 {eeeenn. R 34 6.3{ +12323 | + 2.9 |.ccvuennn. 415
8330 | 26820 230| 175
0 7.0 23.0 18.0 [.ecennnnen.. 4313 4+ 3298 | + 29 |.eueen.... 44.0
51 25 46.5 4.5 19.0
58 | 12 23.5 8.5 140 |oeeaaoil.. 39442 + 6512 | 4+ 5.5 |.coaan..n. 40,9
101 2 43.3 19.5 20. 0
114§ 34 17.0 14.0 P 1 R 30 15.0 416 26.4 | — 3.4 |.caeaoo.. 380
£r.96 9 2.2 50 6.1 —32.9] 4 2.0 |.ccco..... 38.2
146 | 11 50 7.0 32.01..... PR 49 3.7 — 29268 4+ 2.0 |.caeanan. 38.9
153 | 26 75.6 . 40 56.5 | + 54L3 | + 20 |ceeean.... 39.8
166 | 15 77.5 35.5 3.5
215 | 36 99.5 5.5 13.5
239 | 11 50 15.5 Q5.5 |eemeeaanaas 60 5.8| —1326.4 ] 4 0.6 [.cneuunn.. 40.0
250 019.0 5.5 13.5
253 | 34 10.0 15.0 2035 |eennn ceeeeas 290 6.0 | +1733.9 —0.11].......... 39.8
2821 1310.0 | oo fimmiiat]iiiinea e 3959.5| +641.2 ] — 0.1 |.acuoa.... 40. 6
299 | 10 83.2 24.5 19.0
314 | 26 98.0 15.5 8.0 |eeeanniinnn. 382R1| +82L9 ! —18|.cecueann. 41.2
330 | 12 58.0 20.5 2.0
343 | 15 96.0 25.0 180 |.ceeecnanan. 4823.5| — 145,11+ 15 —...e.... 39.9
! i
NOVEMBER 4, 1872,
8024 6 48.0 28.0 3.0
8032 | 21 53.0 8.0 44.0 |ceeeieinann. 4154310 | — 7417 — 8.6 |ceuuaun... 41 46 40.7
8083 3 99.0 26.0 26. 0
8097 | 30 9L5 835 43.5 [ceenennnnnn, 60 46.7 | —13 56.8 | —11.4 |.......... 38.5
8212 4 96.0 24.0 27.0
8223 | 22 13.0 9.0 43,0 |veeuunnn P 3759.0 | + 85361 —10.1.......... 4.5
8237 | 27 65.0 10.0 42.0 [.oeeeeeen... 35 6.3 +1145.2 | — 9.7 f....eoooo. 41. 8
8256 35 37.0 6.0 45.0
8322 1 29 58.5 30.0 20.5 [concrnnnnnnn 49 47.5 | — 259.8 — 81 |.ooeoiaaos 39.6
8330 | 26 82.4 30.0 20.5
19 718.5 6.0 42,0 |oeiiinennns 43 11. 4 + 3 38.8 = T3 |eeeaanan. 42.9
153 | 25 68.0 19.0 33.0
166 | 14 28.5 10.0 42.5 [oeaiiiinennn 40 56,7 | + 5542 { =127 |.ceiean... 38.2
2151 37 6.0 18.0 35.0
39| 11313 18.0 35.0 |eevnrerannnn 60 60| —13183 | — 9.3 {.cccrun-ns 38.4
250 027.0 15.0 39.5
282 | 13 50.2 17.0 40.0 |..... etenes 39 59.6 | + 6513|131 |.ccacn.... 3.8
299 9 71.0 28.0 28.0
314 | 2 4.5 8.0 48,0 |.eevnrnnnnnn 382L3| 4+ 8217 —1L0|..... cennn 38.0
330 | 12 70.0 48.0 8.0 .
343 | 15 68.0 cee- . (&) 48 23.7| — 1326 —11.0 {..... PP 40,1

* Level conld not be read on reversal.
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Observations and computations for latitude of Fort Fred Steele, yo.—Continaed.

NOVEMBER 4, 1872.

G .
© § = Level. Corrections.
&g & _—
< g8 Half sam of X
< £ €% Remarks. | geclination. | Micrometer Latitude.
= &9 N. S and refer- Level. | Meridian.
= = ence.
t. d. d d_ o ’ " ’ " " o I ”
409 | 15 86.0 - .-
441 | 24 98.0 . [ 4142 6.5) —443.5° —1L.0 [.......... 41 46 39.0
420 | 12 15.5 14.0 40.0
501 20 7.0 19.0 35,0 foeerienananns 42 45.4 | + 4 6.0 ~1L3 }.ocoeent. 39.9
358 | 24 680 14.0 42.0
569 | 38 78.5 .-- e . 44 18.4 ~11.0 j.ocieaaas 39.7
610 | 22 54.0 .. 3910.3 | + 743.7T|~—10.5 {. 43.5
620 10 70.2 11.0 44,0 [..ciiiennnnn 54 81| — 7141 —10.4|. 43.6
626 7620 25.0 30.0
707 24 67.0
731 11 99.0 38.0 18.0
7861 12 2.0 0.0 56.0 |.eeuesvamnan 4650.9| —0 0.9 —9.9....ccunn. 40.1
I
NOVEMBER 6, 1872.
623 | 17 46.7 30.0 32.0
7636 2170.5 1.0 510 feuaneiinnnns 41 54 32.0 | — 7388 —1L5 iiamuaaaa.. 41 46 41.7
7699 | 17 50.2 16.0 47.0
7712 5 19 58.0 438.0 15.5 eean. ceacman 4743.3 —1 4.6 | 4+ 0.4 .caeeaa.. 35.1
|
Ti54 | 12 67.2 30.5 3 T 2 P, 57 6.0 —1026.9 | 4+ 1.2 " _......_. 40.3
7178 i 0 94.5 J e 63105 —16 31.5 ] + L2 j.cueaanos 40.2
7198 | 21 84.0 33.5 28.0 , Mustbe 32¢,
w5 187142 .| ... ®
7843 | 16 4.8 s e 45360 + 1 20| 4 L2|...... “an. 39.2
7880 | 16 61.2 210 40.0
T894 | 19 64.0 35.0 6.0 I.oeeeniennn. 45 8.4) 4+ 134.1 39.8
" 7962 | 28 31.8 29.0 34.0 (t 57 40.5 | —10 50.4 39.7
1972 739.0 15.0 48,0 lvnueiinnnns 41T 1.5 —02L1 38. 4
7994 8 7.0 45.0 19.0
8024 6 75.8 35.5 280 [ eaiieinnnn 54 10.8 | — 7215 —3.41.......... 39.9
8083 4 22.0 34.5 2.0 fianniiienn 60 46.9 | —14 51| — 4.0 {...c..oeae. 3.8
8091 21 15.5
8097 ; 31 4L0 2.0 42.0
8212 4 89.7 33.0 29.0
8237 | 27 45.0 17.0 45.0 [caeeininnnn. 35 6.5 411410 | — 6.6 |.caeun.n.. 40.9
Releveled.
8256 | 36 35.2 3L5 b ) B T PO 51159 —429.7| —6.6[.......... 39.6
3284 6 13.5 3.0 39.0 \...... PO 34 6.7 +12 36.0 38.3
2322 1 30 46.0 P P 49 47.7 4 6590 — 4.4 ..., 42.3
8330 | 27 67.5 | 23.0 40.0
4| 20 95.7 42.0 0.0 [-auieieannn 43116 ) + 3288 |+ L3 |.......... 417
51| 25 54.2 32,0 310
58 12 57.2 5L0 1220 |oeeneenannnn 39 44.5| + 6431 4126 |........ . 40.2
101 2 41.0 28.0 35.5
114 | 33 80.0 5.5 6.0 |..coiiaat 3015.5 | 416 15.6 | 4121 ... ..co.. 43.2
146 9 83.8 . [ (R 40 41| —224.0 | — 0.2 |....veenn. 39,9
153 | 25 50.3 3L0 3L0 |...... veeeas 40 57.0 | + 5429 | — 0.3 {..couaan. 39,6
166 | 14 47.0 31.0 32.0
151 36 61.0 35.0 2.5
239 { 10 62.0 21.5 36.0 {eevoanieon 60 6.3 | —1327.8 38.2
253 | 33 65.2 30.0 33.5 Jeaneininaas 48106 | — 1319 39.8
82| 12 58.8 35.0 Q05 |aeenen. . 59 3.8 —-12 26.6 41.3
t No level taken. { Level doubtful,
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Observations and computations for latitude of Fort Fred Steele, Wyo.—Continued.
NOVEMBER 6, 1872,

“ .
°© 84 Level. Corrections.
Bogl R
3] £5 Half sum of - .
'g g e Remarks. | "3 clination. | Micrometer! Latitude.
] =2 N. S. and refer-| Level. | Meridian.
b5 A ence.
t. d d_ d. [} 1 1 / " " o 7 "
299 10 43.0 20.0 35.0
314 | 26 30.0 48.0 16.0 |ocieunan.on 4138216 | 48132 | 4+ 7.1 .cc....... 41 46 41.9
330 12325 36.0 21.5
343 | 15 87.0 31.0 PV I R 48240 —150.2 ) 4 5.1 |.ecanno... 38.9
409 | 16 9.8 380 25.0
441 | 24 66.2 38.5 4.5 {..... [ 42 6.8 442602 + T4 |ceeean... 40. 4
480 | 13 65.0 25.0 36.5
501 | 20 98.5 50.5 1LO |ooocae .ot 42458 + 34800 4 77| ... 41.5
558 | 24 39.0 46.0 17.3
569 | 19 93.0 23.5 40.0 ! Cloudy-... 44 19.1 + 2186 | + 3.3 |oecea... 41.0
NOVEMBER 8, 1872.
8212 3650 23.5 23.0 41 37 59. 4 + 8335 4 9.4 l .......... 41 46 42.3
8223 20 17.3 40.0 6.0
8237 | 25 1477 cees A 35 6.7 4+1126.8 42.9
8256 | 35 85.5 26. 0 19.5 49 47.8| —312.0 41.2
8234 5580 34 6.9, +1228.9 41.2
8322 | 29 67.7 29.0 16.0
8330 | 26 &.0 29.0 16.0
41 20 40.0 32.0 140 foeeeenn.o.. 43 11.8 | + 324 4 86 j.ccaoa.o. 41.8
51} 24 86.0 24.0 2.0
58| 11 87.0 410 4.0 | co.... .- 39 45.0 39.4
101 1770 19.0 21.0 -
114§ 33 37.0 32.0 130 |oeeivinnnnn. 30 15.8 40.9
Gr.96 8 57.8 29.0 16.5 50 6.9 39,3
146 10 59.0 - R 49 4.4 39.4
153 | 26 26.0 . P 40 57.4 39.3
166 | 15 44.0 1.0 18.5
215 | 37 46.0 16.0 30.0
239 1 11 30,0 39.0 7.0 ' ... P 60 6.6 —1333.0, + 4.9 |.ccan..... 38.5
250 0 63.6 17.0 2.5 .
253 | 34 20.0 40.0 6.0 29 6.9 +1726.2 | + 6.2 1. 39.3
282 | 13 35.6 eeee 40 0.4 4 6355 | + 6.2 42,1
299 7 94.5 2.¢ 25.0 |
314 | 24 11.5 18.0 28.0 *) 38219 | + 826 | —38l.eeueaen 40.7
330 | 12 27.0 30.0 15.0
343 | 15 93.5 34.0 12.0 f..... PR 48245 — 1539, 4101 |.eeun..... 40.7
409 16 50 2.0! 180 ’
441 4 24 48.0 42.0 5.0 fowmeeienn. 42 7.2 + 4220 413.2j..ccnnnn.. 42,4
480 ° 12 3.0| 13.5} 335!
501 19 42.5 44.5 P T, 42 461! + 349.8| 4 6.0 '.......... 41.9
558 ! 23 81.0 25.0 2.0
569 | 19 51.0 32.5 14.0 |..... rasens 4419.5 +213.6 4+ 59 |.c-.... .. 39.0
588 | 38 6.5 5.7 39.8
610 | 22 32.3 1.0 19.0 teeecnal ools 39 11.0 41.2
665 1237
686 8 85 34.0 14.0
915 | 41 49.0 38.0 9.0
962 | 27 18.2 22.0 5.0 lieeenn vann 53581 | —T247| 4+ 6.2 | ceeuan... 39,6

* Level doubtful,
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Observations and computations for latitude of Fort Fred Steele, Wyo.—Continued.

NOVEMBER 8, 1872,

ks & Level. Corrections.

5 T g Half f

] = alf sum o .
é g Eg Romarks. | Joclination. |Micrometer Latitude.
=1 £ N. S. and refer-| Level. {Meridiau.
z = ence,
t' d‘ d’ d . o/ il ! " H o 1"
1007 | 14 97.2 R7.0 19.0 41 45 20.1 +110.2| + &5 |.......... 41 46 38.8
1011 | 22 25.7 R g 4133.3| + 456.6| + 85 | cenennn.. 38.4
1017 | 12 7L5 35.0 1L5
1052 | 24 51.0 19.0 28.0
1058 | 11 83.8 46.0 0.0 [ceeanas onnn 53 27| — 6323 +10.1 ... ...... 40.5
1111 | 23 84.8 25.0 R.0 395121 46381 +1L.0{.......... 40.3
1133 | 15 0.8 44 0.9 4+ 2282 | +1L0 |.......... 40.1
1143 | 11 4.0 42.0 5.0
1252 4710 28.0 18.5
1268 | 29 0.5 3.0 16.0 [.oooal.ll 59 6.9 —1233.2| 4+ 6.7 fieeeunnnn. 40.4
1320 | 14 88.5 40.0 1.5
1339 | 10 53.0 18.0 8.0 i..... PR 4850.5) — 2154+ 6.2 .......... 41.3
1397 12'41.0 525250 —620.1 (4 8&8}......... 41.2
1398 [ 10 62.5 20.0 7.0 5343.2 | — 7156 + 88 |.ceaaa..n. 8.4
1414 | 24 64.0 43.0 4.0
i
NOVEMBER 10, 1872.
8212 3 76.0 8.0 40.0
8223 | 20 47.0 42.0 6.0 413759.5] 4+ 8390.3 | + L1 41 46 40.0
8371 26 2.0 - e 35 7.0 +113L8| 4 1.1} 39.9
8330 | 26 44.0 16.0 42.0
W14 | 15 75.5 41 86! 4+ 5321 0.0 feenunn... 40.7
4| 1970 42.0 16.0 [oeneas ool 43120 | + 320.2 0.0 [eeenao.o. 41.2

146 | - 9 53.7 33.0 23.0

166 | 14 42.0 42.0 14,0 {eaunans vnns 49 4.7] —23L8| 4+10.4 |.......... 43.3
209 823.7 18.0 40.0

314 | 24 54.0 22.0 35.0 |oeeeaet e 38223 | +82.7)—99|.......... 39.1

480 | 1. 44 0 28.0 0.0 f...........

501 | 20 33.5 15.0 42.0 | Cloudy... 4246.6 | +4 23| — N7 eool..l 4.2

NOVEMBER 12, 1873
o]

77181 235.0 25.0 26.0
7798 | 34 41.7 42.0 10.0 foeecnns one 4163 10.3 | —1633:5 | + 8.64.ccuuc.n.. 41 46 40.4
7815 18 82.2 3L0 20.0
43 . 17 6.0 38.0 120 |oeeeal o 4536.2 | 4+ 054.8| +10.1 j.......... 41,1
7880 | 16 86.2 23.0 24.5
7894 1 19 80.0 29.0 18.5 [reamcnn onen 45 85| 4133 + 24 {.ceua.... 42.2
7962 | 28 50.5 3L0 8.0 [ceenner enns 57410 | —11 9.3 | + 6.1 |eeecnan... 37.8
972 6 97.0 40.0 2L.0
7994 8 5.0 39.0 4.0 |ceeauas onnn 47 19| — 0335 4 8.3 |eeennn.... 36.7
8024 6 715 32.0 30.0
8032 | 2233.5 45.0 0.0 |.cennns ool 543171 —8 55| + T4 |eeeeeaa.. 39.6
812 4 81.0 33.0 30.0
8223 | R 66.0 {..... e e 37 59.8 39. 8
8237 | 27 245 R1.0 36.5 . oent eens 35 7.2 40.9
8256 | 36 46.5 |. 49 48.2 41.1
284 618.0 }. 34 1.2 41.3
8322 2993.0
8330 | 2710.0 |........]ieee....
8374 | 16 86.0 58.0 5.0 [eaneean cnnn 41 87| + 5183 |+ 16.0 .. ....... 43.0
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Observations and compulations for latitude of Fort Fred Stcele, Wyo.—Continued.

NOVEMBER 12, 1872.

8 § " Level. Corrections.
e e R ks, | Half sum of Latitnd
g <] 3 OWATKS. | "geclination. Micrometer] atrude.
= S N. S. and refer- Level. |Meridian.
P4 = ence.
t‘ d d. d. [} I " ! n "
51| 2582.3 34.5 30.0 o /¥
581 1281.0 44.0 L0 |ecusr vamnn. 4139 45.4 | 6444 + T | oL, 41 46 37.5
101 3950 3R 0 1.0
114 | 35 29.0 49.0 16.5 Joaces vannns 3016.4 | 416 14.0 |+ 12.0 |.......... 42.4
146 | 10 64.3 |. ...l fioniiiiaet caeans 49 50| —239.2| +14.3|..c.eennn 40.1
153 | 26 30.3 35.0 40 57.4 | 4 5215 | +14.3 |....eno... 39.2
166 | 15 76.5 53.0
215 | 36 80.7 25.5
239 | 10 30.0 42.0 60 7.3 | 13345 6.4 |.......... 39.2
250 0 2.0 4.5 .
282 | 12 66.5 | 420 | 16.0 |.vm-eer. 40 10| +6330|+48| +o0.2 30.0
299 997.0 20.0 27.0
3141 25 93.0 38.0 19.0 [caee cncnnns 3BRW6| +8160| + 3.3 |.ccuvannn. 419
330 | 13 42.0 310 2.5
343 | 16 90.5 32.0 25,0 foeeecnnannn 48 25.1 —1 483 4+ 34 |.caniaao. 40.2
409 | 17 17.5 35.5 20.0
441 ] 25 70.0 315 0.0 jovetr cemnnnn 42 1.9 +425.0) + 82 |.......... 41.1
480 | 12 68.0 28.0 31.0
501 | 20 17.0 33.5 500 |ovees caenns 42 46.9 | + 3528 4+ L5 |.ecienn... 41.2
558 | 24 1.0 33.5 26.5
569 | 20 4.0 50. 0 100 [ceee vnnnns 4420.2 | + 2 53| +13.2|..ccnnan.. 38.7
610 23 890 39.0 b ) 39118 792524 4.6 ..c...... 41.6
620 : 11 14.2 29.0 3LO Jeeeeean onos 54 9.4 — 7354 4+ 3T | caeeannn. 3.8
686 81755 39.5 0.5
071 256 79.3 7.0 335 |eeeeann aeen
885 | 14 64.8 36.0 2.5
904 [ 21 32.0 43.0 170 [ieevn vvnnen 49583 | —3¢ +10.5 {..aaieans 41. 4
1007 § 15 770 [ooenoi i iamee caaeen 4520.7( 4+ 059.4( 181 (....oe.... 38.2
1011 | 23 6.5 39.0 20.0 f....... ... 41 33.9 + 446.1 | +181 | ccaeaoon. 38.1
1017 | 13 86.0 53.0 6.0 | Releveled.
1052 | 23 73.2 25.0 33.0
1058 { 11 74.0 | 10.0 | *4B.0 (..o ceneo. 53 34| —612.7§ 126 j..ccnu.-- 38. 1
NOVEMBER 18, 1872,
8330 | 25 96.2 36.0 8.0
4] 19 59.5 310, f16.0 [........... 41 4313.0| 4 317.9| 411.9 41 46 42.8
NOVEMBER 21, 1872.
857 21 4.8 ........ l\ ........ { ........... 413710.8] +937.1 | — 7.1}..........] 4146408
838 18 4R. 5 330 250 .._......... 33 421 + 8 50! —T1lj..o..a.... .
872 2 88.0 12.0 l 46.0 i
es5| 1435.5| 20.0| 2n5]
904 | 20 60.0 18.0 40.0 ' Cloudy . . 49 59.9 — 3141 — 5.6{..... P 40.2

* Qbserver became sick.

t Clouds prevented further observations.
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Observations and computations for latitude of Fort Fred Steele, Wyo.—Continued.
NOVEMBER 24, 1872,

3 P N
£4 Level. Corrections.
[T <
<3 g Half sum of .
'g = S'?q Remarks. | Geclination. |Micrometer! Latitade.
= SR N. S. and refer- Level. |Meridian.
“ b=] ence.
t. d‘ o 1 " ! " " [+ 7 "
7623 | 17 3.5 16.0 3.0
631 | 26 62.0 32.5 0.0 fevunoenn. 4142 7.2 4361 — 23 |.......... 41 46 41.0
7699 | 17 11.8 26.5 24.0
1R | 19 20.5 4.0 26,0 [.eeenn ... 47433 | —1 49 4+ 0.1 ..., 38.5
154 | 12 280 [-ceenen]iamea]iennaen aant 57 6.2 —1033.6 . + 88 {.ccaun .. 41.4
78 Q0 52.0 63 10.4 —1639.1 , 4 88 }......._.. 40.1
7198 | 3R 66.7
7062 | 27 89.5
972 6 91.0 574L4) —1052.2 | — 88 |.ucanunn.. 40.4
8024 5980 54 121 | — 7451 40.1
8083 3 7L.0 60 48.2 —14 11.9 41.1
8091 | 20 94.5
8097 | 381 12.0
8284 5 87.0 5.0 35.5
8322 | 30 18.0 28.0 16.0 {oveceen nnn. 34 87| 412356 — 5.1 |.......... 39.2
8330 | 27 37.3 28.0 16.0
834 | 16 81.5 23.0 P4 WU DR 4110.2 | + 59263} + 3.6 {.......... 40.1
R0 822 e e 43137 + 3236 4 3.6 |.cemnn... 40.9
|
146 | 10 4.0 8.5 LS feeneal ol 49 6.6| — 23451 4+ 9.5 |.ccuan... 41.6
I53 ) B T5.0 |ocenoiii)ioni i aeaeane aenn 40 59.0| 4+ 533.7 4+ 9.51..... .- 42.2
166 | 15 1.2 29.0 1.5
299 | 10 55.0 18.5 271.0
314 | 26 23.0 48.0 0 — 3.0 |.eenennonn. 38243 +8 73| 4101 |...ae..... 41.7
330 | 13 49.0 33.0 12.5
343 | 17185 27.0 180 |.oemenn oae. 48 26.9 — 1548 4+ 811 ..comn.... 40.2
400 | 17 40.5 30.0 16.0 |.cenn.. 4837 —1 L7 | + 9.4 ... .. 40. 4
558 | 24 23.0 25.0 L5
569 | 20 13.0 42.5 4.0 {iemean. ool 44221 +2 74| +1L5 ..., 41.0
6101 23 10.0 24.0 33.0
686 8 71.2 23.0 25.5 | 30s.1ate .. 3913.6 | + 79212 — 3.2 -+ 0.1 3.7
T 16 40.8 |.ooofieni o feceea 49581 —3 951 — 70 |.ccenan... 41.6
759 | 31 38.0 30.5 180 |oeeacnn anes 57424 —1054.9: — 7.0 |..ocae.... 40.5
816 | 10 3L.0 5.0 43.0
831 [ 27830 13.5 32.5
857 | 21 14.0 42.0 30 foameann aans 50 46| — 3219 | + 55 iacaunenn. 42.2
858 | 18 23.0 42.0 3.0
872 29010 7.0 36.5 |eemannnunn BR.6| + 7561 + 26| ........ 41.3
915 | 25 51.5 16.0 25.0
962 | 11 22.2 7.0 8.0 |oemennn aan 54 10 — 7242+ 6.3 |.ccoan.... 43.1
1007 . 6 45229 + 1 223 4137 |ceeean... 38.9
3011 3 41 36.1 + 449.7) +13.7 |.o....lL. 39.5
1017
1052
1058 93 5.5 — 6189 | — 8.5 |.caaanil.. 41.1
1111
1143 39537 | +6411}1 426 43. 4
1305
1320 39 48.9 + 6389 410.4 |..comnno. 38.2
1397 52544 —613.6 | — 1.51.. 39.3
1398 53 47.6 —17 6.7 —1L35 39. 4
11414 . . 0 3
1527 . .0 .
1536 524.5 5.0 46.0 | Clondy ... 60 3.6 | —1316.7| — 88 ... ...... 3.1
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Observations and computations for latitude of Fort Fred Steele, Wyo.—Continued.

NOVEMBER 26, 1872.

’ Level.

g

® & % | Corrections.
g | X 1f sum of
- =5
2 £ §§ Remarks. ]gjclig:;?og. Micrometer Latitude.
E S N. 8. and refer- Level. [Meridian.
= = | ence.
l I e 7 ’
480 | 12 76.5 7.0 33.0
501 | 20 47.2 2L.0 39.0 iiiaan eanln. 41 4250.5t 4 359.5) — 6.6 [.ceaaanon. 41 46 43.4
I
558 | 23 58.5 34.0 25.0 !
569 | 19 70.3 52.0 (152 PO, 44 22.4° + 2 0.7 | +14.9 | 38.0
831 | 285621 19.0| 340 i
/58 | 19 26.8 R2.5 3LO |oaes vennns 5136.3. — 4489, — 6.4 |.......... 41.0
915 | 206 40.0 15.0 39.0 \ !
962 | 12 24.0 37.0 18.0 [..oon vens 54 1.3 — 721 — 13| cceunen-n. 39.9
1007 | 1939.01 280! 25.0; }
1017 | 17 38.0 48.0 5.0 een e 4523.2° + 1 25| 416 |.......... 38.3
1052 | 24 50.8 24.0 30.0 ' 1
1058 | 12.23.0 18.0 36.0 .o....eel.. 53 5.8' —6R2L6|—6.6].......... 3.6
1111 | 24 85.8 28.0 2.0 |... . .... 39540 | 4+ 6325 +12.9 |.......... 39.4
133 | 16 825 Jeeeneenfoen woneluomen vmennn 44 37| 4 298| f13e |l 30.7%
1143 | 12 23.0 50.0 5.0
1252 580.0 20. 0
1268 | 30 39.6 53.0 59 9.8 —1244.4| 4148 .......... 40.2
1305 | 28 31.0 30.0 39 49.3 ' 4+ 6315 | +1L.0 {..o....... 37.8
1320 | 15 52.0 46.0 .
1339 11 17.0 12.0 48 53.3. —215.2 | 4+ 1.3 |.ooea.... 39.4
1397 | 1637.2 | ... .. oo el 52 54.7 ' — 6135 —29 ..., 38.3
1398 14 64.0 20.5 0 25,0 |ccaor aannns 534719 —7 7.3 — Q9 |......... 31.7
1414 | 23 30.0 20.0 35.0 ‘
NOVEMBER 27, 1872,
T T T
7623 16 62. 5 3L0 20.0
7631 | 25 56.3 15.0 35.0 ool aai.a. 4142 T1| + 43718 | —24 ..., 41 46 42.5
7699 16 54.0 19.5 26.5
7712 | 18 1_.0 35.0 10,0 [eceun anennn 47435 —1 7.8 4+ 49 [ceacun.... 40.6
7154 11 56.3 2.0 ?3.0
7798 ¢ 31 42.0 3.0 40,0 f.ooer vanonn 57T 6.2 | —10 171} —10.4 [..cenn.... 38.7
7962 | 26 85.5 2.0 26.0
7972 5 65.0 16. 5 300 ceeaa 57 41. 4 —1059.0 | — 3.7 |.ocvaioo. 38.7
8024 4 61.5 19.0 20.0 |...o...o.. 54 12.3 — 749! 4 9.9 |.......... 40.3
8083 2 49.5 2.0 46.0 |.ooeee oot 60 48.5 —14101 ¢ 4 0.6 |cemuennooo 39,0
8091 19 53.5 47.0 1.0
8097 | 29 847
8212 3 90.3 20.0 24.5
8223 | 20 73.3 19.0 27.0 j..... PR 38 11| +843.2 | — 3.4 j.......... 40.9
8237 | 26 8.0 |.eeiifieiiaa s caeeat 35 8.8 +11 33.5 b A S P 40.6
8284 541.0 21.9Q 7.0
8322 | 29 78.7 15.0 32.0 ..... [ 34 9| 412376 — 6.3 |.cuueuann. 40.2
8330 . 26 98.0
8374 0 16 40.0 41 9.9 + 528.8 40. 4
4] 20 36.8 43.13.4 | 4 32535 40.6
51| 24 75.5 3 .
58| 11 63.0 33.0 5.5 [ieevue vannn 39472 + 6479 F4.6).cn...... 39.7
146 | 10 64.0 26.0 L0 |..... PR 49 6.9 — 2394 4112 |.._....... 38,7
153 1 6 3L0 [ loao.o.lll are cememnn 40 59.9) 45276 | 4+ 4.2 (... 38.7
166 . 15 77.0 41.5 5.5
251 37 43.3 2.0 245
239 . 11 49.0 13.0 280 jeveeen vannn 60 931 ~132.3] — 3.4 [ccceo.... 39.6
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Observations and computations for latitude of Fort Fred Steele, Wyo.—Continued,
NOVEMBER 27, 1872,

3 B K s
° 3 g Level. Corrections.
ol =3
5] g5 Half-sum of .
2 % £ Remarks. | geclination. | Micrometer Latitude.
E 29 N. S and refer-] Level. [Meridian.
Z =" ence,
i
t' d. d‘ d. ot " 7 " " o ¢ n
250 0845 33.5 13.5
282 | 13 56.8 18.0 8.0 |..... PR 4140 9| + 6354+ 27Tl 41 46 41,0
299 | 10 71.0 24.0 23.0
314 | 26 80.0 17.0 30,0 [.oeer caannn 3827 +820.1| — 3.3 }...eaa... 41.5
330 ) 1212.0 31.0 16.0
343 | 1580.3 30.0 130 [ceees cnnenn 48273 — 1545+ T4 |eeeneanen. 40.2
409 | 16 5.0 34.0 12,5
441 | 24 64.0 RL0 R5.5 [ceence cnnnn 4210.1 | 4 4270 | 4 4.6 [......._.. 41.7
558 | 23 79.6 30.0 12.5
369 | 19 26.3 10.0 33.0 {-eennns caen 442271 +22.91 - L5.......L. 42.1
T 15 0.5 [eeneneiii]eaaenai]iaas cannan - 49 58.4 | — 3107 | — 6.6 |.......... 41.1
759 [ 29 96.0 24.0 3.0 [eeeennnnn. 57426 —1055.5| — 6.6 |.......... 40.5
816 8 87.0 11.0 36.0
857 20590 [.eeeoi]eaneean]oomaae ceaes 37107 4929 |+ L5 . ........ 41.1
858 [ 18 63.0 24.0 P 2 T P 38 43.1 4+ 7559 |+ L5 ... 40.5
872 3 3L7 1.0 2.0
885 ] 14 0.2 21.0 21.0
904 | 20 66.5 44.0 4.0 |..... R 50 0.8 —3211 |+ 9.3 .coaceaas 43.0
915 | 25 2.7 19.0 28.0
962 | 10 84.6 8.5 180 foece connenn 54 15| —72.71 4+ 04 ... 41.2
1007 | 19 94.0 Q.0 26.0 | Must be 13t 45233 +1 53| +10.4|.......... 39.0
1011 | 26 20.5 {........0........ e eanaeae 4136.6 | + 4539 +10.4 |.......... 40.9
1017 16 84.0 45, 0 3.0
1052 | 24 96.0 22.0 25.0
1058 | 12 55.0 24.0 23.0 [cemceeaaaan 53 5.9 —625.7| —0.5|.......... 39.7
1111 24 85.5 25,5 P22 8 T 39 54.1 + 633.8| +12.1 |.......... 40.0
1133 | 16 8L.3 | o ifeamen... feee eevenes 44 3.9 4229 4121 |.......... 39.9
1143 | 12 123 45.0 4.0
1252 5 55.0 25.0 25.0
1268 | 29 75.5 29.0 19.0 |..... PR 59 9.9 | —1232.3 | 4 2.7 1cioeeano. 40.3
130 27 61.5 28.0 0.0 [ occaannn 39.49.5| 4 6495+ L8 {.......... 40.8
1320 | 14 44.0 23.5 25.0
1339 | 10 13.5 28.0 20.0 jooenen onnn. 4853.5| —213.8 |+ 1.8} . ....... 41.5
1397 | 14 92.2 | oo i |ioiiii e caean 52548 —624.2 | 4+ 99 ..., 40.5
1398 13 18.5 32.0 180 acea ool 53481 — 71814+ 9.9 .......... 39.9
1414 27 28.2 36.0 14.0

Resulting astronomical co-ordinates.

The daily results, combining the observations of November 10, 18, 21, and 26, to one resul, will be:
[+] ’ "
41 46 40.30

40.18

40.41

39.99

40.00

40.37
40.42

Giving every mean the same weight, the final result for the latitude of Fort Fred Steele will be:

Latitnde. . 41° 46’ 40.24 + 0".03
Longitude. . . . 472.25 or 106 56 48 .80 west of Greenwich,
1 59 35.130r 20 53 47 .00 west of Washington,
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LARAMIE,

Longitude—105° 35’ 33/.60 W.
Latitude—41° 18 51.8 |- 0”.08 N.

At Laramie, a point in an open lot northeast from and near the
railroad depot was selected as the station. It was not a desirable lo-
cality, but was about the only alternative by reason of the position of
the telegraph wires. There was no possible objection to the position so
far as the surface of the land was concerned, for the entire vicinity is
but a gently undulating plain ; but the observatory being in the middle
of the city, the view both north and south was intercepted at short dis-
tances by houses, making it impossible to lay out any extended meridian
line. Laramie stands centrally on the great plateau bearing the well-
known name ¢ Laramie Plains,” and to my notion is the most inviting
town on the whole transcontinental route. These plains, though some
7,000 feet above the level of the sea, are well clothed in grass, (but des-
titute of other forms of vegetation,) and watered by the Laramie River,
which flows with a gentle current northerly through the valley. Mount-
ains are visible to the right and left, and though from 8,000 to 10,000
feet high, appear only as slight ridges and low peaks from thls elevated
plateau.

Meteorological.—Two weeks of December were spent here, and the
meteorological conditions experienced found to be very similar to those
of the previous month at Fort Steele. The same violent dust and
snow-storms prevailed, and though not quite so cold as it had been, it
was not possible to ran the observatory without a stove. Here, as at
Fort Steele, there were times when it required the best exertion of the
observers to keep the observatory and all its apphances from being
blown away.

Observatory.—The observatory consisted of a hospital tent—the same
that was used at Cheyenne. The assistants were also the same. The
operator was Mr. Williams, of the Western Union line,

Instruments.—Precisely the same as were used at Cheyenne and Fort
Steele.

Connections.—Connection was made with Salt Lake by a loop into the
main wire of the Western Union line. Some observations for latitude
were made on each of the nights of December 6, 7, 8, 11, 13, 15, and 17.
On the nights of the 9th, 12th, and 16th, observations for time were made
and exchanged with Salt Lake for difference of longitude. Of all the
stations occupied by Assistant J. H. Clark this has proven the least sat-
isfactory, by reason of smoke and dust, and the near vicinity of moving
trains.

Instrumental values.—See report on the Cheyenne station.

Table containing the corrections of chronometers and their rates.

LARAMIE,

Correction of Salt Lake chronometer.

1872 | Local side- | Correction of Adopted
. | real time. chronometer. rate.
t
h. k. m. s h.
DecembDer Q. veveeniccuaeriiaieiaeonacsiasosasasnsanananen [P 2.2 | —0 1 34.73 0. 115
December 12... .- . 1.0 26. 41 0.115
December 16 L0 | -0 1 15.28 0.116




94

Correction of Laramie chronometer.

3 ¥
1872, I;gg’lﬂt;f:' Correction. ‘ Ag;)?e'r.ed
)
3. hom. s | 5.
December 9 .o iiiecrime e cnenaeaa e L7 | -1 531156 —0.107
December 12. 3.00 3.18 —0.107
December 16. .. 3.00 1525472 —0.094
Grouping of time signals and corrections and resulting longitudes.
T - * 5 y . h
g I =8 3 g S g
g = o £ 8 = g
| = =7 Sa o 8E Eg
@ & 53 Led oz Q a2 =1
=5 =] ] 2 R SRS o3 %
ER] 8 - SR 9 3 = g
= 3 0D 2] = =3 =] <
P 2 O B O — & S 3 D
B ] = = &) [=] A =
h.m. s h.m. 8. |h.m. s h.m. s.
Salt Lake...... Salt Lake ..... 23219.90 | —0 1 34.70 | 2 30 45.20
Laramie....... 449 9.25 | —153 11.41 | 2 55 57.84 | 0 25 12.64 |
Laramie ....... Salt Lake .....| 23913.57| —0 134.69 | 2 37 38.88
Laramie....... 456 2.93 | —153 11.40 |3 2 51.53 12.65 [.oononn. 12. 64
Salt Lake ...... Salt Lake ..... 239 5321 —0 126.23 |2 37 39.09
Laramie....... 4555549 | —153 3.78 (3 25.71 12, 62
Laramie ....... Salt Lake - 24516.19 | —0 1 26.21 | 2 43 49.98
Laramie......." 5 2 6.36 | —153 3.76 (3 9 260 12,62 |........ 12. 62
SaltLake ...... Salt Lake .... ‘ 3 639.93| —0 11504 |3 52489
Laramie....... ' 523 32.19 | —1 52 54.67 | 3 30 37.52 12. 63
Laramie ....... Salt Lake ..... 313 3.74 | —0 11503 |3 11 43.71
Laramie. ...... 529 55.95 ] —1 52 54.66 | 3 37 1.29 12,38 |.eennn. 12.61
1
Final difference of longitude : Laramie, east of SaltLake, 0h 25m 125,623 + 05, 008.
Observations and computations for latitude of Laramie, Wyo.
DECEMBER 6, 1872.
e . |
° ) Level. Corrections.
b '
oy =) H o
§§ §§ Remarks. d:cllfizz?i]ogf Micrometer| | Latitude.
= 29 N. S. and refer-| Level. [Meridian.
% = ence.
t. d. d. d. o 7 " 1 1" " o 1 o
8174 915.8 28.5 28,5
8188 | R7 25.5 12.0 44.0 |ooooeal oo 41 9403 + 9224 | —88 |.ceunnn-.. 41 18 53.9
8248 | 21 87.0 31.0 26.0
8273 | 15 8L.0 1.0 39.0 {.oceanlonn. 23 34 —3 831 —4.6{.can.... 50.5
8279 22 54.0 34.0 23.0
806 | 13 97.5 |l el 14 19.1 + 426.2 | 4 6.7 |ooeaeaaa. 52.0
#301 18 52.5 34.5 RLO ..ooeanoaan 16 20.0 4+ 2164 + 6.7 Jeenenanno. 521
A8 | 19 12.0 3.0 23.0
98 8 48.7 310 24.0 foeeeen oo 13 18. 6 4 53L1} 4 41 ... 53.8
U6 | 925.0] oo oo 13431 +5 6.7+ 41 |oooae. .. 53.9
146 | 34 28.5 ?5.0 31.0
164 383.0 53.0 3.0 ool an. 250.3) +1546.5 | +12.1 [......... 48.9
201 | 19 72.0 32.0 23.0
224 16 0.5 49.5 5.0 [cciaen aan 16 41.8 + 1554 +14.7 |oocanenoo. 51.9
250 | 1832.7| 29.0| 250
05 | 1925 12,5 420 [cceeenn onnn 18344 | + 0276 —7.0|.ccuuao... 55.0
339 | 20920 32.0 23.0
401 | 16 76.0 42.0 1L0 [oeeeaas onnt 163L9 | 42 93| +1L0 |oceeen.... 52.2
430 | 10 3.5 32.0 20,0
450 | 26 8.2 15.0 310 |eenel oees 10350 ) 4+ 8187 | — 28 |aeeunn... 50.9
933 | 15 76.2 2L 5 9.5
564 | 23 66.2 | *27.0 Py R 2 DR 14502 | + 4 5.4 =37 [cenenunn.. 51.9

* Must be 224 0.
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Observations and computations for latitude of Laramie, Wyo.—Continued.

DECEMBER 6, 1872.

b= =

© S Level. Corrections.

aC

Boa g £ .
é‘g gé , Remarks. ]?12}:1&33;?03 Micrometer, l Latitude.
= 28 N. S and refer-| Level. |Meridian.
Z = ence. ’

t. d. d' d< o 7 " ! " " o 7 "

666 | 20 93.2 1.5 24.5

695 ( 203L.3! — 20 48,0 |[ioeooel oal. 4119276 | —019.3 [ —12.9 .......... 41 18 55.4

943 | 20 27.0 24.0 30.0

980 | 20 7.0 R0 2.0 |oeaal oot 1830.,4| +0 6.2 4121 |.......... 48.7
1017 | 10 79.0 30.0 5.0 30s late ..
1024 | 25 67.0 29.0 206.0 ..ol Lol 11 7.9 + 745|422 +0.11 . 52.7
1058 | 26 26.5 38.5 16.0 ... ... 8370 | +10 7.3 | 4+10.7 |ceecenn... 55.0
1107 6 72.5 36.5 20.0 1
1117 | 22 86.8 26.0 3LO ..o...... 1026.7( 4+ 82L7 | + 3.2 [ceeeen.... 51.6
1204 | 14 24.7 42.0 1.5 :
12211 26 98.5 25.0 32.0 'l oLL W US| —635.9] + 4.8 ccceea.... 53. 4

DECEMBER 7, 1672.

863 | 33 85.0 25.0 22.0

872 3 30.5 8.5 39.5 | 40 late . .. 41 310.2 | +1549.3 | — 7.7 +0.1 | 41 18 51.9

948 | 18 17.2 28.0 19.5

Y80 | 18 28.5 30.0 0.0 femieee. onnn 18306 | 4+ 0151 4+ 5.1 Jueenun... 50.8
1017 | 11 72.0 29.0 20.0
1024 | 26 90.0 | feuenn. |. 11 81| 4 75L8 | — 84 ..o ... 51.5
1035 | 18 54.2 1 44.0 |..oool Lo 3R.7( +3320| —84|.......... 51.3
1058 | 86 91.0 18.5 3LO |eeieean oo, 8371 410 98| + 7.5 |caeeun.... 54.4
1107 7 20.0 44.5 5.0
1133 | 30 73.0 24,0 23.0

1140 6§ 38.0 32.5 130 feeceee onens 6 9.6 +1236.8) + 5.6 | cueun.... 52.0
1204 | 12820 21.5| 20.0 '
1221 | 25 8L.5 39.0 T |eeeaa e 25 24,4 | —643.9| +10.8 |.euo..... 51.3
1238 | 11 60.0 26.0 20.0
1261 | 24527 10.0 27 U R 12128 | 4+ 641.8| — 57 [cneeenn... 48.9
1286 | 13720 26.0| 23.0
1316 | 23 49.0 2L.5 206.0 ..o ... B54LT| —5 27| —0.4{eeeune... 51 6
1382 | 27 44.5 28.0 19.0
1408 9 85.3 14.0 30.0 ..ol .o 946,91 +9 6.7| —20|.cavun.... 51.6
1651 18 49.7 20.0 25.0
1676 17 76.5 19.0 R6.0 [ceueee ..., 19164, — 0227 —3.3|.......... 50. 4
1721 | 21 98.0 25.0 20.0

1726 183840 | ... {........ [ 17 2.5 + 15 — 33 [eeeaaenns 52.3
17134 | 15 45.5 15.0 3.0 .o o.ll 15 32.0 + 3 — 33| ... 515

DECEMBER 8, 1872.

4| 12 6.5 L 18.5 22.0

843 782.3' 230 16.0 |.eeuae cannn 4116 6.8| -+ 2429 | 4 1.0 {.eeuun.... 41 18 50.7
7931 | 20 71.0 l 1.5 18.0

948 17 88.8 3.0 i A O 20254 — 107 — 84 iaeuea.... 49.3
7994 | 273951 18.0| 93.0 '
8023\ 30 70.5 19.0 P22 T 17129 4+ 1429 | — 2.3 {.......... 53.5
8079 | 19 98.0 42.0 10.0 |

8083 | 20 1.0 0.0 52,0 leeuuan oot 185821 +0 0.9 —55|.cc...... 53.6
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Observations and computations for latitnde of Laramie, Wyo.—Continued.

DECEMBER &g, 1872.

s é % Level. Corrections.
> &0

g4 E5 Remarks, | Half sum of Latitude.
'E 2 <] * | declination. (Micrometer| b g
] 29 N. S. and refer-| Level. |Meridian.
'z | ence.

t. d. d‘ d. o f ” ! " " o o
8174 9 97.0 33.0 24.6
8188 | 27 14.5 21.0 b3 5 1 N A, 41 9 40.4 + 9125 | — L5 feeeaaano.. 41 18 51.4
8248 | 21 93.8 W.5 20.0
873 | 15 96.8 2L0 38.0 fieenne cuenn 22 3.4 —3 56| — 4.8 canen.... 53.0

681 23 2.0 30.0 29.0

98 | 12 24.8 29.0 3.0 [cencee venne 13 18.7 + 5348| —0.6f.eeenn.... 52.9
116 13 3.5 |eeevanfomanaa]. eemm een s 13 43.1 + 5103 | — 0.6 |ceeenan... 52.8
146 | 34 49.0 3.0 315
164 | 3580 425| 19.0 |eeeee.ono. 25041 +16 0.7 | + 25 |ceaenann. 53.6
201 | 20 7.0 4.0 Q.0
Q4| 16 25.0 28.0 18,0 [.eenaee cennn 16 41.9 | + 2 49| 4 3.3 |.ceeaena. 50.1
290 [ 22 81.0 31.0 14.0
k09 | 15 85.5 10.0 2 NV PR 1515.0 | + 336.2 | — 2.0 jecccaro... 49.2
339§ 20820 7.0 18.5
401 | 16 42.6 19.5 26.0 Joveees cnnnn 16 3.1 + 2166 { + 0.6 [.ecucnnnn. 49,3
430 | 10 49.0 25.0 21.0
450 1 26 95.5 0.0 470 Jeeaoen oot 10350 + 8316 —11.9 feeenna-... 54.7
474 16 8.7 25.0 2.0 [ceeane cnnn. 20 24.8 50.0
4377 21 90.0 17 44.9 49.1
516 | 19 &2.0
533 | 1510.5
535 | 12 52.0 Q174 —120.3| — 5.4 {..caann.. SL7
564 | 23 5.0 14504 +4 6.3 | — 5.4 |-cuacnnan. 51.3
863 | 33 57.2
812 339.0 3104 415380} + 41 {.ccnea.... 52.5
948 | 19 83.0
980 | 19 17.0 1830.7| + 020.5| 4+ 21 |veneunnnn. 53.3

1107 6 92.0 30.5 20.0

1117 | 22 99.9 35.5 16.0 |.aen cennnn. 10 26. 9 + 819.7 | + 81 |.camiaaa. 54.7
1133 | 31 2L.5 3L.0 185

1140 6 99.4 31.0 175 |eenene canns 6 9.8| 412328 4+ 7.2 [.camea.n. 49.8
1204 | 13 34.5 9.0 20.0

1121} 25 93.0 Q.0 26,5 |cans iennnns 25245 —63L1 |+ 12 f.eecen.... 54.6
12381 12 5.0 210 2.0

1261 25 3.0 15.0 35.5 |enmenn aenn 12 18.0 4+ 6434 | — T3 [ieeiannnn. 54.1
1382 | 27 80.5 33.0 19.5

1408 | 10 70.0 37.0 140 foooean. oo 949.5| + 85L6 | —10.0 |.......... 511

DECEMBER 11, 1872,
1

8317 |

8337 2739.8| — 840.8| — 7.3 |oecureenn. 517

68 ‘

98 13189 45 46.5| —12.1 53.3
116 13433 +52L.3; —12.1 52.5
122 13 15.8 ] +5 49.0 | —12.1 52.7
Q01| 208685 24.90 4.5 ' -

224 | 16 35.2 15.0 32.0 [Leee onnnnn 16 42.1 o+ QUT | — 48 e 52.0
R50 | 19 24.2 26.0 20,0
RS ' 20 4.8 9.0 b 2 VI PR 18346 + 0R0.01 — 6.0 l.cunno... 53.6
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Observations and computations for latitude of Laramie, Wyo.—Continued.

DECEMBER 11, 1872.

L . 1 -
° ‘ § 5 I Level, | Corrections.
g e l E%ﬂ T | Remark { Half-sum of - Latitod
2% £5 X 8-+ declination. |Mierometer atitude.
g L 29 N. , 8 and refer. Level. (Meridian.
Zz oA ence.
t. d' d_ d. . o 1 " 7 11 " o ’ 1
430 | 1063.8| 280| 19.0 ‘
450 | 26 6.0 4.0, 43.0 |...... we-e| 411035.3| +82.2| —82l.......... 41 18 51.3
i
4740 169220 15.0| 80.0 |........... 2025.0 | — 1413 |+ 57 [.eeue ... 49.4
437; 21 37.0 {oenseaideannn.. 17452 ( + 0587 + 5.7 |eeeeoio. 49.6
516 | 19 48.0 | 42.0 6.0
533 | 1590.5| 25.0| 23.0
564 | 24 4.0 5.0 44.5 ..ol 14 50.7| + 4128 | —10.3 |.......... 53.2
693 | 27 9.0] 20| 220
715 | 1563.8| 120 | 38.0|........... 24543 —5559|—~55......... 52.9
T35 | TTRO feeemeinfeee e L 2896.5| —92.0|—55.......... 52.0
736 | 23323 30.0| 210 .
87| 12 31.0 0.0 5LO[cceee..... 24447 — 5423 | —1L6 |.......... 50.8
8631 3396.0] 20| 235
872| 356.0{ 180 340 [cecee...... ', 310.7! +1544.8 | — 3.2 [oee.. .. 52,3,
1
943 | 1914.0| 20.0| 220 i { .
920 | 18 79.0 | 42.0 70 | e i 18342 4 010.9 | +11.6 |.......... 53,7
i 1 :
1017 12 2.0 20.0| 26.0
1024 26326 ... 1 8.6 4+ 7311 | +52l ... 50, 9
1035 1836.2| 350] 100 .......... 15 28,3 ! + 3171+ 5.2 50.6
1058 25 96.5| 22.0| 24.0
1007 656.8| 45.0 20 |en e 837.6| 410 29| 4102} .. .. 517
1133 3990.3| 25.5| 2L0
1140 666.0| 13.0] 340 .......... 610.1| +1245.6| —4.5(.ccc...... 512
1204 12820, 30.01{ 17.0
1221 2575.21 26.0| 20.0|........... 25249 — 640.1 | + 52 .......... 50. 02
1238 11650 | 18.0| 26.0
1261 24 46.0 ] 20.0 | 25.0{........... 12184 4+ 6381 | + 3.5 [oeeen... 53.0
DECEMBER 13, 1872.
4113190 | + 5348 — L1 |.......... 4118 52.7
13433 45 9.8\ — L1 | ........ 52. 0
13159 4+ 5373 | — L1 |........00 52, 1
201 | 19 448 31 '
224 15 6.8 13. 16421) 42161 — 7.2 |.....o.... 510
230 16 93.0 ' Q0.
255 1856.0 | 28 18347 + 019.6 | — 0.6 |..c...._.. 53.7
200 21 7.5 | 20. |
299 15 17.8 | 42 1515.5| + 3281 |+ 6.8 ...o.... 50 4
533 1610,2 | 29.
564 24 10.5| 17 14508 +4 87| — 6.1 |..cc...... 53. 4
620 3254.5| 2. |
632  450.8] 54. 4 6.1 | e 2.6 | +14.8 |..oeuoo... 9.5
657 18 98.3 19305 — 0333 — 57 |.......... 505
666 , 18 92.5 . 19922 —03L4|— 57| 51.1
695 17 9.3 | 18.0:
2| 19325 o5 '
785 18 51.8 1 42.0 19102, —025.1 | + 89 |.....c.... 54,0
948 | 1861.0| 3L0O : :
980 ¢ 18 34.0 | 44.5: 80 |........... 18340 40 84| 4122 | ... ... 52,0
~
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Observations and computations for latitude of Laramie, Wyo.—Continued.

DECEMBER 13, 1872.

s |I § & Level. Corrections.
o o 3 I e
S 3 g2 Half-sum of . .
—"% ] Remarks. | geclination. |Micrometer| Latitude.
E ge N. S. and refer- Level. Meridian.
'z = ! ence.
t‘ d. d. d_ ! o] 1 1 ’ 1" 1" [e] I "
12 0.0 340 170
DY 3 I E ceeeee..] 4111 89| £ 75L5 | —
18 76. 0 20| 49.0........... 15985 | +330.1] —
20480 | 420 9.0
11720 155 | 36.0 | 20late. ... 14159 | + 4304 + 3.4 0.1 49. ¢
12630 3LO; 925
25470 | 3LO| 24.0|........... 2595.2 — 6375 | 4 43 |.coe ... 52.0
11380 25.0| 310! |
2ELE| 450 IL5 [ 12187 4 6926.6 | £ 7.6 ... 52.9
l \
DECEMBER 15, 1872
| ] i
19ens| 17.0] e85 !
1888.0 | 330 130 ........... 4118580 —010.4| + 2.3 |......... 41 18 49.9
93L5| 230 210 '
2713.8| 180 26.5|........... 9401 4+ 913.9| — 1.8 ... 52.2
|
2116.2| 20.0| 240!
1485.01 30.5| 140 ........... 22 34| 3162 +3.4| ... 50. 6
! ¢ !
23 13.0 1 20.0 | 16.0 ! : |
1442.0 ', 141910 4 4307 | 4+ 261....... 52. 4
18 61.0 I oL5 | 250t ... .. 1620.0 -+ 2205|426 ... 52.1
9680 ...l 30172 —1130.4 | 4 4.6 |.......... 51,4
1470.0 1 19.0| 7.0 ... ..... 2739.8 — 8544 | 4 4614, 50. 0
31805 36.0| 11.0 :
37156.0| 335| 125
1.03( 115| 380 ..........] 4059386 53.3
1
23 12.5
12 37.0 4113 19.1 51.1
13 18.8 ' 13 43.3 49, 8
12 285 13 15.9 50.5
20 45| 280| o5 g )
16 7.5 335( 130 |........... 16422 2 34| el 59,8
176L0! 25| 950 :
183201 20.0] 270 |........... 18348 0221 ; — 29 .. 54.0
21 74.0 | 37.0 9.0 ¢ i
15102 20.0] 150 ... ... 1515.5| + 326.3 ! LG e 53, 4
!
21625 21.0| 165) | ‘ : ‘
17 45.3 | 35.5 - S T e 16325, +2 9.7 4106 ......... 52, &
973.0( 20| 20.0: ‘ I .
28101 125| 805 .......... J 103570 4 819.8| — 44...... .. 51.1
15935 oo 20954 —136.7| + 22 . ... 50.9
21135 285 14.0 . 100 110 1745.50 4+ 1 5.0 420 |.......... 52.5
19 45 115 2.0 ‘
15 35.0 19.0 | 23.0° ' l
12870 Looioe oL , 50 Iate ... 20180, —117.1 —-9.5! 4+ 0.1 515
23 33.5 6.0 36.5'.......... 1W5L0° —4 82 — 95 ... 49.7
|
2436.0 |.oeneal i . 29964, —103L1 — 51 ......... 50.2
33 5.2 2.0 @30l ...l 3310.9 1 —1413.7, — 5.1 521
31520 ........ .. 3358.0| -15 13|51 516
4 531 140 995"
323787 20| 2.0 ‘ |
420,01 370 85 loveen il 162 414358 4 7.6 . ..., 4.6
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Observations and computations for latitude of Laramie, Wyo.—Continued.

DECEMBER 15, 1872.

4y & .
° 2g Level. Corrections.
o Q2 —_ —_—
@ g8 7 Half sum of : .
g% e ‘ ‘ Remarks. | goclination. [Micrometer Latitue.
El 28 0 N S. and refer-| Level. [Meridian.
k4 = l | ence.
\ o 7 " ! e o I "
19 17.8 toeeeceeifeneeaidoeean e, 411930.7| — 035.2 41 18 51.2
19 14.0 | 33.5( 13.0 |........... 19284 — 0340 50,1
18 4.5 50| 4L0
1920.0: 255! 24.5
18523 | 250, 255 |eeeue..n. 19107 —019.5 |+ 0.1 |eemeenn... 513
32960 320 | 19.0
269.0, 185 320 |cceeo...... 31L0| +1540.8 | — 0.1 [eeuren.... 51.7
19 42.0 ‘ 25.5| 25.0
13840 280! 20L0|........... 183L7| 4+ 0180 ! 4+ 21 |vcenen.... 51.8
26 45.0 ‘ 25,01 215 |........... 2020 —2921 | —55 ceeen.... 53,4
2187.8| 1L51 350
1292 330 1 ST 14162 + 4365 | — 1.2 | ......... 515
6700, 220! 2.5
23 3.0, 155, 3L5|........... 1027.8| 4+ 8205 |— 5.1 ..... 50.2
{ t
3166.5{ 230 240 i
743.2° 3.0, 10.0 ... ... 610.7 | +1233.2 1 + 71 |.......... 51.0
12 46.0 l 26.0 . 240 .
25 46.0° 39.0| 10.0 f........... . 9525.4| —644.0 | 4 8.8 {-eeuunnnn. 50. 2
12310 2.5 23.0 ;
25 11.0 l 16.5, 320 [oo......... 12189 | + 6378 — 3.5 |eeeeu. .. 53.2
!
1339.04 235 250 ; i
23546 420, 80 |......... 23557 —515.6 4 8.9 [aeeeeien. ! 49.0
27 20.3 ‘ 30.0 | 18.5 ‘
1010.3 35.0 | ol ... 950.5| +85L5 |+ 9.2 . ....... ! 51.2
12 80.4 | 36.0 7.5 | :
31 0.0 240 25| ... ! WI1L3| —995.5( 4+ 7.7 leeeeen... 53,5
19 7.0 | 201 2.0 : .
18380 165  30.0 |........... 19174 —o02L4)—4a5| ... | 51.5
. s
21 75.5| 28.0| 19.0 i
1819.0 | 155 | 320! 45 late... 17 34| 4+ 150.8 —21| +0.1 59,9
| ‘ j ; B
DECEMBER 17, 1872
18 51.8 | 20.0 | 24.5 l
19 20.5 ‘ 15.0 | 295 |.cooee ... 4118349 + 0241 —501........ {40 18 53.5
223801 245 2.0 { ,
15 4-2.0| L5 | 220 30slate... 15156 | + 336.3| + 1.1 -*_0.1| 53.1
19 97.0 . 2&5 ' )
15 93.8 i 31.5 1632.6| + 2 5.3 -+12.2 1 ......... 50. 1
9390 925
25 30.0 ‘ 23.0 10358 4 8145 4+ L2 foeeeais 515
15825 ... 2025.6' —149.6! +13.2 . * 49.2
21 2.3, 2.0 17456, + 0520 +13.2 ' 50. 3
19350 140 l
1411.0° 180 !
217&0] 28.5 W5LTY + 35840 + 26| .ennn. i 52,1
235 80 | :
4820! 2.0 33 111 ’ —14145) — 6.6 l......... 50,0
32 9.2 170
3967 44.0 4 6.4 ' 14341 | 4110 ..ol ; 515
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Observations and computations for latitude of Laramie, Wyo.—Continued.

DECEMBER 17, 1872.

S 0
e 2, Level. 5 Corrections.
b g @ &0
23 Sé Remarks. I iaclﬁ',ﬁ:&looni_‘ . Latitude.
g g8 | N | s Micrometer) 1.evel. | Meridian.
“ P )
t. d. d. d. ot u t " o "
657 19 25.2 8.0 2.0 1. ... ..., 411931.0f — 0346 | —4.4.......... 41 18 52.0
666 | 19 16.0 ceee . 19287 —O03L7 | —44j......... 52.6
695 | 18 14.0 12.0 26.0 1
752 | 18 41.0 16.5 3
85| 1775.2 30.0 14.5 [rrees eaes 1911.1 ) —020.5 | + L9 |.aeeea.n.. 52.5
863 | 33 56.8 26.0 1.5 .ol caaao.
872 3 14.2 10.0 32.5 | 35°late ... 3113 +15 45.6 | — 3.8 + 0.1 53.2
948 | 19 82.3 .5 17.5 feemn eeemes
980 | 19 38.0 33.0 6.0 | ... .o.o.. i8 32.0 +013.8| + 9.0 |.cnaan.... 54.8
1017 | 11 49.0 18.0 210
1024 | 26 52.0 LT 11 9.3 + 747111 —4.9|...oo..... 515
1035 | 18 17.0 12.0 7.0 1520.0 | + 32706 | — 4.9 |.eeaan.oo. . 5L
1052 | 25 40.0 18.5 21.0 21214, —231.4) + 21 |eaaao... 5.1
1062 | 20 53.0 25.0 15.0 |.
1095 | 11 76.0 19.0 20,0 1416.6 | + 4326 | + 21 {.......... 513
1133 | 30 9.4 20.0 185 ... ...
1140 6 66.7 3L0 8.0 [aevn vunens 6110 +1233.9( + 6.7 f.cuuenn... 51.6
1204 | 12 27.5 26.0 145 .. ieil.s
1221 | 25 43.0 37.0 3.0l 25257 —648.8) +12.5 |..cuumannn 49.4
12381 11 6.8 16.0 2.0 ! ...........
1261 | 23 90.5 13.0 25.0 | ..... . 1219.2| + 6390 | — 4.9 (.......... 53.3
1286 | 13 36.7 23.0 15.0 |. ..
1316 | 23 65.8 420 | — 40 prmmes e 2B 55,9 —519.8; +14.8 |.......... 50.9
Resulting astronomical co-ordinates.
The following table contains the daily means for latitude !
1872 No.of obs. Mean latitude obtained.
[} s "
December 6 18 41 18 52.43
13 51, 50
8.. 24 51.93
11.. 21 51.83
13.. 17 51.81
15.. 40 51. 46
17 R 51.79

The mean of the daily results gives 51/, 82; the mean of all observations mads, 517 78.

Adopted latitnde..
Longitude .............

. 410 18 51,80 + 0".08
R 2m 22,24 or 105° 35 33,60 west of Greenwich.
1 54m 10s.12 or 9280 32’ 31”7.80 west of Washington

The following points are proposed for occupation as main astronomical
stations during the field-season of 1874:

1. Las Vegas, N. Mex.

2. Cimarron, N. Mex.

3. Sidney Barracks, Neb.

4. Julesburgh, Neb,

5. Crossing of the Union Pacific Railroad by the one-hundredth me-
ridian, or at the North Platte station, Nebraska.

The above will be sufficient during the coming year to answer all the
wants experienced in checking belts of triangles to be extended over
the area to be surveyed, and will continue the work upon the astronom-
ical base.
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The usual field-astronomical observations will be kept up, in accord-
ance with the elaborated scheme of survey determined npon for the
prosecution of further geographical work by the officers in executive
charge of the several parties.

GEODETIC AND ASTRONOMICAL.

The character of the observations made in this most important branch
of the survey has been improved and perfected so far as consistent with
the policy of covering large geographical areas during a single field-
season. The problem of conducting a geographical survey over mount
ainous areas by methods at once thorough and rapid presents many
grave difficulties, prominent among which is the uncertainty as to the
extent of the physical obstacles to be encountered. The present organ-
ization will, however, during the coming season prosecute its labors in
accordance with a certain plan conditioned upon the character of the
several portions of the area to be entered, and founded upon a compre-
hensive system of triangulation developed from bases whose extremities
and azimuths are well determined, the former by astronomical methods.
These series of triangles network the entire area, and in addition thereto
the horizontal and vertical values of the drainage-lines of the several
majn and sub basins are determined.

The progress of the geodetic survey of the character proposed is some-
what slower than by the methods employed prior to the season of 1873;
but when confined to areas of the public domain that are attracting
attention on account of their mineral or other resources developing, and
about to be developed, where the Indian tribes are quiet, the decrease
in cost because of the smaller number of persons required in each party
for reasons of safety makes apparent the fact that a well-established
policy as to the character of the surveys over such areas may be reached.
I have reason to believe that such a course is about to be adopted, and
in consequence hereafter some of the parties of the survey, at least,
may annually be sent to areas not occupied by hostile Indians; while
other parties may be directed to more inaccessible portions of mountain-
territory, where reconnoissance-work alone isrequired, and where escorts
will be needed.

In the season of 1873, the astronomical co-ordinates of points, and the
determination of meridional lines through them, were determined at
Hughes’, Colorado Springs, and Trindad, Col., and Fort Union, N. Mex., all
on the eastern base of the Rocky Mountain range,and a series of triangles
developed from bases at these points into portions of Colorado, New
Mexico, Eastern Utah, and Eastern Arizona. - The labors of the ssason
of 1874 will take up the triangulation at the points where it was left in
the preceding season, for the purpose of completing it over the area
extending from the latitude of Denver southward to the thirty-second
parallel. The several belts will be joined to a number of points, all of
which are along nearly the same meridian east of the Rocky Mountain
ridge. The bases are measured by compensated steel tapes, referred to
a standard, and a sufficient number of repetitions made to guarantee a
small probable error. The azimuths are also carefully determined.

At the extremities of the developed bases, angular measurements are
taken to the most prominent points of the adjacent triangulation-belt,
which points are natural objects—usually high mountain-peaks.

The extension of the triangulation is made from point to point in
accordance with the plan made at the beginning of the season, and the
azimuth of at least one side of every triangle determined.
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‘Within the main or principal triangles there is measured a series of
minor triangles, covering the entire mountain-area, checked latitudinally
at specified points. The checks used for the remaining detailed opera-
tions of the survey are by latitudes along the meanders, and by the
connection of station-points with three or more main or prominent points
within the horizon of each. The belts of triangles are further controlled
by interior check-bases at distances not exceeding one hundred and fifty
miles from the primary astronomical point. By these methods, forty-
four main triangulation-points were occupied in New Mexico and Ari-
zona and thirty-six in Colorado during the season of 1873.

When the connection is made between the two sets, their publication
will indicate the character of the results, which have so far proven very
satisfactory, since the geographical position of most of the points used
could not be sufficiently ascertained in advance to always insure cer-
tainty as to resulting well-conditioned triangles.

A part of the topographie work of 1873, especially that in Colorade,
demands arepresentation upon a scale of one inch to four miles, because
of the intricate character of the several drainage-lines within the Rocky
Mountain system. This will in no wise interfere with the regular and
systematic plan proposed for the atlas of the region west of the one hun-
dredth meridian. Since the final publication of the same, may be made
upon a scale of one inch to eight miles.

The remarkably fruitful results from the topographical work of the past
season are a matter of much congratulation to me, since the several areas
were widely distributed and the different points of departure compara-
tively remote. Certain of the topographical assistants, too, were inex-
perienced ; yet, notwithstanding all this, and the multitude of physical
obstacles constantly in the path of each one of the parties, the area
covered has been notably large, and almost equal to that of the season
of 1871, when it was principally by reconnoissance-methods that the
results were obtained.

It has been alone due to the untiring vigilance of the officers in charge
and the industry of the several topographical assistants that the mate-
rial for the important contributions to the geography of so large a part
of our western interior has been gathered.

METEOROLOGICAL BRANCH.

The general method of the previous seasons has been followed during
that of 1873. Hourly observations have been taken at the primary
astronomical stations with the cistern-barometer, psychrometer, and ane-
mometer. As many cistern-barometers, aneroids, and psychrometers
as could be used to advantage have been distributed among the different
ent field-parties, and a system of observation has been so adapted to
camps, triangulation, topographical, and other stations, as to insure
the determination of the greatest possible number of altitudes. The
record of all these observations, up to the close of the field-season of
1873, has been transcribed upon computation-sheets, corrected and re-
duced, and the computation of altitudes is going forward.

It is proposed to group these altitudes, in accordance with the main
topographical features of the country, in tables, which will appear in
volume 3 of the series of publications.

The contents of this volume will be—

1st. A synopsis of the general plan for meteorological observations,
the Llnethods of reduction and computation, and the application of the
results.
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2d. The tables of altitudes, with general description of the locality
of each group.

3d. Contour-maps of the atlas-sheets, with the curves at such inter-
vals of altitude as are warranted by the results in barometric hypsome-
try, in conjunction with the elevations and vertical distances determined
by the topographers.

4th. Tables and plates deduced from the hourly observations at the
astronomical stations. These will comprise the abnormal and horary
oscillations, and the changes in temperature and humidity of the atmos-
phere, with their effect upon the mercurial column.

‘With these will be published all facts that have been observed con-
cerning the climate and climatal oscillations, with a description of the
physical geography of the region of territory surveyed.

This braneh of the survey is indebted to the cordial co-operation of
the United States Signal-Service.

It has not been practicable, with the limited force that could be
employed in working up the meteorological observations, to prepare this
matter for publication; but, as time can be spared from other branches,
this will gradually be hrought forward.

Being an auxiliary to the other branches of the survey, it is in all
respects subordinate to, and most of its results incorporated with, them.

GEOLOGICAL BRANCH.

Four professional geologists have, for different periods, been employed
to accompany the several geographical parties and examine the struec:
ture of the region traversed. Of these, Mr. G. K. Gilbert was engaged
in 1871, and has continued with the survey up to the present time;
Mr. A. R. Marvine was employed during a portion of the first year
only ; Mr. E. E. Howell during the second and third, and Prof. J. J.
Stevenson during the third year.

In 1871, Mr. Gllbert traveled mostly with the main field-party, cross-
ing portions of Nevada, California, and Arizona, and making the voyage
of the Colorado. Mr. Marvine, who spent but two months at geological
work, began his observations at St. George, Utah, and continaed them,
via Prescott, Camps Verde, and Apache, to Tucson, Ariz.

The succeeding year, Messrs. Gilbert and Howell were employed prin-
cipally in Western and Southern Utah; but their examinations also
reached into Eastern Nevada and Northern Arizona.

For the greater portion of the season Mr. Gilbert accompanied Lieu-
tenant Hoxie, and Mr. Howell the main division; but, upon the return-
march, Mr. Howell joined Lieutenant Hoxie’s party, while Mr. Gilbert
was detached, and traveled alone by way of the valley of the Sevier to
the final rendezvous at Salt Lake City.

In 1873, Mr. Howell accompanied Lieutenant Hoxie throughout the
season, spending the earlier portion of it in Southern Central Utah, and
the latter in Western New Mexico; Mr, Gilbert traveling with divisions
of the main party in New Mexico and Eastern Arizona, and Professor
Stevenson with the party commanded by Lieutenant Marshall in Colo-
rado.

In all cases the geologists were assigned to separate topographical
parties, and their routes arranged, so as to give them opportunity to
acquire the most comprehensive ideas of the character of the country,
and to obtain the fullest collection of data in a little-known region.

To get a right understanding of the results of their work, it is neces-
sary to appreciate a broad distinetion that exists between two regions
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of country that were entered. Almost the entire region included be-
tween ‘the Plains” and the Pacific Ocean is mountainous ; that is, the
rocks which are its foundation are bent and broken and uplifted into
ridges, which ridges are mountain ranges. But there is one exceptional
area in which the beds of rock lie level, or nearly so, and this was named
by myself in the year 1871 the ¢ Colorado Plateau” region. In its gen-
eral features, it contrasts very strongly with the surrounding mount-
ain country. It consists of a system of tables, in places rising above
each other in step-like order, and elsewhere divided by narrow, deep,
and often impassable gorges. A large portion of this region is drained
by the Colorado and its tributaries, but other parts send their waters
to the Sevier Desert and via the Rio Pecos to the Rio Grande.

Of the political divisions, it comprises portions of Utah, Colorado,
Arizona, and New Mexico, and its physical boundaries are the Uintah
Mountains at the north, the Rocky Mountains at the east, and at the
west and south the regions of the Cordilleras.

Through the labors of the topographers and geologists, the general
dimensions of this area are now for the first time known, and its west
ern, southern, and southeastern boundaries, making a line 900 miles
long, are drawn on the map. .

‘Within it are exeeptional opportunities for the study of certain special
geological subjects, and to these their attention has been turned. Onme
of them is that of erosion by running water, which finds its superlative
expression in the cafions of the Colorado, and is there contrasted with
erosion by rain and compared with erosion by drifting sand.

Another subject is that of the origin of mountains; for, although the
plateaus are distinctively not mountains, they contain certain simple
dislocations which are the germs of mountains, and bear the same
relation to dynamical geology that embryos bear to biology. These
dislocations are faults and simple folds, and they have been traced and
studied for hundreds of miles.

Another subject to which great attention has perforce been given is
that of volcanic phenomena.

Every State and Territory west of the plains, every physical division
the Rocky Mountains, the Plateaux, the Cordilleras, are crowded with the
products of voleanic action, ancient and modern. Hardly a mountain
range lacks them,

The largest consecutive areas without them are among the plateanx;
but in that same province, also, are some of the largest lava-fields.

- In Southern Utah there arc connected floods of lava, covering an area
of 5,000 square miles; and of this area the geologists of the expedition
have obtained data for geological maps.

They have also approximately defined the limits of a similar area in
Arizona and New Mexico not less than 20,000 square miles in extent,
and never before recognized as a connected belt.

Of the conclusions which they draw from their accumulation of vol-
canic data, one, at least, is of general interest, namely: that eruptions
in our western territory will be again resumed, which occurrences may
take place at any time. In the past, they have occurred so recently
that it is, indeed, surprising that there is no human record of them.

The distribution of the geological formations has been made out with
a good degree of accuracy in the portions of the plateau country and
Rocky Mountains that have been examined; but in the region of the
Cordilleras less has been accomplished, for the reason that all relations
there are more complicated and no strata can be traced continuously for
great distances. Amongthe contributions to stratigraphical knowledge
are the determination of the Tertiary age of the Sam Pitch coals of
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Utah, of the Cretaceous age of the coals of Castle Valley and Southern
Utah, and of the Cretaceous age of the disputed coal-series of Colorado.
Tertiary, Cretaceous, Jurassic, Carboniferous, and Silurian rocks have
been identified by fossils in Utah, and all of these but the Jurassic in
New Mexico; in Colorado and Arizona, Cretaceous, Carboniferous, and
Silurian; in Nevada, Jurassie, Carboniferous, and Silurian; and in South-
ern California, Carboniferous and Silurian.

The age (heretofore in doubt) of the shale and sandstone at the base
of the series of strata exposed in the Grand Calion of the Colorado has
been ascertained to be primordial.

Of special subjects of study, one of the most interesting has been that
of the glacial epoch. The southern limit of the ancient system of gla-
ciers has been ascertained through the entire extent in longitude of the
survey, and an attentive examination has'been made of the record of an
expansion of Great Salt Lake, which occupied the valleys of Utah, while
its highest mountain-gorges were choked with ice.

The elaboration of these results into reports for publication has occu-
pied the geologists during the winter-months.

The report of Mr. Marvine is in manuseript, ready for the press, and the
same may be said of the report of Mr. Gilbert for the field-work of the sea-
sonsof 1871 and 1872, and of thatof Mr. Howell. A portion,however,of the
notes of the latter gentleman have been put into the hands of Mr. Gil-
bert to combine with some closely-related examinations of his own, and
embody in the report, upon which he is now engaged, of his examina-
tions in 1873.

Professor Stevenson has completed and submitted his report, with the
exception of a single chapter. The whole will fill, when printed, about
350 quarto pages.

In the preparation of these reports, the itinerary form, so easy to write,
but so inconvenient for use, either by the general reader or by the future
student in the same field, has been avoided, and all the material pre-
sented has been thoroughly classified. Facts of common character have
been brought together, and where their importance warranted, have been
briefly discussed in their relations to each other and to cognate facts
in other fields ; and it is believed that the arrangement is such that the
various data will be readily accessible to those who shall have occasion
to use it. ’

An atlas of geological maps is in preparation, to accompany the
reports.

The general facts of rock-distribution are to be indicated by colors laid
upon the topographical-atlas sheets, and special maps will be constructed
to illustrate some other features, such as the distribution of glacial phe-
nomena and of thermal springs.

The illustrations with the text will consist of fourteen plates, derived
chiefly from photographs of peculiar geological features, and of a large
number of wood-cuts, the major part of which are now drawn.

.The wood-cuts are chiefly diagrams and sections representing rock-
structure, and are strictly explanatory of the text.

The geological collections (without including the fossils and ores)
number 2,700 specimens. One of their chief uses has been already sub-
. served in enabling the geologists to study, during the preparation of
their reports, peculiarities of texture and cowposition that could not
receive full attention in the field; but a larger portion of them have a
permanent value also as material for special lithological study.

It is hoped that at some future day the volcanic rocks, which out-
number all others in the collection, can be placed in the hands of a com-
petent specialist for study.
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PALEONTOLOGY.

The fossils number 4,500 specimens, and come from all portions of the
area examined. They have 1ha their first (geological) use in identify-
ing the several formations in a great number of localities, and promise
to reward richly their paleontologlcal study. A preliminary examina-
tion has been made of the invertebrates by Mr. F. B. Meek, the paleon-
tologist, and upon his judgment an estimate has been made of 150 quarto
pages of text and 30 plates for the description of the new forms.

The vertebrate remains, including bones of mastodon, horse, camel,
rhinoceros, &c., have been submitted to Prof. 0. C. Marsh, who will
report upon them.

The collections were made by the geologists and mineralogists of the
expedition, and by Assistant George M. Keasby, who accompanied one
of the parties in New Mexico in the last season with the special errand
of gathering vertebrate remains.

MINERALOGY.

During the field-season of 1871, Acting Assistant Surgeon W. J.
Hoftman accompanied the expedition as naturalist and mineralogist,
and in 1873 Dr. O. Loew joined the survey as mineralogist and chemist.

Besides the collections of these gentlemen, a great many specimens of
minerals and especially of ores have bcen gathered by the officers in
charge of parties and by the geologists.

The entire accumulation numbers 1,600 specimens. Dr. Loew has
prepared a report to be included in the geological volume, comprising,
with a résumé of the results of previous years, a full account of his
chemical and other investigations. It is now ready for the press, will
fill 45 pages, and includes—

1. A report on the agricultural capacities and lands of portions of
New Mexico and Arizona, with notes on the geographical distribution of
plants, and on several cosmical phenomena.

2. The analyses of all mineral springs encountered, of saline efflo-
rescences and incrustations; also analyses of soils and plants, of coal-
specimens, ores, kaolins, and of a fossil Tesin hitherto unknown.

3. A description of the voleanic rocks of New México and Arizona,
with numerous analyses. Insome of these rocks, cobalt and nickel were
found, an occurrence heretofore not observed.

4, Tables comprising the minerals collected, their occurrence in Ne-
vada, Utah, Arizona, New Mexico, and Colmado These comprise the
collections of the last four years, and are arranged after the chemical
system of Professor Dana.

Numerous mining-distriets in Colorado and New Mexico were visited,
}Jhe oges and their geoloo"lcal occurrence described, and specimens col.
ecte

In Colorado, especial attention was paid to the mines of Gold Hill,
Central, and Georgetown.

The predommamng ores of Gold Hill are the tellurides of gold, sil-
ver, and lead ; those of Central, auriferous pyrites; those of George-
town, argentiferous galena. .

The principal gold-mines of New Mexico are situated in the Placer
Mountains, 30 miles south of Santa Fé, where the precious metal is
found free in placers as well as in iron-pyrites.

The chief silver-mines noted in this Territory are those at Silver City
and Fort Bayard, where chloride of silver occurs in gypsum and slate,
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associated frequently with cerassite, galena, and wmalachite. These ores
are chiefly deposits, no true fissure-veins having as yet been developed.
Similar ores occur on the Sierra Madalena, (Socorro mines,) together
with frequent deposits of argentiferous cerassite.

True fissure-veins of argentiferous galena occur at La Joya on the
Rio Grande Extension, and valuable copper-mines are worked in the
Burro Mountains, at Santa Rita, and on the RioSan Franeciscoin Arizona.

Silicate, carbonate, red oxide, and sulphide of copper are the princi-
pal forms in which the copper is encountered. Colorado and New Mex-
ico abound in mineral springs. These springs may be classified, as to
their thermal conditions, into hot and eold, or, according to their prom-
inent compounds, into soda, ironm, salt, sulphur, lime, and siliceous
springs.

Hot salt-springs occur on the Rio San Francisco in Arizona; hot lime
and soda springs at Ojos Calientes on the Jemez Creek, New Mexico ;
cold soda springs at Caiion City, Col.; iron springs on the Arkansas
River (Carlisle), aud in the Greenhorn Mountain Range a sulphur-spring.

Spectroscopic investigations have always been combined with the
analygis, and thus the presence of lithia was detected in most of the
classes of springs above mentioned.

NATURAL-HISTORY BRANCH.

The force at disposal has been directed with a view to the accom-
plishment of the largest possible results, which have proven entirely
satisfactory.

Considering the character and extent of the area entered, the attend-
ant expense has been comparatively small.

The subjoined report from Acting Assistant Surgeon H. C. Yarrow,
U. 8. Army, sets forth the objects, operations, and results more fully.

-

REPORT OF ACTING ASSISTANT SURGEON H. C. YARROW, U. S. ARMY.

UNITED STATES ENGINEER OFFICE,
GEOGRAPHICAL EXPLORATIONS AND SURVEYS
‘WEST OF THE 100TH MERIDIAN,
Washington, D. C., June 30, 1874,

Sir: I have the honor to submit the following brief résumé of the
results of operations in the braneh of natural history of the survey under
your charge, during the past year, introducing incidentally facts bear-
ing upon the results of the two previous years.

Such a sketch would appear particularly desirable at this time, since
as yet, excepting in two instances, the natural-history branch has been
unable to publish either notes or descriptions of the specimens collected
and studied during the period in guestion, notwithstanding many hun-
dred pages of manuseript have long been prepared.

The general plan for studying the natural history of the Western Ter-
ritories has been to collect everything calculated to throw any light on
the subject and add to our somewhat limited knowledge of the geographi-
cal distribution of animals and plants, and afterward to submit such
collections to specialists for study, and a report of the results of their
investigations ; the specimens finally being presented to the National
Museum at the Smithsonian Institution, by which establishment they
are distributed to different institutions of a similar character through-
out the world.
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For the last-mentioned reason, therefore, especial attention has been
directed to procure duplicates, in order that, instead of our industry
appearing selfish, numbers of learned institutions might partake of the
knowledge thus acquired.

Some years since it was held that the possession of scientific acquire-
ments should be ounly for a favored few ; but at the present day more
thorough systems for the dissemination of scientific knowledge have been
inaugurated.

To the corps under whose auspices this expedition was projected,and
is still carried on, is due, to a great degree, the popularization of the study
of natural history in this country.

The operations of the natural-history branch of this survey may be
briefly stated as follows:

In 1871,the services of Dr. W.J. Hoffman, U.S. Army, and Mr. Ferdi-
nand Bischoff were secured, the former as surgeon and naturalist, the
latter as collector, by whose jointefforts many hundreds of specimens were
secured in zoology and botany, among which were quite 2 number hith-
erto unknowa to science. Of this collection, the botanieal portion was
placed in the hands of Prof. Sereno Watson, of Cambridge, who kindly
named the new species, and submitted a report upon the collection, which
has been received, and will prove a valuable contribution to our knowl-
edge of the flora of the interesting section of country visited.

The mammals collected havebeen reported upon by Dr. Hoffman ; the
birds, by Mr. Ridgway of the ¢ Smithsonian,’ Mr. Henshaw, and myself;
the reptiles and fish, by Prof. E. D. Cope and myself; and the insects, of
which many thousands were secured, by Mr. Ulke, Professor Thomas,
Professor Uhler, and others. In addition to those received at this office,
many other specimens were collected, which, however, unfortunately,
were either lost in transit from the West or destroyed in the great Chi-
cago fire.

The collection of 1871, while not as large as either that of 1872 or 1873,
is extremely interesting, from the fact that many of the rarer forms of
zoological life were met with as well as important data obtained rela-
tive to their general distribution and occurrence. This entire collection
has been deposited in the National Museum.

In 1872, recognizing the great value of the collections already made
by the Engineer Corps of the Army, and being assured that to the scien-
tific world researches in natural history, especially on our western fron-
tier, would add greatly to our knowledge of the zoology of that region,
you permitted unusual facilities for the prosecution of such labor, the
results proving the wisdom and foresight of such a course, since a
collection was made seldom rivaled by that of any similar expedition
hoving but two collectors.

It is but proper, however, to add that several ot the members of the
survey contributed largely to the general stock of specimens.

In this collection there were about eight hundred bird-skins, most
of them rare and valuable; a large number of mammals; several hun-
dred fish, of which no fewer than sixteen species were new to s science ;
and many reptiles, insects, shells, plants, &c., embracing in all probably
5,000 specimens. Not the least important specunens in the collection
Were a number of Indian crania, obtained at considerable risk from the
Ute burial places and ancient mounds in the valley of the Great Salt
Lake, as well as numerous implements, both ancient and modern, used
by the aborigines.

This entire collection has been apportioned among eminent special-
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ists for determination, most of whom have already reported, their man-
uscripts awaiting publication.

The mammals have been identified and reported upon by myself: the
birds, by Mr. Henshaw and myself, with the assistance of Mr. Ridgway,
of the Smithsonian Institution ; the reptiles and fishes, by Prof. E. D.
Cope and myself; the insects, by Mr. Ulke, Professor Uhler, Professor
Cresson, Dr. Hagen, Baron Osten-Sacken, Professor Thomas, and Mr.
Edwards; and the shells by Mr. G. W. Tryon, jr., of the Philadelphia
Academy of Natural Sciences.

The botanical collection has been worked up by Prof. Sereno Wat-
son, of Cambridge, who had charge of, and reported upon, the collection
of 1871.

The Indian crania havebeen forwarded to the Army Medical Museum,
and we are assured by the officer in charge that the donation is a val-
uable one.

In1873, the natural-history party was enabled to take the field early,
and, through the indefatigable exertions of the collectors, results were
secured even exceeding those of the previous year; the official record
showing the following number of specimens :

“ Seven Indian crania.

“ One hundred and sixty mammals.

* One thousand and two hundred bird-skins.

¢ Five hundred birds eggs.

“Twenty-five birds nests.

“ Tifty birds crania, skeletons, and sterna.

¢ One hundred and forty-five reptiles.

“ Five hundred and five fish.

“Five hundred beetles, (Coleoptera.)

“ One hundred and fifty butterflies, ( Lepidoptera.)

¢ Five hundred grasshoppers, (Orthoptera.)

“ Thirteen lots of flies, (Diptera.)

“ Thirteen lots of bugs, (Hemiptera.)

¢ Twelve lots of worms, leeches, larvae, &e.

“ Seven lots of ants, (Formica.)

“ Fifty-five lots of shells, land and fresh-water.

“ Twenty-four lots of dragon-flies, (Neuroptera.)

“ Twenty-eight lots of bees and wasps, (Hymenoptera.)

“ Twenty-six lots of spiders, scorpions, &c., (Aracknida.)

“ Fifteen thousand plants, embracing at least one thousand and five
hundred species.”

This collection contains many new as well as many rare species,
seldom to be found in public museums, As in former years, the plan
has been continued of distributing the specimens to eminent scientists,
and from the majority of these gentlemen réports have already been
received and are now ready for printing.

Thanks are due to the following gentlemen, who have so kindly aided
in many ways, in every case giving their valuable services gratuitously
to the elucidation of scientific material connected with the expedition,
viz: Prof. Joseph Henry, Prof. S. F. Baird, Prof. E. D. Cope, Prof. S.
A, Allen, Prof. A. E. Verrill, Prof. O. C. Marsh, Dr. H. Allen, Dr. H.
‘Wood, jr., Dr. George A. Otis, U. 8. A, Dr. J. J. Woodward, U. S. A.,
Protf. A. Agassiz, Dr. H. A. Hagen, Mr. W. H, Edwards, Mr. Theodore
L. Mead, Dr. P. H. Uhler, Mr. H. Ulke, Prof. Cyrus Thomas, Prof.
Townend Glover, Mr. Robert Ridgway, Mr. G. Browne Goode, Prof. E.
T. Cresson, Mr. W. G. Binney, Mr. G. W. Tryon, jr., Prof. Sereno Wat-
son, Mr. George Thurber, Prof. Thomas. P, James, Dr. George Vasey,
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Baron Osten-Sacken, Mr. G. N. Lawrence, Mr. Thomas Bland, Prof. S.
Olney, Mr. R. H. Stretch, Mr. Aug. R. Grote, Dr. William Holden, Mr.
Edward Norton, Dr. Elliott Coues, U. S. A., Prof. Asa Gray, Mr. J. H.
Milner, Dr. A. S. Packard, jr., Mr. S. C. Scudder, and others.

In conclusion, I beg leave to express thanks for the great interest
manifested in this branch of the work committed to your charge as
well as for the facilities you have always afforded for making collections.

With the hope that, as in the past, the future may find you alive to
the importance of the natural-history wants of the period, I have the
honor to be, very respectfully, your obedient servant,

H. C. YARROW,
Surgeon and Naturalist to Expedition.
Lieut. G. M. WHEELER,
Corps of Engineers, U. 8. Army.

PHOTOGRAPHS.

As heretofore, a photographer has accompanied the expedition, follow-
ing a route from Santa Fé westward, via Fort Wingate ; thence to Camp
Apache, and the vicinity of the Sierra Blanca range, Arizona; thence
northward, vie old Fort Defiance, Moquis Pueblos, and the Cafions of the
Colorado.

A great variety of negatives, of which a few prints have been taken,
were secured, illustrative of natural scenery, the habits and customs of
the Indian tribes, ancient ruins, &e.

During the season, the executive officers of parties have gained valna-
ble experience in the subjects of observation intrusted to their charge.

The property, purchasing and disbursing branches have been faith-
fully and efficiently filled by Assistants Franeis Klett and George M.
Lockwood.

OFFICE.

While the expedition of 1873 was in the field, three dranghtsmen and
one computer were employed in the office, and completing results to the
close of the season of 1872, both topographical and meteorological, and
those of 1873 are well advanced.

The great mass of geographical information obtained annually obliges
this method, which proves to be most economic.

CONCLUSION.

The progress and improvement of thesurvey have passed through suc-
cessive stages since its commencement in 1869. It is believed that in
its present efficient state it answers a want of the War Department
and the country, and has at its foundation a judicious economy.

The results are available to other executive departments of the Gov-
ernment than the War Department, and incidentally to the industries of
the region surveyed. While suggesting the propriety of the continu-
ance of the survey, a few of the many classes of information are here
noted, the results from which are believed to be of constant necessity and
usefulness in the War Department:

1st. The published maps, profiles, and compiled distances over pres-
ent and future routes of communication and supply that look to a saving
in cost of transportation of all materials and munitions of war and other
sapplies forwarded through the Quartermaster’s Department of the
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Army. As a correct understanding of the topographical features of a
country is necessary to all military operations, either in times of war or
peace, the necessity for the acquisition of this information in a system-
atic form at the War Department, and its dissemination through the
different branches of the military service, becomes apparent.

2d. The establishment of routes of communication necessary for the
supply of interior posts. For an understanding of the above, the inter-
lying country requires thorough examination.

3d. Critical routes to be followed in the interchange of troops between
distant stations when demanded.

4th. New and shorter routes for forwarding recruits to their com-
panies and stations.

5th. Routes for scouts pursuing hostile or unfriendly Indians.

6th. The selections of sites for new military posts established in
advance of, or as safeguards to, civilization.

7th. Routes for troops when called out for the protection of miners or
settlers.

8th. A knowledge of the resources of the country surrounding the
military establishinents, and its capacity for faurnishing supplies.

9th. Routes of transit when troops are ordered to remote points in aid
of the civil law.

10th. A knowledge of the character and habits of the several Indian
tribes, and their disposition toward each other and toward settlers. )

The above are a few of the classes of examinations necessary and
valuable to the several Bureaus of the War Department and to the
commanders of troops in their pioneering into the unoccupied and com-
paratively inaccessible portions of the western interior.

To obtain such information that should be at all times immediately
available for the uses of the War Department, such observations as are
necessary for an accurate delineation and description of the surfuce and
resources of the area surveyed must be made. This calls for geographical
surveys in their highest and broadest sense.

The position of the cognate branches of science in carrying on so im-
portant a work must naturally be subservient to the exact science neces-
sary to the delineation of the surface with accuracy. Meanwhile, the
co operation of specialists in the branches above referred to will, without
largely increasing the cost, enhance that portion of the results relating
to the resources of the region surveyed, and to them the best facilities
for the prosecution of their inquiries are afforded, as also most excellent
opportunities for the proper application of their results.

In order that the survey may be continued at the standard proposed
in the Progress Report for 1872, the estimate below submitted will be
required to be appropriated, so that one of the units of force may take
the field, and within the year, or shortly thereafter, publish its entire
and complete results.

The survey is capable of expansion to meet the wants of the Govern-
ment, but its operations cannot be made satisfactory except at least
one of the units of force is appropriated for.

The law for the present year adwits of the prosecution of the survey
with the force at its disposal in any portion of the area west of the one
hundredth meridian.

The special area for the season of 1874 has been authorized by the
War Department.

Of mountainous areas very little known, whose present and prospect-
ive mining developments indicate that this industry will soon enter
them, are portions of New Mexico, represented by that part of atlas-
rectangles 77, 84, 78, and 85, west of the Rio Pecos and east ot the Rio
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Grande; also, in rectangles 47, 48, and 57, and portions of 65, along the
east base of the Sierra Nevada range.

It is not deemed essential or advisable to have limited long in advance
special areas to be occupied in any one year, although, so far as practi-
cable, the areas of several years should be made to conjoin, yet the
survey should be held as an intact organization, prepared to carry on
its work in any portion of the interior west of the one hundredth merid-
ian into which it shall be ordered by the War Department.

As the surveys of the General Land-Office are being extended into
the mountainous mining-districts, and as there are boundary-lines be-
tween political divisions yet to be marked, I would suggest the propriety
of an interchange of results between the General Land-Office and this
survey.

The use of details of the former prevents the necessity of duplication
of work in certain valley-areas, while points could be furnished checking
standard meridians and bases, prominent points on boundary-lines, ini-
tial points for the surveys of mining claims and areas, &ec.

The amount required for the prosecution of the ﬁeld and office work
of the survey for the fiscal year ending June 30, 1876, by the unit of
force proposed, is $95,000. No less sum than this can be used with the
same resulting degree of economy.

The probable distribution of expenditures under this appropriation
would be as follows:

Expense of nine parties in field and office. .. ... ... ... ... ... $58, 000
Transportation, including purchase of animals.._.... ... .............. 8,500
Purchase of materials, outfits, &C.ococn con can i i i e e 6, 500
Subsistence of parties in the field - 6,400
Forage, including winter-herding................o. ... ... 7,500
Repairs of instroments. ... ..o e aaaaaan 1,500
Office-rent, fuel, storage, &C .o cue ceooie o it e e i 3,100
Contingencies, mcludmw erection of monuments and observatories at astro-
TLOMIACAL SEAEIONS -+ - o oo o eeoee e e oo e 2 e 3,500
7 17 ) R 95, 000
Amount appropriated to continue explorations and surveys west of the one
hundredth meridian for the fiscal year ending June 30,1875........._... $30,000 00
Amount allotted from balances existing June 30 1873, and made available
by act approved June 23,1874 ... ... Liii.iooi.l.. 60, 000 00
Amount remaining on hand at close of fiscal year ending June 30, 1874. .... 25,839 45
Amount required for field and office for fiscal year eudmg June 30 1876.... 95,000 00

All of which is respectfully submitted.
GEo. M. WHEELER,
First Lieutenant Corps of Hngineers, in charge.
Brig. Gen. A. A. HUMPHREYS,
Chief of Engineers, U. S. Army.

F F 2.

PLAN FOR PUBLICATION OF REPORTS AND MAPS, WITH ESTIMATES.—SUM-
MARY OF PUBLICATIONS TO PRESENT TIME.

UNITED STATES ENGINEER OFFICE,
GEOGRAPHICAL KEXPLORATIONS AND SURVEYS
WEST oF THE 100TH MERIDIAN,
Washington, D. C., June 30, 1874,

GENERAL : The estimate of $95,000, submitted as the amount neces-
sary to continue the work under my charge for the fiscal year ending
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June 30, 1876, covers the expense only of the field and office work of the
survey, but not the publication of maps or illustratious for the survey-
reports.

In the act approved June 23, 1874, the amount of $25,000 was appro-
priated for the fiscal year ending Juune 30, 1875, for illustrations for the
volumes to be published.

The greater number of the manuseripts for the six volumes proposed
(see Annual Report of the Chief of Engineers for 1873, p. 1717) are ready
for the press, and only await the preparation of the illustrations for
the same, which will be begun early in the coming fall.

The necessary changes, in the manner proposed in the last annual
report, for the form and scope of the volumes are as follows: Volume 1
is to include the general report of 1873, and condensed reports upon all
the mining-districts visited since the year 1871, 1t should be complete
soon after the return of the expedition of 1874. Volume 2 is to include
reports upon the astronomical stations of 1873. The manuscript will be
ready for the press as soon as the observations necessary for the connec-
tion of the astronomical observatory at Ogden, Utah, with the U.S. Naval
Observatory at Washington, D). C., are computed. Volume 3 is to
embrace the subjects proposed in the annual report of this year. It is
somewhat doubtful whether it can be published during the present fiscal
year. Volume 4, as indicated in the main body of the report, approaches
completion, and ought to be ready for the press by October 10. The
examination of fossils and the preparation of reports upon paleontology
are going oun while the parties are in the field, and ought to be well
advanced by the 1st of October. This volume will also contain a report
upon the vertebrate fossils collected in 1873. Manuscript reports for
volume 6 are nearly ready, and can go forward to the printer during
October.

It has been found impossible to include in the present annual report
total results up to date in the astronoimnical, meteorological, and topo-
graphical branches, as stated in my last annual report. They are all
brought closely to completion, however; and the reports relating to the
cognate branches of the survey, as therein indicated, will be hereafter
brought out in special form.

The present field-season must necessarily be a short one, and during
the coming year it is deemed possible to establish a complete harmony
between field and office work and results so that, as nearly as possible,
within the fiscal year, the final results shall be placed in publication.
form.

PUBLICATIONS.

Since the inception of the work under my charge, the following sepa-
rate publications other than maps relating thereto have appeared:
Preliminary Report, 1869, (octavo;) Preliminary Report, 1871, (quarto ;)
Table of Camps, Distances, &e., 1871 aud 1872, (quarto ;) List ot Mining-
Questions ; List of Mining-Districts Visited, 1871, 1872, and 1873 ; Land-
scape and Stereoscopic Views taken in the years 1871, 1872, and 1873
Preliminary Report upon the Fishes, 1871 and 1872, by Prof., E. D. Cope,
(pamphlet ;) Annotated List of the Birds of Utah, collected in 1872,
(pamphlet.)

The following reports have been submitted to the Engineer Depart-
ment, with a request for their publication, and it is believed have gone
forward to press: Progress Report, 1872; Report upon the Botanical
Collections of 1871, 1872, and 1873; Report upon the Ornithological
Collections of 1871 and 1872. ‘

FF—38
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A Report upon the Determination of the Astronomical Co-ordinates
of the Stations at Cheyenne, Wyoming, and Colorado Springs, Col-
orado, quarto, was issued in January, 1874,

MAP-PUBLICATIONS.

Topographical atlas. — An advanced-sheet issue of this atlas has been
photolithographed during the year. It contains (1) title-sheet, (2) le-
gend-page, (3) basin-chart, (4) progress-map, and sheets Nos. 50, 58,
59, and 66. A 2,000-copy edition has been published, and 486 sets
distributed ; 500 copies of sheets Nos. 50, 58, 59, and 66 have been
printed on thin paper for preliminary distribution.

Proofs have been presented of sheets Nos. 50, 59, and 66, executed by
the crayon-process. No. 59 is within a few days of completion. In
addition, there are in the hands of the lithographer, of which proofs are.
to be furnished soon, (1) index-map, (2) general topographical map of
the area west of the Mississippi River, and (3) an explanation-sheet.
Sheets 49 and 67 are in an advanced state of preparation, and go for-
ward soon to the lithographer. Sheets 57, 65, 75, 76, 83, and portions
of 77 and 84, are in process of construction on a scale of one inch to
eight miles. The southeastern, northeastern, and southwestern parts
of sheet 61, and the southeastern quarter of sheet 52, are being con-
structed on a scale of one inch to four miles,

All of the sheets above mentioned will doubtless be completed and
published during the coming year., The several photographic copies of
the preliminary maps for office-use are printed by the photographer of
the expedition. There have been made, during the year, issues of the
preliminary maps of 1869 and 1871 and of the office-map of 1872.

There is a large and increasing call for maps of the comparatively
unknown regions west of the one hundredth meridian, and the edition
already authorized will be insufficient to meet the wants of the present
fiscal year. The atlas of geological maps is referred to in the main
body of the report. From material gathered, fourteen sheets are pro-
posed for publication.

The following estimate for the publication of maps and illustrations
for the reports is submitted for the fiscal year ending June 30, 1876.
The amount is the same as that appropriated for the present fiscal year.
For preparation, photolithographing, engraving, and printing atlas and other

topographical maps, includiftg the field-work of 1874. ... .. ... ... ... $15, 000

For preparation, photolithographing, engraving, and printing geological maps,
to include the work of the field-season of 1873 ... .. ... .o ... ... 2,500
For engraving and printing plate and other illustrations for reports......... 7,500
1 25,000

The amount appropriated for engraving and printing illustrations for the reports of
explorations and surveys west of the one hundredth meridian, for the fiscal year end-
ing June 30, 1875, is $25,000.

Amount required for the preparation, engraving, and printing of topographical and
geolo%gical atlas, maps, and illustrations for reports for the year ending June 30, 1876,

25,000.

A copy of the progress-map is herewith, showing approximately the
areas surveyed up to the close of the field-season of 1873,
Very respecttully, your obedient servant, ,
- GEORGE M. WHEELER,
First Lieut. of Engineers, in charge.
Brig. GEN. A. A, HUMPHREYS,
Chief of Engineers, U. S. Army.
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APPENDIX FF 3.
REPORT ON PALEONTOLOGY.

UNITED STATES ENGINEER OFFICE,
EXPLORATIONS AND SURVEYS WEST OF THE 100TH MERIDIAN,
Washington, D. C., October 15, 1874.

GENERAL: I have the honer to forward herewith a special report
received from Prof. E. D. Cope, paleontologist to the expedition of this
season, embodying some of the results of his labors in portions of New
Mexico, up to the 27th of September. This report contains new and
valuable information relative to vertebrate fossil remains.

Very respectfully, your obedient servant,
GEO. M. WHEELER,
Lieutenant of Engineers, in charge.
Brig. Gen. A. A. HUMPHREYS,
Chief of Engineers, U. S. Army.

REPORT OF PROF. E. D. COPE, PALEONTOLOGIST.

Camp ON GALLINAS CREEK, September 27, 1874.

Sir: In accordance with your instructions to forward a report of proceedings, I beg
leave to state that I returned to this camp from Tierra Amarilla on the 15th of the
month, and have remained here ever since. We have been mostly employed in examin-
ing the bad lands of the Eocene of the divide between the Chama and San Juan Rivers,
and in collecting the vertebrate fossils which their beds contain. A little time has
been devoted to the Cretaceous beds forming the rim of the Basin. From the Kocene
beds, more than seventy-five species of vertebrates have been obtained, many of which
are new to science, and others are largely illustrated Ly additional remains. Four
species of a new order, the Toxodontia, have been discovered, and our knowledge of the
gtructure of other peculiar forms.enlarged. Interesting relations between the Creta-
ceous and Tertiary beds have been observed.

Mr. Shedd has been assisting in making collections and taking his meteorological
observations at the stated times.

The health of the party continues good, and we hope to move camp to another point
ere long.

Very respectfully, your obedient servant,
Epw. D. Corz,
Paleontologist.
Lieut. GEo. M. WHEELER,
Corps of Engineers, U. 8. 4.,

NorEs ON THE EOCENE AND PLIOCENE LACUSTRINE FORMATIONS oF NEw MEXICO,
INCLUDING DESCRIPTIONS OF CERTAIN XEW SPECIES OF VERTEBRATES, BY PROF.
E. D. COPE, PALEONTOLOGIST TO THE EXPEDITION.

PART 1.

One of the results of the examinations made during the field-season of 1874 is the
discovery of an extensive series of deposits of Eocene age. These indicate the existence,
during early Tertiary time, of an extensive lake of fresh water in that part of New Mex-
ico now drained by the tributaries of the Chama River on the east and the San Juan
River on the west. This lake received the remains of the fauna of its shores and
other regions adjacent, which have been preserved and obtained by the members of
the expedition detailed by Lieutenant Wheeler for its investigation, in considerable
numbers.

The shore of this lake was formed by rocks of the Cretaceous formation of an age
near the No. 3 of Meek and Hayden. In approaching it from the east, we traverse
the sandstones of Cretaceous No. 1, both horizontal,and tilted at various angles, and
find No. 2 resting upon it frequently unconformably, and tilted at bigher angles, fre-
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quently 45°, sometimes 50°, to the west and southwest, and containing numerous fossils,
as Inoceramus, ete. The upper sandstones of this formation pass into a brackish or
fresh-water formation, which includes a bed of lignite, of sometimes 50 feet in thick-
ness. Above this rests, conformably where seen, a moderate thickness of rather soft
marine rocks, containing numerous shells, Acephala, Gastropoda, and Ceplalopoda, in-
cluding Oysters, Baculites, and Ammonites resembling 4. placenta most, with sharks’ teeth.
Resting unconformably on these, with a much reduced dip, is a mass of brown and
reddish sandstones, some 1,500 feet in thickness, inclining perhaps 10° south and
southeast. These pass continuously into the superincumbent red and gray warls, alter-
nating with brown and white sandstone of the fossiliferous beds of the Eocene. The
observed part of these beds is about 1,500 feet in depth.

A considerable nnmber of species of Vertebraia have been obtained, a large majority
of which are Mammalic. While it is premature to attemnpt to determine fully the
character of the fauna, enough has been ascertained to indicate marked differences
from that of the Bridger group of Wyoming. It is peculiar in the entire absence of
the genus Palwosyopsos, so characteristic of the former, and its replacement by
DBathmodon, which has never been recorded from the Bridger formation. The abun-
dant species of Hyrachyus of the Bridger are here represented by a single one of small
size, which occurs but rarely, while its companion, Hyopsodus, is very rare or wanting.
While gar-remains are abundant in both, the Amiide and Siluride have not yet re-
warded our examinations. The characteristic genera of the New Mexican fauna are
Bathmodon, Cope; Hipposyus, Leidy ; and Phenacodus, Cope, genera which it shares with
the Bathmodon bed of the Green River formation of the Bear River Wyoming. There is
in all respects so close a resemblance between these deposits as to lead to the belief in
their horizontal identity, and with other reasons, to give to the southern basin a higher
antiquity than belongs to the celebrated Bridger series. The interesting fact that the
teeth of six or seven species of sharks and one Ostrea have been deposited with the
mammalian remains indicates that the marine Cretaceous rocks formed the coast-mate-
rial of thislake, and the earlier period of its deposit is probable on various grounds, to
be considered at a future time. The facts are all confirmatory of the view already ex-
pressed by the writer that the population of the Bridger epoch was derived by migration
from a southern region.

Perhaps the most important addition to paleontological science obtained during the
course of the investigation is the discovery of four species of two new genera, Calamo-
don and Ectoganus of Toxodontia, an order which has not been heretofore identified as
having existed on the North American continent.

DESCRIPTION OF SPECIES.

ECTOGANUS GLIRIFORMIS, gen. et sp. nov. .

Char. gen.—This genus rests on a number of remains of the crania of three species,
ncluding principally teeth, in a good state of preservation, all found in appropriate
relations by the writer. The teeth include incisors, molars, and premolars, it is believ ed,
of both superior and inferior series.

There are two types of gliriform incisor-teeth, and of one of these in the largest
species three sizes. In the one, the teeth are elongate, compressed, convex in both direc-
tions on the anterior; are convex or angulate in section at the posterior face. In all,
the enamel is confined to a band on the anterior face, extending more or less on one
side or the other, the naked dentine extending prominently backward at the middle
and basal portion of the shaft.

In the larger size, this portion is subacute behind; in the smaller, obtuse. Teeth of
this type are of three sizes, the smaller two the most compressed and with narrowest
ename]. Those of the second type are of one, an intermediate size, and are shorter
than those of the others and less compressed. One of their faces is concave in both
directions, and is covered with enamnel from the apex. of the tooth for some distance
posteriorly. Irom its terminus on the concave side, the enamel borders retire to the
sides of the convex front.

There are three molars of the snperior and many of the inferior series available for
present determination. The superior afe all remarkable for the great exposure of their
external faces as compared with their internal, and the extension of the enamel on the
outer face of the very thick external root, which is not distinguished from the crown.
The true molar has three roots, and the crown is longer antero-posteriorly than trans-
versely. It consists of two transverse tubercular ridges, connected by a medium oblique
longitudinal ridge. The premolars have two of the roots connate, forming a support
to the greater part of the crown. The worn surface is in form something like the
Greek o, the deep emargination being internal. The inferior molars have greater
-antero-posterior than transverse diameters. The enamel is more extended on one side
than the other, covering the exposed portions of the roots. The grinding surface is
Pplane, and has the form of a horizontal o ; the limbs being angulate, as in the Greek Z.

It isimpossible to determine the affinities of this curious genus with the material
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at present in my hands, but it is evidently nearer to the South American Toxodon,
Owen, and Typotherium, Gervais, than anything yet discovered in the North American
Tertiaries. It is no doubt related to the .dnchippodus, Leidy, aud Tillotherium Marsh,
(which Marsh observes may be identical,) but difters from Dboth in many points of the
dentition.

Char. specif.—All the incisors are regularly convex in front. The surface of attrition
of the large ones truncate, of the small ones obligne. The section of the large ones
near the base is diamond-shaped, with one acute angle truncate and the other rounded.
There are some shallow grooves on the sides, and on one side a more pronounced longi-
tudinal shallow angulation. The enamel of these and of all the molars is smooth, and
there are no cingnla on the latter. The transverse crests of the unworn true molars
support two tubereles, and the inner extremities of the crests of the premolars are pro-
duced in accordance with the obliqne wearing of the incurved crown in mastication.

Measurements.

M.

Length of incisor, largest, type 1. oo oo ool .043
Width of incisor, largest, type 1 - ..o oen oot e .013
Depth of incisor, largest, typel .. ......... . ... . .018
Length of incisor, medium, type 1............... S evmescccceccaaresscanes-anun . 034
Width of incisor, medium, type 1. . on .o oe i iii e . 006
Depth of incisor, medinm, type 1. ... L. it ieciiiiaaaa .014
Depth (?) of incisior, last, type 1....-cc . ooon il iaal et et . 009
Width of ineisor, last, type ..o oo o i i aaas . 004
Length of incisor, type ..o . oo iaaal .01
Width of incisor, type & .. oo i et e et e cie e . 006
) . longitudinal 010
Diameter of crown of premolar { i mglsv OIS .. LT " 010
Length of enamel of face externally...... ... ... ool .013
Length of enamel of face posteriorly.... ... .. o o ol iiiiiiiiiol . 005
Length of crown of posterior nppermolar_...... ... ... L. Lol.. .016
Width of crown of posterior upper molar. ... ... ... .. ..l.o.-. . 012
Length of crown of posterior lower molar.. ... ... .oooniiiiiiiiiiios .012
Width of erown of posterior lower molar........_ oo iooeovaiiaiLLL. e . 009

Size about that of a fully-grown hog, (Sus scropha.)
Portions of several individuals have been found.

CALAMODON SIMPLEX, gen. et 8p. nov.

Char. gen.—Molar teeth subeylindric, prismatic, rootless; the crown only distinguished
by its investiture of enamel, which exhibits a2 weak marginal inflection for a portion
of the length. Enamel extending in a baud on one or both sides of the tooth to the
base. Incisors rodent-like, curved, with a band of enamel on the anterior face, and
obliquely-truncate extremity.

A number of specimens, probably representing this genus, have been found, and I
select as typical those of an individual in which the molar and ineisor teeth occurred
together. The form is evidently allied to Ectoganus, as the close resemblance of the
incisor teeth demonstrates, but the molars are of a much more simple type than any-
thing yet discovered in this grounp, imitating superficially those of some Edentata.

Char. specif.—Molar (2 superior) longitudinally bent, the convex (outer) face covered
with enamel to the base. Enamel extending a much shorter distance on the inner
face, and soon wern through by attrition on one of the other faces. Section of the
base of crown a subquadrate oval. A slight inflection of enamel on the inner and a
still weaker one on the (?)posterior border of the triturating face. Enamel with slight
longitudinal ridges. Incisor much curved, strongly convex in transverse section, the
enamel obscurely longitudinally ridged on both sides near the border. Section of one
side slightly concave.

These and other specimens indicate an animal at least as large as the American tapir.

Measurements.
M.
Length of & MoJar .cceee o omn i e e e eieciecaeea 042
Diameter of the Same . .. .. . i it iaeiei e tiaee c e am—a—aaa 015
Diameter of INCIiSOr, tranS VeSO . cac e cecen tavoancacoce comcascccncnnanesanns . 019

CALAMODON ARCAM@ENUS, 8p. nOV.

This Troxodont is represented by a portion of the skeleton of a specimen including sev-
eral teeth, and most probably by portions of another, which includes a large and per-
fect inferior incisior-tooth. The former displays the alveoli for molars and incisors,
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showing the one-rooted character of those of the lower jaw, and the deep implantation
of the incisor below the antepenultimate molar. The number of molars indicated by
the ramus is five, the anterior in close contact with the single large incisor. The mo-
lars are subquadrate in section, the last a little longer than broad. The only one in
which the crown is preserved exhibits a short crown, with its inferior enamel border
notched on two, and oblique on two sides, and the external layer of the root swollen
above it all round. The summit of the crown is worn, and is divided subequally by a
transverse, rather shallow, groove. One division of the crown exhibits two dentinal
areas in transverse line, the other three small ones in a curved line. The extremity of
the curved incisor is rodent-like, and regularly convex on the anterior face and entively
smooth. The posterior or grinding face is convex in cross-section.

A large lower incisor of another individual is about five inches in length and one and.
a half in depth, without the increase of elevation of the superior or interior edge, as is
seen in Ectoganus gliriformis. This edge is obtusely rounded, and instead of being
obliquely leveled to meet the masticatory surface of the extremity, is abruptly trun-
cate, the masticating face turning off at one side of the shaft. The enamel is smooth
and of equal width and convexity throughout.

Measurements.

M.
Elevation of crown of molar. .. ccevuemeomin i i ie i 013
Length of crown of molar. ... oo .o i 015
Width of crown of molar. ... .c.oo. it i e ieceei e 013
Diameter of incisor™. 010 from $ip....cevoem ottt e e 013
Length of series of five molars.. .. .. .. . .. i iiiiiiaiieaa... 090
Depth of jaw at third molar....cooo e i e eeaa 055
Thickness of jaw at third molar. ... .o e in e i it ciri e aaanes 035

CALAMODON NOVOMEHICANUS, 8p. nov.

Represented by a superior incisor-tooth of a species of smaller size than either of
those already described, and differing in various respects from those of the C. simplex,
of which a fine specimen has been obtained since it was first described. Both anterior
and posterior edges are protected by a convex band of enamel ; and thetriturating sur-
faceis tranverse in the direction of the depth, and oblique in that of the width. The shaft
increases in depth toward the root and is longitudinally concave on one face and con-
vex on the other. The enamel bands are most extended on the convex face, and unite
on that side round the triturating face and present an abrupt emargination on the
middle of their convex border. The other, being formed of dentine only, is deeply
worn by attrition.

casurements.
M M.
Length of fragment ... ...t i i 038
Depth at fracture. ... . i it i iiec e iiieiee e iacaann .018
Depth at grinding face ... ... ool iiiiiceaiveena 011
‘Width at grinding face.......... ... ... e et et aaae . 009

This species differs from the supposed C. simplex in this incisor in other respects than
in the smaller size. The latter is concave on both sides, and on the lower border; the
former convex on one side, and on the lower border.

ESTHONYX BISULCATUS, gen. et sp. nov.

Char. gen. (1).—Incisors of two forms; the inferior subgliriform, but not growing
from persistent pulps; the enamel covering a long and narrow external vertical face,
and terminating above the alveolus, thus distinguishing crown and root. The other
form of (?)incisor with the apex encased in enamel, but extending much farther on the
outer than the inner side; the crown compressed, not wider than the root. Molars
supporting two V’s with rounded apices directed outward, the posterior soon wearing
into a triangle lower than the anterior. The anterior elevated and transverse only
distingunished from a triangle by a notch on the inner side. Last lower molar with
this anterior transverse triangle, a diagonal ridge and a beel with raised border.

The type of this genus is Ectoganus bisulcatus, Cope, and a second species is F. burmeis-
terii, Cope. It differs from Ictoganus as well as from dnchippodus in the far less gliri-
form character of the incisor teeth, which may be compared with the extremities of the
slender fingers of some monkeys with narrow nails.

Char. specif.—A species about the size ofthe Capybara is represented by the greater part
of the deuntition of the lower jaw, which includes representatives of both kinds of incis-
ors already described under the characters of the genus. The rodent-like form isless typi-
cal of the genus than in the E. gliriformis in being rather shorter and furnished with a
less extensive external enamel-plate. The dentinal column projects well internally,
giving the tooth aregularly oval section. The incisor of the second form has the in-
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ternal as well as the external enamel-face, and the former possesses alongitudinal an-
gle bounding its concavity. The grinding-face of the molars and some of the premo-
lars isan-shaped as in the other species, but the anterior limb of the figure is much
thickened on the inner face, so as to have a triangular form, the base being inward.
This base is notched by a second groove of that side of the tooth, which interruption
is obliterated by prolonged attrition. This portion of the crown is elevated above the
posterior, in consequence of the more rapid removal of the latter by trituration. The
large interral and external grooves continue nearly to the base of the crown, as in the
larger species. The last inferior molar is longer than the others, and is three-lobed,
forming by its base nearly an isoceles triangle. The heel is formed by the backward
production of the posterior convexity of the «2, the central line of the figure forming
a diagonal ridge across the middle of the tooth.
The mandibular ramus is of a deep compressed form.

Measurements.

M.
Length of three consecutive molars «...e..ooiioiiieiiiiiiianor o oiaont. . 0250
Length of 1ast tw0 mMOIATS ..o es vi o oir ie e e e ce e ct e e . 0210
Length of penultimate molar. .. ... ... ...l i iiiiaiiiiiiii i . 0034
Width of penultimate molar .. .. . 0062
Length of last mMolar. oo ooio o ot i i ieaeiaaee e L0112
Width of last molar - ... i i i i e ans . 0070
Length of incisor, second formy - ... ooocen oottt ieaot it i caaaceee e L0250
Diameter of incisor, second form ........... et et eaceee vaaaae . 0050
Diameter of incisor, first form, transverse. .. ... .occoe oo aiaaii i . 0030
Diameter of incisor, first form, antero-posterior...cev ooocceeemnennaaervacan- . 0070

ESTHONYX BURMEISTERIL, $p. nOv.

A species more nearly allied to the Z. bisulcatus than to the type of the genus is
represented by a portion of the right mandibular ramus, with the last molar tooth in
perfect preservation. While the jaw is of depth similar to that of the E. bisulcatus, it
is more slender in its proportions. The molar, also, while of nearly the same length, is
relatively narrower, especially in its anterior portion. The crown of this tooth is worn
in the specimen, and the anterior portion is elevated above the posterior, and displays
a trace of the notch of the inner margin already observed in the species last deseribed.
The cgmposinion of the tooth is similar in other respects. No cingular; enamel
smooth,

Measurements.
M.
Length of Tast 1ower MoOLAT - .. oo n oot e iiecee e aeaecaaeaas .009
Length of last lower molar from anterior tubereles... ... ... iiiiiiiain 0060
: L3R5 87755 8 703 R RN .0050
‘VldthQ POSEErIOTLY w e e i e e .0025
Depth of ramus at last molar.. ... ... oo o iiiieeaes 0240

This species is dedicated to Prof. Hermann Burmeister, director of the museum of
Buenos Ayres, who has studied the group of Zowodontide, and given us an excellent
account of their osteology.

ESTHONYX ACER, sp. nov.

Char. specif.—Established on a portion of the lower jaw, in which the last four pre-
molars remain. They resemble those of the species already named, except in the ante-
rior one of the series. This tooth in E. acer assumes the form of a premolar, tho
posterior V becoming a curved median cutting edge, and the anterior V opening into a
crescentoid section ; it rises to an acuminate apex, having thus a rather sectorial char-
acter. In the last three molars, there is a small tubercle at the inner base of the pos-
terior limb of the anterior V. Posterior V much lower; enamel smooth.

Measurements.
M.
Length of four last molars. .. ... o oiiiat i i e e e .035
Length of three last molars.._. ........ ... ... ...... e .026
Length of penultimate molars. .. ... oo i . .008
Width of penultimate molars .... .. cceeen ioieieie it e eeiiaaiaeaee. 005
Length of last molar. .. .o. oo i aaal 011
Width of last molar. ... .ol e e .005
Depth of jawat last molar. .. ... iee i e i iei e, 020

This species differs from the E. bisulcatus in the modified form of the last premolar;
in the latter, it is relatively larger and more like the trne molars. The last molar of
E. acer is more like that of the E. burmeisterii, but the mandibular ramus of that species
is relatively much deeper and similar to that of E. bisulcatus.
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ESTHONYX MITICULUS, 8p. 200,

Represented by portions of mandibular rami of three or four individuals of much
smaller size than any of those referred to the species already described. There are
represented two premolars and three molars; other teeth are lost. The molars differ
from those of the three species named inlacking the notch or groove on the inner side
of the anterior triangle of the crown, which constitutes it a V in those species, giving
the worn surface & more simply sigmoid form ; the anterior portion is, moreover, not .
materially more elevated than the posterior. The lust molar has a large heel, an inner
and two anterior tnbercles when little worn. The premolars preserved are each two-
rooted, the last is like the correponding one in E. acer, the penultimate without heel or
inner tubercles.

Measurements.
M
Length of three true molars, (No. 1). .. . i i 0120
Length of two last premolars, (No. 2) . coee it i i e e .0064
Length of first true molar, (No. 1). .o oo it i i s i eeees .0040
Width of first true molar, (No. 1) ... ..ot i i e et e .0030
Depth of ramus at first true molar, (No. 1) .o e oomon oo .0080

The worn surfaces of the first and second true molars are much like those of the cor-
responding teeth of Menotherium, Cope. That genus differs in the reduced form of the
last inferior molar and in the premolars.

MENISCOTHERIUM CHAMENSE, gen. €t sp. nov.

Char. gen.—Molars three, with two continuous external crescents and two internal
tubercles, except on the posterior, where there is but one, the anterior conic tubercle.
The posterior tubercles on the other molars crescentoid in section. A well-developed
crescent between the anterior tubercle and anterior crescent, and an oblique crest
extending from the latter to the adjacent horn of the posterior inner tubercle. Two
externa! crescents on the last premolar.

This genus presents a curious combination in the structure of its molars of the
character of Palwosyops, Hyopotamus, and Hipposyus. It is exceptional among the
ungulates of the same fauna in the namber of crescents of the molars.

Char. specif.—Last molar with the oblique inner posterior crest terminating at the
posterior margin of the crown. Prominent external ribs at the point of connection of
the external crescents of the crown. No cingula; enamel entirely smooth.

Measurements.
M.
Length (externally) of last four molars.... ... ... ..o ... 029
Length of truemolars. ... . . et iee et e e 022
Length of penultimate .. .o c. oot i e e e e it iecceaaaa .009
Width of penultimate ... ... .o it i it 010

This animal was about the size of the raccoon, and probably had the habits of the
tapirs.

BATHMODON SIMUS, 8p. nov.

Represented by the remains of a great number of individuals, including all parts of
the skeleton, dentition, &ec., but especially by one of the most complete of these, which
possesses, among other portions, the premaxillary bones. These indicate a species very
distinet from the B. radians, Cope, and one approaching the Metalophodon armatus in the
structure of the molar teeth.

The canine teeth have cylindric roots and trihedral crowns, the section of the latter
forming a nearly equilateral spherical triangle. The crown of the inferior canines are
shorter, and have one concave side. The superior molarssnpport two crests, which are
nearly parallel on the single and last tooth of this type. The posterior crest is com-
posed of two portions, the posterior conic and the anterior flatter, and which becomes
the external posterior crescent on the penultimate molar. The anterior ciugular crest
is very well developed on the last lower molar. .

The premaxillary bone is short and stout, and descends steeply from an elevated
front, presenting its three teeth downward. The canine follows closely trom an ele-
vated rib on the side of the face. Behind it is a considerable diastema. The humerus
is a very stout bone, and the femur is rather slight in comparison with it.

Measurements.
M.
Length of bases of last three molars. ... ... oe it imooot e acr e aaann .083
Length of basisof last molar. ... ... ... i .026

Width of Dasis of 1ast MOIAT. .o eee cer o o e iiecieesececeoncsancenennnn 035



M.
Diameter of canineat base...... oo ool iiiiiii i, “immmaeaaas R 025
Length of penultunate inferior molar.. ... ..o . o .. ... ... ........ .030
Width of penultimate inferior molar .. ... ... . . il 021

Individuals of larger size than the above are more common. Measurements of one
of these are:

M,
Length of last superior molar ... .o i i iie e 032
Width of last superior molar. . ... ... et eeae s .043
Diameter of crown of canine, (another Species) ... .cocove caenieanen iaann ee--a 030

This is the especially characteristic large mammal of this fauna, and must have
existed in herds.

BATHMODON MOLESTCS, sp. nov.

Established on remains of one species and probably respresented by those of others
in possession of the expedition. The teeth differ in several important respects from
those of B. radians and B. simus. Thus the canine is quite compressed in the coronal
portion, and is narrow triangular in section, the narrow base of the triangle being con-
cave; that is, the section of a strong groove, which is bounded by a sharp edge on each
side. The edge proper of the crown is also duplicated by a ridge of the enamel,
which joius it at an acute angle. The last upper molar is characteristic in its wide
crown, the posterior usnally transverse crest being curved so as to represent the seg-
ment of a circle, the convexity posterior. The ramus of the lower jaw is very slen-
der. The posterior inferior molar is large, and has subequal transverse crests. The
posterior cingulum, which descends from the external angle, is moderately developed
on both of the crests.

In a young specimen of this or an allied species of Bathmodor, the deciduous tooth
which is replaced by the last premolar has two external crescents; an interesting
point of resemblance to the Perissodactyle ungulates.

Measurements.

Width of anterior crest of last inferior molar....ce.ceceoeecaan e, aena 023
‘Width of anterior crest of superiormolar.. .. .....o .. oL olliiiioo..
Length of superior molar.. .. .. .. .. ... L. iooiiiiiil..

Antero-posterior diameter of crown of canine .
Transverse diameter of crown of canine ... ..o oiooot i iioiiin oo iee e
Depth of mandible at last lower molar.... ..o..oooer i iinieaioa oo e

BATHMODON LOMAS, sp. nov.

The very numerous remains of the genus Bathmodon obtained are referrible to several
species, as indicated especially by the teeth. The present form is characterized among
othier points by the form of the last inferior molar. The anterior crest is much more
elevated thau the posterior, with its inner apex almost a cone, with anterior, thick,
revolute border. The usnal oblique cingulum descends from the outer apex forward.
The lougitudinal ridge connecting the crests is low but distinet, while the posterior
cingular ridge is remarkably large. This, which constitutes one of the specific marks,
is extended horizontally so as to form a broad ledge, whose border is a segment of a
circle. Enamel roughened with five ridges on all the external surfaces. Tooth well
worn by prolonged use.

Measurements.
M.
Length of crown ... .. .. iiiaoiiiiiiiiaiciiaaans e et e .041
Width of erown anteriorly ... ... ... o iiiiiie it iiiraiinencaneee e J0R7
Width of Posterior erest. ... ..o oo oo oiniei oot e ci i etccet e e eaae e .- 022
Elevation of posteriorerest ... . ... cioiiiiniiiiiaiias . 011
Elevation of anterior erest...... . .. oou it oot i iceiiiee 024

BaTHMODON ELEPHANTOPUS, 8p. nov.

The most abundant species of the New Mexican Eocene formation, and of the largest
size, exceeding in this respect both the B. simusand B. molestus. I deseribe at present the
last molars of both superior and inferior series. The former is a transverse oval, slightly
swollen on the posterior border external to the middle point. The two crests are par-
allel, the anterior as nsual curving round to the inner extremity of the shorter poste-
rior, and leaving a wide interval between them. The posterior is not divided, but is
elevated at the extremities. Anterior cingulum strong, posterior obsolete, excepting on
the external border, where it sends a low ridge to the elevated extremity of the anterior
crest. Exteroanterior to this ridge is a shallow fossa. Enamel very slightly rugose.
The posterior lower molar exhibits a great disparity of elevation of the crests, the
anterior being high, and terminating on the inner side in an elevated cone. The con-
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necting ridge is low, and there is only a trace of a descending posterior cingulum on
the posterior crest.

Measurements.
M.
Width of last superiormolar...... ..o il e eeeaeaaas 040
Length of last superior molar.... ... e e e heeee e mmee e aaaan .030
Length of last inferior molar. . o ... o i iit i i .039
Width of last inferior molar. ... o .. oe i e ceaaccaan .026
Elevatiou of posterior crest of inferior molar.. ... .o oo iovrioien il aan 015
Elevation of anterior crest of inferior molar. ....... ... .. ... veee. 025

A remarkably fine skeleton of a species of this genus, discovered by my friend and
assistant, William G. Shedd, exhibits characters heretofore only inferential, and dem-
onstrates the correctness of a number of positions heretofore based on a few fragment-
ary bones. The feet exhibit proboscidian characters throughout. They are very short
and plantigrade, and there are five digits on the hind foot. The calcaneum is recurved
inward, and the astragalus flat above. The navieular is transverse and very thin,
while the cuboid is subequilateral. The metatarsals are short, and the phalanges much
wider than long. The craninm remarkably resembles that of a carnivorous animal in
its massive expanded zygomas and huge canine tusks. It differs remarkably from this
type, and shows its affinity to Uintatherium in the broad plane of the upper cranial wall,
with overhauging marginal crests for the attachment and protection of the temporal
and neek muscles. These crests do not support horns. The muzzle is contracted at
the diastema, thus rendering more prominent the ridges which mark the position of
the alveoli of the tusks. The latter are directed downward, giving the profile the
pick-ax-like form of that of Uintatherium, though more robust in its proportions than
the latter. The length of this skull is 19 inches; the width at the zygomas 13.

PHENACODUS PRIMAEVUS, Cope.*

Char. gen.—The genus Phenacodus was first recognized by the writer in a posterior
inferior molar of a mammal of about the size of a bog, of unknown affinities, which
was named P. primevus. Specimens of the same species, embracing the dentition of
both jaws, having been procured in the Eocene of New Mexico, I am prepared to add
to the characters of the genus.

There are three molars in each jaw, and the specimens include two premolars, which
form a continuous series, as in dckerodon. There are four principal tubercles on the
inferior molars and sometimes a third small one between the posterior pair, always on
the last one, which is, however, not largely developed. The first inferior premolar
presents a broad heel, a double medium tubercle, and an anterior tubercle, (in P. pri-
mevus.) The crowns of the superior molars are low and broad, and support numerous
tubercles; these are low and vary in number, but there are two near the external bor-
der which are quite constant. They have general resemblances to those of hogs, bears,
and monkeys. The first true molar is broader than long, and there are no diastemata
between it and the premolars, or between the latter, which are quadri-, and tri-cuspid,
respectively. The forms of these teeth are entirely different from those of the corre-
spouding teeth in Elotherium. :

Char. specif.—The posterior molar of the left side is wide in front and regularly oval
in posterior outline, and has two equal anterior and three nnequal posterior tubercles.
One of the posteriors is situated near the middle of the outer side, and is separated from
the adjacent anterior by a deep groove. The corresponding inner tubercle is more pos-
terior ; anterior tubercles low, trihedral, and connected by a shelf-like cingnlum across
the front of the tooth; rudimental cingula on outer side of crown. The penultimate
mwolar has three tubercles on the posterior border; and a deep fissne, corresponding to
that of the last molar, separates one of them from the anterior tuberele.

Measurements.
M.
Length of last molar ... ... ... . ... e e meeee e .015
s EE U763 1 105 <2 R .011
Width between two posterior tubercles ... .o o oov ool .005
Elevation of anterior cusp from base ....... ..o iiiiiiiann e .008
Width of penultimate molar behind .. ... ... L iioiiei i .010

From the same locality as the preceding species.
PHENACODUS OMNIVORUS, sp. nov.

Superior molar with low and broad tubercular crown, with outline of base parallelo-
grammic, with one end oblique; the oblique end with two principal low tubercles,

* Paleontological Bulletin, No. 17, p. 3, October 25, 1873.
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which form the extremities of two series of similar ones, some of which arise from
the strong cingulum which forms part of the summit of the crown.

Char.—Molar without cingulum on the (?) outer side only; elewhere very strong and
crenate, at one point rising into a stout, low tubercle. The largest tubercle is near
this, on the inner summit of the crown, and is connected with the larger outer by a
low, broad tubercle. A smaller one intervenes between the cingular tubercle and the
smaller external. The outer tubercles low and broad, a smaller one opposite the inter-
nal between them in the position of a cingulum. Enamel coarsely rugose.

Measurements.
M.
Transverse diameter. ... oo e i it heel i iciee e .014
Longitudinal - ..o e it et ieece e .010
Distance between apices of inner and outer tubercles .. 007
Elevation of cingulum..._.... ... ... ... ..., 004
Elevation of onter CuSp .. coe oot i e et receene e e aeaann .005

The tooth described is about the size of the posterior inferior molar of the black
bear, ( Ursus americanus.)

PHENACODUS SULCATUS, 8p. nov.

Represented especially by the molar tooth corresponding to that above described
under the head of . omnivorus, in good preservation. It is a species considerably less
than half the size of the one just named, and preseats several important differences of
gtructure. Of the two outer tubercles, one is very small, and there is a third adjacent
to the larger, produced by the enlargement of the cingulum. Asin P. omnivorus, the
cingnlum extends entirely round the remainder of the crown, and is tubercular on the
side of the least outer tubercle. The inner tubercle is connected with the larger outer
by an intermediate of elongate form, so that the series when worn down resembles the
transverse ridge of the superior molar of Hyposyus, and which is separated by a groove
from the cingular ridge on each side.

Measurements.
M.
Transverse diameter v...ee . o ouou i iiiieiaie i .008
Longitudinal diameter .. ... .. oo i iiiniiiieeraiaaa. .006
Distance between apices of inner and outer tubercles ................... ... 004
Elevation of cingulum . . oo i it it e temeee e e .002
Elevation of outer CUSP ..uc o oot ciea s e et cieae e c e 003

Size similar to that of the corresponding tooth of a Coati.

OXY/ENA LUPINA, gen. et 8p. nov.

Represented by a portion of the craninum, which includes the greater part of the denti-
tion. The generic characters are, three premolars and four molars above and below ;
lower premolars with anterior cone and posterior cutting heel; last premolar and all
the molars of the superior series with an internal heel; the last molar transverse ; first
and second upper molars with an anterior cone and posterior cutting lobe ; the pennl-
timate with two anterior acute cones, the posterior forming a sectorial edge with the
posterior lobe ; last superior molar trenchant.

Mandibular dentition, L, 0; C.,1; P. M., 3; M., 3; the canine teeth directed forward
and upward without intervening incisors. First premolar one-rooted; second and
third consisting of an anterior elevated cone, and posterior heel, which 1s elevated in
the middle.

The first true molar is nearly similar, with the posterior tubercle sharp edged. Last
two molars with an anterior elevated portion and small low heel; the former consisting
of three acute tubercles, of which the largest or interior forms with the anterior a sec-
torial blade oblique to the axis of the mandibular bone.

This genus has one less molar with double median cones than Profofomus. It is one

of the flat-clawed group, of which two forms have already been described, Mesonyzx,
Cope, and Synoplotherium, Cope, which present in their dentition a nearer resemblance
to the genus Hyenodon than to any other of later age. It differs from both the genera
named in having only six molar teeth, and the triangular type of inferior sectorial
teeth has not yet been obtained among them. The O. forcipata is the larger species;
the smallest one described by me is the Oxywna morsitans. In Stypolophus brevicalca-
ratus, I find three sectorials of the form described instead of two ounly.

Char. specif.—The posterior cutting lobes of molars 1and 2 elevated and rather obtuse,
that of molar 3 lower and more acute. Molar 2 has a well-marked anterior tubercle ;
molar4 consists of an outer cutting edge and inner cone. The inner tuberele of mnolar 3
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is smaller than in the three teeth preceding. First lower premolar well developed with
one root. Enamel of all the teeth, especially of the canines, rugose.
This species is allied to those of the genus Pterodon.

Measurements. .
Length of four posterior superior molars............ cemetaeeeaans P 055
Length of first true molar. ... voeee e it it e iieaiceeeeecaea s .016
Width of first true mMolar .. oo o .o i i i iee e cacacnaaaan 015
Length of second true molar.................... et e tiaeccessenaean .016
Width of third (bransverse) molar ... oo e mier i i ot cia cceecceeceiecm e
Length of five anterior inferior molars.. ... oo .oocciiiiar i oir i caca e 054

This species is intermediate in size between the O. forcipata and O. morsitans. The
penultimate inferior molar differs from that of both these species in the much weaker
development of the internal lateral tubercle and more obtuse anterior tubercle; in
O. forcipata the blade is continued on the front of this tubercle.

Two specimens embracing five series of teeth have been examined by the writer; the
measurements given are those of the smaller.

OXYZENA MORSITANS, sp. 100,

The genus of flesh-eating mammals, described in 1872 under the name of Stypolophus,
presents a type of dentition which is further illustrated by the present addition of new
species much larger than any hitherto known to possess it. Those described are in
the order of size: 8. inseclivorus, 8. pungens, and 8. brevicalcaratus, Cope. 'The present
new species is twice the bulk of the last. It is represented by broken mandibles with
molars and canines of two specimens, and part of the maxillary dentition of a third.
The molar, which is typical of the genus, in its subtriangular basis supporting three
elevated cusps, and a short heel, is evidently functionally the sectorial, what-
ever its homological relatious may be. In the present instance,the inner posterior
cusp is much reduced, while there is a small additional cusp on the front of the ante-
rior near its basis. The trihedral outer posterior forms a cutting edge with the large
outer anterior, which is produced forward. A posterior molar exhibits a correspond-
ing tricuspidate portion, and a more elongate heel, with acute circumference. In a
premolar, the posterior heel becomes trenchant and median. The canine is very stout
and compressed at basis. The enamel in all the teeth is more or less rugose.

Measurements.
M.
Length of base of crown of sectorial tooth. .. .. e ol iianmmai i aans . 014
‘Width of base of erown of sectorial tooth.... ... ... . ..l il .009
Elevation of prineipal Cusps. oo it io e it et teern e aaaans 015
Elevation of inner posterior ensps. ... .o ie (oo i e .007
Length of basis of posterior molar.....c .o ool 012
Width of basis of posterior molar. .. ... ... .ol .007
Length of heel of posterior molar. ... .....cceii it i .005
Elevation of prineipal cusps. ... . .o oo 011
Elevation of anterior cuSPS. .. oot i i it e et e .006
Long diameter of canine at Dase. . ... .o oo oo in i i e .018

The maxillary series belongs to a still larger animal. The sectorial presents the
same forin as that of the mandibular series, and is more robust in form than in existing
Carnivora. The section of the middle crests is very convex on the inner side, so that the
shear is oblique. The heel is small and low. The premolar preceding has a large,
broad heel. In another premolar, the heel supports a median crest, while the anterior
part of the crown is a slightly-compressed cone, with a small tubercle at the anterior
base. Other specimens indicate that this species lacks the inferior incisor teeth.

OXYZZENA FORCIPATA, $p. NOV.

Char. specif.—Mandibular rami robust and deep, with the symphysié short, and the
chin contracted. The canine tooth forms a vertical oval in section. The first one-
rooted prewnolar is a stout tooth ; there is no anterior basal tubercle on the second and
third premolars, but a distinet one on the first true molar. There is a small tubercle
at the base of the anterior lobe of the last or second sectorial molar. This tooth is
larger than the penultimate. The enamel of all the teeth is quite rugose, although
they are well worn by use.

Corresponding characters are exhibited by four specimens of this species, one of
which includes portions of the npper jaw. All the boues are particularly massive,
and there is a high parietal crest, a fair indication of the size of the temporal muscles.

Additional specimens of the Ozywna morsitans, Cope, show that it differs in the
reduced size of the sectorial molars, and the very small first premolar, which is quite
rudimental.
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Measurements.

M,
Length of inferior dental series.............. S 103
Depth of ramus at last molar. ... .. ... .. 040
Depth of ramus at second premolar....... ... ........ R 030
Diameter of canine tooth..... R 019
Length of premolar series...... U 035
Length of base of penultimate molar 016
Length of base of last molar 019
Width of hase of last molar 012
Elevation of crown of last molar.. 019
Length of superior last molar.... 020
‘Width of superior last molar.. 013

This animal differs in specific characters from the Wyoming carnivores, already re-
ferred to, in the greater robustness of all its parts. From Synoplotherium lanius, it also
differs in the regular increase backward in the size of the molars. In the \Vyommfr
species the pumltlmato is largest in the lower jaw.

. The fragments of the Orywna forcipala are as large as corresponding parts of the
jaguar.

PACHYENA OSSIFRAGA, gen. et sp. nov.

Char. gen.—Established on a single superior molar tooth of a large carnivore, ap-
parently allied to the group of flat-clawed Carnivora. It is either the last premolar
or first true molar. It is characterized by the absence of the cutting edge seen in the
allied genera, and its replacement by a conic tubercle.

The principal lobe is also a cone, and the inner one a perfect cone, a little less ele-
vated than the principal one.

Char. specif.—Crown with well-developed anterior and posterior basal tubercles;
no cinguli, either internal or external. Enamel slightly rugose.

Measurements.
M.
Length of crown..... : .020
Width of crown 018
Elevation of anterior basal tubercle .. .006
Elevation of central cone ......___... 011
Elevation of interior cone............ 010

This is the largest carnivore yet observed in this formation, and of peculiar charac-
ter; its structure indicating a diet not purely carnivorous.

PROTOTOMUS VIVERRINUS, gen. et 8p. nov.

Char. gen.—Three true molars in the maxillary bone ; premolars compressed, the last
of the upper series triangular in form ; each angle enlarged; the center of the crown
with a compressed conic “tubercle. First and sccond true molars trianguldr, with a
tubercle at each angle, and two adjacent cones in the center. The tubercle of the pos-
terior angle forms a slight sectional edge with the posterior of the central pair. Last
(third moiar) transverse, with a median cone. Supposed mandible with the posterior
two molars tubercular ; the anterior tubercles similar to the posterior.

This genus is ev1dgut1y allied to the Viverride, diftering from Viverra,so far as known,
in the blmplv character of the last two inferior molars. From Lurmou/on it differs, ac-
cording to Professor Marsh’s descriptions, in possessing three instead of two superior
true Lll(,l].llb, or, if we include with these the last premolar, as does Professor Marsh,
four instead of three. According to Professor Marsh, the tubercular molars in his
Vulpavus are generally similar to Fhose of the c‘(xstmw genus Canis. Prototomus pre-
sents the number of superior molars seen in Amphzcjon.

Char, specif.—The P. viverrinus is established on a considerable part of the craninm
and skeleton of one individual in good preservation. The last upper premolar is tri-
radiare, having concave and sub(,qu.xl sides. The first molar is as broad as long, and
is triangular, presentmg aright angle outward and forward.

The sccond molar is broader than long, and presents an acute tubercle on the ante-
rior border between the inner and anterior median cones. There is a tubercle at
the inner and onter extremities of the base of the last molar. No cingulum oun the pos-
terior or outer sides of the last premolar. External cones of the last two inferior mo-
lars suberescentic in section ; anterior inner obsolete ; posterior inner prominent.
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Measurements.
M.
Length of last five molars. ....ov oo e 0250
Length of trne-molar series...... e e e eme e aaae 0135
Length of 1ast premolar. ... .oveeeomame iieie it it eceeceiiea e .0060
‘Width of last premolar. ................ e e e eene . ceeo. 0050
Length of penultimate molar. ... . .. . el .0050
Width of penultimate molar... . . . .coo.aae ... .0068
Width of last molar. .. ..o oo e n e, e mmeeeaaan 0047
Length of last two inferiormolars.... . ... il 0090

About the size of the domestic cat.

PROTOTOMUS INSIDIOSUS, 8p. nov.

Represented in the collections of the survey by parts of the maxillary bone and both
mandibular rami with teeth. The species is much less than the preceding, and differs
materially in the forms of the teeth. The two anterior tubercles of the tubercular
molars are similar and approximated ; the posterior slightly divergent, and on the last
tooth inclosing a third of small size. The last premolar has a broad heel and stout
anterior cone, but no anterior tubercle. The tooth immediately preceding is much
smaller, and also possesses a heel. The mandibular ramus is particularly slender, and
the angle is not inflected. .

Measurements.
M.
Length of last two inferior molars. ........... e et e .0060
Length of Jast molar.. ... ... .. e P 0034
Width of last inferior molar. ... ... oo oo i i i i i i e et .0020
Depth of ramus at last inferior molar................ e e 0045
Length of Jast premolar. .. .. ..o i e .0030
Elevation of 1ast premolar. . . oo oot i o it ieeae e e .0028

PROTOTOMTUS JARROVII, sp. nov.

This Carnivore is of considerably larger proportions than either of the preceding. It
is readily recognized as pertaining to the same genus by the identical form of the last
two inferior molars, which are quite different from the corresponding ones in Oxyena
and other genera. These indeed, with the portion of the mandibular ramus which sup-
ports theiwn, are the only well-preserved remains of this animal as yet in our possession.
They indicate an animal of the size of the gray fox. In the last molar, the inner ante-
rior tubercle is double, though low and obtuse. It differs from that in the species last
enumerated in the presence of only two tubercles on the posterior portion of the crown
instead of three, one being terminal and the other on the middle of the outer side.
There are but two on the posterior end of the penultimate tooth, and all are low and
unconnected excepting by the distinet rim of the crown. The center of the crown is
thus concave. The rimn is interrupted by notches between the tubercles on the outer
side. No cingulum on inner, a weak one on outer side. Enamel smooth.

The form of the molars is rather stout, and the ramus is thick and not deep, and
with broad, simple, lower border below the molars.

Measurements.
M.

Length of last Jower molar.. ... ..o euieat e iiie e certecacasananenncaannn 0070
- ADLTIOTLY ot i e i iiice e iaeeaa 0045

N Width g POSEETIOTLY - oot ot i e et e e teea e e .0020
Width of penultimate behind...... ... ... . e eceme e 0050
Elevation of anterior eusp of last ... ... .ol .0030
Depth of ramus at last molar. ..o oomin oottt it teeacticceeaaae .0140

This species is dedicated to my friend Henry C. Yarrow, M. D., to whom was com-
mitted the charge of that party of the survey to which I was attached, and to whose
zeal in the cause of the natural sciences the success of the special expedition is largely
due.

LIMNOCYON PROTENUS, 8p. nov.

A civet-like Carnivore represented by one entire and a portion of the other mandibu-
lar ramus, with teeth well preserved, agrees in generic characters with the species
referred by Professor Marsh to his genus Limnocyon, but differs from them all in its
superior size. The molars ave §, but the first molar is like the premolars of the Ca-
nide, except in a slight widening of its posterior basis by the development of a broad
cingulum on the inner side and round the basal lobe behind. From this point it ex-
tends forward on the outer side to the beginning of the anterior basal lobe, and there
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ceases. The second molar has the anterior portion elevated, supporting three cusps and
a large heel, with lateral and sub-median cutting edges. The last molar is smaller,
elongate, oval, and two-rooted, with marginal posterior, intermarginal external, and
two anterior tubercles, of which the inner is bifid. The ramus is slender, and the
symphysis elongate. The angle is not incurved. First premolars one-rooted.

Measurements.

M.
Length of dental series.........oooviiiiiiiaiimminaan., e teie e 0630
Length of four premolars 0340
Length of first molar. .. ... oo oo e 0105
Length of second molar. ... .ooomn oo il .0100
Width of second moOlar. ..ot o e iceee e 0055
Length of third molar. ... it i .0030
Width of third molar in front.. . ... oo i 0040
Depth of ramus at third premolar. ... ..ol e 0130
Depth of ramus at last molar. . ... ool il .0150

ALLIGATOR CHAMENSIS, 8p. n0v.

Represented by portions of the mandibular arch of a small crocodilian resembling in
some respects the 4. heterodon of the Wyoming beds. The posterior teeth have the sume
short, expanded, sessile, bean-shaped crowns, with a median longitudinal ridge, and
more delicate lines radiating close together from it to the border of the crown. The
anterior teeth differ in being cylindric instead of compressed. There is a large canine
preceded and followed by teeth of much smaller size. :

Measurements.
M.
Length of Symphysis. .o oo o i i .019
Length of alveoli of six teeth from symphysis. .. ... ... ... ... 022
Width of ramus just behind symphysis ..o oooooooe oLl .010
Long diameter of posterior tooth.. ... .ocooe i .005

The specimens selected as type is one of the smallest. The surface of the bones is
ronghened with pits.

PLASTOMENTS LACHRYMALIS, $p. nov.

The largest species of the genus, and abundantly represented in the Eocene of New
Mexico. The costal bones are rather finely puncrate, the posterior as well as the an-
terior. The anterior costal bones are crossed by naomerous ridges from side to side
obliquely ; the obliquity increasing posteriorly. On the posterior bones, they are
bLroken into vertical bars, separated by considerable intervals, and of linear form.
The posterior costals reach a thickness of 0,006 and a width of 0m.025.

The pitting of the posterior part of the carapace distinguishes this species from the
P. cedemius.

PART IL

In addition to the investigations pursued in the regions already indicated, and of
which sowme of the new species have been deseribed, it may be stated that a careful
(e}xamination was made of the extensive lacustrine deposits in the valley of the Rio

rande.

These deposits are supposed to commence to the northward of Taos, N. Mex., and
continue to an unknown distance southward, certainly at least fifty miles beyond
Santa Fé¢, and occupy that portion of the valley between the Rocky Mountains in the
east and the Jemez range in the west, and have been stated as late Tertiary, but with-
out special determination or co-ordination with the other known lacustrine formations
of this coutinent.*

Abundant material having been obtained by the party, it is easy to determine the
fauna, whose remains are entombed in it, to be a part of that already described by Dr.
Leidy and the writer as occurring in Dakota and Colorado under the name of Pliocene.
This conclusion is indicated by the presence of the genera Hippotherium, Protohippus,
Procamelus, Cosoryx, and Merychippus, and known Pliocene species of other genera,
among which may be mentioned Canis, Aceratherium, &ec. In addition to species
already known, a number new to science were obtained, of some of which descriptions
are here given.

MARTES NAMBIANUS, 8p. nov.

Represented by a mandibular ramus, which supports three teeth. The anterior blade
of the sectorial is rather obtuse.

*The new spreciesidescribed from the valleny the Rio Grande were discovered from
August 20 to September 1, 1874.
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The first premolar is one-rooted ; the second and third are without posterior eoronal
lobes, but exhibit small basal lobes, both anterior and posterior. The anterior of the
second is rather elevated, and the entire crown is directed obliquely forward. Canine
cowmpressed; mental foramina below the second and third premolars.

Measurements.
M.
Length of three premolars..... PR et e e e . .006
Elevation of anterior lobe of sectorial .. ... ..o coooi il .002
Depth of ramus at anterior lobe of sectorial .003

This species is of smaller size than the M. mustelinus, Cope, and the sectorial tooth
less elevated and trenchant.

COSORYX RAMOSUS, §p. nov.

Char. gen.—Inferior molars prismatic, ; the premolars all sectorial, last with
short branch-crests. Molars with basal intercolnmunar tubercles. Horuns supereiliary,
solid, branched. This genus was indicated by Dr. Leidy from a horn of the species
known to him, the Cosoryx furcatus, from the Pliocene beds of the Niobrara. 'T'he same
or a similar species has left abundant remains in the Santa ¢ marls, and, in connec-
tion with the more nnmerous C. ramosus, has enabled ine to determine the dental and
other characters of the genus. After a careful examination of the horns of these spe-
cles in my possession, those of eighteen individuals (at least I find that of ten where
the basal portion is preserved) the beam has been broken off aud reunited by anchy-
Josis in six. In most of these the spot is marked by o ring of exostosed tuberosities,
like those constituting the burr of the deer’s horn. On a specimen of this character,
pertaining to a third species, Professor Leidy based his Cervus warrenii, which may
now be called Cosoryx warrenii. It is abundaut in the Santa ¥é marls.

The fracture has taken place in every instance at a point as far above the frontal
bone as the burr of deer is sitnated, and 18 irregular in outline, higher on the one side
than the other. In some of the specimens the smaller antlers are also broken, and ex-
hibit a similar burr, but the terminal portion is usually lost. In one specimen, a broken
antler is anchylosed in the usual manner of overlapping ends. The horns are solid,
the center having a narrow, spongy axis. The surface is dense and marked by arterial
grooves, but not pierced by noticeable foramina, )

It is evidently a question whether this genus should be referred to the hollow or solid-
horned Ruminantia ; to the Bovide, or Cervidew. The horns might be regarded as those of
deer were it not for the oceasional specimens without burr, while the teeth are both
cervine and bovine. We way here draw such inferences as we can respecting the
nature of the covering of the horn. That the fractured beam should not be lost in-
dicates the presence of some kind of covering to retain it. That this covering was not
horny is probable from the fact that the horns are branched, a stracture impossible to
the Dovidw, since antlers effectually prevent the usual mode of increase of horn by ad -
ditions at the base and removal at the extremity. That such ¢ vering protected arte-
ries, which aided in the production of burrs, is also probable. We may thus believe it to
have been dermal like that of the giraffe, or the dntilocapra, at the period of immaturity
of its horny sheath.

It may be conclnded, then, that the genus Cosoryx represents the ancestral type of the
Cervide, and explains the origin of the remarkable type of horns of that family as fol-
lows: Ruminants with fixed horns of structure move dense and brittle than others of
the same type, in their annual combats at the rutting-season, very frequently broke
the beams off not far above the base. The usnal location of nutrition followed, which,
being annually repeated, became as periodical in its retnrn as the activity of nutrition
of the reproductive system. This activity ceasing, the horn, being dense, lost its
vitality, the more so as the normal covering wounld have already perished in its distal
portions. The natural consequence, the separation of the dead from the living bone
by suppuration, would follow. This process would, however, probably require a longer
time for the establishment of its periodical return than the fracture and attachment of
the existing horn.

This appears to be the only explanation of the origin of the phenomena exhibited
Ly the horns of the Cervidw, and is suggested by the specimens of Cosoryx to be de~
seribed.

Char, specif.—This species is larger thau the C. furcatus, Leidy, and differs from the
C.warrenii in possessing two antlers instead of one, of which the fivst is given off at
a poiut much farther from the base than in that species.

The beam near the base is curved a little inward, and is semicircular in section, the
outer face being slightly concave, the inner very convex. The base is situated a short
distance within the free superciliary border. The beam becomes more cylindric, and then,
expanding in a fore and aft divection, gives off an antler at right angles nearly parallel
to the cranial axis. At a distance little over halt the elevation of the first antler, the
beam gives off a second in a plane tranverse to the axis of the skull. The terminal
portion of the beam is cylindric, curved, and acute at the apex.
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Mandibles, with teeth of two species of this genus, were found, the smaller of which
occurring with the other portions of C. furcatus, belong to it. The larger differs in the
elevation of the intercrescentic colnmn of the first molar, which is worn into a loop at
ordinary maturity ; this may, however, be but an individual variation. The diastema
is long and the ramus of that point quite slender.

Measurements.
M.
Long diameter of base, No. 1 ... .o i iiee e 016
Long diameter of base, No.2...... .. .. ... ... ... 020
Elevation of first antler from base, No. 1. .. ... .. oo .080
Elevation of second antler from first, No.3 ... ... ... ... ..., R 042
Leugth of terminal part of beam, No. 4. ... . ... .. ... ... ... e .095
Length of molars 2-5, No. 5. ... i it i e 037
Length of molars 4-5, NO. 5. o cu o i e e e et e 022
Length of fifth molar. .. ... il 012
Width of fifth molar.. ... .. i e 006

COSORYX TERES, $p. nov.

Established on the connected frontal bones, supporting the horns of one specimen,
and represented by portions of horns of two others. The former individual is larger
than any one belonging to the other species, and the species is doubtless the largest of
the genus. The horns stand above the posterior part of the orbit, which excavates its
base, and presenting a considerable face, descending into the temporal or zygomatic
fossa. There is no free superciliary rim outside of the base as in C. ramosus, Cope.
The section of the beam near the base is a regular oval; the long axis directed longi-
tudinally and a little outward in front. The beam is erect, with a slight curvature
outward at the inner base only. So far as preserved, it does not branch, but may do
80 in its distal portion, which is lost. The tissue is more spongy interiorly than in
the other species ; supraorbital foramen far within the superciliary border.

Measurements.

M.
Outer width between bases of horn-cores. ... ... ... oo iiiiiiiiinaan 112
Inner width between bases of horn-cores...... b et e e e aemaas .055
Width of temporal fossa behind horns.... ... . il 053
Long diameter of horn-core...... .. ... .. .. ...l .028
Short diameter of hOrn-Core.. ... .t iman oo it ot it i aaaaae aaae 021
Length of part preserved.. .. ... ..o o i i e .033

This species was as large as the dntilocapra americana of the plains.

HESPEROMYS LOXODON, 8p. nov.

Anlentire mandibular ramus, with all the teeth preserved, was found in the same
deposits as the preceding species. Molars subequal, short-crowned ; triturating sur-
face sigmoid. The apices of the sigma on the inner side tubercular, and anterior to
the outer apices. First molar with an additional transverse crest in front. Incisor
compressed ; outer angle of enamel face rounded smooth. Molar series oblique, rising
anteriorly.

Measurements.

M.
Length of molar series...... ... .. oot oiil el .0050
Length of first molar ............. ..., M 11 .
Depth below last molar, (inner side).... ... ..o il .0030
Depth below first molar... ... . oo ol . .0045
Depth of IneiSOr. - oo o i e ceieis aas 0015
Depth at diastema. ... ... i i iieaaaa. 0027

PANOLAX SANCTZEFIDEI, gen. et sp. nov.

Char. gen.—Molars prismatic, transverse, except the first and last ; each divided by a
plate of enamel extending transversely from the inner side. Anterier molar longitu-
dinal j posterior molar composed of two columns.

This genus is represented by numerous teeth and portions of the cranium. It evi-
dently belonged to the Leporide, and is allowed to both Lepus and Palwolagus. As the
teeth are mostly separate, it is not easy to determine which is the posterior and which
the anterior molar. Judging by the analogy of the known species, the determination
as here made is correct; should the relations be reversed, the species will be referred
to Paleolagus.

Char. specif.—The teeth are curved, the convexity inward. Inner face grooved, the
groove occupied by cementum, the outer border compressed either without or with

FF—9
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very shallow groove. First molar with triturating surface twice as long as wide, with
an entering loop of enamel on the inner side anteriorly narrower. Last molar as wide
antero-posteriorly as transversely, the shaft curved backward, the posterior column
sub-cylindric half the diameter of the anterior.

Measurements.
i Inch.
Diameter of middle molar{ SIRROTIOn oo vooos oo omer o
Diameter of firsk molar..._. § RIS LIROTIOT ---oc oo oo
- i (
Diameter of last molar..... § {REROROETION - oo oo e
Length of erown of Jast molar...... ..o oL 250

This species is about the size of the northern hare.

CATHARTES UMBROSUS, $p. nov.

Represented by numerous portions of nearly all parts of the skeleton, in excellent
preservation. The beak from the frontal bone to near the apex is preserved; it dis-
plays the depression just anterior to the nares, which marks the anterior boundary of
the cere. The culmen is nearly horizontal to just beyond this mark, and then exhibits
a gradual decurvature to the apex. The beak is strongly compressed, and the tomia
strongly decurved, forming an open festoon, whose middle point marks one-fourth the
length of the beak from the nares. The latter are directed obliquely downward and
forward, narrowing anteriorly and having a prominent inferior bounding ledge.

The mandible is weak, the symphisis-marking on half the length of the beak from
the anterior angle of the nares.

The bones of the anterior extremities exhibit large and powerful proportions, as
compared with the posterior, appropriately to capacity for sustained flight. The head
of the humerus is much compressed, and the articular face is nearly divided into two
by the deep bicipital groove. The head of the femur is small, and the rotular face a
wide and deep groove.

The tibia is slender, the shaft much compressed, with a prominent ridge. The
cnemial crest is short, and not produced downward on the shaft. The distal posterior
bridge is narrow and oblique. The tarso-metatarsus has a strong exterior crest, which
constitutes half the width of the shaft.

Measurements.

Length of beak from base of culmen, (axial)........ ... ... ... ... ... ... 1.90
Length of beak from cere to apex, (axial). ... oo iierr o iioiiiiiaca e 1.20
Depth of beak at culmen ...... ..ol il e e .87
Depth of premaxillary at festoon.. ... ... .ol 75
Length of symphysis ... vocenn oin i e .69
Length of mares - ... ..o in ot ettt ceceeeemaaaaaan 37
Width of palate at festoon ... ... oo, PO .50
Width of head of humerus. ... ..o oo i i o i ii it i
Width of condyles. ... .o oou i et et e e et et cmee e aaa.
Width of distal end of femur......... ... ... . ... et et aaaan
Width of head of tibia ... .o o i il
Width of condyles of 6ibia .. ..o i i iiiiiiae eieeas
Width of condyles of tarso-metatarsus ... ... .. i.aiiiiiiiioiiiiiiiii.aa.
Length of a fivst phalanx ... ... . oo i
Length of seven sacral vertebree ........................ -
Length of two dorsal vertebree .. ... . . il
Depth of a dorsal vertebra, ($0bal) ... ..o oot i
Depth of a dorsal vertebra to roof of arch ... ... ... . . ...oci..iii....
Depth of centrum of roof of areh .. .. ..o Ll i inen.
Width of centrum of roof of arch.... .. .. .o ... il ...
Length of two cervical vertebree ... ... ... .. ... ... ......

Depth of two cervical vertebre to apex of neural spine ..
Depth of articular face of centrum . ... . oo i il
Width of articular face of centrum.. . .. .. ... .. ..... e tmeetiaaeans




