202 REPORT OF THE SUPERINTENDENT OF

APPENDIX No. 15.

MEASUREMENTS OF GRAVITY AT INITIAL STATIONS IN AMERICA AND EUROPE.

UNITED STATES COAST AND GEODETIC SURVEY,

) ALLEGHENY, PA., December 13, 1878.
C. P. PATTERSON,

Superintendent United States Coast and Geodetic Survey, Washington, D. C.

DrAr S1r: I present herewith the first part of my report on the measurement of gravity at
initial stations of Europe and America. I here deseribe the methods employed and communicate
the main results of the research. The discussion of the amount and nature of the errors, of the
comparison of the present results with those deducible from the experiments of other men, and of
the resulting figure of the earth, together with some other matters, are postponed for a subsequent
report.

The acceleration of gravity is one of those quantities which it is the business of a geodetic survey
to measure.  So it has always been eonsidered ; and it is usage which fixes the meaning of the word
“aurvey” in its geodetical sense. The geodesist is expected to do more than make a map of the
country. Ife not only determines, for instance, the declination of the magnetic needle, which may be
laid down on the chart, but also the other magnetic constants which cannot be so laid down. Were
he to vmit to determine the total foree of magnetisin, he would be held by all scientific men to have
neglected a part of his daty. Now, in the same relation in which this constant stands to magnet-
ieal declination and inclination, just so stands the acceleration of gravity to the latitude and longi-
tude; and by as much more as the latitude and longitude are essential to a survey relatively to the
direction of magnetism, by so much more is the measurement of gravity indispensable in compar-
ison with that of .the magnetic force. The very first duty of the geodesist—paramount even to the
drawing of a map—is the study of the figure of the earth ; and an operation of surveying in which
this problem was left out of view would neither merit nor receive the name of geodetical work.
But it was the variation of gravity with the latitude which first proved the earth’s ellipticity ; and
it may very well yet turn out that this method is the best way of determining it. At all events,
the study of local variations of vertical attraction will find an application in the measurement of
thie level surface of the earth by triangulation. It is, also, quite certain that the solution of some
high problems of geology must be facilitated by the integrated soundings which the pendulum
virtually makes of the earth’s interior.

While the absolute amount of the aceeleration of gravity is, no doubt, a geodetical constant
necessary to be determined, a very precise knowledge of it cam, in the present state of science,
find no practical nor theoretical application. What is chiefly of importance is the relative gravity
at different places and times. This is also a quantity far easier {o measure. To determine the accel-
cration absolutely, we must accurately measure both an interval of time and a length; to determine
it relatively, we have only to carry the same rigid piece of metal from place to place and determine
the duration of some phenomenon in which gravity is chiefly concerned. Moreover, we can fix in some
nieasure the probable error of relative determinations. Most of the conditions of the experiments
other than the amount of gravity itself are alike at the different stations. If they were precisely so,
no constant errors could affect the relative result except in the second order of magnitudes. Now
the accidental errors of observations, the only ones which would remain, can readily be determined
by the method of least squares. Itis not quite true that no conditions other than gravity vary
from station to station. The temperature, for example, varies; and in such a manner that an erro-
neous coefficient of expansion will produce errors in the relative gravity of stations near the poles
and near the equator in a constant direction and similar amount; and so will slightly affeet the
deduced compression of the earth. So an error in the coefficient of atmospheric effect will produce
a constantly similar error in the relative gravity of an elevated and a depressed station, and may thus
lead to an extremely erroneouns value of the absolute modulus of gravitation and of the mean density
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of the earth. There are, also, various conditions relating to the installation of the instrmments
which: are different at different stations, and which give rise to errors which least squares will fail
to detect. Such errors are, however, slight in comparison with those which may affeet absolute
determinations of gravity, into which the constant errors enter to their full amount. A source of
error affecting all modern determinations was lately pointed out by the writer of this paper, which
had produced errors in the accepted results amounting to one four or five thousandth part of the
quantity measured, and in some cases ¢ven to more.

The value of gravity-determinations depends upon their being bound together, cach with all
the others which have been made anywhere upon the earth. In considering how the necessary
connections should be made for our work, it seemed to you, sir, and to Irof. Benjamin Peirce, the
consulting geometer, as it did to the wri®r, that to trust to absolute determinations and to the
transportation of meters would De more than hazardous, notwithstanding that such had been the
recent practiece in continental Europe. Your instructions were accordingly issued for the oscilla-
tion of the same pendulum at those fundamental stations of Europe where the chiet absolute determi-
nations had been made and whence pendulum-expeditions had set out, and at a station in America
which would become the initial one for this continent. Similar action followed on the part ot the
European surveys; for at the meeting of the International Geodetic Congress in Paris, in 1373, it
was resolved, at the suggestion of the writer, that the difterent states should carry their pendulums
to Berlin and swing them in the Eichungsamt there. This has already been done by Switzerland
and Austria, and will be done hereafter by every survey which is not willing to sacrifice the solu-
tion of a great problem to forms of action based on national exclusiveness. Geodesy is the one
science the successful prosecution of which absolutely depends upon international solidarity.

STATIONS.

The stations occupied were as follows :

1. Geneva.—The pendulum was swung in the observatory, ncarly in the same spot, and on the
same wooden stand (see illustration No. 26) used for the purpose by Professor Plantamour, whose
advice in regard to the conduct of the experiments was invalunable. His pendulum was set up at the
east end and ours at the west end of the main hall. The floor of this hall is (as I remember it) not
a meter above the level of the ground which, according to Dufour’s map, is 407 meters above the
level of the sea. The experiments here were made in August and September, 1875. The station
must be pronounced unfavorable for accurate pendulum-work, both from its exposure to changes
of temperature and from the slizht stability of the asphalt floor and of the tripod.

After the experiments at Geneva the pendulum was injudiciously intrusted to a company in
Plainpalais, of whom a vacuum chamber had been ordered. Tt suffered grave injury in consequence,
and was repaired by MM. Brunner, in Paris. In this way the operations at Geneva are completely
separated from those at the other stations, and are deprived of much of their value.

2. Paris.—M. VVallop, minister of worship and public instruction, authorized pendnlum-experi-
ments at the Observatory of Paris. The observations were made in the Hall of the Meridian, in the
alcove at the north end. The center of the pendulum-stand was 89 cm. east of the meridian-mark,
and opposite the reading 2738 cm. on the meridian-mark. The pendulum-stand stood directly on
the floor, and the center of gyration of the pendulum was 29 em. above the loor. A pendulum-stand,
believed to be that of Biot, is by measurement 733 cm. east of the meridian, and opposite 450 em.
on the meridian-mark. Its fulerum is 171 cm. above the floor. On this subject, M. C. Wolf,
astronomer at the observatory, to whose politeness throughout the occupation of the station the
writer is much indebted, kindly communicates the following details :

‘ Borda a opéré dans une salle et coutre un mur qui wexistent plus; la hauteur du sol de cette
salle an-dessus du niveau de la mer est 67 metres. L’annuaire du bureau des longitudes donne 65
mdtres. . .

¢ J'ai pris sur un ancien plan de Pobservatoire la position du mur de Borda: son centre était a
14.72 toises (28.69 metres) de la ligne de la méridienne, a Vest, et au sud i 91.89 (19=.28) du prits de
Pobservatoire, dont Paxe est sur la méridienne.

¢ Les coordonées de la station de Biot par rapport & la méme ligne et au méme puits sont :

) Distance & laméridienne...... . ... .. ... ... ...oco.... T34 est
“ an puits suivant la méridienne. ............ ... .. 10m.23 sud
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“Yous étiez placé vous-méme presque sur la méridienne, & moins d’un métre a Vest, et & 12=,70
du puits vers le nord.

“La hauteur des deux derni¢res stations [no doubt the floor is meant] au-dessus de celle de
Borda est 7m.035, par conséquent 74,05 au-dessus du niveau de la mer,”

The level 01 the ground in the middle of the south face of the observatory above that of the
sea is, according to the general staff, 58.8 meters. M. Biot gives as the elevation of his station
above the sea 70.25 meters. He erroneously states that Borda’s was at the samne level. De Frey-
cinet. gives 72.28 meters as the altitnde of his station. Qur experiments at Paris were made during
the months of January and Febroary, 1876.

The station at Paris was favorable in regard to the: mntormltv of temperature, but unfavorable
from the excessive instability of the floor. b

3. Berlin.—The pendulum was swung in Berlin in the large comparison-room of the Imperial
Eichungsamt in the garden of the observatory. Plans of this building have been promised by the
director, Professor Forster, for this report; but as they have not yet arrived the precise point ocen-
pied W111 be stated in an appendix. The station was very near that of Bessel, but about three
meters higher. The experiments were made from April 15 to June 12,1876, This station was favor-
able in regard to stillness and stability, but unfavorable owing to changes of temperature. The
writer here enjoyed the inestimable advantage of the connsel of the Nestor of geodesy, Genera
Baeyer, and also that of great interest in the experiments and attention to everything which
could affect the suecess of them on the part of Professor Forster.

4. Kew.—In England, the pendulum was swung at the Kew Observatory in the old deer-park
at Richmond, Surrey. The observatory is a meteorological station kept up by a committee of the
Royal Society, but is apparently as fundamental a station as there is available in England. The
ground is 24 feet above the level of the sea and our pendulum was nearly at the level of the ground.
The experiments were made in July, 1876. It proved an excellent place both for steadiness of
temperature and for stability Fortunately, the director of the observatory, Mr. Whipple, thor-
oughly understands the art of oscillating the pendulum, and was most obliging in furthering the
investigation in many ways.

b. Heboken.—The pendulum was swung in a dark chamber in the cellar of the Stevens Insti-
tute of Technology. Notwithstanding the kindness of the authorities of the institute in permitting
and facilitating the experiments in various ways, and the advantage of the counsels of the eminent
physicists resident there, especially those of my friend Professor A. M. Mayer, this station is objec-
tionable from its being situated in a private institution. Otherwise, however, it is a suitable place,
except that it is impossible to measure the length of the pendulum there with any accuracy owing
to ettects of temperature. The latitude of the station is 40° 44'.5, the longitude is 74° 02/ west,
and the height above the mean sea-level is about 10 meters. The position in reference to the har-
bor of New York is shown in the illustration No. 26a.

INSTRUMENTS.

The chief instrument was a Bessel reversible pendulum of one meter length between the knife-
edges, admirably constructed by Messrs. Repsold, and nearly an exact copy of the Prussian instru-
ment described by Bruhns in his account of Dr. Albrecht’s experiments. One-half this pendulum
is shown in illustration No. 27. Its mass is 6308 grams. The dimensions of its principal parts are

as follows:

Centimetor. Jentimeter.
Height of comeat end. coooveivanennon. weee X Height of knife . 18
Length of little cylinder....... o . L Thickness of knife.......ccooviavieneiameniinninan. 1.4
Diameter of little eylinder....... Height from bottom of brass Oblong to top of knife.. 3.4
Digmeter of collar outside bolb... Thickness of brass piece. ... .coovicvinriiiiiiieae. 132
Height of collar. . .ooeaenannn Height of tops of thumb-screws ahove mp of Kuife 2. 05
Diameter of bob, heavy...... Breadth of brass forsecrews. ... ... cc.otiieiiae 2.35
Diameter of hob, light ....... Length of upper projection on stem below knife . 1.4
Height of bob, heavy caeooo...o Piameter of upper projection on stem below knife .. 5.0
Height of bob, light............ Length of lower projection on stem below knife ...... - L4
Disnueier of collar below bob. Dismeter of lower projection on stem below knife ... 5.0
Height of collar below bob... Length of hole for toBgne. cociinmriiimmieanaiiens 7.5
Diameter of atem ..oeveoaeiaoa Breadth ..ocooenenianaaaans .. 2.6
Distance (nearest) bob to bob .. Thickness of mebal ....... teiaecrimccensmesnanesans 018

Length of knife..... ceanamraens e
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In using the vertical comparator which forms a part of the instrument, the intention of the
makers seems to have been that the pendulum-meter should be set vertical by means of a spivit-
level on a brass straddle provided for the purpose. Instead of this, a plumb-line has been used.
This is so made as to be capable of movement in any horizontal direction. The point of support
can also be raised or lowered and the whole can be rotated on a vertical axis. In this way, glass
scales may be observed, which form part of the plumb; and any error in their verticality is elimi-
nated by reversal. The instrument is first approximately adjnsted; the axis of rotation of the
comparator is made accurately vertical and the upper microscope is focused on the knife-edge,
Then the vertical wire of the lower microscope is made to biseet the plumb-line and the upper
mieroscope is turned about the vertical axis until it also bisects the same vertical line.  Afterward,
the plumb-line hmving been brought into the foeus of the upper microscope, the lower one is
advanced or retracted until it is in focus on the plumb-line below. The microscopes having been so
adjusted the meter is adjusted Ly means of them.

A separate pendulum-support, with a vacuam chamber, constructed nnder my direction by the
Plainpalais eompany, and called the Geneva support, was used at Hoboken, A vertical section of
this support (suppressing various details) is shown on illustration No. 28. The sapporting pari
consists essentially of a solid brass ring with three projections for screw-feet and a tongue to
reecive the knife-edge cast in one piece. The vacuum chamber is a metallie ¢ylinder covered with
bell-glasses at the two ends.* Each screw-foot is furnished with two powerful binding-serews,
Only that part of the tongue below the level of the upper surface of the Lrass ring is a part of the
same casting. The upper part is fixed by serews. The instrument is provided with apparatus for
raising the pendulum off the knife-edges and letting it down again, another for setting it in motion,
supports for thermometers, graduated are, &e. The graduated arc is divided into thousandths of
the radins. Messrs. Stackpole and Brothers, of New York, have made this troublesome graduation
with extreme accuracy, upon the arc now in use, and have generously presented it to the survey.

Various other instruments were used which will be described in giving au account of the obser-
vations made with them. '

OBSERVATIONS OF THE DURATION OF AN OSCILLATION.

The duration of oscillation was ascertained by chronographing 100 transits of the point of the
pendulum over the vertical wire of a reading-telescope. Equal numbers of transits were taken
from right to left and from left to right, so that any effect from the wire not being at the equilibrinm-
point was eliminated. At least two seconds elapsed between successive records. The tine-keeper
was generally a chronometer breaking every two seconds. The chronometer-breaks and signals of
pendulum-transits were recorded by the same pen, and interferences were avoided by choosing
among the following four methods :

A. 25 transits to the right; 50 to the left; 25 to the right.
B. 50 transits to the left; 50 to the right.

J. 25 transits to the left; 50 to the right; 25 to the left.
D. 50 transits to the right; 50 to the left.

The chronograph is a fillet instrument regulated by a reed and constructed by Breguet. It has
three pens. The fillets have been measured to tenths of seconds and the hundredths have been
estimated, except in the second readings of the Berlin filtets, where the hundredths were measured
with a scale devised and constructed for the purpose.

Observations of the transits were taken when the pendulum reached an axc of oscillation of
20, 130, 1°, and 3°, on each side of the vertical. The object of the intermediate transits at 13° a.nd
10 will be seen in the second part of the report, which treats of the errors of the results. By taking
the transits at fixed arcs, the condition that the pendulum should be equally affected by the air
with heavy end up and heavy end down was secured witl certainty. It has been objected that this

.

* The leakage of the chamber increased the pressure by about that of a tenth of a millimeter of mercury per hour.
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plan makes the experiment with heavy end up of too short duration. To remedy this, at Kew the
pendulum wag swung with heavy end up both before and after every experiment with heavy end
down, so that there were twice as many experiments with heavy end up as with heavy end down.
The question of the proper arrangement of the experiments in this respect belongs to the theory of
the Economy of Research, which is treated in Appendix No. 14.

In order to avoid any possible difference of personal equation in noting the transits when the
pendulum was moving rapidly at the beginning and slowly at the end of the experiments, different
powers were cinployed upon the reading-telescope, so that the apparent veloeity was about the
same at the last as at the first set of transits.

CORRECTIONS.

The observed duration has to receive the following corrections : N
1. The correction for the rate of the time-keeper;
2. The correction for amplitude of oscillation;
3. The correction for pressure and temperature of the air;
4. The correction for the expansion of the metal by heat;
5. The correction for the slip of the knives;
G. The eorrection for the wear of knives;
7. The correction for inequality of knives;
8. The correction for stretching of pendalum by weight of heavy bob when the latter is down
9. The correction for the tlexure of the support;
“10. The correction for attractions of sun, moon, and tide;
11. The correction for elevation above sea level.

h

ON THE CORRECTION FOR THE RATE OF THE TIME-KEEPER.

The stations at Geneva, Paris, and Berlin, being astronomical observatories, the rates of their
clocks were determined by the astronomers there.

At Geneva, the transits of the pendulum were registered on a fillet-chronograph which was
found there, together with the even seconds of break-circait chronometer Hutton 202, The second-
hand of the sidereal clock was, before and after the experimments of each day, observed through a
telescope, and its seconds registered in the same way. The following table, showing the corrections
of the clock for 20" sidereal time of every day on which stars were observed, was kindly communi-
cated by Professor Plantamour:

Date.  Gevevacloek, Rt
1875. 8. 8.
Ang. 27 + 36.39
31 4 5836 i gii
Sept. 1 4+ 58.93 + O:GO
2 4 5953 L 065
3 4 6018 + 0
4 4 60.81 N 0.70
5 4+ 6L31 o
6 + 6213 + 0'6“,
7 428 OO
8 4+ 63.59 _T_ 8(‘;’
11 + 65.60 4 om
12 4 6631 .
13 4 66.76 + 31(;
14 + 67.36 '_:_' 0:70
16 4+ 68.77 4 0.56
17 + 69.33 + 076
18 + 7009
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These rates have been adopted in the caleulations,

The comparisons between the chronometer and cloek, and the rate of the chronometer ax dedunced
from them for each day’s observations, will appear in their proper place in the full account of the
pendulum-work in my next report.

At Paris the pendulum-transits were chronographed together with the Deats of the meridian
clock. The corrections and rates of this elock were supplied by the observatory in two lists, which
are here appended. In transmitting the second, M. Wolf makes the following remarks:

¢ J’ai examiné avec attention la marche diurne de la pendule sur laquelle vous avez observé et
compté la seconde. Sa marche diurne normale, résultant d’un trés-grand nombre observations
fuites & différentes époques de Pannde, varie de +0%.05 & 40507, (Cest en efiet ce que nous retrou-
vous pour le mois de février, comme il résulte du tableau ci-dessous. Maiy en janvier, il est ¢vi-
dent qu'il s'est produit nne perturbation dont je ne puis deviner la cause. Quoiqu’il en soit, il me
parait nécessaire d’admettre pour la marche diurne

40520 du 24 janvier an 2 février
+0.07 du 2 février au 24.

“Voici en effet le tableau des corrections observées en regard desquelles je place les correc-
tions calculées avee les marches précédentes : [Ilere M. Wolf inserts the second list given Dbelow. ]
Ces corrections se rapportent toutes a 9* temps moyen a + d’heure pres.

“ La seule différence trop forte est celle du 4 février; la correction de ce jour a été obtenue par
un observateur différent de celui qui a déterminé toutes les autres.

“Quelle que soit d’ailleurs la marche que vous admettiez, il me semble que Perreur qui pent en
résulter sur la durée de la seconde sidérale, c’est toujours de heaucou) inférienre i celle qui résulte
de la mesure des oscillations de votre pendule.”

Corrections of the Paris meridian-clock.

FIRST LIST. SECOND LIST.
Temps Luncttede Cerele méridien, v :
Date. sidéral,  Gambey. M. Péri- o Date. Obs. Cale.
M. Léon. gord. M. Folain.
1876. hoom. 8. 1876. 8.
Jan. 5 3 3 +12.02
10 3 40 4-12.46
15 70 +4-13.37
24 4 40 +15.09 +15.35 . Jan. 24 +15.35 +15.40
20 7 30 +15.19 +15.60 25 +15.60 +15.60
26 +15.85 : 26 +135.85 +15.580
27 4925 41583 |
25 5 40 +15.SS +16.22 28 +16.22 +416.20
20 5 0 +15.91 +16.35: - f 29 +16.35 416,40
31 6 3 +16.41 +16.75 | 31 +16.55 +16.80
Fév., 1 +17.03 Fév, 1 +17.05 +17.00
B 2 +17.32 +17.19
4 +17.59 4 “+17.62 +15.33
7 +-18.50 7 41753 +17.54
9 +18.50 { +17.57 +17.68
10 +18.75 10 +17.72 +17.75
11 +18.75 11 +417.76 +17.82
12 +4-18.82 12 +17.87 4-17.89
: 14 +18.46:
15 4-19.28
22 +18.30 +18.59
23 +18.64 +-18.66
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I cannot presume to review the judgment of the Paris Observatory upon the errors of its own
observers, and the rates given in the last column are therefore adopted. Illustration No. 29 exhibits
the concordance of the observations with these rates.

At Berlin the clock, whose seconds were chronographed with the signals of pendulum-transits,
was a subsidiary one in the observatory, designated as Serffert. Every day, before and after the
experiments, it was put on to one of the observatory chronographs with the clock of the observa-
tory. The corrections were commmunicated in the following list:

Stand und Gang von Serffert, 1876, April 16—Juni 16,

1876.

April 15.63
16.13
.63
17.13
.63
18.13
.63
19.13
.63
20.13
.63
2113
.63
2213
.63
23.13
<03
2413
.63
2513
.63
2613
.63

Mai 113

Ts—S
8.
26.29
26.58
26.87
2714
27.33

NN
€D -1 O
(=R 1

[ SR U ST R €
-J ..q -]

[T o]

¢

28.03
28.06
28.14

28.24 -

28.39

28.66
28.90
29.09
29.33
29.52
20.73
29.90
30.05
30.16
30.29
30.44

30,61

30.69
30.81

3103

3L30
3153
31.82
32.15

=~
%

Ah. T3

8.

— 017

- 198

— 3.37

— 3.73

— 594

— 6.69

Ah. 8

+26.50

426,08

+25.33

+25.09

+25.13

Tiigl G. 8.

—0.23

—0.17

—0.03

+0.04

—0.19

—0.16

+0.02
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Stand und Gang von Serffert, 1876, April 15~Juni 16—Continuned.

1876. Ty—S Al Ty AV - Tigl. G. 8.
Mai 513 3241
63 32.64
613 32.92 +0.16
63 3315
713 3331
65 3346 - .77 +25.69 (1)
8.13 33.71
63 33.98
913 34.28 +0.28
63 34,67
10,13 34.88
63 3515 — 862 426,53
1113 35.49 -
63 35,78 +033
1213 36.06 — 9,00 +27.06
.63 (2)
1313 36.59
63 36.89
1413 3719 +o.1
63 3741
1513  37.70
L3 3798 —10.54 42744
16.13 3834
63 "38.65
1713 38.96
63  Es wurde eine kieine Verbegserung der Kompensation ausgefiibrt.
18.13
K%}
19.13
.63
20,13 1058 —1226 — 168
63 10,45
2113 1038 N 0“39
63 1024 —1250 0 — 2,26
2213 10.08 053
.63 9.88 )
23.13 969 12,74 — 3.05
63 —0.65
24.13 9.32
63 913 1315 — 4.02
25.13 8.96
.63 8.81

—0.64

Anm. 1). Quecksilbertropfen hoher gestellt.

Anm. 2). Die Untersuchung der Giinge 1876, Febr, 25, bis Mai 15, ergieht

d (Téglich. Gang) __ fr . 1,
B = + 0018 fiir +

8. Ex. 37——=27
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Stand und Gang von Serffert, 1876, April 16-Juni 16—Continued.

1876. Ty—8 Ak, Ty Ak, S Tigl. G. 8.
8 8. 8.
Mai 2613  8.69

63 854 —1385 — 531

2713 8.40 '
63 8.27

2813  8.12 —0.60
63 8.03

29.13  7.92
63 780 —1491 — 711

3013 7.76
63 770

31.13  7.65
63 754

Juni  1.13 —0.44

63 735

213 7.24
63 7.06

313 6.0
63 672 —1601 — 929

413 6.49
63 631 —0.50
513 6.16
63 596 —1625 —10.29

613  5.74
63 5.46 —0.49

7.13 5.22
63 496 1624 —11.28

8.13 4.81
.63
9.13 4.42
.63 4.23 —0.42
10.13 4.08 '
.63 3.95
11.13 3.80

63 3.70 —16.66 —-12.96
12.13 3.52

63 335
13.13 3.23
.63 2,98
14.13 2.78 —0.50
.63 2.56
15.13 2.36
.63 217

16.13 197 -17319  —15.22
63 1.80
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An independent set of comparisons Detween Serffert and the normal clock of the observatory
is given below, the differences between it and the previous table being usually very slight. In the
table below the column headed O gives Ts—8 as directly observed, and I as interpolated from the
table just given:

Date. Ty—8, 0 T5—§, I 0—1I
1876. 8. 8. 8.
April 19,94 27.88 27.86 + .02
21.01 28.01 28.01 .00
23.91 28.45 28.47 — .02
24,12 28.50 28,52 — .02
24.89 28.77 28.78 — .01
2512 28.89 28.90 — .01
25.89 29,22 29.21 + .01
26.11 20.31 29,32 — 01

27.90 30.00 29.98 + .02
28.12 30.06 30.05 + .01
28.88 30.15 30.22:  — 07

20.12 30.30 30.29 + .01

29.89 30.57 30.33: + .04

30.12 30.62 30.61 + .01

May 1.90 31.03 30.08: 4+ 05

2.12 31.03 31.03 00

2.89 31.25 3124 + .01

3.92 31.83 31.70: 4 13

4.11 31.81 3181 .00

. 4.89 32.29 32.29 .00

There are but four eases of discordance, all vecurring wlhere the comparison of this set was

taken midway between two of the former set.

On comparing the daily rates of the two clocks designated as T, and S, during the time of the
pendulum-observations, it will be found that the latter went as well as the former, as shown iu the
following table:

Daily rate, Daily rate, Diff. from Dift. from

Date. T 8 mean Ty mean $
1876. 8. 8. 8. 8.
Apr. 19-21 — 49 - 17 — .12 — 07

2126 — .31 — 03 + .06 + .07
26-27 — .36 4+ 04 4 .01 + 14
27-30 — 47 — .19 - .10 — .05
May 0-2 —_— 2 — .16 + .14 — .06
2- 4 —_ 38 + 02 — .01 + .12

For the observations at Kew, the time was kept by the four chronometers—

Hutton 202, sidereal ;
~ Dent 2171, mean solar;
- Frodsham 3525, mean solar;
Frodsham 3474, mean solar.

The solar chronometers were all compared with No. 202, by coincidence of beats, at least once a
day, from June 30 to July 12, inclusive, but the comparison of June 30 was rejected because the
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chronometers had not then been in place long enough to acquire uniform rates. The following table
gives the results of these comparisons, the excess of each chronometer over No. 3525 being taken.

Kew.—Comparison of chronometers [2171, 35625, and 3474 arc reduced to sidereal time].

Excess over Frodsham 3525 of—

Hutton 202. Dent 2171. Frodsham 3474.

1876. m. 8. nm. 8. m. 8.
June 30.13 + 3 8.61 + 0 130 4+ 0 20.87
July 112 2 57.94 0.14 19.79

1.26 56.43 + 0.02 19.71
1.47 54.15 — 012 19.57
1.92 49.42 0.43 19.31
2.10 47.49 0.57 19.25
2.94 38.42 1.34 18.96
3.16 35.99 1.53 18.97
3.47 32.73 1.70 18.88
3.98 27.40 210 18.63
4.25 24.47 2.31 . 18.65
5.09 15.30 2.96 18.41
6.15 3.60 3.58 18.13
6.92 1 55.17 3.94 17.90
7.25 51.44 4.03 17.94
7.91 44.10 4.42 17.99
8.12 41.77 4.56 17.97
8.45 38.16 4.79 17.88
8.95 32.63 5.22 17.80
9.12 30.79 5.33 17.76
9,91 22,19 5.85 17.67
10.18 19.17 6.11 17.65
10.39 16.37 6.22 17.59
11.11 9.16 6.93 17.43
11.99 0 59.47 7.98 16.73
12.37 + 0 55.21 — 0 843 + 0 16.63

In the transit-observations, a Dollond transit belonging to the observatory was used. These
observations were taken under very great disadvantages. The transit-room, which was not in the
observatory building, but located just outside the east wall, was not large enough to allow a place for
the chronograph, so that the observer (Mr. H. Farquhar) was obliged frequently to leave this room
in order to see to the recording of his signals. The instrument was one of small magnifying power,
with a long interval between the wires (about 26° at the equator), so that a special journey had to be
made during the passage of the high nerthern stars, to wind up the chronograph and sce that the pens
were working. 1t was, moreover, in not very good condition, nor very steady. For these reasons,
though many stars were observed every fair evening, great difficulty was found in getting a satisfactory
correction from them. In illustration No. 30, which shows the correction to each of the chronom-
eters after applying a uniform rate, the comparisons made at the time of the transit-observations
are distinguished by circles, and only the observations of the 3rd, 10th, and 12th are taken, it
having been found impossible to bring the separate stars, in the observations of the 1st and the
8th, into concordance. 4

Chronometer 3525 has been considered as having one uniform rate of 4 0223 per day, from the
beginning to the end of the pendulum-experiments.



oy

| I |
U S. Coast Survey. Pendilum

b R .

No 20

- at Kew. Correctic

i
|

. to Chronometers ~
after applving wniform rdtes.(Star observations of the 15% and 8% rejected.)

|
[
i
|
|
|

6 —
b,
/ |
)
o 3§25 © @
8 :
6 /\\\ :
, \
/ﬁ
2 2171, B
: . = N\
_3414 : / >
0\ T // j 14 \\
\\/e; \\ |
\\//\n\
LQS

L July

: 3

P

N S

2 July




THE UNITED STATES COAST SURVEY. 213

This supposition gives as the rate of No. 202, the chronometer used, during each day when the
pendulum was swung—

Daily rate

of 202,
1876. 5.
July 1 + 10.99
2 11.10
3 1105
4 11.01
7 1124
8 11.35°
9 1L15
10 11.26

These rates have been adopted in the calculation.

At Hoboken the time was observed with the United States Coast Survey portable trausit No. 5,
by Simnms. It was kept by break-circuit chronometers—

Hutton 202 (sid. time),

Bond 380 (sid. time),

Negus 1389 (sid. time),

Negus 1591 (mean time),
and a part of the time by

Bond 387 (sid. time).

For the observations of April and May, 1877, which were intended to show the difference in the
time of oscillation on a stiff and on a flexible stand, and for the regular swings of June, 1877, the
time-observations were commenced by Subassistant Edwin Smith on March 24, and were continued
until June 29, inclusive. The chronometer used in the observations of time was usually Negus
1589. The following table shows the residuals of the time-observations. The reduction was made
by field-methods, by Subassistant Smith :

March. April, May.
P.D.ZD 1 24 6 11 12 17 23 24 25 2 3 7 12
o o
3 Geminorum.... 68 419 +.04W. . .. -
P.VIL6T ... .. 21 2 4.01W. .. .. . . -
o Geminorum.... 58 4+ 94.20W. .. . .. Tej.
a Canis Minoris.. 84 435 -.28W. .. .. .- —03E.
8 Geminorum.... - 62 412 4 02E. .. . . + 4 E
3 H Urse Majoris.. 21 —28 +.02E. .. .- .
« Cephei(L.C.).. -13 —62 .. . .. .- — 10w, .
e Hydrm. ... 83 434 .. . . 4.4W. L 0BW. 10 W.
« Urse Majoris . 41 — 8 .. +09W., .. GOW, —08W. 4. 026W., .
i 79 430 .. . —W3E. —.04W. . FOAW. . ..
8§41 .. —03W.+.03E .. - L SI5E 24 W. 04K,
98 +49 .. . - .. . 4+.07KE. —16E 401 W. - 08E. 4.07W.
. d Ursas Majoris. . 26 —-30 .. - —.053W. . . WE. 15K, .23 W, 02K, ..
8 Ursa: Majoris.. 38 —11 .. +.01W, . .. .. . O E. +.10E. .. 4+ 028 406, .
« Leongs .- — 00 HE, - 04W, . .- - 4.0t W. - 03 E. +.0TW. —.13W. —03 K.
u Leonis... . .. T UZE. +0TW. L .. .. +.02W. 4+ 03E. 4. 06W. +.05E. +.04E. - ..
z Leonis . . .. .. . .. . .. . . 404 B 402w 103 E.
32 Uram Majoris. . .. . .. .- .. .. .. . .. —08E 00W. ..
ya Levnis..._..... . .. . . . .. - . .. . —.02W.4.03W.—.03E.
9 H Draconis . .. .. . .. .. . .. .. . . .- —.01W,
p Leonis. ... .. .. .. .. N .. .. - .. .. L 02W. G0W.
i Loonis......... E . - .. - .. .. .. .- . .- . ~.06E. +.03W.
a Urss Majoria. . .- . . . .. e . - .. . . +1ZE 00w,

8§ Leonis......... - . . . .. .- .. .- .. .- .. ~10E.
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3 Crateris .......
7 Leonis ...
A Draconis
v Leonis
B Leonis
vy Ursie Majoris. .
y Virginis ... ...
x Draconis.
32 H, Camelop
12 Canum ven ...
8 Virginis .
e Virginis
¢ Virginis .. R
7 Ursae Majoris..
v Boota . ...
« Draconis. .
e« Bootw ..
8 Bootw .
5 Urse Minor
€ Bootir
ay Libre.
# Urs®e Minoris. .

a Virginis .__....
¢ Virginis
n Ursx Majoris. .
n Boota

5 Ursa: Minoris. .
e Boote
ag Librie
8 Ursic Minoris. .

ye Crame Minoris. .
« Corons: Bur....
a Serpentis
e Serpentis
¢ Ursa Minoris. .
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M ay. J une.
P.D ZD. 14 16 26 2¢ 249 - 1 11 13 14 16 17 18 19
104 |55 01K . . B o3
t —~37 +.03 E. N . .
—29 —.14KE.
1] £03W. .
75 125 — .4 W, - .
36 — 14 - .16 W, L .
90 +41 —.04W, ..
20 —40 —.02W_ .03 E. .- - . .
6 —43 L 02V L .. .. ..
51 + 2 +.03 B, +.07TW., . +.05 E. .-
L. 99 446 00 E. .02 W —.03E.
L 101 446 404 W 4.02 W. —.00 E. 108 W, . ..
90 +41 —.06 I3, - 0ZW.+.02E, .. 2 OOW, +.01E. .
40 — 9 +.02E. 4+.08E. —.06 W, ~.02 W, —.04 W. — .03 E. +.08E.
71422 4 0k .. —08E. .01 W. .. 4.03W.—.02E. 0 K.
25 —24 —.03W. 0 E. . 1ej. —.01E. —09E. -
0 +21 +.06 W, +.01' W, -+.04 E. +.01E. +.06 W. +.03 W, 4. 10 W. |
s 12 1.06W. - _ 0E. .01 W, —.06 W. .00 W
14 —35 .. -3 W, WK —01E. 00W., .00W. —.02W.
.62 413 _08E. 4.03E .. +.02W. +.05 E. —.08 E.
106 + 56 —.02F. —.03 .
15 —34 —~.02E. -+.03 K.
Jnm*.
P.D.ZD. 20 22 23 25 bl 29
[« o
101 46 .. +.03 .
90 441 L. +.05 E. ..
40 — 9 -4 E. — 08 E. —.03 W.
71 422 + 03 E. R 00 W . 4.02W.
25 —24 00E. +.07W. 00W. — 16K .00 .
70 421 4.03W. — 84 W, O0E, —.02 E.
38 —12 - —.02 W, 4+ 10K, +.01 E.
14 —3% WOW.~ U E RUUR
62 4-13 .01 W. 4.01 E. 00 W
106 456 TS E.
15 - 34 .. - . -
52 4+ 3 .. - L —.06 WL
18 32 . 0T W
63 +14 L W
83 454 - +.06 B.
8 36 .. .. —.05 E.
12 37 ~ 01 E.
Table of instrumental constants.
1877, Level constant. Azimuth. Collimation.
March 1 +-0.02 W, 4+0.06 E. —5.04 —0.36
94 4001 4010 —2.40 0.00
April 6 -—0.11 —0.03 —0.42 —0.17
11 —0.02 +0.13 +0.20
12 —{.04 +40.03 —0.20 +-0.20
17 —{.12 —0.04 +0.07 +0.22
pin —0.10 —0.01 +0.04 +0.20
24 -0 0.00  +005 4031
25 0.00 +0.04 +0.22 4+0.03
May 2 4016 4024 4071 4004
3 +0.07 +0.08 +0.46 0.00
T —0.04 0.00 +0.59 4002
12 4008 4010 4092 0.00
14 4009 4010  —045 0.00
16 4+0.07 +40.13 —0.63 0.00
26 4+0.35 +0.34 4-0.72 0.00
28 +0.31 4 0.36 +0.60 +40.04
29 +0.36 +0.37 +0.47 —0.08
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Table of instrumental constants—Continned.

1877. Level constant, ~ Azimuth. Collimation.
June 1 +0.38 +0.44 +4+0.66 0.00
11 4-0.26 +0.25 +0.56 0.00
13 +0.22 +0.30 +0.55 —0.03
14 +40.20 +0.28 +0.54 0.00
16 +0.32 +0.35 +2.43 —0.0:3
17 +0.44 +0.48 +-0.33 +0.02
18 +0.29 +0.38 +041 0.00
19 +0.48 +0.50 +0.43 0.00
20 +0.36 +0.38 4043 —0.05
22 +40.54 +0.46 +0.30 —0.06
23 +0.40 +40.40 +0.45 —0.02
25 +0.31 +-0.43 +-0.31 +0.05
27 +0.35 +0.54 +4+0.52 +0.06
29 +0.43 +0.50 +0.47 +0.02

The chronometers were compared on the chronograph daily, and also before and after all peu-
dulum-observations. The following table shows the results of these comparisons :

Negus 1591

Mean time.  Bond 387— Bond 380— Hutton 202— ;
(red. to sid.)—

Date. Negus 1539 Negus 1580  Negus 1529 ;
Negus 1689
1877. m. 8. m. 8. M. 8. m. §.
March 1.41 40 33.61 40 25.06 410 5885 40 49.34
24,42 11940 —0 6.55 57.00 1 838
30.98 31.80 14.53 11 2.70 13.30
April  1.20 33.93 15.82 3.20 14.22
6.38 43.13 21.46 6.36 17.10
7.00 44.28 2211 6.87 17.42
7.20 44.63 22.30 7.10 1747
7.96 45.93 23.09 8.69 17.86
8.05 46.10 23.21 8.80 17.90
12.27 54.10 27.90 15.80 19.79
13.06 55.76 29,81 17.09 18.48
14.08 56.97 30.95 18.45 19.75
16.18 2 241 35.84 24.60 18.13
17.31 4,73 32.65 27.02 23.92
19.03 8.77 33.23 31.37 2422
20.98 11.10 36.20 3417 23.87
23.28 15.99 ' 38.69 38.51 24.64
24.33 18.03 39.90 40.10 26.46
25.20 19.80 40.41 41.45 18.53
25.28 19.90 40.41 41.50 2512
26.26 21.74 41.48 42.90 25.20
27.18 23.59 42.29 44.19 25.54
28.04 24,97 43.06 45.11 25.65
May 1.21 29,22 46.95 47.40 24.90
) 2.30 30.59 48.57 48.51 24.63
3.29 32.09 50,02 19.69 24,74
4.23 33.64 51.18 50.70 24,97
5.24 35.34 52.36 50.04 25.24
711 38.41 54.50 50.00 25.89

7.32 38.58 54.85 49.79 25.75
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Mean time.

Date.

18757,

May

May

June

7.48
817

8.22
9.15
10.12
11.13

11.23
12.27
14.35
14.54
15.26
16.31
17.99
21.21
24.16
25.18
26.21
26.43
28.32
29.33
31.23

1.35

4.29

8.29
11.32
11.49
12.28
13.27
14.30
14.48
15.34
15.47
16.31
16.43
17.34
17.49
18.32
19.34
19.46
20.30
20.40
21.29
22.31
22,42
23.28
25.37

Bond 387—

Negus 1580

m. 8.

42 38.73
39.80

Chronometers (202) and (387) moved.

39.40 55.62
42.16 56.20
44.92 57,02
47.87 58.07
Clironometers
50.20 56.08
52.57 56.63
—3 55.20
Excesses j 55.80
over 57.93
(387) 4 0.6
+3 14.33 —0 50.75
27.48 44.17
33.16 42.64
36.5%6 41.38
40.18 10.32
40.90 40.10
7.16 38.17
50.53 36.97
57.00 34.30
4 1.14 32.44
10.28 29,72
21.70 25.60
29.90 22.00
30.30 21.90
32.43 21.16
35.03 20.37
38.08 19.36
38.60 19.20
41.02 18.36
41.35 18.22
43.55 1745
43.89 17.31
46.20 16.49
46.58 16.28
48.60 15.67
51.30 14.61
51.68 14.42
54.06 13.63
54.38
56.71 12.39
59.42 11.78
59.70 11.68
5 2.10 11.20
7.50 9.49

Bond 380—
Negus 1589

M. 8.
—0 54.97
55.60

Hutton 202—

Negns 1589

m.

+11

+8

+11

8.
49.73
49.80

49.80
50.73
51.92
53.21

moved.

55.33
5417
53.71
52.58
50.00
45.80
53.13
54.85
52.18
53.01
53.64
53.71
55.01
55.63
56.60
56.72
54.48
53.43
52.99
52.90
52.57
52,09
51.68
51.58
51.12
51.06
50.35
50.22
49.40
49.28
48.10
46.77
46.68
45.37
45.50
43.91
42,22

42.07

36.49

Negus 1591
(red. to sid.)—
Negus 1589

m.

+1

—1

+1

s.
25.76
26.04

26.04
26.53
26.84
27.16

99.99
92818
31457 T
32,117
34907 ¢
37.547
30.75
36.89
31.47
31.58
31.41
31.03
31.30
31.26
31.42
31.49
30.32
27.85
25.89
925.70
24,97
24.36
93.19
23.00
92,24
22,08
921.21
21,09
21.52

19.22
18.49
18.30
17.60
17.59
16.82
15.76
15.61
14.63
12.16
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Negus 1591

Mean time. Bond 3837—  -Bond 380— Hutton 202— (red. 10 sid.

Dute. Negus 15380 Negus 1589 Negus 1089 Negus 1589
1877, m. s m. & m, s /TR
June 26.31 435 982 —0 8.68 411 3428 41 18.76

27.31 2.43 1.07 3143 10.26
20.14 16.79 6.47 25.54 5.08
29.21 16.96 6.45 25.26 PRI
29.29 17.20 6.37 25,01 .96
July  4.43 28,64 4.25 0.7 0,29

All the subsequent time-observations were made by My, Henry Farquhar, who was instructed
to pursue the same system that Mr, Smith had done. For the experiments at various pressures with
heavy end down, time-observations were begun on September 18, 1877, and continued till October
5, inclusive.  The chronometer used was Negus 1584, The transits of the stars were taken as in
Mr. Smitl’s observations, across the five wires of the middle group only, and read to twentieths of
a second.

The observations taken from September 18 to 24 inclusive were not reduced, as the ehronom-
eter used in observation was suffered to run down on the 25th, by the janitor of the Stevens Insti-
tute, who had been commissioned to attend to winding it.  The agreement of the stars observed,
instromental constants, and chronmneter-comparisons are given in the tfollowing talMes:

1877, Reptember. October. October.
P.D. D, 25 26 27 R 5 5
c =
€ Delphini-.ooa.. 480 L . +.01W, . - .. a Urionds ........ 3 — 02 WL
Gr. G241, e 18 -3 - . 4.07TW. L - - 22 H Camelop ... . +.05 W,
49— 4 . +. 06 E, ~10W. L - . # Geminerun.... 67 18 — 06 W
1 R T S — 6 E. —.04 K. .- . .. v Geminorum. ... 73 424 4 .22 K,
v Uyeni. ool O R L -0V K. . . .- e Canis Majoris.. 107 --57 —J9 E,
12 Y. 187y .. 10 =39 - . -5 K. - “e -.07 E. AT Cephet oo 3 ~16 00 E.
61, Cyeni. .ooan. o 528 .. + W+ LE +.0E +.06 E.
{ Cyent ..o 60 +11 . T O04W, L —+.05 E. .. +.08 E.
a Cephei. .. PR 1 S —.06 W, . - E. .- -1 W,
1 Pegasi......... 7421 L .. R Te§. .- —.02W.
B Aqnarii 96 447 — 02 W, . .. — 09w, —.05 W,
8 Cephei .. 20 =20 406WL L .. 08 W, . +.07 W.
& Aquarii........ 98 449 . .- . +.11W, L. -
e Pegasi......... 81 41 4.02W, .. - -5 W, L .-
11 Qephet ... ... 18 =30 —05 W, . .. . . .-
79 Ivaconis ...... 17 =32 —01 E. .. . . FO05W. .
a Aquarii........ 91 +42  vej. .. . .. - 01W, ..
8 Aquarii .. 949 — 01 E, .. . -- — 0w, ..
x Aquarii. ... 89 40 L - - P —.01 E. -
7 Aguarii........ 91 441 . .. . - +.04 E, -
226 B Ceplici ...... 14 -3 - - . . —.05 E. .
Tnstrumental constants.
Level constant, Azimuth. Collimation.
September 250 —0.838 W, —0.80 L. 4053 —0.03

2% 4030 W. +0.38 E, 4031 —0.03
27 4033 W, 4047 B, 4042 4016
20 4041 W, 4049 B, 4039 4016
October 1 4044 W. 40.50 13, +0.33 4010

5 4057 W. 4062 K. 4023 4014
5 4062 W. +0.65 E. 1048 +0.02

8, Ex. 37——28
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Comparison of chronometers.

1877.
September 18.20:
21.38:
22.36:
23.26:

24.38:

25.41
26.32
26.52
27.32
27.44
29.34
29.97
29.83
1.34
1.43
1.73
1.79
3.33
3.57
5.32
5.76

October

Seconds of excess of Bond & Son 330 ove

Hutton 202, Negus 1680, Negas 1591,

REPORT OF THE SUPERINTENDENT OF

reduced,
8. 8. 8.
33.80 30.40
43.23 52.43
48.20 50.45
53.30 438.91
59,88 46.93
Chronometer ran down.
5.53 15.20
10,99 14.28
11.96 14.01
16.80 13.23
17.46 13.13 27.61
28.62 11.17 25.22
30.68 10.27 24.45
30.98 1017 24.43
37.29 7.34 23.34
390.82 7.21 23.31
41.71 6.92 23.35
42.20 6.89 23.38
51.54 541
53.96 511 23.711
54.50 4.83 23.71
4.41 2.68 23.27
6.89 1.79 23.12

Time-observations for the experiments at various pressures with heavy end up were made,

1877, November 30 to December 24, inclusive,

The chronometer used was Bond and Sons 380.

In reducing these observations, the value of the azimuth was taken different in the two positions
of the tramsit-instrument, and the observations of single stars received weights varying with the
declination, in aceordance with the latest recommendations of the Computing Division.

1877, December. December. November. December.
e et -,
P.D. 2. 2 D, Z.1n 16 24 P.D. Z.D. 30 3 10 23
fo3 o o o o [=]
& Aquarii...... £9 -1-40 —.03 E. « Pegasi....... 75 26 .. —.RE. : o Piscium ..... 81 432 . —.06 W,
» Aguarii.. ... 9l 443 03 K. o Cephei ... 28 —27 MOE. | B Avietis ... 70 421 —.09 W, +.06 W,
226 B Cephei_... 14 —35-4+.02 K. @ Pisciuom .. 84 430 +.23 K. 50 Cassiepea ... 18 —31 = .. — 86 W, 00w,
¢ Pegasi...__.. 80 +31 .01 W. ¢ Piscium ... 85 436 —. 01 W. 00W.: o Arctis ...... 67 418 .. .. .. —.02 E.
¢ Cepheiacaae. 24 25 00W. y Cephel (... 18 =36 1L W. 03 W. 0 §Ceti ..o ... 82 432412 E. 410 W. +.01 B,
A Aguarii... .. 98 440 —.061T W G 4163 ... .0 16 —33 —11TW. —.09W.  « Cassicpem .. 23 ~26 — 3 E. -+ 14 E. —01E
w Piscinm ... 84 430 4 03 W. 01 W,y Ceti ... 87 438 — 10 E, 401 E. .-
a Andvomedse - 62 4312 +.21 E, a Cell .aanl. ... BA 437 ~.09 W, ~ 01 E.
v Pegasi ...... 76 426 — .20 E. 48 II Cephei.... 18 —37 —.06 E.
a Casgiepewr ... 3¢ —15 00 E. ¢ Arietis ... 60 +20 —~.05E. .00E.
Deeember. e Persel....... 41 -8 00 E.
; & Persed ....... 43 - T 4020 — 01T W,

P DO- Z‘?- 7 9 12 14 17 20 » Tauri. 66 +17 +.06 W 405 W
yTanri....... 75425 .08 K. .. . . § Persef....... 5849 —2W.
eTaori....... 71 +22+.4 B, .. . .. viEridani. ... 104 455 <01 WL
o' Tauri....... T4-+24 404 K.  00W, 4R 0K
9Camelop.... 24 —25 O0E. 00 W.-.01 W.p04 B, 4-.02E.
 Aurige. ... 574+ 8 .01 W, — 01W. —.06W. — 09E. —.01L December. November.

11 Orienis .._.. 426 . +.08E. .07 W. L00W. 108 W, PD. ZD. 9 PD. ZD. 30

o Aurige..... H“H-5 HOE, — 04 E. F02W. 04 W, | o o o o

B Orionis . — 08 B, — 03 E. 02W, —.05W., .. ; 8 Geminorum. 68 +19 —13E. | I Leonis..... 9 430 .00W.
. - 4 02ZW. P VILGT ... 21 —~28 ~01E. | a Ursee Maj.. 28 22 +.05'W.

22 H Camelop. . 21 —29
p Geminorum. 67 418

407 E.

+.01W.| aGeminorum.

58 4+ 9 4. 11 E.

& Leonis ....

69 20 —.04'W,

L00W.| aCanis Min .. 84 135 —.23W.| 8 Crateris ...104 455 +.12.
+.12\E.| 8 Geminorum. 62 412 +.16 W.| A Draconis... 20 —20 —.03E.
—.01 E.| ¢ Geminorum. 63 414 4.05W.| v Leonis.._.. 80 441 — 10K,

—.14 E. |31 Urse Maj ..

21 ~28 +.02W.
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1877.
November 30
30
December 2

20
22
93
24

Instrumental constants.

Level constant.

A

pu
—0.03 W,
—0.08 W,
—0.05 W,
—(L13 W,
—0.08 W,

—0.07 W,

—017 W,

—0.12 W,

—0.06 W,
—0.14 W,
—0.19 W,
—0.01 W,

—0.06 W,

+0.04 W,

+0.02,W,

—0.01
—0.04

0.00
—0.08
—0.05
—0.04
—0.07
—0.03
—0.02
~0.03
—0.10
+0.01
+0.04
+0.07

E.
1.
E.
E.

1.
E.
E.
.

+0.03_E.

Azimnth.
—— Py
+0.15
—0.07
—0.24 W, 1021 E.
+0.35
+0.04
+0.35 W, +0.03 JOR
—0.02 W, —0.£0 E.
—0.09 W, 4-0.08 E.
+0.04 W, —036 E.
—012 W, —056 E.
— (.23
—0.06 W, +015 L.
0.00 W, 4019 E.
+0.34 W, —0.01 E.
—0.02

Comparison of chronometers.

18775,

Seconds of excess of Bond & Sons 380 over

Hutton 202.

November 30.50
30.80

Deceniber

9 9

i}

3.43

1.45

7.57

8.37

8.86

9.43
10.47
10.83
12,46
12.79
14.44
14.81
16.22
16.51
17.43
17,79
19.52
19.82
2047
22,53
22.85
23,17
23.51
24.19

s.
37.41
38.61
44.11
48.19
5219

3.06

8.64
10.66
12.85
16.59
17.96
24.70
26.11
BT
34.19
39.30
40.38
43.82
45.10
51.21
02.38
54.90

2.15

3.47

4.61

5.83

8.15

Negus 1589, Negus 1501,

reduced,
S. S.
19.7% 10.26
18.86 0.89
13.28 7.62
8.90 6.15
5.31 4.68
54.87 0.87
51.84 59.78
50.31 59.23
18.35 58.26
44.50 57.07
43,50 56.73
3837 55.01
3741 54.70
3213 5299
30.88 52,50
25.99 51.00
25.01 50.26
21.90 49.17
20.70 48.78
14.70 46.60
13.71 46.31
11.48 45.59
3.88 42,14
2.84 41.68
1.70 41.21
0.49 40.68
57.76 39.29

Collimaation.

+0.02
4+0.01

0.00
+0.05
+0.09
—0.14
+0.12
—0.02
+0.13
+0.11
+0.14
+0.15
+0.19
+0.13
+0.06

219
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The time-observations for the experiments at high temperatnres and for the investigations to
determine if the ehronometers had any diurnal inequality of rate extended from 1878, February 19 to
May 23 inclusive. The observation of May 21 is not reduced : on account of the discordunce of the
separate stars, no values for the time-correction and instrumental constants were resolved upou.

1878, Felbruary Tebruary. March. April
——— a
P.D ZD. 24 PD.ZD 19 27 i 2 14
© o o ©
a Orionis ........ 83 433 —.03 E. ¢ Ursa: Majoris . 41 — 8 . 408 W, . . .
22 H Camelop ... 21 =29 - 02 E. @, Ursic Majoris . 22 27 . —-10W. .. 00W,
# Geminorum.... 67 418 401 E. « Cameri ..., 70 4380 -+ 01w, L NUUR W
vy Geminornm. ... 73 4-24 402 W, 1T H Draconis.... 8 —41 . — 01 E. — 12 E. —25E. +.23W.
o Canis Majoris.. 107 +57 —.01 W a Mydree ... ... 98 +40 .05 W. .02 E. — 02 E, — 10K, +.02W,
51 H Cephed cooon. 3 —46 07 W, d Urae Majoris . 20 —30 D0W. 405 E 4+ M E +1E +4.19W.
6 Ursa Majoris . 38 —11 401 W. .02 K. — 2 E. -L08E. —.15W.
€ Leonis ........ 66 +16 —.06°W. .. +.02W, -0 K.
» Leonis ........ 63 +14 10K .. p2W. . OTE
a Leonis ... .97 428 ~ W E, . —eW. .-
32 Urswe Majoris . 24 —25 —.01 E. .- 00w, L
March. April. May. B
—_———
P.D.ZD. 19 29 19 18 5
o o
y1 Leonis . ... 69 -+20 .. .. - 01 W.
9 H Dracon 14 36 00W. .. —.01W,
p Leomnin _..._ ... 80 +4-31 —.10W. 00 W,
I Leonis ... T4 30+ 1T W.—01E, 00K ..
a Ursie Majoris . 28 —22 001, .00 E 00K 4.06E ..
& Leonis . ... ... 6Y =20 OO E. +.02FE. o <4-.03 F. +.03 E.
8 Crateris. ...... 104 4-55 .- +.09 W, —.09F. —03E.
+ Leonis ........ 6 37 .. —.0W. .. + 11 W.+.01E.
A Draconis...... o0 —29 L. —02W, -G8 W, ~ U1 E.
v Leonis . ....... 0 41 .. .. .. —06W. — 01 W,
£ Leonis ........ 75 425 . - - .. —+.01'W.
v Ursa Majoris . 36 —14 .. . .. .. -.03 W,
1878, April. May.
. D Z.D 3 8 2 [ 8 9 10 11 13 13 22 28
< o
8 Leonis ....... vee. D 425 —0LE. .- .. .. .. . .. .. ..
y Ursm Majoris 36 —14 .D0E. - .. .. . - - - -
o Virginis- ..... . Bl 431 .. .. —H4WwW. .00 E. ..
4 H Draconis ... __.... 1= 38 .. .. —03wW. . —.01 E. .- .. .
7 Virginig....c...... .90 41 00w . . W00 E. .- - .- .- .. . ..
8 Carvi... . 113 +63 .. .. +09W. L. +.03W., .. . . - .. . .
x Draconia - 20 —30 +.0LW. . .. . .- .- .-
32 HyCamelop... . 6 =43 L - +.06 E. +.01W., L. - . ..
12 Cannm Ven ........ .. 5142 .. . —.32H, 401 W, ~01W. _. . .. .. . .-
9 Virginis . ceeeeeonu..... 95446 ..  0LE 4.04E —.05W. . .. .. .. .. .. .06E.
a UrsieMin. (L.C.} oo =1 =5t .. -.05 E. .. .- .. .- . .- . .. .. .
« Virginis . 101 451 . .- +.04 E. +.03 E. - -- .- . —.02 K. .. — A2 K. —.031WV,
¢ Virginis .. 90 41 .. —-03W. .. +.05 8. .. . - - -+.02 E. .. .05 B. 4.04'W.
7 Treme Majoris . 0—9 .. 4.00W . WE. .. .. - - ME. . —01E —01W.
7 BoOt® ..o eenans .. 71422 .. .. . .. . .. .. o 408W. . 402 W, 4.05E.
@ Draconis ............. 2% . ., . . - .. . L 40W. . 401 W.4.02F.
a Bootw ......oeooooinne . . . - . .. .- .- L —6W. . 01 W, —.4E.
6 Boote . ..... .. 38 .. .- . .- .- .. .. .- .- +21W. L. .
5 Urse Minoris. . 5 . .. .. - .. . .- . . —-183W. .. -
£ Bootw ...... Loo62 B . . .. .. . . - . .- — 06 W, .. -
ey Libre .. .. e - .- - .- .- P .. - - —.03 K. - .
8 Ursee Minoris.......... 15 =84 .. .- . .. . —01w. - N +.03 E. .- -
8 Bootwe . _.... 49 0 .. - . .. . - . .. —.03 E.
8 Librem .. 99 450 .. .- .. . - —02WwW, . LOW. . .. .. --
w Boote . . .. 52 +3 .. - .. .. - 402E. 401 E. —02W., .. . . .-,
y2 Ursse Minoris. 18 —32 .. . .. .. . LOE  O0E 4.01W, . - . .-
& Corona ... 63 +14 .. .- .. . .. +05E.  ME +0TE .. .. .
a Serpentis . e B3 43 .. .. .. .. . —WTE. —06W.+.05E . .. . .
¢ Serpentis .............. 85 +36 .. .. . . - - +.07T W, —.00E. ae . .- -

¢ Graze Minoris.......... 12 =37 .. . . . . .- +01W. .00FE. . - e -



1678 Level ennstant. Azimuth, Collimation.

February 19 4.0.17 W.

March

April

May

THE UNITED STATES COAST SURVEY.

Instrumental constants,

4023 B, 4025 W. —022 T,
24 4074 W. 4054 E. —013 W, —0.38 1.
27 4072 W. 4050 E. 037

3 $0.73 W, 4058 18, 4015 W, —0.25 E,
19 4086 W, 40494 L. —031 W, 4022 I,
29 4083 W. 4007 B, 4024 W, —0.358 14,

2 F+ 078 W, 4082 E. —041W, —0.22 F,

3 S T3 W, 087 L. —0.17 W, —047 E.

G 4079 W, 4083 . —0.21 W, —0.02 12,

b 40.79 W, 4000 1. —.22
14 +0.86 W, 4096 1<, —0.05
18 4087 W, 40095 I, —0.08

2 —0.21 W, —0.14 E. —0.05

3 —0.010 W, 4002 To, 027 W, —0.00 E.

3 ~012 W, —0.07 E. 004 W, —0.33 E.

3 —0.21 W, —0.13 E. —0.02

9 —0.03 W, —0,02 . 4017 W, 4004 1.
10 —0.04 W. —0.01 E. 4005 W, —0.30 E.
11 —0,06 W, 40,04 . 4021 W, 40,03 E.
13 —012 W, —0.10 E. +0.21
13 —0.14 W, —0.04 E. +0.06
21 —0.32 W. —0.20 L.

22 —0.21 W, —011 E. 4014 W, —0.21 L.
23 —0.25 W, —0.17 E. —0.18
. Comparisons of chronometers.
Seeonds of exeess of Bond & Sons 380 over
Hutton 202, Negus 1580, Negus 1591,
reduced.
1878, 8. S, S,
February 19.52 30.39
24.30 55.83 35.72 21.67
27.43 11.50 2928
March 5.42 37.006 11.89 3474
19.43 39.72 40,06 11.42
20.46 31.03 21.40 9,04
April 2,38 47.65 24906 aH.30
3.40 3244 12,15 NERE]
6.43 10.12 7.39 51.55
8.48 17.31 0,39 45.74
14.31 49.18 - 51.02 41.22
18.43 10.36 46.14 38.95
24.42- 35.01 34,73
26.37 42.60 37.98 32.70
26.54 43.33 37.21 32.56
30.37 4.39 32.90 29.87
30.63 5.89 32.69 29,83
May 116 8.50 32.16 29.57
: 1.38 13.30 31.15 29.]3:
2,16 14.26 30.90
2.35 15.27 30.76 30.95
2.94 18.32 - 3021 28.71

4.02 23.99 29.38 28.67

+0.11
4012
+0.13
40,07
+4-0.03
+4-0.0%
+0.12
+0.18
+0.06
4022
+0.19
+0.17
+0.20
+0.05
40,02
+0.04
—0.04
+0.15
+0.03
—0.04
—0.08

+0.03
+0.11

221
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Excess of Bond & Sons 380 over
Hutton 202. Negus 1589, Negus 1591,

reduced.
1878. s. 8. 8.
May 4.21 24.95 2917 28.60)
14.39 23.85 29,00 28.41
4.48 26.38 28.92 25.39
5.34 30.61 28.18 28,33
5.47 31.24 28.05 28.16
5.?1 33.39 27.65 28.07
5,90 33.73 27.53 28,00
6.15 34.58 27.33 27.01
6.46 35.88 27.95 28,74
06.54 36.2: 28.13 28.92
6.97 38,42 28.99 28.78
7.20 39.85 29.43 28.59
7.96 44.59 28.549 28.32
8.20 4594 28.30 28.23
8,36 46.85 28.13 28.20
S.40 47.66 27,99 28.16
898 . 50,53 27.37 28,06
9.18 51.66 27.01 27.96
9.48 53,39 26.64 28.56
9.99 56.15 25.90 28.37
10.39 58.23 25.18 28,13
10.50 58.81 24.99 28.10
11.00 1.39 24.03 27.69
11.38 3.24 23,25 27.36
11.48 3.70 23.04 27.27
13.39 11.24 19.02 25.56
13.50 11.64 18.79 25.46

16.87 23.84 1125 22,11

During all the pendulum-experiments, except; those of September and Oectober in 1877, the
chronometers were wound at two different times of day,

Hutton 202 and Bond & Sous 380 at about 8 a. m., and
Negus 15389 and 1791 at 4 to 5 p. m.

A series of special comparisons between these chronometers was made after the completion of
the pendulum-work, to asecertain if' any diurnal correction, consequent on the time of winding,
existed. It will be seen from the following table, and the illustration hereafter to be explained,
that there is no such correction to be found.
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Comparison of chronometers.

Seconds of excess of Bond & Sons 330 over
Ilutton 202. Negus 1589, Negus 1591,
reduced,

1578, 8. 8. 8.

May 16.87 23.84 11.25 2211
2141 42,63 3.19 19.09
21.48 42.96 3.10 19.07
21.89 | 44.94 2,58 18.97
22.01 45.70 2.36 18.86
22.15 40.52 214 18.77
2223 46.99 2.01 18.72
22.36 47.80 1.80 18.64
22.47 48.44 1.64 18.59
22.89 50.76 0.97 18.38
23.02 51.41 0.72 18.26
23.13 51.98 0.54 18.20
23.23 52.50 0.39 18.12
23.37 53.39 0.16 18.03
23.49 54.14 59.98 17.94
23.90 56.59 59,26 17.71
24.02 57.22 59.06 17.66
24.13 57.86 58.89 17.61
24.22 58.06 538,54 17.33
24.36 58.14 57.54 16.47
24.47 58.19 56.75 15.74
24.88 0.47 56.10 15.61
25.02 1.21 55.87 15.51
2512 1.79 55.73 15.44
25.22 2.34 53.60 15.40
25.36 315 5544 15.34
25.49 3.2 55.30 15.31
26.90 12.35 53.77 14.88
27.02 13.02 353.61 14.82
2719 13.97 53.43 14.77

Rates of chronometers gruphically represented.

Ilustrations Nos. 31, 32, 33, 34, and 35 show these comparisons, with the corrections of the
chronometers, as graphically represented. From the comparisons made at the time of the transit-
observations, the correction of each chronometer is deduced ; an approximate mean uniform rate is
then applied to each, aud the excess of the correction over this mean rate plotted. Itis then deter-
mined by inspection which chronometer is going most nearly uniformly, between one set of star-
observations and the next, and this chronometer is taken as a standard. The rates of the other
chronometers, from comparison to comparison, are taken as given by the supposition of its entire
uniformity. The comparisons made a few hours apart, at the beginning and end of each day’s pen-
dulum-work, are not combined for a definitive rate of the ehronometer used, however; their chief
service is in guarding against any sudden change of rate. The comparisons made at the time of
the star-observations are distinguished by a circle on the illustrations.
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187%. Erperiments in June,  Illustration No. 31—~The chronometer whose rate was most nearly
uniform during this month was found to be different at difterent times. The following were found

to be best in this respeet:
Best chronometer.

June 1 to 14 202
14 to 16 330
16 to 19 1589
19 to 22 1591
22 to 29 1589

The subjoined table gives the rates adopted for the chronometers used in the experiments, as
found on these assumptions:

Chrononeter nxed,  Rate iu seconds. In decimals of a day.
BN

June 11 330 —.49 —.00000057
11 202 40.81 + 094
14 387 —2.49 — 288
15 380 —0.59 —_ 063
16 380 —0.59 —_ 068
17 202 +1.23 + 142
19 202 42,07 + 240
a0 202 +2.07 + 240
22 202 +2.90 + 336
29 202 +3.63 + 426 .

1877, Erperiments in September and October.  Illustration No, 32.—A uniform rate of —0291 for
chronometer 1589 from the beginning fo the end of the experiments was taken, and the following
rites of the chironometer used (No. 330) during each night of pendulum-work thus deduced.

Rate in sceonds, Ratce in decimals of a day.
8

Septemher 25 +0.11 +.0000013
26 4011 013

27 +0.11 013

29 +1.10 128

October 1 +0.08 009
3 +0.08 009

5 4111 120

1877, Experiments in December.  Ilustration No. 33.—Chronometer 202 was found to have a°
uniform rate of 478225 from the beginning until December 11.7, then a uniform rate of 46513
until the transit-observations of the 20th.  After the 20th, No. 380 was itself adopted as the

standard.
Late af chronometer 380,
. Decimal of a day.
November 30 4317 +.0000367
December 4 3.19 369
S8 3.00 353
10 3.36 389
12 2.45 283
14 2.84 329
16 3.08 T 356
17 3.25 376
19 2.89 335
22 3.51 406

23 3.501 406
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1878. Experiments in April und May. Illustration No. 34.—Before heating up the room in
which the penduluin was swung the chronometers were moved outside, to a place which was not so
favorable in uniformity of temperature and in other respects. Their rates were therefore not so
good as they had previously been, Clironometer 1589 was taken as the standard, and supposed to
run uniformly until the 2d, and from the 2d to the 5th of May. Between the ith and the 9th there
were evidently two changes of rate; the times when these oceurred were determined from the com-
parisons with the other chronometers. The rate was uniforin again from the 9th to the 13th.

Rate of 1580.
8.
April 18.43 to 32.35 +4+1.036
May 235 to 6.18 +1.29
6.18 to 7.20 —2.52
7.20 to 13.50 +1.667

The rates of No. 380 during the nights of pendulum-work were then found to be—

Rate in seconds. 1n decimals of a day.

April 24 +0.07 -+.0000008
26 +0.07 + 008

30 —0.08 - 009

May 2 —0.39 - 045
4 —0.39 - 045

5 —0.39 —_ 045

G 40,47 + 054

8 —0.51 - 039

10 +0.24 + 028

11 +-0.24 -+ 028

CORRECTION FOR ARC.

The factor for reducing the time of oscillation of the pendulum to an infinitesimal arc is best
developed according to powers of the arc itself. Such a development is far more convergent than
those found in the books. The factor is

1 4, 1 4 5 6
1= At gorme A qrvgeas 4+ o
where A represents the whole amplitude of the oscillation expressed in parts of the radius.

The Repsold pendulum tripod is provided with a metallic are for reading the ‘amplitude of
oscillation. This is divided into spaces of 10/ cach. In the experiments on the Geneva support an
arc divided into thousandths of the radius was made use of.

At Geneva, the amplitude was read by bringing the vertical wire of the telescope so as to bisect
the point of the pendulum at the extremity of an oscillation, the wire having been turned in a diree-
tion radial from the line of the knife-edge. The time was noted and the position of the wire between
two lines of the graduated arc was estimated at leisure. At the other stations a far better method
was used. The wire was placed in exact coineidence with a line of the graduated are and the time
was noted at which the pendulum was bisected by it at the extremity of its oscillation. The are
was 8o placed that its zero was 1/ or 2/ away from the vertical, 8o as to permit the observation to
be made both te the right and the left.

8. Ex. 37 29
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The Geneva observations of arc were plotted on a curve for each experiment. Then values of
the arc were read off at six equal intervals between every two sets of pendulum-transits. These
values were squared, and the mean square was obtained by Mr. Weddle’s rule— ‘

6h

! -
'/‘u,,.dwz%; Up 4 Uy 4 Uy + Ug 4 5 (U 4 us) + Gus .
0

To obtain the correction for arc at Paris, Berlin, and Kew, the first step was to tabulate the
times of decrement from a fixed value of the arc to each of the others for all cases in which there
were good observations both to the right and to the left. The following tables show—first, the
minate and second at which the pendulum was observed to reach each amplitude, and, second, the
differences of the times from those of reaching the arc of 1° 10/ on each side of the vertical.
A colon signifies that the observation to whieh it is attached was noted as poor at the time.
Brackets inclose numbers derived from observations made only to the right or only 1o the left, in
the manner described below. In the second table a star shows that the time of reaching 1° 10/ was
not observed, but was deduced from the time of reaching some other arc, the observation of which
is therefore omitted and a star put in its place.

Table showing the minutes and seconds of the times of reaching the different half-dmplitudes.

PARIS.

HEAVY END UP.

\
Jan.26. | Jan. 28 Jan. 29, Jan. 29. Feb. 2. Feb. 4. 1 Feb. 0. Feb. 14. Feb. 21. ol Feb. 22.
[} ’
2 20
19
o0
1 5
"
30 .
20 56 2
10 446 4 8. T el 62 42 56 25 50 B6 28 2 10 27 2 27 55 59
00 Jerreeemmeendd oo ) R RSUUU S SRR IR ISUROUUUNL SRS
0 50 55 89 | f . 72 4 64 38 8 49 38 40 loeiiieeiinn. 32 4 e
) 62 B4 | oo |, 7 32 71 44 67 52 45 38 | 27 12 39 30 72 2
B0 | oo e e e e \ 37 44 ... s
HEAVY END DOWN.
Jan. 26. Feb. 2, Feb. 2. | - Feb. 3. Teb. 4. Feb. 8 Feb. 14, | Feb.2l. | Feb. 22
<] i
2 20
0
00
1 50
0
30
20 |
10 | 0 0 4 2% oa f...| 4 3 | 78 18
00 } RTINS N IS 6 57 B8 54 |ereieen..
o5 | T 50 46 9 o o 41 15 7 | w2
40 | ol 2R 15 82 20 110 49: o1 47 g 7| 17 o2
30 | YRR TN A 182 B leeeeooeeeen} 108 217 ..l
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Table showing the minutes and seconds of the times of reaching the different half-amplitudes—Continued

— S
1 |
Apr, 20. | Apr. 24, ‘ Apr. 25. 1 Apr.
- | | —
o m. & m. o8 | . 8. m.

BERLIN.

HEAVY END UP.

|
|

7 4]

120 40

T { ;_ ‘‘‘‘‘‘‘ i i i H : f
26. | Apr. 28. [ Apr. 29. | Apr. 30..) May 2. ' Juuel [June3. 'Junes. Juned. June 5. I June 5. K
— e —
8 m. s m. & m. & M. g M. & M. 8 M. 6.
|

t
|

.[8:'- 0]

Apr.19. 1 Apr. 20. | Apr. 24. |

w

o

June3.

June 4,

KEW.

HEAVY END UP,

July 3.

July 4.

Julyd. | July7
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TFable showing the minutes and seconds of the times of reaching the different half-amplitudes—Continued.

July 7.

KEW—Continued.
HEAVY END UP—Continued.

July 8.

HEAVY END DOWN.

July 7.

e -
July 4. : July 4.
i

T
July 8, |

m. 8 ne.

Tuable showing the time of decrement of the arc from 1° 107,

HEAVY END UP.
PARIS.

10 507, 1° 40°.

Jan. 26
28
29
Feb. 2

July 9.

‘ July 10.

8. [T
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Table showing the time of decrement of the arc from 1° 1(¥—Continued.

HEAVY END UP —Continued.
BERLIN.

|20 20100 | 1o50. 1 19400 | 190 0. | 00 4,

Apr. 20
24
25
2
28
29

Means ..

July

s =

[&]

PN R S SRR

W o o o =3 -3

<

10

@

j
Mesns...; —16 14 I C14 ;0 I ~ 333, 49 54 316 3

HEAVY END DOWX.

PARIS.
e e e e
} 20200 | 2 W } 10 50'. o400 | 12 | 60 50 0° 4.
— e
m. 8 | wm. & m. & . 8. m. & \ . 8. m. & 1
Jon, | ~25 38 | =20 57:, -8 40 | 42 10 435 2 |
—25 8:| —20 27:. k | 420 4300 436 4
—24 4 | -1 24 . — 7 35 481 8 ° 337 21

26

28

Feb. 2
3

4

9

14

X o2 1w | 438 51

229
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Table showing the time of decrement of the arc from 1° 10’—Continued.

HEAVY END DOWN—Continued.

BERLIN.
2 201, 20 101, 150, | 1040, 10 20", } 0o 504 | 00 400
—— e S —]
‘ moe | omos | omoe
| Apr. 19 —7 2 | 42 4 e
| 20 | — 7 23 | 4o 15 | £a7 44
: 21 —8 7 | 422 24 | 436 51
25 — 7 51 421 42 [ 438 06
% — 7 84 0 43 88 |ieen
: 28 — 7 5T 421 53 | 438, 40
i vy | —~ 7 49 | 22 35 | 487 52
‘ 30 —7 89 421 56 | 437 38
May 2 .. FE 437 28
Means. .. —35 45 | ~32 44 | —24 58 | —20 9 | — 7 46 | 422 8 ‘ 437 46
KEW,
20 2, 20 10, 10 50, 10 40r. 10 90/, 0o 50% | 00 40",
. ) _ ‘ _ _
i m. s m. s |
CJuly 2 ... 35 9 :
3 6 : ‘
4 7 ‘
|
4 14 !
7 59 ;
7 4 -2 4
B 55 ; —25 50
9 |, —33 44 - =2 41
10 foeenineao. [ TH 2 =25 30
f 1
Means . ..jooaaoan. .. | —83 31 —25 35 | -20 36 ; — 8 09 22 07 i 438 18 |

The foregoing tables show the amount of discrepancy between the observations of different
days. The point of the pendulum is distant 1134 em. from the knife-edge, so that one minute of
arc measures 4 of a millimeter. The reading-telescope was placed at a distance of about 3 meters.
It may, therefore, be supposed that a single observation of the half-amplitude would be in error
by something like 1 of a minute. The following table shows how much error this would produnee
in the noted time of attaining the different amplitudes:

Time of decrement of %.

Half amp]it{lde‘ Heavy end up. Heavy end down.

8, IR

2 10 2 5
150 3 7

1 40 3 8
120 5 11
110 6 13

50 9 21

40 12 27

It will be seen that the observed discrepancies are several times as large as these values, and
cannot therefore well be attributed to errors of observation. The daily discrepancies are, however,
less than 7 timnes the numbers just given, that is less than 1§ minutes. Such errors would produce
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an error in the correction for are proportional to the are itself and amounting to only 2 millionths
for ® = 20, It has, therefore, been judged proper to find one Yuuction to express the relation
between the amplitude and the rate of decrement, and to .apply this fo all the observations at ordi-
nary pressures and temperatures for the purpose of finding the correction for arc.

The pendulum being symmetrical in form in reference to its two knife-edges, the air resists its
motion with the same foree whichever end is up. Consequently, the rate of decrement of the arc
(produced by this cause) is in the two positions inversely proportional to the moments of inertia.

Jut it is the property of the reversible pendulum that the moments of inertia about its two knife-
edges ave proportional to the distances of the center of mass from those knife-edges. These dis-
tances are in our pendulum very nearly in the ratio of 3 to 7. Hence, the times of decrement of
the arc (so far as it is the effect of the air) must be in the ratio of 7 with heavy end down to 3 with
heavy end up. The same would be trne for any proper effect of frietion on the knife-edges. Dut
the decrement of the amplitude is no doubt partly caused by the energy of motion of the pendulum
itself. For example, the pendulum sets its support in vibration and this vibration is resisted by
internal triction, thus exhausting the energy. Such a decrement of the arc will be more nearly
equal with beavy end up and with heavy end down, or it may even be greater with heavy end down.
In point of fact it will be seen that the times of decrement are a little more nearly equal than if they
were in the ratio of the distances of the knife-edges from the center of mass. This is shown by
the following table:

STATION, PARIS. Ce

: . I Caleulated Observed ‘ ;
Decrement. Time, heavy time, heavy ; time, heavy | 0~ C |
i end down. v A i
| end up. end up. ‘
' o T i |
o 4 o m. . m. . \ m. %
140t0 120 120 ¢ 5.2 54 402 |
120 110 89 E as | -03 |
110 50 | 21. 4 : 9.3 9.9 iAo |
50 40 15. 4 | 6.7 6.9 L2
| |
) 3 i |
14010 40 57.7 ; 25,2 | 25.8 406 ‘
STATION, BERLIN.
o o . : m. . m.
140to 120 12.4 ‘ 5.4 | 5.5 401
‘12 110 7.8 ; 3.4 3.6 +0.2 |
110 50 22.1 i 9.6 9.6 0.0 |
50 40 15.6 6.8 : 6.9 40,1
1d0to 40 5.9 | %52 2.5 +0.4
STATION, KEW.
_ e e -
[l a s m. ! . m., | m.
140t0 120 12.5 55 55 1 0.0
120 110 81 ‘ 35 1 36 | 401
110 50 2.1 9.6 9.8 +0.2
50 40 16.1 7.0 6.9 -0.1 |
140to 40 88 | 2.6 5.8 10,2
i

These numbers, however, show that for the purpose of calculating the correetion for are it will
be quite sufficient to assume that the times of decrement are in the ratios of the moments of inertia.
In order to obtain the law of decrement, therefore, the times with heavy end up and with heavy



232 REPORT OF THE SUPERINTENDENT OF

end down have been added together; and the means have then been taken for all three stations
(Paris, Berlin, and Kew). We thus cbtain C

Halt anmplitnde, Sumn of times.
130 _ —2880
110 —2187
100 —1779
80 — 706
70 0
50 +1927
40 +3304

The time for 140’ has been neglected as not having been generally observed with heavy end
down. )
To satisfy these values a form of equation has been assumed which has been copied from
Professor Benjamin Peiree’s Analytic Mechanies, and which is Coulomb’s equation with a constant

term added. If is—
Do=——a—-00—~cd.

3

The integral of this-equation is

a b b b
P = \/‘2 — 37 cot { c,/%—ig(t_to) } —3,

The values of @ for the different values of t, as given in the table above, are sufficiently satisfied
by putting (for ¢ in seconds of time and @ in minutes of arc)

a = 1547 x 10
b=6418 x 10"
¢ ==1421 x 10

The errors are shown in the following table:
Sum of times. Obs. &. Cale. . (0—C) &.
/ ! i

L.

—3191 140 13882  +1.18
—2880 130  130.03  —0.03
—2187 110 11033  —0.33
—1779 100  100.00  —0.00
— 706 80 7997 4003

0 70 7003 —0.03
+1927 50 4998  40.02
+3304 40 3999 4001

By least squares, better values of the constauts could be obtained ; but these are evidently
sufficient for our purpose. *

The law of decremernt of the amplitude having been made out, it was requisite to apply it to
tlie observations. The constant #,, being different for each experiment, had first to be determined.
In doing this, it was desirable to use observations in which the arc had only been noted on the
right or on the left. For this purpose it was necessary to caleculate the inclination of the zero of
the metallic arc to the vertical. This was readily determined from the difference of the time of
reaching a given division to the right and to the left. The following tables show the results so
obtained. The figures in parentheses at the top of the column show the estimated inclination from
observations of the pendulum at rest. -
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Calculation of inclination of zero-peint.
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Jan. 26,

Jan, 28. ‘

Jan. 28,

Jan, 20,

! |
® " Heavyend | (4+2) Heavy end (=2 Heavy end ! 1) Heavy enid ; (14" Heavy end (=2
i up. deé down. a¢ down. l up. \ dé ap. d¢
Poodt dr dt { dt | dat
.
140
130
12¢
110
100
90
80
i
60
50
40
30
. Means.......oooenl
| B . e
- -
i Jan. 29. Feb. 2. ! Feb. 2. | Teb. 2. Feb. 4.
¢ Heavy end aé ':Heavy end (1) Heavy end 1‘ (—14") Heavy end aé Heavy end ; (43
up. | up. dg down, dd dowu. i down. i dd
‘ | ar Lot dt 1 dt } dt i
! 8. ! i 8. ! & ! 8 ’ ES ’
140
130
120
110
100
b 1]
&0
70
60
50
40
30
| Means:...| .... ...... —3.6 ; .......... 1.0 L.l —-2.2 L ... —2.3 : 0.0
| : s — = ! e e
| Feb. 4. | Feb. 9. | Feh.s. Feb. 14. | Feb. 14
i " ‘ Heavy end;, (-2 Heavy end (—29) J Heavy end (-4 Heavy end (=24 Heavy end (v}
: ap. ‘! dé down. do : up. d¢ up. d¢ down. d¢
dat l dt ! dt dt dit

8. Ex. 37—-30
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Caleulation” of inclination of zero-point—Continned.

21.

Fob. 22

ZERO-POINT.

HEAVY END UP: NAMN BACK.

Feb. 21. Feb. Feb. 22.
¢ Heavy end dé Heavy end (-+29) Heavy end {~2) Heavy end {417}
down. p. dé up. g down, | de¢
dat dat dt dat 1
' . 8. ’
140 Ceaemeeeeenn dmesmsenne
130 - 58 —2.8
120 e eeiees
110 | - 70 —2.6
100 — 81 —2.6
90 PR e
S0 - —109 —2.5
70 —146 —2.7
60 —157 —~2.4
50 —149 [—1.8
40 ; —234 —2.2
30 ~328 —2.2
Means. -2.5

'RVEY.—PENDULUM AT BERLIN.—DECREMENT OF ARC.—INCLINATION OF

HEAYY EXD UP: NAME FORWARD.

iodt

@ April 24.

April 26.

dé . dt

d¢

April 29,

dt

a¢

April 20.

dt

Aptil €5,

April 30.

dt dd

iMeans.|........
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PENDULUM AT BERLIN.—DECREMENT OF ARC.—INCLINATION OF ZERO-POINT—Continued.

April 24, April 26.

i i

dt dt

dd¢

April 29.

HEAVY EXD DOWN: NAME MACK.

dd

HEAVY EXD DOWN: NAME FORWARD.

April 25.
di

dé it

235

April 2%,

: d¢

HEAYY ENI' DOWN:

¢ @ April 20,

NAME FORWARD=-—CONTINUKD.

!

|

! 3

; May 4. June 1. Jmme 3. 1 June 4. June 5. !
: I T : ”
| : i | {

; Lt la dat i d¢ At | dp | dt - dé  dt | d¢ dt - d¢ |
| ' | | i

——— L . — -

; : !

L 3 ' 8. ! 5. ! 8. fls ' £ i

. |

140 I+ M 407

130 26
120 i el e e ORI
110 ! 41 1.4

100 34 1.0

90 e e el i ol el
80 66 L4 ... ... U
0 ‘ 58 1.0 4 49 +0.9 1+ 56 +1.0

60 | i |
ol

SUMMARY OF RESULTS.

INCLINATION OF ZKRO AT HERLIN.

1876.

Heavy end .

Name back.

April

May

April 19, 00
4.5
31
1.4
3.3

May 2.3

June ool 2.5
3.0
3.1
4.8
3.8
3.9

Means.
Name back ...ooocvmvviienannnn. - +0.5
Name forward, excinding April19.. 3.6

up.

Heavy end
down.
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UNITED STATES COAST SURVEY—KEW.—DECREMENT OF ARC.—INCLINATION OF ZERO-POINT.

July 1. Heavyend
¢ dt dvwa,
d¢
. s .

July 1.
di

Heavy end
up.

a¢

July 2.
dt

;Heavy end guly 9

|
‘ Heavy end

Heavy end

Heavyend! uly 2. | | up. July 3 up.
- ar | down. de (+2) dt “+20 |
! | ¢ i ¢

! 5. ; s ; s .

Heavy end

July 3. dowu,
® d1 (+1.5)
de

‘Heavy end

July 3. !
dt ‘

up.
(+2.6)
d¢

Coduly 4,
dt

| Heavy end |

tHeavyend yujvy | qown.
up. dt 1
‘ de¢ (; )

! July4 Heavyend! jypyq
Poodt up- dt
| dd

Heavy end
up.

dé

F2 - : +2 : }

W +60 +0.6 109 —+2. +115 +2. +63 +28 iia... e
B0 e s - S e

Meams ..., 406 ... +27 .. P RN T F28 eerenias +2.8

. i .

' - | | ‘; J ;

July 4. Heavy end July 4. ;Hmvy end July 7. Heavy end July 7 Heavy end July 7. | Heavy end ‘ July 7. Hesvy end

¢ dt down. at 1w at Loup- dt down. | 447 up. dt up. |

dé L de Lody d¢ | dg | dé |

1 | | ! !

e - T i |

/ 8. ! 8. ! 8. ! 8. ’ 8 ! 8. ! 1‘

|
J 40 ¢ 453
1

+0.5 - +87 +1.8 |' —100 ~0.9 +75 +1.6 +100 +2.1
30 .
|
| Means.. ._..oe.. 0.9 L. 428 | 422 | eeenns —0.7 | +2.1 +2.2 <‘
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KEW.—DECREMENT OF ARC.—INCLINATION OF ZERO-POINT—Continued.

Heavy end :

July 7. | Heavy end g uly 7. "Heavy end Jnjy R Heavyend gy 5. July w Heavyend o pyyeg Heavy end
¢ dat dowis, at up. ar up. dat down. dt up. at .
d dé | de de de dg
. N ‘ P . . 5. ‘ 2 . 5 .
-+ 140
130
120
110
100
90
80
70
60
50
40
30 -- - e e emeieeerae meenaees feaaes s SO .. P
— |
Mean .| -...... 08 .. B 422 ... —0.8 420 cieeeeen. EER ‘,
July 9. | Heavy end July 9. E Heavy end jy1y 19, Heavy end g.1¢ 0. Heavy end July ]0.:’ Heavy end B ‘;
@ at down. at ‘ up. dt up. at down. at ! up. z .
d¢ | de ; de | | ode E=
R { ! | - -
. . . . , N , . , N , , o
MO e + 16 420 491 F26 . ... + 2 426 July 1 e PR
130 2 Lo \
120 Gns HOX]
|
110 3 25
E 425 :
100 san  H00 i
90 4 a8 i
80 4o T™F
70 2
“42.3
80 420 +0.9
50
July 7 42,2 .
40 21 0.7
30 o a
““)'; —0.8 !
Mean ... —0T 421 oo 421 . —0.8 |l 2.4 e :
R +2.2 ;
F e - s el — e - 420 —0. R
9 2.1
—(9 ) —0.7 !
- !
0 421 ‘
o4 -8
Means. k
Fivstdays. +2.6° +60.7
Last days +2.2 08
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The inclination of the zero-point having thus been ascertained, the time of edach observation
of amplitnde to the right and to the left was corrected for inclination so as to give the time of

reaching an arc on each side of the vertical of an integral number of ter
of the results for right and left were then taken, in cases where obser
caleulated trom the formula was then entered, giving t—¢, for every ten minutes of

sides. A table

@, and from this the value of {4, was obtained.

omitted.

Jan. 26.—Heavy end

.......... 4 84 49.6

40 el
|
vah —Heavy uul

¢ down. t
Amﬂ T Mean,
; From E. | From W,
3

40 23r 25 624 LA
Jan. 29.—Heavy end, v
up. |
¢ o t
From E. { From W,

Jan. 26.—Heavy cud
duwn

From E.: From W

The following tables show the result,

Jan. 28, —Heavy end

d

OWIE,

From K. From W.

Mean

40

-4
10L& ¢

cof minutes.  The means
rations were made on both

The hours are

UNITED STATES COAST SURVEY—PARIS.—DECREMENT OF ARC.—CALCULATION OF t.

Jan. 28.—Hceavy end

up. !

\
l
IM( -an

| 1< Tom W
f

From E.

3.0 1.

. 20, —Heavy end
up.

From E. : From W,

I< eh. 2

—Heavy end

up.

6)
31

. 4.—Heavy end
down,

! From E. FromW.'

|
| m.
.

Fub 4. —Heavy vnd

..
126,15 64 g7
[25.1 0 T1 42
i i

ty [

¥rom E.

688 55
82 18

69 17
82 40

up

Fl om W,

\
i
’\lpan

- [ Mean
{ From E. From W H

i Feb, 2.—Heavy end
down.

i | Mean
From E. From W.
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UNITED STATES COAST SURVEY—BERLIN.—DECREMENT OF ARC.—CALCULATION OF t,.

HEAVY EXL: UF: NAME BACK.
g & April 24. ; ! April 2. ﬁ April 29. May 2, |
¢ !E;‘E“ o e e Mean tg Sy Mean: t, cee o Mean  f,  ~———————— Memn  t,
23 W E woooB | w. ¥. w. E.
e i S — [ - - i —— — S -

140

120

7.8 3
5. 23.8 20 55 20 53 20,9 432
2.0 20 47r 30 42 30,7 43.3
5:024.1 36 18 37 23 374 43.0

THEAVY END P NAME FORWARD.

| , ) N
: April 25, ; April 28, ; April 30, ! j
| i ; .
M Nmi ty = Mean: t, | i Mean  fy ! bt
; w. | E ‘ Coow. E w !

' P ! |
1440 15
130 17
J120 |
m | % !
100 | @6 ; i 60 51 60 51 60,8321
90 |...... ‘ !
g0 | 36 | 5 . 66 16 66 3 66.2 1321
0 44 “ 51 39 81 33 518 % 14.1 Sy 6 52 54 53.0 1153 88 17: 38 18 3RI 0.6
i R DU N (ST
50 6 | 61 11 62 9 617 ‘ 14.3 [EETT TR 62 47 6L B 154 . 47 36 48 21 480 0.6 .
. 40 00 ¢ 68 23 68 47 686 14.2 69 05 60 28 69.7 1153 54 B1: 55 4 54N 0.4 53 30 8 1 R 314
¢80 121 77 41 0 54 787 ( 15.1 79 41 79 31 T
! : 1 i
HEAVY END UP: NAME FORWARD—CONTINUED.
PR ) R C R '
= §§ May 4. i June 1. ' i June 3. i June 3. :
¢ ;_é £ - Mezm; ty —em————— Mean, & [ Mcan & o e )l(-;mf ta
z 1. ! : W B ! E. \
0= ! i i | |
‘ 8§ m. 8, Hi.oo8. e, i ne. . N n. 8, S . & M P m. N, T, AL . ‘ 1N
0 4 46 45 46 13 46.0 0 &8 2 9 35 42 39 403 40.6 1 29 11 20 11 17 114 l a3T
G080 D121 |l e B2 35 66 W 670 34 .. ... 47T 4 371335
P i
HEAVY END UP: NAME FORWARD—CONTINUED.
T ‘: o - o H K o i ) i B
i 12 ; June 4, ; 1 June 5. ; ! June 5. !
! Tl : H i f i
g (gER iMean! f, [—————————— Mean, # i ~——— Mean fo
£¥8 . ! : i . i ! . ;
I3 é w. . | w. E. j‘ iOWL B. i
e e “ - e ~ ;
Lol . B m. 8. Mmoo on 'i‘ W & m. s, n. 1 [ O N N N i
REENEE I SR 41 58 45 BET 210 030 40 30 4B BT
T80 121 20 40 297 1 ; 85 40 8.7 221 57 28 575
| ! SR E P - i
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BERLIN,—DECREMENT OF ARC.—CALCULATION OF #%—Continued.

HEAVY END DOWNXN:

NAME BACK.

£: April 24. } : April 26. z April 28
¢ £EE — - Mesn. | & : ! Mean, o T~ | Mean t
T w. E i W E. w | E
= % o _— | .
v m. & m. & . m. m. 8. ™. 8. m. m. m. 3. m. 8. m. m. :
140 25 52 4 51 51 52.0 2.3 8 9 18 16 18.2 2.5 57 57 58 2 58.0 8.3
130 & 5 2.3 213 28.2 60 57 61 22: 611 B0
120 L it e i e e e | e
110 P 62 A3 68 4 69. 0 7.9
100 27.9 :
L T DU S SRS ROR IR
B0 28.0
70 27.4
60 . H 3 3 .
50 | 115 109 24 110 43 109.4 | 0.5 7517 7543 5.5 116 5: 116 35 116. 7.4
40 0 149 124 55 124 5 1245 59.7 91 24: 91 0 91.2 181 16 132 19:  13L8 7.0
30 201 147 4 1;16 3 146. 6 0.6 1i3 1 113 19 113.2 153 26 158 381 153. 4 7.4
HEAVY END DOWN: NAME BLACK—CONTINUED. HEAYY ENDL DOWN: NAME KWAHD.
N ) i Tm | ; g =i
May 2. < 2 2 April 19. ! | 2 é} April 20
¢ . Mean. to ! ¢ gé.g !' I — jML‘aH1 ty ‘P gég‘l‘“"“"““ -—~—1Mean to
w. E. I LE) oW E | | iz ow E
. ; L s m. 8 m. 8 m. : m. , & ‘m. s m. s m. m,
140 140 52 | 49 10 49 1 49.159.4 [ 140 10
130 130 58 | 52 10 52 17 52.3 502 130 11
120 120 120 .....
1Y 110 10 14
100 100 100 16 -
R 80 | 80 e e
Ko 60 31 3r 30 16 30.3 80 80 23 88 0 68
70 73 38 82 38 3 383 70 ° 28 {7 0 75
G i £ S . (21 188 60 b 2 S R
0 115 5% 2 6l o 4 105 50 | 238 50 44 198 20 9T 33 97.9 49.0
W | 19 T3 w75 56: 757 | 10.9 ® | 30 40 57 13 20 113 31 113.4 | 48.6
30 | 208 0 w5 o3& 99 3 018 | 1.8 . B0 | 417 30 77 134 56 136 28 135.7 | 49.7
B N | B i !
BEAVY END DOWN: NAME FORWARD—CONTINUED,
e . : e e
12 Z April 25, | April 25. ; | April 30, i ‘
¢ (E5E Mean. | & |— : Mean. o —— | Mean. |t
E T ow E | v ® w. lf E | |
= H | t B
T L. e |
’ m, m. s, . 8. m. i m.
140 50.8 42 ¢ 42 0 2.1 524
130 9.7 45 13 45 17 %.2 . 521
120 . U S
m 59.4 52 38 83 13 5.1 | 520 .
100 .4 57 49 57 51 3.8 | 5.9
80 50.3 69 51 70 10 70.0 |
70 -50.0 7 58 78 ¢ 78. 0 ‘ 5.5
60 | 3 I e e e e
50 44 : i 8.5 9 16 100 33 9.9 | 5L0
40 57 120 U8 &2 1195 | 547 !f 128 27 14 36 124.2 59.4 . 115 42 115 32 115. 6 50. 8
30 L OO e ;x} 145 30 M7 18 146.5 60.5 C..o..... 138 35:  136.6 52. 6
i
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BERLIN.—DECREMENT OF ARC.—CALCULATION OF f—Continued.

HEAYY END DOWN: NAME FORWARD-—CONTINTED.
g 8 o ‘
£ 3 May 4. [ June 1. June 3. |
TR i
[ ?.’E =S Mean o Mean. | tu Mean ' to
E T 0w E. W E. w. E. |
> A ! i i !
PR oliiin : . S S
! l 8. . 8. m. s m. w. i w. 8. bt . IS TS . : .
kil l 28 27 38 27 31 27,6 1.1 4 45 1 45 4.7 G2 15 50 10 43 158 ‘ 473
i i
30 l 77 86 13 86 29 86.3 03 6 2 6H 41 64, 4 384 74 oR TN 5.0 4 48,5
HEAVY END DOWN: NAME FORWARD—CONTINUED.
e g ) o ’ o
! lg = Juue 4. ‘ June 5.
Te3 |
¢ 2881 , Mean. t Meaun. o
] , } : -
15 .é W ! W, | L.
g _ i o .
! i &, m. S, 52 . n. 8. ne. 8. [N e
70 0 28 48 31 17 3 1219 43 12 43 17 432 15,7
i !
30 | 7 106 3% 1087 107.4 21,4 101 43 J02 43 1022 16.2

UNITED STATES COAST

sELze3es

orrection |

{

e

Tinution,

;E: ,§_ July 1.
6 EEE

- =
’ 8. m. 8. m. 8,
40 10 ¢ 53 0 49
180 0 12 ... e s
120 0 13 1 oo
110§ 16 [ I
100 . 18 8 5 7056
90 L2 |
8 ¢ 25 | 13 33 13 12
7000030 | 16 4 17 2
60 | 37
50 ' 47 Y31 26 33
40 : 62 - 3326
30 | 83 f.iiiee.

July 3.

|

S. N.

i lnel

SURVEY.—PENDULUM AT KEW.—DECREMENT OF ARC.—CALCULATION OF t.

HEAVY EXD ULl: FIRRT DAYS.

July 2.

July 3.

Mean. ¢y e Mean fo m —= Mean o Mean to
& N. S N. s X.
|
- e —
M. m me. . 8. i L nt. m ni. & m. 8 . hi
0.8 7 45.9 92 50 22 053 2.9 1.8 33 1% 3% 18 33.3 1LY
...... R 4.8
R N 1 0.8
|
B0 49.8 ... 14 36r ... ...l
..... 459
13. 4 . . - .
17. ¢ 39.3 23 47 23 52 23.8 46.1
........... 28 B4y 27 47 208k 458
27.¢ - 39.6 33 29 3B 1 333 450
33.4 40 49 40 18 40.6 462
..... 50 19 50 19 50,5 469
HEAVY END TP: FIRST DAYS—CONTINUED.
A ‘ ) )
! July 4. . July 4. : July 4. :
Mean to | Meaw by | Mean to Mean: fo
S, N, | ! 8, N.
i o :
. n. w8 w. 8. Mm. N s.m, PSR TSN U TN T PR (8
K - . oo !l
35,9 0 14.3 1 42 49 42 56 42.9 223 3240 10.8 ¢ 17 2 16 2.3 1 40.7

68 48
w50

68. 8
75.9

37.2 4

20,3
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HEAVY K

140
130
120
110
106
k0
&0
0
Gt
a0
+0
30

140
130
120
116
0

m

’

4

orrection

21

25
30
3
37
62

L]

for
inelination.
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PENDULUM AT KEW,—DECREMENT OF ARC.—CALCULATION OF f,—Continued.

NDh e

FIRST DAYS—CONTINUED,

July 4. -
S, N.
" X it N
U 29 41

20
July 7.

N.
. TR
] 2730

TIEAYY END UI': LAST DAYS.

= = i
) E £ July 7. July 7.
Mean  f .6 IEE--—- - Mean b |~——————|Moan to
3 N s N
m. hi. 4 8. wm. s m, s Nt m. LA, N, m. & m. m.
396 380 D140 9. 18 32 18 56 189 5HL3| 37T 82 37 29 37.5 159
.. T30 10 3
120 - 11
|10 13
L1015 44 37 446 159
D0 I8 s e e e e
| s oz 50 11 ,50.2 16.1
P 26 : 5 0 53.9 162

Mean

Lo80 B2 e i i e e et e e
! ' {

| 50 40 44 48 44 38 44.7 573|163 40 63 43 63.7 | 163
L 40 52 51 33 51 16 514 5.0 71 12 70 43 7.0 16.6

D800 T

HEAVY END

July 7.

14.7 481
16.9 48.2

32 52 32 81 325 584 3% 24r

4 . 26 35.5 : 48.1
VY D 52.9 ' 58.5 . 51 34 51 41r 516 | 57.2 | 42 35 42 15 424 48.0

HEAVY END UP; LAST DAYB——CONTINUED.

C Tuly 9. July 10.
Mean: ¢ |————————"Meaw’ tp |-~ | Mean ¢ (|—————— Mean| &

2 0 2 56 99.05L3 |

|
38 38 38 33 3861512

i
50.0 1 45 30 45 31 455 |5L1

4 |
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PENDULUM AT KEW.—DECREMENT OF ARC.—CALCULATION OF {—Continued.

i HEAVY END DOWN: FIRST DAYS.
TE Al L ) l ) ) ) ) L
-,% .é | ! July 2. July 8. July 4. :
[ gég - - ?M«*m\ t [* S — Mean' N Mean ] - Mean  to
= _'§ 8. j S ‘ h EN S, N.
4 8. m.oN. m.
140 6
‘ 130 T
L 120 8
T110 | 10
100 11
90 13
80 15 A
70 : 19 VIR PR -
60 ;: 23
50 i 29 98 51 W86 49T
|40 1 38 2 114 3% 114.° Suo
30 51 e e
HEAVY END DOWN: FIRST DAYS—CONTINUED, IEEAVY EXD DOWN: LART DAYS.
g v ool £ o
S 2 July 4. | ! i = July 7. J
2% : i E- e Mes
3 gaéi *-*~:-—~iM9an; to L3 ,;E ‘ 3Me<u| tn to
s 2 S. ! N. : < N. S
S Z i I 2 |
S e 1 — o L — —— - S
! 8. m. 8. m. 8. we. | om. ‘ ! 4. M. R m. 8. MW, M. L7 N VTR N T m.
140 B i ieeeaeieel s 140 7 - e e ememn iaaas e e
130 7 a 45 5 48 1 130 8 21 1o 21 2. 21,1 280 27 5% Y
C120 18 L. ermen e I 120009 e el
, 110 16 13 22 13 42 110 11 29 28y 20
100 11 8 29 R 34 i) 13 34 Mr 3¢ 23v.._o.. . o Loo
9% 13 L 90 25 T e s
80 15 30 39 3 3 R0 18 46 54 46 46 46. % 83 44 53
70 19 38 47 39 12 ™ 2 a6 55 5 5Ll 62 1 62
60 b S 60 4 e et et ranes rwee-e
50 29 60 46: 60 24: {30 34 L T7O81 7.9 29000 84 82 BE 44 ALG O UAT
40 3R i 40 44 93 40 93 52 93.¢ 20.0 100 54 101 44 1013 36.5
| 30 51 ] 30 533
i L ! Lo
. HEAVY END BOWN: LART DAYS—UONTINUED.
' - ; ;
H g é July 8. ! July 9. July 10.
e
P 8,
HEVOIN
I 130 8
‘, 120 9
f1e | o1t
j100 | 13
oo o150
j 80 | 18 ' 50 i
l'70 | 21 ¢ 58 48 58 25 3586 521
B0 2 e
| 80 | 3 . 8 7 8 48 8L B T4
| 40 | M4 96 42 96 48 067! I
30 59 i"""""""""""""i"""i""""""""""""" e et mmemm eeome aees
: i i
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The colons affixed to observations in the above table indicate those which were considered, at
the time of making them, of inferior value ; and the rejections have, in almost all cases, been made
upon the exclusive authority of the original notes.

It will be seen that the value of #, which ought to remain constant for each experiment, fre-
quently undergoes a progressive change.  On this account three successive values of the constant
have been adopted for each experiment, oue from ¢ =20 to ¢ =14°, a second from @ =13° to
¢ =12, and a thirnd tfrom ¢ = 1° to @ = 4°.  Within each of these limits there is in no case any
change which could occasion a sensible error in the correction for arc.

The values of ¢, having been obtained, the next step was to get the value of ¢ at the mean
instant of each set of transits. This was done by subtracting 7, from the mean time of each set,
entering the value of ¢ — ¢, in a table, aud taking out that of &.

. 1 . . . -
The next step was to find the integral Hif @2 dt. The formula, obtained by the integration

of the expression for @ given above, is,

. 1 b
def:—-c ¢ —3 ,log. sin, %\/ac—};lﬂ

b (E- =)

In some of the calculations, these three terins were caleulated for the observed values of @ and
(t —ty). In other cases the integral was taken out of a table construeted for the purpose.

The correction of each interval between the snecessive sets of transits was separately caleu-
lated. The approximate values of the corrections were generally as follows:

22

Correction,

Iuterval. Heavy end down, Heavy end up.
ER ER
From ¢ = 2° to @ = 14° —0.053 —0.02:
I'rom ¢ = 14° to ¢ = 1° —0.043 —0.018
From ¢ = 1° to & = 13° —0.033 —0.014

A1l the observations of are at Hoboken, when the Geneva support was employed, were made
on a seale divided into decimal parts of the radius. This scale being freely movable, was carefully
placed with its zero exactly under the point of the pendulum, when hanging free; so that it was
not in general found worth while to observe the are on more than one side, during the observations
taken in June, September, and October—but one allowance for position of zero (0.00043 on Septem-
ber 25) being found necessary in these series.  In the observations taken in December and in 1878
less care was taken in placing the scale, and the arc was always observed on both sides, except
between 0.024 and 0.010 on the left, when it was hidden from view by one of the sapports of the
Jower platform of the pendulum receiver.
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The following tables give the observations of are in detail, followed by the caleulation of incli-
nation, made according to the methods before given.

UNITED STATES COAST SURVEY—HOBOKEN, JUNE, 18377.—DECREMENT OF PENDULUM ARC.~FULL
PRESSURE.—SOLID SUPPORT.

TIMES OF REACHING DIFFERENT AMPLITUDES.

HEAVY END TP. HEAVY EXD DOWXN.
: 0
June 11 14 15 16 17 19 20 22 29 Mean. 11 14 15 16 17 19 20 22 29 Mean.
4 2 M. m. m. m
380 - [
370 13.3 20 297 4.7
e
350 ...... e e e e a4 ieeaes ieeeen eama iaiiii. mmeas e iaee e e eeaa el e et ceees emeeas iaaaia.
...... 7.0 348 07 3440

20.6 84 2362 116 36.07
217 10.2 381 13.4 3075

934 e el 5.0 19.41
290 ... ST 26.1 ... WT . 86 2130 ... 68.9 .. 880 ... 2.9 . 412 165 40.998
280 14.6 1.6 178 ... 50.4 154 5.1 ceeeoe .. 2198 M8 T0.T ... . 66.0 26.7 15.3 428 184 42,66
[ T P (22.98) oeenn . e e 6R.2 ... 1.8 Cee i £5. 06
© 260 8 . 231 47.61
{950 .88) . 2.6 49,64

150  381.2 ;. 36.3 35.3 . 436 67.8 322 21.6 40.5 26.¢ 39.11

140 1 83.0 ... .. 37.3 ieanas (2 O P 27.8 4L10 916 117.7 ...... 86.2 1120 T eeen.. 8866
130 34.8  40.6 ' 30.5 . 47.5 721 36.0 ...... 44.4 205 43.00 967 ......... ... 90.7 1164 .o iieil ool 63.0 93.40
1120 - 37.1 43.5 . 42.4 - 40.8 T41 ..., 28,1 46,4 312 45.3¢ 1015 127.2 841 858 121.2 ...... ...... 974 732 93.36
110 ...... 46,3 (4.9 1524 ... 40.4 30.1 49.2 33.% 7.91 110.6 1347 - 90.1 102.¢  128.2 954 ...... 104.4 809 105,86
1100 42.5 1 49.6 ... ‘ 55.6 70.8 1 43.5 327 ...... 3.2  5L01 116.6 142.8 - 06.2 110.2  I36.8 108.5 ...... 111.2 83.0 113.16
. { i i
90 457 [ 53.9 5L.0!50.0 812 46.6 36.2  55.5 ...... 54.39 125.9  152.¢ 103.4 117.4 1442 ... ... 119.2
80

[ 80 502|589 560 ... BT B e e e e e e e e e e e
| | ‘ \




246 * JREPORT OF THE SUPERINTENDENT OF

UNITED STATES COAST SURVEY.—PENDULUM, HOBOKEN, IN VACUUM APPARATUS.—SEPTEMBER AND
OCTOBER, 1877.—HEAVY END DOWN.—H. F., OBSERVER.

TIMES OF REACHING THE DIFFERENT AMPLITUDES.

: Full pressure. 15 inches. 5inches. . 1inch. . §inch. | 1 inch. Means. ‘
! Are. .3 80 0.2 ‘ i
| AT 8 32 327 Oct 25 Oit ~ Oct. 5. . Oet. 5. Qect. 1. ¢ Oect. 1. - Sept.20. Oct. 3. m Lo
wept. . >t a. . D h 110 198 10m g - 4
o 1 14 8 gh 2 ¢ w15
m. M. m. n.
L0370 143 443 2 16
. 860 .......... 208 366 | 570 9B ..o....... [ S U 334
i 350 28 6% 303 49
{340 27 72 48 1
L 3s0 2 0w 65 964
0320 ... 3.1 .. 65.3 18.2 903 121 33.1 181
a0 52.8 ©  34.3 61.8 67.7 20,6 9 144 34.6 1. 20.5 |
©oae0 53.6 356 63.2 70.0 22.9 104 168 35.8 22.8
i 290 54.9 36.8 64.6 72.6 24.8 .. Loom 191 3.1 | 251
280 ieen... 38.3 65.9 75.3 27,2 55 120 218 38.3 2.6 |
1.0270 58.1 | 40.6 68.2 784 0 302 ..., 1334 162 249 40.6 30.6
| 260 59.5 ... 813 ... [SOSURR L1 181 274 42.0 | 349
| o .
" 434 .. 83.8 352 leeeenenen. L 1544 197 302 4.5 0 3.8 ¢
240 63.1 4.8 0 T30 L. 385 ... Coae 217 330 45.4 ¢ BT
I 230 67.3 47.8 ‘w 75.6 91.6 B9 179 245 359 e | owa |
I H ' | i
| ' B i
. 0220 515 i 78.5 95.5 483 diiiifeen 272 304 5.2 | 48.3 |
210 io8Le 99.5 524 oeeeieaon. 210 208 | 499 53.6 | 52.3 |
I 200 73.1 54.8 | 825 ... e SN 222 317 461 135 j
| 10 5.3 5.6 | 850 107.8 58.3 ¢+ 17 ... 335 489 | 7.6 | 0.4
180 7.8 6Lo | 882 13.0 5.1 veoennn.. 244 362 527 | 60.6 | 654 |
i : . k : | i
| .0170 81.3 67.1 | | 70.6 136 260 387 573 ] 63.6 70.8 |
160 85.0 8.3 | 950 123.3 7.5 0 14 278 416 ... 6.5 | T6.8
[ 10 89.0 7.3 98.5 130.3 8.8 | 156 207 42 e sie
| wo 93.8 | 755 . 103.0 | 1357 8.2 | 167 < pmr . 883
P13 984 8.1 107.7‘§ 143.1 95.6 182 |......_.. 516 cceeo.-n. 80.4 | 957 |
: ‘ !
‘ | l | ‘ ‘ |
[.0120 1044 | 854 | 1135 | 1581 1062 . 199 371 563 ... cbes7 i w60
110 06.6 . 8.5 ... 160.2 112.6 215 398 |oceieesieeieoennni | 893 12.7 |
|10 0 132 96.8 1240 | 1617 120.3 ... USSR PR <o 963 1 120.3
90 120.7 1044 [t 1701 183.4 1038 | 126 | .,
TR DO s ] .................... i :
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UNITED STATES COAST SURVEY.—PENDULUM OBSERVATIONS AT DIFFERENT PRESSURES.—DECEM-
BER, 1877.—~HEAVY END UP.—OBSERVATIONS OF ARC.

TIMES O' REACHING THE DIFFERENT AMPLITUDES.

December 28 93 14 12 19 12 16 16 16 16 16 it
Baromet's 30.55 50.55  30.25 30.00 29 2L 29.08 20.08 27.23 27.23 2,45 15.03
Rightor {® ® L R L R R L kK L X L R L R L KR L R L R

32 ... Wb

25 42,0201

L 024
23
22
21
20
.019  48.2
18 . 49.4
7 50.7
16 52.2 ¢
15 . 53.8
014 55.8 . 3 ...l 30.2 , 2
13 517 3 ... 32.6 . 2
12 1 58.9 7 . 348 ... . 9
1m 623 8 ... 37.3 .. 7
1 648 35,8 35.1 4L1:52.0 526 ...... 671
. 009
08
o7
. 004
- 003
02
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PENDULUM OBSERVATIONS AT DIFFERENT PRESSURES.—DECEMBER, 1877.—HEAVY END UP.—OBSER-
VATIONS OF ARC—Continued.

December 4 19 19 23 22 10 10 ] 8 23 22 0
Baromet'r 7.51 .04 ©0.9% 0754 0.82  0.81 0.7t 0.7+ 0.4+ 0.4 0.46 0.38 | 0.39

Rightor 1f, » L ® L R L R R R LR LR LR LR R R L R

2 4
54 B2
59 5B

66 64
. Lo T2 7
49 49 60 60 .. . IO | - & 7R 49 T Hd 8.8 ...
855 65 65 ... ... 41 41 34 34 8T 857 S+ 52 ........ 62 9.9 ...
61 61 w7 72 47 46 40 40 937 93 60 50 ........ pereees 1082 Ll

LU34
33
32
Kil
30

5252 45 45 100 100 6T 66 ....... 77 01085 .
590058 B 51 107 106 T4 T3 ... 115.6
65 65 57 58 114 114 8L 80 .. ... .. ... 1125.3 ...
717 717 63 64 122 121 90 RR . . J 1345 136.5
787870 T1 120 129 ... ... D142.2 148.3

L029

28 .
27 6RO ...... 231 0219 ... 77 O8BB
26 689 0.3 . 24.4 B2 B3 05
25 720 7260261 268  RT R4 101

78 78 138 138 108 106 21

024
23
22
2

20

208.5
214.3
228.5
26 ... 240.5
280 ... 252.0

14 42 ..o 124 .
152 50 ... 133 ...,
147 ... 1?7 161 99 .. 143 ...
R 1T 1M
15 A ce. 167 oL 186 183

176
182
195
. 210
227

. 009
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UNITED STATES COAST SURVEY.—PENDULUM EXPERIMENTS AT HOBOKEN AT HIGH TEMPERATURES—
APRIL AND MAY, 1878 —DIMINUTION 'OF ARC—Continued.

ARC. ‘ HEAVY END UP, !
Date . .,,i April 24.  April 26. April 24. April 26 April 26. April 3u. April 30. May 2. May 2.
Bar ..... " 1.24 . 2.25 20.01 29.92 29.92 30,03 30.03 29.93 20.83
Ther ... .: 92 . 100 91 97 98 103 103 a5 96

Riﬁ}‘i‘{o‘"%}lﬁ R. K. K. L. k. L. R L R L. R 1. R L. R

.034
33
32
31
30

. 029
! 28"
: 27
26

.024
23
22
2t
20

........ BB ... 62
oo 28 L. 6L
...... AR e 067 T
,,,,,, 251 .. .... 6R5 |
C.014 2.8 ... 71.2 ..
13 2|1 73.3 ..
12 30.4 ..., .7 LG
11 32.8 782 ... 33.7 76.9
10 5.6 ... &0 ... 6. 6 79.8
- 009 3.1 ........ 8.8 ... 40.0 ...l
| 08 4304 e R
) —— -

S. Ex. 37——32
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PENDULUM EXPERIMENTS AT HOBOKEN AT HIGH TEMPERATURES—APRIL AND MAY, 1878, —DIMINU-
TION OF ARC-—Continued.

ARC. HEAVY END) UP—CONTINUED. i HEAVY END DOWR. |

) ‘ i ‘
Date..... May 10. May 10. May 11. May 11. Mean. | Muy 4. May5 | May6  MayB8 : Mean. |
Bar .... 20.93 29.93 30.00 30.00 ' 29.96 20.83 29.90 30.06 : 29.88 {2992

Ther ... 9 8 “ ow 96.5 97 94 s % w3 |
. : ‘ N
Righter J. ® L. B L R L R R. L R L R’ L R | L R | B |
: . !

. 034
33

32

58.3 P P 27.9 28.6 4.5 17.2 20,2 ....... B.8& 64.1 652 20.78 J
50,0 59.7 ,...... 44.2 : 287 20.4 26, 2 31.52
C59.7 ... 44.3 449 ..., 30.1 28.1 i 33.36 ‘
60.7 61.3 44.9 459 30.0 311 37.59 29.8 35,28 ;
61.7 62,2 45.9 46.8 310 ....... 98.49  ....... 38 i 31.28 |
!
T 304 T | 3048 |
o 3.9 40.38 L7700 41T
22 e 651 o et 34.9 41.42 79.6 | 44.02
21 ... 0.8 ... 6.3 ... 0.8 ooeen. 36.2 42.55 . 823 46,56 |
20 ... 2.1 e 6.6 ... 5.1 .. 37.3 43,78 85.2  40.40 ‘
0.19 foaann- 23.3 ..., 68.9 ... .... 53.4 ....... 38.7 45. 02 52. 40
8 ... WT .3 ... BAS L 401 . 46.42 55.52 |
17 .. 26.2 ... 2.0 ... 6.3 ... ... 41.5 47.95 59, 08
| T S [FRURRURRS 49.65 62.72 |
15 29,5 50.7 451 51.36 86.86 !
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UNITED STATES COAST SURVEY.—PENDULUM OBSERVATIONS OF DECEMBER, 1277.—CALCULATIONS

OF POSITION OF ZERO FOR EACH SWING, ~

0 4 | 8 8 10 10 12 12 14

d d

© " (First, " {Last. Firat. . First). ast.
dt aé :(“! a¢ at (F‘xir;t) dt‘(;:w l](;;) tv(L;;“ dt‘[:;;) at (L;;H at a4
{ i : | i ! H :

+.00033 ..
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PENDULUM OBSERVATIONS OF DECEMBER, 1877.—CALCULATIONS OF POSITION OF ZERO FOR EACH
’ . SWING—Continued.

Dee. 16 16 16 16 i6 17 17 19 19
L (Pr. 29, (Pr. 29, I (Pr.27, | (pr.27, Lo P
ae 122 Gy ar | last)  dr] fret)  dt | lasty  qr [(PTISD g [Pr 7)o (Finsty | (Last)
ddé dd i dd dé d¢ : deé i dé ad i
| : | | |
L089 LLL , ) 1
3R [

37 ..
36

L0384

ol o of
04 17,
[ ;
14 41 17!
0 f1 2013
L0284 408 4 T ... +1.1 150 oo 150 0.2 13 40,7 32
1010 40.6 4+ 19 453 185 +44.1 179 e +6.0 88 . LY

Mean .. 4.00026 ...... “+.00172 ... +.00186 ... 400156 ... . 00174 ... +. 00008 ___.. +.00026 ..., —. 00002 :..... ~+. 00008 i

ADOPTED MEANS.

Dec. 0. ........ 400022

4, 8........ ~.00016

10 ... 4 06006

12. .. +. 00038
... L. - 00004
: 16 (Pr. 224) .. -+ 00026
i 16 (Pr. 27, 20) +. 00166
17 (Pr. 15) ... - 00008
! 17 (Pr. 74) ... <. 00026
i 19,22,25..... . 00000
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UNITED STATES COAST SURVEY.—HOBOKEN, 1878, APRIL AND MAY.—-DIMINUTION OF ARC.—INCLI-
NATION OF ZERO-POINT, RIGHT minus LEFT.

[For each reading of arc apparent L the difference is given.]

HEAYY END UP.
e e eI S e
April 24 ‘ April 26. 1 April 26. April 30. ‘} April30. | May2 May 2. May 10. | May I0,
: ; !
Pr T | : ‘ : ‘ Ty T T i
at {P]«i:%\ dt . d¢ o dt . d¢ ' dt | d¢ at! de ldt: dé | dt . d¢ | dt, dé | dt, d¢ .
i ‘ ‘ i i . i ; i i ! ; i
i |
! | m
' 0330 0.7 00100 ..
P20 feeen oo e e 100
|10 (T
Poso0 | ... | 01 78
- I ST ) ) N P 71
' h !
P.0280 | T 133 | 0.5 .00063 I
{omo | o8 14 ... S S
60 | 8 133 0.4 571 0.8 80
P80 |7 83! 0.7 70 -
Ia0 e ] e 6z |. .
...... 00064 |._.... .0008G
]
e, e WW — S —
i HEAVY END UP—CONTINUED. HEAVY END DOWN. ;} BUMMARY.
B e — e :
; May 11. May1l. | May4 . Mayh May 6. Mays | ! Heavy end ' Heavy end
| - —t e - ('j | up. i down.
; i B i ] ; B ‘} i ;
daty d dt  d¢ | dt d¢ dt ! dé dt i dé | dt  d¢ . i ;
paty ae ; : i C S0 j [ April 26 00064 |
| | — oo T I E 2% | 86
i om m ;om I m. m. m. i 30 60 - |
0330 ; rese ey 30 | 84 .. |
20 |. 1.2 .00080 | Muy 2 e i
0 foorie e e . 11 78 | 3 50 ¢ .. .
‘ i 0.7 .oose | 3.4 . Lo ! 10
: . 0.7 88| 3.8 11 61 ’[ 10
‘\ ¢ ! | ! 1 l "
: 0.7 B8 | .cun.. 219 | 3.1 175 ..o L3 72 1 ;
70 ? 0.6 00086 {eeunns conneeriivennan 2115 3.8 174 | 8.9 .00281 [...... 615 4 i 00216
6 | Lo 100 L1 o 44 217 leeeeen 1791 41 28 L) 5 . 178
g0 | : g J 6 e i 222
0 - B iieevenneenneie e aenaienaans
; i
feeee.. L00216 ..., 00178 ... 00222 ... L0000 | Means ... ! LG00TR . 00204
{ i i i
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The December observations were corrected for inclination by the proper additions to the time
of arcs observed on the right side only. For the observations at high temperatures, the observed
times on the right side were taken, and the ares corrected,

In heavy-end-up observations, all days except the first, by —0.0004
In heavy-end-down observations, May 4, 5, and 6, by —0.001 .
In heavy-end-down observations, May 8, by —0.00035

The differential formula connecting the arc and the time was next found. Onuly three constants
were employed, as hus been already stated, the observations not being sufficiently numerous or
sufticiently exact to admit of four. The equation, then, is

D, = —bo—cot
b —1
Hence, ¢ = ?( Gl 1> ,

A I GaD R CEONEE

.—_je.b_cz{Nat. 10g.(1+%¢>—%¢ }+Cs

e

and ¢ = = Nat. log. (1 + L)
b c¢

The constants b and ¢, for heavy end up, calculated from the observed times of decrement, but
not corrected by least squares, are given in the subjoined table.
From the observations of decrement were deduced, first, an equation of the form

b+c¢m=’n,

¢ denoting the mean value of ¢ ;_and, second, a value of ¢. - As ¢ has been supposed proportional
to the density of the air, we find

¢=0.03125 —=
pu

By substituting these values in the equations b 4+ ¢ ¢,, = %, we obtain new values of b, called
“second reduction” in the table; the ‘“first reduction” having been obtained with the original
values of ¢. These second values answer to the formula

b = 0.0013 =™ 4 0.00435 p* %,

For the observations in which the bell-glasses were on the receiver, these alone being compar-
able with one another, the values of b, thus calculated, are given in the table, along with the values
from the reduction of observations of decrement. Also in illustration No. 36, before alluded to.
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UNITED STATES COAST SURVEY.—PENDULUM AT HOBOKEN.—DECREMENT OF ARC.

The constants b and ¢, as deduced from the ohservatious, compared with values dependent on pressure and tem-
! ) P ! ¥
perature of the air.]

e T T ]
L T i s ‘ ® boa || "™ a2 (g
| Press. [Temp. ! P | AVp . p ' Excess| b 1st y T°_ 1 Excess
‘1 ure. C. l L T du [btedw ¢ [ 0.03125 o ofc. | red'n. | red'n. || .1o.00435 Yo[i ofb.
i : ! i L 7T
| | i vl
i [ (A R I [ U SR
1877, } in. ° ‘ l ‘ ; |
"June ... L3012 | 197 11016 20.65 | 548 o021 0.0364 +0.58 ....oioiians [N X7 L D S 3 ,,,,,,,,
| | !
Sept.andOct. 30.22 | 120 ] 1010 29.92 | 549 .0% 0.0469 © 4-0.91 : 0.03 —0.02 | 0.0259 | 0.0254 0.0252  4.0002
15,08 | 18811013 14.89 | 3.8 .0205 L0270 .39 46— .07 | .0IBB | .0175 o182~ 7
} 490 | 2051010 4.00 ¢ 223 .023 . 0146 BEN 15§ —.02| 0117 .0110 0130 0
L0 20313080 148 122 .02 0084 .09 | 05 |+ .04 .0083| .0u73 0086 4 7
{050 20.5 ] 1019 048 071.0845) o048 + .02} W02 1 .00 o042 | L0044 0044 0
‘ 0.25 | 20.6{1.0191 025 0.50].027 L0082 | — .03 | 01 | —.04] .00s0( o029 0035 i— 6
M | : ! ¢ ¢
! | ¢ : | . !
December...| 20.81 | 10.5!0.984 = 30.30 : 5.47 | .0225 | 0.0470 | 41,05 | 0.95 | 4-.10 0.0950 | .0257 0.0251 i D006
| 27.20 | 10.4 0.98¢ 2764 . 5.23 | .018 0421 0.8 87— .03 .0270| .0265 .6240 25
. 2245 10.8 . 0.985  22.80 . 4.75 | .017 (0327 5T | LTI — .14 .0230 | .0208 0218 — 13
;1502 10.510.984 ' 1526 ; 3.88 | .0185 (0264 .50 ] 48 .02 L0171 L0175 82— 7
‘ 7.46| 9.8 J 09827 760 2.74(.021 L0176 .19 24 | —.05| .0136| 0126 0132 — 6
| o075| 9.9!0982 076 0.87].022 0062 01! 2 — o1 | eose | 0055 L0051 5
1 0.40 | 10.0 ‘ 0.983 °  0.41 ; 0.63 | .023 L0046 | .01 o1 b 00| L0045 | L0043 L0040 4+ 3
! {
1878, . e 1 |
Apr. and May} 2092 | 35.7 1072  97.01° 5.4% | .0I86 | 0.0400 | 0.4 | 0.87 | — .03 00243 | 00238 0.0249  {— 0011 |
i ‘ | ;

From the calculated b and ¢ we obtain values of ¢,, which are given in the following tables.
For the observations of June, 1877, without the bell-glasses, the values of b and ¢ given by the
observed decrement of arc, were used unaltered.
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—PENDULUM AT HOBOKEN, JUNE, 1877.—CALCULATION OF ¢,.

[Quantities in brackets correspond to observations not on the even thousandth, hut on ares differing a little from

those given in the first column.
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UNITED STATES COAST SURVEY.—PENDULUM OBSERVATIONS AT HOBOKEN, SEPTEMBER-OCTOBER.
1877.—CALCULATED ¢, FOR EACH SWING.

Full pressare.

¢ -

Sept. 27.°
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29 6.0
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UNITED STATES COAST SURVEY.—PENDULUM OBSERVATIONS OF DECEMBER, 1877.—CALCULATIONS
OF #, FOR EACH SWING.

D = Demsity of the air compared with one absolute atmosphere at 0° C.
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PENDULUM OBSERVATIONS OF DECEMBER, 1577.—CALCULATION OF t, FOR EACH SWING—Continued.
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UNITED STATES COAST SURVEY.—HIGH-TEMPERATURE EXPERIMENTS AT HOBOKEN, APRIL AND
MAY, 1878.—CALCULATED ¢,

HEAVY ENI» UL, ! TMEAVY END DOWN.

: : : ; = i T

3 51 & & s S oA I
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REDUCTION TO A VACGUM.

1t is not usual to reduce observations with the reversible pendulum to a vacuum, because the
formula for combining the results with heavy end up and heavy end down, namely,

7= Taha =T, A,

hy—h, .
is supposed to eliminate the atmospheric effect; and it really does so if the hollow bob is staunch.
Nevertheless, there is a great advantage in reducing to a vacnum, for in that way we may use the
reversible pendulum as two invariable pendulums, combining them by the formula

— T, by + T, I,
T= ket R,

In our pendulum %, :h, = 7:3; hence, the usual formula gives a T which is subject to I of the
error of T, and # of the error of T,, while the proposed formula gives a T which is sabject to only
4, of the error of T, and -3 of the error of T,, so that its error is only , of that of the other.
It is trne that it is somewhat difficult to ascertain the amonnt of the atmospheric correction which
must be applied before the second formula can be used, but it will be shown that it is not impos-
sible. Nor will it be subject to any uncertainty which will be sensible unless under changes of
pressure amounting to a considerable fraction of an atmosphere.
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But it this is so, it may be asked, why use a reversible pendulam at all? The reply is, that we
hiave thus a continual check upon our work: and also a means of studying knife-edge effects, ete.
Moreover, the fatal effect of any accident to the pendulum is thns insured against. Another
advantage of the reversible pendulumm is that the center of oscillation can be ascertained with
exactitude, its position being a necessary datum for caleulating the effect of the atimosphere.

The presence of the air lengthens the period of oscillation of the pendulum in no less than
four distinet ways: 1st, by its bnoyancy; 2d, by being carried along within inclosed parts of the
pendulum; 3d, by the hydrodynamic effeet of its pressure; and 4th, by its viscosity.,

In reckoning the buoyancy of the air, it will make a good deal of difference whether the hollow
bob is open or tightly c¢losed. It should be quite staunch; otherwise, the atmospherice effect is not
eliminated. 1f it be so, the air it contains is to be considered as a part of the pendnlum; otherwise,
not. It is believed that our hollow Dob is tight. To ascertain the volume of this air, we have to
consider that if the hollow were filled with brass the center of’ mass would be at the center of figure,
The existing brass whose center ix at a distance § (h, — h,) from the center of figure and the brass
whiel would be required to fill the hollow bob and which would be at the distance, say o (which
can be measured), trom the center of figure, would then be in equilibriuin about the center of figure.
Henece, their volumes are in the ratio of § (h, — k,) too. 1t is necessary to assume a density for the
air in the bob. Then the mass of the pendulum obtained by weighing and corrected for the buoy-
ancy of brass in air must be further increased by the mass of air in the hollow bob, by multiplying

it by
3 (ho—h,) o3
1 2
( + 0 P1>

where p, is the supposed density of this air and gy is that of brass; and this corrected mass of the
pendulum must e used in all the corrections affecting the inertia. The value of &, — k, must also
be diminished by the ratio of the mass of air in the bob to the correeted mass of the pendulum
multiplied by (20 + &, — %,). These corrections being applied we shall have (putting p, for the
density of the circamambient air)

_ [ a4 N, —h
oy e [ A

and a similar formula will hold for T, replacing %, by %, in the denominator.

Besides the air in the hollow Lob, a large volume is inclosed within the open tube which forms
the stem of the pendulum. The volume has to be calculated from the measured dimensions of the
tabe. Let this volume be o, and let its radius of gyration about the center of’ mass be r.; then the
formula for the period will be, with heavy end down,

=@yl (1470 0 13 ek BT,

and with heavy end up the same formuia will hold after substituting &, for k, in the denominator.
The ! h, in the denominator is best replaced by (I? 4 k?) where T is the radius of gyration of the
pendulum about its center of mass. This quantity can be ascertained by an approximate rednetion
of the times of oscillation to a vacuum.

Thirdly, the ordinary pressure of the atinosphere, due to its weight, makes the pendulum carry
air with it, and increases its inertia. This effect was first discovered by du Buat, but particular
attention was brought to it by Bessel. It has been subjected to mathematical analysis by Green,
who has given the formula for the period of oscillation of any ellipsoid making oscillations, very
small as compared with its own dimensions, in an infinite incompressible fiuid. The air is suffi-
ciently incompressible under the gentle movement of the pendulum, and the limitation to very
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small oscillations, though particularly insisted on by Green, is probably immaterial. His formula
is as follows:
Let the equation of the ellipsoid be
oy R
atpte

and let z be in the direction of the oscillations. Then calculate the quantity

J V@ 17 G+ (@ +)
and the effect in question will be as if the inertia of the ellipsoid were increased by i L i—F" LB 2.

When the ellipsoid is one of revolution, the integration can be effected in finite terms.

If a = ¢ (that is, if' the oscillation is in the equatorial plane) put g = cos m, and we have

F=f}~mtem?w<#,2_w-f —-1).

sin 2 w

This formula is suitable for an oblate spheroid. If it is prolate, imaginaries are avoided by put-

ting % = ¢os8 », when

F = 4 cosec v (1 — €08 w . cotan o . log tan <%) + L‘)’))

. . b
If b = ¢ (that is, if the oscillations are on the polar axis), put w = cos @, and we have
F = cot 2w (cosec o . log tan (? + ;’) -1 >

This formula is suitable for a prolate spheroid; for an oblate one, put % = cos » and we have,

.

F = cosec w (1 — L)
tan w

‘Wheu the ellipsoid becomes an infinite ¢ylinder swinging iransversely, we readily see by the
second equation that ¥ = 4, and the coefficient of the effect is unity. In the case of a sphere, all
the equations have indeterminate forms. We nay consider the last as being the simplest. When
w is made infinitesimal this becomes '

F= oy (U wre) =

Hence, the coefficient of the effect is 4. In the case of a plane oscillating tangentially, the first
equation shows that F is a zero of the second order, so that not merely the coefficient, but also
the whole effect, vanishes. The same is true of a cylinder oscillating longitudinally. In the case

of a circular disk oscillating normally, we have to put in the last equation » = r%) It will be con-
venient to substitute ¢ = @ — o and then put ¢ infinitesimal, This gives us

F:sec’g{r(l-—(@;—qb)ta,n‘y)
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Then, the coefficient of the effect is
F

=

1
¢

@1 Lo

If R be the radius of the disk, the volume of the infinitesimally thin spheroid is § R* ¢. Hence,

o
the effect is = é R® The effect for the sphere erected on the circle is ‘1) % R*. Sothat we find

that the effect of the circular disk is % that of the sphere erected on it.

The following little table will show the run of the function :

- ji |
= EQUATORIAL OSCIL- |  POLAR USCILLA- ’
= LATIONS. . TIONS. !
E i [
3 = T X . . i
g £ g £ SO
g . g . § i
g, e | g A
2 | BE 0% £ g, |
<t | £ | i4 HEE
ES | EF | EE . 23 3E
S b= Bt P £5 |
= = o ] ] -
= =% | %% = =T
- =2 0oz <3 z
£ £E =] £E E= !
=3 = <4 =4 c ‘
& & & & & !
- |
0 0.000 L !
| |
3 0.174 42,374 )
. 178 shs |
Y 0.310 1115~ |
L6l G 253 |
1 0. 500 C0.500 ) |
114 s5e |
2 0.704 osame o Z3E
122 o ok |
4 0. 860 boeos2 |< !
o 1. 000 0. 000 ’

On examining this table, we see that, in reference to equatorial oscillations, 1st, the flatter the
spheroid the less the resistance not only absolutely but relatively to the displacement (or cross-sec-
tion, which, in this case, is in the same proportion); 2d, that this change of the coéfficient with a
change of shape of the spheroid is greater and greater the flatter the spheroid and less and less the
longer it is, until it must soon become insensible. This shows that a moderately long cylinder may be
treated as infinitely long; nay, more, that a moderately long ellipsoid may be treated as an infinite
cylinder, the small amnount of air which flows over its ends not relieving the flow of the rest, pereept-
ibly. But the flatter the ellipsoid the sharper becomes its edge, which quickly sheds the air. A
short ellipsoid thus bears but a very slight resemblance to a short cylinder which has no such edge.
Yet a large proportion of air must flow over the ends of a short cylinder. Aeccordingly, in the
absence of any mathematical analysis, it is difficult to treat an object of this form. The effect of the
shedding of the air is shown in the table relating to polar oscillations. We see here that the more
prolate spheroids not only resist less proportionally to their bulk (the cross-section remaining the
satme), but also less absolutely. The ratios of successive numbers here for bodies nearly spherical
are about the squares of those in the other table. FHere, as before, the sharper the points the greater
and greater is the effect of further.sharpeuning, and vice versa. When the spheroid is moderately flat
the absolute hydrodynamic effect is nearly the same as for a circular disk; when it is moderately
pointed the effect, relative to its volume, is very smull, but, in comparison to its own magnitude, is
very variable.

A rough estimate of the effect on a short ¢ylinder oscillating transversely may be obtained as
follows: First, compare the effects on a sphere and a cylinder having the same volume and resist-

9
ing section. The ratio of the diameter to the altitude of such a cylinder will be 355 ©°, ornearly
1.09. This cylinder will undoubtedly have a greater resistance than the sphere and less than a cir-

U 4
cular disk equal to the diametral section of the sphere. But the effeet on the disk is only o’ or
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about 1L.27; so that if we take the effect on the cylinder as 1.18 (for it must be somewhat nearer
that on the disk), we cannot be very far out. This would be supposing it to carry 0.59 of its dis-
placed air. This is about the same that is carried by a prolate ellipsoid whose axes are in the ratio
of v2:1. A shorter cylinder must carry less air and a longer one more, relatively to the volume.
But the difterence cannot be so great as the difference of ellipsovids from the sphere. We may con-
sistently suppose that every cylinder carries as much air as a spheroid of the same volume, the
ratio of whose polar axis to its equatorial diameter is +/2 x 1.09, or 1.54 that of the ratio of the
altitude to the diameter of the eylinder.

Stokes has shown that the hydrodynamic effect is largely increased by the walls of the vessel
containing the pendulum. In the case of a sphere of radius o in a spherical vessel of radius b, the

3 D a3

ratio of increment is Z’,);;E—“dﬁ,—' + In the case of an infinite cylinder in a eoncentric vessel, the ratio

2 2
is Z—Q:Egz - For large values of b these expressions coincide. The case of an ellipsoid in a cylin-
drical vessel has not been solved; but an estimate of the effect may be made, as follows :. A eylin-
drical vessel would probably act on an oscillating sphere to one-half the amount of a spherical
vessel of the same diameter; but if the oscillating body is an oblate spheroid, whose polar axis
coineides with that of the wvessel, the vessel has relatively less effect, because most of the air
escapes in that direction. In the case of a sphere, half the air escapes toward the sides and half
to the top and bottom. If the ellipsoid, instead of having the coefticient of the hydrodynamical
effect 3, like the sphere, has only 3, we may say that only § escapes in the equatorial direction and
is affected by the cylindrical envelope. In geueral, therefore, we may estimate this small quantity
sufficiently by multiplying the correction for the sphegre in a spherical envelope by the coefficient
of the hydrodynamic etfect.

In the fourth place, even if the air had no weight and consequently no statical pressure, it
would still affect the motion of the pendulum in virtue of its viscosity. This effect forms the subject
of a fine investigation by Stokes. He shows that the viscosity of the air causes a decrement of the
amplitude in a constant ratio. This is the cause of the phenomenon represented by the second
term of the equation

Dé=w—a—bd—cd

In the case of an oscillating sphere this part of the decrement consists entirely of two terms,
one proportional to the square root of the viscosity and the other to the viscosity itself. In the case
of an infinite cylinder, two similar terms constitute the bulk of the effect. In the case of a plane
oscillating tangentially, only the term proportional to the square root of the viscosity appears. In
all three cases the formulwe of P'rofessor Stokes exhibit a remarkable relation between the effect
on the decrement of the arc and the effect on the period of oscillation; namely, that that term of
the former which is proportional to the square root of the viscosity is identical with the only con-
siderable term of the latter. In fact, the viscosity introduces into the differential equation of the

. . ds . d%s , ; .
motion a term in g+ and a term in ae The former of these has a part which varies as the square

root of the viscosity,. and the coefticient of this part is equal to the coefficient of the term in
d’s
ae’

By the viseosity is here meant what Stokes terms the index of internal friction and Maxwell
the kinematical viscosity. It is the quotient of the retardation of the velocity at any point of the
fluid caused by the excess of the velocity at this point over the mean velocity in the neighborhood
divided by this excess. Analytically defined, it is
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The dependence of the viscosity of air upon its pressure and temperature has been one of the
chief objects of physical inquiry in our day. That it is inversely proportional to the pressure is
fully established, this being equally the prediction of the kinetical theory of gases and the result
of all the experiments, whether those by (Graham and Meyer and Springmiihl on transpiration, or
those of Maxwell and others on the oscillation of plane surfaces. In respeet to the dependence
upon temperature, opinion does not seem to be quite unanimous. Nevertheless, the experiments of
von Obermayer, of Kundt and Warburg, of Wiedemaun, of Holinan, and of Puluj, all concur in
showing that, in the case of air, the viscosity as here defined varies nearly as the I power of the
absolute temperature.

Inasmuch as the function of the viscosity always appears in the formule multiplied by the
density of the air, it follows that the logarithmic part of the decrement will appear as two terms.
Namely, for heavy end down
k v
by = Y ™ 4 %, 71;
and for heavy end up,

k Vp
buzm 1‘"-{—1—};’ ¥

T k p
4T == Th Ve
and for heavy end up,
T &k Jp
. o lh, V<’

It must be remembered that this supposes b to be expressed in parts of the radius, it being an
angular quantity. )

The theory of Stokes supposes that the friction between the air and the pendulum is not
infinitely less than that between two layers of air, so that no slipping of the air over the pendulum
can take place. He adduces some facts in support of this hypothesis, but Messrs. Kundt and War-
burg showed in 1875 that this is not true. It is, however, easy to show from their observations
that the mmmount of slipping is insignificant. They find, in fact, that the coefficient of slipping,
which is the depth to which the solid must be considered to be composed of air in order fo account,
on the hypothesis of no slipping, for the degree of motion on its surface, is inversely proportional
to the density and is at ordinary pressure and at the freezing-point of water equal to ; of a micron.
Cousequently, even at a pressure of only £ of an inch it would only amount to +4; mm. Now, as
the radius of the stem of the pendulum is 2 cm, the friction could not be reduced by this slipping
more than 1 dss part, which is quite imperceptible.

It has been rendered probable by Stokes that a large envelope about the penduluw will not
much affect this correction, but this will not probably be the case when the pendulum approaches
near to the envelope in swinging, and the rate of decrement is our enly guide in the matter.

It is, now, necessary to apply the general formule to the calculation of the values of the coef-
ficients of the atmospheric corrections.

The effeet of the bnoyancy of the brass is half the ratio of the moment of gravity on the dis-
placed air to its moment on the pendulum. All these calculations will be made in C. G. 8. absolute
units. We are, however, unacquainted with the absolute wnit of temperature, and it becomes
necessary to adopt one. The unit chosen will he 273° 4 15° = 288° of the Centigrade scale; so
that the absolute zero being taken as zero, 15° C. will be a temperature of unity. This choice is
made because 15° C. is the mean temperature at which it is desirable to make pendulum-experi-
ments. Centigrade degrees will always be spoken of, but = in the formul® and caleulation will
denote the absolute temperature divided by 288 Centigrade degrees above the absolute zero. The
coefficients of pressure will relate to ONE ABSOLUTE ATMOSPHERE, by which is meant one million

8. Ex. 31—34
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grammes per centimeter (second)®. This may be converted into the pressure of a height of mercury
by a caleulation like the following:

Names of quantities. Numbers. Logarithms.

Density mercury at 0° C. compared with water at 4. .. __. 13.5959 1.133405

Absolute density of water at 4°... ... e e 0'99999@%‘)‘3 —4

. Multiplying, Absolute density of mercury at 0° ...... . .. ... ....... 13.595”\(,-0%%3 1.133401
Fravity at Paris (60" elevation) ..... . ........... . ... 980.88 % 2.991616

.. Multiplying, Absolute specific gravity of mereury at Paris............ 13335.70"'%”(2’)2 4.125017
One absolute atmosphere .. ... ... .. ... ._..... ..... 100000()c ,f(l;)z 6.000000

. Dividing, Oneabsolute atmosphere expressed in centimeters, pressure
of mercury at 0° at Paris at elevation of 60™ .. .... ce.. 74986 - 1.874983

This is equal to 29.63 inches pressure at Hoboken at 15° C. At London it is less by 0.03 inch,
a quantity which produces hardly a perceptible effect in the time of oscillation of the pendalum,

To find the density of the air under this pressure, we have, according to the cxperiments of
Regnault (Wiillner’s Experimentalphysik, 3ter Band, 3te Auflage, 8. 133), the absolute density of
dry air free from CO, at 0° C. and pressure 76 ¢m at Paris (6™ elevation), 0.0012932. This sup-
poses a slightly different absolute density of water from that above assumed; but that is a matter
of no consequence. Then we have

Log.
Density dry pure air at Paris, standard atmosphere .................. 0012932 7.11167
Centimeters, pressure in Paris, standard ........ ... .. .. .. . .. ... 76 1.88081
Centimeters in absolute atmosphere .. ... ... . . . _. 74.986 1.87498
*. Density pure dry air at 0° C. under one absolute atmosphere. . ... ... _. .0012760 7.10584
ome
Absolute temperature of 0° C, = ‘;T;g ......................... e e 9,97677
- Density pure dry air at 15 C. under one absolute atmosphere ..... .. .0012095 7.08261
Correction for usual amount CO, (1 4 .529 x 4 X 1074 ... ... ... ... . ... ... 0.00009
<. Density common dry air at 15° C. under one absolute atmosphere. ... .. 0012097 7.08270

The moisture was not observed during the pendulum-experiments but is believed to have been
as much as would be contained in air at a little less than § saturation at 15°; or say that the density
was diminished by 3 thousandths. The density of the air taken may then be taken at .001206 at
15° C. under a pressure of one absolute atmosphere.

Our pendulum never having been weighed in water, it is necessary to estimate its density.
The brass of which it is composed may be supposed to be of the same density as that of the Prus-
sian pendulum-meter, which density is given by Bruhns as 8.5. But the pendulum contains a
certain amount of steel. The knives have as their dimensions 9.55 x 1.8 x 1.4, the product being
24 (em)’. A part is beveled off, but other steel about the pendulum will make up nearly the amonnt.
The entire volume of steel would be therefore 48 (em)®. We may take it at 45 (cm)>.  Assigning to
steel the density 7.82 the mass of steel would be 352 gr. The entire mass of the pendulum has
been ascertained by weighing to be 6308 grammes. Subtracting the mass of the steel, we have
for that of the brass 5956 grammes. Dividing this by the assumed density of the brass we have
701 (em)’ as the volume of brass, and 746 (cm)® as the total volume of the metal in the pendulum.

6308\ 546 8T

Then for the denvity of the metal we have 16 (om)”"
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But a part of the pendulum is the air within the bollow bob. To find the volume of this, we
have the following data, obtained by measurement:

hy — h, = 39.292

0 = H9.25
We then caleulate as follows:
B (hy = ) e e t 19606  1.29438
7 U 39.25 1.77269
Ratio volume hollow to that of metal .. ... .. ... ... .. 0.3324  9.52169
Volume metal. ... ... . . .. ... ... .. ........... 746 2.87276
Volume hollow. ... .. . .. ... ... . ... ... ... ... 248 2.39443

The accuracy of this caleulation can be checked by another. The hollow of the bob is a
cylindrical ring. The thickness of the metal is said to be 0.1 cm. The exterior diameter of the
bob is by accurate measurement 11.4 cin. Its interior diameter wonld, therefore, be 11.2 em. The
exterior diameter of the stem on which this ring fits is 4.33. Then the inmer diameter of the hollow
ring would be 4.35 em. The exterior height of the bob is 3.175 cm; then, its inner height would
be 2.975. Calculation from these data gives as the volume of the hollow 243 (emn)?; thus confirming,
in some measnre, the density of brass assumed.

The total volume of the pendulum, so calculated, is 994 (em)®. Then the absolute density of

the whole is 6.35 /oo,

(om¥* And the ratio of the density of air at 15° and under pressure of one abso-
/

206
lute atmosphere to that of the penduluwmn is 931{506 A0001900. To get the effect of buoyancy with
heavy end down and up, this ratio is to be multiplied by one-fourth the distance between the knife-
edges (which is 100,01 ¢m), divided by the distance of the center of mass from the point of support.
This gives, for heavy end down and up, .0000652 T,, and .0001565 T,. Even should the density of
the brass be in error by 2 per cent., the resulting error in the relative gravity of two stations, where
the barometric difference was 5 inches, would be inappreciable with heavy end up (much more with
heavy end down) in the sixth place of decimals.

All the remaining parts of the atmospheric effect are inversely proportional to the moment of
inertia of the pendulum. Experiments to be described below show that in vacuo at Hoboken at
15° C.

T2 1.012045

T = 1.011465

T2 — T2 = .000330

3 (T2 4+ T2 1.011755

f

Then it follows that the square of the radius of gyration about the venter of mass is

2
hy h, ( 1 + T4 T2 hy — h,
YRRV

From this we find the two radii of gyration to be v¢963.0 and V30333 centimeters; and the
two moments of inertia, the mass being 6308 gr, are 4392 x 10 gr (cm)? and 1913 X 104 gr (em)”
To find the effect of the air in the tube forming the stem of the pendulum, we have the following

data:

Centimeters,
Diameter of tube. ... ... .. e 3.99
Tength o e 123.6
Distancecenter to knife. ... ... ... ... ... s 56.00

Square of radins of gyration of the pendulum about its center of
mass parallel to knifeedges............. ool 2111
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This gives for the solid contents of the tube 1515 (cm)?, for the square of the radius of gyration is—

(50.00 + % (B 99)* (1 3(’ ) = 3774 (em).

The two moments of inertia of the pendulum are, with heavy end down, 4387 X 10¢ gr. X (cm)?,
and with heavy end up 1911 x 10% ¢r X (em).  Whence the effect of this air is to add to the times
of oscillation .0000786 T, and .0001807 T, respectively.

We come now to the hydrodynamic effect. The greater part of this is due to the stem of the
pendulum. This is a cylinder whose dimensions are—

Centimeters.
Length. .. ... oo e 123.8
Diameter .. ... .. el .. 4.33

From these data the solid contents are found to be 1823 (em)®. Its radius of gyration being
slightly greater than that of the tube, may be taken at v 3779 em. Then, the air having the
standard density, the moment of inertia is 8310 gr (cm)?, and the effects on the periods of oscilla-

tion will be
0000946 T, and .0002169 T,.

‘When the pendulum is on the Geneva stand, the effect of the walls of the cylinder have to be
taken into account. If the bells are not on, only the 90 middle centimeters of the stem are affected.
The square of the radius of gyration is thus reduced to 3176 (¢m)? only 84 per cent. of that of the
whole cylinder. The solid contents are only .727 of the whole, and hence the atfected moment of
inertia is ouly .727 x .84 = .61 of the whole. The diaumeter of the eylinder is 25 em. Hence, the
coefficient of correction is 2 (‘?5)‘(—4_31()135, x .61 = .0377; which gives for heavy end down

and up
0000036 T, and .0000081 T,.

Bat when the bells are on the whole is affected, and the corrections are
.0000058 T, and .0000134 T,.
The two bobs are not precisely of the same size. Their dimensions are

SOLID BOB. HOLLOW BOB.

Centimeters. Centimeters.
Diameter. ... .. coun e e e ... 1148 11.42
Height. .. ... .. ... . ... . ... e 3.25 3.18
Their solid contents are
336.3 (em)? 325.0 (cm ).

But a part of this volume has already been reckouned as a part of the stein of the pendulum.
Owing to the influence of the re-entrant angle at the junction of the bob and stem, which must
cause an increase of the effect, it will be better to leave this core as a part of the stem than to
include it in the bob. The volume of this core is -

© (4337 (3.18) = 46.8 (em) for the light bob
and ¢ (4.33)% (2.23) = 47.9 (em)® for the heavy one.

|

Subtract these from the volumes already obtained, we get as the true volumes

278.2 (cm)® for the light bob
and 288.4 (cm)* for the heavy one.
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The squares of the radii of gyration of these bobs about their centers of mass, parallel to the
knife-edges, are

§ (50 L2y | @IS

10.16 (em)?

4 3
4 ( (£357 4 (L8P B8 = 1029 (emp,

The center of each bob is distant 9.283 cm. from the nearest knife-edge. Henee, the squares of the
radii of gyration about the near knife-edges are

(9.283) + 10.16 = 96.33 (cm)? for the light bob.
(9.283° + 10.29 = 96.46 (cm) for the heavy hob.

And about the far edges the value for both is
(109.287 4 10 = 11954 (em)2

Then, using the standard density of air, we find for the moment of inertia of the air displaced
by both bobs, with heavy end down, 4190 gr (cm)*, and with heavy end up, 4045 gr (em)%

To calculate what proportion of the displaced air is to be considered as carried along, we first
find the ratios of the axes of both cylinders. These are—

For the ight bob ... ... . .. .. ... e e 278
For the solid bob ... . . e 283

These are to he multiplied by 1.54, to find the cosine w. We thus find « for light bob 64°.6 and for
the heavy bob 64°.1. 1lence, we find, by Green’s formula, for the coefficient of the effect, .278 for
the solid bob and .272 for the hollow one. This gives for the effective moments of inertia,

With heavyend down._. ... ... (... ..ol 1244 gr. (cm)?
With heavyendup ..., ... ... ... ... 1185 gr. (cm)?.

‘Whence, the effects on the time of oscillation are
0000141 T, and .0000310 T,.

Putting 27 ¢m as the diamneter of the bell-glasses of the Geneva sapport, it appears that their effects
upon the correction for the bob are

0000021 T, and .0000046 T,.

‘We have now taken account of the following amounts of displaced air:

Displaced by the stem...... ... . ... ... . ... eeee. 1823 (em)®
Displaced by the light bob.. ... ... ... .. ... .. ... 278
Displaced by the heavy bob...... ... ... .. .. L. 288
Total ... .. e e e e eeeeeieaan 2389 (om)®
But the whole amount displaced by the pendulum may be reckoned thus—
Displaced bymetal . ..... ... ... ... ... ....... e, 746 (cm)?
Displaced by hollow of bob ...... ....... e iaaee e e 248
Contents of tube of Stem . ... ... oo i it it 1533
Inclosed in frames .......... .. .. .......... e e 16
Total. .o e e 2543 (cm)®

There remain, therefore, 154 (em)® displaced by the knives, and apparatus for holding them, by
the collars which secure the bobs, and by the little eylinders at the ends of the pendulum. The
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position of the center of mass of this air may be estimated as 3 cm outside the knife-edges and its
radius of gyration about its center as 2 em, The hydrodynamic effect should be taken as equivalent
to carrying the displaced air, as a part of this air enlarges the cylindrieal stem and the rest is so
shaped as to offer very great resistance. Hence the effects are

.0000105 T, and .0000241 T,.

It we, now, add together the various parts of the effects of buoyancy, of inclosed air, and of air
carried outside, we have the total calculable etfect proportional to the atmospheric density, as follows :

Heavy end down. Heavy end up.

BUuoyaney -....ceociiiii iiei i 682 x 10—7 1565 x 107
Air within stem ....... . ... ... ... ... ., 795 1826
Air within frames ... ....... .. ... ... 24 70
Air without stem. .. ... ... ... ... ........ 946 2169
Air without bobs._ ... ..... ... ... il 141 310
Air without knives, ete . ....... .. .. ... ... 105 241
Sums. . ... .. 2693 6181

‘When the pendulum swings upon the Geneva support without the bell-glasses we have to increase
these effects by

Effect of eylinders..... ... . ... .. ... ... 30 71
Sums. .. 2729 6252

When the bell-glasses are in place we have in addition

Effect of bellsonstem . ... ... .. .. ... ... 22 53
Effectof bellsonbobs .. .. ... .. ... ... ... 21 46
118 11T S 2772 6351

The result of this calculation is probably a little too small, owing to neglected terms, and can
hardly be too large.

The calculation of the etfect of viscosity on the time of oscillation depends on the variation of
the decrement of the are with the pressure. Experiments were made upon the Geneva support at
Hoboken at various pressures. The observations of are made during these observations, as
has been explained above, were reduced according to the formula

D= —b®—0c 0,

a being supposed zero in order to diminish the number of unknown guantities. The coefficient ¢
was supposed proportional to the density and one factor was taken for all the experiments, while b
was left to be determined independently for each. The result is that all the abnormal variations
of the decrement which are considerable are thrown upon b, so that the latter presents an appear-
ance of greater irregularity than properly belongs to it. The results of these experiments are
shown in illustration No. 37¢. Those with heavy end down have been brought to heavy end up by

h s R .
multiplying them by hj - Thetime is expressed in minutes; the pressure in inches pressure at 15° C.

at Hoboken. It will be seen that the observations satisfy sufficiently well the formula
b= .0013 = + 00435 p* -1

When the bell-glasses were removed, the time of decrement was noticeably increased; but this
is partly due to the change in the value of ¢.  Upon the Repsold support there is scarcely any sen-
sible difference between the time of decrement from that in experiments of the Geneva support with
the bells removed. This is shown on illustration No. 36. To compare the observations of arc at
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Paris, Berlin, and Kew, with those at Iloboken, they were recalculated with only three constants.
These as corrected by least squares are

b = 0001082 (units: one second of time and one minute of arc.)
¢ = 000001125

|

ty, reckoning from 1° 10/ = 8001%. The agreement of these values with observation is shown below :

¢ {Obs.) ¢ (Cale.) C—-0
130/ 1297.96 —0.04
110 109 .85 — .15
100 10017 + 17
80 80.05 + .05
70 69 .89 - 1
50 49 .91 — 09
40 40 .12 + A2
Reduced to decimal parts of radius, minutes of time and heavy end up, these values become
b = 0.0214, ¢ = 0.76.
Observations of June, 1877, at Hoboken, give
b = 0.0242, ¢ = 0.58,
Allowing the European observations a weight of 3 and combining the values of ¢, we have
¢ = 0.72.
Substituting this valne, we find for b at Paris, Berlin, and Xew....................... 0.0224
Andat Hoboken. ...... ... ... o0 oLl 0.0212
b (weighted mean)........ ... .. ... ool = 00221

The curve drawn in illustration No. 36 is calculated from the European coefficients, and the
agreement of the observations taken at Hoboken before the bell-glasses were put on is shown by
the near coincidence with it of the points distinguished by crosses. The points distinguislied by
gircles are obtained from a combination of all the observations taken in 1877 with the Dells on,
when the pressure was about 30 inches. The ¢, taken in each case was the one that made the mean
excess over the curve equal to zero. The influence of the bell-glasses in arresting the motion of
the pendulum is thus very strikingly shown. The value of b, with the bells on, under a pressure
of 30 inches, appears by the above formula to be 0.0251 for a minute of time. The mean of the
experiments with bells off, as just shown, gives b = .0221; so that we may assume that the viscos-
ity effect is one-seventh larger with the bells on than off.

To calculate the effect on the period of oscillation, we take the eoefficient 00433, we multiply
it by v29.63 to bring it to one absolute atimosphere, we divide it by 60 to briug it to seconds, and
finally we divide by @), and we get as the effect, with heavy end up, .0001256 T,. To find the effect

by

. . J . . .
with heavy end down, we simply multiply by e which gives 0000548 T,. When the bells are

A

off, 7 of these values are to be taken.

At excessively low pressures the whole theory of atmospheric viscosity fails, because the fun-
damental hypotheses are then violated ; and, therefore, the real effect of viseosity at § inch press-
ure will probably be somewhat smaller than calenlation would make it.

Experiments have been made at Hoboken on the Geneva support, in order to determine the
effect of atmospheric pressure & posteriori. A series of experiments were made in September, 1877,
with heavy end down, and another in December, 1877, with heavy eund up. The duration of each
experiment was generally long, and the agreement of the results is all that could be expected.
These observations were made by Mr. Farquhar. The temperature, during the September experi-
ments, was about 20° C.; that during the December experiments was about 10° C. They have
been corrected so as to bring them exactly to these temperatures. The results of these experi-
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ments are exhibited on illustrations Nos. 37a and 37h. It will be seen that the sidereal time of
oscillation, with heavy end down, satisfies the formula

8.
T, = 1006072 4 00000985 p 4 .0000081 /p;

and those with heavy end up, the formula
T, = L005740 + 00002264 p 4+ .0000234 /p,
where p is the pressure in inches at 150 C.
Taking one absolute atmosphere, or 29.63 inches, as the unit of pressure, and reducing the
coefficients to 15° C., we have the general formulee,
8.
T, = 1.006027 4 .0002969 1:) + .0000442 %;l),

-
T T

T, = 1.005785 + .0006598 £ 4 .0001271 %;B.
T T
The values which we have obtained a priori are
T, = + .0002789 ? + .0000551 T://?’
T, =y + .0006388 £ 4 0001263 VP,
T T

The difference between observation and & priori calculation is perhaps not greater than ought to
be expected. The values which have been used in the reductions are

T, = + .0002017 2 4 0000512 y’,

T T
T, =y + .0006694 ? 4+ .0001175 ép.
- T T

These values were used before the last calenlations of the & priori values were completed, and

it was not thought worth while to change them; but the & priori values are yreferred.
COEFFICIENT OF EXPANSION.

The coeflicient of expansion of the pendulum has been determined, by comparing it directly
with a meter obtained from the German lmperial Eichungsamt and there designated as Normal
Meter No. 49, and also by assuming it to have the same coefficient as the pendulum-meter, the
pendulum-meter having also been compared at different temperatures with No. 49. The coefficient
of expansion of No. 49 has been absolutely determined by comparison with meter made for the
purpose and marked “U. 8. C. 8.—C. 8. P.—1878,—A.” The comparisons have heen made

Between No. 49 at 13° and A at 3°
Between No. 49 at 3° and A at 13°
Between No. 49 at  4° and A at 4°
and Letween No. 49 at 18° and A at 180

The two meters were compared by means of the vertical comparator belenging to the reversible
pendulumn. They stood in two vertical brass tubes, 45 em. in diameter and 1} m. long, polished on
the exterior and closed at the hottom by a foot terminating in a conical point. One of them rested
in the step designed for the pendulum-meter, and was held at the top in a stirrap, movable upon a
serew in sach a way as to vary its distance from the microscope. The meter rested at the bottom
of the tube in a species of trap, in which it was compressed just sufficiently to hold it in place. At
about § m. from the bottom it was lightly held, by springs on its four sides, into a frame which was
capable of being moved in any direction, by means of four horizoutal screws penetrating the walls
of the brass tube. India-rubber washers and nuts kept the screw-holes water-tight. Opposite the
lines ut the top and bottom of the meter, two windows were inserted in the brass tube, setting into
little sashes formed of brass casting. These windows were made of plate-glass, about 3 mm. thick,
which was carefully selected with a view to the parallelism of its sides, and placed in the sash in
such a way that the slope of the wedge should be horizontal. These glass windows were kept
water-tight by rubber washers, having a brass washer over them screwed down by four thumb-
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screws, At the oppesite side of the tube, a little above the middle of the meter, was a third win-
dow through which a thermometer placed within the tube conld be read. These tubes were fur-
nished with stop-cocks at the bottom, and a rapid eurrent of water was kept running throngh them
during the measuares and for at least an hour previous. The comparator, tubes, and nieters having
been put into perfeet adjustment, the tubes were fixed tightly in their places by screws, and
remained unmoved during the whole of the cxperiments. Tarticular care was taken that they
should not turn on their axes, so as to alter in any degree the eftfect of refraction in the glass win-
dows. The comparator was not fixed, since it was necessarily turned from one meter to the other,
and also changed iun length by a fraction of a millimeter, when the temperature was changed, a screw
being provided for the purpose. The two meters were separated from one another and from the
comparator by means of sereens about 4 mm. thick, eonsisting of light wooden frames with tin-plate
on the two sides, and loosely filled in the interior with cotton batting.

The coefficient of expansion of No. 49 is checked by comparisons at various temperatures with
the platinum meter of the German Eichuungsamt; for the coefticient of expansion of platinum has
been accurately determined by Fizean. .

As one of the most prominent living metrologists has stated his convietion that the coeflicient
of expansion of a meter may be expected to be different in the vertical and .horizontal positions 1t
is proper to examine this question. Let the meter be of brass and let its cross-section be 2 (em).
The solid eontents of this meter will be 200 (em)® and its mass may be taken at 1680 gr. The
modulus of elasticity of brass, according to Wertheim, is 9 x 101 {‘2215:7)2 This is not the same at
all temperatures, however, and judging from the analogy of copper we may suppose it ¢4 part
smaller at 1002 than at 02, If the meter be set up on end the mean pressure of its own weight

¥
is £ 1680 x 981 g(%; - Let the expansion from 0° to 100° be a2/ in the horizontal position. Let the

length of the bar in the horizontal position at 0°°C. be 1 meter. Let it be heated to 1000 C. in this
position; its length will then be 1 4 /. Let it next be placed in the vertical position; then, its
length will be reduced by its weight to

(14 ') (L — 5 x 420 x 109 x 10-1),

Let it, next, be cooled to 02 and its length will be

(14 o) (1 — 33 x 420 x 109 x 10 ) (1 — ).
Let it, next, be brought to the horizontal position, and its length will be

(1 4 o) (1 — 3 x 420 x 109 x 10~) (1 — &) (1 4+ 420 X 109 x 101,
But it is, now, in the original condition so that this length = 1. This gives the equation
2 — x = 42 X 109 x 10-",
a quantity too small to be detected.
The following is a summary of the results of the comparisons between meters A and 49:

Temp. of 49. Temp. of A. A—a9.
o o “

+13 +3 +130.5

3 13 —247.3

4 4 — 58.8

18 18 — 517

These results are all satisfied to the last place of decimals by taking the coefficient of expansion

fhe
of A = 18.95 for 10 C.
of 49 = 18.83 for 10 C,, and
A—49at0°0 = — 593

The comparisons are given in detail in the subjoined table,
8. Ex. 37—35
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UNITED STATES COAST SURVEY.—COMPARISONS OF METERS “A” AND ¢49.”

[ts temperature Centigrade off A, 4, temperature of 49.7

| |
! Diff. from|

i |
: : : i - . : Correvted |
Date. . Time. |3 ({A+te) 382 —tw) A —420 37 to B gatot-5o; A4g | mean !
| i ; ! \ (+130'5)l
| —— = —
ho m. ! ° ° '8 | e ‘ B e i ]
757 45.32 1887 1 0.0 | —121 | {1266 -39 |
8.54 +4. 68 +120.0 | 0.0 . 120 0 13 | L6 z
8.65  44.80 +123.6 —0.1 476 41311 40.6
830 45.25 1142, 0.0 - — 0.5 © 41326  +2.1 |
8.36 4524 1140.8 0.0 | — 91 EEEIN SN
8.88 , -45.2¢ +141.5 0.0 - 91 41324 ! 1.9 !
879 . 4.9 +132.5 —0.1 | +0.4 . 41328 | +2.3
8.91 . 4511 41978 —0.1 | — 42 41335 @ 430 !
911 | 4483 0 41055 . —0.1 | 4253 | 41307 | 40.2
: W, CORT2 4480 +121.1 ~01 & 7.6 | 41286 | ~1.9 |
B 8.22 | 580 41389 ¢ 0.0 | —I1L3 § 41286 @ —L9
B 826 4529 . 41398 0.0 —1L0 : 41288 | -7
15 8.40 -+5. 10 +133.5 6.0 0 — & . 41297 | —0.8
15 | 8.50 | 4305 | 41316 0.0 | - 18 ° 41207 | —0.8
5 861 4506 | |133.4 01 ¢ — 23 +1310 | 0.5
15 581 | a8 | s 0.1 | 460 1217 —2.8
i | H ‘ - — e ;
‘ ; ; | 33108 hAto—50
16 21 00 7.9 & -4.16 0.0, —31.8 ' _o48.4 ~11
16 2 7.98 | —4.95 | 401 7 19 _opry 40.2
16 23 00 742 =502 | 40.1 4 0.8 _246.8 40.5
16 i, . 7.58 1 ~5.09 0.0 . 434 _m80  —0.7
16 0 30 772 4.9 0.0, - 04 2433 ~1.0
16 33 ' g9 —514 ~01 453 —246.3 410
16 ... g9 s —0.1 . -+ 83 _240.9 —~19
16 el Coass —bm ~0.1 © 4121 —246.4 +0.9
16 8 30 0.8¢ | —4.73 0.2 | —10.2 | _—245.6 417
* | ———— .
i "§3t04° §atooe (~58.8)
; , e —
17 2 00 345 1 H0.02 | — 5.2 +0.1 1 —08 | _ a9 ~11
17022 30 0 404 | —0.04 | — 621 0.0  +15 . —606  ~L8
‘ o923 30 | ass | 4o i — 55 ~0.1 | —15 | _ 571 417
! 17 e, 600 . 000 - 610 —0.2 0.0 — 61.2 ~2.4
; 17 L .46 . --0.03 |~ 58.1 —0.3 — 11 | 505 -0.7
' 18 4.06 . —0.02 — 58.5 0.0 4 0.8 — 57.7 411
1B, 3 ' 40 0 —0e1 | - 6L5 e 404 g1 23
18 3 P39 1 000 -~ 57.8 0.0 0.0 | — 518 +1.0
18 3 P4 002 . — 564 00 408 — 556 | +43.2
! o408 | 4m i 000! —k2! 00 00 —582 . 406
i B 420 | 42 0 000 | — 604 0.0 0.0 . — 60.4 ~16
1 1B 4 50 0 48 | 4002 | 569 00 . — 08 _5.7 411
! 15 15 446 0.00 — 574 0.0 0.0 ~ 514 | 14 |
T | { | ' —
i ! [ j §3t018° §At00°] : ‘
! 20, 21 3 | 1819 0.00 | — 57.1 0.0 ! 0.0 | — 5.1 | 401
‘ 20, 21 4 | 1826  40.01 | — 5.0 00 . —04 | —5.4 D2
I 20 22 00 | 1832 000 | — 568 0.0 0.0 | — 568 | 0.4
! 20{ 2 20 | 1845 000 | — T4 0.0 0.0 | — 514 | —0.2
I 200 23 80 | 1865, 4001 — 553 0 —01 | —04 - 558 R
i W| 2B 45| 1870 0.00 - 572 | ~01 0.0 | -51.3 | ~01
i 20 145 | 1872 . 40061 | — 568 | —01 . 0.4 ~ 5.3 —0.1
! 20| 2 15 | 1876 ; 4002 : — 51 —01 @ -—08 | —57.0 | 402
i 2] 380 | 1875 4003 | —5L1 | -0l 11 -8&3 -1l
¢ [

‘
‘
| ' x i
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The comparisons made hetween the GGerman Normal Meter No. 49 and the platinum meter of
the Eichungsamt give
No. 49 — PL M = — 24 4 + 1009 -,
where r; denotes the temperature Centigrade; and the following table shows the agreement of this
formula with the observations communicated by Professor Forster:

T No. 49— P1. M. Same, calc.
© 3 ”
+ 325 + 82 + 84
6.28 39.2 39.0
23.56 2131 213.2

Fizeaw’s coefficient of expansion for platinum is at 0° C., 8%.68 for 1° Centigrade; at 11°¢ (.,
the mean temperature of these comparisons, this coefficient becomes 8,72, Hence the coeflicient of
expansion for Meter No. 49, as deducted from these comparisons, is 18“.81.  This agrees very well
with the absolute determination above given, which may therefore be adopted.

The comparisons between the pendulum-meter and No. 49 are not very satisfactory in their
results, bot they show that the coefticient of expansion of the former is certainly the smaller of the
two. The tollowing table shows the observed results as compared with the formula

U. 8. Pendulum-Meter — No.49 = — 133 — 0“.448 =,

Date. st U, 8.— No. 44. Same, eale. Cale. —Obs.
1878. o " r "
March 20 20.25 — 25,0 — 224 + 2.6
21 19.68 21.2 22.1 — 09
22 20.14 22.9 22,3 4+ 0.6
23 19.93 22.0 22.2 - 0.2
24 16.84 19.1 20.8 — 1.7
25 13.37 19.5 19.3 + 02
26 8.11 17.1 16.9 + 0.2
26 14.07 18.5 19.6 <+ 0.9
27 10.58 16.6 18.0 — 14

The pendulum itself, compared with No. 49 at 35° C., and at 10° C., gives the following equation:
Pendulum — No. 49 = — 191%.5 — 0“.67 ~,.

The coefficient of expansion of the pendulum, therefore, as given by these comparisons, is

18“.83 — 0.67 = 18 .16.

The coefficient of the pendulwm-meter, just found, is :8“.83 — 0 .45 = 18*.38. The mean of

these two values is 18".27.

The coefficient of expansion of the pendulum was also determined from its rate of oscillation at
different temperatures, a special series of experiments at high temperatures being taken for the pur-

pose. The results are given below :
e T i |
: HEAVY ENI} DOWN. HEAVY EXND UP.
‘ ’ o
n Ta o Tu !
R O — i PR —
oo 8. e 5
! Ghaerved val . 858  1L.0068% | 363 1006719
| DREIVEL VRIMER. - v ovvnnrmevmeen e { 19.4 1006400 . 10.2. 1006536
i
| DAFCTCROES wememneeeeeeeeeneenaneens I 164 000137 261 . 000183
{ Correction for atmospheric temperature ... ........ o4 ) [ + 58
: | .000153 | . 000241
1. ! :

Effoct for 19C coooeviiiieiiaan s b !
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These give as the coefficient of expansion—

From oscillations with heavy end down............. ............ 1845
From oscillations with heavy endup........ ... ... ... 18.3

The value 18 .3 has been used in the reductions.

CORRECTIONS ¥FOR THE WEARING DOWN AND ROUNDING OFFF OF THE KNIFE-EDGES,

If 5 kilogrammes’ weight be put upou an absolutely sharp knife-edge of steel hardened in oil
and having a bearing length of 2 centimeters, the steel edge will be erushed until the breadth of
the bearing surface is 1 micron. Accordingly, from the very beginning, a knife-edge will wear
down and ronnd off. The wearing down and the blunting will have very different effects upon the
period of oscillation. ,

The removal of the point of support of a pendulum from its center of mass, will have an effect
which is readily calculated, thus:

R SDE I IO

For a reversible pendulum,
7= hy R,
Hence, we have,

ha—h, dh
dT2=T2 d u 'd
Rtk R

d T“2 - T"2 hfl - hu i d h“
hy+ b, k

u

If a pendulum rolls upon a cylindrical surface of radius p, the instantaneous axis of rotation
is the instantaneous line of contact; and a velocity of rotation about this axis is equivalent to the
same veloeity of rotation aboul the line of contact in the equilibrium position of the pendulum
combined with such a translation velocity along the length of the pendulum as is necessary to fix
the iustantaneous axis; this is 2p sin § ¢. (lft' It follows that the amount by which the vis viva
of the pendulum is affected by a cylindricity of the knife-edge is of the order of p* ¢* and may con-
sequently be negleeted. The moment of gravity is, however, obviously the same as if the axis of

the ceylinder were the axis of rotation, that is, it is multiplied by (1 + ;; ) Hence we have

T = —T? ‘l~).
h

“1f the section is not circular, then obviously some sort of a mean radius of curvature must replace
p. If the section is flatter than a eircle, that is, if the lower parts in repose have the greater radii
of curvature, then the mean radius, and consequently the effect on the period of escillation, will be
greater for small ares than for large ones; while if the section is somewhat pointed downwards the
reverse will be the case.

We know too little of the laws of crushing and grinding to be able to ealculate the radius of
curvature from the amount worn off. Iu fact, the ratio would probably depend on the hardness of
the material. Neither can the radius be measured directly with any aceuracy. But it may obvi-
ously be very large. When the pendulum is first brought down to rest on the edge, why may not
the blunted surface be nearly flat?  If it were so, the small oscillation throngh 4© or 5° eould not
round the edges enough to make the ratio of the radius to the wearing down at all small. Under
these circumstances it is a question deserving consideration and experimental examination whether
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it would not be better to substitute for knife-edges eylinders of measurable diameter—say of 5
niillimeters.

Our own experiments always began with a half-amplitnde of 2% and ended with a haif-amplitnde
of 32 but the time of intermediate transits of the pendulum across the vertical was observed wlien
the half-amplitude veached 132 and 19, The intervals of time between the 22 and 14% observations
were too short to found any conclusions upon; but if we compare the wean period of oscillation
while the are is descending trom 2° to 1¢ with the mean period while the are is deseending from
1° to 4°, we do not find, after the usnal correetion for are, any decided difference between them.
This is shown in the following table:

: PERIONS OF OSCILLATTON, | IFFEREXCE.

: {Corrected for ave, pressute, !

: . e . temperature, amd rate of | ....'
i Station. Position of heavy end. . = =
i time-keeper.) z
: - B
| ! Ave. 29ty 1‘1} Are, 19 10 3%, =
| . = -
S S e e
. N !

| Pari ¢ DowWn coeoieviiia ol 1. 006053 1006050 | —3

2 1 I £ .
o VT 1006195 | 1.00619% s

. ¢ Down. .o C 1403901 1. 005897 -4 '

O § 1 ¢ S

erin U T 1. 066028 1. 006033 5
! e ¢ Down...oooooo L 1. (05931 1. 005950 -1

N -
P VoTp 1. 006034 1. 006056 o
| DOWND o 1. 006355 1. O0G3AR +3
Tohoken. ..o f [

{ Hohoken TPoe e 1. 006550 1. 006545 -

There are, it is true, slight indications here of & correction varying with the amplitude and different
for the Repsold support, used at the Furopean stations, and for the Geneva support, used at Hobo-
Lken; but nothing can be concluded with certainty.

The measures of Tength show, in each case, an increase in the distance between the knife-edges
from station to station. Thus we have—

I
Increase of length from Paris to Berlin. .. .. e 4.1
- Berlinto Kew .. ... . . .. 3.1
Kew to Hoboken ... ... ... ... .. ... ... 3.9

This increase cannot have been in any degree due to the wearing down of the knife-edges, tor the
reason that the measures were made between the centers of the edges, which portions do not bear
upon the support and appear, even now, nearly sharp. The increase is most probably due to aceu-
wulations of cocoa-butter, ete., under the steel of the knives where they bear on the brass. The
effect is, therefore, that of a wearing down without any blunting.

The only indication which we have as to the actnal wearing down and Hlunting is derived from
the ditference between the periods of oscillation with heavy end dowu and up. The difference
will be

20 2
C — 51 Sh — a1 ™

It is highly objectionable to infer the values of <& and p from the nnmbers which are to be used to
determine the foree of gravity. It is fortunate. rherefore, that the whole of the wearing and blunt.
ing which it is necessary fo take account of for the European stations, took place, all at once, at
Berlin, after just one-half of the work there had been done. The change is therefore deducible
from the Berlin observations alone, and that from the difference of the first half and last half of
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them, independently of the mean of the whole. The difterences of T, with heavy end up and
heavy end down, ut Berlin, are as follow:

First four days. Last four days.
0.000153 0.000123
0.000136 .000126
0000131 0.000131
0.000140 0.000123
Mean...... 0.000140 0,000126

When these means are corrected for the measured change of length from that at Paris, they
become

0.000142 0.000128
Now, the same ditference at Paris is—
First four days ... e ia. “'.g(.)()()144
Secoud four days ... ... e 0.000140
Mean................. et cie e 0000142

which agrees exactly with the first four days at Berlin; and the same difference at Kew, atter cor-

rection for the measured change of length from Paris, is—
8

First four days ... .. 0.000128
Second four days .. ... i e e 0.000129
Mean. ... e i e 0.000123

which agrees exactly with the last four days at Berlin. We thus find that it is gqnite unnecessary
to take account of any other blunting in Europe than that which took place at that time* To
sepurate the etfects on T, and T,, we have

BERLIN.
T, T,
s. s.
Firstdays ... .. o e 1.0058980  1.0060378
Last days ... e 1.0058988  1.0060246
Changes. . ... ... ... ... +08 —132

The negatives of half these changes are, therefore, to be applied to the observations at Kew, and
only tihe first 4 days’ observations at Berlin are available. The deduced values of the wearing
down and of the radius of curvature of the section are

dho= 11~5 0= J2#,

These results agree well with direct observations of the edges, which bave been made under a high-
power microscope, with illumination through the objective.

The regular set of observations at Hoboken were made upon the Geneva support, instead of
the Repsold support, which had been used before. Now, it is a matter of observation that the
edges do not even yet, after all their wearing, rest over their whole length upon the Repsold support,
but only near their ends.  On the other hand, on the Geneva support, they rest nearer the middle.
The consequence is that when the Geneva support was used, quite new and unblunted parts of the
edges came into play, so that the edges should have been in the same state as at Paris; and this
will be assumed to have been the case, though the differences of the supports in other respects
prevent a very elose comparison.

* It will be observed that this comparison of the difference of Ty and T, at different stations conld not have been
made if the atmospheric corrections had not tirst been applied.
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The two knives cannot be assumed to be alike, eitlier in respect to the distances of the edges
from the planes of the bearings of the steel on the brass, or in the figure of the edges; but inas-
much as they are interchanged and equal numbers of experiments made in the two positions, this
inequality can have no effect on the final result. But to exhibit the agreement of single days
experiments, the inequality should first be allowed for. In the P’aris experiments and the first
experiments at Berlin, there was no perceptible difference between them. Thus, we find

Excess of time on oscillation on knife 1 over that on knife 2.

Heavy end down, Heavy end up.

8. S.
Paris. . oeen e 4 0.000002 —0.000008
Berlin (first days) .. o.ooo o oL —0.000002 4+ 0.00001 4
Weighted mean. ....................... +0.000001 +0.000001

But for the last days at Berlin, and for Kew, the difference is quite pereeptible,

Ercess of time of oscillation on knife 1 over that on knife 2.

s 8.

Berlin (last days) ... ... ... .. ..o .. +0.000006 -+ 0.000010
Kew oo ce e 0000004 +(.000005
Weighted mean. ... ... ... .. ... .. ... _. 4+ 0.00000:4 4+ 0.000006

Half these amounts will be applied with their appropriate signs in exhibiting the results of single
days. At Hoboken this correction disappears again,

CORRECTION FOR THE SLIP OF THE KNIFE-EDGES.

There is, according to Bessel, another effect due the knife-edges, which has reverse signs, with
heavy end up and down, and which is consequently not eliminated in the formula for the reversible
pendulum, although it is eliminated when the periods of oscillation are combined by the formula
suitable in considering it as two invariable penduhuns, to wit:

T — !‘L].'d + T, "'f .
hy + 1,

This action may be termed the slip of the knife-edge, as it is supposed to be due to a motion
which the knife is compelled to make, and which no elastic force resists.

In order to detect the existence of such an effect, a stift’ steel knitting-needle was slipped
throngh the notch in the support of the knite-edge, while the pendulum was in position, and was
then brought up into contact with the edge by copper wires fastened to its extremities and also to
a frame mounted on the head of the pendulum-support, These wires had counsiderable length, so
that the knitting-needle was free to move in the direction of its length, while the friction on the
knife-edge was very great, so that if the edge had any slip the knitting-ueedle must oscillate in the
direction of its length. In order te observe any such motion a bit of convex spectacle-lens of long
focus was attached to one end of the needle, and a plane piece of glass was brought up nearly
against it; with the aid of a lamp burning alcohol with salt, Newton's rings were produced and
were observed with a microscope, according to the wellknown method of Fizeau. The result of
this experiment was that, with the largest oseillation of the pendulum, not the least slip could be
detected in this way, so that it seemed that there could be no slip as great as #, of the wave-length
of the D line; that is, none amounting to % of & of a micron.

As this result was unexpected, not to say surprising, the apparatus was eritically studied ; but
it seemed impossible that any slip should oceur at the point of contact of the edge with the needle
without showing itself in this way.

It might be, however, that, instead of a true slip, the edge was turned at each oscillation, so
as to produce a motion similar to aslip; for such an effect would not be detected by our experiment.
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-
CORRECTION FOR SHORTER LENGTH WITH HEAVY END UP.

When the heavy end is down the pendulum is stretehed by a greater length,  Caleulating from
the known coefticient of elasticity of brass, this stretching is found to amount to 1.0,  In the meas-
ures of length this amount has accordingly uniformly been added to the length with Lieavy end np.
There is, therefore, a correction of 410 in the seventh place to be added to T? to bring it to what
it would be if the pendulum were as long as the reduced measures make it.

THE CORRECTION FOR THE FLEXURE OF THE SUPPORT.

The work upon this correction has been so extensive that it is thought hest to reserve the full
account of it for a separate paper. It has been shown by the writer that if a horizontal force equal
to the weight of the unit of mass defiects the point of support through a distanee S, and if M is the
mass of the pendulum, % the distance of the center of masy from the point of support, and ! the
length of the corresponding simple pendulum, then the effect of the swaying of the stand with the

. . . . 1 ex 3
movement of the pendunlum is to lengthen the square of the period of oscillation by T2 M i and
the effect on 4 the length of the seconds’ pendulum found with the reversible pendulum is to make

1
it too short by M 5 R This supposes the snpport to be perfectly elastic, and without any differ-

ence between statical and dynamical elasticity.

- The quantity S has been found from a long series of experiments to be equal to 0720340 for the
Repsold support. At Paris a larger valne (0m™.0371) was found, but the larger value as not been
used in the reductions. Possibly it should have been used.

‘When the Repsold tripod rests on a tlexible support of any kind the value of 8 is of course in.
ereased. At IHoboken there was no such increase. 1t is not believed that this mcerease was a con-
siderable quantity at either Berlin or Kew, but the first oceasion will be seized of measuring it. At
Paris 1t nay account for the larger value of 8 there obtained. At Geneva the pendilum was swung
on a wooden support. The effect of which may be estimated as follows: Professor Plantamour

. A . R .
finds that the correction M S 7 for his pendulum swinging on this wooden support at Geneva was

0mm 1724, and at Berlin on a pier similar fo that on which the Coast Survey pendulum tripod rested
the same correction was 0mm1357. The difference, or 00,036, may be taken as the effect of the
flexure of the wooden stand. Now, the following are the data concerned, which differ for his experi-
ments and for ours:

Swiss pendunlumn.  American pendulum.

Massof pendulum. . ... .. ... o oLl 3050 gr. 6308 gr.
Ratio of seconds’ pendulumn to length between knives. . 1.77 1
Height of edge above feet ..... ....... ... . PEP 1 m. 1.3 m.

It follows that the effect of the flexibility of the wooden table would be greater for the Coast
Survey penduluin in the ratio of g—g% X 1—177 X {—L3) = 198, so that the correction for our
pendulum swinging on this table will be 0217 4 00m,071 = 0w 287, .

For the Geneva support, set up as it was at Hoboken, the total value of 8 (for metallic part
and piers) was found to be 0m=.00405. For the stiffest snpport the total value was 0m*.0031.

M. Plantamour has observed a phenomenon which he supposes to be due to the pendulum-
support not yielding so much under the oscillations of the pendulumn as the amount calculated from
the statical flexure. For a wooden support the hypothesis is certainly admissible, For a metallic
support it should only be admitfed with extreme cantion. Elaborate experiments at Hoboken seem
to show the ratio of statical to dynamical Hlexure to be as 263 to 2377 Whether or not, supposing
the difference to exist, the statical or dynamical lexure ought to be used in ealeulating the correction
has not been made out by any mathematical aunalysis. In the corrections applied in this research
the statical value has been used.
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LENGTH OF THE PENDULUM.

The distance between the knife-edges of the pendulum depends upon the comparisons shown
in the following scheme:

Pendulum.
- N
United States Pendulum Meter.
~ % -\
German Pendulum Meter. German Normal Meter No. 49.
A - A -
German Normal Meter No. 1605. (Ferman Platinum Meter.

The comparisons between thie German meters were made in the Imperial Eichungsamt at Ber-
lin, and the results communicated by Professor Forster. In addition, Bruhing’s Reporton Professor
Albrecht’s Pendulum Experiments gives a comparison between the German pendulum meter and
what he calls ¢ Der Normalmeter der Eichungskommission,” also made at the Eichungsamt in Ber-
lin ; but as it is impossible to tell specifically what he means by this expression, as the German
Eichungskommission states that it never had any intention of establishing an independent standard
of its own, and as the result given by Bruhus disagrees entirely with the results of other compari-
sons, this comparison must be excluded. It is possible that the German pendulum meter received
some injury between the time of Bruhns’s comparison and that with No. 1605, communicated by
Professor Forster. If sueh was the case, the injury probably occurred before the first comparison
between it and the United States pendulum meter, for, as then noticed, when the position had been
adjusted by means of the spirit-level, the scales at the top and bottom of the tube were not in the
same vertical line.

One set of comparisons between the two pendulum meters was made in 1875, and another in
1877, by means of the vertical comparator belonging to the United States apparatus.

Meter No. 49 in its comparison with the pendulum meter, and with the pendulum, was sup-
ported at the bottom on a foot made for the purpose.

Comparisons between the pendulum and pendulum meter were made before and after every
swing, at first; but at Kew and Hoboken it was thought sufficient to make one comparison before
and one after each change of knife-edges, in addition to those made at the beginning and end of
the series.

The order in which micrometrieal readings were taken in these comparisons was as follows:

1. Metallic thermometer.

2. Meter below.

3. Meter above.

4. Pendulum above, bright edge.
. Pendulum above, dark edge.

. Pendulum below, bright edge.
. Pendulum below, dark edge.

. Meter above.

. Meter below.

10. Metallic thermometer.

L WS w,

The method of adjustment of the stand and eomparator has been already described in the
first part of this report, under the head of “Instruments.” The length of the comparator was
made nearly a mean between those of the pendulum and pendulum-meter, and its middie brought
to a level with the middle of the pendnlum. The middle of the meter was then raised to the same
height, its foot. moved until the vertical lines at its two ends were simultaneously in coincidence
with the vertical webs of the two microscopes, and both ends brought into perfeet focus. The
adjustment of the comparator, once made, was never disturbed ; that of the focus on the standard
was often repeated.

8. Ex. 37—36
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The lines of' the metallic thermometer observed on were the three nearest the three lines one-
tenth of a millimeter apart at the beginning of the meter-scale. Care was taken, however, to
obscrve on the same three lines in every comparison at the same station. When the metallie ther-
mometer was below, the reading of the meter taken in conjunction with it was not repeated; when
it was above, at Berlin and Paris, the meter-scale above was read twice. At Kew, the meter-scale
below was read first and last, and the scale above with the thermometer but once. A calibrated
mercurial thermometer was read to hundredths ot a degree Centigrade before and after each obser-
vation of the metallic thermometer. The corrections of this thermometor will be given in another
place. The mark at the end of one meter, and the two lines at the distance of one hundredth of a
centimeter on each side, were observed on at Paris and Berlin; at Kew and Hoboken the lines
observed on were those at distances of 99297 9908 and 99°®.99 from the zero of the scale.
Three readings on each line of the meter-scale, or nine in all, were taken at Paris ; two readings on
cach line at Berlin and Kew, and but one at Hoboken, it being found advisable to finish the com-
parison as quickly as possible, that the apparatus might not be affected by the heat of the body.
In the readings on the pendulum, the method followed at Geneva was used at all other stations.
The order given uabove, of observing on edge bright and edge dark, was not at first strictly observed.

In reducing observations of length, account must be taken of the value of a revolution of the
micrometer-screw, of the distance between the lines on the meter-scales (if the same ones were not
always observed on), and of the varying compression of the scales compared when they supported
varying weights. - -

In calculating the last-mentioned allowance, the coefficient of elasticity of brass given by
Wertheim, namely,

927100000

for one gramme of weight supported and one square cm. of cross-seetion, was used.

Measures of the pendulum give as the cross-section of its tube 2.35(cm)®. The additional
weight carried with heavy end down is 2095g; hence the pendulum is then longer by

2095
= 140,

2,35 x 927100000

Taking the same cross-section for the tube of the pendulum meter, and the weight of the
metallic thermometer equal to that given by Bruhns for the thermometer of the German meter,
2213 g, its compression, when the thermometer is above, is 1.0, -

The cross-section of meter No. 49 is 1.80(cm)? and bhalf its weight 757 g; hence it is longer when
measured horizontally than when measured vertically by 0.5,

ON THE LENGTHS OF VARIOUS MICROMETRIC SCALES EMPLOYED IN THIS RESEARCH.

1. The United States glass decimeter-scale of centimeters—This scale is upon a piece of glass
0.29 e¢m. thick and roughly cut into a rectangular shape of 14.3 ecm. by 5.3 cm. The lines are about
0.34 cm. long and are inclosed between two longitudinal lines which run the whole length of the
plate. Lines 0, 5,10 are longer than the others. The lines are etched, are 20 microns in thickness,
and are excessively bad. They are either filled or stained by the etching acid, but the filling (or
whichever sort it be) is all on one side.

I have applied to Assistant Hilgard, by whom this scale was made, for information in regard
to its corrections. Professor Hilgard replies that the decimeter is correct to ygziyys part, but he
does not state at what temperature.

The different centimeters of this scale have been compared together by Assistant (. A. Schott.
I copy the following from a duplicate record found in the archives of the Coast Survey :
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FenBrUARY 21, 1872,
Adjusted micrometer and direction of scale, measured with lower screw,* in order to obtain
measures on the same part of the screw for the whole range of the seale:

Scale, 0 to 1. 1to 2.
Lower guide-line, upper screw 80.202 or A. Upperscale. .. .............. 80.33
Upper ..................... 73.73 Lower .. ... ... ... ... ... 73.85
Set upper serew to.......... 76.96 Middle ............_........ ALY
Temperature, 73°. Temperature, 73°.5.
0. 1. 1. 2.
74.507 55.581 74.431 50.506
516 583 429 498
516 383 428 494
521 3593 432 500
516 588 430 498
513 585 429 500
510 582 429 500
514 588 430 499
508 583 429 496
508 584 431 498
Mean.. 74.513 55.585 Mean.. 74.430 55,409
Difference . ...  18.928 Difference .... 18,931
2to 3. 3 to 4.
Uppersecale...... ... ... .. 80.34 Upperscale ... ........ ... 80.24
Lower.. ... ... ... ... ... 73.84 Lower ....... ... ... ...... 73.76
77.09 7700
Temperature, 73°.5, Temperature, 73°.5.
2, 3. 3. 4.
74.604 55.679 74.255 53.322
610 686 257 317
604 682 259 327
602 680 266 320
604 679 264 322
606 680 266 318
606 679 260 322
602 678 261 326
G606 675 262 322
601 677
Mean.. 74.605 55.680 Mean.. 74.261 53.321
Difference .... 18925 Difference .... 18940

* Called O formerly.
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4 to o. 5 to 6.
Upperscale. .._......... e 79.83 Upper scale. . ... ... _..... 79.80
Lower scale................. 73.42 Lower scale................. 73.34
76.63 76.57
Temperature, 73°.5. Temperature, 73°.3.
4. 5. 5. 6.
74.502 55.556 74577 55.682
495 506 575 683
493 550 581 633
490 557 577 686
497 558 . 578 685
494 561 577 686
493 558 ) 576 678
497 554 576 679
497 557 578 679
493 556 576 678
Mean.. 74.495 55.556 Mean.. 74577 55.682
Difference . ... 18,939 Difterence .. .. 18.895
6to7. 7 to 8.
Upperscale. ................ 79.79 Upperscale................. 79.79
Lower scale......._ ... ... 73.32 Lower seale. ... ... ... ... 73.33
76.56 76.56
Temperature, 73°.4. Temperature, 73°.4.
6. 1. 7. 8.
74.425 55.488 74.498 55.578
424 484 494 575
422 488 496 576
424 486 498 578
425 490 502 571
426 485 499 572
422 480 496 579
426 484 496 580
426 489 498 817
427 483 499 ' 585
Mean.. 74.425 55.486 Mean.. 74.498 55.577

Difference .... 18939 Difference .. .. 18.921
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8to 9. 9 1o 10.
Upperseale. ................ 79.78 Upperseale................. 79.78
Lowersecale. .. ... .......... 73.32 Lower seale................. 73.30
76.55 76.54
Temperature, 73°.0. Temperature, 73°.5.
8. 9. 9, 10.
74.424 55.498 74.466 55.547
423 494 458 545
421 493 458 543
424 492 463 547
420 492 468 550
421 492 458 547
421 496 459 549
420 497 462 549
426 491 463 551
424 496 463 544
Mean.. 74.422 55.494 Mean.. 74.462 55.547
Difference .... 18.928 Difference . ... 18915

Repetition of measure 5 to 6.

Upper scale. ...._.... e 79.77
Lower scale................. 73.15
76.46
Temperature, 73°.8.
b. 6.
74.474 55.577
474 575
468 574
472 672
475 572
476 573
477 576
474 576
475 578
469 573
Mean.. 74473 55.575
Difference .... 18.898

First difference  18.895

Mean......... 18.897

285
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The probable errors of these measures, as calculated from the sums of the residuals, and from
the sums of their squares, are shown in the following table:

| Probable ervor uf one pointing in
1osed of Tev,
Line. .
From [A] ‘ From [42] Mean. !
0 2.4 | 3.1 2.8
1 25 | 25 2.5
1 1.0 0.8 0.9
2 1.9 2.0 2.0
2 1.9 1.8 1.8
3 19 2.0 2.0
3 | 28 2.5 2.6
4 | 20 2.2 2.1
4 2,2 2.2 2.2
5 17T 1.9 1.8
5 L | 1.2 1.2
5 2.2 | 2.0 2.1
6 2.4 ! 2.2 2.3
6 12 | L2 12
6 1.6 { 15 1.5
7 22 | 21 2.1
7 L4 | 15 1.5
8 26 | 2.7 2.7
8 Le ! 14 L5
9 e | 17 18
9 29 | 2.8 2.7
10 1.8 1.8 1.8
Mean... 1. 96 1.95 1.95
.

It appears from this that the probable error of the measure of one centimeter by 10 pointings
on each of its limiting lines is only 4 1.95 v % thousandths of a revolution or 0.46 micron. The
values of the different centimeters of the scale, according to Mr. Schott’s measures, are as follows:

i Length in—
Ceuntimeter. :

Revolations. ! True centi-

. meters.

0to 1 18.928 |  1.ooe1

1t 2 18,931 | 10003

2tc 3 18.925 0. 9999

3to 4 18.939 1. 0007

4to 5 18.939 1. 0007

5te 6 18.897 0. 9985

6to 7 18.939 1. 0007

Tto 8 18. 921 0. 9997

810 9 18. 928 1. 0001

. 91010 18.915 0.9994
Mean .. .. 18.826 |.............

2. Glass centimeter, No. 1, and other scales ruled upon Rutherfurds machine.—This centimeter was
ruled upon the best ruling-machine of L. M. Rutherfurd. It is upon a piece of glass 0.20 cm. thick,
3.5 cm. broad, and 3.6 cm. long. Though used January 16, 1878, it is marked ¢“Jan. 18, 1878, No. 1,
13329% rev.” The lines upon this scale are about 2 cm. long and one micron broad. They are filled
with black lead and varnished over. The limiting lines of the centimeter are each midway between
two bundles of 10 lines each, distant from one another by 525 rev. The limiting lines are distant
#%- rev, from the nearest lines of the bundles. The extremities of the limiting lines are marked
by crosses roughly cut by hand. The measures are to be made over a longitudinal line, which is

marked by crosses at the two ends.
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On January 16, 1878, this centimeter was superposed face to face, upon the centimeter 5 to 6 on
the upper scale glass decimeter-scale of centimeters. The difference was measured upon a Rutherturd

screw-micrometer,

Beginning of cm.:

Cm. No. 1. T. 8. 5-6.
r r
83.405 83.336
406 334
404 334
r
83.405 83.335 Diff. = 0.070
End of em.:
64.49H 64.401
494 447
491 449
64.493 64.449 Dift. = 0.044
Cm. No. 1llonger than 5-6 ......... ... .. ... ........ .... 0.026
Cm. U. 8.5-6, tooshort by ................ e eaneeeaaaa. 0,029
Cm. No. 1tooshort by ... ..o o e, 0.003
Cm. No. L. i = 0.9998 cm.
Repetition of the same comparison.
Beginning of em.:
Cm. No. 1. U, R, 5-6,
r r
64.679 64.630
681 ° 634
.686 634
r
64.682 64.633 Diff. = 0.049
End of em.:
83.596 83.518
597 517
595 516
83.596 83.517 Diff, = 0.079
Cm. No. 1 longerthan 5-6 .. .. .. ... (oo iiniiaianan. 0.030
Cm. U.8.6-6,tooshort by .......... . coiiiii it 0.029
Cm. No. L toolong by ..... e et 0.001
Cm.No. 1. e = 1.0001
0.9999
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Comparison of Cm. No. 1 with U. 8. 3-4.

Beginning of ¢m.:

U. S. 34. Cm, No. 1.
r r

476 433

475 433

474 432
A75 433 Diff.

End of cm.:

552 516

Db2 H17

5583 518
D52 D17 Diff,
Cm. No.1shorterthan U. 8. 3-4...... ... ... .0 ..o..on
U.S8.34toolong. . ... .. . caiee il Lo

Cm. No. 1 too long
Cm. No. 1

Repetition of comparison, with low power.

Beginning of cm.:

U. 8. 34. Cm. No. 1.
r 7
530 042
532 040
532 .040
531 041 Diff.
End of cm.: -
452 956
452 958
453 -.955
452 955 Dift,
Cm. No.1shorterthan U. S. 34 ..o inii e it
U.S.34toolong........ooviit teiiee e

Cm. No. 1 too long

Cm. No.1...

Mean of comparisons with U. S. 3-4
Mean of comparisons with U. 8. 5-6

Mean of bothem. No. 1.. ... ... . ... ... .. ..... .-

......................

= 0.035

0.007
0.013

0.006

= 1.0003

= 0.490

= 0.496

0.006
0.013

0.007
= 1.0004

1.0003
9999

= 1.6001
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On 1878, January 17, measures were made on the same Rutherfurd screw-micrometer. using
revolutions 554 to 1504, of the U. 8. 5 centimeters from 0 to 5, the 5 centiméters from 5 to 10, and
also five measures of the Cm. No. 1, so as to e¢over the same part of the screw.

U. S. & decimeter 5 to 10.

a. 10. d.
. 7. 7.
150,180 55.652 150,183
181 653 184
181 654 185
150,181 55.653 150184 Difference 94.529
U. 8. 3 decimeter 5 to 0.
3. 0. h
. . 7.
150.646 56.054 150.638
.647 054 635
G645 .054 635
150.646 56.054 150.636 Difterence 94.5587

After a complete readjustment the measures were repeated.

two different positions of the eross-wire.

U. 8. 4 decimeter 5 to 10.

“Filar 10” and “Filar 8™ signifv

Filar 10.
10. 5. 10.
r. 7. 7.
55.663 150.181 55.659
.666 180 662
667 J180 662
55.665 150.180 556.6G1  Difference 94.517
Filar 8.
r. r. 7.
56.054 150.574 56.052
053 b7l 052
063 072 051
56.053 150,572 56,052 Difference 94.519
Mean 94.518
U. 8. & decimeter 0 to 5.
Filar 10.
0. 5. 0.
r. 7. r.
55,647 150.231 53.655
.653 229 655
656 228 657
55.652 150.229 55.656 Difference 94.575
Filar 8.
r. r. 7.
56.041 150.615 56.044
038 614 044
o041 617 044
56.040 150.615 56.044 Difference 94.573

8. Ex. 37—37

Mean 94.574
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First measure. Second measure. Mean.
. r. r. 7.
Oto H......... 94.587 94,574 94.580
S5tol0.......... 94.529 94.518 94.524
Difference ... ... 058 056
Diff. in microns.. 31 30
Dift. microns, according to Schott, 33
Cm. No. 1.
r.
Beginning. ... 130.754 .
End......... 131.841 Diff. 18.913
Beginning. ... 131485
End ...... ... 112,570 Diff. 18.915
Beginning. ... 112.684
End ... ..... 03.778 Diff, 18.906
Beginning.... 03.824
End ......... - 74913 Diff. 18.911
Beginning.... 74756
D} 114 R 55.842 Diff. 18.914
Mean. ... ... .. __..... 18.9118
Meun of decimeter........ 18.9104
om,
Length of centimeter... ...._ ... 1.0001
By measures of Janunary 16 ..... 1.6001
Concluded value ... ... . ....... 1.0001

This value has a probable error of less than y¢igs.

This centimeter is equal to 63094 teeth of Rutherturd’s machine, and as it is 1glgg 100 long,
we conclude that 6309 teeth make a centimeter at ordinary temperatures, say about 18° C.

From an investigation which will be published elsewhere, it has been ascertained that the
accidental error of position of a line ruled npon Rutherfurd’s machine is only 4£0#.01; the periodic
error differs greatly on different plates, but never amounts nearly to 0+.1. We, therefore, adopt

the following values:
1 mm. of 631 teeth = 122,0002

+; mm. of 68 teeth = 99«87
iy mm. of 7 teeth = 10~.28
ON THE TENTHS O MILLIMETERS AT THEI ENDX OF THE U. S. C. 8§ PENDULUM-METER, AND ON
THE SCREW-REVOLUTIONS OF THE REPSOLD VERTICAL COMPARATOR.

The U. 8, C. 8. pendulum-meter is similar to the German pendulum-meter deseribed in the
publication of the Royal Prussian Geodetical Institute for 1870. At one end, the meter begins
with three lines ruled at distances of 10ths of millimeters. At the other end there is a scale of
-similar lines. The following tables show the comparison of a part of this scale with a millimeter
scale of tenths (No. 3) ruled upon Mr. Rutherfurd’s machine.

The figures in parenthesis indicate the order of the pointings.

1878, February 4.
GLASS SCALE.
mm. mm. mm. mm. mm.

0.5 0.4 0.3 0.2 0.1

7. r. r. 7. r.
1) 0.023 (2) 1001 (3) 1.987 (4) 2.983 (5) 3.981
(10)  0.017 (9) 1007 (8) 1990 (7) 2.986 (6) 3.990
(31) 0.004 (32) 0.999 (33) 1.980 (34) 2981 (35) 3.969
(40)  0.007 (38)  1.000 (38) 1976 (37) 2972 (36) 3.968

0.013 1.002 1.983 2.980% 3.977



e,

1.0002

r.
(11) 7.988
20y 1.995
(21)  0.000
(30) 1.999

1.9941

mm.

0.5

Y.
1y 0.045
(10) %061
(31} 0011
(40) 0.041

0.039}

.
1.0002
7.
1) 1.969
(20) 1.989
(21) 1987
(30) 1.980

1.981

i,

0.5

7.
1) 0.005
(19) 1.99%
(31) 1981
(40) 1.989

1.9923
m.
1.0002
r.
(11) 1982
(20) 0.001
(21) 0.001
(30) 0.004

1.997
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n.

1.0001

s
12) 0.985
(19) 0988
(22) 0982
(29)  0.992

0.987

mm.
0.4
r.
(2) 1024
) 1042
(32) 1019
(39) 1.020

1.026

m.
1.0001

r.
0.973
0.990
0.986
1.980

[

[~

)
b2
<

ﬁh,\f\
[ gty
ek

0.982

mm.
0.4

7.
@ 0991
®  0.995
(32) 0.980
(39) 0.986

0.988

N

1.0001

7.
(12) 0.992
(19) 1.000
(22) 1006
(29) 0.997

0.999

METAL SCALE.
ne.
10000
r.
1.983

(13)
(18) 1.978
(23) 1.990
(28) 198>

1.984
SECOND SERIES,
GLASS SCALE,

mm.

0.3
T
(3) 2,030
(8) 2080

(33) 2003
(38) 2,011

2,021
METAL SCALE.
n.
1.0000
T,
(13} 1970
(15) 1.974
(23) 1.980
(28) 1969

1.973

February 5.

THIRD SERIES.
GLASS SCALE.
min,

0.3

r.

(3) 1979
(8) 1993
(33)  1.969
(38) 1974

1.979
METAL SCALE.
.

1.0000

.
(13) 1978
(18) 1.990
(23) 1.992
(28) 1.991

1.988

n,

0.9999
Y.

) 2073
) 2,984
) 2986
) 2.986

2.982

mm.
0.4
r.

) 3.037
) 3.030
31)  3.010
T 3009

3.0213

.
0.9999

.
(14) 2972
17) 2.967
2,976

24
(27) 2971

2.972

(4) 2
(7) 2.
(34) 2.963
(37) 2971

.
0.9999
7.
) 2980
) 2990
) 2,988
) 2986

2,986

M.

0.999%

r.
(15} 3.976
(16) 3.971
(25) 3968
(26) 3973

3.971

mm.

0.1

r.
(5) 4023
(6) 4.024
(35) 4001
(36)  4.000

4012
m.
0.9998
¥.

(15) 3.962

(16) 3.054

(25) 3.969
(26)  3.065

3.9623

mm.

0.1

.
(5} 3.994
(6) 3.971
(33) 3.978
(36) 3.072

3.979

.
0.9998
r

(15) 3.974
(16) 3.972
(25) 3.973

(26) 3.977

3.974
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FOURTH SERIES.

GLASS SCALE,

mm. M, mm. M. mim.
0.5 0.4 ’ 0.3 0.2 0.1
7, . 7 7. .
(1)  0.036 2y 1.049 (3) 2.020 (4) 3.011 (5) 4.019
(10)  0.037 M 1.028 (8) 2.012 (7y 3.016 (6) 4.024
(31 0.021 (32) 1.017 (33)  2.000 (34) 3.000 (85) 4.008
(40) 0.037 (39) 1.02 (38) 2.000 (37) 2.999 (36) 3.996
0.033 1.029 2.008 3.0006% 4,012
METAL SCALE.
n. . m, m. m.
1.0002 1.0001 1.0000 0.9999 0.9998
7. 7. 7. ”r. 7.
(11y 1992 (12)  0.990 (13) 1.992 (14) 2.982 a5) 3.978
(20) 1.994 (19 0.996 (18)  1.986 (17) 2.982 (16) 3.973
(21)  1.999 (22)  0.995 (23) 1.985 (24) 2.980 (25) 3.974
(30)  1.999 (29) 1.000 (28) 1.993 (27) 2.985 (26) 3.974
1.996 0,995 1.989 2,982 3.975
February 6.
FIFTH SERIES.
GLASS SCALE.
He . mm. WM. mm. mm.
0.5 0.4 0.3 0.2 0.1
7. . 7. r. r.
(1) 1990 (2) 0.983 (3) 1.981 4) 2990 (8) 3.987
(10) 1.989 (9) 0986 (8) 1.980 (7) 2.990 (6) 3.980
(81) 1453 (32) 0.969 (33) 1.968 (34) 2.977 (35) 3.969
(40 1970 (39) 0.970 (38) 1.951 (37) 2.962 (36) 3.973
1.9754 0.977 1.970 2.980 3.977
METAL SCALE.
m. m. " m. m. mn.
1.0002 1.0001 1.0000 0.9999 0.9998
7. 7. 7. r. r.
(11) 1.982 (12) 0.985 (13) 1.984 (14) 2.978 13) 3.972
(20) 1.994 (19)  0.990 (18) 1.982 (17) 2.980 16) 3.970
(21) 1.992 (22) 0.990 (23) 1.985 (24) 2.981 (25) 3.972
(30)  1.996 (29) 0.994 (28) 1.939 (27) 2.981 (26) 3.972
1.991 0.990 1.985 2.980 3.971%
SIXTH SERIES.
GLASS SCALE.
mm. mm. mm. mm. nm.
0.5 0.4 03 0.2 0.1
7. r. 7. 7. r.
(1) 0.020 2)  1.007 (3) 1999 4) 2.990 5) 3.986
(10)  0.024 (9) 1.010 (8) 1.998 (7) 2991 (6) 4.000
(31) 1.985 (32) 0.979 (33) 1.976 (34) 2.973 (35) 3.970
40)  0.002 (39) 0.990 (38) 1.968 (37) 2982 (36) 3.980

0.008 0.9963 1.985 2.984 3.984



(11)
(20)
(2
(30)

M
(10)
(31)
(40}

(11)
(20}
(21)
{30}

e}
(10
(31)
(40)

(11)
{20
(1)
(30)

.

1.0001
.

4.001
0.012
0,004
0.008

0.0071

mnt.
1X53

7.
0.026
0.032
1.982
1.990

0.0073

.
1.0001
r.
0.018
0.023
0.021
0.019

0.020

nm.

0.5
7.
0.020
0.011
1.983
0.003

0.004

m.

1.0001
7.

0.005
0.01F
0.010
0.013

0.010
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SIXTH SERIES—Continued.

n.
1.0000
r.
(12} 0.993
(19) 1001
(22) 1000
(29) 0.097
0.998
nim.
0.4
.
() Loz

(M 1020
(32) 0.972
(39) 0.951

1.019

.

1.0000

r.
(12) 1.021
19) 1030
20y 1023
207 1025

1.025
mn.
0.4
¥.
@ 1014
M 14
(32) 0,480
(39) 1000
0.9991
n.
1.0000
r.

1

o

s o
—
v @ W
S22
. . H-
=
=
&S

METAL RCALE.

n.

0,999

.
(13) 1996
(18) 1096
(23} 1995
(28) 1.997

| RULTH
February 7.

SEVENTH SERIER.

GLASS SCALE,

W,
w3
P
(3 2016
(3) 2004
(33) 1.962
(3%) 196>
1987
METAL SCALE,
n.
0.9999
7.
(1) 2018
(18)  2.020
(23) 2015
(28) 2,011

2,016

EIGHTH SERIES.
GLARS BCALE.

mm.
0.3

r.
(3) 1990
(8) 1994

(33) 1977
(38) 1480
1.983
METAL SCALE.
m.
0,9999
7.
(13) 2,000
(18) 2,010
(23) 2004
(28) 2007
" 2,005

m.

1, 999
i

) 2000
) 2800
) 2484
2,084

2987

m.

0.2

¥.
4) 3005
(v)  5.023
(34) 2062
(37) 2.969

2,00

ne,

0,000

r.
(14) 3008
(17) 3007
(@4) 3012

(27) 3003
30072
.
0.2
Fas

Ty R0
2976

24978

(4 2905
{

2,986

m,

0.009%
r.

2,005
(17) 2005
(24) 2907
(27) 3003

2,997+

.

0.9907

.
(15) 4.010
(16} 4.01)
(25} 4.023

(26) 4014

4.018

Jient,
0.1
¥,
1013
{6) 4010
(33 3.460

{(36) 3480
3.991
.
0.9907
r.
(13) 4036
(16) 4033
(25) $089
(26 4.031
1035
mm.
.1
F.

By 3497
(6} 5.4905
(33} 3976
(36) 3976

J3.4986

m.
0,9997
r.
15} 4019
16) 4019
) 4010
) 4,021

40193
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mm.
0.5
r

(1) 0.034

10)  0.038
(31)  0.006
(40)  0.009

0.022

n.

1.0001

t.
(11)  0.020
(20) 0,029
(1) 0030
30y 0.018

0.024

¥
(1) 0.006
(10)  0.029
(31) 0000
(40)  0.026

0.015

m.
1.0001
7.
(11)  0.046
(20)  0.050
21) 0.044
(30) 0.043

0.046

mmn.

0.5

7.
(1) 0.034
(10) 0.024
(31)  1.969
(40) 1985

0.003
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February 8.

NINTH SERIES.
GLASS S8CALE.

mm. nmin., mn.
0.4 0.3 0.2
. . r.
(2) 1034 (3) 2033 (4)  3.023
(9 1022 8) 2.021 (7)) 3.028
(32) 1.003 (88)  1.990 (34) 2.983
(39)  LO000 (38) L9953 (37)  2.990
1.015 2.010 3.006%
METAL SCALE.
m. ne. M.
1.0000 0.9999 0.9998
r. r. .
(12) - 1.020 (13) 2.014 (14) 3.011
(19) 1023 (18) 2.019 (17) 3.012
(22)  1.024 (23)  2.016 (24)  3.010
(29 1024 (28) 2.010 27y 3.011
1.02: 2,015 3.011
February 10,
TENTH SERIES.
GLABS SCALE.
mm. mm. mn,
0.4 0.3 0.2
r. r. r.
2y Loo1 (3) 1990 (4) 2.989
(9 1010 (8) 2.009 (7)  2.993
(32) 1010 (33) 2,003 (34) 3.000
(39) 1.018 (38)  2.009 (37) 3.004
1.010 2.003 2.996%
METAL SCALE.
m. . m.
1.0000 0.9999 0.9993
. r. r.
(12) 1041 (13) 2.042 (14) 3.023
(19)  1.041 (18) 2.041 (17) 3.023
(22) 1043 (23)  2.040 (24) 3.032
(29) 1.049 (28) 2,036 (27) 3.026
1.043} 2,040 3.026
February 11.
ELEVENTH SERIES.
GLASS SCALE.
mmni. mmnm. mm.
0.4 0.3 0.2
t. r. r.
(2) 1024 3) 2.003 (4) 3.010
(9 1018 (8) 2.006 () 3.010
(32) 0974 (33) 1.964 (34) 2.964
(39) 0.972 (38) 1.964 (37) 2974
0.997 1.984 2.989%

mm.
0.1

7.

4.011
4.016
3.993
3.993

P
w .ﬂ/-\/o\l
o Cen e
=

4.003

m.
0.9997
7.
4.036
4.036
4.031
4.031

P Y
LD bed b

[

S Ot &
PNt BN S

40333

mm.
0.1
r.
4.007
4.012
4.013
4.018

—~
T /\/::i
v Ot T
BaiNss

40124

m.
0.9997
7.
) 4.054
) 4.055
) 4.052
) 4.059

4.055

mm.
0.1

- (5) 4.022
(6) 4.014
(35) 3.976
(36) 3.980

3.998



m.
1.0000
7.
(11)  0.021
(20) 0.034
(21)  0.034
(30) 0.032
0.030
M.
0.5
r.
1) 0.010
10) 0.028
(31) 0.000
(40)  0.000
0.009%
m.
1.0000
r.
(11)  1.979
(20)  1.996
1) 1.993
(30)  1.990
1.9894
mm.
0.5

r.
(1) 1.993
(10) 0.010
(31) 1970
(40) 1.993

1.9914

m.
1.0000

r.
(11) 0.041
(20) 0.043
(21) 0.039
(30) 0.039

0.0403

THE UNITED STATES COAST SURVEY.

ELEVENTH SERIES—Confinued.

METAL SCALE,

. ni.
0.9999 0.9993

. 7.
(12) 1.025 (13) 2011
(19) 1.019 (18)  2.019
(22) 1.025 (23) 2015
(20) 1.019 (28) 2,014
1.022 2,015

TWELFTH SERIES.

GLABS SCALE.

mnm, mn.

0.4 .3

. .
(2) 1001 (3) 1985
9)  1.020 (8) 1.992
(32) 0.980 (33) 1.964
(39) 0.993 (38) 1.970
0.9984 1978
METAL SCALE.

m, m.
0.9999 0.9998

r. 7.
(12) 0.979 (13) 1.963
(19) 0991 (18) 1974
(22)  0.985 (23) 1,976
(29) 0.983 (28)  1.964
098343 1.970

THIRTEENTH SERIES,

GLASS 8CALE.

nm. mm.

0.4 0.3

r. .
(2) 0982 (3) 1.964
(9) 0984 (8)  1.970
(32) 0.974 (33) 1951
(39) 0.982 (38) 1.963
0.980% 1.963
METAL SCALE.

m. M.
0.9999 0.9998

Y. e
(12) 1.030 (13) 2.012
(19) 1.030 (18)  2.020
22) 1028 (23) 2013
(29) 1.030 (28) 2.008
1.0294 2.013

m.

0.9997
r.

(14) 3.041
(17)  3.041
(24) 3.087
(27)  3.030

3,087

Mnt,

0.2

N
(4) 2977
(7) 2987
(34) 2060
(37) 2952

2.969

.

0.9997
r.

) 2.095
) 2995
) 2,001
) 2.091

2,993

mm.

0.2

r.
(4) 2967
(7) 2970
(31) 2953
(37) 2960

2.9624

m.

0,9997
¥,

) 3.037
) 3.040
) 3.029
) 3.030

3.034

m.
0.9996
.
(15) 4.028
(16) 4016
(25) 4015
(26)  4.020
1020
mm.,
0.1
r.
(3) 3975
6)  3.992
(33) 34970
(36) 3.970
3.977
m.,
0.9996
r.
(15)  3.960
(16) 3970
(25) 3965
(26) 3974
3967
nm.
0.1

.
(5) 3.961
6) 347
(33)  3.966
(36) 3.967

3.967
n.
0.9996
r.
(15)  4.010
(16) 4010
(25) 4.010
(26) 4017
4012
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Bin.
0.5
r.

(1) 0060
(10)  0.063
(31} 0.020
(40)  0.033

0.044

m.
1.0000

r.
(1) 0021
20) 0,019
(21) 0.036
(30) 0,031

0,027

mm.

0.5

T
1) 0.020
(10)  0.018
(31) 1.989
(40) 0012

0.010

m.

1.0000

.
(11)  0.019
(20) 0,028
21y 0.030
(30) 0026

0.026
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February 12.

FOURTEENTH SERIES.

GLASS SCALE.

mm. i,

0.4 0.3

¥, P,

(2) 1440 (3) 2026
() LO60 (3) 2037
(32) Lo14 (33) 2007
(39) L0238 (38) 2008
1.0354 2.0194
METAL S;,‘ALE.

M. m.
0,9999 0.9998

r. r.

(12)  1.016 (13)  2.000
(19)  1.029 (18) 2,010
(22) L2 (28) 2013
(29) 1019 (28)  1.996
1.0214 2,005

FIFTEENTH SERIES.

GLASS SCALE.

mnt. mm.

0.4 0.3

. r.

(2)  1.002 (3) 2,003
@ 1L019 (8) 2001 -
(32)  0.980 (33) 1.984
(39) 0,999 (38) 1.974
1.000 1.9904
METAL SCALE.

. m.
0.9999 0.9998

. r.

(12) 1016 - (13) 1.994
(19) 1027 (18) 2,006
(22)  1.022 (23) 2013
(29) 1024 (28) 2010
1.022 2,006

mm.
0.2
.
3.040
3.030
(34) 3010
(37) 3.011

3.025

m.
0.9997
v,
3.028
3.030
3.036
3.020

e

-1
— S ——

3.0283

mnt.
0.2
7.
3.008
3.004
2,982
2,980

\,\
-3 Wa
Je

—~ e~

[0
S
—

29931

m.
0.9997

'
) 3.025
) 3.035
24)  3.027
) 3.024

3.028

The following tables exhibit the results of all these measures:

GLASS SCALE.

mm, Athr, WM. mm,  mm, mnt,

mhit.
0.1
.
(3)  4.054
(6} 4.051
5) 4014
6) 4.025

4.036

m.

0.9996
r.

) 4006
) 3.496
) 4003
) 4.006

4.003

nen.

0.1

r.
(5)  3.997
(6) 3.992
(35) 3.976
(36) 3.979

3.986

nt.

0.9996
7,

) 4.004
) 4005
) 4.004
) 4.006

4.005

mne, mm,

0.5 to 0.4 0.4 to 0.3 0.3 to 0.2 0.2 to 0.1
7, 7 T, 7.

First series ... ... ... . ... 0.989 0.9813 0.997 0.9963

Second series ........ .. .. ... 0.987 0.9943 1.001 0.9904
Third series_ ... .. ............ - 0.9854 0.991 1.000 1.000
Fourth series .................. 0.9363 0.979 0.9983 1.005
Fifth series .......... .. ... e 1.0014 0.993 1.010 1.000
Mean................... 0.994 0.988 1.001 0.998
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Grass Scare—Continued.

mw. mm. mm. mni. mm., mm. mny, mam.
0.5 to 0.4 0.4 10 0.3 0.3 to 0.2 0.2 to 0.1
r. r. r. ¥
Sixth series. ..o oo v aunn, 0.989 0.989 0.999 1.000
Seventh series ... .. ... ..... 0.986 0.988 1.003 1.001
Eighth series .................. 0.995 0.986 1.001 1.000
Ninth series ................... 0.9934 0,995 0.997 0.997
Tenth series ................... 0.994% 0.993 0.994 1.016
Mean. ..o.eviviiininnnns 0.992 0.990 0.999 1.003
7. 7. 7 o
Eleventh series ...._... ... ... 0.994 0.987 1.005 1.0084
Twelfth series. . ... .. .. ..... 0.989 0.979 0.991 1.008
Thirteenth series............... 0.989 0.9824 0.999 1.005
Fourteenth series .............. 0.9913 0.984 1.005% 1.006
Fifteenth series ...... .. ....... 0.990 0.9904 1.003 0.9924
Mean...... . ......veueen 0.991 0.985 1.00L 1.004
Mean of 15.... .. ..... 0.992 0.988 1.000 1.002
Probable error of a mean of 15 = £ 07.00L
METAL BCALE.
m. n. m. m.
1.0002 1.0001 1.0000 0.9009
to 1.0001 to 1.0000 to 0.9990 to €,9998
7. ”. r. 7.
First series ... ... ........ ..... 0.989 0.997 0.998 0.990
Second series........ ... .._. 1.001 0.991 0.999 0.990
Third series.... ... .. ... ..o ... 1.002 0.989 0.998 0.988
Fourth series . ... .. ........... 0.999 0.994 0.993 0.9924
Fifth series ..... ........ ..... 0.999 0.995 0.995 0.9914
Mean.....ooo.oo.oioao.. 0.998 0.993 0.997 0.990
n. m. m. m.
1.0001 1.0000 0,9999 0.9993
to 1.0000 to 0.9999 to 0.9998 to 0.9997
r. r. r. .
Sixth series.... ... .t 0.990 0.998 0.991 1.031
Seventh series ......... ... .... 1.0043 0.991 0.9914 1.0274
Eighth series .................. 1.0023 0.993 0.992 1.022
Ninth series eeee.. o ... e 1.0013 0.992 0.996 1.0224
Tenth series .. ... ... ......... 0.998 0.996 0.986 1.029
Mean...... «..veevnnnnn 0.999 0.994 0.991 1.026

8. Ex. 37—-38

297
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MrTAL BcaLEr—Continuned.

n. L . .
1.0000 0.9999 .999% 0.9997
to 0.9999 te (.9997 1o 0.9997 0 0.9996
. 1. . r.

Eleventh series................ 0.992 0.993 1.0224 0.9324
Twelfth series. ... ........ ..... 1.995 0.985 1.023 0.978
Thirteenth series............... 0,989 0,984 1.021 0,978
Fourteenth series . .... ....... (L.992 0.986 1.024 0.974
Fifteenth series ............. ... 0.9964 (0.983 1.022 0977
Mean. .. ... ....ccou... .993 (.986 1.0223 0.978

Probable error of a mean of 15 = 07.0006.

The following table shows the apparent inequalities of ditferent revolutions of' the screws:

Exeess of measnre on

r~ - \
1T to 28 2r to 3 3 to 47
[ .
Over meastre on
~ -\
Or o 17 Im o 2 2 to @
m. m. r.
1.0001 to 1.0000 — 0.006 7.
L0000 to 0.9999 + 0.001 + 0.003 7.
0.9999 to 0.9998 =+ 0.005 — 0,001
(.9999 to 0.9997 + 0.0()3{;
Mean.......... — 0.0024 + 0.004 + 0.001
By glass scale. . — 0.004 4+ 0.012 4+ 0.002

These results accord in showing certain inequalities in different parts of’ the screw; but 1 shall
neglect these as being of no importance for the measures of the pendulum. There would seem,
trom these measures, to be an inequality in the spaces on the glass scale; but meusures made with
a higher power have proved that these are simmply due to constant errors of judgment in bisecting
the lines on glass.

The mean value of the divisious of the glass scale (giving the middie two double weight,
according to the requirement of the theory of least squares)is 079935, whence we may assume

1 millimeter = 07.996.

This gives us for the spaces on the metallic scale

n. ”e, m. . M. M.
1.0002 1.0001 1.0000 0.9999 0.9995 0.9997
to 1.0001 to 1.0000 to 0.8999 to 0,9993 to 0.9997 to 0.9996
mm. mnt. mm. mm.
0.1002 0.0997 0.1001 0.0994 mm,
0.1003 0.0998 0.0995 0.1030 mm.
0.0997 0.0990 0.1026 0.0982

0.1002 0.1000 0.0999 0.0993 0.1028 0.0982
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The following are comparisons of the spaces between thie three lines at the beginning of the

First comparison.

GLANS SCALE,

4.3 0.2 0.1
r. ¥, r.
0.942 1.932 2921
0,944 1.940 2,922
Mean. ... 0.943 1.936 2,921 Mean ...
METAIL SCALE.
—th0 6.0 0.1
0.978 1.970 2967
1.002 1.992 240970
Mean. ... 0990 1.981 2,969 Meal . ...
(L.Y92 1.997 2,980
1.005 1.990 2,970
Mean.... 0998 1993 2975 Mean. ...
GLANS SCALE.
0.911 1.888 2907
0907 1.910 2,891
Mean. .. 0.909 1.899 2,899 Mean . ..

Second comparison.

meter with those between the lines 001, 0.2, 0.3 of the sane glass scale:

Temp., 13°.5 C,
GLARS SCALE.
0.2 0.2 (N1
r. r. r.
1021 2,014 3016
1.005 2,005 3.016
1.013 2012 3.016
METAL SCALR,
), () 0.0 (1
(LO9) 2,022 3.014
1.020 2.016 3,026
1.005 2019 3,022
1.013 2,016 3,010
1.019 2,009 2.000
1.016 2,013 3.010
GLASS SCALE.
0.994 2,000 3,009
0,950 1.995 3.004
(LO37 1.948 3,006

The above measures were made on the part of the metallic lines usually used. The followinyg were

Third comparison. 13° C.
GLASS SCALE,
0.3 2 0.1
r. . r.
1032 2,050  3.017
1.040 2,052 3,028
Mean.. 1.036 2051  3.023
METAL SCALRE,
—.1 0.0 +0.1
1060 2,051 3.053
1066 2030 3,072
Mean.. 1.063 2,051  3.063
1079 2,048 3.036
L0532 2,050 3.042
Mean.. 1.063 2,049 3,039
GLASS SCALE.
1010 2,026  3.014
1.038 2,013 3.024
Mean.. 1.024 2.019  3.019

Mean . .

Mean. .

Mean. .

Mean . .

Fourth comparison.

GLASS SCALE.

0.3 0.2 0.1
7. ¥. r.
1,012 2.018  3.003
1.020 2001 3.006
1.016 2010 3.005
METAI SCALE.
—0.1 0.0 40,1
1010 19849  3.014
1.005 LU90  5.019
L0083 1489  3.016
1.011 L9 3.002
1.009 1931  3.006
1.010 1,985  3.004
GLASS SCALE.
0.990 1,990 2995
1.013 2,010  3.016
1002 2000  3.005

Mean. .

Mean .

Mean..

Mean

Fifth comparisc

GLASRS SCALE,

taken somewhat nearer the line separating the meter-scale from that of the metallic thermometer :

.

0.3 0.2 0,1
r. r. r.
1.018 2019 3012
1031 2,020 S.002
1024 2022 3.007
METAL SCALLE,
—0.1 0.0 4.1
1005 1092 2988
1008 1.997 S.008
. 1.008 1.995 2098
1.010 1.088 2,999
1007  LORT 3,008
1.OOS 1.937 3.004
GLASS RCALE,
0.974 1.990 2,986
0.970 1.979 2,965
. 0972 1084 2975
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The following are the results of these comparisons:

GLASS SCALE,
0.3 to 0.2 0.2 to 0.1

r. .
First comparison . ...... ... .. ... e, 0.991 0.993
Second comparison ..... ... ... ... ... 1.005 1.007
Third comparison ....... .. ... ..o 1.005 0.985
Fourth eomparison ... ... ... oL oo ... 0.996 1.000
Fifth comparison.... ... .. ... ... . ..o ... . 1.000 0.988

0.999 0.995

METAL SCALE.
—0.1t0 0.0 0.0 to 4-0.1

First comparison ..... ... oot . 0.993 0.984
Second comparison ... ... ....0 _L.. ... . 1.005 1.001
Third comparison ... .. ... ... .o ool e 0,985 1.001
Fourth comparison ... ...... ... ... .. 0.979 1.023
Fitth comparison...... .. ... . .. . o oL, e 0.983 1.010

0.989 1.004

From this it appears that the values of the spaces on the metallic scale are

—0.1t00.0 0.0 to 0.1
98+.9 1008

ON THE VALUE OF THE SCREW-REVOLUTIONS OF THE UPPER MICROSCOPE OF THE REPSOLD
VERTICAL COMPARATOR.

On 1878, January 21, a glass seale of 68 teeth of Rutherfurd’s ruling-machine per division was
measured by this mierometer. The following are the results:

Liue 1 to line 2. Live 2 to line 3. Line 3 to line 4. Line 4 to line 5.

(0r to 17) (17 to 2r) (2 to ) (5 to 4r)
7. 7. . .
1.000 0.994 0.999 0.997
1.000 0.992 0.999 0.993
1.005 1.000 0.996 0.993
1.008 0.994 1.003 0.993
Means. ... 1.003 0.995 0.999 0.994

The probable error of each mean is 307.001. We, therefore, have for the corrections of tenths
of millimeters measured on these parts of the screw in order to bring them to the mean value
between 17 and 2r

r. Y, r.

0tol  —0.006
1t02 40002
2t03  —0.002

3tod  40.003

The corrections to bring the means of three lines measured on three parts of the secrew to the
middle are :

Correction to mean of 07, 17, and 2r, to bring to 2r = 4 17.002
Correction to mean of 2r, 3v, and 4, = — 0999
Correction to mean of 17, 27, and 3, = 4 07,0013
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The values of the two revolutions from 1 to 3° are best obtained from the observations made in
comparing the pendulum with the standard at different stations.

m. m. 7 7

At Geneva, 09999 to  1.0001 on pendulum-meter measured 1.994 + 0.001
At Paris, — (0.0001 to 4+ 0.0001 on same meter measured 1.991 &4 0.001
At Berlin, — 0.0001 to 4 0.0001 on same meter measured 1.996 4 0.001
At Kew, ~ 0.0001 to 4 0.0001 on same meter measured 2,001 4 0.001
At Hoboken, 0.9997 to  0.9999 on samo meter measured 2,022

The known values of these intervals give for the measure of % of a millimeter

7.
From Geneva observations .................. ... ........... 1.995
From Paris observations ...... . ... ..o i 1.994
From Berlin observations ......._ ... .. .. .. .. .. .. ........ 1.999
From Kew observations ............ .. e 2.004
From Hoboken observations .. . .. ... ... ... ... ... ... ... ... 2.001

As the focalization of this microscope is made with difficulty, it is not surprising that its mag-
nifying power should differ by some thousandths of itself. The focalization at Berlin was particu.
larly good, and 17999 may be taken as the true value, giving for the value of one revolution
between 1T and 3° .

0™,10005
VALUE OF SCREW REVOLUTIONS OF THE LOWER MICROSCOPE.

Corresponding distances measured with the lower microscope, between marks on the pendu-
lum-meter, were obtained from the observations at the different stations, as follows:

m. m. T

At Geneva, — 0.0001 to 4+ 0.0001 measured 1.987
At Paris, 0.9999 to  1.0001 measured 1.991
At Berlin, 0.9999 to  1.0001 measured 1.991
At Kew, 0.9997 to  0.9999 measured 2.014

At Hoboken — 0.0001 to 4 0.0001 measured 2.002

Hence, by substituting the values of the intervals, we obtain as the value of Zmm. in revolutious
of the microscope screw :

7 :
Geneva observations . ....... ... ... ... ...... 1.990
Paris observations .. ... .. ... _._........_. 1.992
Berlin observations . ... ..cccv iinenciieann. 1.992
Kew observations . ... cve. veieeienonnnnnnn 1.993
Hoboken observations. . ........ ... ...._ .. ... 2.005

Adopting, as before, the Berlin value, we obtain as the value of one revolution,
0™ 1004
RESULTS OF OBSERVATIONS OF LENGTH.

Professor Forster gives as the length of the German pendulum-meter, compared with No. 1605,
in a letter dated June 24, 1878:

B. P. — 1605 = — 103#.5 — 0».2 (' — 17°.0).
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The following is the translation of a communication from Professor Forster, giving the length

and distance between the lines at the end of meter No. 49:
BERLIN, March 29, 1878.

Summary of the results of comparisons of lengths between the standard meter No. 49 and others.

No. 49 is a brass bar with a shoulder at each end. The surfaces of these shoulders are in a
horizontal plane passing through the axis of the bar. Tet into surface of each shoulder is a silver
plate having three lines ruled on it. The contact-eylinders nsed for comparisons between this bar
(whieh is a line measure) and end measures may be considered a part of No. 49.

Standard No. 49, described above, was carefully compared at different temperatures with stand-
ard meter No. 1603, belonging to the ¢ Normal Standards Commission.” No. 1605 is a line measure
of brass, entirely prismatic in form. The defining lines are ruled on silver plates let into the sur-
face of the bar. In these comparisons, both bars were supported on a plave surface of brass. No
1605 had repeatedly been compared with the platinum meter belonging to the commission. The
length of the platinum meter was derived from eomparison made in 1860 between it and the metre
du Conservatoire and the metre des Archives. But the direct comparisons between No. 1605 and
the platinum meter were not as accurate as the direct comparisons between the platinum meter
and No. 49, the results of which will be given farther on.

The absolute length of our platinum meter is not as yet known with sufiicient aceuracy, because
the comparison between it and the métre des Archives gave a result differing nearly 0.02™™ from the
result of comparisons between it and the meétre du Conservatoire, while the actual difference between
these Paris meters is said not to exceed 0.003™™,

At the same time, neither the direct nor the indirect comparisons between No. 49 and the pla-
tinum meter have as much value as the more accurate comparisons between No. 49 with No. 1603,
because in these last comparisons the errors due to our former defective arrangements for securing
uniformity of temperatures are less sensible on account of the similarity of the material of which
both bars are composed, than in comparisons between brass and platinum, and also because it will
soon be possible to compare, by the aid of the most refined means, No. 1605 with the new prototype.

The results of all comparisons referring to No. 49 will be given in the following pages, and will
serve as data for a tinal reduction at some future time. We begin with themost important, namely,
the comparisons between No. 49 and No. 1605.

The lines defining the length of No. 49 are each midway between two other lines distant from
themn about 7™, The latter are used in connection with the contact-cylinder in comparisons
between No. 49 and end measures. Therefore, No. 1605 could be compared with three sets of
meter-defining lines ou No. 49, to wit:

With the meter defined by the central lines of each group of 3 near the ends of the bar.
With the meter defined by the outside line on the left hand and the inside line on the right.
With the meter defined by the inside line on the left and the inside line on the right.

Of course, all these measurements refer to that part of the transverse lines lying midway between
the two longitudinal ones.
. Very accurate micrometric measurements give the following values for the four spaces between
the transverse lines of No. 49, at a temperature of 0° C. Beginning on the outside of one end of
the bar the several lines are numbered consecutively, 1, 2, 3, and beginning on the inside of the
other end, 4, 5, 6:
mm, mm.

Space 1-2 = 7.3796 -+ 0.00016

Space 2-3 = 7.3761 4+ 0.00022

Space 4-5 = 7.3782 4 0.00023

Space 5-6 = 7.3774 4 0.00018

Putting .001 millimeter = p, we find from the foregoing measurements that the meter defined
by the lines 1-4 is longer than that defined by the middle lines 2-5, hy 1".4, and also that the
meter between the lines 36 is longer than the meter between the lines 2-5, by 1°.3.
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By making use of the values thus found and reducing all comparisons between No. 16056 and
No. 49 to the meter defined on the latter by the middle or principal lines 2-5, we get:

Temperature (C.) No. 1605 — No., 49
[ *
4.07 — 39.5

21.53 - 42,0
21.61 — 421
23.42 — 414
23.44 — 41.55
23.47 — 40.65
23.49 — 41.4H
23.63 — 41.60
23.80 — 4245
25.37 ~— 42.45
25.48 — 41.65
25.59 —~ 41.95

Reducing these results by least squares we deduce the following formula for the difference of
length 1600 — 49:
£~
— 39.08 — 0.110¢
1 4+ 042 & 019t

where t stands for temperature in terms of the Centigrade scale. The probable crrors of the
nuwmerical quantities are denoted by the figures having the signs £ prefixed, and these will
throughout this paper be written below or next to the quantities to which they refer. The follow-
ing table, calculated by the above formula, gives the differences in length (1605 — 49) and their
probable errors at the given temperatures :

1605 — 49 =

Temperatnre, 1605 — 49
© n o

0 — 391 £ 04

+ 0 39.6 0.3
+ 10 402 0.2
+ 15 407 0.1
4+ 20 413 0.1

+ 23 418 0.1

In regard to the comparisons between No. 49 and the platintun meter (end measure), it is neces-
sary to explain the manner in which the contact-cylinders were used. The contact ends of the two
evlinders 1 and 1L arve spherical surfaces. A glass scale, which can be distinetly seen by miero-
scopes supplied with the necessary reflecting apparatus, with transverse and two longitudinal lines,
is let into the axis of each cylinder in such a manner that the point on the sixth transverse line mid-
way between the two longitudinal lines is in the center of the sphere of which the spherical contact
surface is a parf. The transverse lines are reckoned from the contact surface along the axis of’ the
cylinder. When the two cylinders are in contact the relation between the sun of the radii of the
two spherical abutting surfaces and the distance between the transverse lines before mentioned is
independent of small variations in the inclination of the axes of the cylinders to each other. We
can therefore deduce with perfect accuracy the linear value of the sum of the two radii by measur-
ing the distance between the specified transverse lines when the eylinders are in contact, and
can thus reduce the pointings on the centers of the spherical surfaces to their point of contaect; a
reduction which is necessary in the cowparison of the end measure with the line measure. DBe-
cause the reference-points of the scales are in the centers of the spheres of which the abutting
surfaces are part, no sensible error need be apprehended from changes in the relative position of
the axes of the cylinders when they are in contact with the abutting surfaces of the end measure.
The length of the sum of the two radii of the two cylinders in contaet, that is, the distance
between the specified transverse lines, was measured on a good transverse comparator, and was
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referred to the same standard scale used in measuring the auxiliary spaces on standard No. 49.
Thus the reduction of the distance between the defining lines of the cylinders when in contact with
the platinum meter to the length of the platinum meter itself, can be referred to the same standard
scale, and will be liable to the same errors as the reduction of the extreme lines on No. 49 to the
middle or standard lines. As far as the use of the auxiliary distances measured on the transverse
comparator are concerned the effect of errors of graduation of the standard scale to which they
are referred might have been eliminated from the comparison between the line and end measure.
Full attention was not paid to this consideration in these, comparisons. However, only the differ-
ences of the errors of graduation of adjacent lines of the standard scale came into account, and
these were determined with extraordinary precision, and were carcefully taken into account in the
computations.

The distance between the defining lines of the glass scales in the axes of the cylinders when
the latter were in carefully adjusted contact is given by the following expression :

mm. mn.
c — 14.7432 4+ 0.000162 .
o { 4+ 0.00026

For the sum of the auxiliary spaces 1-2 and 5-6 on No. 49, we get in conformity with the values
previously given:

mm. mm.
S = 14.7570 4 0.000265 x £
o { +  0.00024

At any temperature °, the excess of the sum of the outside auxiliary spaces on No. 49, over the
sum of the spaces between the point of contact of the cylinders and the defining lines of their
scales, is therefore

I3 2
4+ 13.8 4+ 0.103 ¢
+ .35
This value represents the correction which must be applied to the difference in length between the
extreme lines on No. 49 and the distance between the defining lines in the cylinders when the
latter are in contact with the abutting surfaces of the platinum meter.

Our comparisons give directly : :

1= (Pl 4+ C) — (1605 + 8),

S—-—C:{

and, therefore, .
Pl — 1605 =2 4 S — C,
and substituting the foregoing numerical values,
® 13
Pl — 1605 = 2 + 13.8 + 0.103 ¢

In this way were obtained the following differences of length Detween the platinum meter, defined
by the distance between the middles of its end-surfaces, and standard No. 49, defined by the dis-
tance between the middle trausverse line near each end, measured midway between the longitudi-

nal lines:

Temperature, Pl — 49 Cale. — Obs.
" 2
+ 3.25 - 82 — 0.2
+ 6.98 — 392 + 0.2
+ 23.55 — 2131 — 01

From these values we deduce the following expression by the method of least squares :

© @
+ 244 — 10,086 ¢
+ 020 4+ 0014 ¢

by means of which the following tabulated values are computed :

Pl—49={
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Temperature. Pl — 49

[e] 15 1

0 + 244 1 020
5 — 260 & 015
10 — 165 4+ 0.12
15 — 1269 4 013
20 — 1773 + 017
25 — 2278 4 0.23

The uncertainty pertaining to these values may be much larger than the probable errors indicate
because of the uncertainty of the relative expansion and of the imperfect methods of determining
the temperatures, and because the observations are not sufficiently numerous.

If we take the result of the comparison made in Paris between our platinum meter and the
metre des Archives, namely: Métre des A. — Pl = — 3“.01, we obtain the equation :

M. d A. — No. 49 = §{ + 21*4 — 10*.086 ¢t }- -

This equation, however, is subject to doubt on account of the imperfection of the comparisons
at Paris, previously mentioned, a doubt which can only be removed at some future time with the
assistance of the more aceurate equation established between 1605 and 49. The direet comparison
between our platinum meter and the métre des Archives (A) appears much less complete than the
indirect comparison through the medium of the métre du Conservatoire (C).  On the assumption
made at Paris that the coefficient of expansioa of A, C, and Pl are nearly equal, the following
results were obtained for the indirect comparisons. Direct observations between C and P’1 gave:

C - Pl = — 16"2
But according to subsequent determinations (Procés-Verbaux de la Section Francaise, 1870),
A — € = — 3"2, it would follow that A — Pl = — 19*.2, aud using this last equation, we get:

A — 49 = 4 52 — 10.086 t,
and if for 1° Centigrade we take the expansion = 8“.60, we obtain :
mm. mnam. -
No. 49 = 9999948 4 0.01869 ¢,
a value subject to a much greater uncertainty than is indicated by the probable errors given above
on account of the imperfections of the Paris results.
The results of the scale values ot the eylinders are given in conclusion (the lines designated by
1 are those nearest the contact ends)-

Space. Cylinder I Cylinder II

n A

Line 1 to 2 54.2 494
1to 3 104.3 gg}) 100.7 i;'g
1to 4 1545 902 1487 480
1to 5 207.8 9338 1994 5807
lto 6 2528 450 2497 503
1t0 7 3055 927 3034 937
1to 8 355.8 203 352.7 493
1t0 9 407.8 "’“-2 4013 486
1to 10 4510 362 1529 16
1to 11 5044 504 5036 207

For the Imperial Commission on Weights and Measures.
[Signed] FOERSTER.

The comparisons made in 1875 between the U. S. and German pendulum-meters give:
U. S. meter — German meter = + 131%.9,
and those made in 1877 give:
U. 8. meter — German meter = + 131".3;
The mean of these values, or 4 131“6, is adopted. The comparisons in detail are given in
the following tables. The unit is one-thousandth of the revolution of the micrometer-screws.
S, Ex. 37—39
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TES COAST SURVEY.—COMPARISONS OF PRUSSIAN AND U. 8. PENDULUM STANDARDS, 1875.

BOTH THERMOMETER SCALES DOWNX.

- - T T T - :"" P N
. 3 - T R £ | &
Prussian. 3k Sg  E B | & = 2
s g8 - = . P ) ; ERE
Which e = o oo ! ! =
Date. Time, — = £ St gk < S 2
ate Time first, 1 z g sk 5| £z E ' £3
Below. | Above. Below. Above., e ~ g z £ £ Z
£ = 2 A& = =] &
o |
June 17 0.10 pom. 1362 1263 1125 1809 | — 99 184 - 283 2010 2962 503 ... |.......
17 wivp.m. 2041 | 1025 . 2058 w803 | —1016 4245 : 1261 19.8 | 2000 556 ...l
17 624pom. ... 2041 1043 1037 2332 — 998 4205, 11203 19.6 | 2032 629 . ..
B 10208m . 2119 894 2220 9950 | —1m26 -k 30 41235 10.7 2026 427
11050 a.m. L 245 989 2195 2205 | —1206 . 4100 | -H1306  19.4 . 2906 87 ]
1 1R 415pom. 2124 941 2193 TR | 118 + 75 | 1258 194 2981 36
| 19 11.00 a. 920 2212 2303 | —3203 4 01 fIze4 193 2673
19 L3op. 1224 2408 2541 | 1332 4133 1465 ........ L2704
21 1015 a. 1107 2457 2367 | —1445 — 90 1335 IR8 . 4 81
21 1110 4 1086 2454 uRT 0 —1458  ~117 - RlM2 L 18204 161 =371 387 L......
21 250D 1118 2495 2358 0 —1438  — 77 b1356 19014 65| ~802 367 (...
2 10.00 a 1126 2452 2350 0 —1427 | — 93 L1334 1881+ 45| 918 363
2 1L00a 1117 2453 2351 | 1420~z sz 1970 — 12| 3 —370 [ _s6s
22 11.45a. 1089 . 2456 2334 | —1417 . 122 1341 . 2000 — 40| ~407 367 l ’
2 310y, 1086 2449 2353 | 145 - 06 1810 191 — 3| -3 -3m
CJuly 2 945am.; ULS. . 9548 1 1077 2759 2642, —1471 0 —117 1354 202 — 522 684 362,
I poanwbam. US| M9 1057 255 w16 | 1402 139 <L 25 - o | —ees  —pe ST
I —s81
BOTH THERMOMETER SCALES UP.
"Jupe 25 | 10.00a.m. | Pr 2877 1438 | 2871 ! ~1419 | —116 1303 1 19.6 [ — 31 4343 —374 -
2 L 10sham. | TS osee 1415 | us72 —1351 1 118 336 197 | 4+ 2 4362 —360 | h—3T1
25 403p.m. | Pr 2838 1401 | 2083 _M37 0 —144 R1203 0 10.4 | — 26 B2 368
26 9.55a.m. ¢ Pr. 9833 1427 [ 2951 —1406 . —138 128  10.3 | — 91 . 4286 —377
26 ! 1030 a.m, LTS, 2831 1350 | 2039 ~1481 17T 413040 195 | — 86 4322 -3 ..
| June 20 | 10.00am. (TS, 2838 1301 | 1820 1707 | —la47 | —122 41325 0 109 |+ 87 h462 . —365 ...
i 29 | 1020 am. |2 Pr. 2841 . 1387 | 1826 1694 1 —1454 ¢+ —133 [ 41319 201 | 4 115 4495 | —380 .. ..
i 2 10.35am. (U8 2838 1378 | 184 1696 [ —1460 | —128 | 11332 : 20.2 |+ 125 4497 | 372y
29 ! 10.55 a. m. { Ir. o835 1977 | 1820 1689 | —1438 | —131 | 41327 | 20.2 | 138 43120 —gm (T8
29| 415p.m. | T.8 2842 | 1422 | 1823 17270 —1420 | — 96 41324 | 19.7 |+ 51 4350 —384 ...
; ; i :
‘ \ —372
_ - LS B _
PRUSSTAN THERMOMETER SCALE UP, U. 8. DUWX,
T | 1 i . | B - 7‘, B ‘
SJune 23 W30 am. ..., 2887 1182 278R | 2445 1705 | —343 41362 2010 4 11| —AI3 —d0z | N
: 2 v4ipom ... 9g7e 1212 | o790 | o478 1866 | 321 4I1M5 | 108 4 70 —472 . —quz | {402
241 10.20 wm. | {Is 2879 1204 - 2789 | 24791 —1675| —310 | 41365 . 197 '+ 51, —420 0 —378 ...
2! 1050 am. [ Pr 9879 1205 2786 | 2445 1 —1674 | —3d1 1333 1 108 - T4 | —480 0 —406
AUl 12pm T.8 2881 1211 2775 | 2466 0 —1670 ] —300 41361 197 4 RG | —473 —387,
June 26| Il45am. | T.S. | 2841 1384 2830) 2763 —1457 | — 67 41300  19.6 4 10 —d66| —456 . .
281 10.25am. [ (U.S | 2833, 1350 | 2824 | 2607 | —1474 | 127 41847 104 — 20 —B60 | —380
; 28 | 10.45a.m. |t Pr. 2835 | 1349 | 2824 | 2688 —1486 | —136 ' 1330  19.5° — 12| —380 ' —401 | 398
1 28| 430pm. |....... 2828 | 1302 | 2827 | 2719 —1436 | —108 | +1328 1910 — 54| —349 | —d403
' H i |
: ‘ . j 400
PRUSSIAN THERMOMETER SCALE DOWN, U. 8. UP.
[ e . e e
" Func 30 | 10.06 a.m. { Pr. 2608 | 1180 | 1820 1689 | —1428 | —140 | 41288 1 20.6 | — 181 | 488 | —31T |
i 30 | 1130am. L U.S. 2603 | 1188 | 1805 16M | 1415 | -1 | 1304 . 213 — 330 4638 —308
30 0.20p.m. ¢ Pr. 2601 | 1179 | 1810 1079 —1422 | —131 | 41291 1 212 — 315 | 4632 —317 |} _s10
30 | 0.35p.m. {U.S‘ 2599 | 1172 1811 1688 —1427 | —123 | 41304 ] 212 — 324 ‘
30| 8.2 p.m ¢Pr. | 2587 1107 | 1817 T08 | 1300 | —100 | 41261 | 205 — 215
30 | 3.40p.m. ‘{U. 8.0 2815| 1175 | 1824 1686 | —14d0 | —138 | 41302 1 20.5 | — 227
July 1| 940am.  Pr. | 2608| 1193 | 1821 1678 —1415| —143 | 41272 1 20.7 | — 239
11155 am (U.S. . 2530 1008 | 1736 1580 | —1441 | —147 | 41204 | 211 | — 327
1] 020 p.m { Pr. 9542 | 1084 | 1744 . 1572 | 1458 | —172 | 43286 1 2.2 | — 388
1! 3i5pm. (U, 2547 | 1000 | 1741 | 1585 —1448 | —146 | 41302 . 210 | — 28
1] 330p.m. ; Pr. 2546 | 1086 | 1748 | 1583 | ~1460 | —165 | 1295 ' 21.0 | — 306
| : i ;
1 : !
: I i | |
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UNITED STATES COAST SURVEY.—COMPARISONS OF PRUSSIAN AND U. & PENDULTUM STANDARDS, 1877.

i BOTH THERMOMETER SCALES DOWX.

1

‘ | . - | g £ 3 £
I Prusgian. | T. 8. & < . & 5 =
Which | SlEE i E. .
Date. Time. R - S Bl x5 - gt ok g
fivst. =185 §5% % =% H
: Below. - Abeve. ; Below. Above. ! ERA =y E z ”
= = = & =
- ] ; R -
. i : o
Oct. 16 ............ . s. 2386 1603 . 1936 2478 | — 783 : + 542 ! +1325 , 16.2 —547 +291 -+ 83%
HO10Izam. o Pro L o319 1600 . 1938 | 2470 | — 779 | 4 52 | 41810 164 —5T1 4239 4810
16 10.35a.m. T.S. 2372 1591 1937 2466 1 — 781 } + 528 | +1310 - 16.7 —632 4216 -+8d8
18 10.51 a.m. Pr. 2363 1584 1931 2476 : — 779 ‘ + 539 ; 41418 16,9 —64H 4177 + 822
. i

16 11.23am.  T.S. : 2353 479 " 1886 1867 - —1874 | — 519 | +1350  17.2 —T66 4+ 30 4796

16 1132 a.m. Pr. 2374 4806 1952 1386 - —18R8 — 566 | 41322 17.3 —769 <+ 43 +812
16 11.58am. TS, 2571 505 1851 1398 | ~1866 | — 558 @ +1313 | 17.2 —R05 4+ 26 +831
16 1.09p.m. . TS, 2482 1694 @ 1879 2356 : — 783 477 . +1265 17, — 805 31 -+ 836

—806 . + 44 4350
—396 4212 480K
—614 1499 +813
—671  +151 4822
— 686 +137 -+ 823

2487 1686 1873 2364 | — 801
2434 1623 1887 2497 — Bil
17 {1120am. . G.5. 2434 1608 1895 2379 | — 826
17 1.42am. P 2421 1608 1888 . 2384 | — 813
I 17 ‘ 1IL53a.m. i US| 2408 1610 18749

491 1202 17,

+1321 . 16
484 | 11310 16
496 | 11309 16,
516 41314 16

16 - 1L16p.m. . Pr.
17 - W10 a. m, rr.

T EEE
@
O e S W e I

Results of comparisons between the penduluni-meter and No. 49, also between the pendulun
itself and No. 49, have already been given, under the head of Coefficient of Ixpunsion.

The result before given of comparison between the pendulum and No. 49 wax obtained when
the screws holding the knife-edge in place were tightly screwed np. With these screws loosened,
the difference was at 10°© C,

Peudulum No. 49 = — 190".6,
the result before obtained being — 199*.5 for 10° . Neither result is of any value in determining
the length of the pendulum.

The measures of length of the pendulum, as compared with the pendalumn-meter, corrected for
the value of micrometer-screw revolutions, reduced to heavy end down for the pendulum, and to
metallic thermometer down and mean of lines 99.99, 100.00, and 100.01 of the meter, give for I'en-
dulum minus U, S. pendulum-meter—

A”‘

AL GeBEY A . .o e e —148.7
At ParIS . .o e —181.2
At Berlin ... e —177.1
At KW, L e e e —174.0
At Hoboken . ... .. e —16a.1

The injury the pendulum received between the Geneva observations and those at Paris, and
the work necessary to remedy this injury, account for the great discrepancy between the length
at Geneva and that found elsewhere. Taking the remaining measures, however, their discordance
will be seen to be far greater than can be accounted for by errors of observatiou, while the pro-
gressive character of this disagreement renders it unlikely that it ix due to the greater tightness of
the screws holding the knife-edges at one place than at another. It is no greater than way be
probably ascribed to accumulations of oxide, &c., under the bearing surfaces of the knives. The
comparisons in detail are given in the following tables:
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UNITED STATES COAST SURVEY.—PENDULUM AT GENEVA.—LENGTH.

{Heavy end up is corrected by ~+1#.0 to_bring it to heavy end down.]

Date.

Heavyend _

(d.)down,
or (u.) up.

! Sept. 54.

Sept. 7u.

Sept. 9d. '

_ Sept.13a. |

Sept. 14 u.

ABOVE. BELOW. Pond. longer . CORKECTION. !
— e P St |- P_§t. than stand. . Corrected
' i : length.
Stand.  Pend. ; | Stand. | Pend. j . unearrected. . 4 bove. ,’Belt)w. i
H : — : ! .
i o
2266 | 1661 —605 | 2101 | 3478 +1372 —1977 =2 +7 ~198. 6
2219 1667 —542 | 2120 | 3599 | 41479 —oor1 - -1 +7 —902.9
2195 | 1675 | ~520 | 2117 | 35813 41474} —19943 -1 474 —199.3
2185 | 1687 | —408 | 2130 | 3628 1498 —1096 -1 +7 —~199.4
; i
2950 . 1684 . —556 ‘ 2122 | 3595 1473 —2020 -1 +7 —202.7
2190 © 16904 = —499% | 2131 | 3621 <1480 19883 —1 740 —198.8
2195 | 1657 | 538 | 2121 | 8552 1431 —1969 - -1 47 1 —0n7
2184 16874 . —496) 2126 | 3602 14763 | —1973 -1 +7 ~198.1
i i : !
9953 | 1677 | &6 | 2134 | 3595% 14613 —20a8 ©  —1 +17 —203.6
2239 | 1657F ° —581y | 2152 | 3588} 1436} . —2018 | ~1 +7 — 2016
i ' i
2057 | 1730 | —527 | 2146 . 381 . 1435 | —1962 @ -1 +7 —~197.0
2923 0 1923 | —500 | 270 | 3673 | 41508 | —2003 . -1 +8 —201.2
2210 | 1681 —519 | 2298 . T4 ~-1450 —1969 -1 +7 —196.7
2109 | 1907 | —4g2 | 2317 | UsI6h, 14903 —1992 | -1 +7 —199.0 |
! ; : ]
2084 . 12343 | 849y | 1708 | 2865% 11157} —2007 ; —2 +6 —~9200.5 |
2036 1224 ; —812 | 1703 | 2877 |, 1174 | —1986 = -2 +6 —198.4 |
2040 . 1258y | 7814 | 1725 | 28944 = --1169% —1951 | -2 46 ~195.9
2072 1283 -89 | 1762 | 2915 © 115 —1982 | -2 +6 ~195.0
! . |
2140 | 1248 | —901 | 1732 | 2812 | 1060 —1961 | -2 +5 ~195.8
23 | 1263 | -85 | 1733 | 2000 | +1167 —o017 | -2 +6 —201.5
2101 | 1253 | —848 | 1732 | 2812 | +1080 —1928 | 2 +5 —193.5
2089 | 1257 —832 | 1T47 | 2691 | 41144 . —1976 | -2 +6 —~198.4
; ! ! i
2137 | 1275 —se2 | 1780 | 280 | 4091 | —158 | —2 v | 1860
2119 | 1278 ~841 | 112 | 287 . 145 | 1086 | -2 +6 ~199.4
2114 | 1276 —838 | 1738 | 2830 | -+1092 ' —1930 | -2 +5 ~192.7
e | 1265 —848 | 1750 | 2808 1148 | ~1006 | -2 +6 199, 4
‘ ; ;
2140  1273% | -—8663 | 1733 | 28533 & 11204 | —1987 | ~2 +6 ~199.5 |
2121 | 12654 i —855h , 1742 | 88y 411403 —1996 | -2 +6 —200.4 |
2122 - 12604 ‘ —851y | 1142 | 28504 | 411N —1973 | -2 46 —~197.1
2004 © 12634 | —8304 | 1737 | 20133 | 11764 | —2007 | -2 +6 —~200.5

~3198.7 |
|
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UNITED STATES COAST SURVEY.—PENDULUM AT PARIS.—LENGTH.

[Heavy end up is corrected by -1x.0 to bring it to heavy end down. ]

i H
Date. | ABOVE. . : BELOW. i i CORRECTION. |
! ! ' : { Pend. longer y
) i C ted
et | Post | , Post | thanstend. ——————— e
) dow, ! i : i ; . i =il
and 1) up. Stand. i Pend. ’ ! Stand. ‘ Pend. ! ‘m""‘mﬁ‘*w‘l» iAbove. Below.
18%6. | ! | i ! “
Jan. 25u. . 2373 | 1467 | =906 | 1541 © 2444 - 4 903 -1809 | -3 44 —180.6
w2878 1479 . 899 | 1452 ' 2413 + 861 -1760  ~3 +3  -15.6
4., 235 | 1426 ' —030 | 1550 | 2365 . -+ 815 | —1745 -8 +3 1 =151
d. | 2367 . 1461 —906 ‘L 1536 | 2400 © + 864 | ~1760 -3 +3 | —176.6
; | : : ,
Jan. 26u. | 2417 1451 —966 | 1338 . 2392 & + 834 ~1800 -3 +3 | —179.8
| i ! I
n 2870 | 1445 —925 1547 | 2402 | + 855 —1780 -3 +3 | 1976
4. 2376 | 1437 ~939 | 1554 | 2393 | 4 839 —1778 -3 +3 | —1184
d. 2372 - 1459 —913 | 1547 | 2414 + R6T | —1780 -3 43 | —172.6
: ‘ ! 1 : :
! Jan, 28d. | 2400 | 1473 —927 | 1564 | 2406 + 842 —1769 | -3 43 1775
| d. | 2363 1456 —907 | 1546 9301 | - 845 | -1752 | -3 +3 . ~-175.8
| u. | 2374 1428 ~046 | 1MT - 2387 | 4 8B40 | —1786 | -3 +3 | -1718.2
i H ! i { : |
' i ' | H !
i . | . |
{Jan. 29u. . 2382 1483 | —049 | 1554 © 2380  + 836 —1785 -3 +3 1 ~-178.1
| u | 2362 | 1401 | 961 | 1539 | 2405 | -} 866 —1827 -3 43 1 —182.3 |
X Change of knife-edges. i
"Feb. 2u.| 2098 | 1792 | —301 | 1283 | 2815 1 +1532 | —1833 -1 +6 —183.0
! uwl 2112 | 1832 —280 | 1278 | 2707 | 1519 —-1799 | -1 46 —170.6
i t !
d.; 2132 | 1836 ;. 296 | 1201 | 2779 i 41488 | —1784 | -1 +6 —179.1
! f | ‘
Feb. $d. 2148 | 1837 | —g11 | 1278 | over i +1508 ] —1819 | —1 +6 —182.6
: ; : |
Feb 4d. | 2144 ’ 1855 | —289 | 1280 | 2812 ’ 41532 —1821 -1 +6 ~182.8
d.| 2141 | 1854 | —287 | 1274 | 2796 | 1522 } —1809 -1 +6 —181.6
w! 2140 | 189 | —301 | 1281 | 2812 \ +1581 | —1832 —1 +6 —182.9
wol 2136 | 1847 | —289 | 1280 | 2792 | 41512 | —1801 -1 +6 —179.8
Change of knife-edges. i
Fob. 9d.| 2143 | 1844 =200 | 1266 | 2817 i +1549 | ~1848 -1 +6 | ~185.5
! d.| 2153 | 1832 —321 | 1275 | 9801 | -~1526 ] —1847 -1 46 ~-185.4
u. | 2139 | 1844 —205 © 1272 | 2813 | 1541 —1836 -1 +6 —183.3 |
u. | 2138 | 1859 —279 | 1273 | 2826 ‘ +1553 | —1832 -1 +6 —182.9 !
i | i
! i
Feb. 14 u. | 2130 | 1883 —247 | 1272 | 2883 = 41611 | —1858 -1 16 —185.5
u | 2135 | 1868 —257 | 1274 | 2836 1552 —1809 -1 +6 ~180.6
d.| 2836 . 1570 | =766 | 1523 | 2523 1000 —~1766 -2 44 —177.2 |
d. | 2877 | 1582 ~785 | 1537 | 2536 - 999 —1784 -2 +4 -179.0 i
Change of knife-edges. i
Feb.21d. | 2405 | 16M ~801 | 1642 1 2550 1008 | -1809 -2 +4 ~18L5 |
d.| 2309 | 1603 —796 | 1581 | 2558 L7 ~1823 -2 4 —182.9 |
u. | 2888 % 1586 —802 | 1541 | 2544 I 41003 —1805 | —2 +4 —180.1 |
u | 2403 | 1806 =797 | 1642 | 2550 | 41017 —1814 ~2 4 ~181.0
| ;
Feb. 22u. | 2397 | 1593 —804 | 1545 | 2605 | -}1060 ~1804 -2 +4 —186. 0
w. | 2383 | 1587 —796 | 1546 . 2547 | 11002 —1798 | -2 +4 —179.4
da. | 2361 | 1501 —7i0 | 154 | 2517 | - 973 ~1743 i -3 +4 ~174.9
d. | 2304 | 1597 —797 | 1584 ;. 2527 | 4 983 —1780 | -2 +4 —178.6
C ted for comprension of StADAATd . .. ....eviieceriniietcasanaaiees cavaannsrananeenenss|  —18L2
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REPORT OF THE SUPERINTENDENT OF

UNITED STATES COAST SURVEY.—PENDULUM AT BERLIN.—LENGTH.

[Heavy end up corrected by +1*.0 to bring it to Leavy end down. ]

] ABOVE.

Date. | | P St

| Stand. | Pend.

[ESSRREENUR PR S ‘

1876.

Apr.wd | 2288 s | 43

; i
Apr2od | 247 1800 | 078
4.} 2258 } 1869 | —389
w25 | 1031 -3
w2275 | 1897 - —3718
Apr.2ad. | 250 1879 ©  —3%0
A | 2248 1879 0 —369
u. | 2239 1878 : —361
Apr.25d.| 2257 | 1877 | —3s0
d. | 2257 . 1895 | 362
ul o224 0 153 1 —3m
wl 25 | 1s8 1 <367

I
i

Apr. 26d 2257 1881 —376
: 4. | 2257 @ 1881 ~376
w | 226 1872 | —364
w| 2244 1884 ¢ —360
Apr.28u. | 2266 | 1882 384
u.| zm0 1Tz 30
a4 | 276 | 1890 | 386
d | 2270 | 1895 375
Apr.29u. | 42 1870 | -T2
u | 2226 1872 | —354
d. | 2227 | 1882 : 345
A | 247 0 1889 | —358

I
Papr.sow. | oMs 1865 | -3
u | 2267 | 1865 | 392
d. | 2233 | 1833 | —401
d. | 2258 | 1869 | 389

! : {
! May 2u | 2972 | 1015 l —357
w| 2069 | 1914 | -355

: . |
‘May 34| 262 | 1872 | —3%0

Mean...oowcinen..t

Corrected for compression of stand

| Stand. Pend. |
}

175 - 2487 |
79 : 2490 |
74 . 2473
! 180 | 2526
S 180 | 2522
1165 ; 2491
1167 2496
1159 . 2518
o6 | 2595 |
| 1159 | 2558
L1157 | 2540
L1162 | 2583
161 | 2852
1163 . 2538
1184 2550
1165 | 2580
i
i
1163 2562 |
| 1160 | 2534
| 162 @ 2567 !
{1167 | 2588
: | |
[ 1157 . 2598
| 186 2577
. 1156 | 2545 |
| 1158 | 2538
| 157 | 2008 <
$ 1156 i 202 |
| 146 0 2533 |
| 1158 | 2551 |
o
| 15 | 2646 |
i 1150 | 2593
i !
{1152 | 2608 |

+1312

+1311
+1299
+1346
+1342

+1326
+1329
+1359

+1434
1399
+1383
+1381

+1391
+1375
+1386
+1395

41399
+1374
+1405
+1401

+1438
+1421
+1389
-+1405

+1451
+1436
+1387
+1392

11495
41443

+1451

i
|

Pend. longer ; CORRECTION.

—! P _§t.| thanstand. e cl‘: r;;(t:}t]ed
j uncorrected. | 4yove. Below. | '
| |
| ‘ e,
‘ ~1743 0 +5 | —=174.8
|
| ~1689 0 +5 1 —100.4
i —1688 0 45 —169.3
; —1660 0 +5 —165.5

—1720 0 . 1715
|

; ~1706 [i} +5 ~171.1

i —1698 0 +5 170.3
-1720 0 +5 —171.5
—1814 : Tej.

i -1781 | 0 +6 —176.7
—1754 0 +6 —175.0
—1748 0 +6 —174. 4
—1767 : 1] +6 ‘ —-177.3
~1751 0 +5 | —175.6
~1749 0 +6 ~174.5
-1753 | 0 +6 | —175.1
—1783 0 +6 | —17T.9
~1772 0 +5 | —1T6.7
-1781 | © +6 | —170.7

i ~1776 | 0 +6 | —178.2

|

| —1808 , 0 +6 | —180.4
~177 ;0 b6 L 1771

. ~173¢ | O +6 , —114.0
—1763 { 0 +6  —176.9

i

‘ ~184 | 0 +6 . —183.0

w ~1828 | 0 +6 | —182.4

|- 0 4o )’ —179.4

i ~17 0 +6 | —178.7

| w2 | o 48| -1

i —1788 ‘ 0 +6 | —178.4

| , i

{ !

i —1841 | o +6  —18.7

—~176.1
—177.1
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UNITED STATES COAST SURVEY.—PENDULUM AT KEW.

[Four observations in parentheses rejected on account of temperature.

Heavy end ap corrected by -+ 1.0 to reduce to heavy end down.

All observations on mean of 9997th, ¥998th, and 9999th lines corrected by —200x.4 to reduce to mean of B999th,
10000th, and 10001st.]

i i i
l ABOVE. BELOW. Pend. longer | CORKECTION.
i i . i Corrected
i Date. | P — St. poeee= o P — 8t than stand  —— ——— — length.
. | Stand. | Pend. ; Stand. : Pend. uncorrected. | Ahove.| Below, )
S [N B
Looweme “ ; ‘ ‘ b
| Junc20d. | (1936 | 2299 4363 ¢ 1003 | 3124 - 42121 —178% | —1 47 1 —176.6)
; 30, 1950 | e e e e
a.; 1924 | 2204 4280 0 1012 | 3016 2004 —1724 | -1 +7 -173.3
i d.! 1597 1609 + 12 . 2684 2426 - 258 + 270 0 -1 -173.3
| d. { 1605 1612 + 7 2672 2405 ~ 67 -+ 274 0 —1 —172.9
| July Gu.; 1868 | 2607 820 2733 | 3200 | 4 566 | 4+ 263 | —2 +2 ~173.1
‘ u. . 1781 1635 —145 | 2666 2246 — 420 | + 214 ! Q —1 —171.9
: : |
[ July 6u.: 1510 | 16562 4142 2370 | 2039 | — 131 | + 213 0 0 —1721
. i | ; " :
: u. i 1481 1631 4150 ‘ 2360 2245 — 115 -+ 265 ¢ 0 —172.9
; i :
i | | I i
July 10...; (1580 | 1669 +8 248 | 297 |~ + 200 ¢ 0 —180.4)
10. ‘ {1536 1602 + 66 2442 I 2294 | — 148 + 214 0 -1 —178.9)
11...] (1515 1616 +101 7 2434 2807 | - 127 | + 228 ‘ ¢ 0 --177.6)
l 1476 1801 125 . 2434 2201 ; ~ 143 | -+ 268 ‘ 0 -1 —173.5
cee... 1492 | 162 4132 | 2485 | 2300 | — 135 4267 1@ 0t 1737

Corrected for compression of stand.



312 REPORT OF THE SUPERINTENDENT OF

UNITED STATES COAST SURVEY.—PENDULUM AT HOBOKEN,—LENGTH.

| !

‘i | AROVE. BELOW. |Pend. ]‘mg'l} !

! i er than Cor. |Corrected
Date. | Obs. ——~——-4- P — St. — - stand. un-| helow. | length.
!  Stand. | Pend. | ! Stand. | Pend. | * corrected. | :

1876. ‘ : ?j "
CAprilll | P. 2021 2517 +496 ; 2116 2207 |+ 91 +405 0 +40.5
11; P 1985 | 2152 4167 | 2072 | 1884 | —187 +354 0 4354

1. P 1997 | 2142 +145 | 2062 | 1888 —174 +319 0 4319

12! s 1915 | oum 4198 | 2075 | 1831 | —244 ! +442 1 441

12! 8. 2011 2143 +132 7 2061 1834 —227 +359 +1 4358

12 8 | 204 | 2133 +119 | 2057 | 1811 —246 +365 i 41 4364

13 8 0 1980 2104 124 ; 2062 | 1818 —224 | 88 | 41 4367

13 8 | 2004 2170 4166 | 2067 | 1838 —229 | +395 41 4304

12 8. 1995 2159 4164 | 2074 1839 —235 +399 +1 +39.8
408 0 2004 2129 +125 | 2052 | 1815 —a237 | +362 41 4361

14 8. 1993 2156 4163 | 2058 | 1810 —243 +406 +1  440.5

4. 8 1995 2150 +155 | 2060 | 1813 —2u7 +402 b1 +40.1

16! 8, 2028 9218 +190 2077 | 1882 —195 -+385 0 4385

16 S, 2018 2217 +199 2071 | 1873 —108 +397 0 439.7
16§ . 2020 2207 4187 2070 | o187 | _1m +380 0 4380 °

16 8. 2021 2213 +192 2067 | 1866 | —201 +303 +1 +89.2

‘ 6. 8. 2033 2222 4180 @ 2081 | 1899 —182 +371 0 4371
: 1708 2028 2217 +188 2084 | 1892 @ 192 -+380 0 +38.0
17 8 2020 . 2207 4178 - 2073 | 1898 | _175 +353 | 0 +35.3

231 S 2085 . 2013 — 22 0 2004 . 1608 —426 | M4 1 41 440.3

231 8. 2042 2017 — 25 i 2040 | 1613 : 427 | 402 41 4401

23| P. . 2695 2634 — 61 | 2150 | 2317 —433 | +372 ¢+ 41 4371

23 P. | 2689 2646 — 43 ' 2155 | 2326 —429 +386 . 41 4385

23! p. 2033 1970 . — 53 ' 2037 ! 1614 —423 4370 41 +36.9

2 P, . 2021 1965 | — 56 | 2010 | 1604 — 4068 +850 +1 4349

24 p. . 1958 . 1850 —109 ¢ 1969 | 1506 —463 +354 +1 4353

24! p. 1956 | 1857 — 99 @ 1115 | 1580 — 435 +3%6 | +1 4335

94! p. 0 1961 | 1885 . —106 - 1081 | 1580 . —441 4385 | 41 4334

24, p. - 1785 @ 2059 4274 2121 | 2033 — 68 +342 0 4342

24 p. 1820 | 2001 | 4262 2133 | 2071 — 62 | +324 [

240 p. . 1865 | 2140 | 4275 2185 | 2000 | — 66 | -+341 0 841

24 p. 2524 | 2814 | 4200 2855 | 2085 | _— 70 . +369 0 4369

; 24| P, 2523 | 2811 4288 2829 | 2802 — o7 +315 0 +3L5
| 241 p. 1861 | 2134 +973 2143 . 2086 & — 57 4230 o 4330
'May 25° P, 2081 | 2431 4350 1640 | 1700 | 4 m +299 0 +20.9
| 25 P. . 2083 | 2452 +369 1851 | 17090 | L 57 311 | 0 43L1
| 25 P. w049 | 2444 +305 1636 | 1702 486 +329 0 +32.9
25 P. 0 2060 | 2445 +385 . 1648 | 1698 + 50 ! +385 0 4335

95| . 2065 | 2457 $302 1839 | 1700 | L 61 | 4331 0 +331

25 P, 2058 2451 4363 1648 1690 o+ 42 | 4-851 0 851

96! 8 1087 | 2302 1365 - 479 | 1887 | 4 58 | 4307 0 +30.7

26 & 1907 | 2288 4381 © 83 | 1541 | 58 | +828 0 +32.3

i 26 . . 1911 | 2280 +378 | 1551 | 1402 4 59 | +319 0 +3L9
i 26 . P. 1884 2267 +4-383 1539 1478 l + 61 | -+322 0 +32.2
‘ 27 P, 1883 | 2147 4258 | 1964 | 1908 | — 56 | +315 0 +3L5
; 27, P. . 1877 | 2143 49266 | 1953 | 1802 | — 51 ‘ 4317 0 43L7
‘ 28 P. | 2351 | 2182 —169 | 2412 | 1953 | 459 ! +290 +1  +28.9
{ June 16 | P. = 1252 | 15% +274 | 1532 | 1488 0 — 44 | +318 0 +3L8
! 16 P. 1968 2501 | 533 2238 2467 | +220 ! +304 -1  +30.5
16 8 1055 | 2500 | ov4 2031 | 2854 | o3 | 4851 0 1 4352

16, S, 1956 | 2511 | 4554 2230 | 2451 | 4221 | +333 ‘ -1 +33.4

| +35.3

—200. 4
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CONCLUDED LENGTH OF THE PENDULUM.

The indirect comparisons of the U, 8. pendulum-meter with the German meter No. 49 give the
following result, when reduced to 15° C.:

U. S. meter — German pendulum-meter........... +131.6
German pendulum-meter — No, 1605 ............. —103.1
No. 1605 — No. 49 . ... i e — 40.7
U.S. meter — No. 49 ... ... ... ... ... .. .... — 122
Direct comparison, U, S. meter — No. 49 . ... ... .. .. .. ..., — 20.0

The mean of these values, or —16+.1, is taken, the likelihood of error of the two methods being
estimated as equal. The bad temperature conditions at New York have prevented a more accurate
determination of this quantity ; but a new determination will be undertaken at the first oppor-
tunity.

But we have, for 15° C.:

o
No. 44 — M = 4 277.2, hence
C. 8. pendulum-meter — M = 4 261.1

The length of the pendulum at the different stations is, therefore, as follows:

om.
[ 7 1 o Y AU 100.00624
Paris . e e e e 100.00799
Berlin ..... _....... e et e e e e e e 100.00840
Kew . e e oo .. . 100.00871
HoODOKCI - ottt it i e e e e e 100.00960

CENTER OF MASK.

The quantity kqy — hy, or twice the distance of the center of mass of the pendulum from the
center of figure, was observed at the beginning aud end of each series of experiments, and also
before and after each transposition of knife-edges. The apparatus, method of observing, etc., have
been elsewhere described.* Comparisons at the U. 5. Office of Weights and Measures show that
the 39 centimeters on the staff of the balance, from 17 to 56, are 0.14 mm too long., This correetion
applied, we obtain for by — hy,

.
At Geneva . .. ... . . i et e e e 39284
At other stations . .. ... .. . .. . . et e 39.292

These are the values used. The separate observations are shown in the following table:

* The idea of determining the center of mass of a reversible pendulun, instead of moving a weight upon it,
belongs exclusively to Bessel.

S. Ex. 37——40
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REPORT OF THE SUPERINTENDENT OF

UNITED STATES COAST SURVEY.—CENTER OF MASS OF REVERSIBLE PENDULUM.

Date.

. Knife at

heavy end

‘and direcn! Firma.
" of marked |

ends.

i 1875,
: Sept. 2

Sept. 2

Sept. 3

i Sept. 17

Sept. 9 :

1 forward .|

2 forward. Up .....
2 forward ..
1 forward ..

2 forward .

GENEVA.
HEAVY END. LIGHT ENI. :
— - Concluded.
Reading | Reading ' Reading | Reading hi—Tn | he--ha
inmiddle., atend. [inmiddle.: atend.
' 17068 01032 | 56037 06706 16036 55331 39295 } 29296
17069 01028 < 56038 | 00701 160403 - 55337 30207 )
16086 00040} 56030 007063 | 160364 ; 553323 | 39296 } 20908
16086 000534 = 56037 007043 | 16032 | 553324 | 39300
16087 00046 56036 007013 | 16031 553344 | 393033 ; 20909
160:8 000455~ 56037 007003 | 16042f | 55336} | 30294 )
16040 000003 | 56035 00695 160393 | 55340 3030034 } 30301
16040 000013 56034 006943 | 160383 - 55339% | 30301
16046 | 00001 | 56028 | 00689 | 16045 56339 39204 } s025
16045 | 00002% 56027 006883 | 160423 553383 89296 .
i 39208

Mean At (FeNOVA. . . ...t ccceen o caeent icmeiacear. tamamr e ee saeaceaaisarectear aunsinrannn. aey i

Detween Geneva and Paris observations, the pendulum was bent and straightened, and the knife-edges were made

parallel and ground.
PARIS.
7
i 1876, ‘ | ;
| Jan. 22 | 1forward.| Tp -.... 17624 00977} ° 56031 | 006923 | 16046 | 55358 | 30312 ;} 29310
] i Down...[ooeeen.an 00073 oooenonn. | 00693 160503 | 55358 393073
| ! | !
Jan. 20 | 1forward.| Up ..... 17023 00975 56011 00656 16048 55355 39307 } 20306
! Down 17023 00971 .....ce... 006544 | 16052 533564 | 393043
Jan | 2 forward .| Up ... 17017 00959 . 56012 00650 160574 | 55362 3044 3 oo
Downt o |eceensnn 00961 ceeee.i 00651 | 16056 55361 39305
| Feb. &|2forward. 00960 56054 | 00694 16058 55360 39302 29502
: : 00957 . ...... 006924 16080 553614 | 203013 ;
i i ;
| Feb. 8| 1back .... 00960 | 56052 ‘ 00696} | 1604 | ssast| LY 3
1 00960 | .. ......i 16054 55356 39302 ’
Fob. 14 | 1back ....| Up ..... 17016 00961} | 16054 | 553663 | 39312 j} 49310
Down.-ufeemeennnn. 00960 16056 553634 | 39307} -
{Feb. 14 | 2back....| Up ... 17008 008474 | 56050 | 0068D 160854 | 55361 393053 } 408
Down._.|......... 0946 ... ! oo6ssk | 16057 558644 | 393073 5 063
! |
Feb, 2¢ | 2 back { Tp..... 17003 | 00843 | 56055 | 00894 | 16060 | 55361 29308
: I DOWR .o leaeeeaooo.! 00847 Lo.l. © 00694} | 16056 553604
|
Menn Bt PAIES . . ia o iiiiienn it simsaaiea e e e aaaaanei st tbac s aanas e maneran saural 39306
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CENTER OF MASS OF _REVERSIBLE PENDULUM-—Continued. *

BERLIN
| lKnif“ atd HEAVY EXD. LIGHT EXD. |
leavy o ! S
Date. anddirectn Firma. _ N ! Concinded.
of marked Reading Reading Reading Reading | i he = bw he — by
ends. in middle. at end. inmiddle. atend. !
i
1876 i :
Apr. 21 L.l Tp .. 17019 00962 56054 00879% | 16057 55374f | 30317} E 316
Down. .. ... 00960 ... .. 00681 | 16050 55373 30314
I
: : |
Apr. 24 1 forward . 00960 56028 006583 16059 55360% 39310% } 39310
; 00959 ..eeeeo... 00659 16060 55360 | 39309
| 1
i Apr. 27 2forward. Up ..... 17009 00947 56030 006574 : 16062 553724 . 393104 } som2 |
! DOWD . eeeenoo.  00945F ... 00653 | 160635 | 55377 393133 -
| Apr. 27 2back ... Up ... 17009 009474 56040 00668 | 16061y | 55372 393104 ; 29310
| Down 000463 ... 00868} 160623 | 553713, 39309
|
: I
May 3 ............. Up ..o-. 16996 00931 56038 00669 16065 53369 | 39304 :
: | § 393004
Down._. .oaooo... 009243 ,......._.. 006693 160713 | 55368 j 39297 ‘
| ! P
Juoe 3 1back.... Up ..... 16996 00929 56040 00671 16066 55360 | 30302} | !
I i j v 1} sem0
ﬁ Down .. coenn... 009314 . ...eo.... 006713 160643 ' 55368} ‘ 39304
Juve §  2Dback ... Tp ... 17014 00951 500 00672 | 16063 55368 | 30305 [§ 20206
! Dowat . ceeeen .. 00951 .......... 00670 16063 55370 | 39307 e
Mean at Berhil ..o . i i e iiieas ceeeameaaeneacaaeeeanns i 39308
KEW.
1876. |
June 80 © 2.......... Tp.....| 17014 00938} | 56044 00670 160754 | 55374 392084 R 20903
Down...loeeunn.n. 009403 ©.......... 00683 160733 ; 53361 392874 | -
. |
July 6 2eeeee... Up..... 17004 00844} 0 56045 006703 160504 | 55374F 39315 t } -
: Down. ..|.c..oon.n. 00046 ... 006603 16058 55375 39817} l o i
; | 1
July 6| Tp ... 17004 00944} | 56057 00688} . 16050% | 553684 30309 E 29307 .
: Down ..|ooe.... 00953 f.o........ 00700 | 16051 53057 39906 | Ly
July 11 L 5 16995 00030 | 56056 00692} 16063 55363  39300% j} 20290
! Down ... 009283 io......... 00691 | 16066} | 55365 30208} | -
i
Mean At K oW oot ittt it et e e it eaee e uammteaeeatemea e ; 39304
b
HOBOKEN.
1877. - ' l
Apr. 8 | 2forward.| Up ..... 16005 | 00933 | 5805¢ 00837 | 16062 55367 20305 | } 29300
Down ..{eee ...... £ ooe20 | 00693 | 16066 ‘ 55361 30295
i 3 , ;
June 17 | 2 forward .| Up ..... 17054 i 00989 56050 00678 . 16065 55372 39307 } 20305
Down .| ... ... | ove8s ... 00678 © 16069 55372 30303 |
1878. , |
May 6 |1forward.| Up 17046 | 01008 | 56046 00686 16043 55360 39317 :E w513
Down. . |eeeero. .. | 00095 ... 00685 | 16051 55361 39310
|
Mean at Hoboken ... ..ccooiiiiiiiiinnnsonnn. PO . 39306

315



316 REPORT OF THE SUPERINTENDENT OF

PERIODS OF OSCILLATION AND VALUES OF GRAVITY.

The pendulun was swung in Hoboken in various ways, to wit:

1. The regular set was made on the Geneva support. with the bells off.  This set cannot be
compared with others on the Repsold support, if the reductions be mude on the principle of the
reversible pendulium, owing to the different ways in whieh the knives rest on the two supports.
The comparison may, however, be made on the principle of the invariable pendulum, so as to
eliminate this effect.

2, Sets of experiments were made at various pressures on the Geneva support with the bells on.
The knife-edges not having been interchanged, these arve strictly only comparable among themselves.

3. Half a regular set was made on the Geneva support with the bells on at about 35° C.
There were a few additional experiments at this temperature with heavy end up at different
pressures.

4. The pendulum was swung on the Repsold support and also ou a very stift support having
the head of the Repsold support as a part of it (so as to have the same bearing on the knives).
The object of these experiments was to determine the effect of flexure of the support.

A conspectus of all these experiments is given in the following table:

Periods of oscillation of the penduwlum at Hoboken ; reduced to one absolute atmosphere and to 15° (',
and to values on rigid support without bells or cylinder.

Heavy end down, Heavy end up.
No. No.
Press- Tewp, No.  thousand Press- Temp. No.  thousand
ure. . Tq days. oscillations. ure, C. T. days. oscillations.

ON GENEVA SUPPORT.
With bells on.—Regular set to determine gravity.—HKnives tnlerchanged.

in. in. 5

30 20 1.006344 8 42 30 20 1.006537 3 18
With belis on—At high temperatures.
in. ¢ . in. & 8.
30 35 1006346 4 22 30 35 L006544 4 m{ Knives inter-
) changed.
30 34 1.006530 2 6
21X 38 1.006533 1 5 2 Knife No. 1.
14 34 1.006521 1 2
With bells on.—At rariows pressures.—HRnife No. 1 al heavy end.
in, “ 8. in. © ES
30 18 1.006349 3 7 16 30 10 1.006539 3 13
29 11 1.006560 2 7
27 10 1.006537 1 4
221 11 1.006549 1 2
15 18 1.006337 2 20 15 10 1.006545 1 :
3 10 1006533 2 10

3 20 1.006336 1 15
1 20 1.006342 1 21
1 10 1.006524 1 11
2 9 1.006530 4 53
o 9 1.0065632 4 73
ON REPSOLD SUPPORT.
One day, knife No. 1 at heavy end; two days at light end,
in, ¢ 8. in. © 8.
30 14 1.006355 3 4 30 14 1.006516 3 4 -
ON STIFFEST SUPPORT.
Knife No. 1 at light end.
. c 8

© 8. . .
30 14 1.006366 1 2 30 15 1.006544 1 2
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The reduetions in the above table have been made with the a priori constants of atmospheric
effect, and with the coeflicient of expansion, 13«33 per degree Centigrade. A correction of
+ 73 x 10 for inequality of knives has been applied to the three last results with heavy end up at
high temperatures.

The agreement of the several experiments of the regular set is shown by the following table
of the observed periods (uncorrected for the effect of the cylinders and of flexure):

Hoboken.—ERegular set.

Obs. T, Obs. T,
8. s.

1.006352 1.006559
352 560

361 546

360 A58

358 h44

350 H39

363 551

356 534
Mean ..... 1.006357 1.006548

The agreement of the several experiments of the half set at high temperatures is shown in
the following table:
Hoboken.—Half set at high temperatures.

Obs. T, Obs. T,
8. S.
1.006533 1.006709
o241 713
D36 708
534 708
706
716
708
709

It will be seen that the mean results of the experiments of the regular set agree as well ax
could be expected with those made at high temperatures; which shows both that the coeflicient of
expaunsion is correct, and also that the correction tor bell-glasses is happily not in error.  Further
to compare these two sets of experiments we may calculate the mean T? which is to be used when
the reduction is nmade on the principle of the reversible pendulum, and also the mean T? which is
to be used when the reduction is made on the principle of the invariable pendulum. Denoting the
former by [T* Rev.] and the latter by [T Inv.] we have algebraically

T2h, —~T2h ’ T2h,+Tz2h
T? Rev.] = 4 2477 —n Tn ™ Inv,] = 22 04T Su T
[T Rev] = ==, [t = =5,
The values will be
[T Tov.) [T Rev.]
e <2
From regular set .. ... ... ... . ... 1.012846 1.012410
From 4 set at high temperatares .. ..... ... ... .... e 1.012850 1.012399
Difference, in seconds, perday ....... .. .. ... ... ... 0.3 (11

We may next examine the experiments at various pressures. Their concordance with one
another is very good; but the reader will hardly desire to see the single experiments set forth
here; particularly as all the means are given in the tables at the end of this paper. We may
exhibit [T? Inv.] and [T? Rev.] for pairs of experiments under nearly the same pressure but in
reversed positions. But these results can have no value in the determination of gravity; nor can
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they be expected to accord with those just obtained, for, not to speak of the non-interchange of
knife-edges, the observations in the two positions were taken at intervals of months, under condi-
tions very different in many respects, and were never intended to be used for obtaining gravity,
Dbut only to show the variation of the period and decrement of are with the pressure.

[T: Inv.} [T? Rev.}
From experiments at 30 inches down and 30 inches up. .. .. 1.012855(8)7  1.012425(s)?
From experiments at 15 inches down and 15 inches up. ... . 1.012842 1.012376
From experiments at 5 inches down and 74 inches up. .. .. 1.012832 1.012389
From experiments at 14 inches down and 1 inch up....... 1.012836 1.012424
From mean of experiments at 3 and } inch down and experi-
ments at fpinchup................ooooiii 1.012841 1.012415

The agreement is sufficient to show that the coefficient of atinospheric pressure is well determined.

We pass now to the experiments on the Repsold support and on the stiffest support. These
were not very carefully made, being only intended to show that the effect of flexure was really
what calenlation had predicted. Upon these supports the knife-edge rested on steel instead of
glass, and consequently the reductions on the principle of the reversible pendulum are not com-
parable with results of experiments on the Geuneva support until the slip shall have been measured
on both stands. The reductions on the principle of the invariable pendulum are, however, com-

parable.

[T Inv.] [T? Rev.]
From experiments on stiffest support .. . ........ 1.012879(s)>  1.012512(s)
From experiments on Repsold support ... .. P 1.012835 1.012514
Fromregularset . ... ... ... ... ... ... ..., 1.012846
4 Repsold and stiftest support, in seconds, per day. 1:.0 0s1
J Repsold support and regularset ... ............ . 0.6

We may now proceed to compare the results at the European stations. First, the results of the
single experiments at cach station will be compared, with only such corrections as vary from day
to day. Next, the values of [T? Inv.| and [T® Rev.] will be given for each station after correcting
them for the wear of the edges so as to reduce them to what they wounld have been for Paris, just
after the knives had been ground. Lastly, we shall use the determinations by the principle of the
reversible pendnlum of the absolute length of the seconds’ pendulum (still uncorrected for slip) at
cach station, in combination with the determinations of relative gravity on the principle of the
invariable pendulum, in order to find four independent values of the length of the seconds’ pendu-
lum at each station. These, being corrected for elevation, will be comparable with the results of
other experiments. The Hoboken experiments on the Geneva support cannot be nsed to deter-
mine [T? Rev.] until the slip has been ascertained; those made at Hoboken, on the Repsold sup-
port, must, therefore, be used in place of them for the present.

Paris.—Periods of oscillation.

Heavy end down. Heavy end up.
8 8

1.006051 1.006192

048 210

047 190

048 195

048 185

052 185

062 208

053 213

Mean.......... 1.006051 1.006197

The results on the last two days at Paris were affected by excessive damp.
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Berlin.—Periods of oscillation.

Heavy end down. Heavy end up.

s. 8.
1.005899 1.006052 .
901 : 037
896 026
890 036
901 037
896 034
899 046
895 034
Mean.......... 1.005898 1.006038

Kew.—1eriods of oscillation.

Heavy end dowu. Heavy end up.

8. 8.
1.005935 1.006077
30 68
29 73
27 64
25 70
31 71
28 64
31 66
29 70
30 66
59
63
2
73
66
4
7
67
Mean.......... 1.005930 1.006069

The following table shows the results of Paris, Berlin, and XKew in comparison:

{T2 Inv.] [T Rev.] Diff,
Paris ... .. . el 1.0121042(s)* 1.0116956(s)* 4036
Berlin ...... . ... .. L. 1.0117925 1.0113934 3991
Rew .. i 1.0118560 1.0114548 4012

These differences involve double the square roots of the sums of the squares of the errors of
the periods of oscillation with heavy end down and with heavy end up. Therefore, the Berlin and
Kew differences are remarkably close together, while that at Paris is rather divergent. The exper-
iments at Hoboken show a wide discrepancy in this difference, owing to the use of the Geneva
support. Consequently the [T* Rev.] cannot be used.

Now, reducing the values of [T Rev.| to mean solar time and dividing into the length of our
pendulum at Paris we obtain the length of the seconds’ pendulum at the several stations. The
ratios of the [T® Rev.] at the different stations, being inversely as the length of the seconds’ pendu-
_ lum, may be used to obtain the length of the seconds’ pendulum at any station from the value
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deduced from the [T* Rev.] at any other station. So that at each station we shall have not only a
value of the seconds’ pendulum deduced from the [T? Rev.] of that station but also two other values
deduced from the [T® Rev.| of the two other stations. These three values will have nearly equal
weight. They are as follows:

For Paris. m.
From Paris observations .. ... ... .. .. ... ... .. .. ... .. 9939390
From Berlin observations. . ... ... ..o i 02
From Kew observations ... ......covumenin ittt iaaann, 20
Mean . . e e et 9939337
Reduction to sea-level . .. ... ... ... + 163
Seconds’ pendulum at Paris reduced to sea-level... ... ... ... .... 9939500

For Berlin, m.
From Parisobservations. . ... ... .. ... .. .. .. ... ... ... 9942362
From Berlinobservations. ....... . ... .. ... . ..... .. ... ..., 9942452
From Kew observations ... ... .. ... ... ... ... ... . ..... 99423382
Mean .. .. .. . 9942399
Reduction to sea-level. .. ... L L. -+ 83
Seconds’ pendulum at Berlin reduced to sea-level................ 9942482

For Kew. m,
From Paris observations ....... ... .. ... ... ... .. 9941757
From Berlinobservations.. ... ... ... ... . . .. .. 9941830
From Kew obgervations.. ... ........ ... ... ... ... ...... cae.. 9941740
Mean .... .. ... ... e R, 9941776
Reduction to sea-level..... .. .. .. .. ... . LLLiLiiii.... + 14
Seconds’ pendulum at Kew reduced tosea-level .. ... .. ... ... .. 9941790

No comparison can be attempted between these results and those of previous experimenters
until the former have been corrected for the slip of the knives and the latter have been reduced
anew according to modern methods. These matters will be treated in the second part of this report
with results which will be found satisfactory.

The pendulum at Geneva was virtually a different pendnlum from that nsed at the other stations,
because of the accident that befel it after the Geneva experiments, These experiments ean, there-
fore, only be reduced on the principle of the reversible pendulum. The coucordance of the single
experiments is shown in the following table :

GENEVA.
T,? T,?
1.012599 1.012814
581 775
589 797
607 793
593 789
580 767
582 763
508 783

The resulting value of the length of the seconds’ pendulum after correcting for fiexure in the
manner explained under that heading is

Length of seconds’ pendulum at Geneva.

m,
Experiments of Coast Survey . ..... ... ... ... ... ... ... 0.993556
Professor Plantamour’svesult. ...... .. ... ... .. .o L. 0.993550

The appended tables show the details of the experiments at the different stations.

Respectfully submitted.
C. 8. PEIRCE,

Assigtant.
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UNITED STATES GEODETIC SURVEY.—PENDULUM AT PARIS, 1876.

HEAVY END DOWN.

i ! H H
: ] ! Number " i .
Date. ! Time of transit. | Intervals. Cor. for . Corr. time. J oscilla- ’!‘u:ne, (.me Rate. Cor. for - Cor. for Period,
| . are. tions. oscillation. pressure.’ temp. | corrected.
. | 1 _ e o _
‘ . m. 8. 8. !
Jan. 26 i 26 42.545 ;
: 39 55817 792,772 | 045 792,727 788 | 1.0050987 +23 —79 ' 800 | 10060731
3 41846 | 1426.520 & .042 . 1426.487 1418 59922 +23 —79 479 562
54 30.066 | 2049.120 .,032 © B049.088 | 3031 59644 +238 -9 +792 380
. ‘ (5237) (1. 0060509)
Jan. 28 36 04848 !
: 49 17.572 792. 724 i 045 792. 679 788 | 1.0059378 +23 —62 +1788 | 1.0060127
: . 13 00.006 | 1422.514 | .042  1422.472 1414 59915 - 423 —62 +1781 657
i : 3 57.273 | 3057.187 |  .031  3057.156 3039 59743 +23 —62 +776 480
| (5241) (L. 0060475)
Change of knife-edges, from No. 2 to No. 1.
Feb. 2! 49 57.380 : : i
3 6109 788.729 1 047 788,682 84 | 1.0059720 . +323 —59 +766 | 1. 0060450
26 56.662  1430.554 | . 042 . 1430.512 1422 59859 | 423 ~59 +1769 592
17 44781 © 3048118 | 032 | 3048 086 3030 59690 ©  +23 —59 +769 423
! ! (5236) (1. 0060473)
Feb. 4 21 35132 ‘ ! .
35 26122 . 830990 | .047 830. 943 826 | 1.0059843 + 8 —25 +808 | 10060634
58 24.349  1378.227 |  .040 | 1378.187 & 1370 59759 + 8 —25 806 548
43 50.526  2726.177 027 | 2726150 | 2710 59584 @+ +8  —25 +815 392
(4906) ; | (1. 0060477)
Change of knife-edges, from No. 1 to Ne. 2.
Feb. 9 42 04.281 ! X ; i ;
56 00.340 845, 059 . 040 845. 010 840 11.0059642 +8 0 =16 © 4832 ! 1. 00680487
19 09.561 | 1380.221 .042 | 1380.179 8 59613 +8 0 =15 4845 451
: 11 36.262 | 3146.701 035 | 3146.666 3128 59674 +8 , =15 +830 | 497
: (5340) : 1(1. 006U484)
Feb. 14 | 22 51.895 :
: 36 55046 844. 051 052 843. 999 839 1.0059583 +8, —09 4765 | 1. 0060347
59 57.201 | 1381.255 043 | 1381212 1873 | 59811 481 —09 +760 57
55 45.135 | 3347.034 036 | 3347.898 3328 54790 + 8 —09 +756 545
; : (5540) . i (L. 0060521)
Change of knife-edges, from No. 2 to No. 1.
| Feb. 21 18 49.010 ' ' .
i 35 29.053 | 1000.043 . .036 999. 987 994 | 1. 0060231 +8 0 —4l | +475 - 10060673
55 51888 | 1222.835 = .035 | 1222.800 | 1215} 60054 +8 1 —4a +475 196
48 50.446 | B178.538 035 | 3M7RA23 | 31504 60209 +8 1 —41 4460 645
(5369) | (1. 0060617)
Feb. 22 48 01742 ﬁ ‘ j ‘
03 15.250 913.508 | .05 913. 454 908 | 1. 0060066 4+ 8 0 =36 4400 10060438
28 4.106 | 1488.046 |  .043 | 1488903 1480 60155 = 4+ & :  —36 4402 529
18 38379 | 3034.183 |  .032 | 3034151 3016 60182 +8 ] =8, 4400 | 554
1‘ (5404 f (1. 0060528)
| |

8. Ex. 37—141
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PENDULUM AT PARIS, 1876—Continued.

HEAVY END TP.

Date. Time of tranait.  Intervals. | Cor. for Corr. time. }2“;‘1)1‘:.\ ’l‘h_ne, (}vne Rate. Cor. for : Cor. for Period,
arc. N { oscillation. pressure.’  temp. corrected.
Tions.
— ——— :
: : h. m. 8. 8.
‘Jan. 26 33 30. 48
) 38 20.301 350.153 017 250.136 348 | 1.0061379 423 -183 4692 1.0061811
: 49 42,111 621. 810 .018 621.792 618 61359 +23 —188 -+690 1889
i 11 52.245 | 1330.134 .015  1330.119 1322 61415 493 —183 -|-685 1940
| : 1 (2288) | (1. 0061922y
, Jan. 29 27 10.797 ‘ :
32 56.046 346.149 | .020 346.129 344 1.0061899 +23 —-152 640 2410
43 22.780 625.844. . .019 625, 825 622 61500 +23 ~152 4639 2010
06 45.096 ‘
28 57.261 © 1382.166 L0144 & 1332.151 1324 1. 0061563 +93 —152 4631 2065
| (2290) | (1.0062102)
Change of knife-edges, from No. 1 to No. 2. i
Feb. 2 42 06.507 i i
47 52.620 346,113 021 346. 092 344 10060814 423 —127 +616 | 1326
58 20.449 627.829 .019 627. 810 624 81058 +23 ~127 4614 1568
20 28.601 - 1327.152 .015  1327.137 1319 61692 493 —127 +o14 2202
: (2287) (1. 0061897)
Feb. 4 37 42.073 . i
43 50.238 368. 265 021 368. 244 866 . 1.0061311 +08 —050 641 1910
53 51.932 601. 894 . 019 601. 675 598 61455 408 —050 4648 2061
14 5.338 - 1213.406 014 | 1213.392 1206 61204 +08 —050 4649 1901
; (2170) (1. 0061546)
Change of knife-edges, from No. 2 to No. 1.
Feb. 9 15 38.392 |
21 46.860 368. 268 023 368.245 | 366 | 1.0061339 408 —031 4690 2006
31 50.357 603. 697 018 603. 679 | 600 61317 408 —03E 4681 1975
54 B4.778 | 1384.421 L015 | 1384.408 | 1378 61090 408 —031 4-682 1749
. (2342) ' (1. 0061847)
Feb. 14 57 20.800 | | :
3 27.026 366. 226 . 024 366.202 | 3614 | 1.0060404 | 08 —017 +685 1170
13 40.787 613. 761 . 017 613.744 | 610 61377 | o8 —017 4685 2053
37 40.623 | 1448836 L015 | 1448.821 : 1440 61257 [ -+08 —017 4683 1831
|y i (L. 0061847)
Change of knife-adges, from No. 1 to No. 2.
Feb. 21 9 17.620 ‘ ! !
16 01.129 403. 509 .02 403,485 401 | 1.0061930 +08 —090 +4-389 2037
25 41.719 580, 590 L 017 ‘ 580.573 577 61924 408 —090 4380 2931
47 33776 1312.057 017 | 1312.040 1304 61656 -+08 —~090 +389 1963
(2282) | (1. 0062078)
| Feb. 22 42 43.318 j
49 23.814 400. 498 . 024 400. 474 388 | 1.0062161 408 087 4376 2458
58 17.467 593.653 . .018 503. 635 590 | 61610 408 —o087 4373 1904
21 13.570 | 1316103 |  .014 . 1316.089 1308 | 61842 +08 ~087 368 2131
‘ f | : (o2me) ; (1. 0062120)
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Date.

: Apr.

Apr,

Apr.

i Apr.

May

20

24

. 26

30

THE UNITED STATES COAST SURVEY.

UNITED STATES COAST SURVEY.—PENDULUM AT BERLIN, 1876.

Time of transit.

E-2- -]

® @ =3 -7

10
10
11

10
10
10
10

00
25
15

52

£

31
22

48
3
27

1w

20,726
56, 855
11. 415
50. 885

42. 427
34. 992
10. 033
11. 466

10. 687

9. 489
22. 545
58. 330

51. 699
35. 838

1. 069
23. 675

4.873
11. 260
35,226
55. 599

32.618
18.236
33.128
40, 445

4. 306
33. 45
48. 008
20. 400

! Intervals.

B61. 080
1494. 798
3023, 691

867. 429
1454. 560
2979, 470

772. 565
1535. 041
3061. 433

898. 802
1453, 056
B035. 785

884, 239
1465, 131
3082. 606

9046, 387
1523. 866
2960. 373

885. 617
1454, 893
3016. 317

£69.139
1454, 563
2081, 491

Cor. for . Corr. time.
are.
. 051 861, 029
. 044 1484. 754
. 032 3023. 659
. G50 867.079
. 143 1454, 517
. 032 2979, 438

HEAVY END DOWN.

Change of knife-edges, from No. 2 to No. 1.

. 046
. 046
. 082

. 053

. 051

. 032

772.519
1534, 985
3061. 401

898, 749
1453, 013
3035. 753

884. 187
1465, 088
3082. 573

804, 334
1523. 922
2960. 341

885. 565
1454, 850
3016. 265

869. 088
1454. 520

Number :

. Time, one ;

n.scdla- osciliation. Rate
tions. :

856 | 1.0058750 = — 20
1486 58010 - — 20
3006 58744 - 20
(3348)

862 | 10058853  —
1446 58000  — 05
2962 58872 | — 05
(5270)

768 | 10058841 . + 20
1526 | 58845 4+ 20
30433 | 58817 | 4+ 20
(5337%)

8934 10058747 4+ 20
14443 | 58034 . + 20
3018 58824 . 4+ 20
(5356) .

879 1.00a8011 . — 20
14563 58063 « — 20
3064F 58G9 | — 20
(5400) 1

901 | 10059201 | — 24
1515 . 58801 | — 24
2043 | 58023 — 24
(5350) |

of knife-edges, from No. 1 to No. 2.

880} | 1.0057524 11266
1446 | 5TI26 1266
2998 | 57636 +1266
(5326) |

864 ; 1.0058889  — 20
1448 58921 -~ 20
2064 58004 | — 20

2081. 458

1

|

(5274}

323

; Cor. for
| presaure.

)

—47
—47
- 47

—44

—44

—18
—18
—18

£33

Cor. for
temp,.

+235
+229
+219

+163
+154
141

+133
+127
+120

+160
153
+135

+117
+110
+108

i0TT
Itom2

| 069

] 4078

4074
+072

. 1078

+076
+070

Period,
corrected.

| 1. 0053960
! 9114
i 8938
(1. 0038990)

. 1.0058961
i 8999

2958
(1.0039011)

1. 0058947

‘ 9045
8910

(1. 0058954

1. 0058883
9063

8935
{1. 0658959)

1. 0059090
9035

9014

(1. 0059031)

1. 0059254
8939
8968
(1. 0059007)

1. 0058857
9057

8965

{1. 0058970}

1. 0058923
8853
8930

‘(1. 0058934)
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PENDULUM AT BERLIN, 1876—Continued.

HEAVY END UP.

i
' 1
Date. Time of transit. | Intervals. | Cor. for Corr. time. Noust;;ﬁr_ Ti‘,ne' ‘?“e Rate. Cor. for ; Cor. for Period,
i are. tions. oscillation. pressure.’  temp. corrected.
h. m. 8. 3. ’
Apr. 20 10 39 53,808 :
45 21794 327.986 | .0I8 327. 968 326 | 10060368 . —20 — 13 158 | 1.0060493
55 55,808 633.814 | .019 633. 795 630 60238 —20 - 13 +158 60363
1 17 55.051 | 1310.443 . 014 1310.420 13113 80458 | 20 ~- 13 +157 60582
i (22673) | '
Apr. 24 10 39 34322
4 44.200 309. 878 .017 309. 861 308 | 1.0060422 —05 —114 4102 | 1. 0060405
55 42.192 657. 992 . 020 657. 972 654 80734 —05 —114 4101 60716
11 18 22.348 | 1360.156 .04 1360, 142 1352 60240 —05 —114 4008 60219
(2314) i
Change of knife-edges, from No, 1 to No. 2.
Apr. 25 10 40 17.215 ; :
46 13.008 295. 703 020 | 985713 294 | 1. 0060306 +20 —~106 | +081 | 1.0060301
57 10.481 656.473 020 | 657453 8533 | 60490 420 —106 | o080 60484
11 19 31024 © 1340.543 014 | 1340529 13393 60255 +20 | —106 | 4079 60248
g (2280) - X
Apr. 26 10 24 38.854 i ‘ ; |
29 50.246 311,392 L017 | 31L.375 3003 | 1. 0060582 +20 | — 80 | 4080 | 10060602
: 40 46.193 655. 847 L020 | 655,927 652 60230 120 | -89 ‘ +088 60249
113 16.807 ° 1350. 614 014 | 1350. 600 13428 60335 420 | —8 | o8 60352
; ‘ (2304) ;
Apr. 26 | 7 26 20.727 |
! 31 12,494 291,767 L0171 201 750 290 ' 10060345 0 —20 . — 52 +144 | 1. 0060417
i 42 45.140 892. 655 021 | 692634 688} 60044 ~20 | - 52 ‘ +139 60111
: 8 5 17247 1352098 .014 | 1352084 1344 | 80141 ' -20 | 52 | 131 66200
| (23223) 1
Apr. 20 T 49 31507 ‘ '
i 55 27.757 356, 160 020 | 356 140 354 1. 0060452 —24 - 03 +098 | 1. 0060523
: 8 5 47.463 819, 706 L018 | 619,888 616 50870 -2 | — 03 095 50038
i 28 19,558  1352.095 014 | 1352081 1344 60126 < —24 | — 03 +091 60190
! i (2814)
Change of knife-edges, from No. 2 to No. 1.
Apr. 30 7 88 1.799 ;
8 3 17.204 315405 018 | 315387 3133 | 1. 00603191 -15 | — 06 +007 10060267
13 5L 007 833. 803 018 ' 833.785 830 60079 —15 — o +095 80153
35 46,924  1315.917 .014 . 1315.903 1308 60420 —15 — 06 +088 60487
(22514)
May 2 8 9 14.734
| 14 24,588 309. 854 L017 300, 837 308 | 1. 0059643 —20 j — 48 4081 1.0059656
25 6451 641. 863 019 | 64L B4 638 60251 ‘ —-20 | - 48 +080 60263
: 46 46.262  1200.811 .013 ¢ 1269.708 1202 80356 | —20 | — 48 +077 60385
i : ; (2238) I '
| { i i | ;
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UNITED STATES GEODETIC SURVEY.—PENDULUM AT BERLIN, 1876.—SECOND READING OF FILLETS.

HEAVY END DOWN.

N T :
Numbe Time, one

Date. Time of transit. Intervals. (’:;:;.m‘ Corr. time. (t)scﬂlar oscillation. Rate. ;‘2;22. (11;;'?1 ci_i::ih
1078,
h. m. 8. 8.
Apr. 20 7 46 6.276
8 0 25.343 858, 067 . 051 859, 016 854 - 1.0058785 — 20 —05 +235 10058045
8 925 22154  1496.811 L4 1496.767 1488 58918 — 20 —a5 +229 9122
9 15 45.846  3023.692 032 3023.660 3008 58749 — 20 —05 +219 8943
(5848) (1. 0058993)
Apr. 2 7 58 29.727
8 12 56.855 867.128 . 050 867, 078 862  1.0058810 — 05 —~50 +163 - 1. 0059018
8 37 11.417  1454.562 043 - 1454519 1446 58014 — 05 —50 154 9013
9 92 50.882 79. 465 032 - 2970.433 2062 58855 = — 05 —50 141 3041
; (5270) R (L 0059017)
Apr. 25 7 52 42.430 :
i 8 5 34.999 772. 560 . 046 772 523 768 1.0058803  + 20 —47 +133 . 1.0058999
8 31 .03  1535.031 046 1534.985 1526 58870 4+ 20 —47 +127 2679
9 22 1L470  3061.440 032 3061 408 30433 58840 4+ 20 —47 +120 8933
(53374) (1. 0058956)
Apr. 26
Apr. 28 9 55 52.194
© 10 10 35.934 883740 L 052 883. 868 878y 1.0050055 — 20 18 117 10059134
10 35 1062 - 1465128 043 1465, 085 14564 58042  — 20 —18 +110 9014
11 2 23.673 . 3082611 033 3082578 | 3064f 58092 - 20 —18 +103 9057
‘ : (5399%) (1. 0059058)
Apr. 20 10 4 489
10 19 11.260 906. 368 .053 906, 315 901 10058980 — 24 00 077 1.0059043
10 44 85.225 - 1523.965 L044 - 1523.021 1515 58884 | — 2% 00 +072 8932
11 33 55.598 - 2060373 032 2960.341 2043 58923 — 24 00 +068 8968
‘ (5359) (1. 0058960)
Apr. 30 9 48 32.615
©16 3 18.248 885. 633 . 052 885. 581 880% - 1.0057706  +1266 —09 +078 10059041
16 27 33.126 . 1454.878 043 1454.835 1446} 57681 = 41266 —08 4074 9022
11 17 49.446 . 3016.330 .032  3016.288 2099 57646  +1206 —09 072 8975
(5326) (1. 0058997)
May 2 10 9 4303
10 23 33.441 869. 138 . 051 860. 087 864 . 1.0058877 — 20 —o4 +078  1.0058911
10 47 48.007 1454586 .43 1454.523 1446 58M2 -~ 20 —2 +076 8074
11 37 29.497 = 2981.490 032 2981458 2064 58900 — 20 —2 +070 8996
(1. 0058936)

(5274)




326 REPORT OF THE SUPERINTENDENT OF
PENDULUM AT BERLIN, 1876.—SECOND READING OF FILLETS—Continued.
HEAVY END TP.
. N Cor. for | . Number Time, one : ! Cor. for | Cor. for Peoriod,
Date. Time of transit. | Intervals. aro ! Corr. time. :fwilla— oscillation. | Rate. pressure. | temp. | corrected.
10NA8. |
B |
h. m. 8. 8 !
Apr. 20 10 39 53.808
: 10 45 21.795 327. 987 . 018 327. 969 326 1.0060399 —20 1 — 18 4158 | 10060524
16 55 55,606 633, 811 019 633.796 630 60254 —20 | -~ 13 4158 60379
11 17 55.056 | 1319, 450 014 . 1319.432 183114 | 60480 —20 ~ 13 4157 60604
; (22673)
| Apr. 24 10 39 34.319 ‘
‘ 10 44 44.109 300, 880 .017 300.863 @ 308 : 1.0060427 -6 | —114 4102 | 10060410
10 55 42.186 657, 987 .020 657.967 ' 654 | 60657 -5 | —114 +101 60639
11 18 22.345 | 1360. 159 014 © 1360145 | 1352 | eo214 -5 | —114 + 98 60223
! . @314) | 1
Apr. 25 10 40 17.219 ; : !
10 46 13.007 995, 788 . 020 295768 | 294 ' 1.0060136 120 | —106 4 81 | 10060131
10 57 10.480 657. 473 . 020 657.453 | €53} | 60490 +20 | —106 + 80 60484
1t 19 31.001 1340. 521 . 014 1340. 507 13324 60080 ~+20 l —106 | + 79 60083
Apr. 268 :
i
i
|
| : | )
Apr. 28 7 76 20.728 | ‘ ‘
: 731 12401 | 201763 .01 | 201746 | 200 | 10080207 —20 - 52 | 144 | 1.0060279
! 7 42 45.140 692.649 |  .021 & 602.628 ' 688} | 59956 —20 — 52 | 4139 60023 -
i 8 5 17.248 | 1352.108 | .04 | 1362.084 1344 80228 -2 | -5 | +13 60282
i | 1 (23224). !
i Apr. 20 7 49 81594 ' ;
7 55 270.735 256. 141 020 | 356.121 | 354 | 1.0059815 —24 ' — 3 i 498 | 10050986
8 5 47.463 619. 728 018 | 618710 | 616 80227 -2 | — 3! +8 60295
8 28 19.558 | 1352095 ‘ _014 | 1352081 | 1344 60126 -2 -~ 3§ +9 60190
i ! (2314) ;
Apr. 30 7 58 1.801 ! . i
8 3 IT.204 | 315.403 .018 | 315,385 | 3134 | 10060128 —~15 - 8 | -+ 97 |1.0060204
8 13 51007 633. 803 018 | 633.785 [ 830 80079 ~15 - 8! 4+ 60153
8 35 46,925 | 1315.918 014 | 1315904 = 1308 60428 ~15 - 6 +88 60495
| ez 1
May 206 8 9 14.732 : ! |
8 14 24.508 300. 861 L017 ¢ 300.844 | 308 | 1.0059870 —20 ~ 48 | 4+ 81 | 1.0050883
8 25 6441 641,848 019 641.829 ’ 838 60016 —20 . —48 | 4+ B0 60028
8 46 46.260 | 1200.819 |  .013 | 1200.806 | 1202 60418 -0 | —48 + 7 60427
: | (2238) - :




UNITED STATES COAST SURVEY.—PENDULUM AT KEW, JULY, 1876.

THE UNITED STATES COAST SURVEY.

HEAVY END DOWN.

327

Number

Date. | Method.| Time of trensit. ~ Intervals. | “°" ™ Corr. time. oscilla. OT;“‘;“‘::’:: Rate. P‘;‘;:s:‘;; C‘:;If)‘_” oeriod,
! tions. .
h.oom. s & »
July 1 A 10 21 7.884 |
D 10 36 32320 924.436 . .055 | 924.381 919  1.0058552 +1269 —41 —203 . 1.0058487
D 1 2 46.510 & 1574.190 | .045 | 1574.145 1565 58435 - +1269 ~41 —296 367
D 11 51 56.675  2950.165 & .020  2950.136 2033 58425 © +1269 —41 —208 355
! (5417) I(1. 0059381)
July 2 D 6 42 58 865 i
C 6 58 35.845 937. 480 . 054 937. 426 932 | 1.0058219 . 41281 —50 —291 | 1.0059158
c 7 21 52.006 @ 1396.161 L0641 ¢ 1396.120 1388 58501 - 41281 —50 —300 22
B 8 12 44.764 . 3052.758 632 3052.726 3035 58405 - 41281 —50 ~305 33 |
(3853) (1. 0059328)
July 8| A 6 52 30.199 :
D 7 10 46.638 | 1096439 039 | 1096.380 1090 © 1.0058532 = -+1275 —60 —329 . 10059418
A 7 31 10.845 . 1233207 035 1 1233172 1226 58400 41275 —60 —333 381
A 8 21 53.837 . 3093.992 .033 | 3093.959 3076 58384 . +1215 —60 —33¢ 205
: (5392) (1. 0059322)
Juy 4| B & 47 30.365 { |
D 6 2 52.780 . 922.415 | .053 | 922.362 B17 | 10058473  +1271 —53 311 1.0050380
A 6 26 30.049 . 1417269 042 | 1417227 1409 58388 +1271 —53 —322 285
A 7 17 51973 | 308L924 032 | 3081.892 3064 58384 = 1271 —53 —328 284
! ! (5390) (1. 0058301)
July ¢4 B 10 9 10.507 , ; :
A 10 24 41082 931475 .053 | 931.422 026 | 1.0058553 @ +1271 —51 ~334 . 1.0059439
B 10 48 10.172 . 1408. 180 042 | 1408.148 1400 58200 . 41271 ~51 —333 087
B 11 40 42.517 3152345 .033  3152.312 3134 58430 - 41271 —51 ~.329 321
(5460) (1. 0059281)
Change of knife-edges, from No.1 to No.2.
July 7! D 6 25 10.062 !
B 6 40 30.456 920. 394 052 | 920.382 915 | 1.0058383 | 1207 —28 —330 | 1.0059321
[o} 7 4 35883 | 1445.427 L042 | 1445.385 1487 58351 | 1207 —29 —342 277
o} 7 56 21945 | 3106062 033 | 3106.520 3088 58384 | -41267 —29 —357 285
(5440) (1. 0059295)
Jaly 7 B 10 31 28 64
B 10 47 16.214 947, 570 . 054 947. 516 942 | 1.0058556 | 1207 -26 —388 | 1.0050439
B 11 11 18.607 | 1442.303 L0420 1442.351 1434 53236 | 41207 —2% —388 119
D 12 4 26142 | 3186.535 033 | 3186.502 3168 58403 : +1207 —206 386 288
(5544) (1. 0059270)
July 8 B 6 28 6.506
i A 6 43 50.030 043, 533 . 055 943. 478 938 | 1.0058400 | +1310 22 —342 | 1.0059346
B 7 7 46.412 | 1436.373 042 | 1436.331 1428 58340 | 41310 -22 —345 283
B 7 59 32.460 | 9106.048 033 | 3106.015 2088 58330 | +1310 —22 —346 281
(5454) (1. 0059293)
July 9 B 7 16 52.359
A 7 32 33.873 841. 514 . 054 941. 460 936 | 1.0058333 | +1287 —43 —318 | 1.0059259
B 7 56 32.249 | 1438376 042 | 1438.38¢ 1430 58280 | +1287 | 43 —325 199
B 8 48 46.480 | 3134231 032 | 3134.199 3118 58405 | +1287 | 43 —330 319
(5182) ; (1. 0058277
[ July 10 D 7 22 30.981 i i
D 7 38 20.486 940, 505 054 940, 451 935 | 1.0058209 | +1300 | 50 —255 | 1.0050204
B 8 3 34305 | 1513819 .043 | 1513.776 1505 58312 | +1300 | —50 —261 301
A 8 53 51827 | 3017 522 082 | 3017.490 3000 58300 | 41300 | —50 —260 281 ¢
(5440) % - {1. 0059289)




:398 HEPORT OF THE SUPERINTENDENT OF

PENDULUM AT KEW, JULY, 1676—Continnéd.

HEAVY END UP.

: | J Cor. fi hmmbﬂ | Thme, one J Cor. for | Cor. for 1 Period
Date. Method. Thme of transit. | Intervals. ; :!;mm. Corr. time. i «z.scilla- ioscill;gﬁn. Rate ipr';ssure. ter‘n;). cormcteh.
i ! tione. ;
L 3 _ ‘ S —
h. m. s £. : - i
Juiy 1. 12 4 38.635 i | } \
12010 35.776 | 37141 | .02 | 35703 | 355 | LO0SOT46 | 1260 | — @2 —248 | 1.0000675
12 22 3.866 | 888000 | .020 | 688,070 | 684 | 59503 | --1260 ‘ " —251 | 429
| 12 43 40584 | 1206718 | 013 | 1206.705 boamse o serrs | 41260 0 — 2 —953 . 699
) | (2328) ‘ (1. 0060612)
July 2. ... ... 5 12 52612 ; ; ! :
519 5.123 | d2rsl ;019 | 421482 419 | 10050475 | 41281 | -1i4 —213 | 1. 0050429
5 50 20.920 | 635797 | .017 | 635.780 | €32 | 5BR10 | 41281 ©  —1l4 —am 756
6 53 52226 | 1402.306 | 013 | 1402.203 ‘,. 1894 | aMel | 1281 | 14 —226 432
I 2ae5) ; | l(1. 0060515)
July 8 26 28.214 i ; i ;
8 32 50.506 | 382202 | L0201 | 382271 . 380  1.0050763 | +1281 | —117 —~263 | 1. 0060664
8 42 56.110 | 605.613 © .018 605595 | 602 59718 | +1281 ' —117 —269 | 613
9 5 38.207 | 1362.088 | .04 | 1362074 1854 59631 | -+1281 —117 —om2 | 523
| (2336) | (1. 0060569)
July 5 36 32.199 1 ‘ ‘ !
5 42 50.446 | gTB.24T | .02 | 378225 . 316 . 1L.005MT6 | 41276 | —140 —243 | 1. 0060068
5 53 82.262 | 64816 | .019 | 641787 | 638 59514 | 41275 | —140 —o48 | 401
6 16 20.400 | 1368.138 014 | 1368.124 | 1360 50755 | +1276 ~140 —257 | 633
: “ ! e ) (1. 0060481)
July 3( 8 39 10.524 | i
i 9 45 43.885 | 303361 | .023 | 393.388 391 | 1.0060795 | +1275 | —133 | —9284 | 10060658
; 1 9 56 00.545 616.660 | 018 616. 642 613 | 58413 | 41275 —133 —287 | 268
| | 1019 1766 | 1m1221 | .04 | 1ML27 . 1T | s0H | s | -1 | 291 | 625
: | i (2377) . (1. 0060538)
Ty 4| L4 45 5000 i : :
‘ { 4 52 BL9BL | seadm2 | .28 396. 349 a4 | 1.0050619 | 41271 ~126 —232 | 10060332
5 3 15808 | 643,827 | .019 | 643.808 640 56500 | +1271 ~126 ~237 | 408
5 26 34.123 | 1398.315 | .014 | 1398.301 & 1380 | 59717 | 41271 ~126 —247 | 615
! [ (oazey 1, 00s0547)
July 7 85 40005 * | |
7 42 16,473 | 298.378 | .02 | 396.358 304 | L00SOTOT | 12Tl | 118 274 | 10080676
7 82 12002 | Gas.cee | .01 503, 512 582 59324 | 4127 | 119 —216 | 200
. R 15 6168 | 1374.186 , .015 | 1374151 | 1366 59671 | 41271 ,‘ ~119 —~278 545
i ? 2382) ! (1. 0060480)
July 4 9 5 28.170 { !
9 12 10.501 102. 412 023 | 402 389 400 | 1.0050725 | 1271 I ~118 | ~269 | 10060609
9 22 30.250 | 610.668 ‘ 018 | 619,850 616 5263 | 1271 | -u8 | —om 185
¢ 45 32.484 | 1382. 225 |ocou | 1smeom 1374 9752 | 417 | -8 | —2i 831
i (2390) | (1. 0060499)
July 4. 12 2 46318 :
12 9 18675 | 382857 | .028 302.334 | 300 10059846 | 1271 —114 —273 | 10060730
12 19 48.451 | 620776 | 019 | 20.757 626 60026 | 41271 | —114 | —275 208
12 42 28.501 | 1360.050 5 .014 | 1360.036 1352 50438 | 41271 | —114 , 778 319
! (2368) | l (1. 0080540)
i ! i |
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PENDULUM AT KEW, JULY, 1876—Continued.

. HEAVY END UP-—Continued. .
M ember | ‘* i |
. umber | : H H v .
Date. Method.i Time of transit. | Intervals. Cx;r‘::or Corr. time. o.scil.la' 10’1;312;::5 Rate. p(i:s‘fx L':‘;];M cfl:;?tid
tions. i :
d — - : LI —
Change of knife-edges, from No. 2 to No. 1.
h. m. 8. rs
July 7 A 5 22 10.009
B 5 928 34 302 383.293 022 383. 271 381 10059606  +1297 — 68 —247  1.0060588
A 539 4.045 629. 743 . 010 620, 724 26 50488 41207 — B8 ~253 464
A 6 1 21980 | 1337.944 014 1337, 930 1330 59624  +1297 -~ 68 —264 589 |
‘ (2337) {1.0060555)
July 7. D 8 40 40.033
D 8 47 14.392 304, 339 . 023 304, 316 392 | 1.0059082 1207 — 64 —304 10060011
D 8 57 56.216 641. 824 019 641. BO5 638 59639 +1297 — 61 —308 564
D 8 20 52.395 . 1376.179 L015  1376.164 1368 50673 41207 — 64 314 582
i (2398) (1. 0060490)
July 7; B 8 30 20.421 | :
B 9 37 0.814 | 400.393 . 023 400. 370 398 10050548 1207 ~ 63 —320  1.0060462
B 9 47 32 548 631734 L0019 631. 715 628 59156 41207 — 63 —321 069
B 10 10 10.642  1358.004 .014 1358 080 1350 59852 -+1207 - 683 —322 764
(2376) (1. 0060530)
Jaly 7 C 12 22 54115
D 1228 22,447 388. 332 022 388. 310 386 1.0050845  +1297 — 56 —323  1.0080763
D 12 40 16.361 653. 914 . 020 653. 804 650 50008  +1297 — 56 —324 825
D 13 2 52.405  1356.04 014 1356. 030 1348 59570  +1297 — 36 —3825 486
(2384) (1. 0060623)
July 8 C 5 21 29.981
b 5 28 2.341 392. 360 .023 392. 337 390 ©1.0059028  +1310 — 47 —265  1.0060921
D 5 38 48.184 645. 843 . 020 645. 823 642 59548 -+1310 - 47 —270 541
D 6 1 48.372 @ 1380.188 .014  1380.174 1372 59577 +1310 — 47 —278 562
| ; (2404) (1. 0060615)
July 8! B o 12 54420 - -
. B 9 19 14691 380, 271 .022 380. 249 378 1.0059497 - +1310 — 57 —270 1. 0060480
i Rejected.]. B ¢ 30 30.691 ; 676.000 . 020 675. 980 672 59226 41310 - 57 —273 206
© B g 52 20.428 | 1300.707 . 013 1309. 724 1302 39324 +1310 — 57 276 301
| : (2352) | (1. 0060303}
July 8. D 6 14 46203
A 6 22 2,82 436. 620 022 436. 598 434 10059862 1287 | —106 ‘ —282 - 1.0060811
D 6 31 48.308 . 525.485 . 018 525, 467 582 59570 +1287 —106 —-238 513
D 6 54 24.353 ‘ 1356. 045 L0165 1356.030 1348 59570  --1287 ~106 —249 502
i (2364) (1. 0060562)
July 9 D ¢ 16 14.154 i
D 9 22 40.466 = 386.312 .023 386, 289 384 . 1.0059609 41287 | — 98 —202 1. 0060506
D 9 32 56136 615.670 . .018 615. 852 612 50673 | 41287 : — 98 —293 569
[ G 35 24.160 , 1348 024 014 1348, 010 , 1340 59776 +1287 — 88 204 671
‘ (2336) (1. 0060639)
July 10, B 5 28 2985
B 5 34 48.716 406. 431 . 023 406, 408 404 10059604 = 1300 ~114 —216 10060574
B 5 44 58.357 609. 641 . 018 609, 623 606 59785 41300 —14 -213 758
LB 6 B 22,704 : 1404.347 .014 1404333 1336 50692 . -+1300 —114 -217 661
} : (2346) (1. 0060571)
July 0¢ B 9 35 56.718
D ¢ 43 26400 449, 682 . 023 449, 659 447 | 10059485 1300 -115 —226 10080444
¢ ¢ 53 7.879 581. 479 . 019 581. 460 578 59862 +1300 ~115 —231 816
C 10 15 41.910 ' 1354031 .014 1354017 1346 50562 +1300 —115 ~287 510
(2371) | (1. 0060572)

8. Ex. 37—42



330

June 11

June 14

June 15

June 16

June 17

June 19

June 20

June 22 |

June 29

|
|
i
i
i
i
i
3
|

387

380

380

202

202

202
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REPORT OF THE SUPERINTENDENT OF

UNITED STATES COAST SURVEY.—PENDULUM AT HOBOKEN.
HEAVY END DOWN.

1
| ‘ ;
- . Cor. for ! . i Number Time, one & E Cor. for | Peoriod,
¢ Time of transit. | Intervals. © arc. JCorr. time. ().g(:i]]a. | oseillation. TRate. g é temp. corrected.
1 tions. =
k. m. 8. ‘l 8. 1
15 33 13.345 |
49 3.937 950. 592 . 056 950. 536 9441 1,0063913 - 57 . —60 —363 | 1.0063433
16 16 18.874 | 1634.937 .048 | 1634.889 16244 3952 -5 60 363 472
17 8 24798 | 3125.924 .031 | 3125.893 3106 4047 - 57 . —60 ~363 567
i (5675) (1. 0063518)
13 59 52.501 | ;
14 14 44.815 801,224 .051 891. 178 885% | 1. 0064069 —288 | 63 —377 | 1.0063341
38 11.865 | 1410.050 043 | 1410007 1401 14289 —288 . —63 -7 561
15 30 14.824 | 3119.959 035 | 3119924 3100 ‘ 4273 —288 63 -377 545
\ (53863) ‘ (1. 0063516) -
15 22 38.937 | i
45 12.769 753. 832 .044 753.788 749 1.0063023 | - 68 | 51 —438 | 1.0063368
59 17.020 | 1444.260 046 | 1444.215 1435 4214 —~ 68 | —B1 —436 659
16 45 50.878 | 2793.849 .027 | 2793.822 2776 | 4200 - 68 : —51 —436 645
I (4960) | (1. 0063607)
14 28 36.999 : i
43 4571 | 867572 .050 867. 522 862 | 1.0064056 | — 68 ! —32 —472 | 1.0063484
15 10 53.272  1668.701 |  .040 | 1868.651 1658 | 4240 . ~ 68 | —32 —472 668
50 55.050  2041.787 | .020 | 2041758 2923 | 4174 - 68 . —32 —472 602
J : (443) ‘ : (1. 0063604)
Change of knife-edges.
15 54 52711 | : ‘w |
16 10 51967 | 979.256 | .055 979.200 , 973 . 1.0063720 142 -5 —432 ' 1.0063376
16 36 40.868 | 154R.901 | .44 1548857 | 1539 ' 4048 | 442 0 -ng | 432 704
17 26 28.880 { 2088.012 | .020 0 208T.982 | 2960 3934 +142 0 —B4 . —432 | 590
| i ; | (a8l 1 | /(1. 0063584)
14 15 25.208 | i ; ! :
20 40.743 |  855.450 . 050 855.399 | 850 ‘1. 0063525 +240 © -39 , —456  1.0063270
35 18,561 ] 1537. 818 047 181771 L 1528 ‘ 3546 +240 | 88 | —450 | 691
15 45 5482 | 3036261 | .oss i 3036228 ‘ 3017 | 3717 +240 | -39 | —456 | 462
| ! 1 | (6395 | ; (L. 0063497) |
15 4 14856 | ! i S | | ‘
20 0.89L | §46.035 ‘ 053 | 045.981 | 940 ;1.0063631 4240 © —50 | —416 | 1.0063396
| ; i !
14 31 41.930 ‘ ‘ : E ] ; ;
“ sz 7Tezo42 | .07 | Tonees | BT | 10063471 | 4336 | 45 | —3%6 | 10063375
15 12 33.042  1659.070 ©  .050 | 1650.020 | 1648} 3814 4336 | —46 | —385 718
16 1 20137 | 2031095 | .02 . 2031088 | 2012 3745 +3% | —45 | —38 649
i : [ (5348) ' (1. 0063630)
10 7 24.68 | ‘ { i :
21 10.950 826.265 | .048 826.217 | 821 | 1.0063547 4426 | 53 | 404 | 10063516
46 Lo | 1480974 l 046 1490927 14814 3636 4426 | —53 :  —do4 605
11 30 27.204 | 2665.370 | .030 | 2665.340 26484 3562 4426 | ~33 | —404 551
} | (4951) ‘ lu 0063561)
i
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i

UNITED STATES GEODETIC SURVEY.—PENDULUM AT HOBOKEN, 1877.
HREAVY END UP.
‘ \ ' Number . 52 . .
Date. Chr. Method. Time of transit. Intervals. (’D:!'_:_‘m Corr. time, \ o.sci]]a‘ ;:;;;g:;_ Rate. ;: Z L::r':;:r c;:;:::;]_
; i tions. o
ko om. 8. 8. i
[ June 11 202 c 14 11 38.249 ! :
D 18 15.367 397. 118 020 397,097 | 304) | 10063880 | - 64 | 139 —306 . 10065479
A 29 24.260 668. 893 . 016 668, 877 6643 | 5872 |+ 94 | —139 306 5521
A 48 31797 1147.537 .010  1147.526 140 ! 6019 |+ 94 | —139 —306 5668
(2199) ‘(1. 0065590)
[ Jume 14 - 387 B 16 13 38.972 I
: ¢ 19 53.944 374.972 .021 374. 951 372 10065820 | —2688 | —141 —323  1.0065068
& 30 5.987 612. 033 .018 612. 015 608 | 6038 | —288 | —141 —323 5286
D 56 20.856  1574.869 .016  1574.853 1564% | 6594 | —288 | —141 —323 5842
(2545) | (1. 0065506)
June 15 ;380 A 1415 1.901 §
‘ : A 20 22,026 320.125 . 017 320. 108 318 | 1.0066209 | — 68 | —114 —378 10065739
; B 30 52.683 630. 657 RO 630. 639 6204 : 6069 | — 68 | —114 —371 5316
C 53 24.044 1351361 .013 1351 348 13424 | 5909 | — 68 | —114 —364 5363
(2287) ‘ (1. BOG545T)
! June 16 * 380 B 13 22 44.800
B 98 45.188 360, 383 . 019 360. 374 358 | 10066304 | — 68 | — 73 —390 1 0065764
c 38 27.981 642, 748 . 018 642.729 638} | 6233 | — 68 | — 73 -394 5698
D 41 19.039  1351.108 012 1311.006 13024 “ 5008 | — 68 | — 73 —301 5466
(2299) ‘ (1. 0063577)
Change of knife-edges.
June 17 © 202 B 14 47 8.665
| B 53 0.975 352,310 .018 332.292 350  1.0065497 . 142 119 —368 1 0065152
| . D 15 5 0.698 719.723 ,019 719.703 s 5780 - 4142 119 —368 5425
| | D 25 36.797 . 1236.099 L0111 1236.088 1228 5861 142  —119 —368 5516
: ! (2203) (L. 0065435)
June 19 © 202 “XOX0" 16 11 16.343
i D 17 40.855 384, 512 021 384. 491 482 | L 0065222 4240 ~ 97  —386  1.0064979
‘ A 29 10.052 699, 097 . 019 699. 078 €94} 5027 4240 — 97 38 5684
D 48 43.042 . 1163.090 010 1163079 11554 5591 4240 — 97 —386 5348
(2232) (1. 0065389)
June 20, 202 A 147 40.020 ;
i A 17 48.012 607. 992 L 017 607. 975 604 - 10065815 4240 - —136 —345 1 0063574
j B 38 36.636  124%. 644 L011  1248.633 12404 5564 4240 -136 —345 5323
; i (18444)
June 22 i 202 D ; 16 22 58721 !
! c . 27 32.028 273. 307 L 012 273. 295 2713  1.0066110 4336 —112 —321 10066013
: c 37 21.926 595, 898 L4185 585, 883 592 5586  fass  —112  —321 5489
! B 57 85.297 | 1207.371 011 1207.360 11994 5531 ++336 —112 321 5434 |
‘ ; (2063) (1. 0065512) |
June 29 | 202 A 9 6 01 ; |
; B 10 58,584 208, 447 . 016 208, 431 2964 | 10065138 426 —121 | —335 10065103
. B 21 4.824 646. 240 . 019 646. 220 642 5734 426 121 © —335 5704 |
; D 40 30.187 | 1134.363 L012 1134.351 127 5231 4426 —121 335 5201 |
| (20654) (1.0085343) |




032 REPORT OF THE SUPERINTENDENT OF

UNITED STATES GEODETIC SURVEY.—PENDULUM AT HOBOKEN, 1877.—~SWINGS AT LOW PRESSURES.
HEAVY END DOWN.

{211153):

[ A1l femperatures in low-pressure and high-temperature experiments are to be corrected by + (2.3 C.]

Date.  Pressure. Temper- E Time of transit. | Intervals. | Cor. for i Corr. time. iNol:‘l;‘i;)lir. ‘ Tir.ue, OBO | Rate. Period,
ature. < | are. | ! 4 - oscillation. : carrected.
= i | | tions. .
S i i — — " i oo |
In. ° . ko ome s 5. ! |
" Sept. 25 - 30.25 6.6 | A | 10 48 26.104 ; ; :‘ { ;
AL 11 7 45.625 1159. 491 J044 | 1150.387 | 1152 | 10064123 + 13 . 1.0064136
A D11 27 25156 79531 1 .02z 1 1178.509 | 1172 | 4258 + 13 271
A | 11 57 54.635 | 1820.679 ;,  .0l4 |  1829.665 1818 4164 |13 177
: : i (4142) (1. 0064173)
| ! i
[Sept.26 1519 661 © A : 10 48 22.809 | f ,
: A | 11 44 26903 963. 994 . 042 963.952 | 958 | 1.0062120 + 13 1.0082142
| Al 14 s 2225.877 | 053 | 2225.824 | 2212 | 2495 + 13 508
I A 12 23 24.408 2511. 623 019 | 2511604 | 2496 | 2516 + 13 529
1 ! (5666) } (1. 0062457)
| Sept. 27 30.25 685 | A 8 50 47.365 : :
g A 9 1 15420 625. 035 L 032 628,023 624 | 10064471 + 13 ' 10064484
A 9 19 34448 1099.028 | 030 |  1098.998 1092 4084 + 13 097
A 9 58 14.81 2320.433 026, 2280. 407 2246 1145 + 13 158
‘ (3962 ' (1. 0004184)
Sept. 2 0.50 6.3 : D | 10 7 12.887 :
B | 10 38 21285 1868, 398 146 | 1868.252 1857 . 1.0060592 +128 | 10060720
A 11 8 1575 1re4.468 | 12m | 1743 17834 | 0785 | +128 | 0913
B | 11 37 59.106 1783. 353 .12 liEs.ed 17724 ¢ 0598 +128 0726
B ! 12 5 17109 | 1698 003 098 | 1637.905 1628 0842 +128 0970
D 12 35 59.323 | 1842.214 | L0911 | 1842, 123 1831 0748 +128 0876
D . 13 7 48930 1909.607 | .085 1909, 522 1898 0705 +128 0833
B | 13 42 26.560 ; 2070.630 | . 082 2079, 548 2067 0706 +128 0834
D | 14 12 50.85¢ | 1892.004 061 | 1822033 1811 0922 +128 1050
D | 14 57 16812 | 2666.158 076 | 2606, 082 2650 0687 4128 0%15
D | 15 24 655 |  1609.745 coe0 | 1609705 | 1600 0856 +128 0784
B 15 55 27M | 1856237 | .o42 | 1856195 | 1845 06TT 128 0805
D | 16 25 57.012 | 1854,218 . 037 1854181 | 1843 0677 128 0805
D, 17 9 5281 | 2615819 . 042 2615777 | 2600 0681 +128 0809
B 17 29 4007 | 1172.076 .017 1172050 1165 0502 +128 0720
i D ! 18 26 24.687 3439, 780 . 044 3439, 736 3419 0649 +128 777
! B 18 57 57.142 1892. 455 . 020 1892, 435 1881 0792 +128 0920
A | 19 34 33.931 2196. 789 . 020 2196. 769 21834 0767 +128 0895
" (338343). (1. 0060879
S Qet. 1 4.99 68.3 | A 8 18 49.961 ° ‘ :
‘ : D | 8 49 38866 |  1848.905 121 1848. 784 18374 ¢ 1. 0061410 + 0 10061419
B 10 19 42960 | 5404.08¢ | .166 5403. 918 5971 1288+ 8 . 207
B ‘ 10 51 26.588 ; 1903.638 .  .028 1903. 610 1892 1364 4 9 373
Do o112 1196 | 1894.611 .021 1894. 590 1883 1535 1+ 9 544
i D | 12 11 5.086 | 200800 ' .012 ' 2020878 2012 14+ 9 403 |
: B i 12 31 21.201 170.115 | .008 1170. 106 16 | 1 o+ 9 110 e
| : (138053)’ (1. 0061879) |
fOct. 1 1.50 68.0 | B | 12 48 20.189 | i : i
3 LB 113 2 56.0M | 247.755 .161 247 594 2234 | 1.0060850 '+ 0 | 1.0060850 |
: B i 13 53 7.2%2 | 1680.348 | .100 | 1680.248 | 1670 i 1365 + 9! 1374
: ' D | 14 28 10.760 - 2100477 096 2043.381 . 2050 0760 + 9 | 0760
"D ! 15 1 30.367 | 2068.508 | .074 |  2068.524 | 2058 0914 + O | 0923
D | 15 33 2856 1903.589 055 | 1903.534 | 1892 o962 | + B | 0971
D | 16 1 31528 | 1748572 . 040 1748.582 | 1788 0596 + 9 0605
B . 16 41 46912 | 3355.884 - .045 2355, 389 2341 | 1252 | + 9 | 1261
D | 17 6 24907 @ 1477805 . .020 . MIT.075 . 1469 | 095 ;. 4+ 9 1104
B . 18 16 10.857 @  4194.450 1 046 | 4194404 . 4169 0935 | + 9 | 0944
A D18 41 44122 1524. 765 012 | 1524788 | 181854 090 | 4 o | opee |
g 1 i ! j
1

(1. 0080999) J
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PENDULUM AT HOBOKEN, 1877.—SWINGS8 AT LOW PRESSURES—Continued.
HEAVY END DOWN—Continued.

333

Oct.

Oct.

Date. | Pressure. Temper- E !‘ Time of transit. ! Intervals. Cor. for Corr. time. |,
| . ature. CH . are. !
: =

In. . [} : Pk om. 8. 5.

3 0.25 6.5 D 9 7 46.910
D 9 37 20.754 1775. 844 L148 1775. 696
C 10 14 43.954 2243. 200 . 168 2243. 032
D 10 39 46646 1502. 692 104 1502. 588
B 11 7 16707 1650. 061 . 107 1649. 954
D 11 37 36.784 1820. 077 .18 1819. 959
D 12 6 5.21¢ 1708. 426 . 098 1708. 328
Boo12 41 699 2100789 . 105 2101. 684
B 13 13 34839 1947. 840 . 089 1947. 751
D 13 38 10.828 1475. 989 . 066 1475. 623
B 14 8 4704 1793, 878 L o71 1793. 808
B | 14 36 45.175 1720. 471 . 065 1720. 406
D 15 11 42.930 ' 2097.755 . 060 2097. 686
© D 15 39 4T.164 | 1084.234 .052 1684, 182
B 16 3 44.881 1437.717 . 041 1437. 676
D | 16 33 16.614 1771.733 L 048 1771. 685
D 17 6 8567 1971. 953 . 047 1971. 906
D 17 34 10.790 1682. 223 . 037 1682. 190
B 18 10 26.929 2176. 139 . 044 2176. 095
B 18 49 43208 2356. 270 042 2356. 237

-

5 14.98 6.4 D 9 0 1140
: B 9 17 52833 1071 693 . 063 1071. 630
B 9 54 48623 2215. 790 . 068 2215. 722
D 1 2 54925 4086. 802 . 038 4088. 264

5 14.98 6.5 A . 11 13 7.82
D 11 32 58.754 1190, 931 . 067 1190. 864
D 12 7 46.697 2087. 943 . 061 2087. 882
B 13 18 12864 4226. 167 . 038 4226, 129

5. 30.16 64.7 | A 13 30 39,866
‘ B 13 42 22,876 703. 010 . 037 702. 973
B 14 2 26 846 1203. 670 . 034 1203. 636
A 14 49 17. 896 2811 350 . 027 2811, 324

5| 30.16 64.5 | D 14 58 45,016
B 15 10 56.685 731. 669 . 039 731. 630
D 15 30 7.029 ' 1150.344 . 032 1150. 312
B 15 156 15.206 2708. 177 . 027 2708. 150

1) Number ‘

oseilla-
tions.

1763
2220%
14934
1640
1809
1698
2089
1936
1467
1783
1710
2085
1674
1429
1761
1960
1672
. 2163
L 2342
(34704)

1065
2202

(7328)

11334
2075
4200
(7458%)

698§
1196
27934

(4688)

1143

(4561)

|
| Time, one
| oscillation.

1. 0060669

' 0695
0850 |
0695
0580
0825
o718
0697
0825
0617
0854
0844
0824
0714
0676
0745
0013
0542
0790

" 1, 0062253
2316
2211

1. 0062223
2082
2212

1. 0064037
3846

1. 0063636
3972
3731

Rate.

R

© © © B ¢

+129
+129
+129

+129
+129
+129

129
4129
+129

+129
+120
+129

Period,
corrected.

1. 0060678
704

859

704

589

834

727

706

834

626

863

853

833

723

685

4

922

551

799
(1. 0060746)

(1. 0062378)

1. 0062352
211
341
(1. 0062306

1. 0064166
3975
3934
(1. 0063979)

1. 0063815
4101

3860

(1. 0063913)
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PENDULUM AT HOBOKEN, 1877.—SWINGS AT LOW PRESSURES—Continued.
HEAVY END UP.
i ; Numb i |
: ~ - umber . .
" Date. Pressure. LOWPeT-. S Time of transit. . Intervals. | Cor-for - o time. | ogcilla. L% %P | Rate Period,
: are. e : | are. 5 oscillation. corrected.
i i tions.
‘ =
(T In. 0 h om s .
{Nov.30 | 030 ... A 1B 50 25502
5.6 0 A . 14 45 4.562 |  3278.970 . 240 3278.730 3260 © 1.005745% | 4367 | 10057821
‘ 5.3 A | 15 & 16.463 & 2411.902 .11 2411. 791 2398 57510 | 4367 | 877
5.0 A 16 17 €318 |  3100.854 . 095 3109. 759 3082 57435 | 4367 | 802
50.6 A 17 15 16.274 |  3189.956 . 064 3489, 892 8470 57326 | 367 | 693
50.5 A 17 38 42.309 1406, 035 .017 1406. 018 1398 57353 . 4367 720
i (13618) . : (1.0057784) |
| Dec. 4  7.47 4©0 D 11 10 876 ! !
i B . 11 18 38728 510. 012 .032 509. 980 507 | 1.0058777 | 360 | 1.0059148
D 20 8732 4230. 004 .081 4729, 923 4205 59270  -+369 9639
B 12 31 40.604 151. 872 . 000 15L872 151 7 57748 | 860 | 8117
i Co(a863) (1. 0059540) :
i ! :
‘Dec. 8 0.35 487 B . 10 46 34.876 ; i L :
! B 11 30 42.130 2647. 254 .195 2647. 069 2082 - 10057258 | 4353 | 1.0457606
B | 12 30 42.9% 3600.660 156 3600. 504 3580 57274 . 4353 7
B 13 34 50.74 3647. 984 . 091 3847. 893 3826 57221 | 4353 574
B 14 31 44.256 3413.482 .04 3413.438 s | sTn2 4353 625
B . 15 27 37.353 3353. 097 026 3353, 071 3334 |  oT202 | 4353 555
* (16766) ; (1. 6057597)
Dec. 5 042 @ 488 D . 15 33 20.2% : |
i B ' 16 33 2.802 3573. 546 ,194 3573. 352 3553  1.0057281 | 4353 | 1.0057634
‘ B | 17 43 40.999 4238.197 22 4238.075 4214 s7181 4858 | 484
; B 19 10 34.758 5213. 750 070 5213. 689 5184 57270 | 4353 623
j B ' 19 45 48.809 2114. 051 . 015 2114. 036 2102 57260 | 4853 | 612
i D - 20 34 54516 2045. 767 . 014 2945.753 2029 57197 +858 ! 550
; | ane) | i (1.0057579)
{ i i ! ; !
‘ i | ‘
Dec. 10 0.67 494 | B | 12 5 30.8%5 . : ! ; ;
| D | 12 44 21298 | 2380468 | 170 |  2330.208 | 92317 [ 1.0057389 . +389 L OOGT778
D | 13 27 16.008 | 2574805 | 117 | 2574.688 | 2560 57875 | -+389 764
D . 14 51 33072 | 5056.97¢ | .11z | 5056.862 | 5028 @ 57403 | 389 792
"B 15 28 30747 © 2217.675 | L0238 | 220T.652 | 2305 | AT3TH T 389 768
: | i : (12110) | i (L.0057778)
' ; ; ‘ | |
{Dec. 10 0.72 4.8 | B ' 15 31 20.314 ! . ‘ ‘ |
B 16 34 47.093 | 3100.779 | 166 © 3707613 3776 | 1.0057238 | 4380 | 1 0057627
B ‘ 17 43 24.675 | 4117.582 | . 082 4117, 500 4004 57401 i 4389 790
B 19 1 41431 = 4696.756 . .040 | 4696.716 4670 | 57208 | 4380 597
; : (12540) i (1. 0057669)
i i i
| Dec. 12 20.87 508 D 1 3 1487 ‘ : : |
: D | 13 38 42615 ZI27.798 . .o24 . 2127.774 2114 il.oossm i 283 | 1.0065430
Dec. 12 29.95 521 ; B | 15 3% .37 } ‘
B | 17 00 12625 @ 4837.308 039 | 4807.260 4806 | 1.0065062 | 283 | 1.0065349
{Dec. 12 20.03 5.1 0 B 17 24 27.028 | :
B | 18 15 46.956 | 3079.933 3070.902 , 3060 | 1.0065039 | 288 | 1.0065322
Dec. 14 | 30.24 46 | B | 18 15 3694 [
B | 18 52 1055 | 2184114 028 | 2184. 088 2170 | 10064022 | 4320 | 1.0085247
{ 5 i
‘Dec. 16| 27.20 %0.2 D 7 % 47.072 | j i
‘ D 8 1 4n31 | 220240 | 038 l 2220.211 2206 | 10064419 | +356 | 1.0064775
: : | 1 .
! Dec. 16 27.20 %2 D | 8 10 5888 | |
! B 8 M4 6517 g 1987.710 | 088 l 1087. 688 1076 | 10064218 | 856 | 10064574
1 §
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" Cor.for !

g - Number . i .
; . Temper.. & " f " Time, one ; Period,
Date. ‘Pressnre“ ature, % Time of transit. ‘ Intervals. are. | Corr. time. o.smlm— oseillation. Rate. corrected.
i : tions.
= i :
1877. | In. o h. m. & : 8
| Dec. 16, 20.15 5.2 B 9 06 56915
S D . 9 40 39.025 . 2022110 : .03 | 2022077 2009 | 1. 0065002 4356 10065448
Dec. 16 20.05 | 50.5 | D . 9 51 20.849 ! ‘
1 D 10 22 28.955 . 1868. 106 . 030 1868. 076 1856 1. 0065085 -+356 1. 00685421
Dec. 16 2245 | 500 | B ' 11 21 36.680 |
B 11 59 43.101 2286.421 . .038 2286. 385 2272 10063402 +356  1.0083670
Dec. 17. 15.02 | 504 B 12 ¥ 32587 ‘
: "D 13 2 16792 3464. 205 . 063 3464, 142 3443 10061408 . -+376 - 10061782
iDec. 17 745 . 505 - D 16 1 52.82 | |
3 i - D 17 2 51046 5008, 225 . 003 5008, 132 5068 | 10050455 ' 4376 10059831
"Dec. 19 0.6 5.1 D - 12 38 2.610
* ‘ B 13 39 30.870 3688. 260 .216 3688. 044 3667 . 1.0057388 4335 10057723
‘ B 14 42 54.668 | 3803.898 104 | 3803.694 3782 | 57361 | 335 696
‘ D 15 44 36.884 |  3702.216 .048 | 3702.168 3681 | 5506 | 35 841
| (11130) | ' (1. 0057752) |
|Dec. 187 100 | 500 B 158 916 |
; B 16 53 14.595 |  3725.431 .162 3725. 269 3704 | 10057421 | 4335  1.0057756
D 17 55 43.088 |  3748.493 .72 3748.421 3727 | 51475 | 4335 810
B 18 56 0.814 3617. 726 032 3617.604 3597 | 57531 4335 866
| : 3 (11028) | (1.0057813) |
| | | j
{Dec. 22 038 | 497 | B | 11 44 2474 i |
‘ B 12 7 34722 | 1389977 . 088 1389. 889 1382 | 1. 0057084 4408 - 1.0057400
B . 14 3 40.572 |  6965.847 .248 6965. 599 8926 57174 4406 580
i B . 15 2 54880 ;. 3554320 . 038 3554. 267 3584 57349 | +406 55
! D | 17 7 56628 ;| 97501787 . 051 7501. 686 7450 57227 | 4408 633
I'B 17 34 40.764 1604.136 . 005 1604. 131 1595 57249 | 406 654 |
i ‘ i (20896) ‘ ¢ (1.0057628)
i i 3 |
i i !
Dec. 22°  0.81 49.5 |DD| 18 30 28.843 | ' ;
3 ‘DD | 19 2 12.749 1903.906 | .041 1903.865 @ 1893 | 1.0057390 +406  1.0057796
: DB 10 46 50.573 | 2677823 . 036 2677.787 .  2662F ; 574186 | 4406 822
: i {45558 : | (1.0057813)
Dec. 23 0.45 4.0 |IDB| 4 22 53.980 | \ !
i i
. ) 4 48 42.354 1548.365 | .047 1548.318 | 15394 | 10057278 | 406 : 1.0057684
‘DD! 5 19 8774 | 1826420 | .043 1826.377 © 1816 | 5T . 1408 548
; ; ‘ V(3559 ! | (1.0057611) |
Dec. 23,  G.B2 49.0 ¢ D 6 40 36.960 | | -
¢ B 7 18 43.406 | 1986445 185 | 1986.810 1975 | 1.0057266 4406 1.0057672
. D 8 19 39.117 | 3955712 145 | 3955.567 | 3933 51379 +406 785
: D 9 47 1.082 . 5241065 076 | 5241889 | 5212 57347 | +406 753
! D | 14 16 35100 f 1774138 L01Z | 1774104 | 1764 | #7278 4406 685
3 i | | ! | (12888 (1. 0057741)
| | : ‘ | !
Dec. 23} 80.55 | 49.6 | D | 10 37 55.007 i ! ;
: i i B | 1l 10 265 1947. 636 037 | 1947.509 | 1935 | 1ovesITn | 4406 | 10065517
; i ; i . i
Dec. 23| 30.55 | 489 | D | 11 14 36.834 ! ;
l 1[ I'B | 11 48 2.880 | 200605 | .043 2006. 012 5 1093 | 10085289 | 406 | 10065693
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Date.

1878,
Apr.

Apr.

Apr.

Apr.

Apr.

Apr.

Apr.

May

a8y

May

24

26

30

30

10 |

y 10

11

HEAVY END UP.

: Number

Time, one |

Cor. for

Y ] i 5k ;
Pressure. 1‘;:1})' ,.5; ' Time of transit. . Intervals. ‘ fo(jt:;&l Corr. time. o.scilla. oncillation. Rate. : % ‘ temp. cfx:;igi;i
5 ) tions. o g (to35°C.
In. ° h. m. & 8. :
124 ... ‘D 11 52 17.358 : :
2.5 B 12 5 25088 ; 787730 & .042 787. 688 783 . 10059872 : + 8 {..-..- 4100 - 1.0059980
92.6 D | 12 18 20.755 775.667 . .035 75. 632 7 60078 | + 060177
92.0 D 12 30 381187 730.882 - .028 730. 354 726 59972 + 60108 |
(2280) | (1. 6060088) |
2.2 ... B 11 3 13.343 i :
9.3 ‘B 11 2 0.896 | 1247558 | .038  1247.515 | 1240 | 10060605 -+ 8 |...... —244 10060369
100.8 | D 11 53 54768 | 1793.872 | .034 | 1793.888 | 1783 . 60785 | -+ 8 . I =316 60477
W15 -B 12 24 6.767  181L999 : .022 - 1811977 | 180L ‘ 60946 | 4 B .. ‘352 60605
‘ ) 4824) : ‘ (1. 0060497)
20.888 ........ B 10 8 1L240 ; : i
89,9 D 10 19 46.835 695. 505 ‘ . 030 695.565 | 691 10066064 + 8 | —59 +178  1.0066191
9.5 B - 12 32 16.830 . 749.995 Loo012 749. 983 ; 45 66386-  + 8 | —59; +157 66902
9.0 | D 10 50 8937 . 1072.107 | .006 = 1072.101 1065 = 66696 4 8 —59 4135 86780
. i (@501 ‘ /(1. 0066670)
20.886 _....... ‘D 8 49 46929 | i § -
9.5 | B 8 57 4.888 | 437.950 . 020 437.939 | 436 |1.0067563 | + 8 i —~60 § — 78 | 1.0067459
97.0 i D 9 5 31263 506,375 | . 011 506. 314 503 66385 4+ 8| —60  —100 66733
97.8 | D 9 25 41.330 1210.067 | .010 1210. 057 1202 67030 '+ 8! —060  —135 66843
I (2140) ° ' ! /(1. 0066936)
2. 890 D 9 28 27.344 ! ; ‘ :
D 9 33 u.258 | 2sL909 | .018 281. 891 260 ©1.0067536 | 4+ B —60 | —135 : L 0067349
D 9 42 12,885 543.632 | .018 343.616 i 540 66963 | 4 8 —60 —135 86776
B 10 5 SL382 | 1418.407 : .015  1418.482 1408 67206  + 8 —60 —104 67080
| (2220) : i ' i(1. 0067038) |
30.000 ........D . 9 4 50.956 : i i i
w28 B 8 1z L1115 | ane | 019 420840 419 | 1.0067780 | — 9, —85 | —328 : 1.0067358
102.8 | B 9 21 49,060 587.045 @ 014 587.931 584 67312 ¢ . 9| —85 —328 66890
102.7 D 9 44 53.336 | 1384276 | .010 | 1384266 1875 67389 | — 9. —85 | —328 66967
; . | o@s) ' (1. 0067017
30.007 ........ IB 9 47 45.072 ! : ‘ ; ' .
1027 D 9 55 33.220 468.448 | 027 468, 121 465 | 1.0067263 | — O | —87 . —328 . 1.0066839
1025 ' D 10 5 27.224 594. 004 ; . 016 593. 988 590 | 67593 . - 91 —87 . —320 67177
1023 ;B 10 26 40.780 | 1273.556 @ 011  1273.545 1265 | gr49 | — 9 —87 ! —313 87140
; | (2820) : f /(1. 0067060) i
D 11 05 33.347 | : : ; ; ‘ ‘
‘D 11 13 58.728 505,382 | .026 505, 357 502 ‘ 1.0066878 | —45 | —61 | — 28  1.0066739
D, 11 28 44.682 885.958 | .016 885, 937 880 | 67466 | ~45 ; —61 [ —3 . 67324
B 11 46 26.750 | 1062.077 . .006  1062.071 1056 | 67024 | —45' —61{ —~ 43 | 66875
(2437) | ! ‘ (1. 0067007)
20,892 eeeee... D 11 49 35.047 i i ; ;
98.0 | D 11 55 3L417 356.370 | .01 358. 351 354 | 1.0068412 & —45 —60 ;| — 64 | 1.0066243
9.3 |D | 12 03 26619 475, 202 “ . 013 ar5.189 | 472 | 67583 | —45 —60, — 7L 67387
9.7 D 12 2 53426 | 166810 | .012 16798 | 158 | 67z | 45 ~60 — 85 67092
Lo | ©(1985) ! : ' ! (1. 0067011)
20.899 ........ D 10 11 18725 : i |
91.1 | D' 10 17 37.254 378.529 | .017 | 378.512 376 | 1.006680% | 28 ' —62 | 4135 | 1.0066910
8.5 | D 10 27 1L098 | 573.884  .013 | 673831 | 670 67211 | +28 | —62 | 4114 67291
9.3 D 10 51 59.023 | MB.925 | .01 | l4€T.914 . M . 67077 | 428 —§2 | 4+ 85 67128
: i : . (o424) : : : (1. 0067132)
20.802 ... ... iB ;. 10 55 38.701 i ! : ! ; ;
@5 D 11 3 1278 454,034 .02 454.012 | 451 : 1.0066785 | +28 | —60 | 4 78 | 1.0000831
25 ,D 11 18 22820 610.085 | 014 610.071 | 606 67178 | +28 | —60 | + 78 67224
92.8 iD 11 33 30.913 | 1208.093 © .010 . 1208.083 ‘ 1200 | 67358 | 428 | —60 | 4 64 67390
‘ .27 i (1. 067734)
B 9 42 20411 i i :
D 0 48 56.995 387.584 © .016 387.568 | 885 | 1.0066701 | 428 | —T78 |- 28 | 10066879
!D 9 58 28.845 631.850 | .012 571.808 | 568 | 67670 | +28) 78 4+ 21 67541
B, 10 21 35106 1386.260 | .010 1386.250 ¢ 1877 67175 | +28 | —T78 [ 67125
P s | (2380) | (1. 0087153)
29, 980 iD . 10 25 36.89 ‘ : l : |
{B | 10 82 48.085 452.040 | .02¢ | 452.016 | #49 | L0p6TI7l | 428 —Bl 0 | 1.0067118
IB| 10 42 40.894 | GOL 958 ’ .01z | 59L947 | B88 1 67126 | 428 | —8L |4 7 67080
/D] 11 10 49181 | 1683.267 | .012 | 1638.575 | 167 ers | 428 —81 |+ 21 67201
| ! f ‘ @ | (1. 0067161)
! i
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PENDULUM AT HOBOKEN.—SWINGS AT HIGH TEMPERATURE—Continued.

HEAVY END DOWN.

| i ! ! L
= | Number | : £ & |Cor. for N
§ Temp. : & R o Cor. . i i Time, one . iz . Period,
Date. | Pressure. . 5 Time of transit. : Iatervals. for arc. Corr. time. o.smlla- oscillation. .‘Rate. 5 gﬂ: temp.to. ted.
= tions. i (SR LN 62
= | &
1878. In. ° h. m. s 8. : :
May 4 29.794 |........ D 9 19 15 340 ! i
8.0 | B 9 31 37.201 741. 861 L0041 741 820 737 | L.0065400 | —~45 16| — 75 ; 1.0065264
96, 8 D 9 54 20.156 1371 955 . 039 1371. 916 1363 65414 | —45 ‘ —16 | —108 65245
97.3 D 10 59 34.625 3905. 469 . 031 3905. 438 3880 65563 —45 | —16 | —133 65369
(5980) x l (1. 0065327)
May 5 20.868 |........ B 9 13 26.830 i ;
4.0 | D 9 26 12.843 766, 013 . 038 765. 975 761 | 1.0065375 | —45 =24 | 4+ 25 | 1.0065329
9.2 B! 9 49 22,897 1390. 054 . 036 1300. 018 1381 65301 45 —24 1+ 8 ; 65240
.8 | D j 10 54 11. 2535 3888. 358 . 028 3888. 330 3863 65571 —45 | =24 | — 17 65485
(6005) i{1. 0065409)
May 6] 30.027 |.-...... D 11 05 53. 067 H
9.1 'D 11 15 40.800 587. 833 . 026 587. 807 584 | 1.0065188 | }-54 | —40 | — 33 : 1. 0065169
95.1 ' B 11 33 32.8%6 1071. 996 . 028 1071. 968 1065 65427 | 454 | ~40 ) — 33 | 65408
9.1 | B 12 30 81132 3418.236 . 030 3418. 206 3396 65389 | +54 | —40 | ~ 33 ' 65370
(5045) :(1. 0065356)
May 8| 29.843 | ... 'B | 9 57 19.37 :
9.5 (D 10 9 35.213 735. 834 . 042 735.792 731 | 10065554 | —59 | ~21 | — 91 | 1,0065383
96.1 D 10 30 23.375 1248.162 . 036 1248.126 1240 65533 —58 |, ~21 |~ 75 ! 65378
84.0 | B 11 23 385.187 3191.762 . 034 8191.728 3171 65367 | —59 | —21 [ 4 25 65312
(5142) (1. 0065338)
1
]

NoTE.—For addendum to this appendix see end of volame.

S. Ex. 37——43




