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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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nd with small ares, and b comparing the reshluals of. the Teversible’ peiil a1
Sm&ll am;s'&nd‘hea}*y pendulumsare to be recommended, - .

IVIERISOHEI}"‘ ln"reoommending.,‘_‘ siall arcs,” Mr. Peirce leaves us t(_i;gl':_
mplates, In setting. out apon my recent;. éxperience, T -iintendedit_o"hﬁi
could anyway. ses them, certainly below-30. . But I'fonnd that both Sir ¢; Aty st

Jokes were strongly .'opposeti;to:ssuch-a-eﬁurse, and I'abandoned - the intentig
fallihg:ﬁom]say?ﬂﬁto .. 'The objections urged were all theore
‘the rastical testing of the dotbt in un 8
M. Emon I-find the errors 'c
down’ yareg of ¥y v s
L The:m

Silcew T e L -

advantageously avoided by swinging two pendulums
es.  'When this is not done the flexures
middle of thie knife-sup.

must be determined. - - . _
effect into two parts is requisite for an oxact tempera.

\

Che mbablé'accidéntal" erﬁot" berminati gravity must not exceed
JEXIT ) ‘and: the total which may reasonably be feared must not exceed 10 utillionths
rofessor Newconb and others agreed to this, but Major Hersche] and Mr. Schott ohjected to
any wuwierical eriterion of this sort, = . B o IR B
. XX, A:good ‘gravimeter is an important; desideratum.

CONCLUSIONS FROPOSED BY PROFESSOR NEWCOMB, AMENDED Anp ADOPTED By

 main object of‘pendulum research is the determination of the figure of the earth, From

it niamber of observations ! ] the, siirface of the eartl, the.actual
e defermined. : . - T e Tl :

plete geodetic survey should include determinations of the intensity of gravity, These

18 should ‘be made at a8 many critical points of lo¢al deflection and physical structure

vey ag possible; ‘and these. should be combined wit}, others distributed

"

O mill- -

THE CONFERENGE,

\
\

\THIS PAGE LEFT BLANK INTENTIONALLY

\
\




