+ . .

- U8, COAST AND GEODETIC §

SHOWING

5.

4

ToAS TECHNOLOGEAL

APR 20 1855

" WASHINGTON: .

' 'GOVERNMENT PRINTING OFFICE.
. 1888, 0

N




THIS PAGE LEFT BLANK INTENTIONALLY

g sz

- . " - S . ’ . .
UNITED STATES COAST AND GEODETIC SURVEY.

¢ ° B

APPENDIX No. 14.

ON THE FLEXURE OF PENDULUM SUPPORTS.

By C. s\) PEIRCE, Assistant.

HISTORICAL.

‘The fact that the rate of a pendulum might be largely influenced by the elastic yielding of its
support was first pointed out by Dr. Thomas Young in his article on Tides in the Encyclopedia
Britaunica, where he gave a correct muthemutical analysis of the problem. Kater made use of the
noddy, or inverted pendulum of Hardy, to dssure himself that its support was sufficiently steady.

Hardy’s noddy is a pendulum turning with a reed spring and provided with anadjustable bob.
It differs from an ordinary pendulum, ﬁrst, in being upside down, that is, having its center of mass
above its poirjt of support; and second, in havm"a spring so strong a8 to act a little more strongly
than gravity.f The force tending to bnng the pendulum to the vertical is then the excess of the

force of the spring over:thesnoment of gravity. In this way the noddy is easily ‘uljusted g0 as to

have the sam period of osellhtlon as the pendulam used to deteuume gravity, while its moment -
of inertia is very small. In anote at the end of this paper I give the mathematical analysns of this
state of thmb b, from which it will bs sven that Kater unght have constructed his noddy in such a
manner as to etecb any 'unount of flexure sufficient to have Aa serions eﬂeet upou the period of his.
pendulum. .

Bessel, at the end of §3 of his great memoir on theglength of the seoouds’ puululum at
Konigsberg, states that he also used Hardy’s noddy, and that he swung lus penduliun again after
stiffening the sypport. He adds that the effect on the period would pxobabb be the same for his
long pendulum s for his short one—a very ju remalk--whieh made 1b less neeessax y for him to’

-attend to the gfgidity of the stand.

The congffuction of English penduldm supports, that of Bassew, for example, shows that in
that countryfthis source of error was never overlooked. It is noticed even in brief accounts in
English of the process of measuring gravity. Thus,, a writer in the Encyclopedia Britannica pro-
posed to mgke use of two different reversible pendulums of the same form but of different weights,

in order to pake account of the : ‘xure, an idea lagely borrowed by M. Cellerier. .

When fhe reversible pendulum came into ude the stady\of the writings of the older observers .
seems to lave been neglected,* and the grave errors due @ﬂexure were never suspected until
Albrecht found a value of «rmvzty at Berlin differing )‘ nearly 2 millimeters from that of Beseel .
So little was the true cause of this dlscrepancy at ﬁrst, suspected that it was pa.r'uloxma,lly attnb -
uted to the negléct of a buoyaney correction. '~

In 1875, however, General Baey er gravely suspected that the penod of & pendulum swmgmg .
upon a Repsold tripod was affected by the oscillation of: the la.tter, and in & circular addresaed to
the members of the commlttee on the pendulum of the Internatnonal Geodetw (Jongress, he wrote :

~ “The necesswy of suspeudmg the pendalum from-a st.a.nd is.a source of error, since & peadulum
- swinging on a stand sets ‘the latter into osclllatlon and so'influences the rate of the former.” The

effect could be. diminished by the. use of a: shorter peudulmn and smaller stand but whether i

- it would be rendered eutl'rel} msensxble is open to question.”

"Thus Bessel’s idea of dlraetly mea.sunng the positxon of. the center of 1mass was supposed by the Swiss aavam to

belong to M Cellerier
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It was at this time that I first reqéive'd the Rebsold apparatus from the makers, of whom it
had been ordered two years before, on the occasion of my first being charged with the pendulum

operatlons of the Coast Survey. Becoming acquainted with General Baeyer’s doubts, I determined

to settle the question by measuring the ﬂemblhty of tho Repsold tripod at thé earliest opportunity.
This I did at Geneva, where, though I only madé a rough measurement, I féund that the flexure
was fully sufficient to account for the discrepancy between the determinations of Bessel and of.
Albrechis . -

On September 25 of the same year I communicated my result to the atandum comnnttee of .

the Geodetical Congress. At ‘the same sitting the reports of the different members of the pendulum
committee werce read. Dr. Bruhns said: “The question whether the'stand is set into oscillation,
and whethér the rate of the pendulum is influenced thereby is, in my opinion, well worth investi-
gation. But I should suppose that the stand could be made so stiff as to eliminate this source of
error for a pendulum unsed only as,a relative instrument.” The views of M. Hirsch, who is s06 much
occupied with the going of time:keepers, are interesting. He said: “The fear that the tripod of
suspeuslon may also enter into oscillation, nnless it be a fact established by direct observations,
seems to me unfounded. -Indeed, it cannot be supposed that there are any true oscillations of a
. body of such a form resting on three points Besides, the movement of the pendulum whose
mechanical moment (moment mécanique) is slight on account of its small velocity, conld only be
communicated to the tripod by the friction of the knife on the supporting plane. Now, this friction

* is insignificant, as the slowness of the decrement of the amplitude shows, this being almost entirely
“due to the resistance of the air.” It may be observed that the rolling friction.of the knife edge is,
in trath, very shghb buat the amount of the sliding friction is sufficient to hold the knife in place
on the supporting plane. Dr. von Oppolzer, the designer of the Repsold tripod in its definitive
form, said that the construction of the stand rendered any serious flexure a prioyi improbable;
bat he did not support this opinion by any caleulations.

- During the spring of 1876, having already measured the flexibility of the tripod in Paris, T
"emedsurcd it in Berlin, where my experiments w ere witnessed by (reueral Baeyer an:d a party of
gentlemen attached to the Prussian Survey.

- In October, 1876, at thé meeting of the standing Lommlttw of the lntcrndnonql Geodetical
Union at Brussels, tlie result of my experiments was announced by General Baeyer. M. Hirsch
described certain experimental researches undertaken by him to ascertain whether there wag any
such flexure in the case of ‘the- Swiss tripod. He had, in t#b first place, employed an extremely

- sensitive level, whidh had not entered iuto oscillation while the pendulum wan swinging upon it.
It is ‘not clear why M. Hirsch employed a very sensitive level, the natural time of oscillation of
wlm,h would differ much more from the period of the pendulmn than that of a less sensitive level
would do. He also used an artificial horizon in the same way. M. Hirsch’s conclusion is that
‘“theré remains no doubt that the Swiss stand is free from every trace of sueh oseillations.,”  Dr.
von Oppolzer cntxrcly agreed with the views of M. Hirsch: '

In the following summer I addressed to M. Plantamour a-paper upon the subject, to be sub:
mitted to the next meeting of the Geodetical Congress. In this note, which is reprinted at the end
of the present report, I first give a mathematical analysis of the problem. I next show experi-
mentally that the motion of the knife-edge support is not a translation, but i m a rotation, so that
different parts ot the head of the tripod, only a few centimeters dmm% noxu ‘one another, move
through very different distances. Consequently, measures of the flexure made anywhere e\cq)t at
the center of the knife-edge plane require an important correction before they can be used to correct
the I)GllO(]b. "This is confirmed by experiments with a mirror while the puldulum 1“)4!1 motioun,
I next give a bLrief résumé of my statical measures of the flexure, I then give measures of the
actual flexure under the oscillation of the pendilum, and show that the statical and dynamical
flexibilities are -approximately equal. Finally, I swing the same pendulum upon the Repsold
" support and upon another having seveu times the ll"'ldlt‘) of that one, (md I sho\v that the differ-
ence of the periods of oscillation agrees with the theory. :

Tmwediately upon the reception of my manuseript, MM. Hirsch and Pl(mt;(unour Lommeumd
" new researches, designed to form an “étade approfondie de ce phénomine.” These were embodied
in a paper by M. Plantamour, which was read to the Geodetical Congress, and which has since been

« " . . . 1
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expanded into a memoir entitled ‘Recherches expérimentales sur le mouvement sipnultané d’un
pendule et de ses supports.” M. Plantamour finds fault with me, first, for having measured the

_flexure with a force five or ten times that of the. deflecting forcerof the pendulum;-and second,-

for measuring the elasticity statically instead of dynamically. Thé reply to the first objection is
that the properties of metals are known to a great extent, that elasticity is not “une force capri-
cieuse,” and that no fact is better established than that an elastic strain is proportional to the
stress up to near the limit of elasticity, which limit was not<approached in the author's experi-
ments. As to the segond objection, I had shown by experiment that the statical and dynamical
flexures are nearly equal; and I am willing to lggve it to time to show whether this will not be
assumed in future measures of the flexure of fpture pendulum supports. M. Plantamour caused
a fine point fixed fnto the head of the tripod to press against a little mirror, mounted on an axis;
and then observed the reflection of a scale in a telescope. The length of the path of light from
the scale to the telescope divided by the distance of the bearing point from the axis of the mirror
he cdlls the grossissement; so that had he used a fixed star in place of his scale, the grossissement
‘would have been virtnally infinite. From the given length of the lever it would appear that a
movement of 0,03 in the point would turn the mirror 4//." The aperture of the mirror is not stated

but it eannot be supposed that the error of observation would be less than this. It does not seem
to me that the use of this mode of measurement, which magnifies the motion but little more than
my method, is conducive to accuracy, especially in jnvestigating the difference between statical
and dynamical flexure. A. certain finite force presses together the point and the lever. Dividing
this force by the minute area of pressure, we find the pressure upon the metal is very great,

approaching the crushing pressure. Now, the behavior of metals under great pressure is greatly
influenced by the time. But my objection is not merely theoretical; I have myself made experi-
ments upon this method, and, making them as sklllfully as I could, I still found great uncertainty
in the results.

The following table exhibits M. Plantamour’s results:

\

M. Plantamour’s JSlexure experiments.

N e andor ol bt | Statieal fox.
dulum raised and ure.
y lowered.
. ) B " "
Support on floor, comparator removed ......ccceenao-. L pereesanans 3.28 £ .05 317 + .09 3.27. & .
On Goneva Pier, COMPATALOr TRIMOVEA . ... v vuenennmeearnnnrensaeanareanneareasaaneannensoeanennn 8.17 & .03 8.20 4 .08 3.48 =+ .04
On Geneva pier, comparator in place .ooveveeeevniacini. et rrrn——— vevensven 2.41 & .08 2.50 & .05 2.76 + .04
Ou Berlin pier, comparator in place ....peeeeneeaeinrea .. sesscicancasimacensesacsianans 2.51 + .05 2.90 + .04 8.24 £ .03
On wooden table, Comparator in PIACe. ... vveriia e it ciiacaeeies caemeeieeia e aaa. 3.19 + .03 3.26 + .04 8.67 4 .02
On wooden table, comparator Temoved. ...ouno oo il i iiiiirieiriaeieeiie . 4.42 + .13 4.53 + .04 4.08 + .05
Excess: ; ‘
GODEVA PIEr OVeT 00T . .ottt e it ae i aaee e L .09+ .06 4+ .12 % .12 | + .21. & .06
Berlin over Geneva PIor «.ovveiie ol i it it e rerire v verarrraranoaans 4+ .10 & .08 {4 .40 + .08 | 4 .13 . 03
Table over Geneva pier, compamtorin plnce ............................................... + .78 % .07 | +476 £ .06 | + .81 2 .04
Table over Goneva pier, compnmtorremovad....‘.............‘. ............... eeveeses o0 4116 & .14 | 4136 + .10 ! L71 + .08
Effect of comparator : :
GOOOVE PHET «eecre e oecneen e emmeme e e e e e e Y SN ‘ - .78 4 .07 | —.70 £ .09  ~.72 & .06
' .. Table £.14 | ~L27 £ .06 ' —1.31 £ .05
Excess table over pier & .16 4 — .48 & .11 l - .00 & .08

The table used is the same one shown in Fig. 26 of the Coast Survey‘Report for 1877. The

numbers in the last line above should show the effect of the weight of 3 kilogrammes in diminish

ing the flexure of this table under a horizontal force of 100 grammes.” The weights used in obtain.

ing the first two numbers were about 100 grammes; but the last column is one-tenth the deflection

produced by 1,000 grammes. It seems quite incredible that 3 kilogrammes, 1aid on the table, should

really have an effect of this magnitude, so closely proportionate, too, to the deflecting force. It is

highly desirable that this result should be conﬁrmcd by purely optical expemments, and until thls
8. Bx, 49-——46 :
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is done, we must snspect that these large ‘numbers indicate some error to which the method of
observation is liable. It is certain that the comparator did not act as a brace to stiffen the instrn-

of the support. It-would seem, however, that the effect might be due to a film of Some semmi-.
elastic substance under the feet of the tripod. When'the tripod is.on the floor, no such effect is
~ observed; when it rests on the Geneva pier the dynamical flexure is the same as when it is on the
~ floor, but the statical flexure is much larger. On the Berlin pier the excess of the statical flexure
~ over that on the Geneva pier is five times the dynamical excess. On the other hand, the excess of
the dynamical ﬁexure on the table over that at Berlm is half as great agam ag the statlcal excess.

MEABUBES OF FLE‘LURE

My OWN measures form two serles, those made prevmus to, and those made subsequent to the

: pubhcatxon of M. Plantamour’s memoir.

- - In the first series, I was simply occupied in measuring the flexure of the Repsold tripod, as well
when properly put up as when the nuts of the bolts were not tlghtenod of the Geneva support as

“mounted at Hoboken, and of my *stiffest” support All the precise measures are statical, and

being made with a filar micrometer, are superior in accuracy to the subsequent ones.

In the second semes, the flexures are always measured dynamically as well as statically, and ‘

the statical flexure is always found to be the greatest. On the excessively flexible Repsold tripod
‘the difference is sufficient to affect the length of the second’s pendulum by 10«, Nevertheless, as
the axis of motion is different for the two kinds of flexure, there are points at which the motion is
less for Xynamical than for statical flexure. And in point of fact, when the Geneva support rests
.~ on the Ggneva tmpod the dynamloal flexure of the center of the knife-edge is greater than the
- statwal flexure.
: Expenments were also. made upon the effect of leaving the nut;s of the Repsold tripod entirely
Ioose, of tightening them as much as possible by the hand, and of tightening them by a wrench.
It is found that there s little difference between leaving them loose and tightening them by hand,
but the effect of the wrench i iy to produce a stiffening eqmvalent to a shortening of the pendulum
by 20 microns.

. Experiments were also made upon the effect of placing a weight ot 6 pounds, and afterwards
of 25 pounds, upon the head of the Repsold support. The first weight produced absolutely no
effect; the second moved the axis of motion a httle, and thus caused a slight difference of flexure

~ at some points.

Experiments were also made upon the effect of resting the Repsold support upon blotting-

paper, upon blocks of oak, and apon bloeks of india-rubber. In every case the difference between
the statical and dynamical flexure was much increased.
, The pendulum has also been swung on all these different supports and the pemod of oscillation
© determined with a view of ascertaining whether the statical or dynamical flexure should be used
in calculating the corrections to the periods. The result, as might have been predicted from the
_mathematical theory, shows that a value intermediate betyyeen the two is to be aken. But the
- best way is to make the support so sohd that the dlfference of the two kinds of fipxure must be
inconsiderable.

EXPERIMENTS TO DETERMINE THE FLEXURE-CORRECIION.
A .—Flexure of ‘the Repsold stand.

To determine the flexure, a known force was applied statically to the stand, and the resulting
deflection was measured. The prineipal experimerits were made in the cellar of the Stevens Insti-
tate at Hoboken. ~ The floor of the cellar is of brick laid down in cement directly on the solid
ledge. The floor having been carefully cleaned, the three brass pieces which support the screw-
feet of the Repsold tripod were laid down upon 1t, and the tripod itself was set up. The binding-

screws of the feet were screwed up very tight. The pendulum, comparator, and meter were not

placed on the tripod, but & mass of iron about equal to them in weight was placed on blocks on the
lower pa.rt of the trlpod in order to balla.st it To apply the foroe, 8 sllken cord was’ wound ronnd

__ment, and equally so that its weight is not sufficient to alter the modules of elasticity of the brass
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the tongue upon which the pendulum usually resto, justin the slot over which is the middle of the
knife-edge, in such & maiiner that the cord when stretched horizontally was exactly at the level of

the knife-edge. The cord passed horizontally and perpendicular to the knife-edge toa pulley-wheel .

over which it passed, and from which it hung down vertloa,lly)and to its extremity was attached
a kilogramme. The pulley-whecl was one which belonged to an Atwood’s machine; it-turned with
very little friction and its rim was acourately plane n/ndferpendlcnfgr to the axis. This wheel
rested on a stout wooden tripod; its axis was carefully adljusted to be\parallel to the knife-edge
and the upper part of the rim was -brought to the level of the knife-edge:.. The usual position of
the knife-edge is here referred to; but the pendulum was not actually in position. In the measure-

ments of flexure, one person gently raised and lowered this weight alternately. The measurement
of the deflection was made by another person, as follows: A micrometer scale on glass was fixed,
either to the tongue or to' an arm solidly fixed to the tongue, in such a way that the direction of
measurement was parallel to the force applied to the tripod. This micrometer scale was observed
by a microscope magnifying about fifty diameters and provided with a filar micrometer. This
microscope was mounted on a separate, very stiff, iron stand resting on the floor, and carrying at
its head a brass apparatus for holding the microscope. The optical axis of the microscope was
madsé exactly parallel to the knife-edge and the filar micrometer screw was made parallel to the
force applied to the stand, and the microscope was focused on the micrometer scale. . Each division
of the scale usually employed was about 12+, The filar micrometer wire (which was vertical) was
made to bisect one division of the scale and the micrometer was read; it hen made to bisect
another division, by turning the screw through about one revolution, and the micrometer was read
again. Thus, the value of the revolution was obtained. The weight was then put on, and: pomt
ings were made upon the same two divisions. Then, the whole process was repeated until the
weight had been put on five times. This made one set of experiments.

The following experiments were made to determine the position of the axis of rotation of- the .
knife-edge support during flexure.

HoBOKEN, March 10, 1877. Ther. 13° C.—The micrometer scale, a'ttached to an arm, was .
placed on the line of the knife-edge 53" in front of the anterior extremity of the tongue. The
following were the readings of the filar micrometer on one of the lines of the scale with the weight
alternately on and off (p throughout signifies a revolution of the micrometer screw):

Weight o, Woight on.
P ' L P
10. 955 - : 11.324
968 /320
918 .324 ”

) Means.... 10,967 11. 323
Difference, -+02.356. .

The arm was now lengti..ned 8o that the scale was 318=m in front of the end of the tu..gue.
The following readings of the filar micrometer were now made:

Weight off. Welght on.
) i ) .
10. 344 , 10. 76" o
. 350 . 776
341 L7938 -
. 335 .18 : '
.330 T2 o s

— ————

Means.... 10.340 - /10,776
Difference, +00.436. U *
L I : . .
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- The muorometer-soale was next carried over to the other suie of the instrument 8o as to be
g 496m behmd the front end of the. tongue. The followmg readmgs were now made:

e - it nghtroﬁ elght ou ST

10. 106 : 10. 324
1200 334 <
141 S .334

24 - 10 . 346"
.136 . 340

-

. Means.... 10125 . 10.3%6 -
Dxﬁ‘erence, 400211, '

It will be undersbood that in all these experiments the arm. to which the scale was ﬁxed was
, attached to the tongue on which the pendulum rests, and that this arm was subjected to no force,
“The above results are satisfied by ‘sapposing that; tif axis of rotation cats the level of the

kmfe edge 12,258 behind the end of the tongue. The following table shows the agreement of the
obsemtlons with ﬂns supposition.

" Distance forward of . . Flex/urb.
end of tongue. Obs. Cale.

p P
+0. 318. 0,436 0. 433
+40.053 0.356  0.361L

- —0,496 - 0.211 0. 212

The scale was next (March 12, 1877, observer, Edwin Sxmth) ﬁxed at 395wm vertically below
- the end of the tongue. The £ollowmg measures were then mafde'

_ Weight off. * ‘ . Wexght on. '.' ..
P -

13.739 - 13. 260
L7000 ' 247
. 710 :
. 700
. 702

710

. Means.... 13.710 13, 254
Flexure, +00.446. . ‘

)

The filar micrometer was here in the reverse posxtlon from its usual one, and hence the reading -
with weight off is greater than with weight on. . .

The scale was next. placed 44‘"“ above the pomt of support and the followmg Imeasures weke
-made: o

Weight oﬁ‘. Weight on.

p P

10.523 10.737
453 o L645
400 ~.578

——

_ | . 10,4569 10. _653
Deﬂeetion, —0°.196. / - B

The filar- mlcrometer was 80 shaky in- thxs posltlon that eocura,te measures could not be obtamed
“but the above answers the purpose.

© - The scale was next fixed on the‘end of the tongue and the three measures ngen below (semes
18, 19, 20) were made.  The mean of these nges a flexure of 0, 340, These measures ghow that
the axis of rotation cuts a vertical from the end of the tongne at a height of 1‘07 meters above
the level ot‘ the kmfe»edge. Thus we have on thxs hypothesls- S . '

2
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Distance below. =~ Flexure.
knife-edge Obs. Cale.

p ' P :

_.o 1 L |3 {1
10.00 - -0.340 0.332

+0.395  0.446 0. 452

. A large series of experiments were made at Hoboken to determine the amount of flexure.
Of these, the following are chiefly relied upon: '

HoBOKEN, March T, 1877, Ther 590 15F. 3212 P. M,

Moller’s glass scale of hundredths of millimeters was fixed 3 millimeters above the end of the
tongue. The filar micrometer wires remainéd fixed, and readings of the micrometer scale were
made on the two wires, alternately with weight off and on.

FIRST SERIES. ‘
Weight off. - Weight on.

" » [ e
844 893 878 931
843 894 879 930
844 894 879 931
- 845 895 879 930
844 896 879 = 931

Means, 844.0 . 8942  8718.8  930.4
Distance of wires, 50. 2

Flexure,

Mean,

The following readings were then taken with the ﬁlar micrometer (temperature 590,24 F.).
The wire was set between lines 80 and 81, and between lines 90 and 91 of the scale.

'SKCOND SERIES.

Weight off. Weight on.
90-91 80-81 90-91 80-81

9.947  10.312 9.604 . 10.655
344 .309 .693 660
348 .315 692 . 664
348 . 322 ©.699 . .663
352 ;336 L T13 . 684

Means, 9.344 10319 9.698  10.665
-y millimeter, 0.975 0.967
Flexure, o 0.55¢ 0.546

Mean, .0 §5o_36 1
This last set’ was consldered of mfenor a.ccuracy

HOBOKEN, Ma/roh 10 187 7. . 0n15m™ P M Temp., 1109.C.

A scale on glass by Rogers was observed in the same posxtlon as above, Each dmsmn is.

' ‘n’r of an inch (=127=). " The- micrometer wire was plaeed ‘between the first. and ‘secont. and
~ between ‘the tenth' a.nd elevgni;h hnes- .The observatlons were made alternateb thh the welghh
"_','ffandon. :_x,_., R SRR e LT e T e T :
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After -this set the focus was readansted -and two more sef,s were taken, as follows (temper-; o f‘

THIRD SERIEE!’

) . ' “ature, 120.2 R , ,
R W’Velght off. . ' “Weight on.. . 2 ! ): SIXTH SERIES: : .
. I e o) - 10_11 g -‘ T TR B - e D g e e ._j,“_t
PRI 0.515 10349 10060 11103 o | I_QW"‘gh{(f_ﬂ;l_ o 1_;’_v °‘¥"ht {’(‘)‘_u » S
K . ~ ~ I . ~ o . R )
it 'jgg - ‘gi‘g ‘gf; ig‘(’; 0.600 107730 . 9953 117083 _
' o - os “lan . 602 42,006 . 080
.715 . 846 . 055 .185 - oL , i
e sa1 066 178 . . 605 136 945 075
ot 504" .740.- - -.953 - .076
© Mesuws,  9.719 10.847 10,054 11185 602 B W6 00
B R RS X ¢ NS 2 iom.=0.888 Moans, 9.601  10.736° . 0.952  1L.077 |
Floxure, 0.5 0.938 adsorineh, 1.135 L% . 5 mm.=0.989
Mea.n, - P | ; 0. 536:‘3‘&. 1 \‘ Flexure, o0 351 0 §41_ ‘
| | B Mean, 0.346=35.0

5 'I‘hls series oceupxed seven mmutes. The who]e apparatus was readgusted and a new set was

made, a8 follows. | BEVENTH SERIES,

" FOURTH SERIES. ', . _ . _ Temp.,, 13°C.
R . f _ Weight of. Weight oil.
. ;Yeigllt_qf‘d_ll : ; ;Vmght ono_n 1_ 9, e‘\g 010—11 ) 1-2. e 10&11_ .
A== = Y ST .
0117 1053 9.459  10.580 . | 9, 5821 10.71L. - 9.920 11046 v
499 936 .49 .56 : 5T3L . .T06 0 L9201 040 o
125 .24l .64 581 e 570 703 se2n L 0a2 L
lop - .oad 456 B84 - | ~ . .BB o LT00. 0 918 . .038 S
128 (234 456 619 o o L3610 L6977 01277 L0383 |
RN — — . — ' Means, ©.513 10.703 ~ 9.920 1Led
Meaus, L9122 10.239 9.457  10.582 ! S R N . .
e L, . s inch 1.130 . 1120 . 75 mm,=0, 984
,-,,vwmﬂ, SRR W 5 L L i'25 75 mum.=0. 982 R - . o i .
Flexm e odas 043 o ' Flexure, 0.347 . 0. 337 S N
H Sl T Mt * . ’ * ‘ L a
‘ . Memm, . - 0.342=348

Mm, 'f T 0.339:134'.,‘5 .
S : : o Three sets were then mken, pldcmg the mwrometer wire between the secoud and third lmes,
instead of the ﬁrst and second. The Ilght had now become fam&r. Temp., 130 10. '

o EIGHTH BERIES.

. Weightoff, - Welght on.

8 're,’12°20)
. 23,0 10- 28 0L

© FIPTH SERIES, L

-Wexghtoﬁ L Weighit on. .

IR iy et g - . . R TR Sp e T S e R
L ;1:'?;"-«, T B AL . 9.710  10.724  10.061 . - 11.061
9,641 j;10._’f45," 9.980 - '11.082 B ¢ 4 721 . .057. .. .059
L6197 .968 0 .084 SRR L I 4 i | .052 . .053 Yo
612 T4 .962 .06 ~ ; . L7180 .72 0 .062 0 .058¢
S 6161850 Te.963 089 S ' : R 6 R £ '.;060“ 055
i e PRRTIS Means, - ,9,‘716 S 10721 10 056 ‘”'11»05"; .
S P o o A S DU : s ‘ P
11087 . 7065 ) in'ch\ L °°5 o i 1 001 S e =0, 987

*Z;ﬁ-mexure, R ', 0340 0336

Toet :'Mean, SR o :
Aﬂ;er tlns _set_ the focus was changed : Thermometer’ stlll 130 1 C ,
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~ -+ NINTH SERIRS; -

Weight off.

2-34

9,669
. 696
. 696
694
. 685

10—11

10 677
. 696

. 693

695
693

P
10. 027
- .030
. 039
. 032
.032

' Weight on. .
3

10-11

11, 022
.035
. 045
.038
.035.

. Means, ‘ 9 68§

© 10.691

. 3
sd5ginch, . 1,003

; Flexure,

' Meau,

10. 032

. 11.035

P
1. 003

. P P
0.344  0.344

0, 344._34 9.

P
oo oy mm==0, 987

It was noted that this set ought to have double weight. The following set was then taken tem-

perature, 13° 1 C.:

TEN

Weight oft.

2-3.

P
9. 688
675
. 674
. 670
. 662

10-11.

n
10. 689
674
676
.675
1,660

TH SERIES,

Weight on,

P .
10. 019
L0256

014
NITE

. 016

- 1011,

S
11. 029
-, 031
. 020
. 020
016

'bMeans, 9,674

110,675

'
ToST mch - 1.001

| Flexnre,

‘Mean, o

kﬁogramme’s welght—- -

1st set, Mar cli

0. 344

'10. 018

11. 023

p
1. 005

.
0. 348

[ L
: 0. 346=35.1
'-'-T!ns set was also assigned double welght at the time. -

2+ Collecting the foregomg results, we have for the deflection of the end of the t,ongue uuder one

1, 1871

) e
o 75 mm.=0, 987

Dxﬁ. from -

mean. .

m
+0. 4

‘Measures of the flexiire were also'made on the 8th and IZth of March, by Snb-assnstunt Edwm

Smith. The followmg are his results:

Means,

Rt inch,' :

Flexure,

Mean, -

_ELEVENTH BERIES,

10159 p.m.  Temp., 60°.41 F,
Weight off. ) - Weight on.
-3, 7-9. 2-3. -7-9.

p P 4 4

6.970  7:§99 - 7.306 7,940
. 956 .571 208,940
.963 . 581 .295 . 930
.950  .573 . 281 .915

6. 960 7.681. 7.295 7.931

P P
0.621 _ - 0,636
P P
0.335  0.350

P R
0,342:=34.5
TWELFTH SERLES.

1b 45"' p. m. Temp,, 60°.37 F.

Weight off. : Weight on,
23, 10-11. - 238 10-11

[ L P

6,021  7.930  7.245 8,256
011 L9156 .248 249
916 .917 .28  .253
906 .913 248 .48

1,902 .907 . .247  .240

6,911  7.916 247 8.249
P ' boop
1. 006 . ' 1. 002
P e =
0,336 - 0.333
P u
0.334==33.9
THIRTEENTH SERIFES,

20 05% p, m. Temp.,'60‘°,52 F.

2nd set, March 7 1877 S T 412 _ _y , S g e , " Weight off. - : Woight on,
3d set, Mamh 10, 1877 : - =08 - P ‘ gl e D ‘ . 23, - 10-1L* 2-3. 10-11,
~ 4th set; March 10, 1877 i —-0,4 - - S AR } e A p »
5th- set, March 10, 1877 s 402 B+ L o 6.943  7.949 7271 8.282
6th set, Marchl() 1877.. s ) 401 ‘ o % L » L 0460 .946 - L2790 278
Tth set Marchl() 1877...... ... 348 —0.1 - R - TR o ea . 941 21 . .275
: Sth'set March 10, 1877 ...... ... =0T . e i T 932 934 ..270 - .213
-~ Oth set, Ma.rcth 1877 s 349 401 S SR , .938’::_ .93 .2m .273
: IOth set, March 10 1877 ‘+0'2' PR Lo SRR '

N k¥ | . Means, 6, 940; 1,942 7 2721 8.276
Mean ,,,, 34. ;;:o.lg o RUSTPN 8 L - : _ _ 1 004
The xmddle of the kmfe-edge being 3gmm behmdthe end of the tongue, hlch is 5 10,258 forward Vo LA e e
© of the point where the axis of rotation crosses ‘the: kmfe-edge produced, it follows that ity of the " .\ o s L b g0 o W e 0- 332 0 334
. flexure observed at the end of the tongug' or 0&.8 hag. ‘to be subtracbed from tuat quanm;y to‘get ' T L e SR

vthe ﬁexnre of ﬁhe mlddle of the edge._, _ therefore, 348 0'333233 7
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o, FOURTEENTH SERIES..

22950 p. m. Temp., 60027 F.

e ~Weight off,- - oo - ~~Weighton— - -~ - -
23, 10-11. 2-3. 10-11,
‘P ¥ p - P
6.042 . 7,943 7. 280 -8.288
. 939 . 945 277 . 2817
.942 , 949 .281 - .281
94,950 279 . 280
<940 - . 941 279 .283
Means, 6.941 7.046  7.279 & 984
¢ N ' p
yoyeinch, - 17005 1. 005
S . ] e '
Flexure, - 0.338  0.338
S ' P ®.
Mean,: o 0.338=34.2

\ FIFTEENTR SERIES.

28 40~ p. m. Temwp., 60°.23 F.

{
_ Weight off. " Weight on.
Co 12 g0 L2 - 90,
o ] : P P
6,825 7. 825 7.159 - 8.159
.823 .826 159 .161
< .822. .829 . 158 . 158
, .819 T .820 - . 157 - . 160
. 821 828 157 .160
. Meanis; 6,822 7,82 7158 . 8.160
o Lol N ’
ﬂ?n- inch,. ~ _ 1.003 ‘ 1, 002
. L P [S
Flexure, 0.336:  0.335 T
Mean, 0.336=34.0 .
. SIXTEENTH BERIKE.
., 2255mp. m. Temp., 60°.18. )
. Weight off,  Weight on,
12 9 e a0,
) , b o P
6,822 . 7.822 7.153 . 8.160 ‘ :
824 . 826 158 0 156 \
826 .87 . 157 .158 :
.821 823 - .160 . 161
820 .823 <161 - (161
‘Means,  6.823  7.824.  7.158 8139
zoos inch, . 1,001 . . . 1.001
) . ‘ ) » _' » 3!3 ’ o
‘Flexure, . 0.335 " 0.335.

UNITED STATES GOAST AND GEODETIO SURVEY‘.:

\,
SEVENTEENTH SERIES;

32 10m p, m.  Temp., 60°,04 I,

S Wedghtoft T Wedght o, T T
1-2 9-10 1-2 9-10
s p : p e
6.850 7.847 7.172 . 8.175
.849 . 848 L1790 183
. 849 352 .- 186 183
. 849 . 8561 L189 © .190.
.850, 850 180 .181
Means, 6.849 7.850 7.181 8,182
“LP
g ineh, 1,001 1. 601
. P L
Flexure, 0 0.332  0.332
P »
Mean, 0. 332=83.7
| 1877, MARCH 12,
ElGhTEENTﬂ SERIES.
Ther., 1492.1 C. »
: “féight off. ’ Weight oun.
12-13  .20-21 - 12-13 - 2021
P Lp p e
8.432 9,452 8.807  9.805
453 467 .807 .- .805
) .448 45T . 797+ L801
5 ' T L4456 462 .792 . 800 )
' (440 450 780 .779

Means, 8.444

9.458 ~  8.797 9.798

. L P
sl inch, 1,014 1. 001
Flexure, 0953 o0 340
P [T
_ 1 Mean, 0.346=34. 9 .
After this the apparatus was readjusted. ' |
' 'NINETEENTH SERIES, : -
- Ther, 020~
] Weight off. Weight on.
12-13  20-21 1213 20-21
' P P p
9. ZL’I 10. 431 9,765 10.758
. 419 .435 . 783 . 750
1 .421 - 428 L1630 . T70
428 428 .7 .TT0
. 419 .423 . 763 - . 763
Mesns, 9.422 10.429  9.758 10.762 -
b gdspineh, - 1,007 004
N T
Flexure, - - 0.336. .0.333 .
Mean

e kL
0.334=34,0

N
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. :'Tm'rmm SERIES, t’on'gue.h This wooden piece plojecbed 35mm beyond the tongue, and consequently 1. 7 has to be

Ther., 142 C. ) : _ YR IR - subtracted from the observed results to get the flexure at the middle of the kmt‘e-edge; The

: lowing are 08
Welght G g G o o e e e following are the means_of sots of ten measures:
12-13  20-21. . 12—13 20-21 : ' .

‘ _ ‘ . Flexure, ' Difterence
P P, o : o . . o ' _ : _from mean,
9.383 10.390 0.126 10.74 o : , o - , . w
.400°  .402 730 ;738 - ; - . . ' : ‘ 1876, May 24, a.m ........... 35.8 +0.1
L3950 .399 - .728 .72 e . | o o T 1876, May 24, pom *36.7 0.0
.396- 405 - .73 .743 - S ' . - 1876, May 24, p. m ‘ 8. +0.1
‘ .398 405 785 - .730 , . _ : ' B ‘ 187(' May 24, p. m. 9 +0.2
: e ' ' s , L : o 1876 May 25, a. m..... B —0.2
Means, 9394 10 400 9731 10.736 : | : E : .. 1876, May 25, . m. .. 354 —0.3
: ﬂso-gmch 1. 006 . 1005 S s BN . R SERR , BN
: .Flexure, Y ;'537. Q. 536 S o N S . - 'This result agrees well withi that.obtained at Hoboken. Thus:’
. T R S e
Dnrmg the la.st two sets the illumination wag very poor. - , - : , T ' ‘ L y . ﬂ;ll%?rr:i:;}g:, 1
" Mr. Smlth’s results, bemg collected are ag follows: R o SURE: L - - N : N e
e . : " Flexure. Ditterence from

. . . . H“ :
R : _ : - . B PSR - - Hoboken (b b. P, ubserva) SRS ¥ O SRR i
% : : th . _ i £ ~ ! , :
AT CoL g, Tem ‘, | L . S Belinlo ool 3000 2145
’ 11th t, 1877, Marc] cevel : 0.4 : . ' o 3 = ' - ‘ . '
 1%th :21: 1277 M arcli 2 S ; iO. 9 . ' BT ¥ DR , The same valne was found in a rough measure made it Geneva, September 13, 1875.
-13th set, 1877 March 8. ... ... .33 S 0.4 , ‘ o ' A Much larger values were obtmned in Paris, which agree wn;h these found at Hobhk«n when
14th set’ 1877’ March_§ T 401 L SR g the bmdmg screws were not tlght‘ Tlms we have ‘ S e
15th set, 1877, March 8......%. ... cox Tl T T e T e wid st
16th set, 1877, March 8........... o 0.1 , _ : o S ' ' - ' » ’
"17thset, 1877, March 8 e 38T =04 - . D .~ Hoboken...... O PP
18th set, ]\877 March12 ........... 349 +0.8 SR _ o : L : o L Paris, 1876, J(ll]lldl) 18
19th set, 1877, March 12...... ..... 34.0. .~ —0.1 - S S e I’arvs, 86 Mamh;...,.. .......
20th aet 187’7 March 12 ceeens 3401 40,0 S ; Y R o ' . '
o : L e o e , ' . C . S ‘ - : . o S—Flm-mc oj the stzﬁest support.
lt will be seen that there i is a rather large dlﬂ'erence between the results of t;he two observels
It will; of course, | be understood that the discordances.of single leadmgs ‘are due mainly to rela- ‘ e ' . ‘
tlve movements of the- mictometer and the pendulum- -support. As most of the sonr'ces of constant - ' L ' ‘ S S R o
.error tend fo.make the observed values too small, the larger result has been preferred. When the -~ - LT DL e Distauceof sole ‘Distance of scale D?ﬁ?&‘{?;‘ﬁ,‘f" he
. i . - ) . . vrward of center  below level of Aforce, — intheop-
~ binding-serews of the feet were not perfectly tlght the flexure was still greater, as is shown by the . we e 7 efkife s Ckmife Do O T Cetion,
‘.followmg means of sets of observatmns made under those circumstances: L : T e ‘ : R R Cot
. ‘ ) l:lexure - Diffence from - . o ' R S IR L o ‘ Comme S ""'""f : B
ORI SIS S R - - the'mean. : . ‘ o S ) o ) . A4 - ® T 62
i - [ o K o . . . . 430 ~ o + 5.2
- 218t set, 1877, February 17-~ . 36.5_ e -0.4 : R . . S T .o ‘

. _ . R _ - . +80- T el —42.5
. 224 set, 1877 Febmary 17 e 379 - 410 . : S s . . o O " 435 TR U —36.7 .
. 234 set, 1877, Rebruary 17......co... 361 —0.8 -« o R B
T Q%th set, 1877, February 17.. ... 31.8 +0.9 . - ' : -
' 25th-set, 1877, February.17 ' . 36.9 0.0
26th set, 1877, February i9.....00..... 35,3 . =16

th set, 1877, February 19......" ' 3.6, +0,7

Thls support was ommmcted in 01‘der to test the calcu'lated eﬁe(r of the flexure of the Sfdll(l
'l‘he tollowmg mble sh()Ws the result‘; of measures of its ﬂexme.

. -

- It follows from this that the axis of rotation euts the line of the knife-edge 166™# Lehind the

- center of the edge, and cuts the vertical from that center 68™™ below the edge. Also, that the

detlection of the middle of the edge under a force of 1 kilogramme’s weight is 3.1, This ineltdes
the ﬂexure of the pier. ' : -

r—— .-—-—-——1

e Mean A '"136 9 o 103 o L e EETIR IR N -—Fle.rureqfﬁw 'Genevd support amlpze)
. The ﬂexure of the Repsold stand wag. a.lso measured in. Geneva, Paris, and Berlm In Berlm ' PR '

b 'f,the mieroscope was motnted:on s wooden: st;and ‘which rested on the same: -pier a8 the tnpod This

was to avoid including the: ﬂexure of the pier, whnch i8 best measured separately.’ The. mmrometer

; ‘scale Was sunply ﬁxed m 8 plece of wood, Whmh was lmd on the brass pleces at the ends of the

- In measumng this. ﬂexure, instead of g low-power mxcroscope and filar micrometer i high-power

i} mlcmseope and eye-pi¢ce micrometer wére used.. A stage micrometer was always observed, and -

’ i e i oo the value of the leISIOllS of ‘the eye-piece micrometer determined by 1% In the following experi- .
o EEE R '_,‘ments the scale was 204“"“ almve the leve‘l of the kmfe edge and 25" £o ward of the mlddle. e
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1878, OCTOBER 1.

FIRST SET.

Weight off. Weight on.
10.4 . 5.8
10.2 : 5.6

10.3 5.4

~

Q.

Means,
Flezure, - - 4.7

It was observed that 18.5 of eye-piece micrometer equals 9 of stage wicrometer, 1 divisiou
of latter=="7#34," ... observed flexure = 16~.8.

-~

SECOND SET.

.

(Higﬁer power.)

Weight oft. . Weight ou.
12.4 3%.2 18.7 45.8
12,3 39.2 19.0 45,9
3 39.3 ' 18.8 46.0
12.4 = 39.3 18.8  46.1
-12,2° 39.4 ' 18.7 46.2.

— A————— . —— e

Means, 12,3 393 = 18.8 6.0
, 66+.1 = 27. 0 21.2 .. ldiv. =244
_Flexure, '
Mean,

THIRD SET,

Weight oft. > Weight on.
39.8 16. 4
39.8 46,5
39.9 46.5
40.0 46.6
40.1 4 46. 7

—— et

Means, . 39.9 - 46.5
Flexure, . 6. 6

Nine spaces of stage mlcxometer were Lqml to 27.1 of eye- piece micrometer. Hence, ob-
served flexure = 16“ 1 -

" FOURTH SKT.

Weight oft, Weight un.
39,9 46. 4
40.0 46. 6
0.1 . 46,6
40.0 46.8
0.2 - 46.8

0.0 466
7 86=16m1

UNITED STATES COAST AND GEODETIC SURVEY. - 375

18g8, OO0TOBER 19.

The scale was fized 111¢® below the knife-edge, and three sets of 10 gave for the deflection

oo
" —48.8 .
—47.5
—48,1

Mean, —48.1

0 ’ 1878, OCTOBER 21.

The scale was fixed 244 millimeters above the kmfe -edge, and 356 millimeters forward of the
middle, Two sets gave as the deflection

®
+13.5
+12.2

+12.8

\j

From these measures we find the flexure at the middle of the kuife-edge to be 4+.05.

EXl;’ERIMENTS AT PENNSYLVANIA GRA Y’ITATION-STA TIONS.
< .
NG ALLEGHENY.
Statical flexure of Geneva support ou iron bars. Weight aud pulley employed. . Weight=2k;
fo denotes flexure produ('od by a horizontal force equal to the weight of pendu]nm (6%.308).

1879, FEBRUARY 18.

Scale #-inch (==2cm) ztbd\'e, and 12,5 iuchep (=32¢u] forward of middle of knife-edge; 22.4 div.
of scale=100+. C. 8. P., observer. : .

il

’ Seale readings.
Wt off.  Wt.on.  Diff

div._
. . JAd .
The following measures vere made under a higher power of microscope; 58 div. of scale=100s
37.0 34.0 '
36.7
36.7
~ 36,0

2,85 16

37.7
37.9
38.0
38.6

4’ Mean, : 16 .
In the following measures, 37 div. of scale..lOOH- otherwise same as preceding.
) - 24.1 222 L9 16+ 4

.
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'18-79 FEBRUARY 20.

Scale inch (= 1°n) above, and 124 inches (=32:») bebind middle of knife-edge; 23.5 dw ot
seale=100~.

' *
.o boalc readinge,

Wt of. - Wt.on. Diff.
6.3 ‘11. 4 : div.
6.5 - 1.2 47
6.6~ 112
(I _
 In the following, 28.3 div. of scale=100+q otherwise the same.

' 35.4 10.5 .
40, 4 T 4R 54
40.4

ERES
-1 -1 &

PR

68, 4
68.9
68.9

|

S e o

Mean,
ln the follo\nng 41.1 div. of scale=100¢; otherwise same.

20. 5 2.0 4, 4 rq
30.5 35.0

78.0
78.1

78.0
78.8

) ) =1 =1
P
[P -~ AL

1879, MARCH 4.

Scale 1 inch (=2ew.5) above, and 133 inches (34¢m.5) behind middle of k}nife-edge; 26.7 div.
of scale=100¢, H. Farquhar, observer. .
' ' . 54 64 .
Scale next put 2em above and 14 inches (=35") forward of middle of ‘knife-edge; 26.7 div. of
scale=100~, '

12

1879, MArcH 6.
Seale on level of knife-edge and 15 inches (=38 forward; 38.5 div. of scaleo-_-_-l()()n.
1.9 16
\calﬁ next put'55 inches (=140") below muldle of knife-edge; 33.3 dlv of bC(ll(‘ 200+,

e 1. b 302

‘The following i8 a summary ot the above F herc and elsewhere deuotes the. ﬂexure at ‘the

middle of the knife-edge under a horizontal force equal to the weight of the pendulum. A= dis-

UNITED STATES COAST AND GEODETIC SURVEY. 377,

tance from middle point of knife-edge to its intersection with axis; B—_-‘dist:mce from middle point
of knife-edge to the intersection of axis with vertical line. ;

B
'

C. 8. P.’s observations.

4 inch above, 32°» forward of knife-edge, fo_16 1
_ 4 inch above, 3;’°“‘ behind, fo=>55~.7
.. Flexure at 2‘“' above=35~.9
A=58m,
* H. F.s observations.

2em 0 above, 35¢® forward of knife-edge, fo 12+
9em 5 'lbove, 34om.5 behind, fo="064+
.. Flexure at 2°" above=38¢~18
'-‘A chm
140°em directly below middle of knife- edge, j0=1.)6.
o Fy==401.66; A (mean)=>5h4em,
B=29¢em,

EBENSBURG.

At this station the Repsold tripod stood on a hard floor of clay. Statical flexure meagured by
means of weight of 1.0818%. C. 8. P., observer.

1879, SFPT}:.MBER 26.

The two serew-taps bmdmg the front-legs of the tripod to top of the stand were first tlghtened
by hand. Scale on the level of the point of suspension, 50°™ to the right, and 18°».4 ior\vard of
middle of knife-edge. 21.6 div. of scale=.001 mch. '

Seale réadiugs,
Wit. off. Wt. ou, Mean dift, So.
8.4 61.3

®
9.4 61. 3 52.3 368
9.6 61. 6 C

P. M.—Taps \vfexlcll-tighte1|ed; seale 1824 directly forward of knife-edge; 20.7 div. of
scale=.001 inch. ‘

82.3
1.8
82.0
81.6
Taps next loosened.

Taps next hand-tightened.

16.0
16.0
16. 2 ' 515
16.0
, 16.7
8. Ex. 49—48
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1879, BEPTEMBER 27.

UNITED STATES COAST AND GEODETIO SURVEY.

S~

Screws now ﬁghtenéd Bythahd‘of Mr. F. « about right”; 21.6 div. of scale=.001 inch, -
‘ i - Scale readings. ‘ ’

Wt.on. - Wt off. . Meandift. Jo.  Position of lines of stage micrometer,
. read on eye-piece wicrometer. .

Scale 18,4 fofwa-x;d of middle of knife-edge, as before; 21.8 div. of scale=.001 inch. Taps
tightened by Mr. F. about as tight as during last four days of pendulum swinging. (Note.—It

had been discovered that during these days the taps had only b(?n tightened by hand.)

Scale readings.

Wt. oft. Wt. on. - Mean diff. Jfo.
19.0 47.8 rej.

18.4 69.0 50.5 - 343
18.2 - 69.0

In the following measures, 21.6 'div..»(_)f scalé=.001 inch. Microscope refocussed.

21.0 .5 | ‘
20.9 1.6 50.4 346
21.0 moe -

20.5 710

Position of lines of stage micrometer,

read on cye-piece micrometer.

21.8 0.1
92.0 21.8
22,0 43.3
22.0 : T

0.5
21.9
43.4
64.9

Sy

:86.8

6

, ‘ Mean interval... 21.
" ‘Serews.now somewhat loosened by Mr. F.

: 2.5 5b. 5 13.2

2.5, 55.5 53.0 363 34.7

2.3 . 55. 4 77.7

’ ’ 99.5

. 8
i%s]

21. b5

12.5 - .
34.5
.

99.1

Mean interval.. .. .oo vovenen... 2155

Screw-taps now tightened a8 tight as possible with fingers; 21.6 div. of scale=.001 inch.

18.5 69.6 o 7.0
18.6 69. 6 50.8 348 28.5
18.6 69.0 : 49.8
71.5
93.2

D

‘Mean interval ... 21,83

21.58

4.6
26.3
47.6 °
69.5
91.0

91,6

Scfew-taps now tightened with wrench by Mr. P.; 21.2 div. of scale=.001 inch.

20. 0 67.4 © 16.5
20. 0 67. 3 47.4 331 37.7
19.6 61.¢ 59.0

81.6

Mean interval ‘ 21.25

Screws entirely loose; 21.6 div. of scale=.001 inch.

21.5 76.8 16.6
92.0 76.0 540 370 38.5
2.8 . 75,7 59.7
LT . |

- 817

20.0
40.9
62. 2
83.5

21.2

-1L.2

33.2
54.8
76.6
97.9

Mean interval......c..c.eenn <. 2158

21.68° .

17.0
17.1
17.0°

. 17.2

20. 4
0.4
0,0
0.1

11.5
11.4
11,2

Head of stand taken off, put on again, and tightened with wrench. Scale 18,6 forward of

. 67.6

67.3
67.0

50, 2

Mean interval ..
Screws again hand tightened ¢ about right”; scale as above.

’

70.0
70.0
69.9

49, 8

Mean interval
Screws again tightened by hand ¢ about right”; 21.5 div. of scale=.001 inch.

61.5
61,2

50.0

~

- - 3.4
344 24.9
) 46. 4
68.1

89.5

;1.8

“ 24,0

45.3
67.2
88.6

el 2155

8.5
341 30.6
57.8
13.3
94,9

21. 66

5.0
26. 8
48.5"
69. 9
91. 4

21. 52

0.7
22,9
143.9
65,7
87.0

Meaninterva.l...'...'...-......... 21, 52 4
The last set of measures were not regarded as being so satisfactory as the preceding.

middle of knife-edge; 21% div. of scale=.001 inch.

36. 4
36. 4
36. 4
36. 4

Another set; 21.4 div. v scale=.001 inch. N. B.—In this and following sets the posit.ons of
several, generally three, lines of the stage micrometer are read off on the eye-piece micrometer,

between all the changes of the weight. This explains the separation of the- numbers in the first

83.4
83.1
83.1 .

two columns into groups.

37. 4
32,3
26, 6

36,9
31.8

26.4

84.2
79, 4
4.1

84.2

79.3
4.1

46.8

Mean interval

47.5

Lo

324

S Ot B O LD e
IEERSE
PO N A D T

-3

[¢ 2]
-

21.58 W

21. 47

4.0
13.5
©94.3
35.0
46.2
- 56.6
67.7
78.0
88.8

26, 4

21.41

.

5.3
10.7
16.0
21:3
31.9
36.9

Mean interyal..........i...,.,.‘. 21.45'




_’REPORT OF THE SUPERINTENDENT OF THE

‘Apother sét§ 21.5,&i\7. of scale=.001 inch.” -

Wt. on.
) 28 3

33.2

38.4

_ Wtooff, © Mean difi"

4.5 . .
80.0  46.6
85.3 =

4.5

FEg

v o

80.0
85.3

469

-
o
k=)

-3}
o

-3
b
o -

&

Q=Y =1
v S e
—

46. 8

46,9

323

Pogition of lines of stage mlcmmeter
md on eye-plece micromeoter,,

31.1

“32.1
37.9
43.3
47.9
54.0
59.2
64.8

170.0
5.1
80.8
85. 8

- 37.1

42.3
47.0
53.0

Mean inter_vél . 21,61

L}

UNITED STATES COAST AND GEODETIO SURVEY.

S(,rews next entirely loose- 21. 5 div. of scale=.001inch -

Wi. on.

52.0

62.7.

73.2

82,5
62.9
73.2

Screws now hand- txghteued “about right,” by H. F.;

1.5
1.3

12

- Wt off,

68. 6
79.6
90. 4

21.:
21.4

Mean diff.

16.9

20.0

Again, 21.6 div. of scale=.001> ineh.

8.7
8.5
9.0

99,0
28,9
98, s

20,2

fo

137

138

.
115

s

Scale readmgs.

Lines-of scale.

5.0,

> RS

b

o ®
—C Sy O QT 0

R

@%@D‘!%Wtcl-i

!—d

l

= o
?5 = l\? -
(S ] @ 1

Lo -
=~
=1

oy
*
=]

94. 2

216

dw. of scale=.001 lm,h

o

Three bncks were next put on the bottom of the stand; weight, 4 pounds o& om)ces, 4

Stand re;vérsed. Scale 42°m.5 hehind middle of kmfe edge- 21,6 div. of scale=.001 inch.

Wt. off.

3.0
944

Wt., on.

28.8

50.6

Scale readings.

Mean' ditt. . Jo

26. 0

Mean interval.

chroscope refocussed. Secale 21. 6 div.=.001 inch.
5.6

26. 7

_ ,‘7.‘4I
28.4
.48. 8

3L.0
52.7

- 32.4
54.0

75. 4

25, 7

25..7

Mean interval;

Again, 21.4-div. of scale=.001 inch.

\

12,5
33.4
54.0

14.0

35.0
56,0
14.4
35. 6

. 56.5 -

38.6
60.2
81.4

Lines of sanle,

38.6
60.0

pounds 63 ounces, 4 pounds 113 ounces, respectively. The. followmg measures were taken ‘at 41em 4
behind the middle of knife-edge, and 0°®.7 above level ot support. Screws hand- -tightened, as in
last observatlons, 21.4 div. of scale=.001 inch.

16.5 34, 4 2.2 . N
60 17.9 124 :

Refocussed. Secale as above.

20.2 38.5
2.2 386 184

~

Screws next tightened w1th wrmch 21.7 div. of scale=.001 inch. Measures taken 19 4 above
- level of support, :

61.3 93 5.6
6.4 9.4 888 927
67.3  .92.6 - 95.9 -
67.8 92.7 : oo

. Measure taken 4°»,1 below level of aupport 216 div. of scale=.001 inch. * Stage micrometer
fixed to the top of the tnpod but not to bhe tongue on which the peudulum rests.

26. 8

181 rej.
Mean interval.

8L.5

21.47

10.8. - 41.0

12,2
13.6

- 40.6
42,8

29,3

Agam, 21.7 dw. of sca.le_.OOI inch.

16.0
1169

180

45.0

46.0
46,8

29.0

201

18.6
83.5
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Again, 21:6 div. of schle=.001 inch. ,
. : :  Scale readings. .
Wt. off, © Wt.on. - Mean diff.  fo.  Lines of scalo.
" r
20.7: 500 994 201 .0
9L.0 " 50.2 , 934

21.6

Again, scale 21.5 div.=.001 inch. -
< 23.0 - BLT o o .

29.1 . 200

.52.5 ) 86.8 ~

, 21.5 : , :
* The bricks were now retnoved from base of support, and ‘pendulum suspended heavy end down;
21.4 div. of scale=.001 inch. Screws wrench-tightened. 6o :
8.0 37.4 16.
’ 29.2 202 .
X X 2 80.3

——

1.
Again, 21.6 div. of scale=.001 inch. ¢ Good.” ‘
‘ .5 - 3.5 A 1.

.5 36.8 - 29.9 206 94
: Jo—
: 5.0 fooLé A
The following is a summary of the observatidns with weight and })tllley at Ebensburg, :m.
Repsold stand. Fy=flexure at middle point of knife edge, un.d‘er a hon%ontal fm:ce equa,lzt;,o t‘u]e
weight of the pendulum; A =distance from middle point of knife-edge to intersectiont of axis with

knife-edge. B S

' fo. Jo. l{g. B
. ] i 42=5 hack, ¢ 10 from uxis A,
Arrongemont. 518(;;:.47“:11;&\;5:&’ 0.7 above. | of rotation. .

1
|

| L
} Front 't‘ups wrenched up

i
¢
|
t
{
1
i

N

Front taps band-tightened

caps somewhat loose
Front taps loose

‘41w 4 back.. from sbove
! -without bricks.:

. ¥
o1 ’
RSV

: ; 1255 ., M1
. ‘ ! "re e
‘ 011 PPN eeesemeeneaaeaenns ; .
e i N ! *| With bricks, ' W'thout bricks. "
Flexure of tripod without that of tongue; taps wrenched.jeeeuasernas. : 201 -

: Tripod londed with bricks; tups hand-tightened........-.

i
|
{

;
3
{
t

3

- UNITED STATES OOAST AND GEODETIC SURVEY. 383
It will be seen that the effect of loosening the front taps is to increase the angular flexure
about the instantaneous axis. But this axis is at the same time brought forward, and the conse-
quence is that the flexure at the middle point of the kuife-edge is not much changed. That the
flexure of the tripod alone, without that of the tongue supporting the pendulum, appears, when
measured, 40°™ behind the middle point, to be greater than the combined flexure of the two, is no
doubt due to-the axis of flexure of the tongue cutting the level of the knife-edge only a short
distance behind the middle point. - The effect of loading the base of the tripod with bricks was to
make it slightly stiffer when wrench-tightened, and considerably stitfer wheur hand-tightened. All
of these measures of flexure seem, however, to be in error, and it seems likely that the position of
the scale, when in front of the stand, was not really 184™™ as recorded, but perhaps 584", With
that change, these measures would agree, with others, which they do not now do.

‘The following are dynamical measureménts. The pendulum swung heavy end down;‘21.4

div. of scale=.001 inch. Arc expressed in ten-thousandths of the radius. Serews wreneh-tight-
ened; scale 41°™.4 behind, 0°™.7 above knife-edge.

‘ - o 1879, SE]?’.I"EMBER 217.
| Arc, Scale readings. ~ Diff. .
292 ‘7.6 13,7

991 9.0 14: 8

. 200 6.7 12,8
Another swing.

381 14.7
379 . 16.0
377 | 13.8
373 9 144
370 ) 7.8

'Mean cerre
1879, SEPTEMBER 28.
Scale 1.0 to 87.6=.004 inch. Other conditions same as before.

Are, Scale readings. Diff.

520 © 5.0 5.9  10.9
513« 4.0 14. 8 10.8
506 0.0 10. 7 10.7
503 0.5 11.3 10. 8
496 17.8 10.1
4. 14, 8

487 12.0

479 12.8

465 17.8°

459 . 14.8

456 11.4

290 ’

Stopped, and startéd again.
0392 3.6 ,
1383 0.3 8.2 ‘ 173

Mean ............ ceererns -.. 173.0




UNITED STATES COAST AND GEODETIO SURVEY.
_ : Statical flexure with same a,m'angemént{
“The following are statical measures of the flexure produced by drawing the pendulum to one .

side over a meaured are; steel tongue used instead of wooden strip before employed: S(}a.le 4:1‘"".4
behind middle of knife-edge, and 2¢m.5 below its level; 1.0 to 87.6 div. of scale=.004 inch.

~Mean diff.

Seale readings; pend.

9.7
10, 4
10.7

1.3

11.6
10.8

111

10.

vertieal,

h

T4,
4.
75,3
6.3
76.5
75. 6
76.0
75.8
4.3
71,9
4.5
4.8
74,2

Scale readings ; pend.

16,
16,

16.
16.
15.
16.
16.
'16.
15.9
12.9
15.0
16.0
15.0

~

inclined.

[ S PR e I ] < O

811
80.9

8L. 6
80. 7
80. 4
80.8
80.7
80.1
80.'8
T
79.
0.

4

Arc.

Dynamicél measurements; 21.6 div. of scale=.001 inch.

Tohg'ue rebdjust;ed.,f Scale 44°m'.(_i‘behind middle of kuife-edge, and same height as before.

Are.
496
493
490
‘488
485
482

463

458
455

/

1

Scale readings.

8
1
2,
13.6
8.
0.9
12.6
13.7

9.0

0.9

12,5

13.8
3.8
0.7
2.4
3.5

.8

03 Lo

L DS P bt
=S8 ED
W -1 D DW=

I
B =

= bD B =
=R R R
W@@‘J’J"qmw

-
o

\

Diff,

10.9

9.7
10.3
10.3
10. 7
10.1
10.1
10.1
10.3

9.9
1

178.8

Screws hand-tightened by H. F.; 3.3 to 89.2 div. of scale:.OO} inch.

466
463

461

460
457
450

s
45

10.6
"11.6
. 3.6
6.4
0.4
1.7

4.9
5.7

18.9
19.9

8.3
8.3

155

.
150
150
157
151

164
168
166

| e+

 163.8

Jo.

I
933

207

219

159
151

177
164
186

233

187
175
187
182

—————

189

Screws now loosened, and again tightened by hand.

Dynamical measures with last arrangement; '21.'.3 div, of scale=.001 inch.

V&\

" Screws retightened by

Statical flexure. Same arrangement; 21.6 div. of scale=:.001 inch.

I

-Seale readings; pend. Seale readings; pend.

SRUCR=S

w

»

TH S D®L
Ha ®

4.6

w

vertical.

89.6 -

inclined.

89.8
88.6
88.2

. 88.4

8.8
87. 6

78.9
" 78.0
79.1
79.9

o

“Are.
512
508

506

504
503

500 .

498

. 496 -

495

i

520
516
513
512
509
507
5U .
501

Pend. vertical.

1 18.6

19.6
18.6

18.4

18,6

8. Ex. 49"""‘49 .

1.

7

5.

6

6.
8.8

- 9.4

8.9 -
8.9

82 943
6

93.9
94,1 -
"93.2
93.0
91.9
92.0

83.4.
83.8 - -
.83.5 .
83.8

Scale readings.

. 3

\

0
1.3
1.6
2.7
3.7
4.8
0.2
1
8

P

L
C L1

2

No WS RS
i v . .

OO A W=

8

9.4 .
10.5
10.8
1.7
12.

13
8

9.
“10.

SDA.

oo

~ Pend. ‘inclined.

23.1

23.4 ¢

. 233
23,3

87.7
88.1 -
87.8 .
- 87,9
- 88.3

£
Arc.

464

471
482

475

488
494

438

482

807~
473

489

Diff.

o oC 9 00w ©

¢

©

e © ©©®
©'M TSN

- .

-}
ISR URES BEVURY S I

®*

Arc.

514 -
488
467 .

" "Mean diff.

4:80
4,15
- B, by,
4.70
4,60
4.20
4,60 -

4.35
. 4.80
"4.35
4,45 -

Jo
_
151
164
-16b
152
147
150

149

150
153,

151, 2

e

159
158
166
155
162
156
159
156

—

1576

" Meun diff.

4.45

4.70

4.50
4,70

4,90

ﬂ,

b
174
149

© 195
167

159
144

———

"
151
160 °

155
155

155.3

.'f‘;?
"
162 -

1563 -
155
170

159
1587

v

162
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Focussed Same arrhngemeut bmtwal flexure; last arrangemenb : :

- ‘ ) - ‘ ‘Scale readings; pend. - Seale 1eadmgs pend Are, - Mean dift.
, : e . ' ) N o : o * vertical. inclined.

200 . 847 244 - 89:3 . 483 4,50, 167 SRR R S N - A 8.3 - 239 87.8 90 9.7
201 - 84.8 249 893 504 . 465 155 . i B 140 U781 2.1 502 10. 15
206 8.1 2.1 8.2 . 506 _ 430 . 143 - o | I . 141 78.3 24.3 511 10.15

. 2L.1. ~ 1856 2.1 - 889 509 - ... - L R SM5T 185 A4 303 9.90

20.6 . 85.4 B 95,5 - 7 89.9- 478 . 4.70 - 165 . R e , C - 14.5 8.4 24,0 480 0 9.50
R R e o & T 14B 78.6 521 10.2)
R S - 155 ke 14.2 | 18.2 476 10,40

. | © 140 78.4 485 9. 45
The stand turned around ; bongue now prq]ects in front of mlddle of kmfe edge 330, 9 hexght R ‘ T S 140 7.9 504 . 9.45

appromma.tely as before, nut;s wrenched up; dynamxcal 4.5 8. 6 490 9.40

Pend vertlcal . Pend. inclined. . Arc. Mean diff. .~ f. .

Do

[
RBIBEE
-lswq:o‘u:-w-éo

RI=R~ =TI e o]
R X

o 9 t
| 8 N~
o KR

1o
d
oo~
o ©

Ky T ‘ Arf’- buﬂe readings, 'VDiﬁ‘. Sor
473 1.3 ,23.4
'470. .6 .. 213
. 487 . . 20.3
465 7.6 22,9
462 5.7 20.9
_460 R PN 29,9 -
47 - 5.8 . 2.0 .

S e R _ * Nuts readjusted by hand. Same arrangement as before.
287 . ' o . ¥ o - 241 882 32.9 07 437 8. 80
2814 : c e E T , ‘ ©24.2 88.3, 343 - 98, 504 10.15
293 SRR o 5 . 285 883 33.8 07. 475 10. 40
211 ‘ . 23.8 81.7 33.1 . 9% 466 9F“50
27T ' 325 . 96, 455 9, 10
278 33.4 07. 496 10, 00
280 34,4 98, 542 10.90
33.9 97. AT5 . 9.70
32.3  96. 433 8. 90
32,9 ° 9% 474 9.40

bt bt b ek
S
(SRR VTRV RS

»

b
&

P ek
s e oot

b

281, 9

R A - TR T B e R B

SR @ St

923
23

© 23,
23.
2

S

: ',',-'Static’al flexire. Same :‘maﬁgémen‘t);.21;4..diir. of scale=.001 inch.

==

- S E S B Dynamical flexure. Samne arrangement. -
Scaleren.dmgs, pend . Scale readings; pend. Arc, Mean'diff.. . fo. R : 1 D : . Are. Scale rendings.
/, .' vertxcal ©+ . - “inclined. . . B R e . R : L o ; - ' :
5T - 398
10.4-“ - 460
15,47 - 476
15.4. . 485
,14.,8 7496
o _::14&9: L 180
‘ 14,6 - . .488.
147 o401
14.7 © 500
- 14,6 504

o
™S

pd e
oz
=

-3
o
[
N L o N — T

| I
I3
=g

]
(=]

287 : e i o EP ol e

297 . 484
309 479 °

300 ey

-+ 363 471 -
- 297 ‘ _ :

v 302 , ' . R 5 ’ . Screws aga,m nghtem,d by hand of H. I,

300,56 - : ' BRI 412 3.0

N r'd . : “ - , o . ' . . ‘ . g A v . ’ 410 -

Dynammal ﬂexure- 21 4 dlv of scale_.Oﬁl mch - nuts txghtened by hand of H. ﬁ ' L o R o v R :g?

(3]
—

ot
. 0P B ko

.

o3 =3 =2
P X3
to
R &

WL S

CRYy

‘-] @ o) o1

[

L.

& »
-3 10
=

)

X WD DD D DL D
A QD e W B ;I ;D

34
™

S ]
(=]

[~2]
S,

R R R R N )
o
ey

’

5 b, 1O L2 LY 1D 1D LD ks
— :
PSIHXP DRSS

ot

(5

o & Ot
|

& e

S W ~a =
d

]

3. o] =3 a3 =¥
® 0 06O
—

‘-3
=i

N ’

oA ]
R

T
o

=]
&

o ¥ G
-t

oo
Ly

P = IR < BN =T~ S S B SR
~

Arc.” Scale readmgs - Diff. T f..

L et
.c;’
N W
o
K
Qo M-

42 61 . 206 16.5 ,_--353.”
422 « 2.2 - 186 164 330 °
420 .7 6.3 . 22.4 163 329 .-

R AT 2% 166 336

2L.7 162 - 332
19.8 . 16,00 - 329
2.2 . 159 829 .

——————

> [ S]
KSR E
0 =3 W o B> o Gt

o &
.C|

.

o
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s
oW TR eSS

;e oo o e
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Statical flexure; same arrangement; 21.5 div. of scale=.001 inch.

L . Scale readings; pend. Scale readings; pend. Are, Mean dift, Jo.
' vertical. | inclined. '

10.6 5.4 20.9 85.1. 492 160. 00 346
10.9 5.1 20. 1- 84.4 - 457 9.95 344
10.6 4.9 20,3 - 84.75 485 9,75 341
. 10.4 74.9  20.8 82,0 509 10.25 349

10. 5 749 . 92L2 85.9 505 eee
: 10.6 5.3 - 21.0 . 849 494 e
10.6 75.3 21,0 84.8 501 9,95 337
10. 4 75.0 21. 3 85.7 517 10.80 355
; C 10,4 4.6 20, 4 84.9 496 “10.15 . 347
10.3 74,7 20.5 . 849 . 500  10.20 346

I : - - - 104v,03  344.7
L'

Summary of observations with pendulum, dynamicat and statical, nuuh\:,xt. Ebensburg on Rep-

-sold stand. - o : :
Nu®® wrenched.

v

', Dyuam. Stit.
44°».4 behind knife-edge,. - £,=178 ». 8 189 +. 0
33m.9 forward, | So=28149 300 %9

£ o F=23T ¢, 2 262 w7

A =182, 9 176om.5

.

Nuts haml-tightened.‘

44°» 6 behind knife-edge,  fy=154%.2 158 .6

> 33,9 forward, Jo=332 4 C 339 .4
o Fy=255#,4 261 4.3 7
; A=112m, 5 113em, 4

‘. - : , Yoxrxk. ’ ’

H. F., observer. All observations at this station, made in two positions, carefully l}rought to
the level of the knife-edge plane. Ebensburg weight=1%,0818,

1879, NOVEMBER 8.

Scale 47 in front of middle agate; 76.2 div. of scale=.003 inch ; Geneva support,

Scale readings,

Wi, on. Wt. oft, Ditt, Jo.
’ 28.5 37.0
. 28,0 40.0 .
28.0 ©  38.0 10.3 58. 7
28.0- 34,5 , y
28.5 39.0 ‘ . ,
29,0 39,0
23.5 34.0
24,0 35.0
24,0 35.0 10.6
24,0 34.0 :

’

UNITED STATES COAST AND GEODETIC SURVEY. - 389
22.5 33.5 6.0 18.0
23.9 33.0 6.0 16.5 ,
23.0 - 6.5 1.0 10.6 . 60.4
: .0 18.0 ‘
7.0 17.5
’ 7.5 18.0 .
7.5 18.0°
8.0 :

Scale put on 46 behind middle of agate; 85.5 div. of scale=.003 inch. Measures not very good,
on account of jarring of machinery. ' :

Socale readingu;
Wt. on. Wt. off. Dift. S
310 49.5 ‘
31.0 49.5
30.5 49.0 .
30.0 48.0 . 18.4 - 93.5 .
29.5 48.0 , o
%29.5 47.0 ’
29,0 47.0
28.5
13.5 32.5
12,0 315
13.0 31.5
14.0 32. 0 18, 7 95. 0
14.0 32.5 . .
) 14.0 33.0
14. 0 32.0
12.5

1879, NOVEMBER 9.

Sunday. Shops all still. Scale 46°m.6 behind the middle of the knife-edge; 91.87 div, of
scale=.003 inch.

Scale readings.

© 0.003 inch. Wt. ou. © Wi, off] ‘Dift, . Ja
9.8  9LS 29.'5 1.2
- 92.0 9. 7 29, 7 1.1 .
92.1 92. 0 29,9 121
92,1 9.9 ' 313 13.0
~ 921 91.8 3.9 130 u
. 92.0 31.7 14.0 - 18.1 85.4 -

[ 827 . 142
- 33.3 14.9
‘ 32.9. 151 ,
33.8 16.1 i

i
1



.

Again. 9347 (va of scale_.003 imeb. . - - 18‘9 NOVEMBER 13.
] Sl SO“ZG raa,dings. X . i 2’ 3 o
S o , .003 ipeh. . Wtoon.  Wtof: ~  Dift - fo. - / ’ ] 5.30 p. m., and machinery st.opped Scale put on 46,6 in front of agate 98.38 div, of scale= oo 2
: ’ . 93.9 o 41, 7. 22.8 ) : ) B ’ N x 2 .004 inch. . ‘ . ™ qi
S93.5 41.9 22.7 M ‘ ,5: - . : ‘ Soala readings. R ;‘;
B R o : 193.3 o ‘ 4L.7 22.9 18. 85 87‘.4 2 . o . 004 inch. Wt. on. Wt. off, Diff. for
A ‘ 9.4 . 412 22.5 - : . o ‘ 98,3 2.6 10.0
S o _’ 93.3 : 41.5 - 229 . : C » 98. 3 3.4 9,9 :
4 418 - - '- ' . ~ 98.5 2.8 9.0 | :
Again, . 9351 div, of scale— 003 mch S 2 ] - o
. _ 98, 2 2,2 8.8~ , 3
93.4 | 37.3 18.7 T & ) : . 99. 0 3.1 ‘ ' ' "
'93. 3 - 3.2 - 181 . : N o ‘ 98,2 ¥ —2 | . ) -
9.8 - 369 18.0 - T - . .- 98.2 2.8 8.9 - 6.43  31.8 : :
: 93.17 - 3.6 181 - 18.8 87.2 , L . . 98.3 2.1 8.9
- ) 93.4 © 366 17.7 , 2.0 8.6
‘ 93.3 . 36,7 18.0 ' v g ; . 2.9 8.3
- 93.7 . . . 315 18.3 : 4 2.8 9.0 -
s ' 1369 181 o 2.0 10.0
- 36.9 | % 3.1 9.1 .
7 Scale put on 4676 in front of middle of knife- edge, 70.63 div. of scale=.002 mch [ 4 3.0 : .x
, 002ineh. Wi, ‘3‘:" m‘i;;'g'oﬂ Ditf p J g Again. Draw-tube lengthened 97.84 div. of scale=.003 inch. .
o S ' v ‘ 70.8' ' 27,()' R O S " J‘ .003inch. . Wt.on.. “Wt. off. Diff. fo
. S | 70.3 2.6 319 a i 91.8 26.8 36,7
" : - 70.9 26.8  37.0 10. 4 42.6 ;, 97.6 28,2 38.1
; 70.6 26. 4 37.0 : ;- 98.1 2.8 . 312 : L L EE
S R . ' 70.9 2. 7 37.0 ! ’ ; " 98.0 28.0 36.8 S | S
;?§ R 70,3 —_— : / 97.9 2.9 37.6 9.01  40.0
'f%;*.l‘ BRI ' 2.8 38.2 , : Ny .. 9.8 29.2 3.2 N '
i . 21.7 38.0 , - : , S 97.6 28.0 ~ 37.4 ' N ' core
4 R 27.9 | : I : 9.9 20,7  31.2
¢ Again:., 70.57 div. of seale.. 00 inch, - ' _ N : ‘ N e e
- : o . 70. 8 22.7 " 33.1 5 s 3 : , 29. 8 "39.1
e T 70,2 T 247 35.4 [ 5 | 28.3 31.7 .
g . 0.7 25. 4 35.8 S N | - _ 36.8 TR o .
Tl R ’ 70.7 2.9 36.3 T N ‘ Again. : T -
et i} . ' , 70.4 . © 25,3 35,9 .. Y o 1740 26,2 ‘ '
coili- S - 70.6 2.5  36.1 10.24 42,0 K I - : 18. 1 27.7
S8 S o 26,0 36.2 K , . 190 2n.2 :
S _ ' : 2.4 36.1 - L 18.4 27.0 - 8.65  38.4 .
il ‘ — 2.2, .36.5 [ ' 18.1 2.9 : it
ﬁ}; j : R ' 26.0°. 35,9 : \ ~ : 1.8 26.6 -
« SRR : - S 125.8 36.8 . \ oo : ' , ' 17.8 25.9 .
» - 2.0 37.0 | , Voo - : 17.9 5 _ , o
o Again. Draw-tube shortened; 97.25 div. of scale=.004 inch. | ? I | | 1879, NOVEMBER 16, S
- ' 004 ipch. - Wt.on,  Wt. off, Diff, Jo. ‘ [ Morning.” Draw-tube=1.35; 82.28 div. of scale=.003 inch. &
B | : | ©o9n1 0 96.8. 241 321 o - . oruimg. - bra 4 : a “ 5
fi : 97.3  96.9 2.0 ° 3L9 | o ‘ ' : Soale readings. : | -
96. 8 97.2 2.1 3L3 . .003inch.  Wt.on.  Wt. off. Dift. S B I
: 97.5 97.3 . 240 3.3 - 49 14.6 82.0 4.0 10.0 o ’ -
, - 97. 4 97.7 - "23.8  3L5 ' 82.8 4.3 10.5 i
97.6 97.7 - 23.9 31.8 82.2 46 102 . l
4 97.2 97.3 24.6 319 82.1 4.8 9.9 ' S
3 97.0 24,9 31,7 82.0 4.1 9.8 5.93 31.8 ¢ S
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o .003 inch. Wt. on. Wt. off. - Diff. Jo.
. 82,0 4.6 104 -
. 82.5 41 102 .
82.5 43  10.9°
82. 4 4.1 10.9
‘ X 5.2 _
Draw-tube lengthened to 5.5; 76.14 div. of scale=.002 inch. ,
_ .002 inch. Wt.on. Wt off, Diff. fo.
; 75,8 10.9  19.8
: ' 6.5 11.0 20. 2
76.3 11.1 2.3 -
©76.1 11.3 2.3 . . o
76.2 - 12.2 2.9 7 8.94 34.0
76.0 1 13.8 24,0
76.1 13.2 22.0-
; - 13.2 20, 8
' . '13.0 :
- Again. Draw-tube 4.0; 67.39 div. of scale=.002 inch.
: S ~ 002 inch. Wt.on. Wt off. Dif. fo
; 67.2 67.8 27.2 34,8 |
; 67.0 6.7 - 213 ¢ ‘350
67.4 . 66.9 26.9 . 34.2 7.70 . 33.1
67.3 6.2 2.2 - 351
67.5 67.9 21.7 36.1 -
27.2 35.9
28,0 '
Again.
_ 28.9 37.0
28.5
28.0 36.0 >
28.1 36.0 -
28.2 37.0
28.3 37.8
29,9 38.0
o -30.0 8.1 8.23  35.4
3 30.0 38.1
b 30.1 38.0
30.5 38.0
29.1 37.9
30,0 40.0
e 32.3 41,0
i ‘ o 33.0 411
4 : 33.2 : ’ . e
! Q'Q S ~ Scale puton 46°=.6 behind middle of knife-edge. Draw tube=0; 98.02 div. of scale=.004 inch.
R » .004 inch. ’ 'Wt. on. Wt.off. Diff. So o
i 97.9 38.2 22,4
97.7 37.8 22,2
"-* 97.9 38.2 2.2 \
98.3 38. 4 22,7 15,46 9.3 .
98.4 38.2  23.0 . ’
| . 98.2 38.1-  .23.1
© 979" 38,1 23.2

97.9

' ‘Sodie réadinga. -

e . 002 inch. Wt. on.

76.0 75.9 33.1

76.2 _95.5 33.2

75.9 76.1 33.0

6.2 76. 2 33.1

76. 6 0 33.1

33.7

.33.9

Again. ’
' 75.1 41.6
‘.. 75.8 41.5
75.8 41.6

T 76.0 - 42,0

76,1 42,2

. 1879, NOVEMBER 19.

Scale 46°0.6 behind agate. Tube 0; 96.96 div: of scale=.004 inch. -

Again, tube 3.6; 98.7 div. of scale=.003 inch.

. 003 inch. Wt, on.
98.7 . 36.9°
98.7 ' 36. 8
98. 7 36,3

: 35.9
36.0
36.1
3?. 0

S. Ex. 4950

Again, tube=5.4; 37.94 div. of scale=.001 inch.

Wt. off,

10.1
9.0

So®

[y
1
L a3 00 e =3

18.3
18.1
'18.0

19.0 -

. Scale readings.

Wit. off,
14. 4
14.7

15.0 -

15.8
- 15.7
16.0
15.7

1 15.8

Wt. oft.

.

FPreee
W oW

Lo

0.8

. 004 inek. Wt on.

o970 289

‘ 96.9 - . 29.3
T 91 29.1 °
: 96. 8 : 29. 8

. 97.0 30.1°
- ' 30.3
30. 4

30.2

N 30.0.
Again, tube=>5.4; 74.69 div. of scale=.002 inch.

. 002 inch, Wt, on.”

74.0 22.17

4.7 22.9

74.8 22,8

T 74,9 23. 1

749 23.3

4.7 23.2

22,3

e 23.2

23. 2

. Wt off,

17.1

16.8

16.8
16.3
16.2
15.9
15.3

i

- Diff.

23. 40

| Diff,

14.44

Diff.

Dift.

19. 80

b

. .UNITED STATES COAST A.N‘D GEODETIO SURVEY.

fo .

89.2

Jo.

B .
86.3 -

So..

86. 6

Jou

8.2
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©Again, tube 1.8; 85.78 div. of scalo=.003 iuch, - )
: ' © .003inch.  Wt.on. Wt off. Dift, Jo.
85.7 36.1 19.1
. 86,0 36.0 19.0 , .
8.8  36.8 19.9 17. 01 86.1

85.5 36.1 19.0 . ’ /
85.9 36.1 19.0
36.0

NOTE.~~When a wagon passes by on the street
apparatus is 8o violent that the lines wholly
124, when a wagon is moving very rapidly and is exactly opposite); 14v=0x 889,

Scale 46°™.6 in front. Tube 1.8; 85.08 div.=.003 inch.

T 850 30,0 37.0

853" 201 37.3

85.1 29.0 36.7
8.0  29.1 36.8
85. 0 98.8 35.9 .81 - 39,9
28. 0 36.7 ’
- 29.0 36.1
98,8 36.7
28.8 37.3
. 29.2
Again.. Tube 4.8; 70.94 div. of scale=.002 inch. ‘
CoT : 002inch.  Wt.on. Wt off, Dift, Jo
70.9 1.3 16.9 S
71.0 7.0 ° 16.2 '
. 70,7 - 6.2 15.0
1.1 5.9 14.3
71.0 5.9
6:0 15, 9.38  38.3
5.8 4.4 .
T 43 14.9
. 5.3 14.3
5.2 15.2
4.3 14.3
5.6 14.2
5.0

1879, NOVEMBER 23,
_ Flexure apparatus_readjusted. Pieces of hoop iron substit/u
agitation that experiments were postponed.,
1879, NOVEMBER 26.

Scale 43°=.5 forward of middle of knife-edge, and 111 pelorp.
div. of scale=.009 inch. E :

ted for heavier strips. So much

Tube 5, with 2 objcctive; 98.9

S Seale readings.
.009 inch.‘ Wt. on, Wit. off. Dist, - Jo.
°. 98.8 - 11.1 23.0
08. 4 - 10.9 23.17
9.9 9.7 99y .
99.0 9.2 20,7 12,73 167.6
L 99.0 79 200 .
" 99.1 6.5 0 19.4
99.0 6.2 18,9
99,0 5.7 .

(ground somewhat trozen), the agitation of the
disappear. Tremor estimated at 5div {sometimes even

Tyt A=10-0.5
F, : B=10~ 1.148 B= 54.9,

. 003 incH.
- 90,0

90. 7

'90. 5

90.0
90,4
90.9
90,2

"
46°m.6 forward of knife-edge, fo= 38.6; Nov. 9
46°m.6 back of knife-edge,
43em.5 forward, 111¢™ belo

Jo= 81.7; Nov.
w, f,=167.6.
S Fo: .63.1.
27 A=119.8.

Dynamical flexure. Secale 52em.5
experiments the silver arc is always carefully placed with its zero
point at rest; 90.39 div. of scale=.003 inch. -
Are. "

. 0350

346
341
330
328
325
319

296

294

292 .
290 rej.

285
282
280
278

269

Scale 52°m.5 behind ; 1 div. of seal
"~ Are.

0374

369
365
361
352
348

341
321
319
317

314

310
309
308

- 306

305

17.0

UNITED STATES COAST AND GEODETIC SURVEY.

‘

Summary - of statical observations with weight and pulley ‘made at York upon Geneva sup-
- port. Fy=flexure at middle point of knife-edge; A=distance of middle point to intersection of
axis with knife-edge; B=distance in a vertical line from middle point to axis.

1879, DECEMBER 7. .
behind middle of knife-edge. In these and the following

Scale readings.
9.2 13. 7
10.1 14,6
10.3  13.9
13,0 16.8
12. 4 16.56
12. 4 15.8
12.3 16.1
16.2 20.0,
14.8 18.2
15.1 18.8
13.8 18.2°
16.3 19.1
. 16,4 18.4
© 17,0 -20. 2
17.0 20. 2
20.4

1879, DECEMBER 14.
e=0r343; dynamical.

Scale readings.
29,5 24,7
32.3 27.8

6.8 217

8.9 4.2
11.9 8.2
13.1 8.8
4.7 10.8
16.2 12.3
11.2 .2
11.6 T
11.3 .
11.3 7.
11.0 7.
12.0 7.
10.8 7
10.8 7.
10. 8 7.

&
=

0 00 $0 0o L R W o B
a0 Stor

W OO S

Lol ol ol B ol i ol S o ol

QDN W= DO S PO OO W=~

-

B R R R e
LW o

e S “ n
. 43.1; Nov. 13, 38.7; Nov. 16, 33.6; Nov. 19, 39.1,
9, 86.7; Nov. 16, 80.7; Nov. 10. 86.6.

-

exactly under the pendulam

fo o
®
77.6
78.3
63.2
69.2
75.2
62.6
71.6
.1
69. 2
76.5

63.8
68. 6
71.6
75.9

1.5

Jo
LKk
77.1
73. 4

674

78.9
63.2

4.0

68.0
68. 6
74.6
71. 6
72.2
76.5
5.9

-80. 1

74,0
0.2
72.8

————

72.9
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Agam, evemng, 81 dlv. of scale—- 003 inch.

.003 inch. Arec. . Sea le readings. Dift. Jo.
K . R
80.9  .0353 = 4.2 0.3 3.9 73.9 o
81.0 31 8.9 0.2 3.7 70.6
i 8.0 . 350 4.9 1.1 3.8 73.2 : :
' ) 3 5.0 1.2 3.8 73.2 ; : v
o 3 5.0 1.4 3.6 69.9
i 342 13.3 9.7 3.6 170.6
339 13.1 9.8 3.3 65. 2
335 13.4 9.8 3:6 71.9
o - 833 13.6 10.0 . 3.6 72.6
S 330 14.4 10.7 3.7 15.3
C.,328 140 . 110 3.0 -61.2
325" 14.8 1.2 - 3.6 -74.{6
Statlcal ﬂexure Samé. posmou as before; 35 div. of seale=.001 mch Readmgs taken in -

. two posmons of pendulum, zero and 0370 out.. . - ° . ..

Scale wadmgs

. .002 inch. Arec. Zero, Oht. Mean diff. Jo.~
) IR © 100 - 0370 - 0.7 3.2 : )
70.0 02 2.9 8
B ' o 0.2 2.3
0.0 3.0 - div. .. ]
0.2 - 3.0 2, 50 70,0 - . .
o0l 2.4 .
Lo © 0.3 2.9
' B 0.2 2.3
‘ , -0.1 . 2.0 _
' e | —0.1 1.9
—-0.9 L7 o
. —-0.8 =+ 1.6 ) -
o . - —=0.9

Scale 46°=.0 in front of knife-cdge; 69.74 div.=.002 inch. .

Scale readings.

@

.002inch. ~  Arc. Zoro, Out. Mean dift, Jo.
¥ . 69.8 . 0370 27.0 25.1
: 0.4 = 26. 3 24.9
69.1 . 25,8 23,9 R
69.7 . 258 23.8 .
69.6 ‘95,3 23.2 div. gl
‘ 69, 2 23.9 22,2 1.65 46. 6
0.2 23.2 . 22,2 i : .
69,9 23.1 21.6
69.8 23.0 21.0
23.0 2L.5
- 92,6 20.8
5 C 22,4 - 209

UNITED STATES COAST AND GEODELIO SURVEY. . 397

Dynamical flexure. Scale 46°.0 in front of middle of knife-edge; 34.72 div. of scale=.001 inch,”

002 inch. Are. . Scale readings. Mean diff. = fo. .
i - »
69. 6 . 0363 5.3 . 22.3 3.0 43.2
169.3 359 24.8 21.8 - 3.0 43.7
69. 4 356  T24.3 214 9 42,6 ;
350 22,6 20,0 2.6 39.0
343 21.9 197 . 2.2 335
334 20.1 1790« 2.2 34.5
329 19.5 17.0 2.5 39.7
323 18,8 16:3 ° ¢ 2.5 - 40.5
. 319 18.5 15.7 2.8 45.9
309 . . 25,0 L8 3.2
305 9220 - 19.3 2.7 46.3
293 22,9 . 20.3 2.6 46. 4
279 22,0 20. 2 1.8 33.7
276 211 19.5 1.6
274 217 19.4 2.3 43.9
270 23.0 212 1.8 34.9 -
261 23.7 21,6 2.1 42.0
41.0

1879, DEOEMBER 15,
Statical flexure. Scale 46,0 in front of middle of knife-edge; 34.57 div. of gcale=.001 inch.

Scale readings. y

. 902 fnclr.’ Arc. Out. *  Zero. Mean diff. fo.
-69.1 .. -.0370 . 16.0 17.8 .
69.1 , 135 14.7 _
69. 2 12 13.4 o .
o L5 12.8 ' ‘ .
11.0 12,1 * )

.§ 10.8 11.9 v, A .
9.2 10.5 1.125 32,0 ‘ '
9.8 "11.0
6.1 10. 0 ,
8.2 9.1 '
7.6 8.7
22.9 24,1
20.9 22.2
20,1 2.2 ~
18.9 20.0 .
17.8 19,0 .
Dynamxcml flexure; 46“1‘ 0 in front 34.57 div. of scale==.001 inch.
.Arc. Scale readings. - Diff, Jo.

'3
39.8

.0356 . 18.0 20.7 2.7 , ’
s 352 16.3 18.8 - 2.5 37.3 -
- 348 14.0 ~  16.8 2.8 492.3 .

341 13.8 16.3 2.5 38.5 ,

338 - 14.9 17.1 2.2 34.2 g ,

334 12.8 15.2 2.4 37T /’/ - ]

323 13.5 - 16.0 2.5 40.6 [



321

- 319

. : . 318
T 809
- 305
299 -

. g .

Binding—screm all loosened.

)

¢’ ~.002 inch. Are.; |
| _68.6 0370
68. 6

"Aro.

12.5 -

12.0
112

116

10.9
9.9

~ Beale readings.

14. 8-

14. 4
13.8
13.9
13.2

I

¢ 12,0

Scale readings,

Out,
27.4

2LT
211

26;8
. 26.8
" 96,4

(A

Zero,

25,1
25.2
24.6
24.3

T 24.4
23.7

.002 luch. : Are, .Scule rea(hugs.

0.7 .0355 1.9 © 16.7

“70.7 351 10. 4 14.8

- ' ] 10.1 _  14.4

S o 345 9,9 14.2

- . . 341 9.2 13.7

S 338 9.6 13.9

- 334 8.8 13.3

R - 331 8.8 13.2
: 316 83 127
- 312 8.7 " 12.9

310 « - 8.8 12,8

308. 8.0 129

305 8.0 12. 1
302 8.5 12,4

-, Btatical flexure. Same conditions as above.

o Scale readings.
T “Are, ,Out, Zero.
Sraisoe . . 0370 9.6 7.4

- ; 9.3 7.2
9.2 6.9

™ 9.0 6.8
8.4 6.4

8.4 6.2

ey 9.3 7.1

o 9.8 7.2

7.0 4.8

6.9 4.7

6.9 4.8

6.7 4.5

Statical flexure. Scale 52¢m.5 hehind xmddle of knife-edge;

'REPORT OF THE SUPERINTENDENT OF 1THE

Diff.

2.3
2.4

b

RN W
- s O

» Dift,
4.8
v 44
. 4.3
4.3
4.5
4.3
4.5
4.4
4.4
4,2
4.0
4,2
4.1
3.9

Mean diff, -

Mean qiff,

div,
2.48

Ja

K
39.5
43.6
39.1
39.6
36.9

———

39.1

Jo.

R
69.3 .

641

63,6 -

64,1

67.7
65.2

- 69.3

68,2
1.3
68.7
66.2

69.8

69.3
66. 2

——

67. 4

J n'r

Jo

m
70.9

r

Dynamlcal ﬂexure 5"°m b behmd middle of mee odge 35.35 div. of scale=.001 inch.

i

34.3 dlv of scale=.001 inch.

. . K »
1

Dvncmncal ﬁexure. Same umdmon as above

R

T Are. Scalo remhngs N _“Difif.'.
. 0335 : 21.@' S 264 4.5
4 330 2L 263 4.6
b ‘ ©821 L aLT 26,1 . %4
' ‘ 321 T 2L2 2.5 0 4.8
g5 ' . : - 318 a1, 3 2.2 3,9
X - : 312 2.0 . 2.8 . 3.8

-

‘Scale 46».0 in front of middle of knife- -edge; 3383 dxv of scale_.()()l inch, Bmdm J -sorews .

loose ; dynamical flexure. ‘ .
.002 1mh Are. bcnlc mndmgs. § Diff.

67.6. 0362 15.0 1.7 27
S 6T 358 12.7 - 158 3.1
- 335 6.7 8.8 2.1
o - . 334 A7 7.0 2.3
. o S 39 21 ST 2.6
3.0 5.7 2.7

o 395

.

. ~ Statical flexure under same conditions. )
’ Scale readin .
Are. | Out. Zero., _ Mean diff.
« . 0370 29.0 - 2.9
oo 23.9  95.0
19.7 20. 6 " div
19.7 - 19.2 1.10
: o _ 17.1 18.1
\ ' 156 16,7
14. 4 - 15.6

support. o
: Screws wrenched.

-Dynam.

46e,0 forward of knife-edge,  fy= 40 ».0 .
52em.5 .k of knife-edge, Jo= 10 7 ‘
° . Fy= 56 14

A =181

Fo: A 0.312
- Serews looqe.

46em.0 forward of knife-edge, fi= 40 .6
52,5 back of knife-edge, Jo= 69 »4
oo o Fo= 599

) A =192ew
Fo: A 0:202

ing serews have no eﬁect

C Joe
n

1.0,
73.7
71,2

‘70,9
64.9 .

UNITED STATES OOAST AND GEODETIO SUBVEY

' ~'64.~4_f

69. 4

Jo
* B
40.0
46,4

33.6

36.9

S
v

| |

4

&

6

Joo .

M.
3L 9

. Stat,

.39 13
65 .7
53 .4

1990111
0. 268

31 ©9

T 70 w9

52 w7
1330m,

‘ 0,396 B
"The staticat mcasmes are ev 1(leut1v unreliable. The dynamical measures show that the bind-

aY

o

Summary of observations, dynamical and statical, made at York, with pendulum on Genovs
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UNITED STATES COAST AND GEODETIC SURVEY. 401
-; 1879 DEGEMBER 21, S ) v o R ¥ M : , Nuts w rench.t wht;nued bLlOW, .tlso ou hind leg above, bub the two trong legs b uul twhten«, T
: o ' ' o e Feet tightened very slightly, 2 div. of scak:.ﬁ()l llldl : o
RS Repsold stand ; the three legs hand twhtened Loth above and belo“ Statical observations SUURRE RN . - . 003imch:  Wton. . Wtofl. © Wton.  Meon diff. - Jo. ) : T
_ - with weight and pulley, welght used=1%; 27.78 div. of scale=, 00L'inch.  Seale 5627 in front of - : 1.5 36. 7 11,5 :
- Knife- edge. R ‘ . 10, 4 - 35.2 10. 0 div. - u
w S ' ' Scale rcarlmys. ) ' 10.1 34.9 9.9 25,08 145.0 ; ’
ST _ : T P T ‘ 8 . 9.0 34.2 - 9.2 : B¢
. S . 005 inch. . Wt. on. s Wtooft Wt ou. - Mean mn:v Jo. K P . ’ 8.5 - 33,9 _ 8 T ot ST '
ot 82 16.6 . 80.7 16.8 div. o o e = : - ' ' : A ot
Sl T - 83.8 ¢ 83.3 10.1° 20939 - 9.9 63. 95 368, § L . o : Again.  Wrench-tightened above and below, 27.58 div. of scale=.001 ineh.
TN ga1 s 4.0, 1675 2.8 K R i ; o 826 10.1 4 - 9.7
Cae 8.0 4 ey gy : A 82.9 a3 1.1 98 div. "
RN S 13ie 76.7 12.4 , S A : 8T 9, 0 40.3 7 9.2 312 - 1§10
CAL Now Wrench hghtened below and hand-tightened nhove,...t 78 div. of bc.tle__ 001 inch, ' N B ” , 9.2  40.2 9.2 .
! R R ; 16,7 7 76.9 15.3 . . I - 3 | 9.0 401 9.2 - |
b . . . div, . CH. L F . . .
O L LY 19,9 73.9 - 128 - 6116 . 35207 o - : Again. Bmdmn -screws of the three feet quite loose. 27.58 div, of seale=.001 inch.
N SRS B X o | ' 6.3 3.2 71 ‘ : '
' Mlcroscope refocused 27.47.diy. of scale=.001 inch, . 6.3 38.2 6.3 . div, W - e
S . B} . = . .20 36. 9 44 32. 24- 187. 3
S N T 003 inch - Wt on, Wt.oft, . Wit o Moan qifl, Ju : X e . . . o g - , N
S oL L 822 82,6 82.6 - 20.3 80.4 19.1 i ‘ “ o _ R Co ?“9 86.1 -f“) . .
4 S -3 X 82.4 827 19.8 80.0 20.2 . 60.2 . -3pL2 oy ' 7. 36.0 5.3 '
R I ) B 20.7 80, 9 19.9 : ‘ B ' C - Binding-screws tight as possible. - : ' o '
T | o ¥ 209 59.8 20,7 : S
L1 TP Nuts agam wrem,h -tightened both 11)0\' and below; 2197 div. of s xle:.OOl inch. S . . E o b a9 59. 0 23. 5 o S
i C . ) . ) N e . ~e dir. R )
SR .1 L003'inch, . : "~ Wton Wtooff.: . Wtoon®  Mean diff, Jo . : : 07,6 57.4 27.8 29, 94 1739 : '
{1 S s - e oss e C ) ~ S 23 L1 269 | i N
i S o83 T 0 e 88. 4 926.8 Caw. L . — : 26.5 . 56.3 2.5 ‘ , '
i PR T 83.3 - B4 842 23.4 6L 22 3.3 4 . ’ ~ Weight of 2.7 kilos put on stand above. - , ‘ ST ‘
e . 20. 6 81. 8 20.0 : 9 9 5
J | 9.1 798 - 187 . . 1= &1 1Ls aiv. " |
i . _ : > : _ S . el 9.2 38.9 9.0 29, 84 173. 4 ool
Lo Scale 500“‘ 1 behind middle of knife- edge. Nuts still wrench-tightened; 27.74 div. of scale= A : o 8.0 37.5 7.2 T . Al
Gt s -00Linch. . D A _ : 6.0 35.3 5.2 ' : . o8
it SR 83.2 . | S8 435 1409 | o | 58 334 3.4 R
_ 83. 2 15.1 440 15.9 div. C : . ‘ _ - bcule 56¢.7 in front of kuife-cdge. Nuts tightened. Same weight on top of ~;(:’unl TR R i
1 83.3 - 16.3 "~ 454 16.5 28, 82 166, 5 L 83.6 20.9 8LO-  19.7 . B
4 I N 83.2 o s 6.3 . 1.5 : 83.3 13.8 . 745 13.6 div. .. ;1
‘is{,:"{; e ‘ L 19.0 3 479 190 - : Sk . ) : 83. 6 11.0 T 10.6 60. 66 340, 2 -'t';
RlesGel. - = - . ) - . - .- . . N = . I i
i S A T Wreuch tl"’hteﬂbd bclow, lmn(l tx«rhteuod above. L, \ ‘ : - A ’ f’é . ((:?i ' (; ‘H: : 3
‘ ‘ 26, z ')8 'f 27 f . j Weight removed frony top of stand; otherwise same as above; 97.83 div.=.001 inch, : :
3 ‘; g‘; g) 3. “’ (;“"-_’ ’ 35 ":‘) : ’ 32,0 92.4 ' 31. 4 | éi“
> 16 . are o 32.05 185. 2 26. 8 $7. 4 258 | g - ] o © I
' i 43 0 o 23.1 83. 7 22,3 60, 90 350, 6 I
L SSes 1.2 13.3 78 12,7 ‘ - _ ‘ ".
& L1880 1 \ . 1.8 L5 10.4 - g
i : R : Bl 3
*}f’i? ! Evemug Nuts haud tlght(,ned above and below ; )7.72'div..=.001 inch. : .. Binding-screws loosened; 28.09 div. of scale=. 001 inch. - ' '
i 83.1 N 25.5 57. 2 95.1 v » D " : 84.6 39'2 2.1 fs" ' ' B 8
i 8.2 . 2.8 56,0 2.8 a, ) e B \ ShO 23925 262 ) -
& 83.2 ' 23.3 53. 2 22,9 32,08 185. 4 i e B : o 84.3 23:6 88, T 22.4 av. R : g
i o ' 99, 0 5.2  olg- , > B 8.2 19.8 84.9 18,6 .66 346 . o
‘ 21 5 53.3 “91.3 v - 171 82.3 - 16.5 ) :
; . 15.1 80. 4 14.5
) , . 13.6 . 788  13.4
. ’ S. Ex. 49—51 j
S i ‘ ’ g 7
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Bimling-s(‘.m\-\‘s moderately tightened (about as in earlier experiments). | ; o

_ Statical flexure, with same arrangement.
Wt. on. Wt. off. Wt.on.  Mean diff,

39 5 93, © 31,0 :S(:ale readings. N
31. 4 99. 0 30.8 y : 3;00 {‘;er::. (l)(l;”i; Mean ditt,
30, 4 91.0 30,2 ai. P ' ' ' ' 4" 150
28,1 88.9 27,7 61,03 348.1 B 0 163
95,8 86. 7 . A | - .
27 0 38, 4 96. 3 : v . : 2".2 3{.)' 9 "
. “(‘_ . e : B - 25,9 38,7 15, 08 340, 4
267 ST 26.5 ‘ 26,3  30.0
b 4 24,9 38, 4
. 003 inch, Wt. on. Wt. ofl. Wi, o Mean dith, Jo v : ' v . ::(4' i 0;’ g
81.0 1.4 886 15.2- = : : ' - o
347 3.4 8Lz 3.6 div. A S : 1879, DECEMBER 25.
843 16.5 90, 2 16.1 .16 120, 5 '
343 15.7 83.% 4.7
13.6 87.8 13.2 .
Nore.—The weight put on stand was a very heavy paper weight.  Observer troubled all day . _ .
by tremor; every passer by on the streef, every <)|_1‘e entering thdhuilding, or even the adjoining Seale readinge.
_ bnilding, agitates the apparatis o as to make it impossible to read the scale.

R
Nuts at top of two front legs hand-tightened; 28.11 div. of seale=.001 inch,

Morning. Arraugement same as in last observation. Scale 3696 in front ot midle of knite-
cdge; 25.67 div. of scale=.001 inch. Statical flexure.

., 003 ineh. Zexf(;._v Out. Mean ditf. < Jo-
7.2 22,3 23.8
77.0 ) . 32,2

Nuts handdightened Nuts hand above,  Nutswrenched Bindingserews  Binding-serews Weight an., ‘ ’ X ) 6.9 ’ » - 33. 8
ahove and below. wrench below.  above and below,  extra tight. loose,

36004 forward, K111 WO ) ) 330w, 7 350 k.6 37486 349 8,2 : N 0.9 2 o - g .
a0em 1 behind middle point, 185 », 4 185 2 173 =4 193 5.0 - 187+ 3 173 #. 4 v » o=y 326. 4
300w 1 behind middle point, 271 # 263 w6 236 #0256 4,8 275 82 255 #, 9 o ‘32 |
A, ‘ 158 1680 1560 - 156em 147em 1560 C , 22
Fy: A, o L LA7 1G5 L6 19 1. 65 _ S - ?g
. : o 32,

. o : dvnamical flexure, with same arrangement.
1888, DECEMIER 23, | Dynamical ﬂe‘\ul th same arrangement

Sunmary of observations with weight and pulley, on Repsold stand, at York.

o Tt &t

we

Are. . “Seale readings. o

‘Evening.  Still very tremulous: especially when vehicles pass, as they frequently do.  Scale

d6emGoin front.  All tightly wrenched np. - No weight on top of stand.  Me:

tain.  27.89 div, of scale=.001 ineh.  Dynamical lexure.
I

. 0483 1.7 ¢ 89.4 , 3L
wsures all very uneer- : : 478 17.1 38.8 321
' ) o 440 1T 38. 4 . 339

. A0 ineh. Are. - Seale readings. ‘ Diil, fon ) " 43]; ©19.2 39,0 : 325
' : ' : 325 7 19.7 33.3 206

83, 5 - 0401 320 19.8 34,8 a3

838 b 315 20.8 35.1 321

ST 133 269 5.4 17.4 315

427 *

420
393
377
368

300

347

393

e}

I

28,8 24,6 348

29,2 25,3 340

27,8 22,6 340

Ky 22,4 342 4
275 21,5 333 o \ 506 20. 8 3 335
2000 2005 340 : ' 502 22).:_3 iz? le
26. 1 19, 9. 344 ’ 500 22,6 . 43.1 313

2407 10, 4 345 : B 197 20, 7 43.9 553‘¢» »
25, 8 18,5 ST ‘ ' 404 -9 4‘4- 4 S22
25.6 18.3 349 : 4‘4':3 43 4 :;1.
24,4 16.8 339 ' - : v : i(()f: 4;2 z:io
) - ——— . 300 g 1 2ot :la-
¥ ) 342, 4 , : T 462 43.6 318
, ) 458 43.6 318

:,_:.tl;t:.ro'-
= 1 11z

=
St

[ sl
I B
Tt St

¥
o

—
Cr e

~

-1 =1 =1
b

[

<

=
1D 1D

o LD LS 1P
W !
o~ Ji v » I e] BT §

154 Lo
ow~ot

323.5
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REPORT OF THE SUPERINTENDENT OF THE UNITED STATES COAST AND GEODETIC SURVEY.
' 3 4 |

. Dynamical tlexure, with same arrangement, _

1830, JANUARY 4. ’ ' . ' Are. Seale readings, it S

. L. . . : K
N . . s . ‘ . . 0309 228 ' 100,
Same arrangement and position as in last observed; 23.72 div. of scale=.001 inch; statical :

| T 500 2.0 . 155 7. 106 -,
flexure, ' . . o . 4389 u9. 102
' B ‘ ' L4 22, 4 . . 104
) Scale readings. . . . . "\,‘\ ’473 184 105
. 300 inch, Are. Zero. Qut, Mean dift: S » ‘ L 467 48.2 105
) L0500 211 9.8 aiv. " ] L L il 106
. 21,2 10.0 11. 43 323,49 :
. -20.1 3. 4
- 15.0 3.0

104.1

7
7
-
i

Stand \Vl@ll(:‘h-ﬁghteued above, two front feet loosened below; 25.54 div. of seale=.001 inch,

Statical flexure again. Secale 505 behind middle of knife-cdge. v Statical flexure. -

. 0300 16.5 2. -t .
16. 3 23 : L 00 meh. Are. Zoro, ut. Mean diff,
}{6) ;1’ ..,g ‘: 1_”,. L ‘ ' . 6.6 . 0500 211

ur

Neale readings;

S
(=

‘ 2.2 8.6 91,0
12.5 ::js . , 6T 21,0
15.8 249 : 79.9
19.1 5. 4 ' : ' ;:; 0
18.9 25.1 91,0

21,0

,

Dynamical flexure, with same arrangement.

~

1

Are, Scale readings.
22.6 13.9
99.4 . 90.3
386 23.8 15.7
360 23,8 16,0
307 25,5 16,0
351 D 6. 8§
348 w3668

—
'
f=—3

o ' Dynamical flexure, with same arrangement.
" : .
145 . : Are. Seale readings,
154 : '
149 ’ . 0490 .o48.8 35,8
151 ‘ . 169 24,3 12. 4
- .
i

o
b

ek =]

7

153 : 466 24 13.0
155 ' ' : 157 24, 13. 0
53 : , . 130 25,0 13.8
. » B : 42 2h 1 14.2
480 5.3 - 640 154 ‘ 437 25,2 14. 4
474 7 B 155 < o 197 REA 4.8
163 4.8 63.0 ' 151 v 4 : .
155 100. 0 90,3 151 ‘ S
45 1009 90, 8 N KT
441 e 65 1 146
438 740 64,4 148
433 3.6 64.6 ¢ C 148 IR : Seale veadingx,
150. 6 - . Are, ')'vﬂ,w Zero, Ont. Mean ditt,
. 0500 CO38 10. 0
_ ' 30,3 36,5
Seale readings. ) _ ‘ 31,9 36,8

-] =] =1 =}
. .
AR B |

[
<
-

i’

All wrenehi-tightened,  Weight

of 2,700% put on top of stand; otherwise same as preceding,
Statical flexure.

-

Two frout nuts at top hand-tighteneds; 25,64 liv. of scale=.001 inch. Statical flexure.

i o s ¢ e S e 1,

ORI JE S S Y

div,
12.6 . 5. 82

7.0 . 0500 18.0 99, ; : , . o _ A
76.9 T18.0 - en aiv. ‘ | | | - o ig v
6.9 , 19.1 93,5 4,30 , " 2 ~ Y e
O Lrd -4 . : 8.4. 14.2
. 712 ib. 4 . ) s 8. 6 14.3
19.0 23.4 K , L 14

..LJ

< . ' LM : ’ . 6.2 12.3
U3 inch, Are, Zero, Out. Mean ditt. o ' 0

;-

QN
HY KR G I s -
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RERORT OF THE SUPERINTENDENT OF THE UNITED STATES COAST AND GEODETIC SURVI?:Y.

. ' ',' . . Dynamical flexure; with same arrancement,
Dynamical flexure, with same arrangement. n o ®
L d

Arc.

. 0500
497
191
e
£65
460
£51
448
144

“ Seale readings.

148

40. 3

T 40.5

40.2
14.7
40. 2
14. 4
144
39, 8

B
.

29,
30.
30.

o
30.

4.
30,

8
S

2
-

3
0
6
¥
1
9

9 -

- Dift,
11,0
10.5
10.3
9,9
97
9,6
9,3
9.3
8.9

Ju

u
156
149
149
145
148
143
149
147
142

Are, Scale readings. bift, fo.

. 0500
496
487
480
475
469
456

152

34.0
M7
34.8
4.7
33.8
33. 8

o -~
dJde

33,6

9.8
10.5
11,
11.:
10,
11.
11,

11.

24,2
21,9
23,6
23,3
99, 9
99.6
29 4

pVETY

22.3

Ki

"
343
316
313
343
341
341
348
349

344. 3

148, £ T Feet of stand tightened, and two front legs him(l-tighteued above, Statical flexure; 25.54 div,
. . ' of seale=.001 ineh. ) :
© Lvening. Scale 56°™.3 in front of middle of knife-edge. Statical Hexure. : Scale readings.

Scale readings,

Dynamical flexure; with same arrangement.

Weight taken off fro

Statical.

J

Are.

. 0501
496
186
175
471
169
462
154

23
116
im

m top ot stand.

. 003 inch. Arc,

6.5
L1770
6.9

© L0500

Zero,
15.2
15.3
16. 0
15.8
1d.
67.
07,
67,

Out,
3.6
3.6
4.0
1.0
3.9

3.8
T

Seale readings.

29,2

28. 6

L2 SR S S O
SS55%
-1 &L =~

—
f=r3

~
(=2
-1

Lo e 1ot
F S
<

[=r3

Two frout feet lToosened; 2563 div. of scale=.001 ineh.

¥

S ST Ot
= A it BN

Scale readings.

Zero,

23.6

te
d

Lo
&~
= St ¢t

o 9 to
LR
-3 v

.

Out,
1.3
11.2
11.5

14es -

10.9
10.7

Mean dift,

Dif,
23,8
22,9
o
220
218
21,8
215
20, 9
19.7
10,3
10,1

Mean dift,

div.

2 1217

Jo
"

336
327
331
328
325
320
321
326
330
320

329

3290, 1

. 300 inch, Are, Zero, Out. ’,;" Mean ditt.

76. 6
0.7

76, 6

Dynamical tlexure;

Three thicknesses of Dlotting-paper put under each foot of
=Otherwise same as preceding.  Statical flexure.

. 0500

with same arrangement.

Are,

. 0512
506
HOH
488
475
468
4063
431
443

Are,
. 0500

29. 8
32,1
32,3
31.8

32,9

15.8
17.7
18.0
17.4
18. 6

Seale veadings,

45,0
177

47,

17,5
16. 6
47,0
40, 7
46, 7

T

47,

18.2
19.0
19.7
20,1
20,3
20,7
20.8
214

5 -
2200

Seale readings.

Zero,

21.8
22.0

to
.« . e &
S T <1 B R

ol — i 0

B
. -
~

[ SR ST O S S

—

Out.

8.7
3.5
S. 6
6.6

EN

div,
14,34

to WO 8 oo ety
= A
IS A= D =Y

St

[
=t
s

1o
:J(
=

pendulum stands. Al nuts tight

Mean diff,

H
406. 0

Ju
K
398
401
396
397 -
392
398
396
397
399

397. 4
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Dynamical flexure; with same arrangement. | ' :

. . ’ O
Dynamieal flexure, with same arrangement.
Are, Sealo readings. 2 DI Jo- :

0. 509
494
482
477
461
457
446
435

27.7
53.9
. 0
"53.7
33,1
83.7
22,9

53.2

1.3
28,7
29,9
29, 4
2, 7
30.0
30,9

30.7 .

26. 4
25.2
24,8
24,3
23.6
237
as.

22,0

367
361
365
360
362
367
360
366

363.0

L

All tight. Weight of 2,

. :. : . Arec.
L °

. 0484
476
470
466
461
454

Seale readings.

62,8
63,.9
6
63.3
63.2
63. 8

o
¢

&
o =1 1y o w

1 =3 =1

-} =1 =] =
= &

o

2
467
498
487
481
491
485

484

700% on top of stand; otherwise the same. 84.4 div. of scale=.01 inch

' . Statical.
Scale 50°m,5 behiud- knife-edge, with blotting-puper arrangement, ete., as above, Statieal .

flexure; 25.62 div.=.001 inch. -
< . Scale readings,

Scale readings.

. 601 inch, Zero. . - Ont. Mean diff,

Are.

L0500

Are.
L0478
469
460
447
430
434
498
418
409
400
304

Zero.
17.5
16. 7
16. 9
16, 6
16. 4
15. 8
15. 4
15. 3
15.1
140

Out.
24,8
24,90

35,3

247
24,6
24,3
24.1
239
25,04
23.0

Dynamical flexure, with same arrangement.

“Seale veadings.

19.2
18.8
18.8
187

18,6
18. 4
17.8
18.5
16.7
16.3
16.2

SVNgL ST e
o e DD

{

-~

-t
-3

vt

-
-

= o~ U o
-1 =0

Mean ditt,

e -

St =1

11.

-
[,
Tr =1

11.°

<

1880, J ANUARY 11.

o

o
,l
210
205
206
201
207
207

207
208
202
204
207

205.9

RN

A\

Flexnre in third position, dbout 52,7 in 'front of kuife-edge and 118m.5 below. All (:1:1f)1])ed.

84.7
84.3
84,2
84, 4

Dynamical flexure, with same arrangement.

Hand-tightened above; otherwise the same. Statical.

Arc.

. 0498

474
169
462

442

1419
409
401

93.6
93.0
92.5
92.5

92. 4

87.3
86. 6
86. 4
86. 3
86.1

Seule readings,

85.2
86. 3
86. 0
86. 0
83.0
86. 3
85.3
$5.8

08.8
98.0
98.0
©98. 0
04,7
96. 8
93.8

96.0

Scale readings.

Zero.
5.2
75.0
75.

80. 1
S4.1
84,3

'84. 4

?'.

Out,
68. 7

<
w ®
-1 S =

a1 =1 =3 =1
=1 =1 =
-1 s

6. 26

Mean dift,

No weight on stand.  Statical flexure. 84.4 div.=.01 inch. _ , Dynamicul flexure, with same arrangement.

Scale readings. ’ N N Are, Scale readings.

A!lc;
., 0500

=1
SN

.

-3
W 00 e £

RECESESES
O R e e D

<

.
<

w O o

Out.
66. 6
66. 3

Mean difY,

S. Ex. 49__-_'_52

40424
417
413
408-
400
388
379

Lo
=0
<x»n

S}
<

Cr v &

D

[ o ST SR NI )

S &
>

-1 W W W




REPORT OF THE SUPERINTENDENT OF THE

- Statical flexure. Feet unclamped; otherwise same.
Secale readings. .
Are. Zero.  Qut. Mean diff. .~ £,
L 0500 48.1 41.7 ' '
47.4 div. .
47. 4 41, ¢ 6. 02 519
47.9 ‘
47.7
Dynamical flexure, with same arrangement. :
© Are. Scale readings. : Diff, B

- 123

0414 38.92 49. 6 11. 4 593
405 38.2 48.9 10. 7 569
398 3.7 48.6 10.9 590

: 38.6 48. 7 10,1 560

38.6 48.9 10.3 588

380
Statical flexure, with blotting-paper under feet; otherwise same; 84,16 div.=.01 inch.
Scule readings.
Olinch.  Are. Zero. Out. Mean ditt. Jo.
84.4 . 0500 3.2 65. 8
84.1 72,9 66. 2 div. X
84.2 TS 66. 0 7.00 603
84,1 Q3.3 . 661
84.0 2.7 66.1

, :
Dynamical flexure; with same arrangement.

Are. Scale readings. o Jo.
. 0369 67.8 78.1 601
361 67.9 9 2 610
Do
8

360 68. 0 552
340 66.3 571
338 67. 0 582
333 67. 0 552
328 67. 8

-1 =} =1
14 =t =

~} =1 =3
jer]

S &:
e @

M 583
1880, JANUARY 21,

»

Third position; about 53°» in front of middle of knife-edge, and 120e below; $4.72 div. of

-scale=.01"inch. Statical floxure.

.01 inch. Arc, Scale rendings. i, S
84,7 L0500 - 81.9 88,7
84.3 82.5 88.6 e, .
84.6 - 82,0 88. 4 6. 38 546, 4
85.0 82.9 88.9
85.0 __ 82. 4 88.8

Dynamical flexure; with same arrangement.

L0507
500
496
488
478
464

—

[e oS ]

~

®
ARG

xR o
oo
-1 0 . o o
by pd
i)

o
)

—
0o to Wt
=

S S

[0 ]
o
et

UNITED STATES COAST AND GEODETIC SURVEY.

Same as above, except that a weight of 25 pounds is put on top of stand. Statical flexure,

Arc. Scale readings,

. 0500 35.5 41,7

35.9 - 41. 8

35.5 41,6

34.8 41.3

36. 0 411

. 34. 9 41. 0

Dynamical flexure; with same arrangement.

. 0488 3£.8 471

481 #5. 2 46. 8

476 35.0 16,8

468 35.0 46.9

439 34. 3 43,8

439 35.0 45. 4

v

1880, JANUARY 93.

flexure,
: . 003 inch. sAre, Scale readings,
- 78.9 - . 0500 4.7 " . 10.6
79.0 o 7.2
78.7 16.0
8.7 32.0
318
33.F
12.4 -
17.9
19.0
6.8
29,9
28.3
34,3
30,9
) 30,0
Dynamieal flexure; with same arrangement.
L0320 12,7 19. 1

399 12,4 19. 4
304 18. 4 247
298 17.1 4.3
259 23.6 99,3

1

389
338
319

pd ek b
SRR b
D WO H LD A e

‘

Diffl.

Second position; 508 hehind. knife-edge. No weight onj. 26.27 div. =001 inch. Statical

Diff. fo.

div., n
(.23 172,1

T L W A et Pl 5 S VIt et o 2 e ot T T




REPORT OF THE SUPERINTENDENT OF THE - UNITED STATES COAST AND GEODETIC STRVEY.

1880, JANUARY 25. : v _ Dynamical flexure, with same arrangement.
"Second position; 25 pounds weight on stand. * Tube lengthened; 27.44 div. of scale=.0011inch : : 4 003inch.  Are, Scale vendings. Dift. -

: Statical flexure. ' : " 0 . )
. Are.  Scalereadings. . Dit - . fo : 80.3  .0481 11.3 342 . 229
L0500 >, . : 80. 6 473 11.3 33.8 99 5 -

ety )

80.9 467 12,0 34.0 22,0

80.6 439 1.8 34,0 22,9
448 12.2 33.9 21,7
441 1

: 3,3 3.4 an1
437 - ﬁ4 34,2 20.8

i M
RN

.

W WD
Lo 1D

X

\

Weight on stand. Statical flexure. Otherwise same.

[
-3 Ct

. 0300 32.3

34.1 o
34,6 2 329. 0
35.1 ’

35. 4

35.6

Dynamical flexure; with same arrangement.
L0478 ' 12.9

12.0
11.5
10.8

K f) ) -n . N -

ig; 1(1)‘; ' ‘ Dynamical flexure, with same arrangement.

4(1(; . 20. 10.3 ' e ’ .« . 0483 10.8

3L ' 9. 7; - 467 11.3

081: -~ : 10‘ - . - 458

| SR ST Sl ]
SRR RS
=1 = T S

1 to
5

=

B S A 24 SR M LR A B Aot . o 5 me e 7o m et

326"
396
317
327
39
329

o 8ot
}C.C»D
[SLN-TRRVCE

Lo
S
far

=]

. . 446
Weight taken off; otheriwise same. - Statical flexure, : . , : 438

. 003 inch. . Are. Scale readings. - i - S ‘ : ’ 429
82. 4 . 0500 14.1 7.5 : 419 30.
82.8 145 8.3 : . 400 3923
82.5 15.2 1 8.7 , _ | : : o , -
82.3 \ 16.7 0.6 iv. | . 324.6
82.1 7.0 1 10.4 - . : . , . ’
20 E } (1; . j ]8 i Summary of dynamical and statical observations, with peudulum on Repsold stand, made at
Qe o . . ' ‘ ) YOI‘k. ) )
82.2 23.4 16.7 :

go‘ ; ol o ) ) Al tight ; no load.
Ol . > N )e & . .

»
- 2 o o
e = s

W =

Dynamieal flexure, with same arrangement. - Statical. Dynamical.

- - an G o« ” . 06,6 forward, . L3RGk, 4 393k, 5

) 0182y, ; 30.9 1;. 6 173 ' h : 50em.5 bac, o 172ed Ton 6
AT 19.2 . 12. 4 173 | 52:m.7 forward, 1185 below, 5045, 4 1824, 9
461 - 18.3 30.6 12.3 176

2 " o i ~ Inclination of a’x  to knife-edge. 4209 490.0
457 18.3 29.8 AL5 167 o Distance of axis from middle of knife-edge, 1m, 159 1™, 086
450 20.0 31T LT - 172

i . , . at 1 cm. from axis, . e 114 26,137
444 19.8 31.1 11.3 168 o S 51

) 2K, UBe 0 -7 939k 0
437 20, 2 31,2 11.0 167 :

24 ¢+ 21,0 3.6 10.6 165 The same arrangement.

170. 3 57em.0 forward, , fo 326%.3
First position: about 57°m.0 in front of knife-edge; 26.85 div. of scale=.001 inch. Statical.. :

50°m.8 back, So 173~2
 No weight on. 53°2.0 forward, 120°m below, - Sy Dd6e4 550 -, 8
) _ Inclination of axis to knife-edge, . 3790 360, 5
1(1;".07 : v o 4 Distance of axis from middle of knife-edge, 1™, 040 - o, 993
o . : Joat 1 cm, from axis, : 2k, 359 2k, 424

F, 245+3 240+~ 6

St
ot

0. 500

el el
e I L
[=~T0 oI = i B o e

-
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o " ' : 1880, MARCH 17,
Al tight ; load of 247, : :

. ) ) ‘ fi‘op“ of Repsold stand fastened to an oak plank, which is bolted to top of Geneva tripod. Stat-
. bt’:t‘i)wull D.V:{*)“:}clul. * jeal observg,fions Wwith weight (1¥) and pulley; 76.3 div. of scale=.003 incl,. .Seale 56,8 in front .
ggf“{-tj ior‘;ardy : ? ?é; : ;) ‘:’;8 .1 | of middle of knife-edge. - . ’
em 5 bhae . i (R . _ [ Scale readings,

52em.7 fOI‘Wi;,I‘d, 11825 below, Jo 539k 6 556+, 0 . ‘ _ Wt..on, Wt. off, Mean diff.
Inclination of axis to kuife-edge, - 410.1 4006 ‘ ' ' 4.0" 29, 0
Distance of axis from middle of knife-edge, = - 1™, 023 Om, 899. ‘ . 2.3 - 9267 e -
f» 2t 1 cm. from axis, 2k, 385 2e59T , - 3.9 28.3 24,62 “154. 7

24#,0 B34 7 ‘ ' : 1.6 26.2 '

" ’ ' 3.4 28.1
oht + kg ' ‘ .
Al tight ; load of 11%.3. - ' Scale 50°.5 behind knife-edge; 76.7 div.=.003 inch.

B fo 32960 324s ¢

57°m.0 forward,
50°=.8 back, S fy 113w 16543
© 53,0 forivard, 120 helow, R A LT 320k, 4
Inclination of axis to knife-cdge, ‘ 102, 3 392, 5
Distance of axis from middie of knife-edge, 1,000 1w, 063
Jo at 1 cm. from axis, e, 226 26,277

Ty, 24669 2420, 0 _ .

Lo
[~ R BRI YR

Lo
S8fae

Lo
st

o'}

i - ) 1880, APRIL 5.
Front taps above hand-tightened. Experiments on oak plank support as last used.

: : . last experiment.) Statieal flexure; with weight
Filar micrometer, 1 revolution =100«,

(It has been removed and put on again sinee

, and pulley.  Secale about 50,0 behind knife-edge.
56,6 forward, Jo H6E 0 397+ 4

50¢em 5 back’ ‘/;‘ 121 %, 7 I | , .)Ii('r,onmifv- readings, .
52¢m.7 forward, 1185 belov, Sy 584m9 656 £, 0 , S Weon Wt off. Di
Inelination of axis to knife-edge, J82, % 500, 3 . » 4. 186 4. 150 o 0,036
Distance of axis from middle of knife-edge, Om, 850 Om, 681 _ , <218 . 180 . 028
foat 1 cni. from axis, Bk 0090 3e530 . 249 .216 . 026
o, R : Ty 255e7 24204 . 201 19256 . 035
’ 4,425 4. 390 . 035
451 AL . 036
. . C A 2184 452 . 032
56°m,6 forward, L fu 34k 6 - 344k 3 . ‘ 023 . 492 . 031
50em.5 back, . : ' Jo 193k0 0 17781 , } .366 . 5 . 038
52¢0,7 forward, 1185 below, Jo SISO . 580k 3 L5050 562 033
Inclination of axis to knife-edge, 43-.0 © 370, 4 . 625 .591 .04
- Distance of axis from middle of knife-edge, Pe278 0 w99y . 650 L6110 . 039
Soat 1 em. from axis, 2k, 077 2m, 572

Tight above; binding-screws of front fect loose.

Fo 26455 255, 9 : | \ e s e 08
v . o Scale about 56°».7 in front of “nife-edge; otherwise the same, ,
: : g ‘e -

Al tight; blotting-paper under the feet. ' : ) : 4 .3(1)(7» i gid: ; 0'_ i;;i
56,6 forward, fo 31986 3654, 0 405 + 216 - 189
500m5 back, - fo o34y 2034, 9 - o | ' 385 213
52em.7 forward, 118°m,5 below, ' Jo 603e.4 - 580k,1 , : "_’("? ) ‘9: : ]f_'"; 4
Inclination of axis to kuife-edge, Coe 35 .0 380, 7 [ . ‘f{’ ) l‘f: 1_‘(_’ 1,09']
Distance of axis from middle of knife edgpe, 1m, 282 ™. 179 AR 1 _ “)(') 092 ay '
foat 1 em. from axis, . 2k, 362 20388 : ' . _ - 231 - 064 163

- CNF, 30269 981s.0 ‘ 236 173 <178

-

. : . 236 . 165 . 165

“These measures are interesting as showing that while the dynamical flexure at the poingof - = - - - _ ' I | .178 .178

-appheation of the force is constantly less than the statical, yet the angular flexure is less in the IR R o CL2100 o B i

statical experiments than in the dynamical ones. This fact probably indicates the cause of the . 203 5T - .157
difference between the two kinds of flexure, namely, that in the dynamical experiments the flexure-

wave has not had time to fully reach the distant parts of the apparatus,

—

0.173
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Schle about 44 in front, and about 120em below the middle point of knife-edge; otherwise
same as before. The flexure is now in the reverse direction from the pull.

Micrometer readings.
. o

Wt.on. - "Wt off. . Difr ! I ¢
. - P
3. 785 3.308°  -0.427
L7600 59T 163 )
622 424 .198 :
e 808 ST343 L 465
4121 624 497 . :
3140 270 470
REREE . 160 . 988 ‘ _
026 277 . 649 ~ ‘ .
L 676 . 189 LT
759 . 386 3T ¢ .
L6150 480 L180 . R
. 585 L5378 207 229, 6 '
4.785 1,550 L2385 ¢ .
59013 5.668 245
. 873 . 384 80 -
639 543 . 004 '
AR LA B L2950,
JB06 56T -, 739
073 . 910 163
037 . 831 L2060 - - -
. 066 . 661 . 405 '
S E +L 640 AT
§ 113 632 46T - . :
L0430 T 2 R Lo
5.158 607 . N1 B
103 LT56 34T -
18T L646 .54l o
0. 364 )

1880, APRIL 17.

v \

Repsold stind supported on oak bloeks. six inches high,ahd braced t&ether. Microscope as
in former experiments, = Scale 56,7 in front of middle of knife-edge; 21,93 div. of seale=.001 inch.

Statical flexure with pendaluni.

U004 inch.  © Are. . Seale readings, . Dit . o
87.7T 87.5 1 .0300 57 240 .
8.1+  8T.h . 22,6 0.9 S
8.8 883 . X 3.9 , I :
87.6 8TLT ~ 10,9 30. 9. ) ‘ *
87.9 88,0 3.5 2.7 g p
87.6 - 2.9 20.3 . 18.72 619. 6
88. ¢ . 91.8 41,2
87.9 » 17.3 36.1
Y150 32.6 ) .
‘ 6.5: 2,2 0" '
: : . 49 9237
) . - 17.8. "31.2°

o

o R A

UNITED STATES COAST AND GEOgE;TIC SURVEY. - < 417

Dynamical flexure, with same arrangement.

Are. Seale readings, bit, S N
. 0494 42,7 0.6 33.1 534
490 41. 8 ) 34.3 .. 579
. 184 10,7 .0 337 516 ,
454 323 2.8 29,5 3538
‘ 448 327 3.6 29, 1 538
433 32,4 3.3 20, 1 349
433 30,1 1.2 28.9 332
. . : ‘ ' 3506
K Scile 53044 hehind knife-edge.  Otherwise same.  Statical. -
0500w 317 ‘
3.8 1.4 *
3.0 14. 6
9.4 14.0 v
10,0 18.5 div. X "
11,0, 20,3 9,11 301, 5
. 18.3 26,0
o 20.0 28,9 i
22,5 31.4
3.4 12,2
4.7 144 )
8.1 17.8
10. 0 - 19.5
11. 0 20,6 -
Dynamical flexure, with same arrangement.
p
> £0I80 g 9.6 18,8 318
484 2T 3.9 18.8 .- 321
, 77 26.2 WS - 18.4 - 319
470 o4, «% T6.9 1.9 296
465 2.7 7 6T 11,0 303
\ _ -
, ~ 315
N ' )
: . 1880, ArRIL 18.
’ Liepsold stand raised up on ieces of rubber :?} inc‘hcs thick., Scale 5003 behind knife od
214 94 of seale=.001 incl. Stutieal flexure, .
Are, Seale readings. Diff, SO
"L 0300 13.8 43
16. 4 139,03 rej.
19. 8 48,7 ¢
’ 20.9 48,6 div.. #
3.7 LS 28.36 039, 2
20, 9 9.7 | '
’ 23.1 51.6 )
, - 26,0 542 -
.S, Ex. 49—-53 ' ’
. ’ i

>




2
1

REPORT OF THE SUPERINTENDENT OF THE

0

UNITED STATES COAST AND GEODETIC SURVEY. 419

v ’ 5
Dynamical tlexure, with same arrangement. 1880, AprrriL 21,
‘ Are. Reale readings. Ditt.
.. 0460 .6

452 19.6
447 49.3

o ' Flexure observed again on rubber feet.  Seale 500.2 hehind Knife-edge; 22,17 div, of seale=
:(; ) 001 inch,  Statical flexure. ' '

e . .U()é;-im'h. Are, + Seale readings, IRETIR _il\.
: | : : - .6 L0500 15,6 38. 9
138 18.7 . : , S8.8 . 15,2 378
126 409 13,1 | T s o
. : 88,6 IS,
3 R . ) ' ')
21 in front of kuife-edge; 21.9 div. of seale=.001 inch. Statical flexure. _ : ' : ~1(1)
19,0
18. ¢
19,
jHA

Cie W 1e
= W

-v

. 0500 36. 8 28
" 32,0 17.5
48.6 15.7
45,6 11. 9
13.5 12, div, ,
1.8 8.3 33.2 1099 Dynamical flexure, with sime arrangement.
40. 8 . _ " . -
38,6 5 ‘ L0472 45,8 o 40. 6 - T08
37,0 5. 163 48. oS 4003 15
36.3 o o . . 156 18. B A 30,2 T
35. 4 ) ' , : 150 . 9. . 39,3 718
» 13 A8, 38.6 716

e ARk T . e et A
AT TS MTOC YR e AN 1 8 AT T AR sy rena et f
FA g2t et S e s e i 8 gaisd

T
+ TTEca e

Dynamical Hexure, with same arrangement,

. . . ‘ 713
% 004 inch, Are. Seale readings, . S '
14

. 0309 5.8 14 1008
4098 TLS 12, 985 :
487 ’ 0.3 12, X 987 ‘ o 004 inc‘h;) Are. ’ + Seale readings. - Dity S
48 48, 4 11. 57.1 084 o ) CEST N 00 17,9 18.7
473 6. 3 10.0 : 997 : : 8. 6 _ 50.0 20, 0
467 66. 8 11.0 092 , ‘ S ST 6 \ 48.38 18,92
458 64, 4. 1.2 . 961 , ' o883 Y480 - 183
\ — . ST.5 6.3 16,0
939 : . 8L : / 14.0 12,8,

Third position; SL1div. of seale=0.1 inch. Statical flexure. , ' . . S 1.1

v ]
-1

’.J
-1 =1 =1 =}
oot at.
[

drem Lin front of knite-edge; 21,99 div. of seale=.001 inch. Statical tlexure.

v A
ferd

| SV

o

-

~

. : . 11, 4
- .05 19,0 2.3 . 7.9

: | 18.2 26.3 : p ' 5. 6.

| 18.7 26. O 09, 8 : ‘ ' 31. 2.8
,' 18.3 27.{ ) _ : 33, 2.4
18.3 f.!(). ) : : E . 0.6

2

Dynamical flexure, with same arrangement. . . .
Dynamieal flexure, with same arrangement,

.01 inch, Arc. Scale readings, . ' Difr. S ' \
"

“
8L L0320 15,8 2.6 - .S 545 . | ¥ 0405 61,7 o 921
30, 9 304 15. 8 98 514 . . NNT 6Lz . 913
SL.2 288 15.3 2.3 T 543 ' 80T a8 5 a5
278 15.1 R 570 - ' ' A ' 476 594 . 020-
270 15,2 9L ; 545 ‘ | 167 56,7 ' 928

15 55,8 ~ : o1
262 15.2 21, 6 545 . £ 9.8 : ' 2

e PSRN S

* The first fgure in this column is everywhere recorded us'd; the observer, however, notes that it should be 4,

]
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Block feet again. ~ Scale 56,9 forward of middle of knife-edge; 22,19 div, of seale=.001 ineh.

Statical flexure first.’

Arce, © Seale readings,

. 0300 225
28.5
3L.2
12.3
4.9
14,7
13.8
13. 6
Dynamical Hexure, with same.

0439 0.5
450 36. 8
445 :

439

430

420 .
114 34,

Scale 501 behind middle point of knife-edge; 22

0.004 inch. Are, Seale 1
S8. 7 88. 7 . 0500 :
SB.2 88,8
88,7 88,8
87.9 55
88.2 Q’;&#

88. 2

Another set.

. 0300
1.4
10. 6
11,35
) 11
Dynamical flexure, with same arrangement.

L0495 31,
489 31
4S8,

478 29,
469 28,
465 UN.,

o » «

11. 5

17.:

20.:
1.

10,
17.:
17.
16.
16.
15. .
16.:

08 div,

selitree
aditgs,

31,0
2R08

27,

26, 4

9
—-t)y e

) 7

21,

Dift,

20,5
19.5
19,5
19, 4
19,3
18. 3
17.8

o

"
362
e
300
S04

~
362
3068
308

=y

ey

360

of seale =001 inch,

Dt

div,

10, 10

S8
23.6
23,4

9D Q

EL TR
.)
92,4

219

Scale 56om.9 again in front of knife-edge; 22 div. of scale=.001 inch,

) . 0300 35,9
18.7

-~ -
290

31,0

3L7T

23.9
3.3
18.3

div,

. 10.8

9.8

20,7

Statieal,

U,

b
Js6
396
380
301
392
J85

388

Statical lquuro.

K

UNITED STATES COAST AND GEODETIC SURVEY.

Dynamical flexure, with same.,
Are,
0484
476
469
460
456

o 31.9

/

/

Neale readings. Dift,

.6

0
S

11. 20,2
13. 19, &
LLS - 1.5

16.8 - 10,2

17.6 19,2

1880, APRIL 25,

Observations on wooden stand.  Much troubled by tremor, probably due in great measuare-to

the irregular heating of the wooden blocks by the illnminating flame,
front of knife-edge and 118 helow; 71.72 div. of scale=.01 inch. Static:

Are.
L0500

Dynamical flexure, with same arrangement.

L0478
469
1

R0y
458

ym

437
433
126
419
4106
413 .
412
409
403 °
400

Seale readings, . Dify

328
25.
24,
32,0

20

(D 2y

D206

i)

[ 20N

3 e

i),

30,

36. §

31,

36.

36, ¢

56. 9

32,3,

32.0
30,3
30,
31,
31,
31.
31.
31.
32,
32
32.

a9
33.3
33.3

[—y

w

-3 to W I

= &

36.D rej.
30. 3

30,2

37,4
302
38.0
YR
.
41,
41,

__ S

o

I T -

T

-t
T

o

t

9.9
9.8
9.8
10. 0
10,9
10.0
9.9
S 10.2
0, 4
900
9.1
9.1
9.4
3.9

9.0

»

o

K
RS

329
546

—-ree
H78

630
57H
579
605
567
546

po oo b

Ry

559

582

ah9
569

bo7

Third position==55m in
u flexure,

3
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Scale in front of knife-edge about 36em.8 (not measnred).
001 inch.

Statical flexnre; 2167 div. of seale=

Are.

0500

Dynamical flexure, with same arrangement.

<0480
459
151
445
425
416
399

Scale readmgs,
o

Ditt, i

30.0

95,7

25.4
27.2
-

3 (ot
30. 0
32
33

7

4

]
2704
31,4
32,4
56. 4
¥

BTN

-~

4
-
i
]
>
. 0)
y
7
T

v(.v.)

16. 8
12.6
12. 4
13.%
14.1
16. 6
18. 4
20.1
13. 4
18.8
19.7
43.2
41.9

)

0D
33. 8
38, «
39 6
141.2
43,8

Scale 5004 behind knifc-edge. Statical flexure.

0500

) D
BVt

. 0495
488
483
478
469
463

22.8
24,7
36.

52,

+ 16,

99

23.6

27.6

27,4
31 4
36. 0
41,0
13. 4.

Dynamical flexure, with same arrangement.

46, O

49.
30.
51.

52.8

13.8
18.2
29.8

-‘)9 3

A7,

10. S
17.
17.
21,
25.3
29,3
33.3

-

15,
> 16,
15.
15.
15,0

u
103
390
364
395
388
395
376

23
389

UNITED STATES COAST AND GEODETIC SURVEY., : 423

The above experiments of April, 1880, were made with a view of testing experimentally the
question of whether the statical or dynamical flexures should Le used in reducing the periods of
oscillation, or whether some intermediate value would be preferable.  The pendalum was actuwally
swung-upon all these supports.  Unfortunately, the measures of flexure of the excessively flexible
supports are extremely discordant. ’

Lepsold support on rubber blocks.

fu forward. ) o behind. : 7 helow. k. Fa
Statical., Dynamical. Statical.  Dynamical. Rtatical.  Dymumieal, ~ Statieal. Dynamieal.
T u Con B K m i m "
April 18, 1099 HAY RIS 540 w0 R 1014 91 -
Avpril 21,0 989 vl S0t 13 NO1 St

From the civewmstances of the experiment, the reults of the second day are to be absolutely
preferred. The pendnhum was swung on this sapporc o April 18 and 20, The measurements of
the flexure of the Repsold tripod on jain oaken support are still more utterly discordant. The seeond
experiment. of April 21 seems to be the hest, and this gives =354 for the statical flexure, and
the dynamical flexure appears to be very little less.  For the stiffest support we have@Gi,=62+9,
statical; dynamical not measured. ' '

The details of the experiments to determine the periods ot o-cillation on these supports will
be given in another report. The following are the tesults:

Sﬁ_{fesf support,

(Method of transits,)

- Q
Heavy end down, Heavy eud up.
cLT N

Mareh 31, L. 006435 S W
z\l)l'il 2, ) BRH 478
April 4, 434 '

48
April 4 . 41 N

Mean, 4 ‘ 1, 006438 1006477

{Method of exe aud var coincidences.)

Mareli 26, ~ 1. 006443 1. 006468
March 27, 147 475
March 28, 457 167
March 29, 35 - 160

Mean, » 1. 006410 1006470
Repsold support.
(Method of transits.)

Heavy end down., Heavy end up.
.

SApril T 1. 006399 1. 0065006

<

426 52.8
414 53. 4

[l

Co Tt

15.5
14,3
12.1

410
407

54,9

56. 0

. .
e e 00 €2
<

13.9
13..0

April 50,
May 2,
May 3,

Mean,

191
500
500 "

485

BRA

516

1. 006498 1. OGS0
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Repsold support. Of course, extremely little weight is to be attached to -he values calenlated from heavy end
S(Method of eye amd car coiucidences, ) , up.”  Ifor the stiffost support and the oaken support the result is in very good iccord with the
: . . ' statically observed flexure.” For the India rubber support the dynamically observed flexure seems

He avy enddown, “{d\.\ end up. to be indicated, or rather something between this and the results of statical measures,

N N, 8,
Mareh 19, 1, 006523 1. 006523 . Genepal conelusions.
arch © ( ™
;;ii:}i :)E’ ’ flon: %’37’ : ' 1. The tlexibility of ulllmst’mw pendulum support has an iljl])()i‘til]lt effect on the time of oscil-
March 2:;: ) ) A 033 hl“().l)l, il‘lld should be measured’ I ‘ . . .
June 4 105 505 4 = The flexure rotates the Knife-edge zll)(fllt an axis, sometimes not over 60 cm. (hslt:ml. ' l't ix,
June 5, 159 180 . llu:l:ctore, zlltogeth?r crroneons to-measure the 1?(‘.‘1.11‘0 at any other point thznl_ the middle of the
June 6 s <11 knm‘!-edgo, unless it be measured at a namber (‘yt points and reduced to that point,
Tue 6 313 o %”‘_) ‘ _ .32 Onoa properly constructed support the difference between the statical and dynamical tlexure
’ = o should be immaterial.  The dynamical flexure is less_than the h’m‘i’ca], owing to the time re/ "d
Mean, 1. 006502 N 1. 006508 for the transmission of the wave of strain to the more distant parts of the apparatus. Tl 1¢
“correction seems to be intermediate between {hat caleulated from the statical and the dynanneal
flexures, but pretty decidedly neaver to the latter, ' .
{Method of eye aud ear coincidences, ) : . oA sul_)port .likc the Trepsold tripod will grow more flexible with time, owing probably to the
' ‘ . ' shght lToosening of some parts. :

¥ e

Oaken support,

i3

Heavy end down. ’ Heavy el uyp,
R 8.

A 9. Any dirt, cement, or other elastic film under the feet of suel a tripod may greatly inercase
April 1, 006345 1. 006530 the flexure, as well as the difference betiveen the two kinds,
April 2 _ 340 ' 326 G. It the flexure is considerable, it is Liely to vary from day to day, or even during the course
April 27 336 321 of an experiment,
April 28, . 338 539 ‘ ‘

- —

Mean, 1. 006340 1. 006529

. The tightening of the parts may or may not greatly affect the flexure.

8. The loading of the support las no sensible effect.

9. Lxperiments made with weight and pulley give a larger value for the flexure than those
. - made with the pendulum drawn to one side.

On Indic-rubber ok, : . ! _ ,

. . !_:1 . ’ .
. - . . ST NOoTE oN HARDYS 2 . J
April 15, 1, 6706 1. 006612 . , ) ' 0T 0N HARDY’s Nobpy ; -

April 20, ' 03 ) 610 The theory of Hardy’s noddy is very'simple.  When two pendulums oscillate on the same

support in parallel planes, I have shown (Am. Jour. Sci., third series, xviif, 113) that one of the
differential equations is

Mean, 1006705 1. 006611

’ ADEpd DEs=—p e,
Letus now tey the dynamical corvection of these periods. For the Repsold sapport the where
dynamical Fy=237+; thenee we deduee the corrections for the other supports, as follows: ‘ . tis the time;] .
: ¢, the instantaneous angle of inclination of one pendulum; ’ :

s, the instantaneous linear displacement of its knife-edge from the position of repose;

A, the virtual length of the pendulum;

y, the vertical acceeleration of each particle, or the constant of force of restoration of the
pendulom. .

The I rdy’s nioddy is a pendnlum placed on the support of another pendulum so as to oseilla

Heavy end down, Heavy end np.
s

s

- Period, Repsold support, 1. 006300 1. 006300
Dynamic <-Ql'rec‘:tin’n, : —51 —36

Corrected ])l.‘l'i()(h, : ) L 06416 ‘ 1. 006473

U

D

Period, stiffest support, 1. 006439 L 00GETS
Period, oaken support, 1. 0065 10 1006529 . ~ o LA _ . _ ,
Period. on India 1'}11\)1)(*1' 1. 006705 ‘ 1. 006611 the main pendulum; but y, instead of being gravity, is the excess‘of the foree of a SPring over gravity

ina paval. plane. Its natural period 7= (‘)\/ Is as nearly as possible equal to T, the period of
. y :

R and is made to be as small as possible, A being correspondingly smally so as to give 7 the right
value. The noddy being very light, the value and changes of s are determined entively by the

main pendulum.  We may, therefore, write

Apparent corrections :
Stiftest support, | . 23
Oaken support, : . 12 . : $=35 cos ,f‘ ©
India rubber, 284 ‘ :
' ‘ ‘ ' Substituting this value in the difterential equation, the solution of the latter is

t—1, 1 S¢)» t
R ‘D— , ‘r'-’-?’l‘z CUST@'

v

The values of Fo, calenlated from these corrections, are as follows ; . ;

. . ¢=9% ¢o

: | . _ i ‘ "

btliiest support, - ) . (_m - : o : But the noddy has no oscillation to begin with. This fact is representod by the equations
Oaken'support, wo L 302 - : e ' ' : - :

India rubber, - N 821 =0 (D:y . TS_KS),ZJ
S, BX. 49——54 '
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We thus have
b_(_o sin .T_lt@. sin T+l(@.

N - . .
: :91?2(“05:@%95 r @>= yt e S 2T
This equation shows that-the noddy oscillates with a period that is a sort of mean hetween
its natural period and that of the large pendulam. The amplitude of oscillation increases from
nothing at an initial rate equal to

S

. ¥ (r+T)rr” .

a rate not much aftected by the value of (r—T). But the :nnplitu’c increases more amd more
slowly, and reaches its matimnm when

7T
r—"T"
after whick it again diminishes and after the Tapse &f an equal time vanishes, At the beginning,
the phase of motion of the support is 3O, and that of the noddy is 0, so that the support is one
quadrant ahead. At the time of the first maximnm the phase of the support is

T .
(3+,74)0

"
741
':l’.' -+-'r w@'
. 71
Subtracting the second from the first we see that the two motions are in opposition.  When the
motion of the noddy vanishes its phase is a quadrant in advance of that of the support. - The

motion immediately recommences, but 7

1=

and that of the noddy is

m —
r—T

tﬂ. s
27T O

B - t
is now negative, and this shows that the difference of phase changes to thie opposite quadrant, and
that the two oscillations aggin proceed toward opposition. _

We have thus far not taken account of the resistance to the motion of the noddy, althongh

this must evidently he large. In consequence of ity the natural mation of the noddy would be of
the form -

sin

L5 t,.
iz dE= 0 cos 7O

From this we easily infer that the differential equation is

3 @)

" 5O )¢ S t.
D2 420,04 =08 o Lo

The solution of this is
2r:7T
_’/‘ , [ { . S (/7 2;'[‘2' X {
,.l""<© 80 cos T/(')_ cos T’('))'*‘ A g '(l‘Tz ’ T):——' v S ’1‘@
B2 =TH T 2

i) T
P=A 4T o
eIyt g

The signification of this is that the noddy approaches indefinitely toward settling down to an
oscillation strictly synchironous with that of the support. Its ultimate amplitude is very little less
than half what the maximum amplitude would be without resistince. But the phase may differ very

much from that of the motion of the suﬂ[‘)ort. Namely, if the noddy is in precise adjustment to the
period of the large pendulum, its phas

will be one quadrant behind that of the support. . If the
noddy naturally oscillutes slower than the large pendulum, its phase may be anywhere from one
quadrant in arrear to opposition; it the noddy naturally oscillates faster than the pendulum, it
may be anywhere from one quadrant bebingd, to coincidence.

If, then, y is one tenth of gravity, 7*—T2 one thousandth of
micron, the amplitude of movement of the noddy will be one
casily measured with a microscope. ®

a second, and S one tenth of a
thousandth of the radius, a quantity

G v R R AT R R
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ON THE INFLUENCE OF THE FLEXIBILITY OF THE SUPPORT ON THE OSCILLATION O1I' A PENDULLUM.
(Translated from French into English by the author.)

NEW YoRrk, July 13, 1877,

DEAR SIR: On taking charge of the Coast Survey rescarches upon gravity, I ordered of
Messrs. Repsold a reversible pendulum, to be a copy of that of the Prussian Geodetical Institute,
But the instrument makers were at that time so taken up with the construction of instruments for
the Transit of Venus, that the pendulum was only ready in the spring of 1875, I tlen went to
Hamburg toreceiveit; and from Hamburg I went on to Berlin, where I found General Baeyer rather
dissatisfied with the results obtained with the Prussian instrument. He specially mentioned the
tlexibility of the tripod, a source of error which pendulum-experimenters have surely never over-

- looked. The pendulum apparatus that I had carried with e from America having been ruined in

transportation, I was under the necessity of employing the new instrument, and therefore under-
took to measure and take account of the ervor in question. ' .

A pendulum sapport might be tickety, so that the pendylum in its oscillations should throw
the knife-cdge plane from one position to another, without its undergoing any resistance to the
motion other than inertia and friction, between two tixed points. This, however, does not happen
in the case of any of the supports that I have examined; for, upon observing their behavior under
a high-power microscope, I have always found that they spring back exactly to their original posi-
tion after every flexure that I have applied to them.  In short, the movement with which we have
to do is the oscillgtory flexure of an elastic body. The amplitude of the oscillation is, at mos\r,
about g of that'of the lower knife-edge of the pendualum, so that its square may be neglected.

% The plane of support of the knife is itself undoubtedly bent during the movement; but I
neglect this and limit myselt to the consideration of the movement of its middle poiitt. When {o
this middle point is applied a horizontal force perpendicular to the knife edge, the latter describes
a movement of revolution around an axis which, in the case of the Repsold apparatus, is situated

“behind and above the tripod at a distance of about a meter from the knife-edge. We can neglect

the difference between this movement and a translation, until we come to measure its amount.
There is also a minute variation in the vertical pressure of the pendiilum on the support, but this is

yery far from prOngucing‘ any sensible eftect on the period of oscillation.

Let us denote by

m_thie mass(of a particle,

» its distan e from the knife-edge, ,

@ the inclinaXjon, at vest, to the vertical of the perpendicalar let fall from the particle on to
the knife-edge, : ' '

M the mass of thapendulum, ‘

["the length of th?gm’respouding simple pendulum,

ke the distance of "the center of mass from the knife-edge,

T the period of  the osci" “tion,

g, the acceleration of gravity,

e thig elasticity of the support,

¢ th¢ instantaneous inclination of the pendulum to its position of rest,

s theiinstantancous displacement of the middle point of the knife-edge from its position of
rest, X] . '
t the time,

Thien, the horiz_onﬁnl velocity of a particle will be

- reos(p+w)D,p4-Ds
and its vertical velocity will be

rSin (@4 @) D,g.
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~Its living force will, therefore, be
) 1m~r- (D) +mr cos (p+ @) D, D\+ m(l) 8)%,

and that of the pendulum will be- ©

MU: (D, (p) +M/1 cos . 1), ]).s+ M (D sy,

’l‘he living 10rLe of the motion of*the support itself may be left ont of aee
the square of an excessively small velocity.*
The differential of the potential energy is

onnt sinee it involves

. ' Mgk sin g dgp+es. (/.s‘.

There is really « third term to be added to tln.s expression dq)cndont on thv mole

the matter of the support, But [ think we may negleet this term; for its efte

great, and its cotflicient is, at any rate, unknown.t .
I‘mm the expressions for the living foree and potential we deduce the

et eannot be very
Lagrangian equations
D+ cos . D= —gsin g

—hsing. (D@)y+hcos p. D24 Div= — ¢

A

M

or, neglecting terms of the second degree,

, 11),2(/)-{;])(2,8‘:—{/(/)
#
o ; 0 &
/{D; (//-I—D;S: =M
© [NoTE.—1882, July 24, T omit ﬂl(, solution of these ¢ quations as originally given, and substi-
tute the following, whicli is ])(‘lh(lp\ Ics\ inelegant. Subtrac ting thesse¢ond equation from the first,
we get , R *

<

(1—-7{)[),‘"’(/}#(/(/}: G N

D= (l—-h)D‘(/)—*— ]) P
Substituting this yalue in the first differential equation, we have

I
(=R D+ (1+ >1) g0,

separating the operator-into factors, and using the abhreviation

h
My 1—

e 7N
<]’+ o

o
we get ' '

L&l M{/ l Mg

e - ,_.,\. ¥

P It s casy to see tlm tho Miut of ﬂnq \\unld l)u to inerease tlw last

the second of the differential eqiations just as if M had been mnlhplu d
this would not affeet the final result. [1882, 1 =~

FThis is the point to “]n(h the gre: eatest objection to my work 11 s heen made, {1882,

turm ut the h.vn!;: ﬁu'(:c; this would aifet
and b divided by the sune quantity.  But

cular friction of

R T TR ST R A L

S B o T W SRR A N A

UNITDD STATD COAST AND (11<ODI"I‘IO SURVEY.

'
w

_ el-}-M(/ '
p=A, Cos (\ (1 h)(l—-—\/l-a I-{-//,)'*"A Cos ‘”\II h 1+ ‘/1—-4 t+ 1,

The solution-of this is

. . Mg
where Ay, Ay, 9y, ave arbitrary constants, On nogl(*.ctl'n;.r the square 0( el , this reduces to
- ' . o

’

(/;:;:A] Cos (\/{;(1 ‘\Ifl At )_f_‘\z oS

The second term represents a mere m‘m& for its period is very s1101r awing t() the large
of e, The period of the first harmonie mnhrltuvnt is .

[ M
T= [~
‘ \/g+ ¢

IFrom the value of (p and the first equtmn of tlns note, we deduee the following value of s :

alue

My el 4+Mg N
_2;/ “(l(l~\/l—z)+l+ \/1—e> \,(os<\/‘)“+ I \/l—a) H—m)

L M
)f( \I(I1+\/1—')+]‘"\/1_* A (05(\/‘)\:— (] 1+\/1—s I+)/>

It thus :'1ppczu\s that the a,mplmulc of the ])l']ll(:l]):ll constituent of's is no:n']_v,
- , ) ) -
-M
A,

while that of the other constituent is nearly -IA.J. P

'

To find the best way of starting the pendulan so as to wake the ratio of A, to Ay as small as

N

. : TRt My
possible, we must consider how to make the initial value of s as nearly as possible & o " times he

initial value of . Now, it is easy to see that if the pendulum is .suppmtul at a point at a distanee
@ {rom the knife-edge, any \uhlmf* of the support will diminish the value of ¢ as expressed by the
equation

-

ds=—x see g. dg.
Substituting this in the express.on for the differential of the potential energy, this, last becoines
) Mgl sin @.dgp—es v sec . dg.

Equating this to zero, we tind

Mg .

=l sin . COS
v v
My .
In order tlmt this should be equal to h I (/1 m is only necessary to put —1, so that in starting

the pendulum the finger or télggu should b(, applied at the h)\\m knife-cdge or center of “)I‘.lll()ll ]
The ek wticity, & may be measured by observing the doﬂcctmu, S, of ﬂw support produced by

b lmnmntd] foree equal to the unit of w eight, For
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‘

=2 cos'( ‘A e z)
4 NSy

Accordingly, the effect onthe pendulum 1s to give 1t, a virtual length greater than what it would have

Substituting this value, we find .

on a rigid support by ‘\ISh

Let us denote the d\}mmon of an oscillation by T, aml let 4 be used to m(h( ate the effects of

flexare. Then, since \ . . . |

we liave

AT =

]
”

If we dist,i.uguish by subjacent letters the two positions'of; 2 r-eﬂ\'(',rs'il)llnoj ];'(;l;("[ll-]'lllll(; we have
@2l Tfhy=T7h,
3 . e
{f hd - h
and ’
Al=MS,
or putting A for the length of the second’s pendulum

A)\:MSAI.

To determine the flexure, I fasten in the slot in the plane of suspension of the Repsold appa-
ratus a fish-line passing horizontally in the direction of the penduluin’s movement over an At-
wood’s machine pulley, and on the end of this cord I hang a kilogramme. [With a stronger sup-
port, the peudu]um itself may conveniently replace the Iulogr'lmme] On the extremity of the
plane of suspension, or at the end of an arm attached thereto,* I stick a_glass stage micrometer,
turned so as to measure in a direction parallel to the impressed force. Th“is scale is looked at by a
microscope carrying a filar micrometer, and solidly mounted upon an independent support, the
standard of which is a piece of gas pipe about 10 centimeters in diameter.

Inow give a brief résumé of my results, beginning with the experiments to determine the
position of the fixed axis about which the licad of the Repsold support rotates during flexure.

Al
A.—Experiments made on « level with the suspension plane.
Hosoxkx, March 10, 1877, ‘Temperature 13° C.

+ = forward; — = back. )
—— [

! Flexure in revolutions of the micrometer screw. |
Distanceof scale from §___ e e e e '
end of plane. | ] o

Observed, Calculated.

- et s | e tn e e e m e e

m.

—0.490 +0.211

+0.200
+0,053 - . 0360 X
- T 40,858

|
|
. +40.318 +40.430 l +40.431

N

The calculated quanntles suppose that the axis plGlLGS the suspensnon plane at a distance
-of 1m.355 behind the forward end of the snspensmu p}ane.

*This arm is best made of brass tubing, which way be cut out to make it lighter, [1882.]

s SRR AT
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B.—Experiments in f?‘ee_ﬁﬂmal of theforzrard end.
HosoxeN, March 12, 1877,  Temperature 14° C.  Observer, Slll)-ﬂSSiBtaI;f- SMITH.

o= bélow; -~ = gbove.

"

" I lexure in revolutions of the mxmumot( T SCTOW.
Position of the scalo relative !
to the suspension plane.

: Observed. " Calenluted.
: )

R
m. N
—0.44 -+0. 196 " +0.196
0. 600 N +0.340 40,332
40.395 U e 0.446 , +0.454 :
. . ; : \

K e e . . - s o '“" .J \J J T
The caleulated quantities suppose the axis to pierce’ the vertical of tlie forward end of the
suspension p]'nw 1,07 above this plane. 4F is potght all surprising that the instantanecus axis is

R . . Lo .
_above thegtsynsion plane, Let us suppose that the flexure existed exclusively in_three feet

ofsthe supy rt . this case the movement. of the upper end of cach foot would be perpendicular
to the general nnv( Ton of .the foot, afid at the same time perpendicular to the radius of the circle
of revolution, so that the foot would be directed directly towards the fixedraxis. The axis is with-
out doubt bdnn(l the support, on 'u,connt of the flexure of the plane itself. S “‘
I made experiments at Geneva, Paris, Berlin, and New York, in order to determine S numer-
ically. The experiment at Genev l, made the 13th of September, 'was only a trial. But I had a
good pulley which I had borrowed from the workshop of the Geneva society tor the mllstl'u(,tlon

of physical instruments, and T got as an approximate value— FAT \
' S=0m,034 ‘ g
The pulley that [ used at Paris had considerable friction, to which can be ‘attril)ut(f(?l the fact
that the nnmbers found differ selmbly from those obtained with the 'nd of better apparatus.
These are the figures— v v
January 13,1876, at Me%m. Briinner, Temp. 10 € S=0mv0363
Mareh 7, 18" 6, at the Paris Observatory, Temp. 90 C S=0m2,0371

At Berlin I used a very delicate pulley which tarned ou friction-whels, in order to diminish

" the friction. It belonged to the Physical Cabinet of the Institute of Techunology of Berlin, and”

was put at my disposition by the kindness of Professor Paalzow. Thé micrometric readings were

“made alternately with and without the weight, making but one reading each time, in order to

avbid any error arising from the support of the micrometer, this being made of wood. Iun the
readings made alternately with and without the weight, I ended with the arrangement with which
I began (11 for one, and 10 for the other), in order that the mean instant of the observations should
be the same for the two urmngements. The value of 1 division of the micrometer serew was

I

.measured separately,

‘Below are the results of thL (hﬁu'cut rleg—

May 24, 1876, a. m., S=0",0340
Temp. 13° C., p. m.,, 0mm,0339
. ' 0mm 0340
o Omm,0341

May 25, 1876, Temp. 132,  0wm,0337
0mm,0336

v , Mean, 0““"-0339:{; (mm, ()01

At Hoboken (near New York) I obtained, tlirough the kindness of Professor Mort,on, an excel-
lent piie in the workshop of the Stevens Iistitute of Technology. I alivays made a
rer *he lines of the scale before changing the disposition of the weight.
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. "The results of the separate serics are— .
E - T Mareh 7, 1877, Temp. 152 C,, S=0mm, 0542
_ Mareh 10,3877, Temp. 120, 3 w0332
0 (337
! 00343
011111\_0342 . . , :
()""".0339 . K
0w 0334
_ These two series should have double§ Omm (0342

) ()nnn.()"}‘}g

\ILdll, S=0mm 03404 0me, 0001 '
~In all the experiments made in the diftferent positions of the scale the tlexuve obtanwd hd\
“been reduced to the center of the knife, and this last is what is ealled 8. - -
It is to _this last value that I give the preference,

weight in the reduction,

J

the axis of rotation, that the forward end of the suspension plane is distant from that (1\15 by

VIm355x 1m07=1"20. And, since the movement of this end with the weight of a l\llo(munmo is-
S4-0mm,0008, the correction +00()()b arising h‘om the reduction trom the center of knite to the
}

" forward uul it follows that the tm.slon of the support by that foree is > ]m“‘j’@—l).()UO()ﬁS)O:o.”;.h.
Although there is nothing to be suspt,med in this result, I wished to cheelk it by a divect experi-
ment. T attached a mifror at the extremity of the suspension’plane, and, with the aid of a tele-
scope, I measured the torsign by the reflection of a sciley and Hound it 6'/.  This method, of course,

~ is not as exact as the other. - A o
In order to arrive at aunother confirmation of the theory, I made the following observations
on -the flexure produced by. the oscillation of the pendulum itself in its two positions, using :
tolerably bigh-power microscope (i. ¢, maumfsmgoOO diameters). The scale used was made by Mr
Rodgers, of Harvard College Observitory. -Itis divided. with extreme exactuess, the interval
Lietween two lines being 34 of an Ell"]lah inch, It was fixed 30 millimeters before the center of
the knife, which gives a correction to S of --.0019.
It &'is the amplitude of vscillation on each side of the \emml tlm double amplitude of thu
v lbmtlon of the scale should be ,
' [

. 2 (S84 0e0019) ) ¢

' _ h_ 17 39 '
in which M=6.308 and - =gp OF < according as the pendulum is suspended. b\' the knife ne: 1r(\~t

or farthest from the center of gravity. 1 used this formula in c#lenlating the qumltltles now given.
. i
DYNAMICAL PLEXURE. _
A—Pendulun suspcnded by the knife_farthest from the center of gravity.

. (w l{mmlu’\ March 20, 1877
e B — ——— . f

e O .

Amp“tudo of the move.
ment of the scale.
" 1 div, == gy inch,

”%mer\'ul. Caleulates

. 4 i
e - Disions. . Dicixions.

1t follows, from thc experiments described on 1).1('05'”;150—451 made to determine the posltmu of

‘We cone¢lude tlmt the dlﬁeronw of

5 minutes, using a relay that I invented for this purpoae.

.
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- B.=Pendulum suspended by the knife nearest the cehter of gravity.

Amplitudo of the move-
ment of the scale,
1 div. =gdynin.

. . o <
Obrerved.  Calculated. -
S Divisions.  Divisions.
’ 2 30 7 1.0 1.0
- 234 0.9 Lo
] 0.9 Y
! N, PR 0.9 0.9
2 2 m . 0.8 0.9
21 0.8 0.8 .
B 0.8 0.8
: ° »2 o0 0.7 0.8
204 0.75 0.8 .
1 57 0.75 0.7
e . R A o .

N

In making these observations, I saw distinctly the little subsidiary vibration at the end of each

oscillation arising from the seumd term of the formula., e

Finally, I swung the pendulum on two supports of different flexibility—one was the metallic
tripod, by, Repsold, to which refer the flexure measurements given above; the other was made
by fixing’ the upper part of the Repsold tripod to a thick wooden plank by means of bronze bolts

passing through the three holes through which the feet pass, These holes are coniecal, and the -

bolts fit exactly. I put on each bolt between the head of the support and the plank a leaden
washer; so that, in tightening the bolts and compressing the washers, great stability was obtuined
and at the same time a horizontal position. The plank (which.wag 5 centimeters thick) was cut
in order to make a place for the peudulum, and it, was placed by force between a stone wall and a

brick pillar. A slit was tlen cut, iu which a pnlley of an Atwood macbme was placed to measure
the flexure. Y . : ot

. :
' szu zquts on the Sexure of this support. :

.

Ilonom,x MaJ 21 187, . . . .

" Distance of realo be- . Distance of scale to ¥
fore +, behind — of suspension plane in exure fy - millino.

hegemter of Jnifo  Englieh fnches + i"{i’lffg“r‘}\‘;‘n‘ﬁ? eight | emperntue C Jheerver

. \\\ . Inches. ~ Inches. ! mm, ° '
\ : +12 ~13 . +0.0052 - ! 18.3 ' ES.
o + 1.2 . - 13 + . 0052 LY , ES.
+ L2 +89.5 — L0425 v 20.0 ; C.S.P.
+13.2 - ; -Hﬂ).ﬁ \ ~ L0367 P C.8.P.

It tollows tlmt for this dppamtu§ —()""" 0031, aud that the difference between the values of

S for the two supports is (mm, 030‘9 Now 1 find ”q( =1.0125 sidereal seconds and I=1", Hence,

- !
-aceording as the pendu]um ()5('11]«lf(‘h on one or the uther

a*l M (S 84 81
g 1 ‘ 80 Xb308)<0 0309=0, UO()I‘H

supports must be equal to

T swung the pendulum three times on the less solid support and once on the most solid to vemﬁ
the theory. Iobserved 10 consecutive passages of the pendulum across the'vertical at intervals of

S. Ex. 40-—.55

.

?)
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A.—Qstillations on the Repsold metallic support.
. Honokex, dpril 1, 1877. - ’ /
PENDULUM SUSPENDED BY THE ENIFE NEAREST THE CENTER OF GRAVITY.

PO S e e =

- 1 I 1
. | e finitel PR ,
; Number of oscillations. iInterval by chronometer. duct;?:ﬂ}omx(x‘l‘ nitely Corrected interval. Poriod. .

) I - N i . .. - . euane _:,.,4,. -
Co ‘IA_.__.__._,_,.._._ [PV - - . o so— - - - . e N :
o : s : AN . 8. N

300 , 3019652 —u.0130. 301 0522 , 1. 000507 *

2006 ) - 207, 9408 —0. 0084 207.0324 528
248 . 209, 9533 —0. 0060 299, 90473 535

1

|

L 1) . s : : 10065238 |
]

‘
»

v

PENDULUM r“ITSPI:““JDED BY THI' I\‘IIFF FA.RTHI‘ S'I.‘ 1< ROM TH}‘ CENTI‘R Ol‘ GR &VITY

8. ' . L8 . 8.
207. 904 o 0002 - w0002 1. 006420
,303, 0374 ' . ; 303.9205 . _® 389

' ‘ 417

1, 0064007

Hence, we have - . '
! . .~ " ) T13=1B.0128544
. T ‘ - T,2=1%0130902

. And since hy : h;=101: 44 we have - i v

) _n_’_l__'.]?fh,—'l‘z ha_1013(1— 101 x,0.0001456+ 44 xﬂ._(_)Q_QO{)»O") 1 012672
[} hl-—hg 57

Thls value is.to be corrected for rate of chronometer and temperature. The chronometer lost _—
0*.86 per day, which gives a correction to T? of 4-0°.000020. The temperature during the time the

heaviest mass was above was 12°.7 in the mean and 120.9 when this mass was below. Honce, to
:reduce to 13° we'must apply a correction of

CRCE - 9.1._&‘!‘}5..7 03x4_,, 0000186 =—0.000001
" Henee we conclude , : v
| ?F;.’ at 130 0.=1.012691

April 7, 1877,
PENDULUM SUSPENDED BY THE ENIFE F‘AR’I‘HEST FROM THE CENTER OF GRAVITY :

o et

© Number ofoscillations. | Interval by chronometer. | R"ducg‘g}‘ﬁ"nggﬂ““dy Corrected interval. - | Perlod.
B ~ f :

H

S i 8. ; 5 , /"‘s.
291. 8704 ~—0.0103 ; 201, 8601, ; 1

07,0181 i —0. 0086 ‘ 207, 9045 : \ 43¢
209, 9241 ; —0.0073 ; - 209. 9108 ' 432
209, 9241 : —0,0080 . . . 200.9181 437
360. 3060 i —0. i 360. 3032 434

|
1
e AR
i
!

1. 0064357

PENDULUM SUSPENDED BY THE KNIFE NEARE;T THE CLVTER OF GR.AV}/ .

' : X . s
289, 0020 ﬁ . 01 ' 289, 8894
200.0048 | o . . o 299, 9556 562
301. 9760 ; . | 301, 9003 . 504
2000504 - _ . 005 | £200.0518 . 548
200.0501 ! ' o . 95 v 562

" 10005578

d thn wo have a sorfes of equal consecutivo intervals lf nis the nnmber of intery: a.ls nnd i m thu positlun of one of thom we should in
tuking the meau, give to this interval the we&ght { (-1 i

N
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Hence we have .
‘ 1 O T%,=1.0129128
: 12, =18.0131586
10019793

g
Daily correction, 408,44 + .000010
- Temp. 1.?0.8 (both positions) — 000052

2 . v
Tl 130 C.= 1.012681
; ‘ |

opril 8, 1877,

PENDULUM SUSPENDED BY THE KNIFE NiﬂARESl‘ THE CENTER OF GRAVITY.

; . . e .

. Number of oscil- * Interval by cliro- © Reduetion to infl- |

lations. ; nometer. ! “nitely smallare. | Corrected tirme, |

Period.

U U S

N 8 . K2 : [2
290, 0647 : —0,0175 : 209, 9472 1. 006534
200, 9549 ‘ ~0,0111 200, 9438
299, 9530 i —0..0080 i 299. 9459

200.0484 Hooss - ! 200,049

—0.0039 i 290. 9442

I’ENDULUZM SUSPE{NDED BY KNIFE FARTHEST FROM CENTER OF GRAVITY.

; ‘8 ! s ; -« ’ : 5.
208 D 2009220 1 _0.0086 | 200.9163 © 1000431
209, 9213 . , ~0. 0058 i 209, 8155 ' 426
207 . 298. 9125 , ~0. 0049 ! 208. 9076 i * - 428
‘ 209 ; © 300. 9236 —0.0042 ; 800. 9104 410

299. 9174 : —0. 0035 i 29()1. 9136 422

10064246

s.
T2=1.0128905 -
T,*=1.0130948
' 7;1 1012733 -
Daily corle(,tlon, 04l — 000009
Temp. heavy end up, 1302

Tewp. heavy e 1 down, 130,5 — 000016

ot 13021,
7

H-ence the three experiments on the Repsold sapport give for the value of ":l at 130 C.,

8.
April 1, 1.012691

- April 7, 1.012681
April 8, 1.012708

Mean, .1..012693
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HOBOKEN,

May 14, 1877,

REPORT OF THE SUPERINTENDENT OF THE

B.— Eaperiments made on the stiffest support.

PENDCLUM SUSPENDED BY 'rmi KNIFE FARTHEST FROM THE CENTER OF GRAVITY.

) i
Reduction to .

; Reduction 10 o0 ipe  Interval of 208 % ‘ ?i Corrected in-
! of 100 Inteevalof 208 9 G0 LU S0 Corrected i ' infinitoly | tud
| Mm"t‘rl;l:lt:i]tl:.m oscillutions. L:’“ﬁ’”’]‘ ‘lt‘tl‘ " terval, oscillations. ] e, terval
N, . N s
. h. . a. 8. I s . 8 8 )
Poou 6 224307 L e e e e e
: TOBMEME B e
] 1 223337 L00.0030 — 0132 20908808 ... eiieaen , .. o
2 299, BUGK —1. 0126 209, RE42
12 :
I i;’ 22. 6209 © 209, 8996 ~U. 0108 200, SHUQ
! &2 ; ’. "H; 299, 8436 —0. 0087 209, 8549
: 2 22, 5145
23 22,0017 S e e ).
27 29,4055 e N 299, !3910 ‘ ~0). 0074 209, 8836
98 22,7049 299, 8942 —0, 0072 PUD.SEO0  eerraeat i iees aihe aememeeees aeeeaaaneaaens
33 22. 6896 200, 847 —={), QOG0 BRI B P
PENDULUM SUSPENDED BY THE KNIF}) NEAREST THE CENTER OF GRAVITY.
—_— |
SN t of 10 hxtcr\‘niu of 208 Reduction to infin.-  Corrected inter- »
M“mt:::?s:;;ls. ’ oseillations. itely small are. @ . vuls. :
h. m. 8. : 8. e 5.
B : 15 iz 22. 4041 PR vatetneanenend
f . .. 8 22,3579 209, 9538 —0, 0198 209. 9340
™y 3 22. 3058 200. 9470 —0. 0131 209, 9348 ’
’ “ ® . 2581 200, 9473 ~0. §087 290. 9386 /]
‘ 13 2119 299. 9588 —0. 0082 294, 9526 ‘
18 22,1504 ‘490, 9435 N -~ 0. 0044 209. 9341
N 22,1011 204, 9457 —0. 008} 209, 0‘4‘20
: - Mean T,=140065104.
Heunce we tind—
., :
T2=1.0127144
1,7=1.0130632
. ; 2
T =1.012445
g
Daily corr. to chron. 4 259 — .000060
" P . o
Temp. heavy end down, 149,18 } — 000010

Temp. heavy end up,  15°9.00

Comparing this value with the
0.000198. The difterence, according
have been 0.000197,* which shows a

Yours, most faivhfully,

[Signed]

* In the original publication, owing to an erroneons value for the mass of the pendulum, this is erroneously calcu-
(=4 . A . ) ' .
lated as 0.000191. The agreement of the experiments with theory is, therefore, much better than was snpposed.

L v e . S
oune obtained with the other support we find a difference of
to the computations of the experiments on flexure, ought to

T 06 130 =1.012495
g

sufficient agreement,
N/

!

/

Assistant United States Coast Survey.
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ON THE INFLUENCE OF IN'[‘ERNAI{ FRICTIOXN UPON_IHE CORRECTION OF THE
) SECONDS PENDULUM FOR THE I-‘L]'liIBILI'l‘Y OF THE 8UPPORT,.

‘

It has been shown by Prof. A. M. Mayer that the only sensible resistance to the

: motion of a
tuning-fork is proportional to the velocity, In the case of a slowly vibrating body the chief eﬁecﬁ
is probably due to that fagg

ging of the strain after the stress, which Weber has called the elastic
afterteffect (. fachwirkung). The influence ‘of the former mode of resistance upoun ther period of
oscillation of a pendulum oscillating on an elastic tripod is easily calenlated. The same thing
aunoty inmy opigfon, be efiected for the other kind of resistance, in the present state of our
klmwleless, the main characteristies of the motion may be made out. Put
t, for the time; . ‘
¢, for the instantaneous angle of deflection of the penduluxﬁ;
s, for the instantancous liorizontal displacement of the knife-edge from its position of equilibrium,
i\x consequence of the ﬂw,/of the support; '
l, for t] 1e length of the corresponding simple pendulum; : :
ky for the distance from the knife-edge to the center of mass of the pendulum;
¢, for the acceleration of gravity; - : ’
)y for the ratio of g to the statical displacement of the point of support, which w
by a horizontal force equal to the weight of the pendulum;
, for thé coefficient of internal friction supposed proportional to the velocity.,
Then the differential equations ave

ould be produced

(

=

D2 4D s=—g@
hD? p4 D% s=—ys—aD,s

The solution of these equations will be of the form (using ) for the Neperian base and o for
the ratio of circumference to diameter): ‘ ;

(/)= ’&l/(D:ll + A‘l@:u’ + All@xnl + A'{,"&):‘r ) (I)
8= Bio)\ 4+ Bo® 4 B+ Bt f

'}

o
where 2, 2,2, 2, are the roats of the equation . .

(I=MF+al? 4 (}/l+_(/)_;"f;{— gc.(§+‘)‘zgv‘—_:0,l
- C-\; Ntoo

where, for each subscript letter ‘k*

)

-

v )
| Ay w8
‘ L 3 l) 4 2.
and where four arbitrary constants are dete t s,

x .
H=—Gi+mv—1

B E— i/ =

Hy=—Eatip V=1
=—=G—p v 1
. , _ N\ :
Expressing the coefticients in terms of the re
becomes : .
A42(E1+ S P (48 G+ S+ b i) 2
§ ‘F2[(512'*"/12)“?2+(¢‘3:2+’/:2) <‘31]:+( ~|Z+’/l£)(£22+']22)=”‘ K ’

If the terms in 2 and 2 were neglected, that is, it @ were neglected, the solution of the false equa-

tion so obtained would be as follows (where observe the varying sign of »):

F-Lg_l'su F=gi(EEHEHE ) ) .
- ) o o A ‘"Ef,’ff‘"‘ Gl (= =& 28

Tk 34580+ G S — 4 \/1 greGN =G Il — 1) — 61 G,

,.( &t & + mi4at), 14 (4£1£5+512+522"’7712+7/22)2

L]

LENGTH OF THE'

al and imaginary parts of the roots, the’ equation
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. =l . arce. and very
" Now, in the actual case, », will be at least 100 times ny, & will be qmte].](ulbo,md “il h.lﬁ‘v(.
AN(] < « . e d . . . ieal: 1 , . ‘
il ’ \,Vl‘ may, therefore; neglect the square of the fraction under the rac ; '
small,  We may, | \ ‘

\ 3¢ ] . b ' 0 ) D P 2 2
very cl()h(,]) . . ‘1gxg',:7/11 “512(’/22 ’/1)) Esl sz
' [ —false 22 —22° . o ) b

- v IFalse leftzllh(?\ Wr=—1n + LE Bt E+ER— i+t

. |
\

by > 2 = & ’1‘51(‘?2’/]2""&2('/zz—l[|2)—51"'5,»"
False zp=false s¢=—np! = &2 =&’ —16:6, N 6t G+ EF— ittt
» 1 451}'52)/12—<‘?12(1}zﬁ—(/12)‘—512522>.\/__-L‘
2t GG+ E S =yt - ‘
i esistance, we get for the value of 2 a quantity whic L requires
o thlls_ i~ ”“‘t'y‘b.?'_ .'“eg'h;lc:i'ltllix'“tt 1-:\blbttlllzbﬁl,l;‘;nﬁfv“;’l:]t]Loi‘ the t.ruel:,. l'1‘110. same thing is not
Omymn'm“te UOl'lt'-b\;‘)“Y“ D) divéi('lcd by the principal period of oscilylt.iou of the pendulum
oo rqr ; m“'l o L 0‘1\7 ]/J’l‘llji ‘( is the dll;llltif:)’ which we wish to determine;-the othf‘l‘s ll‘(:l\'q: only
e o a0 bt'('m(;: ly ﬁ:' the purpose of caleulating the small correction to t}us. “The lO{.’,’i.l-.
t? " l\"((1):Vo;la1‘:11()311)120(:\{E ntll{:eea{;nplitu(le of oscillation of the pendulum in the unit of time, so f;‘:r ;xt? 11:.,
s du to fute { e tw antiti Ay Napprox imatel)
::t};::]elbto internal friction, is the quantity &;. 'A.tterzthes;z tg:olg:l::ll:l:);e%ﬁii:ﬁiﬁ:% prox
,usccrtuined,/wg_ma»y approximate to the quantity (5% +11°) by an:

9 W —_ ;V-(] . -
(B SRS

Fa'lse = —talse 2% = "’}(l —
|

.

Tl
| HEHE)=
“ 1 1 1y nE_ag
' G+ ) E e+ (E )51]"1_'_]15

i wst satisly }quation
‘ btain £, and consequently's,. The values so obtained must satisfy the equatio
we obt: 2 (uently n,

TR 25 ‘
oR 1E G604 & P+ 7/z'=y[j-.‘;{' s "
: c/({, ’ T

' iy S . L ) ' \‘ . L ) <t_( .
» 3 () .’v&“" di‘“ig t i i rati ’ 4 5o 3-8 QC[ } O‘ (V] t ) all I,l‘ th(: ((]“d
B(,{gl‘ f:'f; " Q'L(‘} ‘(_'{‘1 0 the (,Olluldel«btl()ll ()t the (_1 lst“ l“( I )ti ) I ) )OS [( ) \] 1OnS

Baihed to the pateulatic 4 " the secouds’ pendunlum for the tlexure of the .
thus obtzited to the tatculation of the eorrection of the s 18 | :

stand, supposing the internal frietipn to be proportionu} to the velocity.
‘ F,or the pendulwn used by we we have the approximate }. ulucs,——T Y ork— 0995 x @2;9 .
1=1.00; & (heavy end up)=0.30; k (heavy end down)=0.70; ¢ (New York)=0.t X @"=1.89;
=1.00; ‘ . |
= rorrrs=4706; 7,=1.00. : - L ’ U
;’—“'i:jﬁzﬁalczzllll)au)?illzé table shows that £,=0.000003. From thiswe culf:u!dtg that w 1811 l;c;ll\) UT
' 575 wi avy  &,=0.17, 15,=392, From this it appears that the cor-
,=0.08, 17,=257; with heavy end down &, ) ‘ lis A at the X
‘}ei;tign of ;;, 1]; absol’lltely insensible, or, in other words, the effect of 1e81stan§c '(suppos:d‘ P%]Op:?, |
1bionaml to the velocity) vaniishes. That this is nearly, in fact, the case for 11}3_11},5.tr11111(re11 IS, 'bumt].;
by the circumstaunce that the times of ,oscillation upon stands of different rigidities agree,with the
-alues caleulated in leaving the internal {riction out of account.

: " inter et : “tripod. Pend.
U. 8. Coast Survey. Pendulum. Decrement of Arve due to internal friction of CI;mss (;j tripod gl')ﬁ' ,
[« : i ] (eic. it ten limes as sti
' ; ) ) in Paris, Geneva, and Kew. On a stan )
wlumdslgy swung on brass tripod in y y an - On . v . ‘
o \The gtimcs of decrement given are the SusL of the times with the heavy end up and hearvy
end dghbh. N o .

i

Time decrement on—
. .

Decrement Nutural logarith-
. . Tin ' i srement i d i Mean mic decremont
Tkt N el it T el W e )
Flexible stand.) & . . d ) )
oY o7 , 1000 F 420 L0220 00180 . 00023 w . ooouuzls
W 7060 a2 ‘\:\ S R0 Lo 00114 C ..ooooxs‘z .
lﬁ’ w 1927 1969 . 442 . 020 R (I "L 00037 60* . . 6000062 .
" add 154 i Rejoet. E R © Men . 000008 !
40 i

|
¢ . i |

RO SR S S e S : e anda'..
v, The last Intorval 1s probably aﬁ‘ect?d by an error in the gmducﬁn of the acult_s used on one o ¢ _

v | i T

’

~.

- - a-purely-optical observation free fYomt aiiy possible

w
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M. Plantamonr propoées to determine the éffect of the
‘stand ‘upon the correction for flexare, by

internal friction of the pendulum
means of, the difference between thie statical and
dynamical’ flexure. Me lias made numerons observations, which, according to his own inter-
pretation of them, would sliow that, if a pendulim Le supported in a certain inclined position
until the stand has had time to take its position of equilibrium under this foree, and then be
let go, the ratio of the amplitude, of os?llutiou of t ‘
initial one, but is very ditterent from, that. If this were tlge case, the motion of the stand and
pendulum could not be Jopresentedyeven approximately, in the form (1), for by those equations the
logarithmic decrement ¢t the oscillation of the'stand is the same as that of the pendulum. Tt is
true that the two parts of .the oscillation (nearly in the natural periods of the pendalum and of the
stind) have different logarithmic decrements;
for the stand and for the pendulum, a cert
“in "thi.’s{\\'.ay, but only an exeessively minute one, nothing like what M. Plantakfisur thinks lie has
observed. But it is so improbable that the motions of the st

and and pendulum depart uchifrom
the forws (1) that it would be wrong to accept M, Rlantamonr’s regults until they, are gp_l;ﬁl‘lllé'(l-by

stand.  Silch an observation has been mrde by me, and, though I admit it was rather rough, it is
[ entirely opposad- to M. Plantamonr’s- conclusions. Should -the latter be contirmed, they would

totally nuaMlify the attempt to correct for. the effect of flexure; as they would show the inapplica-

bility of ‘the analysis which has been proposedl for the solttion of flr:}t,q)ypb]e;ﬁ, without affording

us mueh hope of being able to replagle it; and it would seem to be “{ ; 'A‘T»@%Eﬁ%'\"tlﬁigfcas‘o to reject

all the work which has been done with the reversible pendulum. 7y a? =

If the pendulum were started in tlie manner proposed, and if for aa
pendulum and stand were altered in’ ditfe '

¢ m—
-
~

¥ capse the i‘l\m-plitudes of
rent ‘ratios, there would be a Perpetual force at work
tending to restore the old ratio, so long as the phases of the motion were the same in the pendulum
*and stand. Bat, if the phases-diftered, a part of this force would go to diminishing the amplitudes,
and would “act so strongly in this way that ‘t}lere would be a rapid decrement on account of this
circumstance.  Suppose, for instdnee, that in the differential equations we were tv put instead of
D¢s, D2syy where s is the value of s at a time later tham ¢ by a constapt. The resulf of this would
be (nbglecting terms involving a)\'t.lmt instead of the square of the exponent of the Naperian gase
bring the sum of two negative quaptities, one of them very small compared with the othery the
smaller of these quantities would be multiplied by an imaginary root of unity, This would have
bt little effect on the imaginary part of the exponent of base, which determines the period ; but it
- wowdl add a considerable real party which would represent a corresponding decrement of are.

It seems difficiils to conceive of a furee which should greatly change the relative amplitudes of
oscillation of the pendulam dnd stand, without at the same time producing an enormons decrement
of the amplitude of oscillatiion, sueh as certainly does not exist. It is for those who believe thiat

ally proved to show how great an effect it would

" the existence of such a foreé has.been experiment
have upon the period of oscillation. M. Plantamour supposes that the formula given by me in my
paper, “De Pinfluence de la flexibilité du trépied sur-Poscillation du pendule i reversion,” would
still.apply to such a case; but I am unable . , see upon what ground. :

Meantime, in the present state of the question, it appears to me that we must appeal to direct.

experiment to determine the difference between the time of oscillation on a stiff and on a flexible
stand.  Such experiments were given by me in the paper above m'entioned, and I have since greatly
multiplied experiments on a stiff stand, with the general result there announced, namely, that the
difference is slightly greater than my theory supposes (owing, perhaps, to neglecting the energy of
movement of the support), and not smaller, as M, Plantamour’s views would require,

)

and, as the mﬁo‘of their amplitudes i8 not the same.
ain chahge in thé total relitive am Jitude might oceur .

influencé from the machinery attached o the

he stand to that of the pendulum is not the
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- ON 'PHE EFFECT OF THE VERTICAL ELASTICITY OF A I]’FNDULUZ\I SUPPORT-

Let s = the amount of depression of the quppmt below its mean position;;
¢ = the force of restitution’; \ )
the length of the simple equivalent pendulum ; ’
the distance of the pmnt, of support trom the cenfoer of mass of the pendnlim;
the angle which the axis of the penduliun malkes with the vertieal;
the perpendicular distance of a given particle of the pendulum from the knife-edge:
the angle which r makes with the plane through the knife-cdge and the axis of the
peudulum. ’
The horizontal velocity of a particte m is

7 €08 (p+ &) Dp.

v

The vertical velocity is .
' r sin (@4 ) D,@—Ds.
The vis viva of the p(n'bwle is, then, o

mr2( @) —mr s \111((;)-{‘-&7)1) @.Ds42 m(D 5)?

The vis viva of the pendulum is
1MUI(D @) —Mh sin (p]) ([) D 8+ M(D, e)
The pntentml energ\ c,f he pendulum is

k ‘\Q L ’\IJ(z——hcosq)H- 682 )

¥t =

Lagmngc 8 equations are consequently

’\[Ihl) 2p—Mh sin (/)D *s=—DMgh sin (])
- —Mhsin q)D,’rp—-l\[h cos (D, @)’ +MD,x=—f,’3. ‘

If S Be thesamount by which the stand is statically compressed by the weight of the pcndnlulw,
then e_.\Ig Q, so that the equations become

’

12, p—sin gpD? s=—g sin @, : o (13

9 )

~hsin gD, @—heos p(D, @)+ D?s=— s

’

Itls evldent that small changes in @ wﬂl affect ¢ 1|nulslbly, 50 th.lt in dvtel mining 8 we nmv assune

gin =@, cos =1, @=0cos \/ g
The second equation then becomes '

qhd? ] t

l)’,s-{-gs-_—.—— ) cos2 \/I

wheunee
3

- RS ' '
S=, . P 2 \/ ; /J -
‘ 4b—l¢ co3 t+C cos, [t ~t).
_ The second term may obviously.be neglected, amd 43 may be neglected in comparison with I, so that

§== _.’llb @ cos 2 \/ 'jl/t:

qlzb

=" cos 2 t_,f“”‘f( ).

[
Then the ﬁrst equation, becomm

D, p=- J<1+4 “ qﬁ) + 4 (1+48 ) (p,

o

L
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atter substituting g —1¢? for sin (/),.&c;

Or, more briefly,

S g D‘,‘l(/;z_{//(/)_’» X" g,
Putting ¢ =,\/('/uﬁ» we get

D= —y 64 Ly,
P= ”)\/1 (1+“, >
o i1
= < +'1’i;g, (I)'>

sty

whence

S hoo. ( -
It} =001, % =.7,%nd $=.05, then S,_,"cp==.oi)<)(>0()175
t

so that the effect of the vertical elastic m of the support 15
S, X, 49——56
»

1sensible in ordm.uw Casoy.

4
[




