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REPORT OF A CONFERENCE ON GRAVITY DETERMINATIONS, HELD AT WASHINGTON, D. C., IN
MAY, 1882,

In pursuance of a correspondence between Major (now Lieut. Col.) J. Herschel R. E,, and the
Superintendent. of the United States Coast and Geodetic Survey , relative to the most advantageous
mode of prosecuting pendilum observations and the scientific value of the same, the following-
named gentlemen met at the Coast Survey Office, May 13, 1882, for an informal conference: The
Superintendent of the Coast and Geodetic Survey; Major Herschel R. E.; Prof. C. 8. Peirce,
Prof. 8. Newcomb (ou the part of astronomy), and Messrs. George Dawdson and C. A. Schott (on

the part of gcodes)) Maj. J. W. Powell, Director of the United States Geological Survey (on the
part of geology), was unable to attend.

The proceedings of the conference were as follows:
TIWO LETTERS.
{Read to the conferpnce to explain the immediate cause of the meeting.
- No. 1.
UNITED STATES COAST AND GEODETIC SURVEY OFFICE,
' Washington, May 4, 1882.‘

Maj. J. IIERSCHEL, R. E., Brewort House, 1\ ew Yor

My DEAR Sir: In pursuance of my letter of yesterday’s date, I will now subxmt to you the
proposition that, as. Superintendent, &e.,.I invite at once, or at your earliest convenience, a

© conference on gravity observations, the participants in which would be, beside yourself and Peirce,

Newcomb, on the part of astronomy; King and Powell, on the part of geology, and Davidson and -
Schott, on the part of geodesy. Durmg such conference the greatest range of discussion would of
course be in place, but its outeome, I conceiv ‘¢, Iust necessarily be formulated in a few propom- .
tions, some of which would be mainly intended to recite the scientitic objects and usefulness of such
work, and commend it to public patronage, others, to define the degree of accuracy to be attained
in the observations, in order to entitle them tq be ranked as contributions to science. As neither
)ou nor ourselves are charged with any special powers in the premises, it appears to me that no other ,
useful results can be reached by a conference than some such public declarations, the value of which-
rests upon the standing of the party making them. If this proposition meets your views, I ghall
be happy-to make such arrangoments for the earliest day you may find couvenient, I regrot that
it will be necessary to tax you with coming to W .-hington, as all other parties are here, aud being
officially engaged it would be out of our power to meet you elsewhere.

It will be well if you will formulate in advance such expressions of opinion as appear to you .
desirable in the premises, in order that after comparing notes we may be able to submit proposi-
tions that will readily mees the assent of the conference.

Yours, very truly, .
J. E.;BILGARD,
- Superintendent.
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Prof, g, B, Hinoans, | NEw YoRK, May 3, 1882,
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degree of precision is plainly needless (for points of the second order) if they are widely scattered,
whereas if a number of such points are crowded in a small area, their precision ought to be higher
because of the information to be gained by intercomparison. Points of the second order widely.
scattered have no present value othier than as indicating tentatively the degree of disturbauce.
From this point of view there would seem to be an adivantage in placing the stations always in
pairs 8o as to indicate the variability as well as the variation. co ' .

I must now go further. Scientific olgéervation has two distinet aspects, . Viewed in one way,
it is seen as a means of livelihood, as an intellectual enjoyment, as an employment, as a pursuit
worthy of recognition and eucouragement, for every reason except that of itg ultimate utility.
Viewed in the other way, it is a source of expenditure and a drain upon the available pewer of the
time and country, which can only be justitied if it attaing useful ends in g reasonably expeditious
way. For myself, I doubt-if I could conscientiously recommend the expenditure of public money
on pendulum observations on the ground of their utility; although I could and would recommend it
for pendulum experiments, having for their object to increase the facility of observation; for I imagine,
as things now stand, the prospect of obtaining results in sufficient number and frequency to enable
us to study the irregularities successfully ‘is very remote. You will doubtless recognize in thig
the ground of my inability to offer my services, backed by hopes of support from the British Gov-
ernment, for the prosecution of differential work on this continent. But I have no business to
press such considerations on other people, nor to bring them forward at a conference, except inci-
dentally in discussing the Proper distribution of stations and the degree of precision demanded.
The same arguments and moti ves had a successful campaign in dictating my latitude work in India;
and there is room for their application in the present case. They point out the urgent need for
cconomy in every detail of installation and bbsermtion—-in the choice of stations and the buildings
to be occupied, in the distribution of time to be taken up by the observations, and by the caleula.
tions respectively, so as to get, in short, as many results of a sufficient degree of accuracy, and no
nore, ay possible within the year. All this, and much more, seems to me to be involved in the
broad question whether or not pendulum research can be satisfactorily carried on with a view to
studying the earth’s irregularities. h B ‘

' Another phase of this question should deal with the distinction between a study of the large
and of the small irregularities. Theré is a vast difference between such work as that of Malaspina,
of Freycinet, of Sabine, of Foster, of Liitke, and of all the other explorers; and that of Kater in
JEingland, and of Basevi in India. The work before you here has or may have the characters of both ;
for the vastness of your disposable area- demands a large plan, while the numerous opportunities
for prosecuting minuter internal exploration require more special consideration. The degree of
precision to be aimed at must be governed partly by what we know of possible variation and partly
by what the instruments are capable of. Here, as in other branches of research, we should bear in
mind that there is alinost always a point in the scale of precision where it Lecomes questionable
whether it would not be wiser to change the whole system if higher precision is wanted. Below
that point there is no difficulty. Above it the price to be paid becomes onerous. .

You will readily perceive that I fully recognize, as one of the chief subjects upon which discus-
sion should turn, this of requisite precision. "At the same time I doubt if it can be discussed to
much advantage by those who ave not intimate with I~ figures actually to hand. . I would therefore
avoid the vexata quastio of probable errors and keep to principles. 1t is by the latter alone that -
plans of operation can be governed reasonably. “Frequency to be preferred to accuracy,” for ex-
ample, is a principle easy to limit or extend as may be desirved, and far more widely intelligible to
the uninitiated than any specification in figures suited to certain categories of cases. Above all
we should aim at being intelligible. Without that there will be uo outside interest and no support,

. o » * Powt * L » *

' Yours truly,

| J. HERSCHEL.
S. Ex. 77 —64 ’
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SIX REASONS FOR THE PROSECUTION OF PENDULUM EXPERIMENTS.
By C. S. PEIRCE.

1. The first scientific object of a geodetical survey is unquestionably the determination of the
eartl’s figzure. Now, it appears probable that pendulum experiments afford the best method of
determining the amount of oblateness of the spheroid of the earth; for the calculated probable error
in the determination of the quantity in question from the pendulum work already executed does not

exceed that of the best determination from triangulation and latitude observations, and the former

determination will shortly be considerably improved. Besides, the measurements of astronomical
ares upon the surface of the earth cover only limited districts, and the oblateness deduced from them
is necessarily largely affected, so that we cannot really hold it probable that the error of this method
is so small as it is calculated by least squares to be. On the other hand, the pendulum determina-

tions are subject to no great errors of a kind which least squares cannot ascertain ; they are widely.

scattered over the surface of the earth; they are very numerous; they are combined to obtain the
ellipticity by a simple arithmetical process; and, all things considered, the calculated probable
error of the oblateness deduced from them is worthy of unusual confidence. In this connection it
is very significant, as pointed out by Colonel Clarke (Geodesy, p. vi), that while the value derived
from pendulum work has for a long time remained nearly constant, that derived from measurements
of ares has altered as more data have been accumulated, and the change has continually been in
the direction of accord with the other method. It is needless to say that the comparison of the ex-
pense of the two methods of obtaining this important quantity is immensely in favor of pendulum
work. '

2. Recent investigations also lead us to attach increased importance to experiments with the
pendulum in their counection with metrology. The plan of preserving and transmitting to pos-
terity an exact knowledge of the length of the yard after the metallic bar itself should have nnder-
gone such changes as the vicissitudes of time bring to all material objects, was at one time adopted
by the British Government. It was afterwards abandoned because pendulum operations had fallen
into desuetude, and because doubts had been thrown upon the accuracy of Kater’s original meas-
ure of the length of the second’s pendulum. Yet I do not hesitate to say that this plan should
now be revived, for the following reasons:

_ First, because measurements of the length of the second’s pendulum, although formerly sub-
ject to grave uncertainties, are now secure against all but very small errors. Indeed, we now know
that the determinations by Kater and his contemporaries, after receiving certain necessary correc-

tions, are by no means so inaccurate as they were formerly suspected to be. Secondly, metallic -

bars have now been proved, by the investigations of Professor Hilgard and others, to undergo
unexpected spontaneous alterations of their length, so that some check upon these must be resorted
to. To this end the late Henri Ste. Claire Deville and Mascart constructed for the International

Geodetical Association a metre ruled upon a sort of bottle of platin-iridium, with the idea that

the cubic contents of this bottle should be determined from time to time, so as to ascertain whether
its dimensions had undergone any change. Iam myself charged with, and have nearly completed,
a very exact comparison of the length of a metre bar with that of a wave of light, for the same
purpose. Neither of these two methods is infallible, however, for the platin-iridium bottle may
change its three dimensions unequally, and the solar system may move into a region of space in
which the luminiferous ether may have a slightly ditferent density (or elasticity), so that the wave
length of the ray of light used would be different. These two methods should therefore be sup-
plemented by the comparatively simple and easy one of accurately comparing the length of the
second’s pendulum with the metre or yard bar. Thirdly, I do not think it can be gainsaid by any
one who examines the facts that the measurements of the length of the second’s pendulum by
- Borda and by Biot in Paris and by Bessel in Berlin do, as a matter of fact, afford us a better and
more secure knowledge of the length of their standard bars than we can attain in any other way.
So also I have more confidence in the value of the ratio of the yard to the metre obtained by the
comparison of the measurements of the length of the second’s pendulum at the Kew observatory
by Heaviside in terms of the yard and by myself in terms of the metre than I have in all the
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SIX REASONS FOR THE PROSECUTION OF PENDULUM EXPERIMENTS.

By C. S. PrIrcE.
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elaborate and laborious comparisons of bars which have been directed to the same end. I will
even go 80 far as to say that a physicist in any remote station could ascertain the length of the
metre accurately, to-a one hundred thousandth part more safely apd easily by experiments with an
invariable reversible pendulum than by the transportation of an ordinary metallic bar.

A new application of the pendulum to metrology is now being put into practice by me.
Namely, I am to oscillate simultaneously a yard reversible pendulum and a metre reversible pen-
dulum. I shall thus ascertain with great precision the ratio of their lengths wittout any of those
multiform comparisons which would be necessary if this were done by the usual method. These
two pendulums will be swung, the yard one in the office of the Survey, at a temperature above
60° F., which is the standard temperature of the yard, the. other nearly at 0° O., which is the
standard temperature of the metre; and thus we shall have two bars compared at widely differ-

- ent temperatures, which, according to ordinary procesées, is a matter of great difficulty. The

knife-edges of the pendulums will be interchanged and the experiments repeated. Finally, the yard
pendulum will be compared with a yard bar and the metre pendulum with a metie bar, and last
of all the yard pendulum with its ydrd bar will be sent to England, the metre pendulum with its
metre bar to France, for comparison with the primary standards; and thus it is believed the ratio
of yard to metre will be ascertained with the highest present attainable exactitude.

3. Geologists affirm that from the values of gravity at different points useful inferences can be
drawn in regard to the geological constitution of the undérlying strata. For instance, it has been -
found that when the gravity upon high lands and mountains is corrected for difference of centrifu-
gal force and distance from the earth’s centre, it is very little greater than at the sea-level. Conse-
sequently it cannot be that there is an amount of extra matter under these elevated stations

. equal to the amount of rock which projects above the sea-level; and the inference is that the

elevations have been mainly produced by vertical and not by horizontal displacements of material.
"On the other hand, Mendenhall has found that gravity. on Fujisan, the well-known volcanic cone
of Japan, which is about 12,000 feet high, and which is said to have been upheaved in'a gingle night, -
about 300 B. C., is a8 much greater than that in Tokio as-if it had been wholly produted by hori-
zontal transfer. This conclusion, if correct, must plainly have a decisive bearing upon certain
theories of volcanic action. Again, it has long been known that gravity is in excess upon islands,
and I have shown that this excess is fully equal to the attraction of the sea-water. This shows that
the interior of the earth is not so liquid and incompressible that the weight of the sea has pressed
away to the sides the underlying matter, But in certain seas gravity is even more in excess than
can be due to the attraction of the ocean, as if they had been the receptacle of additional matter
washed down from the land. It is evident that only the paucity of existing data prevents infer-
ences like these being carried much further. On the two sides of the great fault in the Rocky
Mountains gravity must be very different, and if we knew how great this difference was we should
learn something more about the geology of this region; and many such examples might be cited.
4. Gravity is extensively employed as a unit in the measurement of forces. Thus, the pres-
sure of the atmosphere is, in the barometer, balanced against the weight of a measured column of -
mercury ; the mechanical equivaient of heat is measured in foot pounds, ete, All such measure-
ments refer to a standard which is different in different localities, and it becomes more and more im-
portant to determine the amounts of these differences as the exantitude of measurement is improved,
5. It may be hoped that as our knowledge of the constitution of the earth’s crust becomes, by
the aid of the pendulum investigations, more perfected, we shall be able to establish methods by
which we can securely infer from the vertical attractions of mountains, etc., what their horizontal
attractions and the resulting deflections of the plumb-line must be. . -
6. Although in laying out the plan of a geodetical survey the relative atility of the knowl-
-edge of different quantities ought to be taken into account, and such account must be favorable to
pendulum work, yet it is also true that nothin, appertaining to such a survey ought to be neg-
lected, and that too great stress ought not to be put upon the demands of the practically uséful.
'The knowledge of the force of gravity is not a mere matter of utility alone, it is alsoone of the
fundamental kinds of quantity which it is the business of a geodetical survey to measure. Astro-
nomical latitudes and longitudes are determinations of the direction of gravity ; pendulum experi-
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‘NOTES ON DETERMINATIONS OF GRAY ITY.
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‘geographical extent, it would in the first place appear most desirable, in order to form a second
. “and independent connection of the pendulum work executed on the other side of the Atlantic, to
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least one more American stat

L iQu in order to secure three stations of satisfactory accord between
these instruments, Lo :

It is, perhaps, the general opinion that differential measures
absoluate measures, since undoubtedly greater accuracy can be 1
number may be secured with the same expenditure : indeed, th

“second’s pendulum is, in geodes i

)
¢ ! Y X
tion of an invariable pendulum swung at stations o

- The determination of the length of a second’s p
taken only at a bage station,

While the mean figure of
the close approach of the valy

are at present more desirable than
eached in the.former and a greater
e deterwination of the length of a
e than a kuowledge of ratios of times of oscilla-
1 2 line selected for investigation,

endulum is quite g special operation, to be under-

the earth may be conside

red as tolerably well known from the fact of
o of the compression as d

educted from purely geodetic operations and

*Mr. Peirce remarked that that work was not yet quite comp]etédl 4

; i evolution for that of
andonment, in the Coast and Geodetic Survey, of tlhe“Bessehsm bwt;l::;:llld(’)?l?bhil‘ d and one-half of
%‘im;:em;zlvoléin« in our latitude an increase of the r?g . v?toze:ah?ﬁlot 106k forward to any future_
arle, s . . ' ; and though w - o1 s 4
. lerable change; an ur oblique
2 Smmtefmﬂe{lwasl:g(;)r:iltlﬁ(()izsl;f; difference w;,s sufficiently large to make itself felt in o q ’
hange of such a ma ) . ia. L .
¢ 1%“ along the Atlantic coast between Maine and Qeorgl ica as yet worked in with the meri-
arc lying bination of the Peruvian are, the only one in America a ‘mie sured by the Const and
: Th‘e ‘c.om 1e‘1(sured in the eastern hemisphere, Wlth. the two :u‘c:I a?c showed 4 satisfactory
g ‘MLSS ; . viz, the Natucket arc and the Pa,mphco-Chesapfaa o T’his seems to prove that
Geodetlcl l;rgei;ith{; limits that may be explained b.y local deﬁecmons&)z;ture in the same latitudes
accord (jc e ’1 North America does not sensibly differ from the cufl;vt th'at the Perivian are is
ﬂ;‘etﬁgr;l:tl:ri(;xemisphere; yet the conclusion is v;r)eall;'eltlid- ;Jisilrlgno n(:ic'tl Jatitudes, and that in a
0 : ' : is ‘worse, i rted by.but two astro: ¢ ’ noated .
X . t, and, what is worse, is suppo . - It is true the compute
en?emdiei]:aoll;:; l:1éﬁection Pl‘Obiﬂ;ly exists of an ex‘cessil‘telmitignbt ut((l)z' nget;,tI a confidertce- in the
region w i 11, and this might lea . 'this arc to be -
soti ro latitudes are small, : ; ; ) ctension ofi this arc to be
corr Lctu{ns lt ?et;?ﬂtnz magnitude of the earth’s axis. A remeasu; g‘an;}ne;)tig " gréat desideratum,
asmglfte(l vatt: a cou,siderable number of astronomical latitudes would se it, 50 to say undue Jeverage
suppl}e( \"1 1 , 1 we consider tifp important position O-f the arc, gw'mng]ik;] that tile results of its -
gspeclarﬂb W 101With the position of other ares. It is not at all u g 3; of tho probable uncer.
m compavl'lSOI; ext,eusioll may have an important effect on our knot‘;'];% g .
sure and A . rth. . .
refneas_‘llih assigned value for the resulting mean figure of tpe ;3& 1id whose surface most nearly
finty 1 0 ﬁgfrure might be defined as that of a geometrical soli it so that the aggregate of
This me? . uipotential surface of the mean sea level, 1ntersect1ng1:1 be the obje'ctbof geodesy .
approalches t:iioege -Llnd below it may e equal and a minimum. "It W?:; 2 to doterming their oleve.
the volumes ‘ . ) indaries of these areas, ¢ .
: : 1 surface the bound: : - : ce to this
fotrace onton t(;u?i(;,z;‘(:ﬁt{)?liw it; in fact, work out the actual irregularities with referen
tions above or depr . )
. ) e . . be very favorable
ideal mean ﬁgulre. research the region of the Mississippi Valley would segn:v 1t:;1 respeci o gmduﬂ{
b thITor Siﬁg‘? tl:?ts geologleal structure, as presenting-.,bfload fem:tll‘fesl?nmi)oundary, near the forty-
Obh 1N TEZA: - Orleans and ourno . ¢
3 -ation of surface between New ; , he law of change o
chm;geb ml(li(lw'glﬁao?a?ld rising but little above 1,000 feet. Here a study of the 1 .
ninth parallel, . aie
gravity with the latitude seems inviting.

i i hosen for the study of
i ‘ -ninth parallel might be ¢ ‘ .
3 ; the above line, the thlrty'rmn ) : : oy o
bupple?;enu:arf)ft‘:;mviby with a.lti’tude, St&l‘tH‘lg from Fhe sea level ;1;(111 :)f:isjsl::fnt rer tho Jeon-
t1.1e law of (13 3‘ngons of about 2,500 feet on the Appa}achmn range fanﬁ i Tourer Rocky
S?defa%slz; vvte have the gradual rise of the great pla;ns %s 1::(; SS(JJ)(;hzeﬁ,r ;t 0 next the lower ook
Mow : yi ‘ to the sea level. ile on
i an, with a final return e s
Isvg}clil(])tl?;lli)éit: zu;ﬁce, on the second from 12 t%\;ol m;gh(tl :goe?:ni?ﬁtiﬁgsum of gravity, there ma
' i < dulum most suitable, for rentia rere Y
ResI()le.(gmg ﬂ(:eiid;gmgtfiiflll)eltween tho use of two invariable pendulums, the one to ¢ ’e :
be little differenc ¢ |

' i the latter. T .
i figures an argmment for
ent of geodetic and gravity r ‘ tor. 1
X b not regard the agreement o : ' e e e -
*Major Hvllz:ﬁl{‘;oalddl(: Izmurc,b derived from the comparisons of the :;nr'; Z't::(x;e: 1?0 O e ot
can never regard the g e . sen. There i every reason ard t 2 too grent. -
icati ieure which is two-thirds sen, o
e Hon ﬁgmbi“ 11111;1111‘11‘* 1::11'(11\; advoeate a remeasurement of th.G.POI:llV;ﬂIvl lzltzc :;; > o St 111) lgowards.4 bobter
it HERS?EL.Yth’: figure. It has tho fital disadvantage of position in a valley
ination ef the ea gure. | ; | | v |
‘::::;:unu 1 ’ . ion to the important scheme of remeasuring the Peruvmndarc wc;x;ll(ll ZI;}E:{
X i . chel’s objection to ant s¢ R :
o PEIB'CL;; l;iu‘wrn};?::tlarc toJenter into the determination of the t';x.guret.s AiIanr:)gr e it 1t 3 the
T o o1 the earth, lotic mensurements on these continents, wadted. th e
‘  mdertolio 1. A16D i is at present bad, I should think ths )
can figure of the earth, o it. Although the Peruvian areis a ' proe ; 1 Bhou o 1 would nearly dia
O e am S“TV'C): fodlll)'?t(;ftj;xeal&aquute nn%nber of latitude determinations, the objoctions to
extended and provided w g

i
fppest.
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her, and an unchan

>

eross-section) having two fixed

d; the difference of temperature and for
pective mean quantities to be determ )

‘ -be ‘made in 4 DPositions (upper knife-edge, lower knife-edge,
The accord of the 4 results will farnish a criterion for the unaltered conc
ible pendulum of outer Symietrical form may also be made

.w‘ung only with ‘heavy end down face front-and back)
upporting knife-e(

;:t geable pendulur_n of & plain rod (of lenticular

nife-ed

face front, and face back).
lition of the pendulum,

and no change whatever ig

| ReSpecti'ng the stand of the Rf;psdld apparatus,

- work, gnd stiffer support should be provided. : -

o If pendulums could be swung through 24 hours the result could he made iudej)eudent.of varia.
) t}ops in the clock rate dne to the:@@ily variation of temperature and pressure, The same -standa,rd
1;1}{1(5' qtamg sh'ould. be observed each night. For shorter. di : 8ay for 6 hours only
this -ad,vantage mlghp in a measure be secured eithey b rts and thus contingé

-vglgvgpk:dur;ngw(’;wepty-four‘ hours, L th 00 laborious, to obiserve on the first day, say from

%014 a.m. and p.m., and on ‘the following day from 0 to 6 p. m. and a. m., and unite the results

-‘mto.,one,’.o,r. in genera],“ for auy. station by a symmetrical distributio ve)

experience has shown it to le unfit for the

- four hours, . : coe .
Time. farnished. felegraphicé;lly by an 'obsermt’or * whose clock i te h gos
. Yemperature and Pbressure w‘viIl-b_e’ preferable to'any ldgal ,detérminatiozgg(:eﬁcg(;i sizrz(;li’];: Hnges of
e §hould the ([lux“ation,of Bwing be too limited for this séhe_nie, ‘night work may be ‘reco;imend 1;
S -mt?x 'a.vsg,t gf ‘transit Qbser.mt‘ionsj Jjust before and- another immediately after the close of 4 swix? :r, |
- ‘.ﬂ‘;e' same two sets of stars to be used each night apd for several Stations ag ldug as pmct-ic(mble. -
' egmmT;lt;e;fd:ﬁ gqccgsgfu_l .w;ork at any one statiqn may _Su’tﬁce, and about two Wweeks m‘ight -l be
¥ “par.ed o a l;) aﬂv‘; 1?;1:{ ggyu.lred.fgr occupation 'dunng,.the best season, - The observatory to be pre-
- The method of coincidences furnishes al
.. otherwise, a chronometer be ugeq. (as more
- - chronometer beat with the transit of
S The: question svhether of not it,

I needful accuracy, but i, in the absence of a clock op
bortable and less liable to injury), edincidences of the
the pendulum over a vertical line might be trieq. ‘
Is advisable to Swing in a vacuum chamber (say at'a d’éns‘iby
place which it ig proposed to visit) would

ade to swing advautageously. [f its

work against fric.

use of an exhausted receiver. . What

» attern of the one sent Iast smnmer to
Corps. the writer is not informed, I ‘

~ The above notes are réspectfully submitteg
o, Mavisasgs L

CHAS. A. SCHOTT. |

- COMMUNICATIONS,, .. |
‘GENERAL REMA;RKAS.UPON GRAVITY DE;I'EEMI&ATI.ONS.'
_ o R By quqr (now Liex‘l‘bf. Col.) Joi,m Hr o
S '_'__'C_l‘he'\followiilg, pi‘opoéit_ibné‘ are from my point ‘of .?m'ew
. Mmain by other members of the conference, T

-0k Figure of the earth, —By this we imp] ual ol : o
Lo e Py rth. ‘ ply the actual (or conce Gonti :
. asexemplified by the mean sealevel; which surface may b’fa eirery'wlllvable) o ppous wator surfae

plified by ovel; w ere near]
g et DY Bome assumed simple geometrical figure,. n elliptio 1
od hoo as the mean figure, = . . S

2 Object of p endulum researeh—If we regard the me

.

A
R8CHEL, R. E, -

but seem likely to be assented to in the -

an figure as known, then‘tllle'.objécﬁ of pon- '

er part of ‘the instrument., ' Two suel pendualums

n of the 8wings over the twenty--

ined at a base station, Obser: .

to answer thé Dburpose, pro- -

’
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dulum research is, in the first Place, to trace out the degree of separation everywhere snbsisting
between the actual and the mean figures ; or, if it should appear that by a change of the mean figure
there would result a less degree of separation, then to ascertain, first, what should be the amount
of this alteration, and then to trace out the residual separation. Beuring in mind the large body
of past work, which has undoubtedly sufficed to indicate very closely what the mean figure is, it
should now be recognized as more particularly the object of pendulum research to enlarge our knowl-
adge of the irreqularities of figure rather than to aim at improving the mean figure; which after all
can never be anythiig‘g-more‘ than,one of reference, by which to (describe the actual figure.

3. Ewtension of research among the irregularities.—This is prima, facie desirable, especially when
geodetic surveys are in progress, or are certain to be instituted as civilization advances. But
gravimetrical exploration in regions which can never be reached by surveying operations is of
scarcely less importance. o N o ‘
© 4 As regards distribution of stations of observation, there seems to be nearly equal advantage
in laying them out in a linear series at sufficiently close intervals, or superficially scattered over g
limited selected area, with a view to tracing ouf, the seotional or solid forms of the existing irregu-
larities. o . ' o ’

5. The absolute force of gravity~If this also be admitted ag an ultimate object of pendulum
research, it must be remembered that it can only be determined for the whole eaith when the

.exact relation of the place of observation to-the whole surface is correctly known. ' It follows that.

a precise knowledge of the absolute force of gravity for the earth asa whole is not at present
attainable. - There are, nevertheless, reasons for now determining, with all the precision at présent

~ Dossible, the length of thie second’s pendulum ab different places on the eartl’s surface.

6. Reasons for prosecuting absolute detemnz‘@ationsf—-l{egardi'ng thé local force of gravity as a
constant, the length of a pendulmn is a fanetion of ity rate of oscillation ; or, in other words, its

rate is a measare of its length. From this it follows- that lengths, otherwise incommensurable,

can be compared through their corresponding times of osc‘il.lat_i'on, because we have means (in the
pendulum itself, for instance) of comparing together, with any desired degree of precision, these
times. Thus, for example, the metre and the yard ean be-compared by this means (as I under-

stand) with greater precision than by the compticated System -of linear comparisons requisite to

measure their difference in terms of each.

7. Constancy of gravity tested against constancy of length.—This is another reason for determining
with the utmost precision the length of the second’s pendulum in terms of this or that standard. For
if, in the far distant future, there should appear a concurrence of testimony indicating change, it
might be brought home to either of the bars, or even to gravity itself, according to the evidence,.
The absence of the requisite evidence in the past would be a grave reproach hereafter. o

8. The invariable pendulum.—The impossibility of ascerﬁailiing the exact relation of any station
to the whole surface, short of a general knowledge of. the latter; calls necessarily for such explora-
tiong as are set forth in Article 2. Itis gencrally acknowledged that the differential pendulum—
of which the “invariable” may be regarded as the type—is best adapted for such work. The pat-
tern known as Kater’s has hitherto been without a rival; but any pattern will answer the purpose
in which the principle of iuvarizibility—-i. e., fixity of knife-edge and absence of all movable parts—
is embodied. ' R ‘ NG o o
9. The reversible pendulum is recognized as having many excellent qualities ; and is capable of
being: used temporarily as an invariable pendulum. * But its proper field is the absolute measure.
ment for which it was designed; for if its knife-edges are interchan geable it is liable at any time
to have its invariable character destroyed, either intentionally or accidentally.

10. With regard to the degree of precision to be aimed at, nothing very definite can be laid
déwn, since it depends largely on the circumstapces. A gross error in a solitary arctic station, for
instance, might be of little consequence, while an ei.or of even a small fraction of g second in the
difference between two central, points would entail far-reaching consequences. When the object
is tentative exploration only, accuracy may well be sagriticed to expedition and fre_quency.' And in
general it should be remembered that the local disturbance varies with the change of site. What
the rate of this change may be can only be guessed until data are obtained. A group of contiguous.
determinations of a low order of aceuracy would -always be wmore valuable than a single one of the
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very highest order. A solitary station can contribute only to the general problem of mean figure
and will of necessity be vitiated by the z'lmouut,@‘ the local distnrbau.ce, as to which there is no
evidence., If the range of such disturba;

be unreasonable to take one-fourth part of that as the rauge of probable error permissible in the
determination itself, Every consideration Which talkes into account the oxistence of logal disturh

ance points to the preference to be given to frequency of distribution rather than accuracy of
result. Moreover, it is difficult, if not impossible, to estimate the probable error in any case what-

ever. The history of pendulum observation abounds with inexplicable. contradictions and
anomalies indicative of, unknown causes of err

.- ®timate the probable error of his resul,
" of circumstantial exigencies; and it w
or director of the work. ’

1L Other modes-of research, —The foregoing indicates so plainly the need of tentative explora-
tion of a low order of accuracy that it is very much to be desired that some simpler means should
be found of obtaining at least a rude measure of the local deflection, Various statical modes have
been proposed, but none has yet shown g satisfactory test. That a “stathmometer”—y term
designed to leave untouched the bresent use of “ gravimeter —yi]] some day be invented is highly
probable, It might be, perlaps, the sooner if the very great need for it were more widely known,

and if, at the same time, it were understood that its object would be served even though it should
fail to rival the pendulum in accuracy,

Practically, the questipn of precision is cut by a variety
ould seem best to leave it at the discretion of the observer,

J. HERSCIIEL.

Mr. PEIRCE. The conception which Major Hersehel has bresented for the purpose of gravity
determinations requires thorough study. Considered from a purely mnthcnmticgl point of view, it
18 certain that if we know the distribution of gravity over the whole earth, or even over g large
region, we can deduce corrections of the. earth’s radiug vector.  Within 200 of the station whose
radius vector was to be corrected an accurate knowledge. of the residuals of gravity would be neces.
sary, while beyond that Point a rougher determination would Sufiice. . But whether this conception
of the nature of pendulum work could be usefully adopted at the bresent time, or until two or three
times the existing number of stations have beey oceupied, is a practical question in reggrd to which
there is something to be said on Dboth sides. The views of Major Herschel, though founded on
known propositions of mathematies, are so novel and so far-reaching in their consequences that
W6 cannot comwit ourselves to an immnediate decision in regard to them. But they offer much
food for reflection and study, and I am quite sure that apart from'the important servicethat Major -
Herschel has done us in connecting the American (and through that the continental Laropean)
system of stations directly with the great réseqy of
riable Pendulums, Ameriea

the English work by means of the Katep inva.-
I geodetical science is under great obligation to him for the sugges-
tions contained in the paper he has presented to the conference,

13

OPINIONS CONCERNING THE CONDUCT OF GRAVITATION WORK.

By C. 8. Prince.

L There are six reasons for determining gravity, which I have already sot forth,

II. In determining the compression of the earth’s spheroid from the variation of gravity, it is
best, for the bresent, to reject all experiments not made with Kater's invariable pendulums. Bat
the completion of Major Herschel’s history of pendulum determinations is greatly to be desired,

Ma_jo;' Herschel thought the limitation to Kater’s invariabie pendulum too narrow ; and pointed
out that it would exclu(_le the w

ork of Freycinet and of Duperrey as well as great part of that of

Foster, : '
111, The ordinary correction for countinental attraction ig vastly too great. It should be
omitted. . ' '

Major Herschel remarked : “Admitting this
be forgotten that this ig nothing but
acted upon, unless the assumption th

s a conclusion drawn from. fhe facts, it must not
an a posteriori dogma. 1 do not see how it can be lawfully
at it bas a true ¢ priori cause is Kept continually in view ag

1ce on the whole of that parallel were known, it would fot’

or; and hardly a single observer has ventured to-
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such.” Mr. Peirce replies as follows: “In my opiuif)u,. the correction for C('mtmeil!ball attr{?j:g:, l1s
not only refuted by observation but it has no a priori support fr.om premises x: e 1(1“:1 t(he 1(;\7 931
reason to suppose true. If we could make our pendulum expen.ments underbroufn t ﬁnenm’l
surface of which the sea-level is a part, there would be no correc.tlon to be made for 1c<;n, ) t‘it
attraction.  Since they eannot be made there, the observed gravity h('qd to be redlfce( o‘ w ;at]
would be at that level. The coeficient of this reduction depends eutu'ely on the (11§ta}1fzcsto f'le‘.
successive level surfaces without reference to the situation of the.matgrlal- IASSes, exce) - S0 (]u
as this situation affects those distances. To calenlate th(? r'eductlon exactly upon this p;‘mgll;:g:
would be impossible; but we approximate to it Witll.ill the limits of.other negilectc‘zil t:?r\lllst;,i s\vsml.le
Young’s rule* without the term depending on (‘,O.lltlll.elltM attrfl(:tmu. Stokes wn;, 1e8 wer.e [;s(,d
resalt; hut liu.ving reached it, he remarks that if ?}]llS t.heoreblcally correct prouf(i:(‘ ltre!]() . ;)f
the figure of the carth would be less regular than in using t[.te old.rule. IIe (‘)' ‘Lrhq-itt(}u N
this, however; and the facts which have been :Lscertmn'ed since his MEmoir w «I‘S.\‘\ e ! ‘ll.]evel
that the contrary is true. Young’s rule supposes that if all the ‘rock 1'1s.1ng. :Lho‘\(',. ‘ ;(, bc‘t e
were annihilated, the present Jevel surface would remain a leve! surface, l\\"lncl.l 18 (eltlln; \ ;;t)o‘.f-qct;
When Mujor Herschel adinits, as he seens to do, that a certain conclusion is proy ub .)) he (th‘;
but at the same time maintains it cannot he ‘lawfully” acted upon, he seoms tO' ¢ l}:‘“fﬂ;qt
language of 2 game with conventional mh:\sr. {)\\.'_onld propose to act upon any propositio
eems »trne” My, Sehott agreed with Mr. Peirce. , o
s(.(.l’g(t;)\f;)‘];:} l;\(lAJ()]:, (NO\\',],IE[;N')LvA-N'l‘-( 'OLONEL) HERSCIIEL.——I;shoulfl hlu'-. t]le..lTSll.a l.)pt\\}e(;xlnl
Mr. Peiree and myself, on the general question of the reduction on account of c_ont-lneulm 0'1l mt:)llu; 1 n
attraction, to he somewhat diﬁ‘emntl’_y Ntated than i.t appears here.. In t,'he hrs‘t p]:lci, ;\0 x:he 1 :le\c(.,
said about an “@ posteriori dogma” hiad referenee, if 1 re'm(f.m'ber rightly, no.t SO‘Ijlll(, 1 t ; 1130 "
tion of the continental reduction in toto as to its modification by an arbitrary cons ,(1“11 ; :‘ ¢ .q.
which Mr. Peiree ix now silent. However, my words are gen-cml enough, 1o ‘d(‘)uh‘tl, .tﬁ (]/0‘\ (;;‘lmlll;'
rejection in-any form, but all T maintain is tlmt_ t\h‘e assumption on Whl(.i.ll 1t,‘1(fsfs st‘ml ]t)':.] 1%(“““:.
p{-cscntml and never disregarded.  Mr. Peirce contends that the 1-0(1.|wt,mvn fm‘ (,,?11 mlctl ‘ "htié,,;
tion has no claini to any such apologetic treatment, urging that, as lt;-lms no ':’\tqon:lu Ol‘lli(‘ ‘1"” ’
it should go; the (11§g1_§l:1(3(xn|<§11t of matter, which appears as land eh?vavtmn, hc'm;?f m & ll:d(: c):l (:i,l ?t
@ merely vertical displacement, while for the continental {lff-l‘{lc‘tIOIl to hay e‘ any “]‘u; ' )lt,w
would be necessary to show the existence of at least a very considerable Ia{c} ('(,l (:lbl)nf“l)(.zllxilcldqi.];)
the canse, or part cause, of elevation. Now it is Just hére that I \.\'Ollld step in 11;( l;l‘t.,);: %ll‘:m.ﬁ.“d
of the Iatter, of which there is ample proof iri the enormous ‘th_lckm.*ss and ex Xtc]n‘, ((r .,|‘q(,(,‘n'i"]l,ﬁ
:l(al)<)sits, all of which must be due to erosion and removal horizontally. Something als ah

~he said for glacial t. ansfer, and for lava streams.—dJ, H. — ,
JurLy 4, 1383. ;

. . . - e . . - vt} | ' . 0
LV. The residuals of the different stations are materially diminishéd by subtracting the Olltl‘l(
racti ' e,y liberally estimated. :
downward attraction of the acean, liberally est Lo - , .
Mr. Peivee admitted that this would involve a falsification of the cartl’s figure, s0 a8 to give a
sort of mean figure. ’ . Loow -
Major HERSCHEL, “The addition of the sea attraction has a legitimate raison @'étre, as it is
aftir at the se ter is added matter.” _
reasonable to affirm that the sea matter is ac _ . L .
Mr. PRIRCE. Tt scems to me if the attraction of the sea is to be allowed for b(‘(,dll)lS(“. ;: is ﬂ;l(fhn(
or horizontally displaced matter, then the attraction of the continents should not be allowed for,
’ - ’ ) . - . . . A - o ,’ .
because it is not added, that is, is only vertically displaced matter. | probably iprove the value
V. The oceupation of additional avctic stations. ' done well, would proba y ‘1 e value
of the compression,  New equatorial stations are also desirable, but new stations i ¢
; :an hardly affi ralue of the compression. -
tudes can hardly affect the value of the ¢ : o . ' ’
' Major HERSCHEL. “T'he actual distribution is shown in a diagram given in my A])pﬁndl.\ tlo
X uivdL 2P VI . X : - > 3 e ne ‘ . g
Vol, V of tHe India Survey. This dizgram shows how very restricted is the ‘nc;w”%tna ¥ ocer
pied by difforential stations. The southern hemisphere is very poorly represented.
o -

v

. * Thig go-called rnle is identical with Bouguer’s formula for the same.
8. Bx. TT——65 .




, “invariable” pendulum by making it variable
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VI. In middle latitudes, the main thing
gra.phical’and geological conditions,

M:}jor Herschel concurred.

VIL Gravity determinations should be made
levels be corrected accordingly.

Mr. Schott coneurred,

VIIL. Economical quest; ar as possi icati
omati ]ll%SflOllS should, as far ag possible, be solved by the application of math-

at present is to study the rélation of gravity to geo-

at intervals on lines of geodetic levels, and the

IX. The invariable reversible pendulum reunite
Sessing theé one and the othep of these character:
implied in No. 1I above, -

Major HERSCHEL, I am obstinately opposed to any

1and_ reversible prineiples in one Instrument, They are incompatible: and the combination is iy
pogsuble witheut so modifying the invariable principle that if, js pmc’ti flly abandoned ;LifO e;helxl'.
It is very unde:si ‘:Ll)!e that any new clement, of doubt should Dhe importe(i into the n‘]r‘emylfmue];
al{usgd term “invariable,” It was first used by Godin, as well ag by Bounguer, and by la Conda-
mne.  They all meant o rigid pendulum. witl, fixed knife-edge. Katep l)orx'(.)wcd, the word from the
French, but as-he at the same-time introduced 4 ‘“convertible” pendulum with two fived knifm
fadges, which made a great lmiseJaln’mul, the two got mixeq up, and the (-}or;nun text-l)O(;l'é ?'
g from Muncke*) fiagrantly confused the two. Stiil, the German use is sfrict in dcuotin\ '1(.cr(|)p)d
pendulum with fixed knife-edges. Bug Mr. Peirce now intends to upset this last stro;:gl‘m]ﬁ ;)f g:e
at the will of the observer, The invari; endu-
f‘ulm 'I’)I“(‘)‘pel‘ (,:(m un(hfrgo 1o change ‘wi thout violating its name. Closely (:()nn:cgctld‘ rl\:llr:lln)lshl(;etnf:}'iil
iny (mabk?, ' as designating a particular form of constraction, iy the term “invariability” as q
n(ftlxlg & prineiple involved iy jtg design. I cannot possibly ﬂi:mur to the coustf'uot-i(on 01"“111 ‘f '0.
of !)e}ulu]um which may he thought desirable; but 1 do urgently protest againgt lt-he de;i f}'t?iloll,:
of it lll.ﬂv way to create needless confugion. The principle of the invari:bbleb rendulum quL "'gfo&:e;; it
to c(.mtnme unchanged as long as human carelessness will Dermit, or longer if possiblle mB lt‘ by
xfmkmg its knife-edges |'nrerchzmgeable, with a view to giving it :,m greater range ‘o‘I‘ nti.ltit 'I tl i
first c.hm'acteristiq is voluntarily destroyed; and in lmcomin”g l'evef‘sible in‘ tfc Jull sc)z«'cjr;/' ;/],2
word it ceases to he invariable, Why,'then, adopt a sclticmltr:ulictory compound Mmi: whicl
8Crves no purpose hut te ruin the word as well 2 : o N
At tb)e same time I must say that Mr. Peirce Seems to read the word Qifterent) y.
. Mr, PEIRCE. By an_invariable reversible pendnlum, T mean one jn which the knives remain
in plw.ce from 01_1(.*, station to another, Major Herscliel's objections seem ‘to he (lirm'}tod a '1inz;t';ix J
use ot. the word invariable as applied to sueh -an instrumbnt- but it is not so 111/1;01)1 t(l g 4 '1’ L
the thing that I advocate, The Geodetieal Associ , ded the moven

ation has unanimously recommend "
. ; . | { ' need the rever-
slblependu]mn, and I should certainly thinlk that their opinion ought to be respected, even if Idid

N s ) . S
‘u(:lt:h;ue it. (:u the other hand, thereis mueh to be said in favor of differential ingtruments 1
: -aware t, [ jecti ' srent
o imox 'u\l’)‘;r( t niflt Major H(’,xschel has brought forward any objection to reuniting the differential
v; Ve i ‘ " , . o ‘- .z . y . i ' ‘
ol :1]‘;] ¢ 'mf the reversible brineiples in one instrument except this, that if the knives can be
thi l{,fs 16y might he.(,h:mged by carelessness, But it appears to me that the whole weight of
118 argument, such as it ig, jg against the invarighle for e ] abricati '
it ) Variable pendulum. Yor there 18 1o fabrication of
mfel:y é‘(ig; ?1 tmt (,;u]mot; be changed by carelessness, Can a Kater invariable pendulum be
: “POSe 1o careless treatment? Tpe differen i1 i i I
mt?  The nee between the ordinary invariahl
m bosed Pless . . : ar; anable pendulum
m ﬁotl)le] m\] m(Pb.Ie rey elslble pendulam in thig respeet is that if the former suffers injury the work
o r 13 3 s . - . . . ’
» pe essly yllt;zate(l, wlulle if the latter is njured, it is only necessary to fall back on the
e prl-nmple. The fo]lowmg are the advantages whiel I think
reversible pendulum LT :
1st. It satisfies the requirements of those v
tutga the greater weight of living authority.

S the advantages of the two i nstruments pos-
S, and is to be recommended under the limitation

attempted combination of the invariable

: CVOrsi-
I' see in the use of the invariable

ho advocate the reversi ; ' i
ate the reversille pendulum, who const;i-

© % Gehlery Physikal, Warterbueh,

. Art. Pendel.  VIL, pp. 304-d05
torical and otherwise, of . » PP 304-407.

' Leipzig, 1833, ar renti i
its day. aad Perhaps o i pzig, 18 By far the ablest treatige, his-
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X ‘ ‘24, It oughtvt,b. satisty those persons who advocate the invariable pendulum,

3d. It determines gravity in two nearly independent ways, without more experiments than are
necessary for a single determination. When these results agree they may be assumed to be corvect.
4th. If the instrument be considered as a differential one, the difference in the reduced time

" .. of oscillation with heavy end down and with heavy end up must remain unchanged so long as the
instrament is invariable und can hardly escape change otherwise. - And from this change the neces-

§ary. correction can be caleulated and applied.  If on the other hund the instrument he considered
a8 an absolute one, the same difference is the best test’of the acenraey of the work.

Mr. Scmourr. For the strict intercomparability of results at two or more stations, 1 think it to
be almost essential to satisfactory work that an absolutely invariable pendulum he employed.  This
condition would, however, not exclude the use of a pendulum having interchangeable knife-cdges,
provided that between any two stations no such interchange took place, while the interchange might
be effected after thoe particular com parative measures were sceared.

NoTE BY MAJOR (Now LIEUTENANT-UOLONEL) HerscurL.—The view of this subject here
bresented by Mr. Schott, in this Iast paragraph, is so sensibly correct that only a strong conviction
that it does not meet the whole ciise, and is directly opposed to the principle of inviolability which
I'wish to see recognized, would tempt me to add to this discussion. We are agreed, and universal
‘practice shows it to have been widely recognized, that invariability must be maintained during at
least the whole course of a series of difterential determinations. {In the Bast Indian series, for in-
stancoe, it was maintained during eight or nine years, and at more than thirty installations.] No
one pretends to sot any limit, either to the time or to the number of stations, which is to restrict a
series of differential measures.  But it is said, ¢ when the series is completed there is no longer any
-need to guard or preserve the pendulum from change; its work is done.” But it is just at this point,
[ éontend, that we ought, on the contrary, to be growing more and more solicitous for the protec-
tion of the pendulum. The more stations it has visited, the more intimate is our knowledge of its
time of vibration, or \'ibrut-iou-numl)er,'01' whatever be the function we may adopt by which the
results of observation are to he expressed.  Kven if) at the time, only-one of the stations visited
was a “ known” station, we ought yet to contemplate and anticipate the time when, by the super-
position of later series, the fundamental vibration-number (i.¢., its equatorial vibration No.) shall
rest on more than one, perhaps on many known stations. JHven if such considerations as these fail
to convince, some weight will surely be conceded to the argument that, as one continuous series is
better than two or more, covering the same statious, and as by merely guarding the pendulum

- stringently during the temporary pause between two sets of operations, otherwise called series,

these will in fact coustitute one only, it is right to take the proper precautions to bring this about.
I confess I am surprised, not that this principle has not been acted upon, in times past, but that it
should at this day need more than the most cursory enunciation, and that we are even now debat-
ing whether we shall not continue to throw away one-half of the net results of each set of observa-
tions with invariable pendulums. We do no less, when we break off a series and, by interchange
of knife-edges, interrupt the continunity of a series.
J. H.
JULY 4, 1883,

X. Four classes of errors affect the observed Pt od of oscillation, as follows :

1st. Those which are nearly constant throughout the work at any oue station. Such arise, for
example, from the tlexure of the support, from an error in the adopted coeflicient of expansion at a
tropical or arctic station, and from other causes. '

2d. Those which remain nearly constant for a considerable time, say an hour or a day, but which
vary from day to day. Such arise, for example, from the knifo resting differently on the supports
on ditferent days, from erroneous determinations of temperature, or from similar causes.

3d. Those which are continually varying throughout the observations.

4th. Those which arise from errors in the comparison of the pendulum with the time-piece.

The first class of errors demand the most solicitous scrutiny. The other three classes may be
distinguished by the study of the residuals of the observations, The third class is the most impor-
tant of the last three. v '

X1. Further insight into the nature of the errors is obtained by comparing the residuals with

-
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large and with snnll arcs, and by comparing the residuals of the revers1b1c pendulmu in its two
positions.

Small arcs and heavy pendulums are to be recommended.

Major IIERSCOEL. In recommending ¢ small arcs,” Mr. Peirce leaves us to guess what magni
tude he contemplates. In setting out upon my recent experience, I intended to swing in arcs as
small as I could anyway see them, certainly below 30”7, But I found that both Sir G. Airy and Pro-
fessor Stokes were strongly opposed to such a course, and I abandoned the intention in favor of

arcs falling from say 70/ to 7. The objections urged were all theoretical. T should still advocate

the practical testing of the doubt in any series of observations of an experimental character.

Mr. PEIRCE. I find the errors of observation are not increased Ly continuing the oscillation
down to ares of 1/, ]

XII. The method of coincidences as perfected by Major Herschel is to be recommended, espe-
cially in connection with a clock whose pendulum swings from knives.

" XIII. The experiments should be continued for 24 hours, beginning and ending with star ob

- servations, when this is convenient. But this should not be abbolutely required.

XIV. The swinging in vacuo is to be recommended.

Major Herschel dissented. - :

XV. The flexure of the support may be advantageously avoided by swinging two pendnlums
simultaneously on the same support with opposite phases. When this is not done the flexures
should be measured, and in doing this the measures must be made at the middle of the knife-sap-
port or else the position of the instantaneous axis of motion must be determined.

XVI. The separation of the atmospheric effect into two p‘xrts is requmte for an exact tempera-
ture correction.

XVIIL The influence of atmospheric moisture ought to be studled

XVIIL The use of rollers in place of knives is to be condemned.

XIX. The probable accidental error of a determination of gravity must not exceed 5 mill- -

ionths (359%05), and the total which may reasonably be feared must not exceed 10 millionths
(1o0'500)-

Professor Newcomb and others agreed to thls, but Major Herschel and Mr. Schott ol)Jected to
any numerical criterion of this sort.

XX. A good gravimeter is an important desideratum.

CONCLUSIONS PROPOSED BY.PROFESSOR NEWCOMB, AMENDED AND ADOPTED BY THE CONFERENCE.

1. The main object of pendulum research is the determination of the figure of the earth. From

a sufficient number of observations suitably dlstrlbuted over the surface of the earth the actual
'ﬁn’ure may be determined. '

. A complete geodetic survey should include determinations of the intensity of gravity. These

determiuutions should be made at as many critical points of local deflection and physical structure

within the area of the survey as possible; and these should Le combined with others distributed

.

over the whole globe. : .

3. A minute gravimetric survey of some hmlted region is at present of such interest as to

justify its execution.
4. Extended linear gravimetric exploration is desirable, to be ultimately followed by similar
Work distributed over large areas.
5. Each series of such determinations should be made with the same apparatus, so that the
differential results should not be affected by coustant errors peculiar to the apparatus.

6. While it is inadvisable at present to strictly fix a numerical limit of the permissible probable -

error of pendulum work, yet such determinations ought commonly to be accurate to the 353555 part.

7. Since difterent pendulams may be used in different regions, all should be compared at some
central station. _

8. Determinations of absolute gravity will probably prove useful in comparing the.yard and
the metre, and they should at any rate be made in order to test the constancy of gravity against
the constancy of length of a metallic bar.

9. In the present state of our experience, unchanged pendulums are decidedly to be preferred
for ordinary exploratlons A

°
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