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PREFACE.

TaE main facts here presented, together with the numerical results of the field
reductions, were communicated to the National Academy of Sciences at their
session of January, 1867. )

The definite reductions were made during the spring and summer of 1867, Mr.
A. T. Mosman assisting in them until May, when he was ordered elsewhere, and
Mr. 8. C. Chandler, jr., then taking the principal part in them, until they were
essentially completed in the following October.

This report, in its present form, was prepared during the year 1867, except the
final chapter upon the velocity of the signals, which has chiefly been written
during the present month, since receiving from the Superintendent of the Survey
permission to print the report.

B. A. GOULD.

CAMBRIDGE, MASSACHUSETTS,
February, 1869.
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ON THE

TRANSATLANTIC LONGITUDE.

I‘
ORIGIN OF THE COAST-SURVEY EXPEDITION.

TrE determination of longitudes by means of the eleetro-magnetic telegraph,
was, as is well known, first practised by the U. 8. Coast Survey; and the methods
by which it attained its full development were here in use for several years before
they began to be employed elsewhere. From the year 1849 until the beginning
of the late war, early in 1861, they were unremittingly prosecuted. At that time,
24 independent determinations had been made, no pains having been spared for the
attainment of all possible precision; and the series of telegraphic longitudes ex-
tended from the northeastern boundary to New Orleans, covering 2§ hours of
longitude and 15° of latitude within our own territory, as well as some portions of
the British provinces. Upon the completion of the Pacific Telegraph, arrange-
ments were made' for extending the connection to San Francisco; but these were
reluctantly deferred in consequence of the condition of the eountry.

For longitudes reckoned from any trans-Atlantic zero, much coarser methods only
have hitherto been available; and the uncertainty of the determinations has been
twenty or thirty times greater than that between any of the points which form the
series of American determinations, and very much larger than that between any
points referred to these fundamental ones, by the geodetic operations of the
Survey.

The Atlantic eable promised at last to afford an opportunity of connecting the
American with the European longitudes, and thus of reducing the two independent
series of determinations into what should practically be but one. The large views
of the late honored head of the Coast Survey, Prof. Bache, led him to take imme-
diate steps for the attainment of this end; and upon the first organization of the
Atlantic Telegraph Company, to the assistance of which he gave his hearty and
effective support, he obtained? from the officers of this and of the Newfoundland

1 Coast Survey Report, 1861, p. 2.

* Ibid. 1858, pp. 33, 34, 43; 1859, p. 6.
1 April, 1900. ) ( 1 )



2 THE TRANSATLANTIC LONGITUDE.

companies their ready promise of all needful facilities for determining the relative
‘longitude of their terminal stations.

Immediately upon the landing of the cable at Trinity Bay, Mr. Hilgard was dis-
patched to this remote spot, in order to decide from personal inspection whether
the communication was sufficiently good to permit of satisfactory Jongitude-signals,
without delay; but his report was necessarily adverse. .

Upon the organization of the telegraphic cable-expedition of 1865, Mr. Hilgard,
who during Prof. Bache’s illness was acting in his behalf, obtained anew from the
respective companies permission for the use of the cable, if successfully laid; and
the Hon. Secretary of the Treasury authorized the necessary outlays. Mr. L. F.
Pourtales repaired to Heart’s Content, and there awaited the arrival of the Great
Eastern, in order to inform me without delay of the character and availability of ~
the signals, should the cable be successfully laid; but the rupture of the cable in
mid-ocean made his expedition unavallmg

The same preliminary steps were again taken in 1866, Mr. G. W. Dean awaiting
the arrival of the Great Eastern at Heart’s Content. The expedition of this year
was happily successful, and Mr. Dean reported by telegraph that the sharpness of
the signals was all that could be desired. Measures were at once taken for organ-
izing the parties. Mr. Dean returned only a few hours too late to present his
report while we were attending the session of the National Academy of Sciences
at Northampton; but he found Mr. Hilgard and myself at the meeting of the
American Association in Buffalo, where all the details for the expedition were
arranged without delay, and the needful directions for preparation of instruments
and observers given by Mr, Hilgard.

The large interval between the meridians of the two extremities of the cable pre-
cluded the employment of the method of star-signals, for many reasons. This
method requires a more protracted occupation of the cable than it seemed nght or
reasonable to solicit; the climate of Newfoundland, according to the best informa-
tion received, is too uncertain and variable to warrant reliance upon the continuance
of a clear sky for three hours, while unless the promise should be favorable it
would be unwise to employ the cable for transmitting observations from Valencia,
which would be useless unless combined with subsequent observations of the same
stars from Heart’s Content. Moreover, for a longitude so great as that to be mea-
sured, the special advantages of the method of starsignals chiefly disappear; the
clock-rates becoming matters of serious importance, and entailing errors of the same
order of magnitude as those of the absolute time-deteymination, while the wide
separation of the observers precludes that thorough elimination and control of per-
sonal equation which is feasible when the longitude-observatio: s are restricted to

zenithal stars, and the observers can easily exchange positions and frequently meet
at one or the other station.

There was also ground for confidenee that the catalogue of standard stars to be
employed for determining time.was so well freed from systematic errors, that the
difference of half a quadrant in the meridians would introduce no error depending
on the right-ascensions, no matter at what hour the comparisons might be made—a
confidence which the event has fully justified.
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II.
PREVIOUS DETERMINATIONS OF THE TRANSATLANTIC LONGITUDE.

The several determinations of longitude between European and American sta-
tions, which have hitherto served as the basis for astronomical and nautical
computations, may be classified under the three heads—from moon-culminations,
from eclipses and occultations, and from chronometers. Most of them have been
referred to one or the other of two American points, the College Observatory at Cam-
bridge, and the Naval Observatory at Washington, The former has presented
especial conveniences for the chronometric expeditions, both from its close vicinity to
the point of .landing and shipment in Boston, and from the charge of these expedi-
tions being confided to the director.of the observatory, who was specially versed in
chronometric matters, and whose office in Boston was connected with the Cambridge
clock by a telegraph wire, so that not even the transportation to the observatory
was requisite. The latter, as situated at the national capital, and administered by
one of the departments of government, has been naturally selected, in most cases
during recent years, as the fundamental point for other determinations. As the
European point of reference, Greenwich has been employed in all cases.

The telegraphic longitudes of the Coast Survey have, since the first year, been
uniformly referred to a third American point, the ¢ Seaton Station” of the Coast
Survey in the city of Washington. But the longitudes of New York and Philadel-
phia, upon which that of Cambridge depends, were referred to the Washington
Observatory, which is situated® 12°.44 westward from the Seaton Station, by geo-
detic measurement. The longitude between Cambridge and Washington, as deter-
mined by my predecessor, Mr. Walker, in 1848 and 1849, is as follows :—

Cambridge east from Mr. Rutherfurd’s Observatory, New York . 0t 11= 2607
‘Mr. Rutherfurd’s east from Jersey City Station (geodetlc) . . 11.93
Jersey City Station east from Washington . . . 012 3.54
Cambridge (dome) east from Washington . . . . . 0 23 41.54

and this value has since that time been adopted in all computations, and in the
standard books of reference. It must be very near the truth; yet it depends in
part upon a geodetic measurement across the Hudson River, where no telegraph
wire then existed, and was the earliest determination by the new method, before
the employment of many refinements and precautions since introduced. Moreover,
the portion between Jersey City and Washington was deduced from the simple
telegraphic comparison of clocks—a method which repeated experience, as well as
theory, shows to be entirely inferior in precision to the Coast Survey method of star-
signals. For this reason, I have more than once urged a redetermination of the only
weak link in our chain of telegraphic longitudes, by connecting Mr. Rutherfurd’s
observatory at New York with the Seaton Station, as well as the Washington

* Value determined since that giver in the Coast Survey Report, 1851, p. 322.
* Coast SBurvey Report, 1848, p. 22 ; 1849, pp. 19, 20, 31
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Observatory, by the same methods which have been employed for all the other
measurements from our boundary to New Orleans.

Using the values above cited, the following are the determinations of the longi-
tude of Washington from Greenwich which have appeared best entitled to confi-
dence in recent yeérs,

I. From Eclipses and Occultations.—These furnished the values generally adopted
prior to the year 1848, namely, not less than 6" 8= 14*, Thus Gilliss in 1846 used'
6" 8™ 4.6 for the provisional observatory on Capitol Hill which was,® geodetically,
10°.05 east of the present observatory. And in the volume of observations made
in 1845, the first issued by the Washington Observatory, the adopted longitude is
given® as 5° 8™ 14°.64. ,

Peirce’s reductions, in 1845, of occultations observed by Bond at Dorchester from
1839 to 1841 gave* 5* 8= 13.9; and Walker, from an elaborate discussion of all
available observations between 1769 and 1842, inclusive, obtained® 5* 3= 1416, a
-value subsequently® reduced to 13'.85 by change in the adopted longitude of Phila-
delphia, Cambridge, and Washington.

In 1839 Walker had deduced a new value for the moon’s horizontal parallax
from a discussion’ of the eclipse of 1836 May 14, according to which the mean
value used by Burckhardt, in the lunar tables employed in the computation of the
longitude, required an increase of 1”.52; and he discovered® that, although the
probable accidental error of his former result for the longitude of Philadelphia was
but £ 0,35, (subject, however, to the influence of any error in the adopted parallax

. and semidiameter of the moon,) yet the employment of his new value of the hori-
zontal parallax would diminish the longitudes assigned to all the stations of the
Coast* Survey by about two seconds of time. Prof. Airy, at Greenwich, had, in
reducing the Greenwich observations of 1840, already adopted® Henderson’s deter-
mination,! according to which Burckhardt’s constant required to be increased by its
twenty-six hundredth part. So, too, Olufsen, from discussions," in 1837, of Lacaille’s
meridian altitudes at the Cape of Good Hope, had inferred the need of an increase
of this constant by 2"/.24, and Henderson, in the same year, from his own observa-
tions with the mural circle at Capetown, deduced' 1”.3 as the requisite increase.
All these investigations, though greatly varying among themselves, agreed in the
results that Burckhardt’s value was decidedly too small, and thus corroborated the

. change which Walker’s computation of the eclipse of 1836 showed to be necessary.

l Relying on these confirmations, Walker adopted® the correction + 1.5 to Burck-
hardt’s constant, and found that the trans-Atlantic longitude deduced from eclipses
was thus diminished by 2°.67 for the whole coast of the United States. The report

* Gilliss, Astr. Obs, p. x.
* By Ellicott’s original survey of Washington City, -See Coast Survey Report, 1846, p. 73,

* Wash. Obs., 1845, p. 87, ¢ Cosst Survey Report, 1846, p. T1.
8 Coast Survey Report, 1848, p. 118, ¢ Ibid. 1851, p. 480.

? Transactions Amer. Phil. Soc., VI. 883. % Coast Survey Report, p. 115,

* Greenwich Observations, 1840, p. xlviii. *» Mem. R. Astr. Soc., X. 283.

* Astr. Nachr. XIV. 236. ) » Mem. R. Astr. Soc., X. 284.
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of the Astronomer Royal concerning the reductions of the Greenwich Lunar
Observations appeared soon after, and indicated' that Burckhardt’s coefficient
required an increase by its twelve-hundredth part, or 2.85, thus dissipating any
yet remaining doubts as to the necessity of a large diminution of all American longi-
tudes counted from a European meridian.

‘We thus have at present, from observations of eclipses and occultations—

Walker,® corrected value from observations before 1848

Peirce,® from eclipse of 1851, July 28

Peirce,* from emersions of Pleiades, 1839, Sept. 26 .

Peirce,* “ ¢ “ 1856—1861
but neither of the last three determinations is considered by Prof. Peirce as final.

II. From Moon Culminations :—

Walker,? from Cambridge observations 1843—45

Loomis, “ Hudson s
@Gilliss® ¢ Capitol Hill “
Walker,! “ Washington “
Newcomnb,® from * “
Newcomb," " 6" o 17}

1838—44
1838.—48
1845
1846—60
1863—38

. 5% 8= 1114

11.57
1145 & 0.3)) ¥
13.18 .

5 8= 1001
9.8

10.04

9.60 q

11.8 £ 0.4 “ -
9.8 — !

Walker considered 9*.96 as the most probable value from moon-culminations, and
Newcomb assigned 11°.1 as that indicated by those observed at the Naval Observa-

tory from 1846 to 1863, inclusive.

II1. From chronometers transported between Boston and Liverpool.

Indiscriminate mean™ from 378 chronometers previous to 1849 . 5* 8= 12°.46
Bond’s* discussion of 175 chronometers, Expedition of 1849 . 1.14 -
Walker’s® ¢ u “ u“ “ . 12.00
Bond’s® “ “ “ “ 12.20 & 0.0 -~
Bond’s* o of 53 chronometers, 8 trips, Expedition of 1855 18.43 + 0.19-

All of these values require to be increased by 0°.06, to conform to the new telegra-
phic determination by the Astronomer Royal of the longitude between Liverpool

and Greenwich,

The discordance of results which individually would have appeared entitled to full
reliance is thus seen to exceed four seconds; the most recent determinations, and
those which would be most relied upon, being among the most discordant. No amount
of labor, effort, or expense had been spared by the Coast Survey for its chronome-
tric expeditions, inasmuch as the most accurate possible determination of the trans-

* Monthly Notices R. Astr. Soc., VIIL 186; Mem. R. Astr. Soe., XVIL 5.

* Coast Survey Report, 1851, p. 480.

¢+ Ibid. 1861, p. 220. ¢ MS. Coast Sarvey Report.

* Ibid. 1861, p. 195.
¢ Ibid. 1851, p. 480.

* Astr. Journal, 1. 67, using telegraphic longitude of Hudson from Washington as given by
See alzgo Trans. Amer. Phil. 8oc., X. 10.
* Trans. Am. Philos. 8oc., X. 123; Wash. Obs. 1862, vii.

Walker, Coast SBurvey Report, 1851, p. 481.

% Wash. Obe. 1863, lii.
2 Coast Burvey Report, 1851, p. 480.
= Ibid. 1854, pp. 120, 138, 141,

» Ibid. 1864, p. 46.
» Ibid. 1850, pp. 17, 19.
“ Ibid. 1856, p. 183.

|

!
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Atlantic longitude was specially required' by law; and the thorough accuracy of
Prof. Newcomb’s investigations is well known to astronomers. Yet the result of the
latest chronometric expedition differs from that deduced by Newcomb,—from moon-
culminations observed at the Washington Observatory since its reorganization, com-
pared with those observed at Greenwich,—by more than three and a half seconds of
time. *

The value employed by the Coast Survey from 1852 to 1859 was 5" 8™11*.2; since
1859 it has been 5* 8= 11*.8. .

II1.
HISTORY OF THE EXPEDITION.

The building erected in Calais, Maine, and occupied as a longitude-station in
1857, was still in existence, though much dilapidated, the stone piers being undis-
turbed. Mr. George Davidson, Assistant in the Coast Survey, was to take charge
of this station, with Mr. 8. C. Chandler, Jr., as aid. Mr. Dean was assigned to
the station at Heart’s Content, with the assistance of Mr. Edward Goodfellow;
while I was to occupy the Valencia station, Mr. A. . Mosman accompanying.
Each station required a small transit-instrument, a chronograph, and an astrono-
mical clock. '

The most questionable feature of the arrangement was the use of the land line
of wire, about 1100 miles long, between Heart’s Content and Calais. Hitherto
all our telegraphic longitudes have been determined without any use of * repeaters,”
or double relay-magnets, which have been most carefully avoided as inevitably
introducing an additional element of error, or at least of uncertainty, into the result.
The armature-times of different electro-magnets, acted on by galvanic currents of
different intensities, enter into the result, and only their mean amount is elimi-
nated, while one-half their difference remains inseparably merged with the resultant
longitude. Between Calais and Heéart’s Content there were known to be not only
several of these repeaters, but also one or two stations at least where the messages
were received and re-sent by hand, without the intervention even of an automatic
“repeater.” Yet not only our financial resources, but also our available time and
our supply of instruments, precluded the occupation of more than three stations at
once, and it was reluctantly decided to make use of so many repeaters in this
interval as careful investigation should show to be absolutely necessary.

Messrs. Davidson and Dean left Boston for Halifax in the steamer of Sept. 5,
to make an examination of the condition of the telegraph line, and a week later
Messrs. Goodfellow, Mosman, and myself sailed in the Cunard steamship Asia,
bound for Liverpool, via Halifax and Queenstown, taking the instruments for
Newfoundland and Ireland. But a short time before our departure the welcome
tidings had arrived of the recovery, in mid-ocean, of the lost cable of 1865, and of
the successful continuation of this second line to Newfoundland.

To the courtesy and interest of the officers of the Cunard Company we were
indebted, from the beginning to the end of our expedition, for many favors and

¢ Coast Survey Report, 1858, p. 32.
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“much assistance. The cordial and effective aid of Captain J. P. Anderson, of
H. B. M. mail steamer Africa, then temporarily in command of the Asia, was of
peculiar value, and calls for the sincerest acknowledgments. I may also mention
here our obligations to Mr. Grierson, agent of the Cunard steamship at Queens-
town, who, both at the debarkation and reshipment of the instmments, assisted us
in the most effective manner.

At Halifax the accounts given by Messrs. Davidson and Dean were far from
encouraging. Between the terminus of the Atlantic cable and the American
frontier there proved to be four ‘repeaters” and two stations at which messages
were rewritten. Repeaters and batteries were at once provided by us for use at
these last-named stations, and it was decided that Mr. Davidson should charter a
schooner, in which to visit the various points along the coast of Nova Scotia, Cape
Breton Island, and Newfoundland, carrying with him the necessary outfit, and
giving the requisite instructions to the operators.

This Mr. Davidson successfully accomplished through great energy and per-
sonal exertion, while Mr. Chandler, at his direction, refitted the Calais station, and
mounted the instruments; the first observations made there bemg on the 25th
October.

Messrs. Dean and Goodfellow reached Heart’s Content on the 20th September,
and proceeded to the immediate preparation of an astronomical station; but were
not favored with the sight of any celestial luminary until the 16th October, on
which day they brought the transit and clock inte tolerable adjustment, and on the
18th their regular observations commenced.

On the morning of Saturday, September 22, the Asia arrived off Queenstown,
where Mr. Mosman landed with the instruments, while I kept on to Liverpool,
and thence to London, to confer with the officers of the Company.

The management and control of the cables being with the Anglo-Amencnn
Telegraph Company, which had conducted the expedmon of 1866, and'not with
the Atlantic Telegraph Company, on whose friendly promises of assistance we had
depended, it became necessary to apply anew for permission to use the lines, and
for the needful facilities at Valencia. To the cordial friendliness of George
Saward, Esq., Secretary of the Atlantic Company, we had already been indebted
for many acts of courtesy, and he aided me without delay in the most effective
manner.

The use of the cables was at once granted by John C. Deane, Esq., Secretary of
the Anglo-American Company, subject, of course, to the condition that the obser-
vations and experiments should not interfere with the regular business of the
Company ; and I was furnished by him with letters to the telegraphic staff at Valen-
cia. From the eminent Electrician to the Company, Latimer Clark, Esq., I
received much valuable information and important practical suggestions, as well as
full authority for the trial of electro-magnets in connection with the cables, besides
the needle-galvanometers in use by the Company.

The Astronomer Royal also gave his ready sympathy to the undertaking. His
own plans had been formed, authority obtained, and some of the preparations
already commenced, for making a telegraphic longitude-determination between Val-
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encia and Newfoundland in June following; but; with extreme kindness, he placed
me in possession of all his special information pertaining to the subject, and aided
our operations with word and deed. Subsequently,—when, to my own regret as
well as to his, it proved necessary to establish our station at the cable terminus,
near the western end of the island of Valencia, rather than at either of the two
points foi which he had already determined the longitude from Greenwich,—he
oarried out a third determination of longitude for Valencia, by a telegraphic inter-
change of signals between Greenwich and our station at Foilhommerum Bay.

On the 1st October I met Mr. Mosmgn at Killarney. According: to. previous
arrangement he had already brought the instruments to. that point by rail, and
hed visited Valeneia to examine the ground, snd learn what provision wonld be
required for the stone piers of our transit-instrument and clock, and for the mate-
rials of our astronomical station. From his report it was manifest that the requi-
site supplies could be obtained upon the island, or in its. immediate vicinity, and
early on the morning of Oectober 2 we started westward. The six large boxes of
instruments were piled and carefully made fast upon a large “ Irish car,” the. omly
vehicle ypon springs to be found in the town; and the transportation of this huge '
tower on wheels for 42 miles, to the ferry across the Straits of Valencia, and the
deposit of the instruments in & place of shelter, were accomplished without acci-
dent before daylight had wholly disappeared.

The longitude-stations eccupied by Mr. Airy in the great chronometer expedi-
tion of 1844 (Greenw. Obs’ns, 1845), was at Feagh Main, an elevated position
previously used as a station by the British Trigonometrical Survey; his transit
instrument being placed upon the station-point. For the telegraphic determination
of 1862, the instrument used in determining time was mounted in the village of
Knightstown, at the eastern extremity of the island. The employment of the same
station-point, the position of which was well marked, was, of course, highly desira-
ble. Moreover, it was situated at that point of the island which afforded by far
the greatest conveniences, and it was close to the hotel. But the electricians of
the Company have always been extremely averse to any connection, however brief,
between the cable and any land lines, on account of the possibility of injury to the
cable by lightning. This fact, to say nothing of others connected with prompt
exchange of messages with Newfoundland, and a readiness to avail ourselves of any
sudden change of weather at either place, rendered it imperative that our station
should be established very near the building of the Telegraph Company at Foil-
hommerum Bay, 5§ miles west of Knightstown, and remote from any other
dwelling-house except the unattractive cabins of the pessantry.

Here, as close to the telegraph house as was conmsistent with an unobstructed
meridian, the astronomical station was established, and a building constructed,
11 feet wide and 23 in length. This was divided by & transverse partition into
two apartments, the larger of these serving as an obeervatory, while the eastern
end was used as a dwelling-place. This building was bolted to six heavy stones
buried in the earth, and was protected from the southwest gales by the telegraph
house, the corner of which was within a very few yards at the nearest point, while
rising ground to the northwest guanded us against the winds from that quarter.
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In the observing-room were mounted the transit instrument clock and chronograph.
It also contained a table for a relay-magnet and. Morse register, and a recording
table.

For the kind reception which we met at Valencia, I know not how to give an
adequate expression of my thanks. A more hearty welcome, a more thorough and
delightful hospitality, a more friendly aid, could have been found at no time or
place. The inevitable hardships and exposure of ouy life, at a distance from any
permanent habitation other than the over-tenanted house of the Telegraph Com-
pany, and under circumstances apparently incompatible with comfort, were thus
mitigated and compensated to an incredible degree. To the Knight of Kerry we
were indebted not only for a hospitality worthy the traditional reputation of the
land, and for which we shall always remain personally grateful, but also for the
most practical and efficient aid in furtherance of our operations. All his agents
received instructions to assist us by every means in their power; his buildings
afforded storage for our instruments at Knightstown; his quarries and stonecutters
furnished piers; his factor enabled us to obtain lumber; and his carpenter was
detailed for expediting the work upon our building.

The gentlemen of the telegraphic staff received us with a kindliness to which
there was no exception, welcoming us to their quarters, and sharing with us their
comforts. Of the sixteen electricians and operators in the service of four different
companies, there is no one to whom we are not indebted for essentiaul aid in our
work, as well as under personal obligations for many acts of kindness. To Messrs.
‘James Graves, superintendent of the station, and Edgar George, second in charge, .
we owe especial acknowledgments.

The peculiarly unastronomical sky of Valencia delayed adjustments for a while;
but one or two glimpses of the sun at noon enabled us to establish our meridian,
and, on the 14th October, at 3 A. M., we  obtained transits of a few stars. At that
time the observers in Newfoundland had seen neither sun, moon, nor stars; and I
am inclined to believe that, excepting the short period when sharp frosts prevail
there, the climate of Newfoundland is nearly as unfavorable for astronomical pur-
poses as that of Valencia itself. As regards the Valencia climate, I was informed,
on our arrival, that it had rained every day, without exception, for eight weeks.
During the seven weeks of our sojourn, there were but four days on which no rain
fell; and there was but one really clear night during the period while the instru-
ments were in position. The observations were, in general, made during the inter-
vals of showers; and it was an event of frequent occurrence for the observer to be
disturbed by a copious fall of rain while actually engaged in noting the transit of
a star.

The method of telegraphing through the Atlantic cable is based upon the inge-
nious device of Prof. Thomson, in applying to a delicate galvanometer the prin-
ciple of reflection used by Gauss for heavy magnets. A small mirror, to the btack
of which is attached a permanent magnet, the joint weight of the two being from
five to six centigrams, is held, by means of a single fibre above and below, in
the centre of a coil of fine wire, which forms part of the galvanic circuit; and its

position and sensitiveness are regulated by movable bar-magnets placed in the
3 April, 1869.
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immediate vicinity. Upon the mirror is thrown a beam of light through a slit in
front of a bright kerosene lamp, and the deflections of the needle are noted by the
movements of the reflected beam, which is received upon a strip of white paper.
'The exquisite delicacy of this galvanometer, as well as the electrical excellence of
the telegraph cables, may readily be appreciated after the beautiful experiment in
which the electricians at Valencia and Newfoundland conversed with each other on
a circuit not far from 700 myriameters (4320 statute miles) in length, formed of the
two cables joined at the ends, using a battery composed of a percussion gun-cap, a
morsel of zinc, and a drop of acidulated water.

The absence of any means for the automatic registration of signals received,
presented, of course, a very serious obstacle in the way of an accurate longitude
determination, inasmuch as the loss of time in noting the signals was not only very
considerable, but quite uncertain; but the programme of operations which I had
prepared before leaving home was based upon the assumption that the use of self-
registering electro-magnetic signals would not be acceptable to the Telegraph
Company. All objections to these were, however, waived in our favor by Mr.
Latimer Clark in the most cordial manner, and considerable time was expended on
two evenings in endeavoring to obtain satisfactory signals which should be self-
registering. Unfortunately, these efforts were unsuccessful. The cable could not
be discharged with sufficient rapidity for the purpose when the charge was suffi-
ciently strong to actuate our most sensitive electro-magnet. A permanent deflec-
tion only was observed at Newfoundland, while the Valencia clock was breaking
the circuit during an eighth part of every second; nor did any modification in the
character of the battery render these interruptions of continuity perceptible at the
other extremity of the cable.

I had previously designed availing myself of an ingenious suggestion of Dr, Gibbs,
by which the heat from the lamp should be concentrated and reflected, together
with the light, by the mirror-galvanometer; being then received on a very delicate
thermo-electric pile, which should thus record upon the chronograph the time of the
signals. But too little time was available for the purpose, and although Mr. Far-
mer, whom I had requested to prepare some apparatus based on this principle,
made sufficient progress with his experiments to show the practicability of the
suggestion, he was obliged to abandon all hopes of constructing any satisfactory
instrument in season to be available for our purposes.

Thus it became necessary to fall back upon the original programme which had
been prepared before leaving Boston, and furnished to Messrs. Dean and Davidson.
This was as follows:—

PROGRAMME FOR TRANSATLANTIC LONGITUDE CAMPAIGN.

This campaign will consist of two parts, * Heart’s Content—Calais,” and * Valencis—Heart’s
Content.”

Btar-signals being impracticable in each case, the only determinations of longitude will be by
comparisons of clocks between the stations; consequently no precautions should be omitted which
can in any way increase the precision of the clock-corrections and rates. Only stars of the Ameri-
can Ephemeris should be employed ; levels should be continually read during the observations ; all
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circumpolars should be reversed upon; and stars as far north as 80° should be observed by the old-
method of eye and ear, instead of the chronograph. ‘

Whenever possible, sets of observations should be made at least twice during the night, each set
cousisting of not less than three circumpolars (not all at the same culmination), and three time-stars
north of the equator, together with any southern time-star which may be convenient. A set of
observations should always precede, and another set follow, the exchange of signals, when the
weather permits.

One or more of these sets should be computed promptly, that observers may constantly be
acquainted with the condition of their instruments, The azimuth error should never remain for
more than a day larger than 0°.2, nor the collimation error larger than 0°.1. For the field computa-
tions it will suffice to read off a single tally for each star.

The amount of battery-power and condition of the wire is always to be noted when telegraphic sig-
nals are exchanged ; also any indications of aurora.

Heart's Content— Calais.

So soon as the instruments are in adjustment, the exchange of clock-signals should commence,
and it should be continued nightly, whatever the weather, until the operations for trans-Atlantic
longitude are completed at Heart’s Content. At the time of the exchange, Calais should notify
Heart’s Content whether it can determine the clock-correction on the same night; and should
transmit the correction deduced for the time of the signals seut on the preceding night.

To exchange clock-signals, put the Calais clock into circuit two or three times, for not more than
half a minute at each time and at intervals of at least a minute, while the Heart’s Content clock is
graduating the chronograph. Arrange the time for putting on the Calais clock, so that the record
of 0" shall be included in the series of its signals. It is very desirable that both chronographs
should record this comparison, but if this should be found impossible, the Heart’s Content chrono-
graph is the proper one to keep the record. If any confusion is likely to arise as to the precise
seconds recorded by the Calais clock, this can be readily obviated by making a couple of quick taps -
immediately after 15°, 30%, or 45* of the clock-time, entcring this fact upon the day-book, and com-
municating it to Heart’s Content.

Yalencia—Ileart’s Content.

1. For this determination, three nights’ exchanges through each cable will suffice, provided the
clock-corrections are well determined at each station, before and after the exchange. Should cir-
cumstances be especially favorable on any occasion, there is no reason why work should not be
done with both cables on the same night, thas reducing the requisite number of nights to five.

2. The times at which exchanges will be made must necessarily depend upon the convenience of
the Telegraph Company; but the hours between 10 P. M. and 6 A. M. are preferable. (All civil
times in this programme are understood to be Greenwich mean times.) Whenever exchanges are
to be undertaken, Valencia will notify Heart’s Content as early as 6 P. M., if practicable, naming
the hour when this can be done. Should no such notice be received by midnight, Heart’s Content
need not feel obliged to attend farther.

3. At the appointed hour, Valencia will telegraph the word Gould, as a notice that all is ready;
and upon the reception of the word Dean in reply, will begin the signals.

4. The exchange qf signals will be effected as follows : —

a). Beginning with a positive current, sets of alternate positive and negative signals will be made,
each signal consisting of a single tap half a second in length. The first group will consist of four
taps, at intervals of five seconds. Then, after a panse of ten seconds, will follow a group of three
taps, five seconds apart; and, after a second pause of tem seconds, yet another group of three taps
at five-second intervala; these ten tape, in three groups, constituting a ‘“set.” The arrangement
of the set will then be thus:—

P.N.P.No P, N, P, NP, N
and each set will occupy one minute.
b). Two such sets, following one another at an interval of ten seconds, will be sent first from
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Valencia ; then two sets returned from Heart’s Content; and this exchange will be made three
times, which will suffice for the telegraphic work of the night. The time requisite will therefore be
2m. 10s. for each series of two sets. Three such series being sent from each station, the time
actually consumed for the signals will be but 13m. ; so that 20m. will probably suffice for the whole
operation.

¢). Before sending each series of taps, the sender will call attention by a few rapid alternations
of positive and negative signals, to be answered in the same way before he begins the series; conse-
quently the order of proceedings will be as follows :—
Valencia gives rapid signals, and Heart’s Content responds.
Valencia sends two series of taps, occupying 2m. 10s.
Heart’s Content gives rapid signals, and Valencia responds.
Heart's Content sends two series of taps, occupying 2m. 10s.

First Exchange.

Valencia then proceeds to give the preliminary signals for a second exchange, and in this way the
three exchanges are made. If possible, each observer should then state whether the signals have
been successfully received.

6. The length of the taps, and of the intervals between them, is a matter of some importance.
Hence a mean-time watch or clock should be used, and the same care taken in giving signals as in
making observations. Especially should all the taps be of equal length.

The observer of signals should have the break-circuit key of the chronograph in his hand, and
record the earliest indication of deflection. Bhould the deflection ever be in the reverse direction
of that indicated by the programme, this fact should be noted.

6. It may conduce to a better determination of the time of transmission if exchanges are made at
different hours of the day. One *set” of ten taps as slready described, exchanged at the beginning
of each third hour, would probably saffice for this purpose, although each alternate hour would be
preferable. These experiments should be made on both cables separately, and, if possible, on the
circuit formed by connecting the two cables, without any earth-connection to either. The times for
these experiments must be left to subsequent arrangement.

If possible, the following experiments for velocity should be made by use of both cables. They
are more important than the system of observations at different hours of the day.

1. The two cables being connected at Heart’s Content, but without battery there, Valencia first,
and then Heart’s Content, will send two sets :— ‘

1. With the two ends to earth at Valencia through battery.
2. With the two ends to earth at Valencia, one through battery, the other direct.
8. With the two ends at Valencia to the two poles of battery without earth connection,

II. The same connection with the Heart’s Content battery included in the circuit.

IIIL. (Like I., vice versd). The cables being connected at Valencia without battery; Valencia

firat, and then Heart’s Content will send two sets :—

1. With both ends to earth at Heart’s Content through battery.
2. With both ends to earth at Heart’s Content, one through battery, the other direct.

IV. The same, with the Valencia battery included in the circuit,

7. At the earliest convenient opportunity after an exchange of signals, each observer will tom-
maunicate to the other his corrected sidereal time, corresponding to the means of the last set of ten
taps received, and the last set of ten taps sent.

On the 24th October, longitude-signals were exchanged with Newfoundland for
the first time. Between that date and November 20, four more opportunities had
been found, and the entire series of experiments for determining the velocity of
signals under different circumstances had been satisfactorily tried, as well as some
others which I found practicable at Valencia, although not provided for in the
programme.

Meanwhile the Astronomer Royal, who had, with his usual kindness, acceded te
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my request for a telegraphic connection between our station-point and Greenwich,
and assumed all the labor and embarrassment of the necessary arrangements, had
carried out the series of exchanges with Foilhommerum, an undertaking attended
with no little inconvenience and vexation from the various difficulties attending
land lines, especially when a submarine cable of the length of that across the Irish
Channel forms a part of the circuit. After many fruitless attempts, clock-signals
were exchanged on three nights, upon two of which the time was well determined
at both places. :

Upon the 20th November, the weather at Heart’s Content, as well as at Valen-
cia, was extremely unpromising; no communication had yet been obtained between
that station and Calais, and it seemed best, on all accounts, to bring our -cable
signals also to an end. After visiting Greenwich to offer such aid in the reduction
of the longitude-exchanges with that Observatory as might be acccptable to the
Astronomer Royal, Mr. Mosman reached home on the 22d December, and I fol-
lowed four weeks later.

The personal error, with other loss of time in ‘observing signals, has happily
proved more constant and more measurable than I had ventured to anticipate. No
matter how great the interval, the resultant longitude will only be affected by one-
half the difference of the values for the two observers; while the average value for
the two observers could be merged with the time of transmission for the signals.

It is not the least satisfactory of our results that this interval proved capable of |

measurement with a degree of accuracy which leaves no ground for apprehension
that it has appreciably affected our value for the longitude, and which enables us
to infer the velocity of transmission within restricted limits of probable error.

The exchanges between Heart’s Content and Calais were far less satisfactory.
Notwithstanding the laborious precautions taken by Mr. Davidson, all efforts at
direct communication proved unavailing, day after day, and weck after week.
Mr. Davidson’s health became seriously impaired, and Mr. ¥. W. Perkins was
added to the Calais party, joining it on the 12th November. Finally, Mr. Davidson
being called to important duties at the Isthmus of Darien, was compelled to leave
Calais, and Mr. Charles O. Boutelle, one of the most experienced officers of the
Survey, was assigned to the charge of the station. Still, the necessity of an inter-
mediate astronomical station at Port Hood or Aspy Bay seemed inevitable, when
suddenly, on the 11th December, only a couple of hours before Mr. Boutelle’s
arrival, the long-desired communication was found to be established. A sharp
frost had thrown the otherwise defective line into a condition of admirable insula-
tion, so that an interchange of clock-signals was effected without difficulty. Com-
parisons of clock-time at the two stations were also made on the 12th, 14th, and
16th December, though not in a manner wholly satisfactory, since clouds inter- .
fered with the attainment of sufficient observations for time. At this juncture
Mr. Dean, at Heart’s Content, decided to discontinue observations, and dismount
his instruments, so that the work was brought to a close, the Newfoundland
observers reaching Boston again in the last week of December.

In reducing the observations, I have been aided to some extent by Mr. Mosman,
but chiefly by Mr. Chandler, who has for several years rendered efficient and skilful



14 THE TRANSATLANTIC LONGITUDE.

service in computations of this kind, as well as in numerous other astronomical
observations and reductions. To both these gentlemen I desire to make acknow-
ledgment for their valuable services in the office as well as in the field.

The nature of the undertaking had, of course, thus far precluded any deter-
mination of personal equation between the observers. This was provided for with
as little delay as possible. My plan had contemplated the entire elimination of
this disturbing element at Heart’s Content, since it would affect the longitudes
of Calais and Valencia equally, but with opposite signs. It proved that this pre-
caution had been overlooked, and that the time had been determined by Mr. Dean
during the exchanges of signals with Europe, and by Mr. Goodfellow during those
with the United States; but, as will be seen, this proved of no practical import-
ance. During a long series of years the personal equation between these two
gentlemen, as determined several times annually, was inappreciable; and so, too, it
proved in the comparisons made after their return from the present expedition.
At the earliest practicable date extensive observations were made for the determi-
nation of the personal equations between each pair of observers. The results of
these will be given in their place.

It may, perhaps, be well to add a few words concerning the instruments used,
which were the regular apparatus of the telegraphic party of the Coast Survey,
consisting at each station of a transit-instrument, a chronograph, and a circuit-
breaking clock.

The transit-instruments have an aperture of about 7 centimeters, and a focal
length of about 116 centimeters. Each is provided with a reversing apparatus
attached to an iron stand, and capable of reversing the instrument with ease in about
twenty seconds; so that it is not difficult to observe a star, in one position of the
axis, within 30 or 35 seconds after observing it in the other. The illuminating
lamps are placed on brackets unconnected with the instrument, and as far from it
as possible. The reticule carries five « tallies” or sets, of five spider-lines each, at
intervals of about 2} equatorial seconds of time, the several tallies being separated
from each other by twice this distance. The tallies are denoted by letters of the
alphabet from B to F inclusive, and the individual threads by subjacent numbers,
the numeration beginning with the ¢ Lamp End” or end at which the illumination is
admitted to the field, so that when this end is west, a star at its upper culmination
traverses the threads in the direct order of their numeration from B, to F;. The
-instruments are provided with diagonal eye-pieces of magnifying power not far from
100, and signal keys are permanently fixed on each side in convenient positions.
The chronographs at Valencia and Heart’s Content were ¢ Spring Governors” by
Messrs. Bond & Son; that at Calais was a ¢ Kerrison’s Regulator,” with modifica-
tions by Mr. Saxton. Upon all of them one pen, which is constantly tracing a
line upon a revolving cylinder, records the signals both of the clock and of the
observer by offsets from this normal line.

The experience of eighteen years has shown that the greater simplicity of the
apparatus, when provided with but a single electro-magnet and recording pen, far
overbalances in the longitude work of the survey any inconveniences arising from
a possible confusion of the clock-signals with those given by the observer. The off-
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~ sets produced by the former are of practically equal length, this length depending
on the adjustment of the armature and strength of the battery ; while thase produced
by the observation-signals are for a practised observer quite near enough to equality \‘.
to preclude any difficulty in reading off the records, except in very rare instances.
For portable instruments there seems to be no room for reasonable doubt as toll
the superiority of an instrument with a single pen; and for the fixed instrumentsl
of an observatory I should personally give this construction a decided preference.
All signals are given by the interruption of a closed circuit, so that, when the
observing key is properly adjusted, no interval elapses between the first pressure
and the tfansmission of the telegraphic signal; while the moment of release of the
armature from the electro-magnet is distinctly recorded. The clocks are all provided,
according to Saxton’s plan, with delicate platinum tilt-hammers resting on platinum
disks, and so adjusted that a small pin fixed in the pendulum-rod at its centre of
percussion shall strike the tilt-hammer at the instant when the rod is vertical, and
thus lift the hammer from the disk for a very brief period, generally about the one-
hundredth part of a second. The galvanic circuit to the chronograph being con-
ducted through this tilt-hammer and disk, the circuit becomes interrupted for a
moment at each oscillation of the pendulum.

The advantages of this mode of recording the clock-signals over any in which
the galvanic current traverses any portion of the clock itself, or in which the sig-
nals are produced according to Saxton’s original plan by contact with a globule of
mercury, have been sufficiently set forth in previous reports, and require no repeti-
tion here.

IV.
OBSERVATIONS AT VALENCIA.

Here the Kirille clock and Transit-instrument No. 4 were employed. I had sup-
posed all precautions taken to insure that the instruments should be in good order;
but, owing probably in part to the haste with which the expedition was organized
in view of the approach of winter, this was not the case, and the want of proper
condition of both these instruments, as well as of the minor telegraphic apparatus,
much augmented the unavoidably serious difficulties of the enterprise.

Observations were obtained on fifteen nights during our sojourn at Valencia, on
no one of which the sky was unclouded. On only two of the five nights on which
longitude-signals were exchanged with Newfoundland was it possible to obtain
observations after the exchange, and this was possible, too, on only one of the three
nights when signals were successfully exchanged with Greenwich. Observations
of circumpolar stars for the special purpose of determining the intervals of the transit
threads, were out of the question. Indeed there was but one instance when a transit
of any star north of 60° declination was observed over all twenty-five threads. In
those rare instances when this would have been possible, the stars were needed for
determining the error of collimation.

At the close of the series of observations, it was found that 53 complete transits
had been observed over all the threads; and since the equatorial intervals of the
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same reticule had been very thoroughly and satisfactorily deduced from an ample
series of observations in 1860-61 at Pensacola, it appears that little would probably
be gained by an attempt to obtain additional data at Valencia. Indeed, after
assorting the thread-intervals deduced from the Valencia observations into three
classes, the accordance of the mean values for these classes showed a probable error
amounting for but few of the threads to so much as 602 of a great circle.

The Pensacola values had been deduced from 121 transits of 21 stars,—the
average declination of 9 of them being 754°, The probable error of but few of the
intervals was so large as 0°.005; and the combination of these values with those
derived from the Valencia observations gives all needful accuracy. The Pensacola
values were therefore reduced to the focal adjustment of the instrument at Valencia
by diminishing each interval by its three-thousandth part, and a triple weight was
assigned to the resultant values.

‘We thus have, for the equatorial intervals of the several threads from the mean
of all, the following determinations:—

EQUATORIAL THREAD-INTERVALS oF TRANSIT No. 4.

Pensacola values
Valencia, 1866. Adopted value,
1860-61. Reduced to
Valeucia focus,
B, +34%.156 +34%145 + 34117 +34%.138
B, 31.784 31.774 81.834 81.789
B, 29.255 29.245 - 29.311 29.261
B‘ 26.850 26.841 26.829 26.838
B, 24.317 24.309 24.289 24.304
C, 19.450 19.444 19.424 19.439
C, 17.136 17.130 17.134 17.131
C, 14.574 14.569 14.570 14.569
C, 12.204 12.200 12.187 12.197
C‘ 9.799 9.796 9.755 9.786
D, 4.909 4.908 4.904 4.907
D, +2.456 + 2.455 + 2.462 4 2.457
D, —0.034 — 0.034 — 0.038 — 0.035
D, 2.372 2.371 2 366 2.370
D, 4.717 4.716 4.750 4724
E, 9.677 9.674 9.698 9. 679]
E, 12.220 12.216 12.175 12.206
E, 14.634 14.629 14.647 14.634
E‘ 17.154 17.148 17.166 17.153
El 19.467 19.461 19.443 19.456
Fl 24.438 ‘ 24.430 24.433 24.431
F, 26.858 26.849 26.837 26.846
F, 29.382 29.872 29.861 29.369
F‘ 31.7%0 31.760 31.789 31.767
F‘ —34.168 —34.157 —34.119 —34.147

Levelings of the qxis were of course made as frequently as possible, and the
correction for inequality of the pivots thence deduced is —0°.013, the perforated
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end of the axis being the larger. The value resulting from Pensacola levelings
was 0°.015; and the mean of these has been applied to all level-readings as correc-
tion for 1nequa11ty of pivots.

On and after November 5, the transit-observations upon which the longitudes
depend were made by Mr. Mosman alone. On the 25th and 28th October, they were
made by myself; and on the other dates which enter in any way, however implicitly,
into the longitude-determinations transits were observed by both of us. This
circumstance, undesirable in itself, was, from the necessities of the case, not to be"
avoided. I have, however, whenever possible, employed Mr. Mosman’s observations
only for determining the clock-correction, and for those cases where this was not
feasible have applied to my own observations the constant correction of —0°.08 for
personal equation to reduce them to Mr. Mosman’s, as will be explained in a sub-
sequent chapter.

With these few explanations, and the added remark that the observatlons for
time were almost without exception obtained with extreme difficulty in the inter-
vals of clouds and rain in one of the most unfavorable climates of the globe for an
astronomer, I give the crude observations, and their reduction for the groups imme-
diately preceding and following each series of longitude-signals, omitting the others
generally as needless. The notation and methods of observation and reduction are
those prepared by me for the longitude work of the Coast Survey some fifteen years
ago, and are described in detail by Mr. Dean in the appendix to the Coast Survey
Report for 1856. The conditional equations for.clock-correction and azimuth are
solved by least squares, after correcting for level-error and clock-rate; the normal
equations and resultant values being appended to each group. As already stated,
my own observations have been referred to Mr. Mosman in every case, by subtract
ing 0°.08 from the- observed times.
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1866, October 25.—G., Obs.

Btar, Lanp. Threads M by R Bby+-k
v Aquile . E. B, —F, 19240 367 | 40128 0™ 0000 | +0°.087
[ ‘ e “ B,—F, [F, lost] 44 26.42 | 40.132 | —0 1.338 | +0.087
s Draconis,* U.C.. ¢ P O 48 11.45 | +0.136 | 40 33.603 | +0.837

“o. o W. |E,F,,, 50 5.12 | 40.138 | —119.972 | 40.342
v Aquile ¢ C,--E, 19 57 45.94 | 40,143 | +0 0.015 | +40.092
Tw= 1958, 6 m= — 8°.3. p = 0°.00. ¢ =—0%019.

Btar. t - Ce ) Aa at
vy Aquile . 19%40™ 3876 | 89=55%43 | —0°.020 —0.*04 40817 —8.51
o “ . e . 44 25.17 | 44 16.86 | —0.020 —0.03 +0.17 8.50
¢« Draconis, U. C. . 48 45,44 | 48 3677 | ----- —0.37 -—0.22 8.45
¢ Aquile . 119567 46.06 | 57 37.85 | ~—0.020 +0.12 +0.18 —8.36

446 4 1.159 @ = — 0316

+ 1159 a0 4 2.259a = 4 0.375

G = 4 0°.243, a0 == —0°.147, At = —8%.447.
18886, Oetober 27.—M., Obs.

Star. Lamp. Threads. M b, R Bby+-k
¢’ Ceti 2. B—F, 1*17= 31577 | —0°.160 0™ 0000 | —0°.089
y Piscium . “ B—F, (E,,,lost] 24 33.53 | —0.132 | —0 1.945 | —0.119
° “ . e “ —F, 38 31.67 | —0.104 0 0.000 | —0.086
B Arietis . . . “ B,—F, 47 27.40 | —0.098 0 0.000 | —0.106
50 Cassiopeie, U.C.[ “ E —F, (F,, lost] 51 16.84 | —0.091 | 40 5.330 | —0.314

“ “ ¢ W. | D—F, [E;lost] | 153 14.49 | —0.089 | —0 53.402 | —0.308
“Tem 127, 0 = —8"5. p = —0°010. ¢ = +40"170.

Star. t - Ce oy’ 4a At
¢’ Ceti 1* 1™ 31%.68 | 17=23%11} +0%.173 + 0510 4008 —8%.48
o Piscium . 24 3147 | 24 22.92 0.175 +0.13 +0.06 8.43
° o . 38 31.58 | 38 23.15 0.172 +40.24 +0.06 8.32
B Arietis . . . 47 27.29 | 47 18.713 +0.181 +0.12 +0.05 8.43
50 Cassiopviee, U.C.] 1 52 21.31 | 62 12.78 .- .- —0.03 —0.10 —8.43

540 + 1.675 g = 4 0551

+ 1.675 a6 4 8.156 ¢ = + 0.420
G = + 0091, 40 = 4 0°.080, Al == — 8°.420.

' Ilamination very bad.
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1868, October 28.—G., Obs.

Star. Lamp. Threads. M by R Bby4-k
a Cygni . E. | B—F, 20"37™ 2°.92 | —0.059 00000 | —0%.102
s Aquarii . . . “ B—F, 45 37.04 | —0.063 0 0.000 | —0.041
12Y.Cat. 1879 U.C.] D—F, 51 55.63 | —0.069 | +1 49.390 | —0.423

“ “ “ W. | E,—F, [F, lost] 56 504 | —0.076 | —2 21419 | —0.458
¢® Urs. Majoris L.C.| ¢ B,—E, [E, lost] |20 59 15.35 [ —0.079 | —0 29.862 | +40.132
§ Cygni . “ —F, 21 7 25.42 | —0.085 0 0000 | —0.101
T =21* 6 = — 8.7 p = — 0025 c = 4 0124,

Star. ¢ . Ce o/ 4a at
o Cygni. 20837 2082 | 36™ 53%.91 | 40177 —0°.04 0°.00 —8%.74
w Aquarii . . . 45 87.00 |45 28.03| +0.125 —0.15 —0.01 8.84
12 Y.Cat. 1879 U.C. 53 43.88 |53 38511 | - - - - —0.07 +0.04 8.81
¢* Urs. Maj. L.C.| 20 59 45.62 {58 36.48 | +0.329 —0.11 —003 | 8.78
¢ Cygni. 21 T 2532 | 7 16.56 | —0.144 —0.20 —0.01 —8.89

549 4+ 1.058 a = —0".347.
+ 1.058 a6 + 13.7108 a = + 0.101.

G =1 — (%013, A9 = — 0112, &t = —8°.812,
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1866, October 30.
Star. Lamp. Threads. M b, R Bbyt-k
IG.y Cygni . . ..| E. | B—F, 20"52m 2213 | —0%.067 | O™ 0%.000 [ —0%.107
“ a Urs. Maj. LC « | B—C, exc. C, 57 45.98 | —0.067 | 40 59.920 | +0.117
¢ W, | B,—C;, exc. C, 20 59 45.12 | —0.087 | —0 59.920 | +0.117
4’ c gni . . “ | B—F,[C,lost] (21 7 26.54 | —0.063 | —0 0.577 | —0.077
\1 226 Ceph UC “ —D, 22 29 40.24 | —0.041 | 40 29.371 | —0.200
“ o« E. | B—C, 31 37.52 | —0.090 [ —1 27.850 | —0.378
‘*+ Cephei U.C. “ E,—F, 44 16.12 | —0.097 | 4+0 52.953 | —0.257
o “ . —F 46 228 | —0.099 | —0 52.953 | —0.262
‘o Pegasi . “ B,—F, 22 58 17.89 | —0.102 0 0.000 | —0.093
rG + Piscium . . “ B,—F, 23 33 16.48 | —0.104 0 0.000 | —0.0%1
¢ Grmbr 4163 UC' W. | B—C, exc. B, 47 21.36 | —0.107 { 41 17.140 | —0.403
oo E. B,—C, exc. B, 49 53.15 | —0.108 | —1 16.140 | —0.397
‘@ Plscmm . “ —F, 23 52 388.63 | —0.108 0 0.000 | —0.086
T = 22° = ——913 p == —0°.030 ¢ = —(".080.
Star, t « Ce o/ 4a at
yCygni . . . 200522202 | 52 12°.94 | —0°.106 4008 +0°.02 —9%.24
o* Urse M&_]OPISL C 20 58 45.67 |58 36.70| -~ - - - +0.30 +0.13 9.13
{Cygni ( . . 21 7T 2589 | T 1652 | +40.092 0.00 +0.03 9.32 .
226 Cephei U.C. 22 80 9.3 |30 006 - - -- +0.02 —0.09 9.18
« Cephei U.C. 45 8.94 |44 5955 - - - - —0.07 —0.03 9.33
o Pegasi . 22%8 17.80 |58 8.57) +-0.083 +0.19 +0.04 9.15
¢« Piscium . 23 33 16.40 (33 7.01| 4-0.080 +0.12 +0.04 9.23
Groombr. 4163 UC 48 3765 |48 2845| -- - - +0.16 —0.08 9.07
« Piscium 23 53 38.54 |52 29.42 | —0.080 +0.15 -+ 0.04 —9.19

940 4+ 1.571 a = 4 0%954.
+ 1.5%1 a¢ + 11.581 a = 4 0.818..

g = + 00568, A0 = 4 0%.096, Al == — 9°.204.

! Very- faint ; observation difficult.
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1866, November 3.

Star. Lamp. Threads. M b, R Bb+k
M.« Aquarii . E. B,—5 20" 46™10% 28 [ —0.055 | —0™ 29°.673] —0°.037
G. y Cygni . . . . “ B—F, 52 25.44 | —0.053 0 0.000 | —0.089
G. ¢ Urs. Majoris L.. C. ¢ E—F, 20 59 51.41 | —0.046 | —1 1.386 [ +0.090
=21 g = —12°4 p=—104015 ¢ = 4 0°.009.
Star. t a ' Ce l )/ Aa at
o Aquarii 20m45™ 4057 | 45™ 27°.94 [ 408009 | —0°.29 | —0°.32 |—12".30
v Cygni . . . . . 52 25.35 |52 12.84| +40.012 —0.18 | —0.09 |—12.41
¢® Urs. Majoris L. C. 20 58 50.11 { 58 36.93 | -—0.023 —0.81 | —0.82 1 —12.30
349 483437 ¢ = —1%132.
4 3.437 a9 4 6.102 a = —2.074.
a = —0°.360, ao 4 0035, At == — 12°365.
1866, November 5.—M., Obs.
Star. Lamp. Threads. M b, R Bby+k
{ Pegasi. . . E. B,—F, 228 35m 3,28 | —0°.027 0= 0°.000 | —0°.030
« Cephei U. C.. “ E—F, 44 1929 | —0.033 | 40 52.952 | —0.107
“ “ o Ww. E—F, 46 535 | —0.036 | —0 52.952 | —0.114
o Pegasi. . . “ B—F, 22 58 21.88 | —0.048 0 0.000 | —0.049
o Cephei U. C.. “ B,—C, 23 12 28.87 | —0.050 | 40 57.061 | —0.155
oo “o. E. B,—D, 14 19.32 | —0.083 | —0 53.034 | —0.238
¢ Piscium “ B, —F, 23 21 27.13 | —0.096 0 0.200 | —0.177
T = 23" = —13"1 p=—0%015 ¢ =+ 0°009.
8tar. t a Ce 0y’ Aa at
¢ Pegasi . . 222 35™ 32,25 | 34™ 4979 | +0%.009 —0%.36 —0°.39 | —13%07
¢ Cephei U. C.. 45 12.21 | 44 5932| - - - - +0.21 ;. 4032 13.21
a Pegasi . . 22 58 21.83 | 58 8.49 | —0.009 —0.28 ' —0.36 13.02
o Cephei U. C.. 23 13 25.91 |13 1339 - - .- +0.58 ‘ +0.40 12.92
¢ Piscium 23 21 27.05 ‘ 21 13.56 | +0.009 —0.38 —0.41 13.06

5 a6 4+ 0.767 a = —0°.225.
+ 0.767 26 + 2.184 a = — 1.215, {
a = —0.571, a9 = -+ 0°.042, af = — 13.058.
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1866, November 6.—M., Obs.
Btar. Lamp Threads. M b, R Bby+k
o Urs, Majoris L.C. | E. | E—F, 20" 59 32° 45 | —0°.020 |-0™ 42798} 40%.056
8 Cephei’ U.C. . . “ D—F,[F, lost] 21 26 82,07 | —0.0563 {40 39.124 | —0.187
6 Aquarii? “ wCa s 22 10 22.46 | —0.053 i—0 20.719 | —0.036
n L. “ B—F 18 42.11 | —0.061 0 0.000| —0.048
o Draconig® . « le— b, 23 17.83 | —0.068 |+0 31.132 | +0.229
¢ Pegasi . « |B_D, 35 17.91 | —0.083 |—0 14.873 | —0.073
a ‘oL “ B—F 2% 58 21.79 | —0.072 0 0.000]| —0.069
o Cephei* U.C. . “ E—F, 23 12 29.70 | —0.060 |40 57094 | —0.180
“ “ o w. F— 14 42.73 | —0.058 |—1 16.158 | —0.176
» Draconis L.C. « | B—D, [B,lost]] 24 18.09 | —0.052 —0 40.896  +0.071
« Piscium . “ —~F, 33 20.20 | —0.051 | 0 0.000 | —0.045
@ ‘o, “ B‘—Eb[Euloet] 23 52 33.14 | —0.038 {+0 9.548 | —0.037
Te==926" §oum—132 p=—02.030 ¢ ==+ 0f050.
Star. t « Ce o/ Aa at

o* Urs. Majoris L. C.. 20%58™ 49271 | 58= 87%.13 | 0132
g Cephei U.C. . 21 27 11.01 |26 57.47T | +40.146 —0%.24 | —0°.04 | —13°40
¢ Aquarii . 22 10 1L.71 9 4854 | 40051 +0.05 +0.04 13.19
" “ 18 42.06 |18 28.92 | +40.050 +0.08 +4-0.04 13.16
{ Pegasi . 35 2.96 |34 49.78| +40.051 +0.05 +40.03 13.18
a “ . .] 2258 21.72 |58 8.48| +40.051 40.01 +0.03 13.22
» Draconis . . 23 37927 (23 2395 +40.147 +0.05 +0.12 13.27
¢« Piscium . . . 33 20.16 | 383 6.94 [ —0.050 —0.05 +0.04 13.28
w . 23 52 42.65 | 52 29.37 | —0.050 —0.10 +0.04 | —13.33

949 4+ 5803 a =—0.073.
+ 5.303 a6 + 10.765 a = + 0.325.
a == 4 0°.048, A9 =—0036, af = — 13%.236.

1886, November 6.—M., Obs.

Star. Lamp. Threads. M b, R Bbgt+-k
¢ Arietis W. | B—F,{F,, lost] 3% ™ 26487 | —0.015 | 0™ 3061 | —0°.024
o Persei « | B—F,[C,D E,F,lost]| 3 15 296 | —0.015 | +0 2.495 | —0.043

T = b 6=..... pe=. ..., c = 4 (.050.

Star. ¢ - Ce », Aa at
¢ Arietis. 8" ym99%91 | T™16%61| —0%.053 | - - -- | +0%.03 {—13.38
o Persei . 8 156 5.41 |14 52.14 | —0.076 - .- - 0.00 [ —13.85

Assumed @ == 4 0°.048, Al = — 13°.364. )

V Very faint throngh clouds. t Very faint through clounds.

8 “QObgervation doubtful.” ¢ Very bad, observation doubtful.

¢ Faint, observation uncertain.
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1868, November 8.-—M., Obs.
Star. Lamp. Threads. M b, R Bb -k
+ Delphini . . .| W. {B—F, 2027 4283 | 404050 | 0™ 0%.000 | +0%.028
Groombr. 3241 U.C.| ¢ CI—D, 30 15.47 | 40.044 | 40 32.676 | +0.094
“ “woow E. |C— 20 31 36.26 | +0.022 | —0 47.521 | +0.024
{Cygni. . . « |BF, 21 7 8070 | —0.032 | 0 0.000 | —0.044
o Cephei U.C. . “ E—F, 14 52.61 | —0.018 | +0 46.794 | —0.068
w o W. |D—F, 16 22.55 | —0.008 | —0 43.455 | —0.047T
# Aquarii “ |B~F, 21 24 46.94 | 40021 | 0 0.000 | 40.001
9 « [B—F 92 10 268 | —0.012 | 0 0.000 | —0.016
n ¢ “ B,—bf),,El—-F,F. 22 28 43.67 | —0.025 | +0 1.74‘1 —0.025
Tm 21" gum—143 pm—0.068 ¢ = 4 0%.075,
Star. ¢ - Ce " da at
a Delphini . . . . .| 20427 4586 [26™ 50°.80 | —0°.051 +0.15 +0.14 | 1429
Groombr. 3241 U.C. . | 20 30 48.50 | 30 83.93 | - - - - —0.81 | —0.24 14.87
¢ Cygni. . . . .21 7 30.66| 7 16.85 | +0.057 +0.06 | 40.09 14.33
« Cephei U.C. . 21 15 39.19 |15 24.84 | - - - - —0.04 | —0.08 14.26
p Aquarii 21 24 46.94 | 24 32.80 | —0.050 | +0.14 | 40.17 14.34
g« 22 10 2.66 | 9 48.51 | —0.051 4018 | 40.19 14.81
, 22 28 45.38 | 28 31.14 | —0.050 | +0.11 | 40.17 | —14.86

7 a0 + 2.134 & == -+ 0%.287
+2.134 A9 + 4.161 a = + 0.840
a = + 0°.214, A9 = — 0°.023, Af == — 14°.323.




24 THE TRANSATLANTIC LONGITUDE.
1868, November 8.—M., Obs.
Star. Lamp. Threads. M by R Bby+-k

vy Aquile W. B,—F, 19%40™ 12543 | —0°.016 | —0™ 1%.445 | —0%.021
a “ ¢ B—F; 44 32.40 | —0.015 0 0.000 ! —0.021
B “ “ B—F, 49 1.61 | —0.013 0 0.000 | —0.020
v “ . « B—F, 19 57 b53.42 | —0.010 0 0.000 | —0.017
o* Capricorni . “ B—F, 20 10 55.13 | 40.004 0 0.000 | —0.012
x Cephei U. Q. “ —F, 14 41.58 | 40.012 | —1 6.549 | —0.011
n Capricorni “ C,—F, 20 6.34 | +0.021 | —0 9.201 [ —0.003
« Delphini . . . ‘“ B—F, 27 6.62 | 40.021 0 0.000 | +40.006
Groombr 3241 U.C. . 4 B,—C, 29 47.39 | 40.017 | 41 2.357 | 40.011

“ “ E. B—D, 31 47.02 | 4+0.015 | —0 56.685 | 40.006

o Cygm. “ B—F, 87 9.75 | —0.008 0 0.000 | —0.031
© Aquarii . “ B—F; 20 45 43.72 | —0.011 0 0.000 | —0.015

T == 20t 6 = —159 p = ~— 0%.090 ¢ = <+ 08.050.
Star. a Ce ! Aa At

v Aquile 19240™10%.96 | 39™ 55°.19 | —0°.051 +0°.05 4011 | —1597
o “ 44 32.38 | 44 16.62 | —0.051 +0.07 +0.12 15.95
B e 49 1.59 | 48 45.81 | —0.050 40.05 +0.12 15.97
v “ . 19 57 53.40 | 57 371.62 | —0.050 +0.06 +0.12 15.96
o? Capricorni 20 10 55.12 | 10 39.34 | —0.051 +40.09 +0.16 15.9%
% Cephei U. C. 13 3502 | 13 18.93 | —0.237 —0.41 —0.33 15.97
= Capricorni 19 57.14 [ 19 41.27 | —-.0.152 +0.01 +0.17 16.06
¢ Delphini . . . 27 6.63 | 26 50.78 | —0.051 +0.04 +0.11 15.9%
Groombr. 3241 U. C 30 50.05 | 30 33.85 .“-- - —0.26 —0.19 15.96

a Cygni. 87 9.72 |36 53.58 | +40.070 —0.12 +0.02 16.04
w Aquarii . 45 43.70 | 45 27.85( +40.051 +0.16 +0.15 | —15.89

11 a9 4+ 3.361 @ = — 0".253.
+ 8.361 a5 - 10.096 a = - 1.488.
a = 4 0*171, A6 = — 0°.077, Al = —15%977.
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1866, November 9.—M., Oba.

Star. Lamp.| Threads. M b, R Bdgt-k

o* Urse Majoris L.C. . E. | B—C 20" 57 54%83 | —0°.008 | 40" 57.754] 4-0%040
“ “ “. .! W. | B=D, 20 59 43.25 | —0.006 | —0 49.772 | +40.088

{ Persei . . . . “ B—-C,F, 8 46 10.41 | —0.006 | —0 6.259 | —0.017
o Tauwri. . . . . “ D, 413 23.86 | —0.019 | +0 7606 | —0.0%6
LI N “ B,~—F, 21 8.43 | —0.021 0 0000 | —0.038
e L. .0 e u B—F, 28 384.62 | —0 0186 0 0000 | —0022
e Camelop. U.C. . . “ B—F, 4 41 10.10 | —0.015 0 0.000 | —0.066

T =4 0 mm o 167 p == — 0°.090 ¢ = 4 0°050.
Star. t - Ce -’ 4a at
o Ursee Majoris L.C. . | 20*58=52.57 | 58=37°85) - - - - 4084 | 40°.77 | —16".68
{ Persei. . e 3 46 4.18 | 45 47.12 | —0°.058 +0.21 +0.14 16.68
o Tauri . 4 12 80.84 | 12 14.45| —0.053 +0.28 +0.21 16.68
¢ L. 21 839 |20 5201 —0.058 +0 30 +0.20 16.60
a .. .. 28 384.60 | 28 18.30 | —0.052 +0.39 4021 16.61
o Camelop, U.C.. 4 41 10.03 | 40 53.25 | —0.138 —0.14 +0.81 | —16.64
6 A9 + 8.893 ¢ == 4 1°.870.
+ 3.893 a9 + 6.863 a == 4 2.680.
a = 4 0338, a0 = 4 0092, Al = — 16°.608.
1868, November 13.—M., Obs.

Star. Lamp. Threads. M b, R Bd+-k
¢ Cephei U.C. . E. | B—-D, 222 45 52¢.21 | —0°.073 —0™ 85°.820 | —0°.201
aPegasi . ., . . “ E,, F, 22 58 8.53 | —0.073 |40 17.650 | —0.069
¢ Piscinom . . . “ B—F,[D,lost]! 23 21 381.31 | —0.073 | 0 0.000| —0.060
™ “o. .. “ —F 23 53 47.283 [ —0.0713 | 0 0.000 | —0.061

T = 23* 0 == — 178 p = — (°.015 ¢ = 4 0°.050.
Sil.r. t - Ce oy’ Aa at
+ Cephei U.C. 22845 1669 | 44 58°.97 | 40121 +0%.20 | 4+0°.07 1 —17"87
o Pegasi 23 58 26.11 [ 58 8.39| 40.051 +013 | —0.07 17.60
o Piscium . 23 21 31.25 {21 1346 | 40050 +0.17 —0.08 17.65
™ “ . 23 53 47.17 (53 29.29 | +0.050 —0.03 | —0.08 |{—17.713

4 86 + 1.506 6 = -+ 0°.377
+ 1.506 A9 + 1.736 @ == 4 0.006

G = —0%115, a0 = 4 0°.137, af = — 17°.663
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1866, November 13.—M., Obs.
Star, Lsmp. Threads. M by R Bbt-k
o Ceti . . E. [B~F,[C,,, D, lost]2255 41493 | —0%.064 |—0=2".731| —0%.063
o Persei . . “ B—F B,0,.D,,do.]3 15 507 | —0.064 |+¢o 5.047 —0.118
»* Urag Minoris L.0.| .. E—F, |3 22 12.26 | —0.064 |—1 2569 40.158
Groombr. 2820 L.C. | « —0C, 4 6 621 | 40003 [+1 6312 +0.296
y.Tauri . . . w. B,—F, 12 3230 | 40.014 |- 0 0.000{ +0.002
M u Bt—F 91 9.85 | 4+0.010 | 0 0.000] —0.001
o 4 ... “ —. b 28 29.90 | —0.007 |+0 6.254) —0.016
o Camelop. U.C. “ B,__b, te! lost] 40 14.85 | —0.007 |40 56.866) ~0.047
“ “ E. —C, 42 5.63 | —0.005 |—0 54192 —0.042
¢ Aurige. “ B.—F, 48 39.08 | —0.015| 0 0.000] —0.026
11 Orionis “ B—C, 457 16.94 | —0.057 | 0 0.000] —0.057
T o= 41 0 = — 178 p = — (%015 ¢ = + 0.050.

Star. t a Ce o da at
aCeti . . . . . .| o 55m38%.45 | 557 20%58 | +0.050 | —0%03 | —0.02 |—17.82
o Persei. . 8 15 1000 |14 5224| +0.076 | +0.11 0.00 | 1770
»* Ursee Minoris L.C. . |8 21 9.85 |20 52.11 40.165 | —0.11 | —0.05 17.86

Groombr. 2320 L. c 4 6 1155| 5 53.80| —0.134 | —0.08 | —004 | 17.84
y Taari . 12 32.30 |12 14.51| —0.052 | —0.04 | —001 | 1%7.83
. 91 9.85 |20 52.07| —0.053 | —0.03 | —0.01 | 17.82
o ... 28 36.13 |28 18.35| —0.052 | —0.03 | —001 | 17.82
o Camelop. U.C. . 45 11.28 |40 53.39] ---- | —0.08 | 4001 | 17.89
s Aurige . . 48 39.05 |48 21.13| 40060 | —0.05 | —0.01 | 17.8¢
11 Orionis . 4 57 16.88 |56 59.09| 40053 | 4007 | —0.01 |—17.11

10 a6 + 8.063 @ = — 0°.279

+ 8.063 a0 + 15.376 a = — 0.159
@ == — 0°.019, A6 = — 0%013, At = — 17* 813.
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1866, November 168.—M., Obs.
Star. Lamp. | Threads. M by R Bb+-k

‘g Aquarii . . E. B —F, 22" 28™ 49°.85 | —0*.003 0™ 0°.000 | —0*.039
.+ Cephei U.C. “ B—F, 45 81.69 | —0.003 | —0 14.021 | ——0.087 |-
‘e Pegasi ., . . “ B,—F, 22 58 27.12 | 40.001 0 0.000 | —0.009
o Cephei U.C. “ B,—F, 23 12 8454 | +0.008 { 40 57.094 | —0.010

“ ‘4oL w. B—F, 14 28.88 | +0.009 | —0 57.094 | —0.007
6 Pisciom . . “ B —F, 21 82.18 | —0.004 0 0.000 | —0.013
» Draconis L. C. . “ B—C, 24 47.81 | —0.020 | —0 4.370 { —0.043
¢« Piscinm . u B,—F, 23 28 2b6.62 | —0.050 0 0.000 | —0.018

T == 23" 6 =_1838 p = — 0013 ¢ == 0°.000.
Star. ¢ - Ce N Aa at

o Aquarii . . . .| 22284981 | 28= 3104 0000 +0.02 | -—0.03 |—18.75
¢ Cephei U.C. . . . 45 17.63 | 44 58.85 0.000 +0.01 +0.02 18.77
o Pegasi . . . . . |2258 27.11 (58 8.35 0.000 +004 | -—002 18.78
o Cephei U.C. . . ] 23 13 3170 |13 12.94 c--- +0.04 +0.08 18.98
6 Piscium . . 21 3217 |21 13.43 0.000 +0.07 | —0.03 18.71
» Draconis L. C. . . 23 43.48 | 28 24.57 0.000 —0.11 | —0.10 18.81
+ Piscium . 23 33 25.51 {33 6.84 0.600 +0.14 | —0.03 | —18.63

7 A0 4 4.107 @ = + 0°.215
+ 4107 20 + 9.097 g = —0.113

a = —0°036, a9 = 4 0°.052, Af == — 18.748.
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V.
OBSERVATIONS AT NEWFOUNDLAND.

Here the Kessels clock was used, and the C. S. transit-instrument No. 6. For
determining the intervals of the threads, 100 complete transits of 43 stars are
available, which were assorted into seven classes, and the several results of these
combined according to weights.

Happily the reticule of this instrument had remained unchanged and unharmed
during ten previous longitude-expeditions, for each one of which the equatorial
intervals had been carefully determined. The subjoined values are already reduced
to the focus used at Heart’s Content; those in the first column being derived from
eight, and those in the second from two, independent expeditions. In forming the
series of adopted values, they received the weights 4 and 1 respectively; the Heart’s
Content results having the weight 1 also.

EQUATORIAL THREAD-INTERVALS OF TrANsIT No. 6.

From 8 campaigns Macon and Heart's Content, Adopted.
before 1839. Appalachioola, 1866. .
1859, 1860.

. B, +85%.650 -+ 35 687 +35%.604 +35%.648
B, 83.120 33.111 83.117 83.118
B, 80.623 80.614 80.616 80.620
B, 28.064 28.062 28.052 28.0564
B, 25.481 25.426 25.425 25.433
C, 20.565 20.552 20.610 20.570
C, 17.950 17.937 17.954 17.952
C, 15.407 15.405 15.403 15.406
C, 12,703 - 12.695 12.686 12.699
C, 10.249 10.240 . 10,228 10.244
D, 5.100 5.106 5116 5104
D, 2.585 2.590 2.600 2.588
D, +0.052 + 0.068 + 0.084 4 0.060
D, —2.461 -~ 2.469 — 2474 — 2.464
D, 5.066 6.085 5.078 5.071
E, 10.112 10.097 10.092 10.106
E, 12.828 12.837 12.813 12.827
E, 15.341 15.344 15.343 15.342
E, 17.969 17.968 17.964 17.968
E, 20.447 20.460 20.441 20.448
F, 25.543 25.632 25.535 25.540
F, 28.120 28.116 28.103 28.116
F, 30.692 80.691 30.684 30.691
F, 88.147 83.1563 83.134 83.146
F, —35.770 —385.746 —35.834 J —385.177

The correction for inequality of pivots, resulting from the Newfoundland obser-
vations is —0".019, and since the average value deduced from the last five previous
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expeditions was —0°.017, the mean of these, or —0°.018, has been employed, the
perforated pivot being the larger.

Although the climate of Newfoundland proved by no means favorable for obser-
vation of the heavens, the observers had the satisfaction of obtaining excellent
series of transits for time-determinations, both before and after exchanges, upon
every date on which longltude-mgnals were exchanged, whether with Valencia or
with Calais. Here, as in the Valencia series, those observations are given, together
with their reductions, upon which the longitudes depend; all the transits for Valencia
exchanges having been observed by Mr. Dean, and those for the Calais exchanges
by Mr. Goodfellow.

1866, October 25.—D., Obs.

Btar. Lamp. Threads. M b R Bby+k

» Cephei U.C.. .| W. B,—C, 20" 112 81°.94| —0°.124 |+1=44%.553/—0*.555
‘ « | E B,—C, 15 0.80| —0.148 |1 44.553 |—0.650
eCygni . . . .| « B,—F, 86 49.22 —0.164 | 0 0.000 |—0.236
wAquarii, . . .| « C,—E, 45 923.66| —0.153 |—0 0.038 |—0.098
yCygoi . . . .| « B,—C 20 52 88.64| —0.133 |—0 30.200 |—0.191
¢ <. . . . .| W [B— D~V [E,lost]lal 7 19.11{ —0.101 |—0 6.990 |—0.126
aCephei . . . .| © B, 14 32.13| —0.124 |40 48.960 |—0.286
. Pegasi . . “ C,—F, 15 59.75| —0.127 |—0 8.095 |—0.132
24 Urs Ma)onsLC “ E—F, 21 23.621 —0.138 |41 8.610!—0.236
E. E—F, 93 41.48| —0.138 |—1 8.610|+0.236

5Aquam R B C—E 30 35.41| —0.142 |—0 0.028 |40.094
I1 Cephei U.C.. .| « E—F, 38 45.96| —0.146 |41 9.560 |—0.451
wow . LW E,—F, 21 41 5.67| —0.146 |—1 9.560 |—0.451

T=21" 0= 4'7. p = 0%.000. ¢ =—0110.

Star. t - Ce )’ Aa at

x Cephei U.C. . . . | 201821552 (13™ 2051 - - - - +0°.29 | 40%60 | +4%39
e Cygni. . . . . . 36 48.98 |36 53.99 | —0%.155 +0.15 —0.02 4.87
p Aquarii . . . . | 45 23.54 | 45 28.08| —0.111 —0.27 —023 4.66
» Cygni. . . . . . 2052 817 |52 13.06| —0.145 +0.05 —0.04 4.79

“ .. . . o .2l 7T 1L99 | T 1662 +0.127 +0.05 | —0.10 4.85
a Cephei . . . . . 15 20.80 |15 25.44| +40.234 +0.17 +0.14 4.3
+ Pegasi . . 15 5152 {15 56.15| +40.116 +0.04 | —0.14 4.88
24 Urs. MajOl‘lS U C . 22 3279|122 36.66| - - - - —0.84 | —0.71 4.57
f Aquarit . . . . 30 3529 (30 39.85| —0.111 —0.25 | —0.23 4.68
11 Cephei U.C. . . . | 21 39 55.36 |40 0.40| - - - - +0.34 +0.32 | +4.92

10 a0 4+ 1.499a = — 0~.260
+ 1.499 a6 + 15.420 @ = — 3.918

a = — 0268, a9 = 4 0°.014, al == 4 4.714.
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1866, October 25.—D., Obs.

Star, Lamp. Threads. M by R Bbyt-k
4 Cephei U. C. ] W, B~C, 28"32= 27%.93 | —-0°.168 | 4 128".6%78 | —0%.728
‘“ “o. L. E. B~C, 86 387.32 | —0.138 |—1 41.260 | —0.601
@ Pisciam . . ., . . ¢ B,—F, 23 52 24.79 | —0.147 0 0.000)| —0.124
e Andromede. . . . “ B~F, 0 1 27.22| —0.154 0 0.000 —0.131
v Pegasi. . . . “ B,—F, 6 19.40 | —0.138 0 0.000| —0133
& Draconis L, C. .o ¢ B,—C, 26 2925 | ~—0.150 | +1 8.916{ +0.255
“ “ .. L W, B—C, 29 46.16 | —0.152 |—1 8.916 | +0.255
a Casslopeaa e e e . “ B,—E, 82 42.79| —0.155 [ 4+0 13.687 [ —0.297
B Ceti . . “ C,—E5 36 50.98 | —0.151 | +0 0.030 | —0.078
82 Camelop (foll ) L C. “ E—F, 44 31.74| —0.133 | +2 17.218| +1.00%7
E. D—E, 0 48 37.80 | —0.164 |—0 46.605] +1.211
T o Qb 0w 4 487 p = 0°000 ¢ = — (%110,
Star. t - Ce o/ Ada at
v Cephei U, C. 23b88™ 56%.84 | 84~ 0%.93| - - - - +0%.55 | 4-0%64 | 4462
« Piscium . 23 52 24179 | b2 29.45 | —0%111 —0.03 | —0.20 4.87
o Andromeds . 0 1 27.22 1 3193 —0.125 —0.03 | —0.11 4.78
v Pegasi. . . . . 6 19.40 | 6 24.01 | —0.114 —0.07 | —0.17 4.80
= Draconis, L. C - . 27 87.70 | 27 4186 | - - - - —0.80 | —0.78 4.68
o Ca.smopem 82 b56.43 | 83 0.83| 40.196 +0.20 +0.07 4.82
B Ceti . . 86 50.96 | 86 55.11 ; +40.116 —0.36 | —0.29 4.63
32 Camelop. (foll)LO .| 047 49.83 | 47 5352 | - - - - —2.11 | —2.16 | +4.75

840 + 10.124 @ = — 2651
+ 10.214 a0 + 66.556 a = ——19.293

g = — (°.297, a9 =

+ 08045, at = 4 4'.745
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‘1866, October 28.—D., Obs.
Star. Lamp Threads. M b, R Bb+-k
t Aquarii. . . .| W. ; B—F, 21230™ 34°.77 | 40011 0™ 0%.000 | —0°.020
11 Cephei U.C.. . “ B—C, 88 46.28 | 40.009 | +1 9.493 | —0.019
wooou “ E. | B—C, 41 259 | 40.007 [ ~—1 9.493 | —0.024
p Capricorni . “ B—F, 456 56.183 | 4-0.005 0 0.000 [ —0.012
o Aquarii. u“ B, —F, 21 58 50.94 | —0.019 0 0.000 | —0.027
n “ L .. “ B~F, 22 18 22.95 | —0.019 0 0.000 | —0.087
9 Draconis L.C. .} ¢« | B,,C,,D,,, 23 41.66 | —0.009 | 40 51.148 | +40.081
“ “ “ Ww. | B—C, 25 7.03 | —0.005 | —1 87.712 | +0.071
n Aquarii . “ —F, 28 26.83 | +40.003 0 0.000 | —0.012
¢ Pegasi . . . “ B,—F, 84 44.83 | +0.004 0 0.000 | —0.011
+ Cephei U.C. . “ B—-C, 43 b59.64 | —0.016 | 40 55.394 | —0.069
“ “ o, E. | B—C, 22 45 48.35 | —0.031 | —0 55.394 | —0.103
T = 228, 0= 4 H'.7. p = 4 08040, c = —0'.416.
Star. t a Ce )’ Ada At
¢ Aquarii . 212 30™ 34%.75 | 30™ 89°.80 | +4-0%.421 —08.21 —0%04 +5.54
11 Cephei U.C. 39 54.41 {40 020 -- - - +0.11 +0.06. 515
p Capricorni . . 45 5612 |46 2.20| —0.429 -—0.04 —0.05 5.1
o Aquarii . 21 58 50.91 | 58 56.96 | —0.313 +0.03 |. —0.04 5.7
” “ . . . | 2218 22.92 |18 29.02| —0.416 —0.03 —0.04 5.71
9 Draconis L. C. . 23 381.14 [ 23 36.64( - - - - —0.22 —0.19 5.67
n Aquarii . 28 926.81 |28 81.31| 4-0.416 —0.30 ~0.04 5.44
¢ Persei. . 84 44.82 |34 49.92| 40.423 —0.19 —0.03 5.54
s Cephei U.C.. 22 44 53.90 | 44 59.62| - - - - —0.02 +0.04 +5.64

940 4+ 6.222 ¢ = 4 0873,
+ 6.222 a9 + 171.817 a = + 1.425.

a = — (%053, a0 == —0°.060, af = -} 5°.640.
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1888, October 28.—D., Obs,

Btar. Lamp.| Threads. M b, R Bb+-k
a Cassiopee, E. B,—F, 0b32m 545,28 | —0%.071 0= 0%.000 | —0%.149
21 “ . “ B,—0C, 38 6.40 | —0.071 | —1 13.113 | —0.2&5
s Pigcium . . u B—F, 0 54 57.15 | —0.071 0 0.000 { —0.068
Polaris U.C. “ —E, 1 4 4810 | —0.071 | 46 11.875 | —2.759
“ “ o, Ww. D—E, 17 46.90 | —0.004 | —6 13.717 | —0.687
n Piscium . “ B—F, 24 17.86 | —0.032 0 0.000 | —0.041
o N “ B,—F, 38 18.00 | —0.076 0 0.000 | —0.073
18 Arletls . . “ B—F, 47 13.61 | —0.095 0 0.000 | —0.105
50 Casslopeae U. C “ B—C, 50 55.18 | —0.111 | +1 13.440 | —0.368
: E. B,—C, 63 19.08 | —0.127 | —1 13.440 | —0.415
o Arietis “ B,—F, 1569 85.66 { —0.138 0 0.000 | —0.151
T e 1t 6 == 4 5.8 p = 4 0%040 ¢ =—0%4186.

Star. t P Ce o, Aa at
o Cassiopee 0232 54,18 | 33 0%.82 | —0%740 | 4017 | 4007 |+5%90
21 o 86 53.00 { 83T 0.45 | —1.533 +0.13 +0.44 5.49
¢ Pisciuom . . . . . 0 55 57.08 (56 38.10 ! —0.419 —0.20 | —0.18 5.18
Polaris U.C. 111 14.87 | 11 27.%5 “-.- +17.08 +17.13 5.15
4 Pigcium . 24 17.82 | 24 22.93 | 40.430 —0.28 | —0.15 5.67
o 88 17.93 | 388 23.16 | +0.421 —0.18 | —0.17 5.79
8 Arletls . 47 13.51 | 47 18.13 | +0.442 —0.17 | —0.13 5.7
50 Cassiopese U. C 52 7.06 | 52 12.79 - .- —0.11 +0.35 5.34
o Arietis, . 169 8551 | 59 41.80 | +0.451 0.00 | —0.12 | +5.92

94— 26.964a =+ 6439

— 26.964 a6 + 713.993 a = —188.899
a = — (%268, A9 = — 0087, Al = + 5~713.
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1866, November 5.—D., Obs.

Star. Lamp. Threads. M b, R Bb,+-k
9 Draconis L.C. .| W. | E,—F, 292225174 | —-0°.038 | +1™ 37%.810| 0150
« “ “ E. E,—F, [F,lost] 24 4973 [ —0.044 |—1 20.762 | 40.164
{ Pegasi . “ ] B—F, 84 41.58 | —0.061 0 0.000 ] —0.068
¢« Cephei U.C. . “ E~—F, 43 55.93 | —0.032 [4+0 b55.442 | —0.108
oo e, W. —F 45 46.44 | —0.016 |—0 55.442 | —0.069
o Pegasi . “ D,—F,[D,lost]| 23 58 18.68 | —0.086 |---0 18.462 | —0.046
¢+ Piscium. . “ —F 23 88 17.81 | —0.068 -0 9.162 | —0.060
v Cephei U.C. ‘“ E—F, 85 46.01 | —0.063 |—1 54.045 | —0.804
w Piscium E. B—F, 23 52 21.10 | —0.186 | 0 0.000 | —0.118
o Andromede . o B—F, 0 1 2360 —0.018| 0 0000 —0.08
y Pegasi . B,—F, 0 6 15.69 0.000 | 0 0.000| —0.014
T == 23 6=+ 8.3 p == 0,000 ¢ == 4 0°.033.
Star. t - Ce )’ Aa at
9 Draconis L.C. . 22423™ 42°.43 | 23~ 3734 | - - - - —0%43 | —0°.84 | 4821
{ Pegasi . . 84 41.52 |84 40.79| 40034 +001 | —0.08 8.87
+ Cephei U.C.. . 44 51.10 |44 5932 ---. —0.08 +0.07 8.15
o Pegasi . . 22 68 0.17 |58 8.49( —0.034 —0.02 | —0.08 8.84
+ Piscium . . . 23 32 58.59 |33 . 6.95| —0.038 +003 | —0.017 8.40
y Cephei U.C.. . 83 51.66 {34 0.30| —0.147 40.18 +0.21 8.28
« Pisciom . . 23 52 20.95 [ 62 29.38| 40083 +0.16 | —0.07 8.h8
o Andromeds . . 0 1 2857 ( 1 8186} -+0.038 +0.083 | —0.04 8.817
y Pegasi . 0 6 15.68 | 6 23.94| —0.084 —0.0T | —0.06 | 48.29
940 + 4140 g ==—0°170.

+ 4.140 a0 + 19.703 g == — 1.755.
a = — 00171, A6 + 0026, af = -4 8°.326.

§ June, 18060.
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1866, November 5.—D., Obs.
Btar. Lamp. | Threads. M b R Bbtk
'
¢/ Ceti . . . Ww. B,~F, 1°17= 14492 | —0°.101 0= 0%.000 | —0°.0%70
A Ca.sswpem U C . 4 B—C, 20 12.71 | —0.098 [ 41 5.828 | —0.301
. .| B | B—C, 22 24.44 | —0.098 [—1 5.828 | —0.301
o Piscium . . .| ¢ | B—E, 24 922.66 | —0.095 | —0 7.922 | —0.096
° “ o e e “ —Fe 88 14.92 | —0.104 0 0.000 | —0.095
B Arietis . ., . . . “ B,—F, 47 10.56 | —0.107 0 0.000 | -—0.116
50 Cpssiop. U.C. . . . o E—F, 50 61.23 | —0.106 | 41 13.510 | —0.854
“ “ “ . L] W E,F, 53 18.13 | —0.108 | —1 13.510 | —0.845
o Arietis . . . “ B,—F, 1569 83.58 | —0.099 0 0.000 | —0.112
65 Cett . . . . “ B—F, 2 5 49.83 | —0.087 0 0.000 | —0.082
¢ Gassiopew U C . «“ B0, 17 b5.84¢ | —0.108 | 40 58.307 | —0.282
N E. B—C 19 2.63 | —0.123 | —0 68.80T | —0.331
5 Urs. Minoris L. C. “ B—C, 25 5814 | —0.126 | 41 36.946 | 4-0.357
“ “ “ w. B,—D, 2 28 52.39 | —0.114 | —1 17.092 | 4-0.327
T wu 6 == 4 8.8 p == 0°.000 c == <4 (°.038.
Btar. [ - Ce “y’ Aa at
o’ Ceti . .| 1 17T™ 14585 | 17™28%.11 | —0".034 —0%.07 | ~0%16 | 4838
A Cassiopes U, c. . 21 18.27 | 21 2677 | -- - - +0.20 | 40.20 8.30
» Piscium . . 24 14.64 | 24 2293 | 40.034 +0.02 | —0.11 8.43
° o 88 14.82 | 38 23.18 | +0.034 +40.09 | —0.12 8.51
8 Arietis . . . 47 10.44 | 47 18%6 | 40.036 +0.05 | —0.09 8.44
50 Cassiopes U. C . 62 4.33 | 52 12.81 .- -~ 40.18 40.24 8.24
o Arietis . |1 b9 33.47 ) 69 41.84 | —0.036 +0.04 | —0.09 8.42
65 Ceti . . . 2 5 49.75 5 57.95 | —0.034 —013 | —0.12 8.29
. CsssiopemUC . 18 893 |18 1224 | - - - - +0.01 +0.15 8.16
5 Urs. Minoris L.C. . 2 27 85583 | 27 4304 | - - - - —0.79 | —0.66 | +8.16

10 46 4+ 38.969 @ = — 0".427
<4 8.969 a9 + 17.998 a = — 8.258

a == — (%188, A9 == + 0°.033, Al = | 8°.332.
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18868, November 8.—D., Obs.
Star. Lamp. Threads. M 5 R Bb -k
ot Capricorni . Ww. | B—C, 20%10™ 7%.83 | 40087 |+0™ 23574 40080
x Cephei U C.. “ B.-—D, 13 8.24 | 40.061 |41 2858} +0.179
“ o ou . E. {B— 14 55.99 +0.087 [—1 44.555 | +0.084
" Caprlcorm . “« |Bl,, 15, 19 86.36 | +0.006 | —0 2.994 | —0.019
+ Delphini . . . “ | B—F, 26 4281} -—00383:! 0 0.000| —0.040
Groombr. 3241 UC “ C,—F 20 41.77 | —0038 |4+0, 44580} —0.174
o Cygui. o | B—F, 36 4574 | —0.059 | 0 0.000 | —0.103
Aquarii . . “ | B—F, 45 20.03 | —0.079 | 0 0.000 | —0.057
12-Y Cat. 1879 U C “ | D—F, 53 6.36 | —0.059 [+1 19.774| —0.369
W. E—F, 20 65 8903 | —0.040 |—2 13.109| —0.376
tCygni. . . . . .| “ |B—F, 21 7 838|—0002| 0 0.000 | —0.018
o Cephei N “ B—-C, 14 28.01 | —0.026 (40 48.960 | —0.082
1 Pegasi . . “ C,—E, 15 50.96 | —0.038 | —0 8.106 | —0.049
94 Urse Majoris L o « |E—F, 91 91.51 | —0.074 |+1 8.610| +0.148
. E. |E—F, 21 23 88.33 | —0.088 |—1 8.610| +40.165
T = 21* 0= 7.9 p = - 0°.030 c = 4 (%033
Btar. t - Ce ! Aa At
ot Capricorni . 2010 31%.43 | 10™ 39*.38| —0°.034 | 4+0°'.04 | —0°.06 | 4800
» Cephei U.C. 13 11.39 |13 19.24 ---- —0.08 +0.16 7.71
= Capricorni . 19 33.35 119 41.32| +40.035 +0.12 | —0.07 909
« Delphini . . . 26 42.77 136 50.83| -+0.034 +0.21 —0.04 8.15
Groombr. 3241 U. C 30 26.18 |30 34.07| 0.103 +0.12 +0.09 7.92
 Cygni . ) 36 45.64 | 36 53.67| +40.037 | +0.18 | —0o01 8.09
» Aquarii . . 45 19.97 |45 27.89| <40.034 +0.06 —0.06 8.02
12—Y Cat. 1879 U C 20 53 25.70 | 53 33.91 ... +0.381 +0.22 7.99
¢ Cygni . . 21 7 836 7 16.39| —0.038 +0.09 —0.03 8.01
o Cephei U. C. 15 16.89 {15 24.93| —0.071 +0.06 +0.04 7.98
1 Pegasi . . 15 47.80 |15 55.95| —0.035 +0.20 —0.04 8.14
24 Urse Majoris L C 21 23 30.07 {22 37.52 ... —0.47 —0.18 | +763

12 40 — 0.272 @ == 4 0°.889
+ 0.272 a9 + 26.635 a = — 1.844

a = —0%070, a0 = -+ 0.073, Al = + 7°.973.
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1866, November 6.—D., 6bs.

Btar. Lamp. |  Threads. M b, R Bbytk

¢« Cephei U.O. . . .| E. E—F, [22"48=5608 | —0°.003 |4 0=55".448 | —0".039
o “, . w. E—F, 456 46.76 0.000 [—0 b655.448 | —0.032

o Pegasi. . . “ B—F, 122 68 052 —0.056, 0 0.000| —0.062
o Cephei U. C. “ B—C, 23 12 5.69]| —0.069 {40 59.729 | —0.205
“ “ o, E. B -0, 14 12.84 | —0.057 |—1 7.205 | —0.176

¢ Pisciom . . “ C—F, 20 58.08| —0.072 |40 7.681 | —0.068
» Draconis L. C. . “ C,—F, 23 88.76 | —0.092 {—0 22.424 | 40.168
¢+ Piscium . “ B,—F, 82 59.08 | —0.126 0 0.000| —0.107
“ “ .o o B.—F, |28 52 21.48| —0.162 | 0 0.000 | —0.026
o Andromeds . w. B—F, 1 2898 —0.128 ( 0 0.000 | —0.153
y Pegasi “ B,—F, 6 16.04| —0.097 | 0 0.000 | —0.098

Tem28" gum480 p=40.030 c¢=- 0033
Star. t - Ce » Aa at

+ Cephei U.C.. 22444 51°.838 | 445928 | - - - - —0.10 | 4012 | 4779
o Pegasi . . 22 68 0.46 |58 8.48 | —0°.034 —0.01 | —0.09 8.08
o Cephei U.C.. 28 13 b5.84 | 18 13.86 - .- +0.02 | 40.14 7.88
¢ Pisciam . . 21" 5.69 |21 1355 | --0.033 —0.12 | —0.11 7.99
» Draconis L.C. . . 23 16.50 |28 23.96 | ~-0.098 | —0.66 | —0.42 -1.76
¢+ Piscium . 82 68.97 |33 6.94 | 40033 —0.02 | —0.11 8.10
0 *u .o .| 28 52 21.45 |52 29.37 | 40033 [ —0.08 | —0.11 8.03
o Andromeds. 1 23.78| 1 81.85 | —0.038 0.00 | —0.06 8.07
v Pegasi 6 156.94 | 6 23.93 | —0.035 —0.08 | —0.08 +8.00

940 + 45400 = —1°034.
+ 4.540 26 4 10.44]1 @ = — 1.845.

G == — (7162, A0 = ~- 0033, af = 4 7°.967.
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1866, November 9.—D., Obs.

Star. Lamp. Threads. M b B Bb+k
Groombr. 8241 U.C.] W. | B—E, [D,,lost] 20301886 —0°.065 | 4 0™ 7°.685 | —0".208
s Cygni. « | B—D,[D, lost]| 86 27.43| —0.055 [ +0 18.397 | —0.096
» Aquarii . . « | B—F, [D,,lost]| 45 20.75| —0.055 | —0 0.339 | —0.044
» Cygni. . “ —F 6% 4.93| —0.071 0 0.000 }| —0.111
o* Urs Ma_]onsUC “ D—E, 20 68 1.96 | —0.095 | 40 27.697 | +0.144
{ Oygni. . . E. B,—F, 21 5 863 —0.181 | 0 0.000 | —0.148
o Cephei . . “ D,—F, 14 44.56 | —0.175 [ 40 32.640 | —0.392
24 UrsaaMaJomUC “ B—C, 21 21.51| —0.143 | +1 8.544 | 40.244

Ww. B,—~D, 23 29.05 | —0.107 | —0 59.024 | 4-0.193

g Cephei U.C.. “ E—~F, 27 56.94( —0.105 | —1 17.150 | —0.324
£ Aquarii . . .| “ B,—F, 80 83.07|—0.113| 0 0.000 | —0.017
11 Cephei U.C.. “ B—C, 88 42.40 | —0.141 | 41 9.493 | —0.437
“ “ . E. B,—C, 41 1.54| —0.158 | —1 9.493 | —0.471
p Capricorni . “ B—F, 45 54.86 | —0.163 0 0.000 | —0.093
19 Dra.coms U.C. “ E—F, 49 48.56 | —0.170 | +1 8.963 | —0.575
“ “. w. D,—F, 21 52 10.23  —0.170 | —1 9.718 | —0.575

T2 9m+T.8 p == 04000 c == 4 0%.033.
Star. t - Ce o/ Aa at

Groombr. 3241 U. C. . | 20230™25%.84 | 303385 —0°.108 +0%.11 | 40~.12 | +7.78

a Cygni . . 36 4572 | 36 53.58| —0.047 | 40.01 | —0.01 | 7.82
# Aquarii . . . . 45 20.37 | 456 27.94| —0.034 —0.26 | —0.08 7.62
s Cygni. . . 52 4.82 | 53 12.70| —0.044 | 40.04 | —o.01 1.85
o* Urse Majoris L C 20 58 29.80 | 68 87.85| -+40.088 —0.16 | —0.22 7.86
§ Cygni. . . 21 5 8.48 5 16.33| +40.038 +40.09 | —0.03 7.92
o Cephei . . . 15 16.81 { 15 24.80; +40.071 +0.26 | 40.05 8.02
24 Urs=e Majoris LC. . 22 30.26 | 22 37.75)| - - - - ~0.31 | __0.24 7.3
B Cephei U.C. . 26 49.47 | 26 57.28 | —0.097 ~—0.09 | 4+0.10 7.61
EAquarii .. 80 31.99 | 30 39.63| —0.034 ~—0.20 | _0.08 7.68
11 Cephei U.C. 39 51.52 | 39 59.49| - - - - +0.17 | 40.11 7.87
u Capricorni 45 5427 | 46 2.0 +0.035 | —0.01 | _p.08 7.87 1
79 Draconis . . . 91 51 6.94 |51 14.98| - - - . +0.23 | 4013 | +7.90

13 a6 4+ 2.620 @ = — 0°.125.
+ 2.620 A9 4 21.728 6 = — 2.008.

a = — 0093, as + 0°.010, al = 4 7°.810.
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1866, Novembher 9.—D., Oba.
8tar. Lamp. Threads. M by | R Bby+-k
£

B8 Ceti . Ww. B,—F, 02 36™ 47°.47 -—0'.138' 005000 —0°.0'73
32 Came]op (foll )L C ¢ D—F, 45 88.60 | —0.1561+2 15.080| 41,158

E. E—F, 51 38200 |—0.173 |[—3 45.818] +1.270
. Plsclum e e s B,—F, 0 55 b55.88 |—0.185| 0 0.000] —0.155
0 ¢ . o ,—F, 1 88 15.55|—0.233| 0 0.000 —0.196
8 Arietis . . “ B,—F. 47 11,24 |—0.206] 0 0.000. —0.209
50 Cassiopea U. 0 “ E—F, 50 52.01 | —0.188 41 13.510, —0.594

W. E:—Fs 53 18.82 1 —0.180}{—1 13.510| —0.570
o Anetu e v e . ¢ B— 159 84.22|—0.186| 0 0.000] —0.198
65 Ceti . . o« [B—F,[B,, d, F,lost]l2 5 62.21|—0.221|—0 1.838| —0.186
¢ Casslopem U 0 “  [B,~C, [ B, lost 17 871|—0.203|—0 0.203] —0.522

E. (B,—C, Gl lost 218 4.1831—0.195|—0 0.195 —0.508

T am 1 0 m= 4 7°.8 p = 0°.000 ¢ = 4 (%.033.
Star. t - Ce »y! Aa At
g Ceti 0 86m47%.40 | 36= 55'.04 | —0°.035 —0%.19 | —0%.23 | 4784
82 Camelop. (foll) L. c A7 48.87 |47 5484 ---- | —1838 |—175 | 772
s Piscium . . 65 55.42 | A6 8.07T | <40.033 —0.12 ) —0.16 7.84
° ¢ e . e 1 88 15.85 {88 23.18, +0.034 +0.06 —0.15 8.01
g Arvietis . . 47 11.03 | 47 1876 | +40.035 —0.04 —0.12 7.88
50 Cassiopes U. C 62 483 (52 1280 - - - - +0.17 +0.31 7.66
o Arietis . 1 59 34.02 |69 4185 | —0.036 —0.01 —0.01 7.86
65 Ceti . 2 b 50.19| 6 b57.96 | —0.034 —0.06 —0.16 7.90
. Casmopew U C 2 18 44918 1226 - - - - -—0.03 | —0.20 | 417.58
949 4 9.039a = — 2°.050.
+ 9.089 as + 58.021 a == — 13.809.
a = — (%240, A0 = 4 0°.013, at = + 7°.813.
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Star. Lamp. Threads. M b, R Bby+k
9 Draconis L.C. E. B,—C, 29839™ 1936 | —0%099 | +1=37°.712| 4 0°.296
" “ W. | B—D,[D,lost]| 94 49.70 | —0.089 { —1 10.610 | -+0.972
{ Pegasi . . . “ — 856 4.97 | —0.054 | —0 16.909 | ~—0.057
« Cephei U.C. . “ B.—F, 44 55.556 | —0.068 0 0.000] —0.188
o Pegasi . . “ C,—C, 22 57 48.82 | —0.084 | +0 17.202 | ~—0.094
6 Piscium . n B,—F, 23 21 11.18 | —0.108 0 0.000| —0.094
v Cephei U.C. . “ B,—C, 39 14.29 ) —0.191 | 41 41.250 | —0.528
. “ “«, . .| E. B,—~C, 85 87.21 | —0.127 | —1 41.250 | —0.550
Groombr. 41683 U.C.| * B—F, 48 24.20 | —0.144 0 0.000| —0.511
w Pisciom . . . “ B—E, 23 52 84.6]1 | —0.148 | —0 7.708 ] —0.125
o Andromede . “ C,—E, 1 290.34 | —0.147 | —0 0.032 | —0.178
4 Draconis L.C. “ —C, 8 55.23 | —0.145 | +1 58.8656| +0.493
“ “ o, Ww. B—D, 7 6.11 [ —0.141 { —1 15985 | +40.481
T = 23" o= 4 201 p = —— 002 ¢ == 4 0°.033.
Star. ¢ - Cc .y Aa at
9 Draconis L. C. . 222 23=389%.37 | 28241818 - - - - —0%.30 | —0°.36 | +2.17
§ Pegasi. . . . . . 84 47.30 | 34 49.82 | —0°.034 —0.13 —0.06 204
+ Cephei U.C.. . . 44 55.36 | 44 57.72 | —0.080 +0.17 <+0.08 2.20
aPegasi. . . . . .| 258 59358 803 | —0034 | —0.03 | —0.06 2.18
6 Piscium . . . .] 2321 11.07 | 21 18.13 | —0.083 | —0.06 | —0.07 2.11
y Cephei U.C. . . . . 33 5621 )| 83 5758 | --- - 4022 | 40.22 2.10
Groombr. 4163 U.C. . . 48 23.69 | 48 26.12 +0.119 +0.47 +40.16 2.40
@ Pisciom . . . . .| 23 53 27.03 | 52 29.00 +0.033 —0.08 | —0.07 2.09
o Andromed® . . . 1 29.14 1 81.43 +0.038 +0.24 —0.04 2.38
4 Draconis L.C. . 5 4960 | 5 5142 | - - - - —0.25 | —0.43 | $2.26

10 80 4+ 6.015a == 4+ 0°.257.
4 6.015 a6 + 37.765 a == — 3.483.

a = —0°104, a0 = 4 0°.088, ot = 4 2°188.
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1866, December 11.—G¥., Obs,

Star. Lamp. { Threads. M by R Bbyt+-k

8 Draconis L.C. . . .| W, E—F, 7211™26° 58 | —0%.137 | 40259903 | 40°.188

“ “., .. .| E D,—F, 13 13.84 | —0.151 | —0 47.577 | +0.204
g Geminorum . “ B—F 87T 9.45 | —0.223 0 0.000 | —0.255

“ o o e s “ D,—F: 45 8.06 | —0.208 | 40 17.205 | —0.235
¢ Draconis L.C. “ B—C, 47 25.07 | —0.197 | 41 6.936 | 40.308

“ ‘.. W. B,—D, 49 25.45 | —0.187 | —0 58.228 | +40.294
8 Urse Majoris U.C. “ B~D, 7 58 49.83 | —0.154 | +0 42.513 | —0.437
Groombr. 8241 L.C. . “ C,—E, 8 30 80.04 | —0.107 | —0 0.091 | +0.219
¢ Hydree. . “ B,—F, 8 39 42.64 | —0.103 0 0.000 | —0.092
» Cancri. . “ B—F, 9 0 38111 | —0.129 0 0000 | —0.120

T = gt 6= 419 p = — 0020 ¢ = 4 0" 033
Star. t - Ce w,! 4Aa at

8 Draconis L.C. . . .| T*12™26*.54 | 1228%33| - - - - ~—0.12 | —0°.28 | 4206
8 Geminoru