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) A pendulum fumnshed uy the U 5. Coast and Geodet\c S:mey was swung rorty-exght times under favorable oondmons,
as regards equable temperature, and correspoudmg sets of time observations were made.

Detailed information on this pomt has been gwen the CoastSurvey, to which office these observ:mons were sent Scptem- o f

ber 24, 1886,

R '_' 'Repon by c. . Pemce. | e
In, x88r the Chief Srgna] Officer applled to the Supennkendent of the Coast and Geodetic Survey fo; pendulum appa-

Carlisle P, Patterson, then Supennteudeut of the Survey, was a man of high intelligence, and though he did

' ratus, instructions, etc., to enable Lieutenant Greely to determine the, acceleration of gravity at' Lady I*'rqnl\lm Bay. Mr.

among scientific men, yet had for so many years conducted invéstigations in association with them that he understood most of
" the conditions of success in scientific work.  He at once put me into- personal cgmmumcanon with L:eutenant Greely, and - -
instructed ‘me to do what was ecessary to ﬁmherthe end in-view;without hampermg the business by requiring the observance ~ -
- of intricate forms, - We wére just then commencing the=construction of the series of Peirce pendulums. These instruments -
~will be elsewhere described, and it is only necessary to say here that they are invariable revexsible pendulums of - nearly cylm- :

dru:l contour, so that the effects of viscosity can be theorenca]ly ascertained.

It was agreed that Lieutenant Greely should take with him No, 1 of this series of peudulums, and tha: he should send L

me one of his companions, Mr. E. Israel, to be instructed in theuse of the instrument. Very little time remained, however, '~
" after the completion of the pendulum before it was necess:uy to pack it up for transportation. The prelxmmary operations in-. ..
" Washibgton were therefore somewhat hurried.  Eight swingings of the pendulum were made in room No. 6, in the basement . .
of the Coast Survey building, This station had never been used. before, and I unhappily found ow, too late, that the sand-". . =

stone piers had the peculiarity of bending back and forth by a considerable amount -under the oscillating pendulum, without

elasuc restoration.  Accordingly, it became of the very highest moment for the success of the whole work that these i piers, or -

‘ ‘raﬂxer the entire dolmen, should be pmerved intact, 5o that ‘the pendulurn could be again swung on the same support after - .
: ,m return. - Unfortunately, while I was afterwards in the field, a naval officer was permxtted to remove the stone.capping the ™
piess, to carry with him to South Anierica;in order, apparentlyﬁgsave the trouble of cutting 2 hole in a plank. The resultis -
that these preliminary swingings must be regarded as of no value:: The. _position of the' center of mass of the- pendulum was o
determined by me before it was sent out; and the distance betgeen the knife-edges was carefully compg‘ed mth .the German :

pormal meter, No. 49, to which I have referred the lengths. of &l the reversible pendulums used by fe,” - . _
- The pendulum was finally placed-in a wooden box ha.vxngj_agles bored in-it in' such a way as to permit. nxr to be blown

_ through'it and through the hollow stemiof the pendulum, -and:-aqurrent of air, thoroughly dried with chloride of calcium, was :
. - passed for a long time through the box; which-was tl\er;'stoppe"e% ‘placed in a tin ‘case, and soldered up, . The object of this -

o proceedmg was to prevent the pendulum bemg found c covered yrglt}'rost when wantedfor use in 1ts 'ucuc destmanon. Then
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o tl:e pendnlum was- wned to Fort Conger, by far the most nonherly mnon wlucb ever has been ot is ever lxkely to be occu-

: E pxed for exact scientific observations, and 1t was there swung on sxxteen days by Lleutenant Greely, axded by Mr. Israel, wub
. a remarkable degree of skill and energy..

- The directions accompanying the mstmment were that the pendulum should be srvung on exght days, once each day with - ,

. heavy end down and twice with  heavy end up. the one swinging in the former position ‘being intermediate in time between £ Y
. the two'in the latter.  After these eight days swingings the knives were to be removed and mterchn.uged, and eight days more ;
. work was to be done in the same manner in the-new position of the knives. This programme was faithfully carried out; but
" after the mterchange of knives the periods of oscillation show a large change, and this is of such a cliaracter as not to be elim-".
- inated by the formula for the reversible pendulum, “This seems to have been due to a difference in the cylindricity of the -
""" edges, combined with the effect of some accxdent to the pendnlum. ‘The result is that only the observauons made after. the
. -interchange of knives can be used.
. On'the abandonment: of Fort Conger tbe head upon wluch the pendulum had been supported in its oscillanons (the i
- bearings of the knife-edges forming a part of 1t) was left behind ; but the pendulum ; itself-was courageously brought away and -
~ carried down to the camp, from which the survivors of the party, of whom the lamented Israel was not one, were rescued. It~
* seems almost inconiceivable that any mstrument could have gone through that terrible j journey over ice hummocLs, etc., intact,
 The chronometer brought back at the same time arrived almost smashed to pieces, ° Nevertheless, a remeasurement of the

pendulum after its retum to Washington shows that it had only undergone an increase of s, a change which might almost

- be expected without any special accident: uamely, in June, 1881, the pendulum was found 397.2 microns longer than Meter 49,
~apdin December 1884, it wiPound 429.3 microns longer, both at 20° C. . The pendulum was oscillated at the Smrthsonmn

Institution, and, using the formula for the reversible pendulum, these” expenments give a value for gravity at that station -~

) “agreeing closely with that given by our best pendulum, Peirce No. 2, and in accordance with other results: namely, the period - B
- of oscillation of a meter pendulum (subject to some small’ corrections) was, according to No. 1, 1.0063191*, while according -
' to No.a it was 1.0063186% - This shows that the knives of Pendulum No. r never underwent any permanent damage,

But, though there was 5o little change in the length of the pendulum, there is evidence that it lost a large part of its mass, - .

' In 1881 illness' prevented. my weighing the' pendulum’ myself, and it was not weighed at’ gll in its finished state. Butmy

agsistant reported that while still symmetrical, and after having been polished, its mass was 6477 grams, that the added load was

" 398 Brams, and that in the adjustment 4.6grams were deducted so that its totdl mass must have been 10457 grams, My -

: 'expenenoe in the construction of other 'pendulums shows that'the mass so calculated was probably in excess by 5-or 10 grams,.
__owing to the operation of polmhmg. But the pendulum now weighs only 10436 grams, 50 that it would seem to have losts

fmm Xo to x5 grams, probably on”the journey fiom. Fort Conger to Camp Clay. The center of mass, too, was apparemly

- moved 0.3z millimeter toward the center of figure. " Namely, 1 found in 188x that the distance ftom the cente{ of mass to i;f{' v
_‘the nearest kmfe-edge Was 25,105 centimeters, while Mr. Farquhar now finds that with the sanig\arrangement of }

same distance is 25137 centimeters; yet as ecouomrc.al considerations have always prevented our expending thé sum of $50

s requu‘ed for a suitable instrument to measure tlns quantity, I should not think these measures by themselves conclusively proved
. achange. This, however, is not all, The excess of the period of oscillation with the heavy end ‘down.over that with the hea\y
... "end up, corrected for flexure and brought to the standard pressure and tempemture {one absolute atmosphere and 15°.C.), was -

"7 4o.0006514% while the corresponding difference at Wssbmgton, after the return, was found to be $-0.0007009%. “The differ-
.. ence between these corrected for difference of gravity is 4-o. 0000494%  This result, not depending upon the coefficient of
©expansion, is probably nearly correct. But there is an equation to be satisfied between the loss of w eight, the shifting of the
. center of mass, and the change of period. Moreover, any two of these quantities determine the point (supposed on the axis
. of the pendulum) where the loss took place; and.the question arises whether this was a point at- which such a loss could take.
. place, - Now, there are but three points where the loss was possible. One of these is 3 centimeters outside of the knife-edge
" attheheavyend. If 13 grams were lost at that point the center of mass:would be shifted by .32 millimeter, the amount-
" observed; and the excess of the period with heavy end down over that with heavy end up would be increased by +0:.00004729,

" or very nearly the amoint observed. . The agreement of these numbers tends to show that the alteration which the pendulum s

" underwent during its' lxomeward joumey did not involve any dxﬂ‘erenee in the distance between the kmfe-edges, s0 that the

peadulum may still be treated as invariably reversible, though not as two invariable pendulums. o
" Having thus narrated the. hxs'ory of the instrument, I proceed to ‘consider the difficulties of deducing any reeult from L

“the ¢ observations, : The atmosphenc pressure ‘at Fort Conger exhibits no ‘great range, and does not differ much from that at
‘Washington, so that the small corrections can be satisfactorily calculated from theory, The ~ '_‘ ~therwise with the
. Semperature correchons. - The- difference of temperature between the two stations was- abe S5 make'so

Vol

* much difference i in the effect of the’ atmosphere as to involve it in some doubt. Still, a5}~ (he ., 'reated as

tevem’ble, bnt not as mvamble, except asto the: distance between the hufe-edges (a. e
mnoel Just uamted), tlus 5a matter of lnttle consequence. o

e knivesthe '
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The eoefﬁcxent of expansxon of thu pendu!ﬁm and of another. Pe:rce No. 4, eonstmcted of bram purchased at’ the same :
time as the material of No. 1, was detctmmed by comparisons of those ‘péndulums with'a meter marked U. .. C. S~C.S.

) Demm.ofmp06mdb¢ fm swmgs mtla karg» emiup =

P.—1878—B,, at different tempemtures. _This bar was made at the same time as‘and is in every respcst 2 match with the -

‘meter A, whose coefficient of expansion was carefully, determined by me and: pubhshed in my Measurements of Gmwty at .
 Ynitial Stations® This meter B has a series of different tines at one end. .’ The mean of ten skillful comparisons by Mr. D. C.’
_ Chapman, on five days of December, 1883, between pendulnm No. 1and meter B,mken at’its outer line, makesthe pendulum .
longer by 4 251:6% ¥ 0.3# at 18.46° and the mean of five eompansons on two days by the same obscrver during the same

mpnth makes the same excess 242.7* & o.1* at 30.99° C. The expaasion of the pendulum was, according to these measures,

o.71# less than that of the meter per degree. - Six, comparisons of pendulum Peirce No. 4 with the same meter at the thied "
_ 1ine from the end, made in the previous October, on three days, make the excess of the pendulum —og L ogeat 16.83 ,and

six comparisons on four days in the same month, all by. the same excellent bserver, make the excess —6.5% & o4rat 2 5-42“
This gives for the excess of the expansion per degree centigrade of the pendulam over meter B, -0.65" but I prefer to use

- the comparisons of Pendulum No. 1; and since the coefficient of meter A was Tound to be 18.95* we assume 18.:4!' forthe -

- pendulum, At an extremely Iow temperature this coéiﬁcxent would, of course, be smaller, The coefficient 18.24% is for the

temperature of 24.6° C. Now, Fizeau (Campks rendus; LXVIIL, p. 11235) examined a specimen of brass whose coefficient of ' -

expansion at 24.6° C. was 18.28 millionths; and this coefficient was found to increase 1.96 millionths per 00 C. of clevatmn'
of temperature, ~ As the first coefficient was so nearly the same as that of Pendulum No, 1, we may assume that the second

" 'would be so, too. The observationsat Fort Conger after the interchange of the knives were ata mean tempemmre of =30.42C., - -

“To reduce them to +1 5° C. we must use the coefficient for —~7.7° C., and since this’i 15 32.3° below the tcmpemuu: for whu:h '
the coefficient was obscrvcd, we calculate the cocfﬁcnent to be used as follows- e

Coefficient of expansion at z4.6°=x8.z4 mlcronsperdegrcec. -
. o Comecuonto—-n" C=1.96x.323=" 63 = - R
Rk Coe(ﬁclentofexpanmon at--77 C.=17.61 . o

Experiments at different stations, especmllym Washmgmn and in Itbaca, show, however, oonclumvely, that while the
effects of temperature calculated from the expansion and the atmospheric theory answer well enough for heavy end up (in
which position the atmospheric effects, being three times as great 4g with heavy end down, greatly reduce the effect of expan- .

. sion), yet with heavy end down the effect of temperature on the p is much larger in fact than the theory indicates, Sim- -
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ilar phenomena have presented themselves to many experimenters; and the later Repsold pendulums may be said’ to bealmost = - |

exceptional in not showing anythirg of the sort to any marked extent. The cause of the pheuomenon can only be surtmsed.

" In order to determine the proper value of the expansion to be used in reducmg the penods it would be necessary to leave :

a pendulum support undisturbed for six months and re-occupy the same station at the end of Qhat time; and in order:to under-

* stand the effect sufficiently to allow for it with certainty it should -be studied through a large range of temperature, -For this
puxpose a station like Minneapolis should be chosen. But in the pmt state of our knowledge, and in a case like thxs, the.
- expansion deduced from linear measures must be used. o
Elaborate observations upon thie descent of the arc were made by‘Mr Isracl, and these hzwc been. redgced by Mr.. H .

Farquhar, of the Coast and Geodetic Survey, according to the method given in my “ Measurements of Gravity at Initial Sta- U

tions,” with some improvements in deta_ll In the following tables these observations with the reductions are first given, and

are folloded by the observations of penods, and then by the measure of flexure, In these Mr. Israel says “he used “the 7

_ weight of £3 pounds;” but I thm$
is said to wexgh 10818 =2.38 Ib; antil'bave 50 treated it in the reductions. -’ . -

- L -u.scomsmeynepox_:rmsys,.«mdm;.

this roust have been the weight which in- the Coast Survcy Report for 1881, p 377, , N : [j*-
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anux.uu, Pmm No. 1—Continued.
HEAVY END DOWN-Cootinted. _

» After interchange of knives, - - 7

Pressure,

Period cor-

- rected for-

rate.

Tempentye

rection.

Pressure cor-

|Period corrected
to mean pres:
ure and temper
ature,

- In.
- 0.020
+4-0.238
+40.039

—0. 291
+0.13§
+0.084

' ~0.450

| 1 4++++
@ P ety O
O = 05O 00

ik 34 4 333

|
L o
»

Correction to standard
Expansion to 15° C.
Flexure -

Elevation, 23 feet.
Corrected period.

+o.6_|

s

1. 0044696
4672
4749
472
477
4510
4535
4343

[

—179
— 8
- 66
- 56
- 52

. 4108 -

+183
+150

Time of oscillation at —22.7° F. and 29.737' préssure.
atmosphere

g

AT+
‘Ig’»g»o 2 T

z
1.0044520
- -4630
4767
4599
. 4706
4557

THE LADY FRANKL!N BAY EXPED!TIO!. ,

' Pmnku, Pmcs No. x-Conunued.
'HEAVY END UP—Contioaed.
Aﬁpt mmch:nge o him.

' ’l"empex-amnc,h Ptme,
+xz.6°l-‘ —39.736in. |

- ,'i‘émpeégtm
- | - cotrection,

1.0044626
~— 681
+4014
- 655
- T

1. 0047293

HBAVY END UP,
" Before imterchange of knives, =

| aa:.ajtsw‘awgz‘a XTY

Prcssuu:,

+5
DY
3

Period cor.
rected for
nte,

Temperature
correction. 1.

rri¥}++4++#++;i
AT EEES- TR D L I
Ve mh oK B R

9107

‘Correction to standard
%xmnaon to 15° C.

Time of. oscxllnnon at —22.6°F., ud 19.730' psunn
aimosphere -

'mmuon.'ég’rea. . ‘ '-/' )
Corrected period. ‘ )

- 8811 .
8808 |

9168

- 4109 |

|+t

|

BUBR: e P PR

SO0V’ B O RuH AN

bt

t
[l
L]

z
1.0039964
9343
9846
7
5
9472

88g2"

d}wmmmzﬁnﬁ;f'

Ob:erwr, E. Isun., 1883.’ i
Dcﬂecnngfone,the weightof z.spmds. ['I‘mteduzaalb.]

"1 rev, mier, 8t 120 F. Es
© Sale 7.843% fowward -
. Scale 15858 back

e pnd. 30 45

< =000

O "Fexre. .
. "

0,656 -

T

’_'_.o.ooond-

';'g—,-‘mw':l;g.a L




THE LADY FRA\TKL[N BAY BXPEDITION

Pntom.mc, mec: No. 1.
1883, ]ue u-u. o
Cm;wmn wdb A!derl\fo. 49, midlephg:.

.ATenpuxmve_F.

Mean

i

Excess
pendolom

gevieessy. | |

o
+0.2
-0, 1

0.
-0, 2

oo

-0, 2
0.1
-0 4
-0, 2

-—0.2 1
. o—-0.2
Sl
-, 23
' 3 &
O K

§§§§§§§§§%§¥~f'-
O On oL G D .

R

gagiey

g 4

éé

. m 83398

Pmnm.mz, Psnu:s No. X
xS&.Deembnx-xo. '

Coxwzmw» mmg‘m::w{ ,

’Redm:edto.
c 200G

s +zsl.

. 3l. n

llem _pendulnm-—E utlme +z§x 2

13t line—3rd line -+199. 4

. Bydline—~No.49 — 12.0

tothermometcn+ 0.7
' a3

|- boe R R HR S e A

THE LADY FRANKLIN BAY EXPEDITIOR. A
_ ,’o\v gweuummryortbeobwnm mo.dc mh thxspeadn!nm mWashmgtonm x884 85 byme,wnhdxe a.m-
nnceol'Mr.WB.Fmﬁeld.
v anuwu No. A

ﬁ‘fffi

sisdusrarsesy
‘B|rapeagaRRsE |

oo

oo |

wmo onc. !imple pendnlnm woﬁs. 819,

In eo parinig vthe observauons madc at Fort Conger vnth tbose at Wasbmgton I shall make use of a ﬁgune ot‘ the wth
uced from the totality of the experiments’ with Eater invariable pendulums down to and including the expedi-

hcm o Mn Edwin Smith. - In th dxmss; I have a.scemmed by least squares that the correction for elevauon is o.ooqoﬁ"
‘ ntroduced 3 term in sih® g} sin @, the coefficient’ of which is T

th onhpole. Acoordmgtotlusdzscussxon gmmy isin cxcesatWa.shmgtonby

altemhon bctween its 1ast mngmg at Fort Conger and m

een thi kmfe-edges was not alteréd, we have to’ ‘compare’ -

ons, uduced» according to the principle of the reversible pendulum.  This penod

dmgs the seven phcgof ecimals to gthepenodof heavy end down.mmus}the

od of - , 2 Tlm gives; at- Fort Cong T, bosos_‘ the penod of oscillanun of the sunple pendnlnm of the
um lmgth'between the kmf&_edges. "pre :

It appezn 'ﬁom this that gravity is slxghﬂy 1 ﬁ\eﬁumcy ‘at Fort Conger, by only —0.33', and since @ weful lcmtmy
e obs y-convinced me thit they are by far the best that ever have been made within the. arctic cirdle, it

eysxmsfyso well theﬁgnren‘lrcadydedueedbyme,andthntheygotoconﬁrmthemhtyofsome
of the thi order,snchasthatwhlchlhave_iuuod
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IBIORARDUU BY THE omcu. comwmmo m mxnmom :

It only appears proper, in 2 matter of such importance to thc suennﬁc world as the- pendulum ohsetvmons of the Ludy‘ R
Franklin Bay Expedition, that its commanding officer should ms,ke some bnef statements bearing on the opinions of Professor -
C. S. Peirce, which are believed to be erroneous. * An opinion is expressed on page 702, as follows: “This seems to bavc been':.
due to a difference of cylindricity of the edges, combined with the:effect of some accident to the pcndulum. ‘No accident
in any way, shape, or- manner, occurred to this pendulum. It was never handled by any one in reversion or suspension -

excepting by myself; so that I can speak with a personal and positive knowledge that the pendulum was never harmed while

at Fort Conger.  As soon as the series of obscrvahons was compi@ed, the pendulum was axcfully rcmovcd, vnpcd dxy, and -

again soldered up in the original tin box.

“The statement is also made, that” “on the abandonment of Fo:t Congct, thc head upon which the pcndulum had bcen o
- supported in its oscillations (the- bearings of the knife-edge forming part of it) was left behind.” The metal piece referred to
never was, in any way, shape, or manner, alluded to by cither the Supcnntendcnt of the. Coast Survey, the late Carlisle P, iy
Patterson, or Professor. Peirce, as being of the slightest utility, and- the instructions given me were to the effect that the only ' )
- important part to be brought back was the pendulum, then soldered in a tin box. If the omission’ to bring back the plate has -
- any bearing upon these observations, as does not plmnly appear fmm Prol'cssor Pcm:e s rcmarlrs, itis sunply the fault of euher_

) thc late Mr. Pattcrsou or Professor Peirce himself,

* Later the statement is mads, “But, though thene ‘was . lmlcchapgc in thc length nf the pendulum, xt is ev:dent it lost a .
large part of its mass.” - In the very next line-t is admitted By Professor Peirce that the pendulum was not welghed atallin -~ -
cul:tg Consequently the statement that. “It (the -

- . its finished state, and that the loss in a.d;ustment, 46 grams,

* pendulum) would seem to have lost from ten to fifteen’ gran? wolinbly on _the jourriey from Fort Conger to Camp Clay,”
‘vTests on a surmiise and an estimate, The pendulum mbmugﬁt ack to Camp Clay soldered 'in_the original: metal box, i _m_

-which it was so carefully packed that no vibratory motion could occur in such manmier as to cause logs of wei
lum, although handled hundreds of times, was always treated: with special oom%xderanon, as was also a box containing photo-

. graphic negatives; and as an instance of the care exercised with these packages, may be: mcnnoncd the fact; that out of forty- :
eight glass negatives only four were fractured, although. neccssa.nly handled scores of tmm, under urcnmstauccs when a.

. moment’s delay apparently entailed a loss of boats and life, -

: Itis possible, as suggﬁted in the following Supplemenmry Report, that durmg thc observanons the scvews holdmg one
- of the pendulum edges in place might have been loosened or t:ghtened and this seems very probable, 3s the’ \vrougscrcw :
might easily hdve been touched under the extremely disadvantageous circumstances in connection with the swmgmg of the :
~_pepdulum, which was done in an ice-house, where onc 3 breath#:ong&]cd the moment it left the mouth, and the darkness was.
broken simply by the light from a single candle so. that ‘the’ temperature of the pendulum mxgh: not be . aﬁ'ected. "On:one .
. oceasion something of this kind undoubtedly occurred, for - the-pendulum was stopped after swinging a. fcw nunuws, as jts arc -~
of oscillation decreased so rapidly as to show conclusively that { its vibrations would cease in about one-qum&ohheusual time. ..
It seems but justice to ‘the late Mr. Israel, the astronomer of the expedition, who had charge of the pendulum, both E

dunng our stay at Fort Conger and our:retreat later, that these statements should be tnade. -Besides, they may have 2 bcanng
in other scientific discussions of these observations and | 50 be of a certain importance,” It would not be just to those who con-

sult these results to deprive them of the Tullest and most complete information oni this point.. The commxndmg officer. of tbe -
. expedition has had too much experience with physncal observations not to realize the i nmpormncc of a full and free statement -
of all the facts in any case, He realizes clearly that’ accidents and’ mxshaps may occur in - any sét of observations. Whilea -

o full statement of such accidents and mishaps enables. those discyssing. the observations to apply suitable corrections, on the
B othcr hand any misstatements or denials might result in mxsleadmg the zealous student of such observations,

It is admitted that the preliminary.observations with this pendulum in Washington, under conditions left cnttrely to Pto- :

fessor Peirce; were' practically failures, through whose fault I know not.” “To the. embarrassments, dlscomforts, and privations

which Mr. Israel dnd myself (the l‘ormcr very mdlﬂfercntly msrmctcd in pendulum wnrk, and myself without any definite. -

. verbal and no written instructions) experienced in saking these obsemmons should not bé added the charge of having mjurcd
.. the pendulum (whichwas never weighed in its finished state untilafter ity return) and caused a consldemble loss of mass without
"~ adducing the clearest proof that such: mass had been lost whﬁc in our mmn. These statements of Professor Peirce

have been maturely made after being assured by me. that’ no m]uxy came:to ¢ 4pcndulum and that 1o such loss of mass vms' i

posible. 1 luve xt to the scientific wodd to pass on this, matter. -
. X A. W Gust-:ur,

‘ WAsmNc‘on, D. C., uly, 1888. c
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Lt Comndwg Lad_y Frankiin Zay ExﬂM

ON THF PENDULU\l OBSERVATIOI\S AT F()RT coucm . IR

Snm.nusnruv Rxmn'r BY Hzmw F.uzgumn. S

w g

U. S. Coz«sf-Sunvév Omén,-'dlay x'r, 188'1. L

ﬂmﬂmdml U. _ C'am' Swmq

; Dm Sim: At your verbal request. for 2 smement of such facts wnhm my personal knowlcdge as mxght help to. dear up:

. xhe quemon of mponsxb’lxty with regard to certaln charges explicitly or implicitly made by Assistant C, S, Peirce agamst the . .-
management. of this office in his Teport on the Pendulum Observations at Fort Conger, I here undcnnke thc task, joining .
*with such statement a presemauon, for what itis worth, of conclusxons at variance with his on two or three pomls, and a few
'uotts and additional data that seem. to me necessary to make the results of the work as clear as they shonld be. - Mr. Peirce’s .

long tamxlxanty with: every'c deml of gravity determinations, the real’ additions to gcnetal knonledge of thie sobject that are

“* due tohim; the fact-that - this important part of the activity of .the Sutvey has been from its first.inception nnder his control
B (all work being pcrformed either by-himself ot, aocordmg to ‘his mcthods, by obsctvers and computers trainied under him), and
the further fact.that the d:scussnon of this Fort Conger work'’ was expressly given into. his chargé, have, in your Judgmcut, el
23 . entitled hlm to the courtesy of transmitting his report through your hands without amendment. -~ But for the very reason that Ll
" these causes will give an increased weight both to hig reflections on'the. ‘Burea and to the conchmons drawn by 'lum ﬁomvthe SR
observauons the advisability.of testing them by pertinent facts will be recognized, -

-1,/ The failure, probably complete, of the owervanons in room 6 of this ‘ouxldmg is correctly ascn'bed to tlxe abscnce'of ‘
a relu;ble detcrmmntron of ‘the flexure of the snpporc. “That the. dcﬁcnency ‘has been irremediable since’ the removal of the .

up-stonc is ot denied, though ‘as the flexure must be largely due to the' unfortunate situation of the piers over:a brick arch L
.way, even this.is doubtful - But when it is mmcmbmd that in such ‘researches large corrections are usually, apccmlly vhen‘.

their exact determination is d:fﬁcnlt, variable correcnons, thatin this case the yleldmg is déseribed as having | been'of sucha chars:

‘acter aswould naturallybe producedbyn canse like lmpcrl‘ectly:hardencd mortar under the recently erected pxé'rs,andthxt it uught

have become esscnnnlly thanged bya settling of the an:hway beneath; an accurate measurement of the flexure at the time of the

: obsetvanonm seen 10 have been the chief. dcmderatum, and the maintenanice of; thxs confemcdly unreliable stand to have been of
farlessi :mpomucc. Results from & Tater gwinging on’ the same support’ would not mpmbably have been: mxsleadmg. “That

'obhvnﬁons of flexure ‘were not prevcntcd by lack of 1 time, notwithstanding’ Professor Peirce's 1llnas at thc most unfommale _’

-poiit,‘is elear, for the stone was removed i in August or Septembcr 1883, the pcndulum h:mng been: swung. from it in ]une,

1881, . :And ‘asif to/fix'the responsihhty bcyond possible: question, Mr. Peirce in this report -calls especial. attention to the -
"liberal muon allowcd him by ‘Mr, Patterson, yho was Supenntcndcnt until August, 1881, Iti is certain that Supmntendeut
1 Hilgard would r not have pcmutted the removal of the stone-had not Mr. Peirce failed to impress upon him the impartance
“of retnimng it, or°had it been. given him to understand that’observations essential to the availability of work done’ months'

‘efore were: yet nnmndc. “7The sxmplc truth T'believe to be;: that bccause of the want: of time for. proper prcpamonx,tbe

'-unsuxmbilny ‘of the place; and thé. newness ‘of. the observer, Mr. Peirce xpected o’ valnable mnlts it the titue ﬁom tbe
7 swingings in room 6, and attachcd no suchi i lmport:moc to thcm 48 he now appears to attach. .-

- ‘The loss to the service Trom. the- necessity of using for: the Peirce: ‘pendulums a: centcr-of mass . apparatus xdnpwdﬁou

smaller stem. Profcssor Peirce sbghtly overrates. _In consequence of the forced removal of p:ms of the apparatos the meas

re in rendmd more’. “difficult ‘with'the new pendulums -butas twa mdcpendent detcrmmnuons' ‘the distance 4,, made lnt

muary, gave (whcn reduccd 10 edge 9-at heavy end) 25. 140 and 25.1 35"" it'is lmpmbable ;thm the. unccmmty of the

resuli can be 50 great ns to admlt the mrher value, 25.105°, as an equally exact observation of the same quantity: I bave
but l:behcve them to bave beenless oomplcte than those of .:881.
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II The. cndenee that the pendulum lost half an ounce in wcxght between 1881 and 1887 is not conr.luswe. . ln the ﬁm ‘

“ place, the weight of the brass added in construction at the heavy end was “originally estimated: frum its density and ealcn- Lo
lated dimensions, not found by the balance, and it was pretty certainly’ less than was intended. - By the calea'ation the center e
of mass was to have been at one-fourth’ the distance between the- edges, a result which would have beén more nearly attained:” S
w'th a héavier load: Secondly, the atmospheric correction: applied in the Fort Conger reducuon, on which the difference .
between heavy end down and up depends, is, a few lmcs below, said to be “involved in some doubt,” and is ‘not tmprobably s

" too small. Tlurdly, it is incredible that so consxdemble a loss could have escaped the notice of Messrs. Peirce and WiB. .

Fairfield at :the time of the Smithsonian experiments.  Fourthly, a recent careful examinatidn by Mr. Fairfield and mysel.f S

‘shows no sign of it. There was, it may be said, cértainly no such loss within g®= of the kmfe-edgc if the instrument was -

onginally symmetnml. Finally, General Greely is posmve m lus disbelief that any such dssa.stér could have befallen the pcn

. dulum while in his charge. ;
To show more clearly the true character of the changc in the penod of oscillation after the mterchange of kml’e edgcs. the R
. following table of periods free from difference of edges and atmospheric corrections in general, those of a mmple pendulum Pl

ot‘leugth equal to the distance between the two suspcnswns, as dcduced fmm each ! set of three swmgs,*:s guen. I’hls penod'
is equal to ¢ R P '

m.—m. Ji- T, )'M-
=k V(LA =TAY

in ‘which the factor under the radml may usually be neglecwd 2:, and 7, being ncarly equal. 'l'he tcmpernmre here equals';‘, .

§ that at the “down” swings, —} the mean at the two “up,” in Fahrenheit. degrees 4-22°.- “Three reductions are made:

o Ty being values obtained from Mr. Peirce’s table of  Period corrected” reduced to one tempemture and pressure, Tiuy, re-
" sulting from the substitution of a higher rate of expansion, found by least squares on the theory that the chunge was due tofall - -
" of temperature, and T, resulting from the use of the coefficient of exp;mswn 17495 18.24» bexng mken as true at +8° C.' S

/-‘.'
. L e

~ and reduced to —30° C. by Fizean's equnnon

— T Tan . 4 -4

z—— x,g 1. 0047912-—112 1.0047413—194 | . L 0048006004 .
: _ 7903 —131 7447—1068 '} 7988—112 -
1A " Boog—030 1 58——050 ... Bo88-or12
b | THL O Eem) Rl sl
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36-35,27 |+ o f3as—rgr | v yat6—392 7346165
an | Mg | Mg | Jeroms
—34,36 g 76054089 .| - . 7570038 i 76124108,
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 Mean ! 4753@38' } roososgon |{ Toodhieoe |
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po lprnpo
oeoke

b+
30

&

In view of the hugc valuc, almost equal to the cxpmmon melf that has to be glven tht supposeé unknown ctor depend- L
ing on the temperature and not on the vis-viva in_order to reconcile the two series”of ‘observations, and- of its- failure ‘to -
. bring them to a satisfactory accond (two swings having less weight, the factor being introduced, than one mthout it), it appears -
 that the hypothesis of large unknown effects of temperaturc operating in-this way is of no assistance, :It.is. plain,-also, that
the same difficulties, improbably laxge hypotl\etn:al corrections and greatly increased residuals, must meet any other assulned_ix
cause which is gradual and contmuk:us in its operation. “Improvement in the rigidity of the supporting piers,”- unless by.a -

tightening of screw-taps, etc., at tlye time of the change’ (whlch did not occur), is:thus equally excluded. a5 an explnmtmn‘

also defective elasticity in the brass of the pendulum, through which it does hot-at once' respond to ch:m;,e of ‘temperature. -
Tbauhe change took pla.ce abrupr.ly at the ume of the transposmon, and not a little bd'ure and a hnle after xs about as evxdcnt,i :

5 »:wdzheedgaucyhndnc,andm No,gto ',
e ofT...,dmp pgose o, g havehailandmofcurvlturezg

' _hypothem uires (see. formulm i i
y mq{ : i’q nbou(t wo:: in Coast ppendix 15]) a difference between the two " .
7 e. mcn.sumd difference. * The ‘supposition of-another

. soasto. lnve a play ¢ of an eighth of a mithmeter on ‘the average unnl

.. used. more plainly. yet) that the play of this edge may have increased p

we find AT,=+.oooxw:and ar:-oogs Taking
) g o X, g a'-o.ouBB"' and
g lccordmgly, we hive 7} = 1. 0045:33 y L= tm.;o43x ,and. Tn..,

_;“oexvabb wiys. The, observer, whose zeal ‘and. industry surpmed ‘his experi

- teaes ofnt) and thu dm not: liavcbeen squeaed out nllaﬁerthcmcasum o

had’ been swung even in Washmgton), but bacome 50, ‘graduall
g y: perha before the'ed
- mitting ourselves to anyone of ‘these. poasxble cxplan;hons, we must a%s'uut that S e e ane
, edge during the first swings is the only one yet suggsted that seeras to ‘meet. the facts.

b between the. atmosphenc viscosity, as-deduced'a pr

m mmr muxmu nu xxrnnmou. , ,' e

1.,,_;_mdeed.u&umookphceann"’rbe AR
1 to e Ryt o m«: um nppean in the former luu of the mults (belongmg. it should be

in. the wrong direction for contin
the latter lnlf. “The hypothesis of a * “difference inthe cylu}dnclty of the edges” 'u;:y ;

and thete s no steady progression‘in
bservations of decrement of arc show a sfj
ghtly greater friction on ed
Sutvey* chort for 1816. .8 376 [r7.0f A vk radiom
“accident™ at the time-of the. mten:hauge "

edgeuepeaxsuntenable, partly because it s difficult to
denu rteiog - showmg ¥ accanse i ifficul understand’ how the i mstrument could have had two serions acci.

- carefully made; testifies conﬁdently that there'is no
L possibility of 'a ch
5 Oneexphnauonremm “That there was a ; T oo delden
) -zu’_ F. and pressun: 29.75" (usmg the coefn'ment“v;‘ '
Tae nxzx.oqsusﬂ-_-lo TR n:i ‘ -
X 7}...:-0044656:&20 . ,7‘,‘:‘:233% ‘ .
m sel et '.\;A.oooosﬁo -0001513 g
: dm:weofédgegﬁomusbunngplane,asmemmdb Dr. « Clark.
xo 8 67Q6p, difference, 166.6., ‘Hence is calculated the theoreica.l gegtusc in l:e!:?;l,uag;;g:h
- amount for heavy end down. and very diffetent for- heavy end up.
. heavy end was farther from the. center of mass at the carhaobmvm

It scems: highly probable, therefore, that the ed E
ge at the -

than at the later. : This edge, that is to say,  Was: {oose, -
the txansposmon was made, and was properly txghtened
ly suggests (when the’ lower cxpansxon-coefﬁcaent is

rogmsswely, as they show a prctty steady dimi
The effect of removing the lmt'y-cnd kmfeedge, of a mass equal to 1¥i§s thatof the pendulum, bya distance® J{k.+2l;t‘j x

- from the | other ‘edge will be to increase 4, by 1
sox 10336 and #, by 10286 1 104365 d(rs
; (133 10336 of zr;lr(r:)emg the dlsta.nee of tl.u_acentcr of the shlﬁedmanfmm the other c:l;i) nnd(l:::zcl:t:)yz::. ?ckxﬂ:;qm ;o :
(r,')- (r, —A. -M.) wnll dxenbe [(xoo.g — &) xso-}- xo:86h.].t 5218, Subsntutmg these values in 9 ,-S S“ L

ir=(* 451-7),

“after it, Inspection of the. eardier hmvy-mdqnp corrected periods plain}

the sime as- thwl:umgl the penods befm “‘““hwsea'
- between the periods forfirst und lm da. wm‘m \ e later value 1.0047511% " The differerices .
ﬁ'om fiedsurement of the edges. ys es lmomc‘ °'°°°°477' and o.oooxua' _ one-seventh less th:m those calculated .

Aloommg/of the heavy-end edge,after the mmund made m 1881. nught lxave taken place m'one of scveral eon~

ence; could have turned one of the screws hold,-
it for a similar screw by wlnch ‘the. pendulum is
tally have touched the screw. Du‘t ot’ some lund

ing this edge in plaue about: the beginning’ of. the ‘experiments, mistaking
uused or lowered. An artuan, in packmg the msuument, could ac(:uieng

gns, etc., over'its mncr surface, wlnch mny be a
flengih | {June.xrto iy, 1881, before the pendulum

posed. ‘Without, com-.
the hypothesxsvof a sllght loosemn

ks e bn;xgh: out in thesc swmgmgs Thecoumdemble differen
by Proféssor Peirce, and used in correcting for ressuire, and the resi
snce pmponwnal to first power of amplxtude ded from the obscrvauons; For the’ Repsold pgendufum at xdel e'ﬁ'
pressures and temperatures, the coeflicient of . this resistance. for “he . iy

‘ _ avy ‘end up” was-found to 3 with-
&a.uo|3tl+.oz36§,ph"i :the unit of p bemg & standard - atmosphe:e, of £288° C., the: tempcraturegl::em; béen mcrmed

by 273°, a0d of 4 thi¢ reciprocal of ‘a minute.  The second coefbici
. , ond ent, . ivided /b Gor; was y
the: e&‘ect_of thc.vxseomtyon the period.  In‘this’ reduction. the viscosity. coeﬂiclcnty for heay :ns;d - e eoeﬂiucnt o

*- Attention should be ‘called.to apomt that seems to, be plainly.

ggested by Professor. Peirce/ Ifwere-
-§® greater, the difference between first

er, and partly bemusq Genetal Gredymhose pnsenoe the mtercbange was - G

SNSRI real ‘difference in the length of endul
: imuchmge. 'me mean pcnodsm thctwoposmons wcne for tempcmurcmo g pendu]m’asmng berm mda&u e

1.3 sopop, and that of edge i
above; nearly the observed .



the avemge 6 is .02536 (mm)-" 1l_.o.8885, r'l__ 1020 andpi_ 1.004. u.oooogg;x Got x x.ozox x.
value for the second part of 4 little over four-fifths of that-in the Repsold pendulum, which seems to Tequire that: the fins
efficient be o.ooGg more than five times as great, to produce 0.02536. Assucha dm'emee between the two pendulums, duevto
atmospheric viscosity alone, is not easily credible, it seeros clear that an important part of this resistance is due to some other
" cause, as indeed Professor Peirce suspects. In the Fort Conger observations, although, as the table of calculated 1 ¢ 3 shows,
- nearly uniform throughout, the resistance was certainly greater than in this building seven months' befo:e, ‘where this quantity.”
was 41% or 43® with heavy end up, and 133 or 130% with heavy end down. - Much of this difference is due to the value of
" the quantity ¢, the coeflicient of resistance ‘proportional to square. of velocity, employed. The huvy-endmp swmgs ‘a Forz‘
. Conger gave o.075 for 3 ¢, and the. heavy-end-down 0.048; the ‘constant: value 0.056, a weighted maga was used i in’ th
-reduction. Substituting the value 0.0413, used in the earlier reductions, these swings are best satisfied by taking 13 6::42 2=
and 120.7™ on the average, dxehmvy-end-dowu value showing a decidedly more rapid rate of decrement,” Mr. Peirce deduces
for the pendulums of this pattern, é: c..o.o4:3, a value of 130.3" with heavy end down, thus' makmg the Fort Conger '
decrement appear still more abnonnaﬂy rapid. " That the higher degree of resistance thus unmutakably indicated may have:-
" * had some influence on the period'of oscillation is altogether probable. - Supposing that the period was thereby shonened, and.
- applymg to each heavy-end-down period, except in swing 14, 2 plus comrection of o.013¢ times.the excess of the 5 deduced. for
-each swing over a standard value, the agreement of the separate- results is perceptibly improved. “To bnng siring 14 into.
i agreement with the others a coefficient of + o.050* is required. . The heavy-end—up swings, after the mterchange -of edges,’
. are improved by a correction in this direction; not so those before interchange; except the aberrant swings 12 and x5 The
former of these indicates a correction of 4 0.64x*. 45, while the arc observations in swmg %5, not bemg ‘satisfied: by increase -
. of the coefficients 4 and ¢, as are 14 and 12; show that the resistance, whatever it was, was-in this swing irregular.  The cal.’
" culated values of 1 : dare in general smallet, indicating greater- resistance when:the pendulum is Suspended. from edge Noi 9
in either position, byt very sl:ghdy 50, 50 that no empirical correction” ‘of this nature is found to: have an’ app:ecaable eﬁ'ect -
- explaining away the apparent decrease-of length in the pendulumat the time. of the change of edga, and we are le& to.
believe that such decrease actuallyoocuned. D
" The probability of a ‘1bose knile-edge is the r&l )usuﬁcznon of the eomse properly followed l:y Mr*‘Peuﬂ."m dependmg
on the latter half of the observations.aloné for a value of gravity, Ose correction to his ﬁnal result appears, however, to be:
needed: Anincrease of. the expansm allowance by o.ooooou.' ‘He states tha.t his expansxon “coeiﬁuent 18.:4- isfor the.
temperaturé of 24.6° C.,” apparently. because the: comparisons between Pendulum No. 1:and Meter B were made nbout thatj
. temperamre. " But the observations' of Meter A, on which the adopted eoeﬁielent for B depends, were made. (1876 Repott,
. page a74) about 8 C., taking this as; the temperature at whxeh ‘the coefficient 18.24% holds; good, we have 23 ‘the value for
- ~=74°C. 17.93* . Increasing 7, 7,, and the areversible peudulum*' period by. o.qoooon‘ we ‘must ‘increase the double
' logaxuhm by 0.0000064, when the “station-error” becomes —o0.0000097, and the ooncluswn in favor of a.term mgdd povms
of the sine of the latitude i3 correspondingly weakened. - It should be temembered thar‘!hu result i is sub;ect to three unce:-
. tainties; Whether the’ la.tr.er obsetvations were alone made with .a pendulum iof the length und in i884; whether, in:cor-
recting ‘periods of - the sunple pendulum for temperature, - allowance - -for the expansxou f the: metal :is- wﬂiuent, and
- whether the unusually mpnd ‘decrement of ‘arc at this station was -due’ to a-cause that left ‘the penod unaffected. - Another
-point, which does not’ apprecubly affect this. result, is mevertheless Worth ' noting. - If the revem’bl&pendulum period
- equals (7491473 =~ 25.1607,) =~ 49.754, § 7, ~}T, must be mc:eased .by:0.0057( Ze~. .)—o.ooomor' at_the Smithsonian,
0.0000037* at Fort Conger. This might be diminished by 2 in the scveuth plnce to’ allow for the l’actor undet the mhenl m
the first formula.above, Professor Peirce, at the end of lns report, uses a quue dxﬂ'exent correcnon.
IIL The additional tables here submitted are: ~
“ - (a) A discussion of the time obsetvations on which depends the rate of the chmuometer used SR
sl () The times of reachnng successive t.housandths oT mdxus in obsemnons of decrement of are. These are. uken dxrectly
' from the records left by Mr. Israel . - _
(3) A general summary of the restilts for time of mﬁmte arc, mean of nght and left mdmgs, for foux ans at abou ' equal
intervals of time, by preliminary assumed values of 4~ and by- corrected values of 57; fa lumng welghts equal 35,47,

23855 4" ;
6, and 1 for the four arc-readings selected: the correction to 41 is found from the excesses. of the separate /a over their

e ~weighted mean, being '} the last excess +a} the thud +4 the second- =32 the first, < The agreement of the four values of

 ¢w would obviously be improved if a'correction of 4 ‘(the constant value 0.056 bemg nsed in the calculauon) wer "nlso intro-
" duced; but the exactness attained is sufficient for the arc oomecuon. : :

. {4) A more complete presentation of the center—of mass obsenranons made in ]anuary last.
Youxs, very respectfully, : )
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N

Ma&mwtmt \Summary of resutts.

Epoch, sidefeal time. : ca‘:" Correction to 2490. Ra:e+o:x-;ppnsd ‘Pphed{‘* tos Resichuls. : R S R
Compated. | Used. |~ S : o - Thme observations, errors of chronometers, and application of wniform rates,
. & "o s o hm o no | hw il kme | s b Newae ‘ No.3t0. . No.1g8 _ No. 1425.
Dec. 28| a1.4 | —467.5 | —~440.2. ] =6.28 | 41 4B 35000 | 41 49 417 41 49 473 | =172 : ddued RPUE RN . : o ) S
Jo. 6] 208 4343 “0.2 |- 6.08 .49 3aryo |- §.23 f v 4_32 —2.09 Epocb. al : - :
TI 4o #4531 a0zl 5.6 3635 % o RIS drgr 0 Bme . lesrection(from| Rated-9.88 Conu:uon(fmm ‘Rate<-0.05 (Comrection(from| Rate—oog | Comection | Rate-fo.a6s
g 139 | 420.0 440.2 | - 5. "6‘77 . S.50 1 61 1.16 S E T uge)e ) npied. | aza) applied. 124). applied. (from 12¢). | applied.
31 I 4448 440.2 | S.42 -9 30 » | 418 o : A - . o v
8| 13.2 403|056 Jo.‘g K-S 3 O 844 5.99 —— - - - . — - -
91 37 445 «ng 5-81. lz.:g . "‘gg- 490 TR A s k.n, 1 &m ol home sl kome s, Awm 5| Aom s Aom o s
o] e | i e 8 -s-g i ' 47{ ¥ -5 Jan 11 3714230 37.99 1 fae fu-u L2 35 37.80 | 42 35 36.42| 4 22 46.60 -4::454 ~4 2 9.88{—¢ 217.10
10} 15.0 | 4b20 461 3 24 9 566 | —.79 S8 193 4948.63 o 4207 | 3s. 11 61.05 43 " 140.12 ‘16.33
i 43 1 4531 4618 | 587 33.37 . 6.54.{ - 5; ~1.31 6)1as| 5: s1.63) .. 7 25 © 42.% . 34.88 61.94 55 60 30.28 .53
1} 139 467.6 {4608 } - a3t | 352 4, 7.41 S A —9 Tl ael R B ;, 3 S el 6o.71 3391 2833 12,34
Sl g3 | Sos| %is| B ok B 9 -4+ Bty o 7|7 okl . saBe| . iend 37.65 .35 5304 25.51 13.04
Blsa | 409 | 4B 3 iy B e .43 | —1.03 ' SRR BRS . BBl 8k 3827 60.77 53.01 23.05 13.48
AN B O B 2 B R yog 59 4“4 | 4299 8137 +3 o450} . 5278 4868 380 6r.32{  ° 3lo9 15.41 12.89
17} 18.7 496.2 497.3 3 53. 10.39 10 +x.§g ol 26]" 25537 C isbo| - 5223 L A 59.3: 5120 13 o1 10.97
181 511 4993 | 4973 %55 - 528 918 6ot | +. 9161 | - g'e3r| . 53367 .. 5081 . §9.31 ‘332 53.54 12,99 1335
18] 15.8 | 490.3 | 4973 357 52.33 7 533 | —~133 el Sl -24&57 SR ¢ i) 33 RN B 558 g« s
19] 15.9 | 502.6 497.3 3.73 s514 | 7.95 "2: . o v_,,,,“g prat e I RS ok e - 6.9
ol 53| B3] w3 n ot 3 ppe g Bt Cu 16| 1343 i B+ 40| 9.53 | 3 13,50 15.96
2011501 49 497.3 3.3 5504 ). . 3 590 | .55 oozl 3wl aBgaard 50.29 : 27 3491 15.23 2 054.02 15,00
at 59 5045 4973 | 335 s0 110 fo.n1 7-46 | +t.01 . choaglesg | 049361 0 aemi - sx. i2 343 16.02 62.90 51.99 17.24
at 155 497-7 497-3 355 S.15 8.2 5.50 ] .= .98 - bl egf  svitnerd 52,871 ' 56.82] gg:p 20. 64 65 02 33.54 xg.n
' S ’ =T 17 3 1. ’ o3| - o 22.02 9 29.24 16.0;
Bl g5 | wes | sr3| 3 2 s& 4B Srar | -y lat] RER B RELOER. % R - 28.09 18
o] e g B O O R £ 18 I frg > =4 il el 81 291 382876 51.95 38.13 3639} a3 & 73 36.66| .75
3| 54 -9 _‘87'8 435 cLoL o et j"_ 45 18 | 17, . 40 53.98 49.961 3670 S g2 25.20 67.21 35,1 22.10
a5 | 15.7 489.2 487.8 3440 1:.75:, EURTRRTE 31 08 STt 51.‘% .09 9] 48| sainos 5.3 P B P 2360 6717 aty 2163
% . 6.0 4865 487. 3-8 L ew o Io4 s8.08. | + .54 19}17.0 44 42.93 . 69 -58.82 o 38.07 24.89 65.97 - 18.99 ar.
®1 15 438.9 487'2 3'72 o3 H.10 1 S1.04 | - .50 v 20 5.5 %46 46.20 | - 4946 - g7.¢8 33.71 25.92 66. 50 16.35 22,
- BT "’54:%:9 el TR #.70 | ° W . 8.8 | 43 2011 48 41.% | 0. 45 . 59.34 |- 34.49  24.49 64.61 12,59 21.86
Fb 4] 105 8 497 355 |- o191 1574 |- sre3 | ~.s1 | 21| 4.8 50 38.93. sLog| . 46r.24 35.80 23.36 63.01 7.97 20,28
— ST — 21 | 16.2 851 29. 55 49.97 - §9.61 3360} - ;o1 64. 50 7.22 22.49
- : ~ : 31 7.2 58.36.13 53.25 36 3.10 35. 14 | 26.14 63.771 .35955.48 20.91
L 331191 44 05304 se.57] .. 332 34-77 25.60 62.76 52.67 - aray
The oonect\ontoz4go,the chronometer used mthe time obscmmons.has, fu'st, the umform honrly rate of. +o x' applxed o 24166 23736 St.1 © 481 35-43 25 gg 5" °3 49-19 20.44
iy 25| 40] " 620.00 52 4.74 54 24 42.97 30,03
. ‘and a more exact rate is found by a least-square calculation. Tbeobservmons aredmded mto two pans,thoscupmud B g 16,61 . 82370 51.69 04| %2 | 24.28 53;3 139.05 20.29
those after the second set on January 21 The xsults : ‘ , : ‘ o 3:8 S 10 28,0 5247 Bar | 36'§7 : 24.13 o 3s.  19.40
. . u :g 1 z .-_-.znx:s;g ”5101 l;86 ggﬁg _ . :322 - 57 9: ' g: o :"
cor= {+x‘ 49™ 6.45'+o.xosz' (nmemhoum fromJanunry o,o")bo]anuary 33, at 2®sidt, w| 59l vl ¥ :gﬁ; ‘ ,3.53 , 33 o o3| el ,2:,
- 1 48n 24 0.122% umemhoursfrom an o, ob) after Jan t 2% 29} 8541 2538 46. 14000 . 38491 . 2255|5409 Inyg - 36361
+ 1" 48% 57.54%+ ( January o, ) January a2, at 2 sid t. ik BER] O Bal wml o.nsl o o2s SRR e s
‘are tested by comparisons with theobscrvatxonson the last colmn above, - v : N ‘ Febq, ._,3~’. e S il "3’ LB Bl T us| serf
The residuals found do not gcncrally exceed the probable errors of obscrvahon, and the u-regu!antxes mdlcated areshown . ’ . - .. _ i — — g T :
by comparison of other chronometers to be either (1) the effect of some cause affecting all of them neadyequallymthc same o -lf:,nppmas-m. ST ey supposed akost. ; ‘ ‘md!vwedtomdonwthlmi.
‘way, or (2) errors in the time observations themse!vts. ‘The scoond wewuprefmed, and the two uniform rates of +o.m§z‘ &1 A8oea0de of chraog v : _ o

and 4 0.122% therefore adopted.

In working out the chronometer eompa.nsons thc mean chronometer (No. 1:4) was: uwed 4 3 mderml chmnmneter
having a high rate, and the corrections of all the chronometers were reduced to something near constancy by the apphcauon
of uniform rates. The going of all five chronometers after the apphcamon of thm umform rats, as also thc chax:ges in the
azimuth, are shown in the acoomp:mymg illustration.

Seven errors in the comparisons receive hypothencal comacuons in the reductmn.

i e
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Fendulum at Fort Conger.  Arc observations.  Times of reacking successive thousandths of radius on each side—Continued, R
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 Corvection for are.  Tuble of mean t and corrected =3,
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