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. . ArpreExDIX No. 15.

* OX THE DEDUCTION OF THE ELLIPTICIT\; OF THE EARTH FROM PENDULUM EXPERIMENTS.

-

By C. 8. PEIRCE, Assistant,

Any correction to penduium e\pulmcnh whose magnitude changes progressively with the
latitude needs to be very accurately determined, lest an error be thereby introduced into the
resulting value of the ellipticity of the earth. The atmospheric pressure and the mnpemtnu{l)oth
give rise:to corrections of this class, and the coeflicients of these corrections have been, in general,

very inadequately determined. The experiments which huave recently heen published in the ﬂfth
volume of the India Smrvey, howevergfufliciently determine these coefticients for the Kater invar-
iable pendulums. . For all other forgk of pendulums which have been used, excepting the large-
sized Repsold reversible pendulut® their values are quite uncertain. But by ar the greater part
of the valuable data at band in reference to the relative force of gravity in different latitudes
consist of she times of oscillation of Kater invariable pendilums. Y ‘that even were we able
_properly to correct the others for temperature and pressure they would have very little influence
upon the resulting ellipticity, for' their absolute number is small, and-they are not usefully dis-
* tributed in latitude. Subject to uucertainties ot reduetion as they are, the only appreciable effect
of admitting lhem into our caleulations would be to inerease the appment probable error without
altering the result. Under these circnmstances, it has seemed best to me in making a new ¢ caldu-
lation of the ellipticity, as derived from this class of experiments, to restrict myself exclusively to
those made with the Kater invariable pendnlums.* The coefficient of the etfect of atmospheric
‘pressure upon pendulums of this class was determined in 1824, by Sabine, and the later researclies

under the auspices of the Indian Survey have not seriously invalidated his determinations. Baily,

in his report on Foster’s pendulum experiments, uniertook to correct all the former results for this
effect, but his work is erronceus in several particulars. Thus, he applies the correction to Liitke's

numbers, to which it had already been rightly applied; he omits to reduce Sabine’s values to

the level of the sea, and commits various other errors which cannot be so easily explained in a few
words. For the coefficient of temperature effect a value has usually been assumed which was first
‘obtained by Kater, and whic¢h is entively incompatible with the known coefficient of the expansion
of brass and with the expexi&kentb upon the periods of oscillation at different temperatures, The
value adopted in the reductions of the India Suivey for pendulym No. 4, which .was one of Sabine’s
pendulums, coincides precisely with that fonnd by Liitke; diffedv ery httle from that objained 5%
 the Indian Survey for their other pendulum, satisfies well the eyperiments by Sabine at different
temperatures, agrees with our general knowledge of the coefficient of expansion of brass, and has
consequently been made use of by me in the reduction of ail the experiments made with the Kater
*invariable pendulums. I have, thervefore, made the necessary corrections to all the results with
these pendulums, with the exception of those of the Indian series and of Lutl‘e, which T have
. supposed to have been rightly reduced.
The corrections for elevation of the station above the level of the sea has hitherto been madeby
Dr. Young’s rule, which is based on the assumption that all the earth and rock rising above the
level of the sea is to be considered as attracting the pendulum as if it was so much additional
matter beneath the pendulum in excess of what is found at the level of the sea. That this assump-
tion, so foreigu to the facts of the case, does not accord with the determinations of gravity mado
at the sea shore, and at great elevations in the nelghborhoud has often been pomted out; mT’aI"
ticular by M. Faye in the “Comptes Rendus,” June 21, 1880.
Let us ﬁrst conblder the questmu t prmn

'l‘he pmsent compumhou was bcgnn bufoxe Major Hele( hvl 8w ork was receiv ud le pnnuples Of my procedure

being different from hig, I have thonght it worth while to complete my . w ork and see how far MaJor Herschel’s and
my results would agree. :
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The only geological cause of Vilbt horizontal (llbpld(.uu(,lltb()f solid matter, such as dloue could
sensibly affect the pendulum, is denudation. This has always been at wor ktoremove m'ttter from
the continents and deposit it on the bed of the ocean; and it seems probable that the general result
of it must have been to diminish the amonnt of matter in those conds having their vertices at the
center of the earth and their bases on our present land, and to increase the amount of matter in
those cones having their bases on our present sea bed. But it would seem that the effect of such
transfer is one of those of which we cannot at present take account. We must, then, regard con-
tinental elevations, as produced by the elevation of a certain thickness of matter equivalent to a

crust,
/7 “ ,
If we use the following notation: - . o
g=gravity, .

o=density of the continent, o i o
d=mean density of the onth .
c=radbus of the carth, ' ’ :
u=length of the chord from the center to the circumierence of a small urcle
Ji=elevation above the level of the sea, ,
- then the vertical attraction of a cap of nmtter having the thice Lneqj‘l all over this small circle
upon the point at its center is, according to Pratt, A

' 3,01
. N (l{+]l—\/ll2+]l +Zf)

It has always been .lwuuwd that the second term of the polynomial-n the parenthesis would
alone be sensible except in extreme cases. If, now, we conceive that the elevation, instead of
being produced by the addition of new matter, has been produced by the upheaval of the crust of -
thickness {, then the quantity in the parenthesis becomes

u+\/ Q";-}-(z‘-_{- hy — / ,,‘z‘:*; e u’+h"

Here we perceive that that tu m which las "ulelallv been considered as alone sensible here

. disappears altogether; but a new term enters in of the first degree in L, the value of which is

, It will be seen that this ter w, which is the principal part of the who]e expression, is nearly
inversely proportional to the 1‘ad1us of the cap, so that a large cap will have less downward attrac-
tion than a small one. The reason of this is as follows: - :

Through any point, p, let a line be drawn in a vertical duectwn' through p let a sphere be
describéd having its center upon this line. Taking p as the origin of polar co- -ordinates, let a new
surface be described having the radius vector .u any direction equal to that of the sphere. Then

this surface will be the surface upon which a particle of matter anyihere placed will exert a con- .~ .- L.

stant vertical- attraction upon the point p. Ag the center of the sphere varies its position along
the vertical line threugh p, a succession of thesgmdosed surfaces of equal vertical attraction will
be formed all in contact with one andther at the point p. It W ill be seen tlien that the nearly
spherical surface of the earth cuts all these surfaces in-such u manner that the upllftmg of tlie
particles am, where on its surfuce other than the immediate neighborhood of p will diminish the

~ vertical attraction upon.p. - The exaet caleulation of the effect of the elevation of & erust being
extremely trou'blesome, and the quantity being small, I have thought it sufficient to assume that
the downward attraction would be one.tenth of the correction for elevation. This quantity which
was adopted as satisfying moderately well the experiments on neighboring high and low levels is

-equlvalent to assuming that the thickness of the crust is about one-eighth of the diameter of the
space arched over; and the assumption has tiré same effect as if it were supposed that the conti-

~ nental elevations were produced by addmonsﬁ matter having three- fourths the denmt;v of water.
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We have so far only considered the solid material of the crust. In addition to this there is the ] Fathoma.
water, which simply runs down to the lowest levels; so that its whole attraction is to be consid- 8- o Staten Island ... .. Tt e bvo
- ered and allowed for. Let us consider a small island lying in the midst of the sea. Tn the first £ : South Shf’““"“ -. . .- et eeeneciion 500
place, if there were no water about it, the gravity would be in excess apon such an island in con- Yg ' Gapo Morn.... ... ... ERRRRRREEEE - 900
sequence of the depfession of the sea-bed around.it. This excess may, as we have seen, be ! ernando de Noronha

roughly taken as equal to what would be produced by the downward attraction of an excess of -
matter sufficient to build up the island and having three-fourths the density of water. Tn the case
~of a small island the effect will be greater than this. In the case of a large island, especially one
lying near a continent, the effect will be increased by the surrounding deposits of mattel resulting ..
“from denudation. On the whole, then, we may roughly take the excess of gravity on the istand~

...... LAt eeescieeiollll L 3,000 .
T Minicoy Island 500

Rough as these corrections are, the application of them will show what'we have to expect from

i lnore exact treatment accor (lmcr to the principles just laid down. T have caleulated the ellipticity
with these oon(\cnonq, and find it to be (taking 5= 0052375)

R

"
- to what it would be'if the island was built up of extra nftter having the density of water. Then ’3 1
“when we take into account the attraction of the ocean itself, we may say that the excess of gravity b D9154£ 0.9 )
- upon an island ‘will be about equal to what would be produced by au ocean hayi mg the general - *

F3saw T

’depth of the ocean bed quite outside the island and extending completely over the space ocenpied
4 by the island. What is meant will be understood the moment that we look at a rough profile o1
'_the equatomal Atlantic through the islands Fernando de N oronha and Saint Paul’s Island.

ST

This probable errov is rather smaller than that obtained by the treatment of the the‘st and best:
geodetical operations and i 18 ‘much smaller than that obtained hitherto from pendulnm observations,

Upon comparing my residuals with those of Clarke (Geodesy, . 349), it will be observed that, as
a general rule, the residuals that now rem

ain large had prev iously been much larger, and are
- Fernands StPanls . ' J -~ "Lneml]\ marine stations, from whence I infer thatu more careful estimate of the attraction of the
Fathoms o ____dels ron]uz/ Rock: ' ___Sea level 3 ocean would produce a st]ll farther improvement of the result. That which is most needed to
! i improve the state of our knowledge of gravity are additional experiments in the Arctic Cirele. It
“'{‘ el ils 2 t)
§u is desirable that these experiments should be made with the Indian apparatuog, and it is also to be
& desired that the same apparatus should be used at Trinidad, Ascension, and M anham, the three
; F stations which are common to the great expeditions of Sabme and Foster.,
S : PENDULUM EXPII.‘DIT[()NS.
w00 ) AHBRIEVL\T[ONS AND FORMUL.E, *
= ‘ } E Elevation.
s Naut, Miles ' ‘
9Son

. s . s . '
0 00 20 300 400 Lsao GO0 0o moo

= Author’s corrections for 5 Atmospheric effect. )
' Expansion of bar from 620 F.

Vcrtic'ﬂ senle in fathgms. . Horizontal scale tn nautical wiles,

- Coast stations are generally to be cousidered as really continental, since the true boundary et

thc continent at a depth of some 100’ fathoms'is considerably outside thc coast. Stations near this v { (.?E P ' ‘ L4 E=F
o boumlary may be considered to be like deep-water lbl‘l!ldb surrounded by water of half the depth of | - v O\A =Corrections to the above AtoA=A!
"'gtllat which i 18 upon one side of the station. Taking the céntonr chart of the ocean bed given in Mr, oT T+oT=T" ’
. Wild’s book called Thalassay 1 find that the following pendnlum stations have to be corrected for ¢ \(E .
the depth of the ocean about; them. » . a p =corrected by ¢ A
o btahons at whick corrections are to be a])plw(l for at(mctwn of water. . . 4 ' 2 T
Fathoms. ‘ - _ C v
Harelsland,...... .......... e e, Cees e eee.. 1,000 . ¢ . '
v MelvilleIsland.. .ooooooo oo o e S 1,000 o @ » =uncorrected.
(xahpagns.».. U U el e 2,000 _ - Zg ’
’bt.Tilomas.._... ......... e imeie e g 3,000 ' :
.~ Ascension ....,........... .. et et a2 2,000 ] N N S,E+6E
C SterraLeowe ... SR 11 , =corregfed for { A+JA
g Bahia ............ RUS e e 1,000 R s 2 T+6T
Jamajea ............ O e 700 g _ '
oo Spitgbergen.......l... oo e 500 ¢y
.~ PointBowen........... .. ... e e e 500 , @ F=uncorregted.
 Valparaiso .................. .. e R O - (| R vy .
g I(;?lﬁ:agu(}oqmlle : ) ) e h '. N N ) ’ ’ u g ggg Temperature factor=.458 oscillation per degree for 86,400-0scillations per day.
A A- IS’;)rtEI I;;ng;g D L ' 2 ,000 At-mogpherxc Tactor=.345 140033 (F=320) or preferably _!86(;51 x times old correc.

Montevideo . .....

N o S
" R i .

where sp, gr.=8.61 ﬂ_ht of bar. ¢=F. ther.
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Katet’n 1818-'19,—Pendutum not numbered- coetlicient for expansion of bar A28 9

. REPORT OF THE’.SUPERINTENDEI\TT OF THE

sullluth)n per degree Kahreuhelt: specitic gruvity of

pendalum taken at 8.61; no atmospheric offect excopt’ bum anocy nllm\ od for. Phil. Trans, 1819.]

)

Oscil p(\r day. Memx} A ST A

Oscil. por day.
' £ 7] ‘
Stations. ‘ | Latitude: ) temp. | a rad oL
: - ‘ - B " ¥ t - : N . - . R ——— . —
9 ,"‘““f"“‘“" 7“. o ' o 0.5 ioal’ toae® + 9.%5 26, 065, 5
SL,3L0B° - 80,035.36  70.5 1601 032 40w

b Gl-c Phil
. »

'rans., 1823, p. 325,

R ' s ‘ExerpitioNn No. I1.

e e cen et e

604528 0 % 9077 578 6.07 —.16 10,02 100, 63

574000 -, ' WA 005 6.05 =06 10.00 ”82"1

555841 ~ 7316 AT.00 6.05;~.18; 10.00 us;.gs

621 504 071, 55

63 27.45% . 62.01 k".m 0 (L5 54 - .26 . 9. 80 e

529256 50.88 V520 T 604 ~.34 097 6.5

: 331 8., % 5612 SLE. 18, -3 1020 005,00

'London (. Brouc') 5037 2; Lo SLUB - 60.9 0 4609 — 047 410,05 061, 29
Shanklin Farm vt e R : , | : !

qa o destree I . [ity pen-
: l) A P in n No. 2, ’lumj LOL"INLU[ 0.439 oscillntions per degree Fahr.; spucitic gravits

: age enduhne No. 21 Sheltu clock I\o 1

meﬁ ﬁfﬂ'f o dnlum, 8.4. Correction ;m buoynncy only. Phil Trans., 1821.}

W !

) ' ‘ . l " Owail. per day.
o Os¢il. per day. Mean . . il por d
tion. - : an o (NP Y W o at
Station. - Latitude. | ¢ 4;0 femp. E A &
o B ~—; o En(h"pendulmn in ns own cloc,l\
' 51 91 08 86,4478 1T .35 46.90 4101 oy m ~6.55  86,440,60 -
...................... ! 86, ;
........ ' 74 47 12 . 519.17 6.5 414 46,38 +0 67 +4 19 -—6.76 515, Z::
N ieeie’ 513108 MG BLA 35 LR 42U - 40,7
’ ‘ Each puululmn in tllo otber 3 dm,)\ . .
: e, : 51 31 08 o —S-l:;i;ﬁg 4R 4 4— 35 -H} 41 +J 40 : +4 20 ¢ =~0.28" 456, 30
el e et renee e N TRTELE ML 5.7

c o
'

- e e e e e e gy e e i

[Hnll's 18‘20-’23 —-Numlmr of pendulum not given. Coeflicient for expunsion of bar,

ExrEDITION®NO. 111.

: 0 il, per day Rk . | Oscil. per day.
. . Os2il, per day. S I - il per
Stati Latitade. | € a ¢ | fLopo a1 s e
tntmn._ : o erp. : . .
‘ i
| y N : ' 0 »
 Gondel wamest| o .10 46240 42020 44,00 | —3.39 . 86,520,00
' [ “)3').54 Wil FIB . 6.45° —2.90 44,08 | 700 561,05
: | . £ 70219! 502, T R8G5 20 e o |
’ﬁ:ﬁ?‘x}i%’&v};ﬁ, Los1s108 ] 107.38 | 4.5 +.357 +0.46 | ~2.30 | +4.23 | ~8.01 ¢ 27 405.04
0 ' .....““A.‘--."v“-'i : R, FRp [N N - “ . ..

S&Il s w.. covage. n ! tﬂ in 8 N and 2. Survey eseh in its own élock and ench i1 other's clock,
1 abine's se nd voyage. ' Pendulums Nos, 1"and 2 in Shelton clocks I\ox?. 1 .x}x(l l. ur\.L.'\] el : &
T R . Same reduotions a8 above. Same memnir. N

+.14 9636 40.30 ' +4 11-' —~7.47 53}.36

EXPEDITION No. 1V.

423 vgcillation per degree Fahr, . S[W“ﬂ" gm“‘\ of

pendulum not gwtm. Reduced by author to 68° Fahr. Phil. Trana., 18"3 ]

. : . : - Osefl, perduy Mean Osoul porda_y 3 080“ pfrlfia\v
_ Stations. - I.ntitude ' 88° Bar. :temp. 8T, . ' . 168° I 0"0

i ; a8 g . U spaingel . 862123
London (Mr.Bmwnes). rejected by mxthor .« G131 8 86, 220, 78" 9008, 665 —.05 : +Z.g7l L M‘ﬁ:‘-:ﬁ‘? B 168,25
nrlofAblngdonsIshnd s e 08219 005,541 20,08 8.0 .45 o e
: 12182 24 119.@2 20.80, 3.0 4.52; 845 I, E
2522 125,621 20.84| 7460 +.23 ; 000 WBAEL 21853

5131 ei 20.80 20.831 009 —.04;48.77] ,240-531“ : e

!' ! ’,! ' oot Lo ]

I

l'mlllulum not

S

Station.

London
Maidras
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Ex?mwum No. V,

munberwl. Sp. e, taken at '80' Baily says it was 7.97.
o8¢ 1]1.\tum per degree Fabr. Phil, Trans., 1822,

Coeflicient for expausion of bar == 4

<

. e .o o ’
Qscil per day, : \ i QOscil. per dn\ " Oscil. perday.
Latitude. é a t Tenp. "Bml oo s é }z’ é rr:' .
. 700 Bre( i ) ) D 20
. ' ‘ . J
[ [} in. | '
8131 38 &6, 293, 14 67.6 9 LT E—Y AT : 80,302, 83 84, 306, 49
L F I 165, 08 84,0 JU 190 $oid 86, 176. 27 86,170, 03
T T e W e
A EXreDITION No. VI :
L4

[Brishane's, 18212122, Pe mdalum not ny

Y

. '

mberel. ' Coefticient for ex Xpansion of ar . 424 ogeilly

tion per degren Ml Speeific gi'avity [N
pendulum taken at 8, UU Reduced by author to 66¢ Fahy. Pl Trans., .

1823.]

. . S e PR, [

L Oscil. per day., Mean : Oaeil. per day. * Oscil. per duy,
Station. Latitude, it ey Y A e gy éoda ¢t
60° teni . o 602 G20
. . i.
N o 1 " - [} ‘} . .

London ...... e e [T B3l oy &G, 081, 8¢ 6L8 642 ;.06 +X00 86, 004, 22 86, 093. 30
annmlt.x .................................... 43 48 43 15, 42 M8 4647 11 S AR 25,71 24.79

- 1

[Sibine’s (in the Pheasant), 1821-24, Pe
Specitic gravity of the pendulum. take
The corrections in the last column b

. l-ixvmn'rlox No. \"H‘
\

andulunes Nos, 3 and 4 . Coeflicient for expansion of bux =42 (. 16) oscillution per degme Fahr
n ut 8,61, From “Sabmos Exporiments to determine the figure of the Earth.” Tondon, 1825 p. 286
t one are gluu hv .xlmn- Phil Trvans., 1828, p :7] ’

’ (hn-il. perday.

Station, . Latitude, et . ‘}I""".' ‘% A T dA : Corr. I qu: [}ll('l('ldnv

. 6.0 emp. . T & i 620

. 4 . Y R

2 o ) : o ! . [ I i -
St. Thomas ............. .. T UMALL RGO BLS 4824 50 g7 9l 2 §6, 033, 90
Maranham L2314 VTR B9 4708 5T fg0 | ' 024. 28
Ascension ... T — 755 48 USLIL 6L 48.06 580 4.7y ! © 097,64
Sierra Leane......o........ o + %20 28 025 H 805 7.8 575 471 . . 032,62
-+1038 56 VILIL KB HET8 SIS 4w 577! g : - uslde
—12 59 2] USLBL.TBZ 4471 B8R 4430 385 4.000 - oyris
1756 7 W27 BLO. 4E2T BT8 L.T5i. 3701 —o08' 040,74
4042 43 CUR0TT 366 -1L51 643 —lof' 42 | -5 121.10
5131 8 159,79 ¢ i 2 163,29
63 95 54 ! 198,52 } : 20197
Hammerfest 7040 5 320, 95 ) i : i . ; 224,50
Greenland .............. ... T2, 20,44 ° 423188 62 7! 410 ... 232.70
Spitzbergon...... e 4958 M MLOT 8T e~ e pgan

(Foater's first, 1824-'25. Pendahun No, 3.

| i

*Spec m]ly ¢ ompnted from dnm ;_h €n b) Snlnue.

EXPEDITION No. VIIL

Coeflicient for oxpnmiﬁ'm of Day = 423 oscillation per degree ¥ahr,

8.681. Phil. Tmns 1820 v]
\ -~
— Cep R e e
) i 03"“ per d"‘- ‘ L ) I Oscil. perday. | Oscil. per day. .
Station. . Latitude. ' a ¢ Temp. A 6L . A | U Y N T
- Tae o T T 620
e e i L : R e L P I ,._i_..___-_,_‘,‘.w T —
ot : - . IR ‘ ! |
i 5h 28 40 | 86,152,87 i 56. 05.° 8. 06 .o +3 07 86,103.11 - 86,157, 61 -
LT 8622387 | 5070 | 814 02| 40 ! 86,234.05 86,228.55
61°28 40 - 86, 163. lrJ L 44, 50 +0.04.1 ~.10 1 43,96 ’ 86,162,984 , 86,167, 44
) i i i : i
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lLuvtkc, 18"8—'.11 —Hnll'upumlulums. Reductions correct.  St. l’ou-wbuxg Acad, Sci. Divers Savans, Vol. I11, 1897}

- __..,,'._ -

. , A ! Onvxl por day. Oueil. per day.
Station. " Latitude. ! ° édat
. N (,‘)0 : (“20
PR - e e S [ (U B, e, =
) ' ¢ [} i [
Potorsburg voiouv.enen... 59 56 30 | 86, 268,80 . 4.8 86, 269, 14
BTEERWICH . oavrraeitice e . 51 28 40 ; 86, 236.00 ... X8, 246. 09
VRIPATAIBO . oot rneer e e e e, —~33 230 8,153 .20 86,105.54
5702 59 86,257.33 © 414 &0, 257.47
53059, 86,245.50  +.07 86, 245.57

52116 ; FG.11%.64 0 .00 | 86, 112. 64
i ) L2188 TR 07 | §6,117.77
Port Lloyd .. ocon e s 27 489 B6,159.00 | —.14 | 86, 158, 86
St. Helenu ... —1553 3 86,125,190 -0 86,124, 98

) By Captain Reinecke. (Ed"cs reground). :
Kandalachka. ..................) 67 T 43 su,aoo.:uz ........ : K6, 300, 334
" Petershurg....... [P 50 56 30 H6, 270,17 i Ceee 86,279.17

: N ExeepiTion No. X, - -
: v .

: [Sablue’s, 1827, Pendulums Nos. T and 8. Coeflicient for (-ipﬂnsiuu of bar =.421 o‘au‘lltmu per degree Fahr, Specitie gravity of pendu-

lums, 8. 61, Rcduced to 58° at Puris and 60° at Loudnn Phil. Truns., 1828.]

Oscil. per day. QOgeil. per day. - Qseil. per day,
f/

Station. : " Latitude. éoat gl‘;"'" A s A e e T e
P 8060 P L. SET Gu° : 620
R P T
. : o+ u o ST ‘ |
L1 N i 4850 14 5,027.52 56,88 004. — 120 10.00 85,037.40 1 85,030.48
"London .....-..... ettt e v e , 5131 8 8;, 030,55 63786 GO 412 993 85,949, 60 | &5, 048..62
. . i { !

ExrepIiTion No. XI. -

[Sabine a, 1829. Pendulum No. 12. Coeflicient of expansion of bar ==.43 nsulhmon per degree Fahr, for London-Greenwich, and 0.44 for
Greenwioh- Al(onu. Atmospheric reduction correctly made. Phil. Trans., 1520 and 1830, ]

e e s i m b aie s e bee e '(. . ,' T,
-k Oseil. per day. i i Oscil. per day.
Station. Z : s Latitude. ia t t,\Ir‘:m l é (ll’ 0
L ] cmp. guo
Ga° . i ot
. . ) / [SR Y ) E 4
London (Mr. Browne's) . .c.oeeiieinenienii i eaenanansns 5131 8- 85, 478,57 G5 [ +.0F 85, 974, 58
:Greenwich ........... tnveee e e eeeee e aieiieeane e L 51 28 40 8547400 58921 —. 00 : ' 74.00
. y !
Knife reground. . /j/ : ‘ : i
Loendon.coeeeoniiiinai., f e e e tme st eaaer et anae e ae Sra1 8, E5,060.84 . TRO | .28 85, 969. 62
Greenwich ........... LT S e e el 51 25 40 §5,060.78 © 6L5 | —.01 69.77
o : ) ' To. 6ue i
"f}me‘nwlch.‘ ............... S12840 0 ¥5,970.77 . 63,53 +. 03 H 85, 969, 88
Altonn ..ovvniiiii 55 32 45 £,970.10  58.32 ] ~.00 978.12
e e — . _ L . PO

]‘AI’DDITIO‘I No. \’Il

!’

- [Fallow's, 1628-'29, Pvndulnm No. 4, as in T(podmon No. VII.  Coeflicient for expansion of bar =.421 oscillation per degree Falr. bpe('iﬂﬂ

.. gravity of pendulum. 8.60. Phil, Trans., 1530. |
- Qacil. per day. i . " | Oscil, por day,
Station. Latitudo, é ]a ¢ o i Mean oo A 8T 7| " sA 8 g' v
{ : , temp. ! + -
: . 62> : ‘ "
- - —r. e L T — — —— ! : X ~ " e | et e e
London (M, BroWne's) o....ovoeueeeeeesnsiomnnono. 5181 8- BG10462 7082 20.80 587 { +.33| 8.84] - 86,168.79
Cape'of Good Hope ........ Ceeieereeeean RS 335566 . . 85,007.72 7L44| 3003 5.01: +4.35]| 8.87| - .86,101.84
) . ; ! B P .

o S B S ST SR

L4008

AT
EEEETY

25

SR
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. "~ ExpeorrioN No. XI1IIL

[Foster's, 1828-'81. Pendulums. Nos. 10 nnd 11. Coetticient for ex[fanslon of bar 2 42" oscillution per degree Fahr, Atmosphoric effect
correctly taken into’account. Memoirs Royfl Astron, § uct\, Vol VII, 1834.]

. MEANS FOR PENDULUMS 10 AND 11.
- . Oscil. per day. I Oscil. perdn\.
Station Latitude. é¢at =~ T 4T é a
: g ‘ 620’
R b
| i .
London (M. Ilm\\ ne's; on hutm 8 support) ! 86, 066. 48 i — 3.24 P 28 86,000.20
Greenwich ...l . . - 86,065.59 | — 6.31; —.54 86, 065. 05
MODIETIEO e eiiiaeeir e e ‘ 9% | 86,00L70 | —2.60, —~.31| - 86,0030
Staten T8IABA. o ovenneernen e eanieneenenees e 54 40 93 80,082.04 | — 587! —.50 86, 08L. 59
—62 50 11 | 86,111.53 | ~10,76  ~—.92 86: 110, €5
5120, ' 80,084.92] — 805 .76 80, 084, 17
54 YT 85,908.21 | ~— 1.6 —.14 85, 908, 07
57T 85,9576 ! .+ 6.12° .52 84, 955, 20
55 23 r\ 85, 939. 03 g + 8490 .72 85,930, 74
7 58 00 | #5,930,68 | 4+ 531 +.45 85, 931,13
34950 . 35 938.70 | 4 7.08 .08 §5,030.38
a8 5,925.17 | + 8,66, +.74 85, 025, 38
27 00 | /30,927.31 D4 881 75 85,028.05
TrnIdAd oo eeee e e Lt L. +10 38 55 85,034.64 £ 0,08, +.77 ' 8503520
: L HO8230 8500050 1 ¢ 676 .58 85,040.17
+5131 R | 80,060.50 | '— 4.03 | —.34 | BG,060.10

Gauimg 51. 71 St. Helena to Para.)

1+ Pendulhm No. 1 rejected, and also those of 1832 with pendulam No. 11,

e ' [One-half mean-differope

* No. 10 redded fo mean. t Pendulum No, 10 oily used here.

@ 7 o

EDITTON No. X1V,

. Murphy's, 1835, Peudulum No. 10. Coeflicient for oxf»nnaion of bar =.423 oscillations por degron Fahr. Atmospheric effect co.rtectly taken
£ - N “.

L into.account. Memoirs Ast. Svo., XIL]

: e
: : :0s0il. porday.
Station. ‘ i Latitudo. Oscil.perday.| | srel e %’ i
: | e
ve | _ ;
]
| N

86,021.18 | — 7.80! —. @85 86, 020. 48
85,960.55 |, — 7.36 | ~—.61 | 85, 969, fi4
85,940.73 | +11.13| 4+.93; ua,sm.oo

ExrEDITION No. XV. e

. i . .

{Maclenr's, 1830, Pendulum No. 11, Coeflictent for c_'\].)ux;niun of bar=.423 oscillations per dogres Fuhr, Atmospheric effect correctly taken
. into accounnt. Memoire\AB't. Soc., X1L]

N - ———— - - - 2 m em mm.enie s e _._{._,_. fee e e i,__..- )
- . i Oscil. per dagy. . IOBOU ordny
! Station.. Latitude. é at ¥ ! T p
. . : _ } 620 , ? oo !
N e e e e - - A: e _.__'_..._...__i . S i @ -

. ot nu . | R
London (Baily’'s house) ....cocaeveeecaieannaa.n. e rereeniesersonae eaieaeeas jeeses-| 5131 8 86,110.074 -+L31 | +.11 - 86,116.18
Capo of Good- Hopo. ......... U - 3356 3 80,040.40 | —1,57 | —.13 [ 800.27

S. Bx, 49——57
Ll
i 1
. N .
-
& Lok )
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T “» R ‘ . 3 - - ’ 3 5
-~ ExpepITION NO. XVI. - ‘ - The followmg are the values of the unknown qﬁ"mtltleq N
Buer?and Beavinide, 1865(0 1874, Pendulums Nos. 4 and 1821 Coefticients of expansion =0.458 for pendulum No. 4 and 0.442 for pendulum . . ‘ ‘ ) -
 No. 1821, G.T. S“M) of Tndi, Val. 7. 120], 1675 ) _ ) Reduction of Expedition No. IX' = — 3661 -
O s . No. XI = + 9664
. : b § : . .2 ¢
- Oscil. por day. & X = 2
; Station. I Latitude. ! ’ lI ;‘r:\r: ™ . g e . NfO. X = 84 -
3 | 3 20 - & : . No. XIII = + 4926 -
i . § K . . r
g T e e B : : No. XIV = + "'341
7 . ‘ . [ o v n ‘ A # ' o .
L POBNR. oeeeeeensneeesn ] L. spom 85, 982,75 : g . { N e :
. | Ktduukolam. 91001 gose ‘ & . . 5 * Oscillations of VI1I at Lon(lqn = 4.0353221 _
. Minlcoy .... §17 01 §7.01 2 ) , ST Greenwich = 3218
© Mallapatt .. | pa8ds 82,60 - o L C.G. H. = 1.9349833
U Alleppy .-.. e, i 9203 5. 80 . . ' ‘ e - .
. PachapaliRn....eeeeee e i w94 2 28 S o " : St. Helena = . . 7642
. C U UAARN eeerlee e e EREELL 91,67 . ) Maranham = 6190
L v CMangAlre L g S L 125197, 8887 i S A R ‘ Ascension = 6877 :
Lot IR Bau"alore,éouth ................... Do130041 849, : . ’ . N ‘. . NI +1¢
SRR lnangq]o.e,xurth. .............. ¢ 1304 56 0. aa‘: : - \ ' S : o . Irinidad = . 6619
DMAAMS ceeeeimeentiiis e ceeeeeeean | 13 04 0R 80,03 ' \ » - ) g : : ]
. Namthabdd - i 1505 2 1.7 . \ - . R ) o . ‘ EXPEDITIUN No. L
" Cocanida 1056 21 . 08.23 ' ' . ,
B Koduugn’l .............................. Cww . o1, 01 , Reduetion to No. VII by London =4-4,43,
- o DAMATEIAR 1 ooe oo e reannnans L1803 17 oLo04 : PN . - T
' . Colabi (BOmbBY) <.veeevernrenerennns, 1863 46:  £0,005.19 | ! ) ~ St S Lok No. R, o VIE Eevation Lafitude ,
- . Somtana..... e . bl 05 00 5,990,217 | . . ' 3? ) _ Station. . ”m": &Jus. U_ Muu by, -.% COXT. ufr. : Reduced.
Badgaon 204428 86,002.20 : | & e c- . -
_ Caleutta.. 223255 ; 12.69 : ‘?pf ¢ LoBAON eeeeriaees e e e, 40348281 3,224 - 6,448 % ®  wmow g
. _ Almadptr. 2386 21 | .21} - : ! gy’ - ) 157 T R USRS UPURPRURTOS 50083 5,008 10,012 | 1270 17,283 2,741
. . Kalifaptr.... Lo 1000 : ‘ z}’x ! POTEEOY .o veeneesvnnanerenreeeeens e 19512 4455 | 8,010 30 16,215 2,734
Pahsirgarh . 246607 110} 4 R Loith Fort ................ e e e 49173 4,116 8,232 \ 24" 15,507 2,083
26 57 08 , 231 . L -~ Clifton.........fee i : s 48507 . 3,540 ;7,080 | ur o, 14,05 | 2, 562
28 44 05 20,73 ; : , : Arbury Hill ‘ ; 48342 3,985 , 6,510 '1 06 14,184 | 2,602
. ‘ 20 30 55 aest Shanklin Farm’ . 18078 3,021 , 6,042 00 13570 [ 267
4 29.53 28 -27.62 | ' e i
SO . el 3019200 20.86 ' ) . ’ " ’ ' R . :
PR C ! MOBEOOTE s eenni e eireaaeaeann fosoeral 150 | ' : i ' ( Expepitios No. 11 .
S srpeeeeect 303685 ] 0 96.03 R { s - e ’ .
oo i Mesan Méer.... e 318197 | 34.55 ' ‘\\ N N - teduction to No. VII from exl:crhnun(s in London = -- 1¢,718.
331539 1 - 85,984 uz,; e, ‘ . ! . - S, e e =
A 51 28.08 £6, 118015 ° " : \ i ‘ ! Blevation © Latitude -
f ! \ < ; o ) E ) Station. . ; (J“E‘l‘l'ﬁ‘gé)m ‘Ro(_l"‘to Vi Mult, by 2.# (:orr.u“ corr.  : Reduced,
.,.IThe results of Expeditions Nos. IX \l \II XIII XV lhave been reduced to VII by solvm«f . —— : e o o i
by le'lst squares the following equations of condmon- . “  London 1.9300042 3,24 . 6,448 40 13,016 . 2,574
: el . Obs. . Calo. _ i S Brassa 4.0371622 4,004 .. 9,808 00 17,08 2,787
AEI -Vll at (:reeuwlch _ I‘t‘ﬂllLd‘()ll of IX = 19356890 6880 - . Hare Tland.......... e e e e 4.0373225 6,507 | 19,014 1 , 20,146 o 2,816
VII at St. Helena — reduction of I1X" = 49351291 1302 - . T ST Ty mm e e .
- VIL-at London: . — reduction of XI _=4.9353550 3560 % . ExpepirioN No. IIL
VII at Greenwich — reduction of XI = 4.9353564 3554 . e ' , . ) "
L - VIIatLondon , =~ reduction of XII = 49353500 . 3510 + + BeduotontoNo V1L trom esperinenty n Lundn: Fr st ‘f“‘_"dflil"’qié’ finowm lockez= — 037 for cach pendulnm in tho ogfer.
(ol L VIEatCo G H. - = reduction of XIT = 49360129 0119 G T S
TN -V — i ¢ e » T og : ~ AN - - :
S ,I[ at London - _r_edmatgon of X1IT = 4.9348326 8296 . A . ‘ Station. -~ - LogNo. Red.to VILyry . L‘%‘:";g“"‘, LAmd® . Redncsd
B . -Vilat (ﬂwn\\ ich — reduction of XIFF = 4.9348260 8289 - . - ;o o  oscillations, ' —4.935 o | Hednoedk
R / : VI at C.G. H, — reduction of XIIT = 49344887 . 4004 ‘ ¥ e e e .t S R ——
R ~ VILat St. Helena ~ reduction of XI1I = 49842726 =~ 2714 . : Ve QOB oo omramsbes e S T S0008L 41 on e ot {emnensens T
is . VI at Man mham 7_ . reduction of XI1I 0241949 . 1961 L : ' London ......... e eea e et ee weninean e 1.9367068 {5 * : T
. RS i uctlon'ot Alll = 49341242 - 1261 _ o e Melville YAA0A « ooeneeeeeeeeeeeiere eeenens e een . alamosss | 6,007 13,004 4] 2,1 2,870
T 1 .u, Ascension — reduction of X1II = 49341940 1048~ . R MolvANE TAIANA .o eeteeeeneeeenaann s aerieerieaeen ooeen fioeen 0371735 . 6,003 13,080 14 21,120 | 2,871
@/ .. VHat Trl_mdad — reduction of XIII = 4.9341715, 1691 , : /\/ ) B e e s - - : :
w7 ., VilatLondon = — reduction of XV ~= 4.9350847 = 0835 . - . o X .
' g o : R e P : ~ &
oy VI at:C.G. H. ~ — reduction of XV = 4.9347472 7464 S - : : \ ’ ¢
e VIlstLondon - —gomsse oses 0 —=F N . :
.+ T VIIat Marapham U= 40346210 6190 . e : ' -
) : : ’ A - ) . . ) S ! BRI W .. - N
o , o VIL at ‘Ascension SR - =4.9346885 - 6877 -, I P Lo «
, v, VILat Trinidad & =40348506 6619 . - RO RO -
g {
1 ' . \ - :

)
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. ) . - ) . . : "‘“
o - DXPEDH‘ION No. IV. ExpEDITION No. IX. '
Reduotlon to No. VIl from expeumcnts in London: Before St. Blag —3 08.., aftor Abingdon's Island — 4,020, \ Redactiony = — 3 (;01 and = — 4,165 ’
V St | * ; L N | 51! d‘; V:I -'M;lju'v‘minn - Laitndo ‘ ] ; -;m“ ‘ ‘ El ati ‘ Latitude
Station. : : LogRo. R 0 Mult. 1 2 Rl Redueed to I D L . TLog No. - ed ovation § Lattud Reduced
‘ } : ) s : oscillations. ! j drult. by "‘_"Lr_" . corr. No. V1L » ) ) Station. ] ! gucilintions. _ﬂ)i“f] I Mult. vy 2. i corr l corT. to VI
: p_;,......"‘.‘-.:-- e e e e e e e e __._.{ e e 1.~».,- e e e+ - !
7S TSRO, SN gy o S . » iy o | R ;8 R o ;;;“ T
""" Barl of Ablngdon's Taland ............ o I S - B . CUETBDUIE oneeesvnnnnnss onenrmnese s e oot B & i o
HonE HERE R A sereseeieeees | 450438 © G406 6 282, .5 9 2,995 : : Greonwieh..eennovnrnnn.. R e e e, ' 0800 3,220 | 6,450 ‘ o |13 900 9 625
: oo o ' : I . ’ - VAIDATRIE0 «vnvveeereeeansene s cemeennanaans eenenanes SO i 4336 9,675 | 9,850 51 6% . 2,568
BB BB Lot es e el . R . . 3 P . ) | R
. s T 10(—}2 L 633 : 5, 266 4R 4,085 2,240 ?%n . Now Archaugel. . .... . ‘. 067 | 4,306 g, 612 6 \ ‘1‘,,93 2, 633
London .......... ; }gas 020 LB om0 248 . ?3 Potropaniowski r 7368 | 5,707 7,414 32 1 14,400 " 9,050
N R A ;s i253 B et s - g ~ PortLaCoquille.......oveereinnnnane. SR j 0068 1,008 4,016 s | 9 | - 389
- : i - : ‘ ~ : - &‘ s : GUANAN Lo veesneecn e emenne e neee e e a e e e i 0027 7,260 4,533 2] 1,228 a0 1
' . ExXPEDITION No. V. i \ Port Lloyd......... 1: 2999 0,338 8076 A 6, 470 | 305
) / - » B 2 : 1 1 CIRECIETEETPT PR PIITD i 120 7,630 5,260 15 '[ S 1,714 3,561
. v o N LY
Reduction to No. VII from experiments at London =: — 7,210, ; a . , ! b )
it - S SO 7 gﬂ:; * . Kandalachka -.coo.ooooeiiinoni. et e e I 4.9360125 5000 1?920 . 12 2,666
: ; . ’ : . : Petersburg . ......... e e e e eaeanraanneeneenccee e | 4.9359050 4,893 ... U —- reeeenaeas .
Log No. Red. t VII " Elevation L:\tmu]u N \t . & . ! / - S . S . :
! oscillations. R 935 M"“ by 2. corr. . corr R{‘(‘)“{"I‘ll.t"’ : — . i . - ‘
. o ; : . . i i . | .:', . e .
| :;:ﬂonf";"" ------------------ ool soM . eveenanees Exprpitiey No. X, o ’
‘Madrag ... .... . L S . ' : e e )
S F ST 4.9354061 | 6,851 | 3,702 | i 5 ' . |
. NN LI 7 L_ ? o 51 ; 5,70 3 B L 163 2, 550 . Reductions =, + 10,834, Derived from London values. \ . o -
_ o i e T
ExPDmTIO’\ No. VI / ( | Red.to | Elevation | Latitude | 1
. 2 Stution. 3 ; os{"i({ :n%‘ir:ﬁs. Szxilfgf i Mult. by 2 i oorr. | “eoit. | ligdnced !
I;sduwd to No. VII from expenmoute in London = 4 3,531, ’ ; i —4.035. !K \ 1 - i '
N ST T T s e e e e 5y : i i ettt e
' . L i | Blevation | Tatitude - ' \ f osewnns 2ow | 58 ‘ 100 {12,873 2 445
s . og No. Clevation ; Latitude ; C iy Coia e H i oy .
L Station. . ! oscll s, ,Rcugs‘ 1 Mult byl corn | corr, ¢ | ncd\;,ﬁ\d {j 49342080 . V3,29, 0 6447 i 39 \ 13,910 ‘ 2,570
i : R ¢ : U S St A : -
o B ettt ] PSSR P I e e !&‘,} < i o -
: i 49340603 | 904 | ! ! &
.................................... gremns . . 9. ! § 7 ’
R ’ i '3 . 3, :-4 [ enees [rremmeenann SR fevumreemanns e EBxreDITION No. -XI . . .
e e | 40346280 0 067 0,53 } 3L, 708 o o8 o] v .
e e e e e e * oy L i ’ . . 5 e
K R - - v Roductions = § ig'gg}( }Derived from Loundon _v‘alucs.
ExpEDpITION NoO. VII. : ~ e e
: ) ’ P Red, to ‘ | L
. o . L \ . i § Elevntmn Latitude N .
: : - : Station. ) OH{}?&{I\;&& ‘ .,l;bl.l,lf ! Mult. by 2. } vorr, | corT. i Rgdv?ﬁ’d
- Station. LogNo. {y o0y o Elevation  Latitude : ' i '_4 035 | " - :
. oncillntions. ;7 ult, by 2. cgll_r-. corr, Reduced. L N U A -1,_%,_4_,_',4.__4.*__. L ST S
O S ; [ 40343650 | 3,211 | 6,422 | 2 13,018 2,545
: w — s e e : : | :
a0 m. 1. 9346608 | 2302 | “ . 2 400 3671 3,232 ; 6,464 66 v 13, 900 } 2,630
- Maranlis .. 46210 0 2401 40 N . i oo ;
: .&sceﬁslon... CoeS : .82 1“0 2,409 - oo . )
: sows o | 7 g 2545 [ a7 1 6,43¢ 39 13,016 | 2,657
o | 5,23 | 79 95 > 80 A 6,448 - 66 13,000 | 2,619
46595 - - 3,101 | 9 76 ! 2,424 * ‘ i : - ’ . )
" 40861 3,728 | 89 1,149 | 2, 663 S [ oogm0 0’;20 N o 12,230 i 2’g§g
: - : ' ; : " 3579 | 3,646 | 7,202 41 14,691 2,642,
- 4405 1 4,000 3 20 ] n8T Altons ™. PR . \ '
i 51005 | ¢~ 2,101 98 . p,666 9553 . e : - - -
— N . 59022 © g 445 30 ¢ P 5 o 3 .
Dronthelm ...... .. S ey 13,016 2,508 LE :
. Hamworfost..... Bslaz ot 0,344 5L, 18,268 2,207 *.5“,3 . EXPEDILION No. XIL . ,
- Greenland............. 56307 2,00 120 20,200 | 2,420 s ' ' 2 : :
Spitzbergen """ 56775 3,550 | 13 . 21,078 ¢ 2,485 o . ‘Reductisns = — 284, o . e
s 57408 | 4, 805. 2 o oreee | 2,88 : . S . i . . ] l . e
. Poe T " : : [ & - 1" (Red. to i
- SR O U S UL U ) ) = : - . ; Elevation Latitude |
§ o - - . _ ' Station. slpe o | Sabine] |Mult.by2. eorr | cor. | Redaced
Exrepition No. VIIL o e \ : - > _ ST : T 403 I
- ’ N . - . ) K . . i e e S 3 et - F— - : o Tt
- o~ -Beluctiop= 286, - , _ . . T ) POTHIANA PIACE. 1o e eoarememneseesennmsinnnceneesvmsmnnesmmmsmni 4,0353600 | 3,316 6432 | 3 | 13,916 | 2,525
'''' : ; — »—ul_.m_kg.ﬂ ._.-_,_-,,A.._’..,A__‘__v_.-. . S ) ) Capo of Good Hope. : 49350120 | 9,845 9,600 | 14 % 7,078 ‘ 2,631
Station. o : © LogNo l Red. to " | Elevation ; Latitudo | g - — e : T
. . . ' Pyl bi 4 i Reduced -
‘ T . ‘ oscil tions. | _f‘.‘"g%%] lM“It by 2.}1 corr. hS corr. i wVIL he
e N - Yy ! : -
Gteenwich el _ : i 4 4 : N i | = ’ : R . . . ) .
A A S l s 5,28 0.49,0 D6 | IR0 2002 , . : o S v
,,,,, e . TTrTTTRIeeessbeeairen | 0511’ G797 [ 9,504 a9 '} 20,802 t/ RN 1) B o : : c . ) - . : : '
. ,',."..._AT - . i . S . C ) Lo R ) o . » .
| . - d .
Y - : ‘ .
Sl | ) . -
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Exeeprrion No. XIIT, ‘ . : : | ExpepitioNy No. XVI—Continued.
Beduction = + 4,020 Reduction = -+ 2,421, Reduction derived from Mudros,

T T Log No., i {Red to coooo Elevation : Latitude | o . t . " [Red : " Elevation ' !
Nu., : ; - Redue . . ) SN ed. to Elovation ' Latitude
. osoillations. |. gfgigfg ; Mult. by 2. corr. . COTr. 4 \;‘;'Iuld B T e e e e -Station, - Log No. Sabine] ! Mult.by2. corr corr. Sabiue.

4 . ) E ' TR E T TEIRPRRERERY 11111} .12 1% 1L SR g L

R ; = o N
: PRSI S

40348326 ' 3,252 - 6,304 13,016 ! 2,627 L : 4, 4344063
18208 3,1m 0, 388 6 . 13,800 2, 554 : '

45065 . 0,981 9,962 57 7,458 2,511

2, 3.

0,884 3,769 1,542 2,713
Cocandda 1, 9344805 7,316 4,633 ! 1031 2,705
Kodangal - 49344530 6,051 3,903 1,074 2,726
Damargida eeeaee A D402 6, 953 3, 006 2,184 2, 631
Colaba.Bowbay ... - : i 1. 9345246 7,667 5,345 2,885 2,964
2,783 Somtaua ... , ' T4 A IT08 noT . 4,43 to2430 2,716
2,600 - (N Badgaon A UM45099 7,50 5040 - 2,852 2,853
3,603 - Caleutta . © 40345025 8, 046 6,092 - . 9,422 - 2,678
.G : ’ 41506 6,432 2,804 437 e - ‘A ARIAPEE o - oeeeeioe on weeeee e . 1, 95308 7,810 5,630 3,03 2,705
 Fornando do Noronhu'..,.c.ev. s ressesnnass ; g0z | oeis | due o 3,858 ‘ K KREADDPOT « o coieeneeenees . . 4. 9345507 7028 . 586 3,702 2,790
MErBmhATD .. e e e e e, o L Gaes o 2 oy %8 - ‘ Pabfirgarh : 10045545 4 7. 808 5,832 40 %873
; e 35 oo | o | “ 820 B , : , . 1, 4346000 B4R 6,903 4,670 2,030
ans . so . 39 . 15 % 564 e T R 5, 254 2 554

962 0'888 : 1' 771;' | T 7;(3 2,515 PN . : pe e 1. P46360 8,781 7,563 ! -5, 517 2,383

saa2t 3, 247 ons e R : i ‘ — 40310370 g0 - 7,000 . 5,645 2,320

g R g 3. e 2,621 : R : 4. 0346037 %, 458 6,017 | 5,705 2,28

“ : e B ! ' S : . 1. 9345560 7,000 - 5,981 5,842 3,004

ExpEDITION No. XIV. ' : ‘ » g Tamailin . R '4.9340'798 o x‘fsg 5,fi90 : 2,562
Lo T . i . Meean Merv . . 4. 0346720 0, 150 8,300 | 6,214 2,380
Roduction = -+ 7,205. | : o - . , 40344207 . 6,6 3,257 6,836 ° 2,850

: B . : O 4.9240007 1,418 6,837 ° 13,896 2,047

D . (07 111 TR ORI vereee n evins
,,flgt;t;;:!llznd.., s = . : 49103 . 4,00 : 8058 | Co15,151 2,914
& Shotin e rran areieaels o 50507 | 5493 0,086 CoO18,000 0 - 2,908
CapeHorn............ 02 1 418 | s ue 15, 550
. Capo of Good Hope ............ 44888 . 0,814 . 0,6 W onm
:bﬂ‘t_.quan.tvx-..l\...‘;............... s v 42726 ¢ T,652- 5308 1714
“Ascension ...} T S 4140 T 6,866 .« B782 w2

- S o e el e : ’ . ’

D LogXo | lRedto i ! Wlevation | Latitude |
i oncitlons, . Snbine]  Mult. by 2.1 corr. ‘c(;r‘rl.d ® | Reduced
- Sapinel 2y oo or to VII,

 Landon e BB R F VR S R v B N BN URE S S 0 A B
r L H . (R , 1 ! t o 5 s ! . N .
Nr...... i . . : i s , i N ' . : Logarithm | Same corr.
. 4. 0342061 -, 0,16 0,342 2,372 No. ! Station. °. . o, of expedition. ! Blevation | L“%‘;f:de “ relative | forsea- b o-e
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