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the knife-edges is then preciscly cqual {0 the length of the mathematical or simple pendulum oscil-
lating in the samc time. A-chief advantage of the reversible pendulum is that it eliminates the
effect of buoyancy and resistance of the air. The axes of suspension being interchangeable, this
instrument is known also as the convertible pendulum. If it oscillates in a second of meau time it
is known as the seconds pendulum, and the force of gravity at the place may be deduced from accu-
«ate measurements of its length.  If, as usual, its oscillations do not exactly coineide with mean time,

a small eorrection is applied to its measured length to give the true length answering to coincidence,

and for that purpose a measure of the position of its center of gravity is requisite. The length of
o+the reversible penduluir is one meter. \ .

Tn the Appendix (No. 15), a paper by Assistant Peirce is given descriptive of his pendulum-
observations at Euaropean stations, and also a scheme for a history and discussion of the pendulum
and its relations to gravitation, . - T ’ . .

Assistant Peirce sailed from New York on the 3d of April, 1875. He proceeded at once td
England, where he ascertained that the Kew Observatory is regarded as the initial point for British
pendulum-work. . This observatory, which is sitnated in the old deer-park at Richmond, is the prop-
erty of the Crown, but the operations conducted $here, which are chiefly of & magnetical and meteor-

“dlogical deseription, have been kept up by the Royal Society, through a special committee, and also
by the Royal Meteorological Oftice. R. H. Scott, esq., who directs the Meteorological Bureau, is
also chairman of the Kew committee. The pendulums of the Great Survey of India were swung at
“this observatory, both before and after the operations in India, the observatory being occupied at’
first by Captain Basseri during a year for this purpose, and afterward by Captain Heavyside dur-
ing a year and a half. It is believed that the pendulums of Major-General Sir Edward Sabine
were also oscillated here; in any case, all the historical English pendulums are here collected, and
can be swung at any time it necessary. ~ By the action of the American minister, General Schenck,
an application was made, through the British Foreign Office, for permission to experiment with the
American apparatus at the Kew Observatory, and to this request a favorable response wag eventu-
ally received. Late in May, 1875, Assistant Peirce proceéded to Germany, where a 's con-
. vertible pendulum, having the length of one meter between the knife-edges and being
instrument used in the Prussian survey, had already been ordered of the Messrs. Re
be mentioned that the convertible pendulum, which was invented by Bohnenberger,
seriously employed by Kater. Bessel, however, described such an improvement as
complete elimination of all effect of atmospheric resistance and friction. Long after B death
this improved instrument was constructed by Repsold, and was adopted by the Swiss survey and
first used by Profesfor Plantamour, who developed the method of employing it. It is now exclu-
sively used on the continent of Butrope, and has received the unanimous sanction of the International
Geodetical Association. An instrument of this sort had been ordered by the Coast Survey at the
commencement of the pendulum-operations in 1872, but owing to the Messrs. Repsold being then
occupied with preparations for the transit of Venus, the apparatus was not completed until the
spring of 1875. This is not the place for any description of this instrument, which was executed
with the consummate art and précision for which this celebrated firm of mechanicians is distin-
guished. This instrument having been procured, Assistant Peirce readily obtained Professor
Forster, the eminent director of the Berlin Observatory and president of the Imperial German Com-
mission of Weights and Measures, the permission to make all necessary experiments in the building
of the Office of Weights and Measures in Berlin, upon the very spot where the determination of
Bessel had been made. This building has been erected expressly for the purpose of making accu-
rate comparisons of standards of length. It is built with very thick walls of hollow brick, and the
comparison chambers are lined with systems of flues, through which, by means of an engine in an
adjoining building, hot air can be conveyed from a furnace or cold air from an ice-house. This
building, which will serve as a model for similar buildings in other countries (as it already has in
France), is the most suitable possible place for pendulum-experiments. The building, however, was
not sufficiently completed in the summer of. 1875 to allow of pendulum-experiments being nrade
there to t}m greatest advantage. It was thought desirable to make a careful comparison of the
. )
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American reversible pendulum with that of Prussia.. The celebrated geodesist, Lieutenant-Genernl
Dr. Baeyer, the director of the Royal Prussian. Survey, who furthered Assistant Peiree’s opera-
tions in the most gratifying minner throughout his stuy upon the continent, at onee placed the
Prussian instrument at his disposal, and the meter-seale of this apparatus, which had alre
carefully compared with the Pi’-'ilfs_siau normal meter at different tempe
. Was submitted to fifty independent series of compirisons with' the similar scale of the American
standard by Assistant Peirce. These operations, which yialded a very satistactory result, lasted
until July 7. Assistant Peirce afterward proceeded to Geuneva, where, upon the return of* Professor
Plantamour (who was it first absent), arrangements were readily made for oseillating the reversible
pendunlum at the observatory of this city. . Assistant Peirce. had thus, at the outset of his opera-
tions with Bessel’s penduhun, the signal advantage of receiving” the connsels of the distinguished
savant who first introduced the use of it, and who has studicd so cavefully the methods of its manipu.
lation. Actual experiments were made upon seventeen days, between August 26 and September
17." The method of making tle experiments, adopted by Assistant Peirce, may here be deseribed,
It has been slightly modified fro time to time, Dt its latest form is as follows: On the fist d
the rigidity of the stand and the position of the center of gravity of the pendulum are measured,
The next day is devoted to comparisons of the pendulum and standard.  The oscillations are then
commenced; and no measures of the pendulum are made upon days devoted to these experiments,
During the swingings of the pendulum the Repsolds “firina” is always forward.  Lach day the
pendulum is first swung with the heavy end up, then with the heavy end down,.and then with the

ady heen
atures by Professor Forster,

ay,

heavy end up again. Two such sets of -experiments are sometimes made in one day but this is

considered rather objectionable. After four such sets, the pendulum is remeasured the next day.
A day is then devoted to remeasuring the frame of the stand, to interchanging the knife-edges, and
to determining the center. of gravity before and after this ¢hange. In interchanging the. knife-
edges, they are never reversed end' for end. A day’is then given to measuring the pendulum.
Fouy more sets of swingings are then made, The pendulum is then again measured as before, and
then the determinations of eenter of gravity and flexure are rejreated.  Fifteen days might be oceu-
pied by such a determination, but in practice it is necessary ‘fovury the proceeding more or less,
The times of oscillation are determined by observing transits-of the pendulum across the web of a
telescope and registering the time upon a chronograph. One hundred tr:

ansits are observed each
time, and.in one of the following orders: )

A. 25 transits from right to left, then 50 from left to right, then 25 from right to left.

B. 50 transits from left to right, then 50 from right to left. . 7

C. 50 transits from right to left, then 50 from left to right. '

D. 25 transits from left to right, then 50 from right to left, then 25 from left to right.

Choice is made between these methods, so that the signals will not interfere with the two-seeond
breaks of the chronometer, which affect the same pen.  Four sets of transits are so taken that at
their mean times respectively the oscillations of the pendulum have the half-amplitudes 29, 139, 10,
and 3°. Different eye-pieces are used with magnifying powers néarly inversely .proportional to the
amplitudesyso that the apparent velocity shall remain constant. ' S ‘ ‘

~ The observatory of Geneva is 2 small building with one main _room, opening by large glass
doors to the north and south. The floor is of asphalt, and the instrument rested upon the floor,
There was necessarily more or less walking about, and several visitors each day entered at the glass
doors just mentioned. Assistant Peirce received every possible assistance and attention from Iro-
fessor Plantamour and his assistants, but it is lecessary to note the fact that the place was hardly
- suitable for such operations. Obs®tvations of time were made by the assistants of the observatory.
At Geneva, Assistant Peirce set up a micrometer in front of the pendulum-stand, and by means

of a weight passing over a pulley, whose friction was detem]ined, he measured the flexnre of the
support of the pendulum, and determined the important correction, amounting to over 0mm.2, to he
applied to the lenfth of the seconds pendulum on account of the ‘Swinging of the stand from side
to side hs the pendulum swings. T ’

Proceeding to Paris, Assistant Peirce had the honor nn_d’ud;f_:_pltage of attending the sittings of
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the International Geodetical Association and of its standing committe.e, Wll.ich I Nl
1875, in the palace of the Ministry of Foreign Affairs, The whole sub‘)e.ct of the penduluin received
2 thovough discussion, and a resolution was unanimously passed expressing the sympathy and mt.er-
est of  the association in the expedition of Assistant Peirce. The reversible pendulum Il wnfor-

. tunately sustained grievous damage in transportation from Paris to Geneva. Thus one of the great

advantages of . this instrument received illustmtim}; for if it had been an i.n\-a‘riab]»e pf‘flﬁu&;mt Ehe
connection between previous and subsequent operations would lmvg begu fe.ntu'ely. d.est-x:o‘s ed; w m_ufl?’
with the existing construction, the pendulum had only to be put again in cox.uhtlou in urd_er tl?%;\e :
results perfeetly comparable with those which had gone before. During the interval creaf»e@ ! y this
accident the Geneva observations were completely reduced. - . . Co D - "
Permission was granted by his excellency M. Wallon, Minister of Publie Illi:fI“l.lctloltll? ‘vaeQ‘m‘l!l";
and the Fine Arts, for oscillating the American pendulum at thfa observatory at Paris. 1 Lev ell m‘
afforded every assistance; and the operations were conducted in the great Salle du Mer it len,t w {el‘e
the pendulums of Borda, of Sabine, and others had previously been swung. fl‘h_g experu?lerll) i \\flle
conducted in the recess at the northern end of this hall, and were made upon eighteen days, 1 ef\\ cu;
January 18 and February 29, 1876. The standard clock of the observatory was made“lu‘szt (t) 7.:]11111
its correctipns were furnished by the observatory. M. Wol.f, the well-ki.lowu astron.omu.]i :tlc 10m
to the observatory, to whom the arrangements for th'e experimments were mt.rusted by .the i ‘:ls 11; :;,t
director, rendered Assistant Peirce in the most gracious manner all the aid that this magn
institution ¢ furnish. : . .
mbhglxtll(;:ecg(l;lll(}zlusiou of the expei'iments in Paris, Assis’mnt‘ Peirce again repaired to BerlmZ a-nfl
as soon as the great comparing chamber of the Bureau of Weights and. Mf;ztStﬂ‘es was.ready, .e}\‘per‘l-
ments were conmnenced there upon a pier at the northern end. As before, every posmble gssjlstaﬂmie \
wasreceived from Professor Forster and Lieutenant-General Baeyer. The experiments were made

- upon twenty-four days, from April 19 to June 6, 1876. A clock was furnished by the observatory,.

1

which was compared with the normal clock whose corrections'\\fere furnishéd by the observatory. ’
A standard meter with lines and also ¢ylinders for comparison ?Vlfih an ‘eud. measure was, at a
subsequent visit, furnished to Assistant Peirce by the Imperial anmlsswn 0.f ‘Weights and. 71\1 ﬁaﬁnresi‘
© After the experiments in Berlin, a favorable response having been received ‘to the applica 10111E 0
Assistant Peirce for permission to make his experiments at t-he_Kew Observatox.*y, he went to : n-
gland and commenced experiments without delay. The observations f:ommenced in June, :ml()l W evre
finished in July. The time was observed by Mr. Henry Farquhar, with thg transit of the observa-
Y, ¢ four were kept running at once. . _
o ,I\‘II;Idl’i(a()ilrltlzec::fil\"?(?zttelgoston Alfgust 26, 1%7 6. He is at present occupied in completmg the con-
nection of the determinations of gravity in Europe :Lml America. )
‘ - MAGNETISM.

| rations of the survey from year to year, determinations have been made of the vari-
ationI“of‘ht(il(e)p:ompass or magnetic declination, and also of the dip of the n.eedle and the ma.ghnetu;‘
intensity. Part of these observations were merely incidental to the prolse(':utlon. of othe? bminc ;s 0l
the work, but in that way much information has been gathere.d, and this from time to tulrlle '1as‘ tge 1
.combined with data from other sources for the means of markl'ng our c(.)a-st charts w1t1'1 t 1e d\ zmz; -1tox;
of the compass. To this prime necessity in the iuter'est (_)t navigation have beexll add el‘I in la ﬁs
years increasing inquiries in regard to the bearing of lines in land-surveys of old ‘d.?te.‘ : }111:(51?;%
inquiries of this kind have been answered at the oﬁice‘, but thus far the means for p.liecm'loxr e
been limited by the scarcity of observations in the interior. In the course of"the commtg )E:} e
proposed to select and occupy such points as will most effectually combl.ne with th’ose a w'lllc e
variation of the compass has been already determined and thu§ to gain, as early as possi )(1 e, 1;“
means of tracing lines for éqqal maghetic declination from the interior across t-h(_a coast 'zm. :Al lb 1
assured accuracy to continue them out to sea. On sketch No. 2 all the magnetic statlo_ns o-ct,upled );
Coast Survey observers between 1833 and 1877 are marked. At.all of these the ('leclulmtno.n, zml ?‘
most of them the magnetic dip and intensity have been determined. Several of the's at10n§ 1aV0
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