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XXXII. An Account of the Calculations made from the
Survey and Meafures taken at Schehallien, iz order to
afcertain the mean Denfity of the Earth. By Charles
Hutton, E/g. F. R. S.

Read May 21, HE furvey from which thefe calcula-

1778, .
7 tions have been made was taken at and

about the hill Schehallien in Perthfhire, in the years
1774, 1775, and 1776, by the direction, and partly un~-
der the infpection, of the Rev. NEVIL MASKELYNE, D. D.
F. R. s. and Aftronomer Royal, by whom the manner of
making the furvey has already been fully explained in
the Philofophical Tranfadtions for 177 5.

1 have therefore only to give an account of the mea-
fures of the lines and angles, and of the calculations
which I have raifed from them with all poflible care and
faithfulnefs, for the purpofe of determining the meafure
of the ratio of the mean denfity of the earth to that of
water or any other known matter.

Thefe calculations were naturally and unavoidably
long and tedious; and the more {0 as the bufinefs was in
a manner quite new, which laid me under the neceffity
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690  Mr. RUTTON’s Calerlations to afcertain

of inventing and defcribing fuch modes of computa-
tion as fhould be proper to be applied in {fo important
and delicate a bufinefs. Having, at length, with clofe
and unwearied application for a confiderable time com~
pleated. all the calculations; I have, in the following
theets, drawn up an account of ‘thof‘e'op,eratidns,; with
the refults arifing from them; and have accompa-
nied them with fuch drawings as are neceflary to il-
luftrate the deferiptions. I have alfo inferted a fynopfis
of the meafures which ‘were taken of the lines and an-
gles, from which any perfon may at any time fatisfy:
himfelf of the truth of the computations that have been-
made and are herein defcribed. Theéfe meafures I have
here immediately {ubjoined, before I proceed to defcribe
the computations made from. them..

A4 [yhopfis



the mean Denfity of the Earth. 691

A fynopfis of the horikontal and vertical angles that wera
obferved at the principal points in making the furvey
about Schehallien.

In the firft column are contained the names of the
horizontal angles, the meafure of which, in degrees and
minutes, are in the fecond column, and the vertical
angles are in the third- column, in which it is to be ob=
ferved, that the letter denoting the cbjeét is placed before
the degrees and minutés, and £ or D after them, to thew
that they are in elevation or depreffion refpectively.
The mark » placed to the meafure of any angle denotes
that it is the mean of the two obfervations made with,
the inftrument turned different ways; namely, after the
firft obfervation, reverfing it to make the fecond. Alfa
the mean height of the theodolite is put down to each
ftation. In the vertical angles, the bottom of the object
is underftood, unlefs where the top is mentioned below,
and fometimes the height of the pole is added in feey
and-inches,
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692  Mr. HUTTON’s Calculations to afcertain
Ata | Theodolite = 4 ft. 1oin. | Atr | Theodolite|= 4 ft. 8f in.
DAB 3°1 lls ° ! GFW 137 2'7 w o 5'8 D
DAN 77 30 N 12 228 | eFk 76 7% | X 9350 E
pac | 102 36§ o o 58 GFN 103 §7% N 17 42iE
DAR | 134 31 GFD | 172 54 p 337e|
NAC 83 131 | N 12 20E HFG 10 g G 13D}
NAO 25 4 HFP 6o 41 P § QFE

" oAs 27 24 s § 2§p HFK 65 58 K Q41 E
OAR - | 3I 5§ R 63D | HFN | 9349 | N 17 35iE
At
pen | 81 8 . Atc | Theodolite = 4 ft. 6} in..|
DBO 101 41 bGE 6 8
DBA | 139 59 NGD 59 41
Atc | Theodolitt =4 ft. 75 in. | Nor | 65 49
ACD 126 6 | wou 101 9:

| ACF 93 34 "Her | 366 57
ACG 92 I§ Hep | 160 49
ACH 85 311 HGX 71 11}
ACN 49 10 N 10 4E HGW 4 32
ACB 8 11  peF 95 56 F rISE
Atp | Theodolite = 4 ft. 85 in. | FON | 30 OF ;opnoéﬁciitf
Apc 48 7 PGK c of K 10 I§ E
ApB 845 PGL 62 57 L 032D}
ADN, 49 14 N 10 40E PGW 6320 | w o540
Apw 83 564 N 1o 398 PGH 71 2 H 3 OD
apm 88 56 A I ISE : P 5 46E
ADG 95 5 G 31D top of ball,
ADF 96 3 F 3 34D
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the mean Denfity of the Earth. 693
‘At H. | Theodolite = 4 ft. 5f in. ° s o 1
N wLN | 38 58 N 10% 56§k
GHF 2 54 G 2 59E 38 585 %]
GHD | 13 2 wiLk | 60 33 K 10% 245E |
NHG 49 44 NI4 42 E 6o 34 % '
NHK |29 17 wLT | 115 38 %| T 0%30'D
NHW | 107 43 NI4 39 EYPlwiy | 126 s85%| v ox35iD
NHW | 107 41 _ wL¥ | 140 sok%| ¥ 2%35 D
KHD | 6559 |k1iz 6 Etopf | 3 s85%| F oX3BiE.
KHG | 79 1 WLE | 62 12 %| E 10%I16%E
KHW | 78 25 w3 2E WL 38 4i%| t 4%344E
wHP | 9614 | P 7 39 EtOp . .
| whp | 149. 2 p O 22E
WHG | 157 258 |G 2 55 E Aty | Theodolite = 4 ft. 8 in.
Atw | Theodolite = 4 ft. sin. | T¥% | 69 231%| x1o%29 =
LWK [ 107 274 | L O 253E TYN 76 563%| N g% 373z
Lwe | 130 40 P 5 43 Etop TYL | 124 47 ¥| L 2%35 E
Lwe | 130 41 ] Tve | 103 243%| 6 1%36}E
LWN | 133 48% | N 12 36iE TYZ | 19 213%| 2z 3% 2%3
LWE | 175 2 KIL 30EB TYV | 13 208%| V. 3%26ie
twa, 4 41 VYT 13 28 ¥| T 2% 43E
LwG | 178 21 vxz 32 52 %| z 3% 3ie
vwa | 193 13 H 3 14D VYE 81 49f{%| E IO%33 E
- vyR | 82 §3 %| K I0O%29 E
Aty ‘ Theodolite = 4 ft, 9 in. ven | go 24 ®| N g% 36iE
GLp- | 37 I R 4 243F vYG | 116 52 %| G 1% 35iE
oLy | 139 32%| ¥ 2 3580 fouy 1657 %) B 1% oE
WLG 118 W O%403D vew | 130 33 %| W 2% 2 &
T I73%| G OXJTE ooy | 138 14 %] L 2%33E
wip | 38 12 P 4%22%E
38 12§ %

At
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694  Mr. HUTTON’s Calculations to gfcertain
Atv | lLheodolite = 4 ft. 11 in, o s e
o 4 o » vzy | 117 21 %| ¥ 3% 8}p
vz 17 25%%| z 2%28je | o 13¢ 4%| v 2x31ip |
17 25 % 2% 26 vzr | 144 275%| T 3%568D
| TVU | 34 245 % 2% 473E , | v 2wasiz
TVE 70 43 * 9* 10 E
lrvk | 71 23f%| K 9% SIE | apy | Theodolite = 4 ft. 30in.
124 * 9% 52 l,ur | 18 204x| T 3%328D
| Tvw | 112 323% w oxa2siE | o ! g sabx| v 251D
TVL | 119 57 ¥/ L OX34 E | ,u0 | 124 42 %| 0 4% i
TVY | 147 SUEKL Y 3%3HD | | gac ofx| Nioxisfe
147 50 * 3%2880 L x| 128 23%| x o%ssin
To 6 f__ ZUA | 157 55 %| A 1%363E
At | Theodolite = 4 ft. 10in. | zur | 160 375%| R 3%38 D
YTV 18 413%| v ox 83p zZ 2%§1 D
YTL | 30 I %] L O%27iE .
vru | 116 18§%| u 3%g1 B | Atx | Theodolite = 4 ft; 7 in..
vTz | 133 315%| Zz 3%49jE ] oxa 30 593 %[ A 4%15E
Y 2 10D oxs §3 20 #| S O¥44%E
vTY 18 41 %[ Y 2% 6 D Joxz | 139 22§%| U 10%49ik
VTL 48 43 ¥| L O%30E oxXU | 174 59 *| z I1%48j&
VTE 94 2 %| E -9¥%42 E o rr¥%igle
vru | 135 1§%| U 3%3I3E
vrz | 152 4i¥| 2 3%50E | prq | Theodolite = 4 ft. g in.
. VO 7P lgsa 18 24 | a 5 24;EB
At z | Theodolite = 4 ft, 6% in, RsSA, 18 28 A 5 20iE
UZR 10 §33%| R 0%50 D [ RsN 72 §1 N18 40K
vza | 16 5 %| A 1%583e |mso | go 8 013 19}E
uzx 16 18 x| x 1%52 D |Rsk |12 4 X o 55in
vzo | 33 183x) o zxs8e | R O 243
At



the mean Denfity of the Earth. €93
AtRr | Theodolite = 4 ft. 6 in. o o
the E. end X0z 23 38Z%|z 4% oD
of the S.
bafe. v ° X 11%18 b
KRN | a1 6% MoR | 16 36ix| ® 12% 3ip
B’RA| 20 36i%| A 6x273E | MoB”| 47 23 %| B 7x39%p
B/RN{ 84 323%| N 1g%17fE | Moa | 73 32i%| A 1% olp
B"RO | 11T 463%| O 11%573E MOB 81 22 ¥| B 1% 1iptop]
"B”Re’| 100 145 %| &’ 20% 2 E | MON | 134 39 M 13 16
B'RE| 121 293 %| B 15%11iE | Nok | 95 1
B/RS | 177 39 Moa' | 156 34 %| o' 33%449IEtop
B'Rz | 186 53I%| z O%46 E | Mog | 125 45 *| B 21%29iE
its fup,| 173 6ix| o0 12 20 E Moz | 65 51i%| 2 4% OD
v — l p MOU | 43 51i%| U 4% 3iD
At s eodolite = 4 ft. 10 in. ‘ P .
W end MOX | 42 13i%| X 11%19 D
gf(t_hes. MoOs 6 345 %| s 13%224D
e ) M is in the meridian paffing through o, and is a
RB''s o 55-;: R O 37D little South of the interfeétion of that meridian
s and the line &s.
RB/B'] 36 B8Lx| B 10%24 E
RB70| 37 27 %| O 7%35iE hA; Pb ‘Theodolite = 4 ft, 10 in.
ithe IN. ob-
RBe’'| 50 49i%| « 15%48 E fervato(r)y.
RB“N| 65 46i%| N17x33 E | NPK | 77 18
RE”A| 139 2i%| A 11x22fE | GFK | 179 35i%| G 5§ 39iD
. GPH [ 47 453%| H 7% 323D
At o | Theodolite = 4 ft, 7 in. GPW 69 oi%|w §%37 D
;'gfvast;):;.- GeL | 80 oi%| L 4%27ip
x08 35 39 %| S I3%25iD lgpF | 2054 ¥/ ¥ 5% 6 p
XoM | 42 123%| MI3%¥I230 Jgpm | 38 181%| m12%20 D
1 . D
XOR 58 493 %| R I2% 4 s2¥ | 45 39 }by reduéion
xon” | 89 35 %| B” 7%39ip | . px 2 553
XOA | 115 433%| A O%59 D y from ® bears 30° 41'% E. of South.
¥ from e bears 14 57 W. of South.
X0U 1 39 *{ U 4% 43D m is Mr. MAsoN’s mark.

At



My, HUTTON’s Calenlations to afceriain

696
At~ | Theodolite = 4 ft. 11in. | At K | Lhcodolite = 4 ft. 8 im
the Wefts the Eaft-
ern cairn. o s o , ern cairn. o 1 » ,
KNO 40 5% } . NKO 44 513 .
KknR | 74 482 by reduétion KR | 64 s } by reduétion
KNP | 350 47% NKP | 41 54% | N Ox41 E
KNS’ 9 37% NK# 045 %/ n 6%36 E top
KNy’ 2 11} NKF | 23 323%| F 9%46 ptop
kna | 133 53 %| & 12% 220D Pole 4 ft. 2 in.
6 ot
KNB | 146 15i%| B I1%17 Dtop NKG | S 40 ¥ GP:@";I&. :ig?
_— I .
KNG | 178 30i%| C 10% 4 D ¢ 10% 143D
KND | 172 §1 %| D 10%39 Dtop} . $s 12 210 30D
by % I
KNw | 144 372%| % 4%3030 | vku | 8128 |H 12 7 Dtop
KNG | 98 23 %] 6 !'6%55 D top Pole 6 ft. 5 in.
Pole 4 ft. 4 in. NKH | 81 27%%| H 12% sip
KN | 69 135 l‘i);li'()%f Ditgp NKW | 97 18 %| w1128 prop
D A 5. Pole 4 ft.
KNm | 64 27 %) m18%55 D NKL | 109 19 %| L 10% 25 Dtop|
KNW | 56 22 %| W 12% 35 Dtop Pole 6 ft. 8 in.
Pole 7 ft.
NKL | 109 181%] L 10%23fD
o t
w49 7 %/ LI0%ss 210l vy | 155 40 4| v 10%30 p1op
KNy | 18 50 %| Y 9x37iptop| VKV | 174 20 % V 9% 5iptop
KNy 215 %| ¥ 7%30 D NKE | 156 18 E 3 34 Dtop
KNE 1 15ix| B 6x38fp | NK&'| 1736 x|a' Ox313E
" 9 37ix%| ¥ 6x25ip NEM'| 7 8 %| M 4%x51iE
kU | 41 g3%| v tokizfprop] YE¥ | 6 23| ¥ Oxs3E
KNs | 60 44 %[ s 18%41 D nKe | 54 263%|« 10 3iD
KNR | 74 481%| R 19%20 D nKe | g4 255%| 2 10% 3%D
xNE” | 104 30 % 31117*35%:0 KR 39 16%* 3 S*SS%D
| x 6x43iptop| %P | 3739 | 6 32k

At



the mean Denfity of the Earth. 697
At o | Theodolite = 4 ft. 4in, Atz | [Iheodolite = 4 ft. g in,
the E.end| o 4 ° 7 the new o ] . o ]
of the N. 'W. cairn.]
bafe. » Kne | 108 59f%| K 6% 40iD
vak | 106 0o ¥/ x1o% 1f& | o] 8 35i%| 8 13% 7D
yaG | 101 3 %) G 9% 373E kn¥ | 128 55i%| F 14%10iD
y«N 89 41 ¥| ~ 13%453E Kny | 135 40f%| v 12%29 D
yan 89 25 ¥%| 7 T3%493E K#D 173 55 D 10%4§ D
’ 4 I
veE | 47 38 %) ¥ 8x 6fe knn | 38 28i%xI N 1 420D
B0 190 | pun| 100 seix| #1731
¥y O o top
Pole 3ft. 2in, | P#4 | 53 49 *| 4 1a¥2rio
Theodol & 8 N o ol
Atg codolite = 4 ft. 8 in. - 8 4 P"20% 21D
::i“;?e:;:: ) 78 44k »”is a pole iéaline
endsofthe with P and x
N. bafe. paH | 104 3§ H 14%42iD
“Bk | 174 51 |k O 41 paL | 124 34 | L 10 56D
4 I 7
2Bt 147 372 | ¢ 1%25iE DnK | 173 53 @ 13% 513D
aBF' | 71 49 | F 10%223E NaG | 132 59 | 13%54 D
«fp | 108 1% D gw17iE e tope mifute.”
afn | 70 58%%| n 13% S5iE
¥8D 71 573%| D 9% 17%E }at E | Theodolite = 4 ft. g in.
»BF’ | 108 ofx| r 10%22iE E. cairn,
« O% 6 b NEA 10 5I%| A 6x221E
Aty | Theodolite = 4 ft, 8% in, NEM 4 585 M 4x4sie
the Weft- NED 4 513%| D 6x41le
ern end of
;:;Norrh NEK 22 143 %| K 2% I11{E
€.
sye’ | g0 61¥| ¥ Sxagge | NEH | 78 4ox “pil?é'f?%? o
ayn | 63 53i%|n 12%27ie NEW | 04 17 ¥| Wrr16iDtop
ayD | 97 S5i%¥|D Q%41 E | Pole 7 ft.
« o% 2 ptop| NEL | 106 21i%| L 10%17 Dtop
Pole 3 ft. 2 in. Pole 6 ft. 8 in.

VoL. LXVIII.
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698  Mr. HUTTON’s Calculations to afcertain
o 4 o Att | Theodolite = 4 ft. 8% in.
NEY | I51 16 %[ Y 10¥37 D [fheeenten - o 4
NEV | 192 20 %|V Q%1§ D ';{:;f;;:‘
NET | 172 22f%| T Qx41iDtop flgf;;}\;v_
NEz | 144 46 Rz ox18D | b o) o, k] e 9% 18D
NEU | 114 20f%]| U 10% 43D m'tc| 32 57%'* 6 §%58iD
dea’ | 68 353/« 6x21 E Mtm| 5 14 %] m 12% 32D
a'ed | 73 50i%| ¥ 6%37iE MtH| 14 28 %] B 7%44%D
dEN | 78 39K\ N OR33E Myl o azpx| woswarin
ar¥ | 9717 %V o% i Lo 6 a0 x|t sax3sio
4 8%27D } .| 68 13 %] p 12%50LE
mim' | 68 15 %] M'22% S E
Atwm’ Theodolite = 3 ft. 10} in. [ mtc | 144 17 %] G s§5%57iD
fili‘:n:l:i?l: mitH 96 52 * H 7% 431D
LE?:::::ZI{ mtw | 75 §6 #| W s5%47ip
2::;2: 5 281x%| & 4%s6ip miL 64 58 %L 4%37ip
KM’y 6 375%|y 6% 33D top mtp 54 4i%] P 17%42iptop
' 1 . m 4% 3 E
KM S8 AT K o6 8 im | e 8 W.of Nor
KM'w| 63 123 %| WII¥41 Dtop ;, zi\npzlii?:u:;ie‘d};;:c?;i;;veorSouth of the tranfit
Pole 7 ft. inftrument.
kMu| 78 4{* HP;;‘C’Z-S{?.%? ;zl.) Atp | Theodolite = 4 ft. g in,
xM'm| 86 33i%|m22%12 D Gpm' | 147 5 *| m'22% 83E
km'p | 87 54 %|p 22%10D ep¥ | 133 Of% ¥ 24%18 &
kMG | 108 49 %| G 12% 33 Dtop GpF 26 43 F 5 26D
Pole 4 ft, 4 in. } cpP’ o 345 %| » 9g%x23ip
kM’F| 118 3I%| F 12%25 Dtop] 6pm”| 32 475 % |M’13%25iD
Pole 4 ft. 2 in, Gpt 32 48 t19 17D
kMY | 176 1ix|¥ 12% 8 E cpm | 38 obw|mizxsedn
K5 SP Jopin | 4711 %l m gx49ip

GpHpwW



the mean Denfity of the Earth. 699
B S l' ’ o , o o
fepw | 68 3ix|w sxsiip kKa'0 | 73 39 ¥%| 0 33%52 D
Gpp | 76 55i%| P 13%49ip { ko8| 28 4}x| B 15%56fDtop)
GpL | 79 Of¥| L 4%39ip | k¥ | 4 535%|y 7%35% top
Gpm' | 121 24 %| m 4%50ip | ka'¥ | 6524 %|¥ 3 41i top
opE | 179 37 %| E 17%30E | Pole 17 ft. 4in.
# is a pole a little 3bove or South of p. Ead | 13 48 %] d 12%54iD
. Eo'a’ 8 36i%x| < 8% 3Ip
Atm Ex'K 2 495%|E 6 300D
em'™M' | 145 4i%| M22% 8iE
om'¥ | 131 11 x| ¥ 24%12E
cm'p 57 53k%|p 2%47 D At g' | Theodolite = 4 ft. g in,
Gmt | 3443 |# 10 15D fheSouh
cm'r | 13 1 %|F sx22fD
om'® | o 29i%| P 1gx1gp |¥F0| S647 *|o21k4sip
om'm”| 32 208 %|M713%230D «'g'B'| 62 21 %| B’ 10%28%p
Gem'e | 37 6 *| » 18% 1650 <8R | 8446 % R 15%17 D
cm'm | 37 493 %| m 12% 363D JBM| 96 41 ¥ M1y 3ip
om'u | 47 10 %| B %49 | ¥EF |14 Bb¥| & 15xqaie
em'w| 68 11 %| w 5%49ip
om'L | 79 17h¥| L 4% 40D Aty | Theodolite = 4 ft, 4 in.
Gm'E | 177 53 %| E 17%54 E theNorth-
: - eaft pole.
| At m »
Pk | 15 57 KI§ OE NP | 56 s5i%| P 18% 3ip
pme | 37 i1 |P 12 27 E Nt | 5522F |t 17 49)D
- - - - Ny’n O 50i%|n 7 IS5E
tlfsto;h- Theodolite = 4 ft. 11 in, | oy § 173%| ¥ 7%50ie
weft pole. Ny'e’ 14 17 %| & 7%31E
’.
il Dt %4310 |k | agr sabe|x 1xzede
Ka'B' | 131 3 %| B 15%§1iD N 7%230E
Ka'R | 102 73 %| R 20% 9 D
4R2 At



700 M. nUrTON’s Calculations to afcertain
| Atd | Theodolite = 4ft. 4 in. - | At4 | Theodolite = 4 ft, 10§ in. |
theNorth-| o & o
weft pole. o o , LF’ 4 42 | F § IIE
k¥w'} 2 53 %| m12%363D Yha | 3447 |e o0 27D
K¥y 429 x| 8x 8o Y42 | 3713 |8 o 52D
K¥m' | 73 203 %| m'24% giptop Y o 26
KYp | 74 355%|p 24%16iDtop :
KYe | 108 48f%| @ 12% 8iptop} Ata | Theodolite = 4 ft. 8% in..
. Pole 4 ft. 4 in. bak (113 578 |k 14 45 €
k¥N | 164 197 x| N 6% 8fptop) , o 155 24 Top af the cairn.
_K»"a’ 108 56 ¥| X 4% 3D baw | 80 40
KYE 2 30k %| E 6%49 D baL 59 48
¥ 9 si%ta 8%s50ip | . .
¥¥a | 113 20} % .| “Theodolite = 4 ft. 6 in.
23t 70 141 %| ¢t 24 20§D Atd | 43 35 K13 32E
abx 18 49 N 11 26
' abn a 5 39
| At ¥’ | Fheodolite = 4 ft. 73 in.
oF'n | 56 2475* Atd | Theodolite = 4 ft. g in.
oF'P 77 373 % cdn 14 11 NI1 33E
DFa | 174 40 %] « 8% 124D cda 34 53
DE'B | 124 47 %| B 10%303D | 4y | 6357 |um 6 36
D'y | 103 4 *|y 8x28p edr | 111 12 L 6 42p
DFY | 7742 | D I¥IIE
| Ate | Theodolite’ = 4 ft. 8 in.
At? | Theodolite = 4 ft. 10 in; dex 49 3¢ *| L 7%213D
e | 57 7 |8 awxgn | UF | 979 ¥/ H 9¥urip
gtk | 115 32 # o 41D dec | 136 oix _G 4%3s8 »
vk | 172 38 e 7% 50LE’ df"‘ 118 555 %| K 14% 353E
' deF | 144 20 F 4 24D

At



the mean Denfity of the Earth. 701

At a’ | Theodolite = 4 ft. 10 in, At o | Theodolite = 4 ft, 81 in.
Eda | 102 418 *{ o 7° * 5'6 E de¥ | 121 -xlzé* ¥ 6% TE
£ad | g7 six|¥ 8xwoe | d 9% 6 E

Ed'b | 65 58%ix| 6 6% 4ip
Edc | 88 6 x| ¢ 11%20iD | oy | Theodolite = 4 fr. 5 in.
Edd | 108213 x| & g*34§s dda’ | 169 145 %] o 12%358E

E 7 19® 4 2 48 b:

" At 5 | Theodolite = 4 ft. g in,
d¥ad | 36 41i%| @' §H443E
dVE | 53 265%| E 8x41iF

¢ 4 41.D

Several other.angles and bearing of objects were taken,
which, being of no ufe in computing the attraction of
the hill, are here omitted..

The foregoing tables, containing all the angles. col -
lected together which were obferved at. the fame point,
include all the horizontal angles that were at different
times taken for afcertaining the relative places of the
principal points and objects on a horizontal plane. The
numerous other angles ufed, in finding the fections of the
ground, are given hereafter, with their computed refults
annexed to them..

We now proceed to fpeak of the two priiicipal bafes
which were accurately meafured, as foundations on
which every thing elfe muft depend; and firft,

of



702  Mr. HUTTON’s Calculations Yo gfcertain

Of the meafure of the bafe r8" in Glenmore, the valley on
the South of Schehallien, saken the 1625, &c. of Sept.

1774

Here A and B are the names of the two meafuring
rods, which were laid down alternately in the order as
exprefled in the following table of meafures. The
lengths of thefe rods, by the brafs ftandard, when the
thermometer was at 623, were thus, v7z.

A=20 feet 1°255 inchf= 20°10458 feet

{B =20 feet 1°323 inch.:zo'uozs} cet
The numbers following each rod, with the fign + inter-
pofed, are inches and decimal parts; and they denote the
diftance beyond the end of each rod to the beginning of
the next following rod; and, therefore, the fum of all
thefe numbers muft be added to the fum of the lengths
of the rods themfelves for the total of the meafures.
Alfo, as the firft rod began at 2 feet 8 inches from the
point r, this number is to be added to the total laft men-
tioned, to give the meafure of the whole bafe from r to 8”.

A+829



A +8429
B +2'53
A 4611
B 1666
A 4279
B 120
A 4207
B +4'80
A +40°00
B 4148
A +329
B +2'83
A 10639
B 4486
~6°08
+8-58
+907
B 4153
A +2:28
B +7°47
A 4240
B 4542
A F7°42
B +81q
A +877

> W o>

the mean Denfity of the Earth.

B 4345
A 4380
B 4664
A 476
B 4328
A 48
B +618
A 480
A +787
B 4475
A 4656
B 4§24
A +7°90
B +6°32
A +692
B 4728
A +6'34
B +893

A+539 |

B + 5§20

A +354

B 4126
A +320
B +534
A +374

A
B +2'96
A

B +722
A +1°91
B +4'46
A +195
B 4226
A +4'54
B 4448
A +314
B +3°38
A <4500
B +485
A +612
B 4344
A +6418
B +4'19
A +4°51
B +3%04

+4°37

+2°47
B 4390
A +578
B +397
A 448y

B 4483 |

A +3°34
B +365
A +6°96
B 4307
A +3°55
B +293
A +5°53
B +35'33
A +4°38
B +367
+512
+ 1°06
+5°96
+2°47
+384
+5°57
+2°63
+ 741
+3°11
+174
+2'0j
+4°33
+5°93
+6°36

LI R

»

W o B » B » W > oW

A +447
B +3'75
A +474
B + 306
A +2'58
+4'15
A +316
B +464
A +326

B 4418

A +4°04
B +2°92
A +310
B <511
A 4461
B 334

| A +2'57

B +580
A +3°37.
B +2°58
A +2°24
B +348
A +2°95
B 4288

703

A +369
B 407
A 42775
B 4465
A 4407
B +3°23
A 4416
B 4573
A +412
B +4'01
A +318

B 4391

A 4528
B +2'g0:
A +4°39%
B 4°37
4 +329
B +2'12
A +29§
B +3'30
A $282
B +3'97
A +137
B +40'00

The fum of all thefe is 744+738+669°28 inches,

er 74A+7 3B+ 55773 feet, includ-
ing the 2 feet 8 inches at the be-
ginning of the meafurement.

Now
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Now 74a15s = 1487°73892
73B1is = 1468'04825
The odd parts 55773

Sum 3o1r‘s6o017 = the bafe unreduced.

But a reduction of this muft be here made according
to the ftate of the thermometer, and for the wearing of
the brafs 5 feet ftandard (fee Phil. Tranf. vol. LVIIIL for
the year 1768, p. 313, &c.). Now the difference
between 62° and 62 being i, therefore 30r11°56
X ey X 2= 30I1°56 x 552555 x & = 0°024 feet, is
the {mall corretion on account of the thermometer,
and which being added makes the number become
3011'584 for the length of the bafe as reduced to the
ftate of 62° of FAHRENHEIT’S thermometer. But the
brafs rod had been ;Z5th of an inch fthortened by wear-

7565
ing, and it was originally +75sth of an inch fhorter than
the Royal Society’s brafs ftandard yard, fo that it is now
+5sdth inch fhorter than that ftandard in the length of
3 feet, or oosth part of the whole; therefore fubtract-
ing the 5osth part, or ‘167 from the above quantity,
there remains 3o11°417 feet for the correted meafure
of this bafe, or the true length of the line rB”.

The above meafures, as far as to that marked % in-
clufively, together with 10 feet 10} inches more, reach

4 to
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to a place to which they had before meafured with the
tape line, and by it found to be 2844'8 feet; while
the meafure of the fame by the rods is found to be
28393 feet. The difference is 5; feet, a fmall part of
which might be owing to the unftable ftate of the wooden
ftands ufed in the firft quarter of the bafe; but the
greater part of this difference is more likely to be owing
to the uncertain way of meafuring with a tape, which,
to fay nothing of the ground not being quite level, is
liable to be ftretched more or lefs in length with dif-
ferent degrees of tenfion, and to be varioufly warped in
length by moifture.

Of the meafurement of the bafe afy in Rannoch, zo the
North-wef? of the bill of Schehallien.

1. One part of this bafe was meafured twice over in
different ways. The part a3 was carefully meafured on
the 8th of O&ober 1774 with a chain, and found to be
6 3 chains and 403 links, or 63°405 chains in length.

Now on the 24th of the fame month the chain was
meafured by means of the five-feet brafs ftandard, when
the thermometer was at 38°, and the length found to be
65°'94542 feet. Hence then 65°94542x 63405 =
4181:269 is the length of all the chains, to which, add-

Vor. LXVIIL 45 ing
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ing 1°764 the breadth of the 63 iron pins, the fum is
4183033 for the length of a5 uncorrected.

But 62—38;=23;, therefore — 23] x ;55%55%x 4183
=—1-0356 is the reduction on account of the ftate of the
thermometer, which being applied with its proper fign,
there refults 4181°977; and from this laft number de-
duéting again 5osth part or *232, on account of the
wearing of the brafs ftandard, there then remains
4181745 feet for the length of the part « 8 of the bafe
in Rannoch, as meafured by the chain.

But as the chain was meafured not at the fame time
with the bafe, but between two and three weeks later,
when the air was probably cooler, the reduétion above
made for the ftate of the thermometer is perhaps fome-
thing too great, and we may fafely conclude {3 to be
equal 4182 feet as meafured by the chain.

2. The whole bafe « §y was next, on the 1oth, 11th,
and 12th of Oober, very carefully meafured by the
twenty-feet meafuring rods. The rods at that time mea-

A=20 ft. + 1°306 inch.=20°108$ .
fured thus, {B =20 ft. + 1°354 inch. =20°112$ } feet 3

the thermometer being then at 40°. The number of
rods and the additional parts were as follows.

A+4°49



A +449
+329
+6°57
+362
+384
+3°52
+4°50
+ 1362
+4°88
+2°74
+3'24
+4°30
+3'50
B +326
A 4296
B +332
A +5'93
B 4500
A +343
B +387
A +6°37
B +348
A 4486
B 4487
A 4308
B +367
A 4328
B +3°43
A 4482
B 4446

> B o» B > W R W B B oW
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A +399
B 4313
A +3°55
B +4°19
+4-06
+3'94
+3'64
+323
+3°76
+256
+3'38
B +3'29
A +365
B +3'51
A 4388
B +2°29
A 4313
B 4371
A +313
B +3'13
A +543
B +308
A 4357
B 4568
A +389
B 4278
A 4329
B 4184
A 4-0'00
A 4314

W > ® > W

B +1'73 | B +322
‘A +241 | A +316
B 429y | B ¥2'07
A 4262 | A 4222
B 4218 | B 4483
A 42772 | A 4239
B +302 | B +2'68
A 4246 | A 4209
B 4368 | B 4197
A +262 | A 4148
B 4272 | B 4320
A 4333 | A+2%2
B +2°93 | B +2°37
A 4314 | A2y
B +2:93 | B +348
A 4240 | A 4316
B 4206 | B +3°50
A +313 | A +2733
B +2:57 | B +2°37
A +285 | & 4268
B +2:87 | B 4368
A +412 | A +270
B 4220 [ B 4268
A 4268 | A 205
B +42'17 | B 4309
A 4213 | A +2°50
B +2'17 B +2°52
A 4312 | A +262
B +2°70 | B +2°43
A +317 | A 4301
4S5 2

B 1243
"A 4197
B +1'74
A +284
B 4365
A 4162
B 4127

B +2°36
A +2°57
B +2°0%
A +248
B 4231
A 4228
B +3'96
A 4487
B +2°61
A 4222
B 4163
A 187
B +42°41

B +2°09
A 4227
B + 302
A +2°41
B +2°53
A +184
B +2°68

| A 237

A +2°38

A 4262 |

707
B. 4 1'8%
A 4238
B +2:67
A'+207
B 4184
A 4403

B +1'72

A +2°14
B 4180
A J-1°2%
B +188
A +2°36
B +2%04
A +237
B +17]

A 4166

B 4226
+197
+177
+2°63
+318
+2'0g
+1°74
+2'74
+4°49
+2°60
+245
+ 141
4265
A +198

W o W o E > W OB W OB ® B

B+2'96
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B +2°96
A +2°27
B 4260
A 4308
B +2°23

+4°70

+2728

A
B

A +179
B +183
A +274
B +248
A +2°23
B +1°66
A 4308
B $2°31
A $2°20
B + 306
A +2°36
B +2°24

Mr. BUTTON's Calculations to afcertain

A 4166
+1°53
+ 1°80
+3'53
+2°45
-4-0°00%*
+2°36
+275
+177
+ 155
+1°97
+2°04
+2°56
+2°15
+2:26
+237
+194
+1'97
A 4194

R R O T S

B +2'77

A +2.°9

B 4214
A +2°4§
B +2°98
A +2°40
B +2'50
A 4282
B +2'37
A 2276
B 4291
A +2°58
B +2°34
+2:86
+2°67
+2°'19
+2°37

W s ow »

A 4293

B +2'37
A 4286
B -}2°42
A 4216
B J2°21
A +2'7§
B 4-2'03
A +2'73
B +2'14.‘
A +1'57
B 4177
A 221
B +$2°11
A +2°'09
P +2°06
a +2°36
B 177
A 4166

B +186
A +2°33
B +2°65
A +2°14
B +2°'35
A 4243
B +2°59
A 42°48
B +2°48
A +2°9’1
B 4247
A +380
B 4199
A 4281
B +42'44
A 207

. B +2°44

A $2°11

> W » W

> W

> W b @ 2 ® > B > W > W

+2'49
+2°11
+ 303
+2°67
+2°43
+193
+2°75
+1°99
+2'1y
+ 183
+193.
+ 165
+ro4.
41 '96
+2°3
+2°25
+179
+aco

Of the foregoing meafures, the funr of all from the
beginning to that marked * inclufively, together with
13 feet 2 inches more, brings us to the peint @ before
meafured to by the chain. Now te this place; by adding
together the meafures, there are found tobe 103 & and
102 B, and the fum of the parts is §86°7 1 inches.

Then
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Then 1054=103 x 20'108$=2071'210
102B =102 X 20'I12{=2051'509

586°71 inches = 48893
13 ft. 2 inch. = 13167
Hence a8 (unreduced) is 4184779

But fince 62 — 40 = 22, therefore the. reduétion for the
ftate of the air is — 22 x Trassss X 4185 =—-"989, which
being applied to the above fum, there remains 418379
as correfponding to the ftate of 62° of the thermometer.
From this laft number deduét its.zz5th part, viz. 232,
and there refults 4183°558 for the correct length of the
part a8 as determined by this very accurate method;
which is but about a foot and a half more than what it
was found to be by the lefs accurate meafure by the
chain, which is a nearer approach to an equality than
could well be expected.

To determine now the whole length of the bafe ay;
by taking the whole fums there are found to be 1464
with 144 B and 77978 inches of ‘the odd parts.

Then 146 A=146 x 20°108:=2935'890
I144B =144x% 20°I112{=28096"248
779°78 inches = 64982

The fum or ¢y (unreduced) is 5897°120.

The:
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The correction for the thermometer is — 22 x 3%z
x 5897 = — 1394, which being applied to the number
above, there refults 5895.726; and this again being di-
minifhred by its 5sth part, or ‘327, there remains
5895399 feet, for the corret meafure of the bafe ¢
in the vale of Rannoch.

There is no occafion here to explain the manner of
meafuring thefe two bafes by thetwenty-footrods, as that
has been very circumftantially done in vol. LXV. of the
Phil. Tranf. for the year 1775, by the rev. Dr. MASKE«
LYNE, the learned and accurate conductor of this very
important experiment.

The following fhorter lines were alfo meafured asthey
happened to be wanted in different parts of the furvey.

Feet. Inch.
wd =269 4 )
nearly horizontal.
Nz= 93 6
Ke = 94 10
KE = 240 10
ac = 9 9
an = 7 I0
cn = I IX
ma= %50 11
mt = 68 _
mp= 63 4 (DO horizontal,
ot

The
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The other meafures that were taken for determining
the fetions will be delivered afterwards, when the re-
fults or computed altitudes have been obtained, in order
to be placed oppofite to their correfpondent angles.
Having now obtained, to a great degree of accuracy,
the meafured lengths of two lines which were to ferve
as bafes for all the future calculations, the next confide-
ration was how to make the propereft ufe of them.
Every other line or diftance, drawn or conceived to be
drawn, muft be calculated from them by the help of the
angles obferved either at their extremities, or at all the
other points and ftations in the furvey and plan. Asthefe
two bafes are fituated in the low parts of the country,
from whence but a very few of the other principal {ta-
tions are vifible, one method evidently is to compute im-
mediately from thefe bafes fuch of the great lines in the
furvey whofe extremities are vifible from them; and
then from thefe calculated lines to compute others next
to them, and fo on quite around and within the whole
figure. In this manner feveral values of each line will
arife, both from the double computations by the two
meafured bafes, and from the various fets of triangles
which can be formed from the very numerous ho-
rizontal angles which were obferved at the feveral
ftations. But in this mode of computation, after
6 great
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great labour and pains, I had frequently the mortifica-
tion to find that the feveral values of the fame lines
would differ fo greatly one from another, that I was
often very doubtful whether I could rely on any of them,
or even on the mean among them all. Thefe differences
arofe from the {mall errors in the obferved angles, which
in fome degree are unavoidable; and indeed they were
{o fmall, that the fum of the angles of the feveral tri-
angles which were ufed in the calculation feldom dif-
fered by more than a minute or two from 180°. Butin
a long connected chain of triangles, dependant on one
another, the effe¢ts of fuch {mall errors at length be-
come too great to be tolerated in a computation requiring
much accuracy. Another method is, firft to compute
from both bafes the length of the line kN extended along
the ridge of the hill from Eaft to Weft, and from it, as a
fecondary bafe, compute all the other lines in the plan.
This method admits of much more accuracy than the
former, fuppofing this fecondary bafe to be truly af-
figned; becaufe that, from the elevated and central fitua-
tion of this line, all or mofit of the other points in the
furvey are vifible from one or both of its extremities, by
which it happens that the other lines are moftly deter-
minable from it alone, without {o clofe a conneétion with

one another as in the other method of computation. By
both
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both of thefe methods then, and by all the triangles
furnithed by each of them, 1 computed all the princi-
pal lines in the plan, and either took a mean among the
feveral values of each, or clfe felected out of them fuch
one as from various circumftancesI judged it fufeft to rely
upon, as neareft the truth. The trigonometrical compu-
tations were always accurately made, and generally re-
peated by logarithms, and the refult of every proportion
determined to two or three places of decimals. I fhall
here abftrat the mean or correted values of fome of
the principal lines or horizantal diftances fo computed, as
well as the fecondary bafe kN from the Eaftern to the
Weftern cairn.

The mean among a great number of ways of compu-
tation from the South bafe gives the horizontal diftance
from x to N = 4052'2, and the mean of all the refults
from the North bafe a By gives KN=4058'9, and the
mean between thefe two gives 4055'5 for the mean
diftance of k and N. And this value of kN was ufed in
computing moft of the other lines, whofe mean refults
are as here follows.

Vou. LXVIIIL 4T ay=
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ay = 5895°4 the Northern bafe in Rannoch.
RB” = 3011°4 the Southern bafe in Glenmore.
NK = 405 5°5 the diftance of the two cairns.

RA =5670 |[NR = 5545 |KR = 5952 | OR =3582
AB =1489 |NB"= 6053 |KF = 8227 | 0B” =5466
BC =4506 |[NA = 5941 |KG = 8036 | 0a =6769
CD = 775 |NB = 6573 |KH = 7748 | 05 =3271
DF =7388 INC = %7797 |[KW = 7603 | 0X =4079
FG =1166 |[ND = 7657 |KkL = 8335 | ou =6061
GH =4068 |[NF = 5980 |KY =10008 | 02z =g073
HW=2118 (NG = 6370 |[KV =I021I5 | OM =3317
wL =1816 |[NH = 8195 (KO = 2613 _
LY =7085 [NW = 9059 |[KP = 3221
YV =3636 |[NL =10405 (ke =13710 | M§ = 381
vT =2645 |NY =I3752 [KfS =15404 | Te =I335
TZ =4393 NS = 5795 |[KM' = 1817 | Ze =3719
ZU =4132 (NO = 2875 |kd"= 2528 | F'D =6430
UXx =1984 [NP = 3271 |[Ka = 3326 | FF =3934
xs =2378 [Na =11876 |kb = 4409 | F¥ =4098
SR =I410 |[N2 = 5899 - Yk =2327
N& = 9614 | | Mb=1172
N4 = 3381 |pG = 4815 ab =1843
Ny’ = 1585 |PH = 5196 | ¢d =17350

From the three firft lines, or bafes, and the horizontal
angles obferved at the feveral ftations, a very large and
accurate plan of the whole {urvey was conftru¢ted, form-
ing a map of four feet long by.four feet broad, which
was verified in every part by the meafures of the com-

puted
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puted lines, both thofe above-written and others, and
they were generally found to agree very exaétly, accord-
ing to the {cale by which the plan was conftruéled. The
ufe of this large map was to receive and admit of the
diftinét and accurate exhibition of the figures in their
true places, exprefling the number of feet in elevation or
dep_reﬁion with refpect to each obfervatory of every
point and fetion of the ground whofe elevation or
depreflion might be obferved. But before I proceed to
the computatibh and conftruction of the points in the
fections, I fhall here abftract the numbers which exprefs
the relative elevation of the principal original points in
the furvey, being the extremes of the lines whofe lengths
are above abftratted. Thefe few numbers are the refults
of the calculation of feveral hundreds of triangles con-
ceived in a vertical pofition, their bafes being either the
horizontal. lines above-written, or other lines drawn as
diagonals between many diftant points in the {urvey, ac-
- cording to the number of vertical angles which had been
obferved; and of thefe bafes, whether real or imaginary,
each generally afforded two vertical triangles, as the
angles of elevation and depreflion were taken alternately
at both ends of the lines. It is {carcely neceflary to re-
mark, that all thefe triangles are right-angled, the com-
mon bafe being one of the fides about the right angle,
and the other the difference in aititude betwecen the two

4T 2 given
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given points or extremes of the bafe; and this difference
in altitude is found from the application of this propor-
tion, as radius is to the tangent of the angle of elevation
or depreffion, fo is the given bafe to the altitudinal dif-
ference between the two given points, exclufive of the
height of the theodolite or other inftrument, which was
afterwards allowed for. From the refolution of all thefe
triangles, and taking the means of the many correfpond-
ing refults, were obtained the following numbers, which
thew how many feet the points denoted by the letters
ftanding againft them are below the level of the point N
or the Weftern cairn. They are all referred to this point
N at the Wettern extremity of the ridge of the hill, be-
caufe it is the moft elevated point in the whele furvey.

o 1184 |y 2898 |H 2143 |U 1613 |¢ 2145
P 1457 |A 1303|W 2024 |X 1996 |M 1958
K 480 |B 1373|L 2006 |85 1964 |M 322
R 1048 |c 1384 |Y 2335 |4 1012 |F 2246
B" 1920 | D 1445|V 2119 (6 823 |7 2813
o 2898 |F I904|T 2114|¢ 1364 |4 28335
B 2901 |G 1935|2z 1815|d 1539 |¢ 172

Thefe depreflions, and thofe of feveral other principal
points, were firft carefully computed by means of vari-
ous different bafes, as fo many places from whence the
{fections were to commence.

5 Thefe
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Thefe fetions are very numerous, made in all direc-
tions from the primitive points before mentioned, and
many of them extended to great diftances far beyond the
baunds of the plan hereunto annexed, fo as to include
the neareft hills and valleys of the furrounding country.
They are moftly made in vertical planes in the manner
defcribed in the article of the Phil. Tranf. before refer~
red to, excepting fome few of them which are level fec-
tions in planes parallel to the herizon, and fome indeed
irregular as being neither vertical nor horizontal. To
compute the relative altitude of each point in thefe fec-
tions, it is evident, requires the refolution of two different
triangles, ¥7%. a horizental triangle by which its place in
the plan is afcertained, and a vertical triangle of which
one fide is the elevation or depreffion of the point. Of
thefe fections there are above 70, containing near 1000
points, whofe places in the plan and relative altitudes
have been corputed: fo that the number of triangles,
whofe numerical refolutions have been performed in the
courfe of this bufinefs, amounts to.{everal thoufands.
Before the abftra& of the computation of the fections,
T fhall here put down at large the calculation of one of
them, to thew the manner in which they have been com-
puted in the readieft and eafieft way that occurred to me,

preferving at the fame time the proper degree of accu-
racy.
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racy. I fhall for this purpofe fele&t the third feion as
not containing fo many poles as fome of the others. This
{fe&tion commences at s, and is car- )
ried up the hill in a vertical plane, o
making an angle of 105° with the 4;,,/:'}

el

line rs. The direction of ‘this R S
plane is here reprefented by the %}: L :g;’

line s ppp making with rs the an-
glersp=1035° The points ppp &c.
mark the places of the poles, whofe angles of elevation
or depreflion were taken at s with a proper inftrument,
and they are written in the fecond column of the table in
this example. At r were obferved the feveral horizontal
angles, which lines fuppofed to be drawn from thence
made with Rrs, and thefe are placed in the third column.
And fince in every triangle rsp, the angle s is conftant,
and the {fum of r and p is equal to the conftant quantity
75°: therefore each of the angles r, or the numbers in
the third column, being fubtraéted from % 5°, there re-
mains the correfponding angle p: and thefe remainders
are placed in the fourth column. Then, fince the me-

Ay s v f.
thod of {olution js this, as{p: fiR:: RS :5p= rl;x Rs; and
again, as radius (1) : tang. elev.:: sp : alt. of p above s =

s pxtang. elev.= %ex RS x tang. elev. Orin logarithms
4 f.r

Leaves LR+ £ p= 75
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{.r—{.p+Rs+tang. elev.=log. of the altitude of the point.
Wherefore having taken, from a table, the fines of r and
P, and placed them in the fifth and fixth columns, {ub-
tract the latter from the former, and write the remain-
ders in the next or feventh column; to thefe add the con-

ftant logarithm of grs, and write the fums in the eighth
column; take out then the tangents of the angles in the
fecond column, and having placed them in the ninth co-
lumn, add together the adjacent numbers of the eighth
and ninth columns, placing the fums in the.tenth co-
lumn, which being the logarithms of the altitudes or
depreflions of the points p, take the correfponding num-
bers from a table of logarithms, and write them in the
eleventh or laft column, for thofe altitudes or depreflions
with refpect to the point s, with the height of the theo-
dolite included, and which is afterwards allowed for, its
height being generally about 4; or 42 feet. In the fecond
column p denotes depreflion and E elevation; in the laft
column p denotes depreffion and a altitude.
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Thusthen every linein the table contains the folutions
of the two triangles, the one horizontal and the other
vertical; ufed in finding the altitude of each point or pole
in the feGtion. The addition of the conftant logarithm of
the bafe Rrs to the logarithms in the feventh column, is
mott eafily performed by writing it on the bottom of a
little {lip of paper, and fo fliding it down fucceflively
over each of thofe numbers, and in that pofition adding
them together, and placing the {ums immediately oppo-
fite in the next column.

And in this manner were computed the relative alti-
tudes of the points in the other vertical fections; except-
ing two or three cafes, in which the conftantangle formed
by the fection and the bafe was a right angle; and one
cafe in which the vertical angles were not taken at the
beginning of the fection line, but at the other end of the
bafe line where the horizontal angles were alfo obferved.
It may be neceffary, therefore, to infert and explain an
example of each of thefe cafes, and the more fo as they
point out the propereft means of meafuring thefe fec-
tions {0 as to fave moft part of the labour in the compu-
tation, in which the trouble chiefly confifts.

Of the cafe of the right angle, the et
firft fe¢tion is an inftance, where alfo rs «-'"“‘::«"’M ?
is the bafe as before, and the angle rsp ;,f;r.'i-"_'_:,f::,mw ?
being = go°. ——

Vour. L XVIIIL. 4 U Poles.
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p | Db 20 Horie | o1 | To0g:oF | Colmns| Siog, | s
e at s, 4and 5. | Alt. Ale.
1| 5165 0 o 896533 9'24632| 821165| 1°36105] 23D
2| 0 30 B 31 35 | 7°94086] 9'78874| 7:72960| 0-87899| 7ia
3| 415 |41 56 [887106] 9'95342| 882448| 1197388 | 94
4| 6 143 | 49 25 | 903861 10%06722| 9'10583] 2'25523| 180
51 816 |55 515 9162241016870 9°33004] 2°48033{ 302
611013 |59 573 | 9255821 10237831 9 49365| 264305 440
7|11 37 |62 56} | 931297 1029174 | g'6o471| 275411 568
8|12 25 | 65 33 9'34276] 10°33257| 9°67533| 2'82472| 668
9 [ 1321 |66 41 | 937532 10°36568| g°74100| 2-89040| 777
10 14. 10 | 67 363 | 9°40212)10°38519| ¢'78731( 2°93671| 864
11 ] 15 17 | 68 42} | 943657} 10°40925| 984582 299522| 989
12 | 17 46 | 70 58 | 9.50572 ) 10.46221| 9°96793] 311733 1310
13| 19 33 | 72 48 | 9°55035] 10°50927 | 10705962 | 3'20902 | 1618
1420 6 |74 30 | 956342} 10 55701 10°12043 | 326983 | 1861
1 2. 3 4 5 6 7 8

In this form there are three columns lefs than in the
former, by which it happens, that about one-third of the
labour is faved. The method of folution is thus; as
1 (radius) : tang. R :: RS : Sp=Rs x t.R; and again, as
1 :tang.s (vertical angle)::sp:spxt.s=Rsxt.R.xt.5. Or,
in logarithms, log. Rs+t.R+t.s=log. of the vertical per-
pendicular: and by this theorem, it is evident, the co-

lumns of this table are conftructed.
But
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But nearly the fame faving in the great labour of
computation would be made if the vertical and horizon-
tal angles had both been taken at the end of the bafe
fartheft from the beginning of the fetion. And this
method would alfo be much the eafieft in making the
{urvey on the ground, as there would then need only one
obferver with an inftrument to meafure both horizontal
and vertical angles; and any perfon, without an inftru~
ment, could diret in a line the perfon who moves and
places the poles, or he may even dire&t himfelf after his
firft pole has been placed, by means of 4 back object, as
is commonly done in land furveying.

Of this kind there happens to have ¢
been one fetion taken, proceeding
from G, and making with gp an angle
of 85° P being the Northern obfer-
vatory, and where both the bearings

and depreflions of the points p in the oo 1g§°
fection line were obferved. —_—
4P+ 2p= 9§

Log.
PG 3°68262
f.c 9°'99834
Sum 368096

l which is a conftant number from which
the fines of p in the fifth column are
S to be deducéted,

4 U Poles.
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Vertic. |y orizont. Jgs°— 2 p| Sines of | p+15.6 | Tang. of ls"m"fC"'*’D'P

E.ﬁnges Ang.ate.| = sp | e’atp.|=sp=rpl Deprn ‘:;“d?':b;?"
1] 8450 g 15 | 8545 |999880f 3:68216) 618728 286044740
2|18 46|16 25 | %8 35 | 9°99132] 368964} 9-18812{ 2-87776] 755
319 58 | 27 16 {67 44 | 9°96634| 371462 9 24484 2°95946| 911
418 38| 3052 |64 8 |995415| 3772681 g'18136} 290817 ]8og
5|7 6]3430 |6030 |993970] 374126/ 9°09537 2:83663 | 686
6] 5233755 |57 5 |992400] 375696 8:97421) 273117 538
1l 2 3 4 | 5. 6 7 ‘ 8 lg

Here it is evident is a faving of two of the moft labo-
rious columns in the table. This happens becaufe that
in every triangle pGp there are now conftant thofe two
parts which are ufed in the proportion made ufe of in
the calculation, vi2. PG and the angle .  For then it is,
asf.p: 1.6 :: PG : Pp,0rlog. Pp=log. PG+ LG—L.p; fo that
the fum of the logarithms of pG and fine of 2.6 is a con-
ftant number, from which the numbers in the fifth co-
lumn are to be fubtracted, to find thofe in the fixth co-
lumn. The reft of the work is the fame as in the firft
example,

As to the irregular fections, the computation of them
differs o little in manner from that of the ufual vertical

feCtions,
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fecions, that an example of it is unneceffary: and the
few horizontal fe&tions need no computation, but only an
allowance for the height of the theodolite.

In the following abftract of the refults of the compu-
tation of the fections, the firft column contains the num-
ber of the pole, the fecond and third the vertical and
horizontal angles, and the laft the difference of altitude in
feet, between the foot of each pole and the point from
whence the vertical angles were obferved, after making
the allowance for the height of the theodolite above the
ground. At the end of this abftract is a plate of the
figures referring to the number of the fection, thewing
the direction in which it was carried, with the degrees
and minutes in the angle formed by it and the bafe
line.

SEC-
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7

’s E C’T . O'N L‘_ R 15 125 | 67 3‘/6 973 .}
potef Vgt 4% [ Betngs ) DIEOF |1y | 162 | 6845 | 8]
o o 12} 17 45 70 .0 l1302
1 s 16—51:. 10 © Bo} o1 8 45 73 ] 14.67
2 0 30 E| 31 35 12A) gt 193§ | 71 573 ;5,5
3] 415 |4v$0 b 99 gl 1950 |72 34 1726
4] 6143 | 4925 | 185 ‘ =
5 8 16 55 513 307 SECTION 3. ,
- 6] 1013 59 575 | 444  |pore] Vert. 2’s | Bearings| Diff. of -
2| 13y 62 568 | sy2 | ats, | atr. Ale.
8| 12 25 65 33| 673 1 ; 217 D x°9 o} 20 I
9| 1321 66 413 | 782 2 2 36 E| 30 24 51 A
10| 14 10 67 363 | 869 3 4 33 38 28 122 |
i oas1y | 68425 994 | 4| 612 {4410 | a3
12 | 17 46 70 58 | 131§ 5 75t 14755 1 350
13] 19 33 ¥2 48 |} 1623 6| 1038 §T 22 | 524
14] 20 6 74 30 | 1866 7] 1220 {33 o | 668
81 1346 |5443 | 818
\:'.r::: i’;r IB::ar::'nI 2'I.Diﬂ' of 9| 1543 $6 21 | tos8
Pole.' " at's. atnc | Al | ™ !; 35 5; 4; 1283
1 ; 46 p| 20 4.'6 30D ol il 53 ki
2| 126%]3242 28 & SECTION 4.
N oem | 32 i el P | PR
51 958% |59 2 | 429 1] 7420f13 8 390>
6| 11 50f |62 30 591 2 1 2RB| 3135 19 A
71 12 52 65 2 721 3 4 4 40 24 8o
8 1322 65 51 780 4 5 36 48 36 137
91 1336 |66 o 806 5 6 55 56 56 21§
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6] oo |Gsb | a3 SECTION 6.
7| 9s [sia | s [roe) Vor o' Boriog DI of
8] 1017 70 33 495 ° o 4
9| 1118 74 © 623 1 916 D | 11 43 8o p
0] 13 2 76 3 185 2 4 46 p| 16 51 6o D
| 1337 76 47 848 3 1 10E|23 50 28 a
12| 143 |7745 | 946 | 4| 45T 1303 1 137
13 15 3 {7858 [ro42a | S| 6 6 3314 | 196
14] 1615 |8 11 | 1200 61 732 3725 | 28
15| 1724|8113 | 1362 71 930 [4024 | 49
16| 18 32 82 5 | 158 81 11 13 43 12 546
17| 19 29 82 59 | 1699 9| 1222 45 18 656
18| 20 7 8330 | 1812 10 1335 |47 9 | 182
11| 1519 |48 54 | 955
SECTIOI.\I 5. 12 | 16 29 50 12 | 1093
potey Ve ' | B [ DET | 15| 37 8 |51 1 | way
o . o 14| 17 2% 51 48 | 1248
1 346p|15 o 38 b
2 014 E| 24 23 9 A SECTION 7.
3 2 16 36 14 60 |pole. Vert, 2’s | Bearings | Diff. of
4 329 46 3 12 at x. at s, Al
5 4 21 54 24 163 1 ; 3’0 D ; 3’o 60|
6| 543 |6355 | 258 2| 149 |15852 24
Y 7 2 71 30 361 3 2 § E| 2049 52 A
8| 9 3 |[7630 | 513 4] 430 |2448 | 135
9l 1125 8r 18 720 5 5 41 28 23 208
10| 12 5% 84 16 874 6 7 13 30 27 297
1| 13 54 87 22 | 1017 7 8 14 32 29 380
12 | 14 5% 90 30 | 1182 8 9 24 33 41 465
13 15 9 93 0 | 1295 9| 1026 35 ©O 558
2% 10
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{XO

o ’

11 41 306 21 678
| 1236 3715 | 773
12 13 31 38 17 8835
|13] 1346 3930 | 973
14| 1356 40 17 1036
SsEcTION 8.
poe] Vet £ B | DI of
1 1°7 5’6—§n 3°7 12 516 D
2 10 12% 41 350 359
3 5 41 44 48 229
4 2 2§ 47 2 107
5 o 29 49 6 20
6 1 12E{5§I © 4 A
71 3 o [52353| 198
8| 5 o |5444f]| 378
9| 618 |55563] 52
10 7 2 56 471 | 620
11 8 52 57 24 821
12| 10 10 57 555 | 986
13| 1124 |58 28 | 1160
14] 12 20% | 58 58 | 1316

N.B. The place of this laft pole

[ between A and ~ is only 1303 fect.

{ great, for in other places this angle is

‘T'his diff. of 13 feet feems to le caufed
by the laft bearing being about 7° too

only §8° 51'. And indecd many other
angles taken at the fame time with the
above feem to be much wrong, as they
greatly differ from correfponding ones
taken at other times.

Such differences among correfpond-
ing angles I often met with in the
meafures contairted in the books of the
furvey, and it required much care to
detett them, and trouble to reccncile
them.

SECTION 0.

would feem to be the fame as N the
Weftern cairn, as the fe&tion was di-
refted through it. But then the laft
number 13106 is too great; as, from
all the other meafures, the diff. in alt,

1 Bearings | Bearings | & o
Poley 2% A.g ats. | 8 =
o o ' H'g
1| 132 215 | 36 455 | B3
2| 13027 | 37344 <4
3| 12726 |39 8 | Ty
4| 124 25} | 40 18 ;g:g:n
§| 119 634319 | 28
6 11137 |48 7 ﬁg
7| 1034585258 |5y
8| 9525 [5850 |~
5 ¢
9| 8555 | 6754 8.
10 78 2% | 75 58% g E8
i1 73 14 | 82 30 EE-:%
12 7v 415 | 86 a1 o §'§' '
13| 7038 8933 | 228
. =R
14| 6939 |9223 |

7]

=

@]
[
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SECTION IO. B g4 [0 s
Vert. £’s | Bearings| Diff. of | 14 9 53 76 34 | 1258

Pole) " t'a, ate. | Al .
., . 151 1038 |76 553 | 1443
1] 1941 D| 511 3 —
! 24 S B SECTION 1I2.
2| 13352 57 223 | 426 ] ]
[ o] 87 [62s6 | a5 fpo) Povines B g
4 2 30 68 47 106 o 4 ., g )
s| oso [73ssp| 4p | *| O%red fror O wf
6 o0 225E | 76 52 27 A 2| 7116 98 23 8 g“
I U"c
7l o s9 |79 14k| 0 3| 7585 | 9456 ¢ =
8 139 81 7 124 4 79 o 89 33 "E 8
9 272§ 82 42 194 5| 8s 28 8249 | &%
0| 3 5 {8412 | 266 61 9119 7648 | £
| 336 [8s4ip| 3 | 7] 97 S | 70 ¥ .23
12 3 48 86 27 373 81 102 21 66 20 é'g
: 9 | 108 18 60 36 | o8
SECTION II. 10| 113 33 56 15| £ &
1 Vert, £’ | Beari Diff. of . ' 'z
potef Verk, <° | Bearings DI | 1o iaaa | 5309 | 52
o ’ o 1 12 41'19 16 52 g
x| 125604818 | 23t0) o g s2 1 “
2| 950 |62 4 | 33
3 5 13 07 9 242 SECTION 1I3.
4| 225 69 515 | 135 |poje| Verte £’s | Bearings Diff. of
I ata, at r. Alt,
5 059 E| 71 20 70 A
6 3 0 72 13 220 1 § 7ln 7°5 2 92 D
71 43t |73 9 | 363 2| o012 79 46 2
8 6 7 7353 | 533 3] 4 1E| o155 2214
9| 6359 |7427 | 652 4| 6 8 95 o 385
of 753 |[7452 | 177 s| 749 96 34| s30
| 849 75 9f | 904 6| 950 99 27 | 789
12 9 27 75 42 | 1048 7| 10 52 100 10 | 9I§
Vor. LXVHI. 4 X
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29 |45 o | 465

8| n 5/2. 100 4:;. 1040 5 6

9| 12 32 101 15| 1172 6 8 10 47 32 642
10| 1356 101 49 [ 1327 70 910 4947 | 781
11| 14 49 102 20 | 1472 8] 1039 51 37 970
12] 16 10 103 3| 1710 9| 12 o 53 36 | 1177

13| 16 45 103 27 | 1837 10| 13 24 55 38 | 1422
14} 16 55 104 20 | 2013 11| 14 o 57 18 | 1584
12 | 14 18 58 37 1704
13| 14 21 58 58 | 1734

SECTION 1I4.
Vert. £’s | Bearings | Diff. of

Pole.
at G. at F. Alt. SECTION 16.
o ! ° Vert, £’s | Bearings | Diff. of
! 2 3Ef 97 S 73 A | Pole. at H, at G, Alt.
2 2 35 99 14' 95 o 7 a 7
3 352 109 39 | 182 1 7 22 D| 21 37 189 D
4] 558 |11753] 384 2 61 3432 | 248
51 625 119 8| 440 31 41 43 23 201
6| 831 120 34 | 633 4] o9 |4820 4
7] 1014 | 121 51| 827 5 1432|5438 | 1194
8| 1129 | 12241 085 61 33 |60 8 | 275
9] 12 30 123 34 | 1149 7 514 |65 8 | 446
10| 13 4 124 15 | 1272 8 649 (7013 | 653
11| 1314 )24 41 1339 9| 8 1 [7319 | 828
0 841 1763 | 977
SECTION IS. 11 918 |48 38 | 1104
Pole. Vertf 2’s | Bearings| Diff. of | 12| 10 o 80 22 | 1246
atG. at H. Ale,
13| 10 44 82 o | 1403
1 946 D | 14 14 172 D} 14| 11 31 83 24 | 1572
2 3 32 23 9 102 15| 13 8 84 43 | 1874 |
. There feems to be fome gencral error in this fec-
3 O 45 )31 7 27 tion, as the depreflions and altitudes are utterly in-
compatible with thofe of all the other neighbour-
4 vI 43 | 36 15 94 A Ving points in the plan.

I S EC-
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SECTION 17. / o 4
Ve, 15\ Ben zm ) 655 |78 1 | s;
ert. L’s earings 1. O
Pole. at H. at G.g Alt, 833 81 13 731
B P o 7 10 928 |88 4 | 1108
t{ m=1se 1613 | 24200 ;, | 938 |89 10 | 1201
2 7 11 25 6 216 12 9 53 89 58 | 1290
31 419 (33 3 | ! 13| 1024 |90 33 | 1407
41 149 {3820 | 82 141 11 2 lgr 1o |13552
5 I 59 E| 45 24 119 A
6 3 38 50 3 243 SECTION 1I9.
7 10 2 Vert. 2% | Bearings | Diff. of
5 5333 317 Pole at w. at x..g Alt.
8| 710 |57 3| s72 L o
9| 817 60 46 731 1| 18 8p| 14 51 168 D
10| 845 |62 58 820 2| 16 28 | 31 38 388
11| 953 |6636 |1038 3] 1183 |3942 | 394
12| 1024 |69 o | 1161 4 7 47 42 48 292
13| 10 4§ 70 35 | 1260 5 4 11 46 12 180
14| 11 31 72 15 | 1424 6 2 10 48 6 100
{1s] 1210 Y7355 | 1590 7] ©3t |s5o016 23
16 | 12 31 75 7 | 1703 8 2 24 E| 52 45 148 A
- ‘ 9| 555 |s5448 | 402
SEcTION 18. | 848 |s630 | 657
Pole Vert. £’s | Bearings | Diff. of -
| atm. at w. Alt. SECTION 20.
[ 4 o !
1| 1 D{ 21 40 186 p Vert. £’ | Bearings| Diff. of
i 3 85 # Pole) "7 w. at L.gs Alt,
2 9 171 | 43 28 263 .
3] s2r |55 3 | 203 1] 22450} 737 98 p
4 2 4 63 8 95 2| 19 o 16 20 179
§| 123E]|69 50 84a] 3| 1841 |31 8 | 367
6| 337 |7324 | 238 4| 1420 |4154 | 412
70 525 |16 o | 386 s1 gar 148 4 | 341
4 X 2
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5 o o 4 o . ’ o '
6] 338 54 6 } 155 9|14 40 43 34 | 874
7| ris [s6so b 57 10 | 14 45t0p | 43 35 | 874
8 0555 |60 4 55 A of E. caim.
9| 4 4 [62358 | 257
10l 645 |66 2 487 SECTION 23.
' Vert. 2’ | Bearings | Diff. of
SECTION 2I. Poled "G | et | AL
rt. 2% | Beari Diff. of o ¢ o
pote] Vo 0 [P | DA 1] s am| Gz | s
o ¢ o 2 O §r 15 1§ 4
1| 2389 p|ar 18 | 295 D 3 o 10 35 37 °
21985 13312 1 817 | 40 5 gel4rs3 | o7 4
3| 1437 |48 26 | 448 s| 643 |4224 | 209 -
6 8 .
41 105 2 FLS 6| 736 4330 | 244
A O o A Il B R
R N B 8] 1135 lso 5 | 664
9 2 2E|71 36 133 A
8| 422 (73 2 | 297
ol 66 lrsan | ass SECTION 24.
Pole| Vert: 2’s Bearings | Diff. of
SECTION 22. ‘| até. at 4. Alt.
] Vert. 2’ | Bearings | Diff. of | 1 327 p| 102 29 D
Pole. ata. at b.g Alt. 527 ? o
. R 2 032E| 21 ¢ 12 A
1 716 b} 5 2 20p| 3 2 58 32 57 64
2 2 49 E | 10 20 25 A 4 4 40 58 53| 133
{ 3] 333 |1513 44 51 514 76 22 | 173
4 4 18 29 34 120 6 6 24 121 5§ 340
-5 7 © 32 15 222 Vi 7 50 125 12 | 448
61 9 1 [35 3| 331 8] 827 [13023] 546
7)1 1026 3852 [ 4 9| 855 |[13457] 664
8] 12 19 41 46 657 10 9 6 136 151 %12

S E C-
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SE'CTI.ON. 25.' 61 3226 4; 115 69
Pole] Vert- <’s | Bearings | DI of | 5} 4 50 | 37 30 | 122
] o , 81 18 52 6 12 65
1| 1539n| §14 | 74|
2| 1478|5224 54 A SECTIoN 28.
3 3 9 63 13 115 | pote| Vert. 2’ Bearings | Diff. of |
4 5 5T 037 | 248 at T. at v, Alt..
5 (] A o 1
5 9 11 81 35 305 1| 1023p]{16 36 142 D
61 11 21 85 10 691 2 9 26 23 56 195
71 1244 187 45 802 3| 523 |284s 136
2 o
SECTION 26. 4) A 3rad
Vert, £’s | Beari Diff. of 5 i 37 49 o6
ert. S carings 11T, O
Poled " s |Tatas | Al | 6| t34 |41z | 02
o o & 7| ©35%F | 4524 24
1] 1753D] 635 64D] g 1 30E |48 52 89 a
2 026 |48 3 9 9 33 |51 4 | 22
3 2 1A|60 8 93 2| 10| 420 54 22 307
4 . 3 4 62 45 . 151 11 4 49 56 11 367
S| 440 |6615 | 256 | 0 e |58 4r | 443
6 6 20 68 29 374 13 6 o 60 4 537
71 810 lyr57 1 550 | 1 647 |62 4 | 664
SECTION 27. ‘-é ;2"5 23 363 778
poe| Vert: 2 | Bearings | Diff of | ! 445> ) 924
o ath ata, | Al | 171 846 6544 | 1030
1| 4302|5925 | 280a SECFTION 29.
2| 333 |s712 | 204 |pge| Ve £'s | Bearings | Dift of
v 3 1 47 54 11 92 o : o 4 "
4 o 10D | 50 15 3ol 1 849 D0)26 g 182 b |
sl 122 4654 | 41 2l 6351 330 7 163
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734
i ° 4 L] 4 o 4 L] s
3! 427 |[3845 | 140 131 8 3 [2913 | 143
1 4| 255 |44 o | 106 14| 10 2 J2154 | 170
5| 13 [4934 | 62
6| o.10 52 56 3
7] 042E]|s5555 | 424
8| 212 |s828 | 132
ol 3 3 [60s8 | 105 SECTION 3I.
fro] 336 6332 | 247
| 4 4 |6616 | go3 [Pote] Vert: s | Bearings) Diff of
12 4 8 |68 28 331 o 4 o 4 |
13 427 70 9 377 1| 11 18 D; 10 40 132 D
14| § o 7154 | 450 21 529 15 43 93
5] s 7 lrasg | s06 | 3] 258 f1ou3 | fo
\ 4| 142 2249 | 40
SECTION 30. 5 0 42 28 23 20
, Vert, £’ | Bearings| Diff. of | 6 o 16 31 43 - 5
Pole. "~ i'r. at v, Alt, 7| o3zl 12 28 A
1 3 26|81 o 353 a] 8 133 | 4041 90
2| 310 |7953 | 313 9 213 |45 o | 146
3 2 5§ 71 7 263 10 2 41 47 18 190
4] 246 |75 2 | 233 I} 254 | 5047 | 231
5 235 |7245 204 12 313 53 12 278
6| 226 7016 | 179 | 13| 339 |56 o | 349
5 I 20 66 28 91 14 4 53 58 51 519
8 o 19 62 32 23 5 5 42 6o 38 650
9. o049 D] 5758 37 o} 16 6 o 62 8 728
0| 233 51 54 107 17 6 24 63 23 825
11 423 4337 | 151 18| 6 41 64 21 892
121 621 13548 | 196 | 19l 655 |6550 | 988
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SECTION 32. ol Sabz|elsb 8
Vert. 2’ j Bearings | Diff. of

Pole, "7, e A | o T4 fyras | o13e
o . It 2 22 77 3 197
! 7 9E|SI46 812 A} 4, 2 2§ 87 12 | 226
2| 655 |5050 | 751 Nug) 232 [9333 | 25
3] 6 7 |4945 | 631 '
5 23 45 30 77 Vert. £’s | Bearings | Diff. of
4 53 5 Pole. at T, at z.,‘5 Ale.
6| 329 |4337 | 275 . .
71 3 5 |4032 | 214 1| 443E84 3 | 4714
8 2 17 38 26 146 2 4 8 79 45 386
9 121 35 57 8o 3 3 31 76 o 3IL
I0] o052 33 o 47 4 2 45 71 30 229
11 o 3 29 47 7 5 2 o 66 22 156
12 1 3D} 2624 33pf 6 1 8 60 49 84
13 2 3 23 40 60 7 o 19 §3 20 23
14 3 21 18 30 73 8 0 55 D | 46 44 46 D
15| 754 113 .4 1 121 9| 129 |4015 69
ol 159 |34 52 83
SECTION 33. 1 3 41 26 135 127
Pole| Vert: 4’s | Bearings | Diff. of | 12 | 5 27 21 55 | 165
1 atw. at z. Alt, 13 6 o 17 16 150
1 103 6 Z 6 108 p}| 14 9 5 9 56 143
2| 915 8 4 | 139 151 14 6 432 | 109
3| 732 1453 | 18 SECTION 35.
4 § 10 21 28 167 | - e 1 Beard Diff
S| sss |65 | s |poe) Vo v Beiog ) DIfL o
6 2 36 36 19 119 o o
. ' 30 45 32 ,8 I 415 1: p| 158 SZ D
8] o4 16 51 3 1 2t 9% |53]°"™
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736
3| 81 § 5 | 162 SECTION 37.
4 7 34 2 54 208 Pole] Verte £'s | Bearings | Diff. of
5 5 38 17 §0 191 O at . at z., Alt.
6 4 21 22 48 170 . ;53 £ 63 5'0 ‘345 Al
; 312 | 32.56 | 153 2| 327 |6os4 | 286
2 31 41 54’ 135 3 1 55 57 45 150
9 142 54 12 103 4| o186 54 3 23
10 1 10 64 26 26
5 1 14 p| 50 40 74 p
H © 52 75 48 61 6 2 53 47 28 166
86 6
12 0 30 .154 3 7| 445 43 o 247
13 o 14 94 17 15 8 625 | 3849 300
9| 840 3314 | 348
10} 12 6 28 25 420
11| 16 36 2 1
SEcTION 36. 5 543 1 419
Vert, L’ | Bearings | Diff. of
Pole at u. atz. Alt.
| 17 4an| 245 | Gon SECTION 38
2| 1555 (2226 | 465 | 39
3( 1239 25 13 44 | pole. Vert. £’ | Bearings | Diff. of
4 8 51 29 37 333 jt v,l .,at Z. Ale,
5| 723 |3336 | 318 1| 15 9pf2037 | 405D
6| 351 |4933 | 205 2| 1130 [3139 | 438
7| 122 |4445 | %o 3] 923 |[36 7 [ 398
81 1 324826 | 77a] 4| 646 |4030 | 314
9| 254 |5052 | 218 5] 527 |46 10 | 283
10f 422 |5245 | 347 6 332 |52 5 | 204
11 5 37 5449 | 41t 7 249 |55 9 171
12 6 30 55 30 559 8 I 49 61 25 122

5
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SECTION 39. 58 | | ase
Vert. £’s | Bearings | Diff, of
Poled ™"t v. atz, Alt, 8| 121 |s830 | 178
o 4 o 4 91 o357 59 53 129
1 428pf69 7 312D} 1o 0 43 62 21 103
20 535 |59 8 | 345 11| o40 |6435 | 102
3 6 30 523 366 12 o 3 68 41 10
41 8 9 (4525 | 418 13! o10E|69 43 36 A
5] 1032 38 30 | 485 41 o032 71 20 109
6| 12 47 34 3 544
. 29 27 | s31 SECTION 42.
i 3 47 o %7 3 Pole| Vert £’s | Bearings | Diff. of
SECTION Ol arm, ats. Al,
40.
Pole Vert. 2’ | Bearings) Diff. of | 1 017 D] 73 48 o
° at P, at p. Alt, 2 325 E 8o 57 72 A
1 8 43 D 3 It; 735 bl 3 4 52 85 4 126
2| 846 |1625 | 750 4] 652 |8853 | 232
31 9358 |2716 | gob 5| 833 |9925 [ 332
4| 838 |3052 | 84 6| 10 2 |9t34 | 439
5| 7 6 |3430 | 681 7| 1144 |93 © | 610
61 523 !3755 | 533 81 137 |94 o | 787
9| 1510 | 9434 | 1002
SECTION 4I. 1o| 1721 |9513 | 1202
Pole,| Verte &’s | Bearings | Diff of | 11| 18 38 95 37 | 1506
at o. at a. CAle.
o o ¢ 12| 19 36 96 2 | 1736
1| 10 41 D} 23 33 510D} 53| 1938 96 o | 1927
2| rrgr 3236 | 769 SECTION 43.
3| 852 3723 | 682 Pole] Vert: 4’s | Bearings | Diff. of
4| 538 |4424 | 524 ol ato. at A. Alt,
5| 452 |4639 | 480 | 1 0 solis | g5
6| 4 6 |5t 8 | 455 2| 1054 13642 | 776

VoL. LXVIII. 4Y
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3 8 5’8 401 8 08 | 4 o 8 4°z 119 16 a
4| 7 2. 146 9 | 014 5] 438 |4948 | 517
5| 535 4934 [ 521 61 512 |5045 | 598
6] 333 |58 6 | 3% 71 588 [5213 | 721
71 253 |6238 | 341 81 637 |s5458 | 88
8| 214 672 | 290 9 7 18 56 7 | 1c08
gl" 212 85 34 421 10 N 22 56 39 | 1037°
SECTION 44. SECTION 460.
poey Vo, [P | DIE o | ) Veri ' | Do | DI of |
[} t [+ 4 o ’ o 4
1 341 D] 637 32 D 1 8sop]| 96 20| 201D
2 1 18 10 10 | 21 2 7 24 111 4| 260
3 o §1 E |11 21 25 A} 3 6 36 114 46 | 292
4| o352 12 20 30 4] 6 9 116 22 | 275
5 1 4 16 23 y0 5 5 24 119 44 | 298
6| 2 3 16 52 143 6 5 4 121 17 | 315
71 3 6 17 2% 243 Vi 4 16 122 24| 292
g 4 38 18 o 413 8 3 27 123 13 | 25§
9 5 14 18 6 478 9 2 23 124 17| 197
10 5 4L 18 11 530 10 11y 124 55| 113 '
It 6 28 18 2% 647 1r 0 44 E | 125 50 82 a
12 117 126 8| 146
SECTION 4§. SECTION 47.
o, . . , . .
poe] Vo, £ | B | DI o | pof Vet < | Boings [ D, of
o ‘ o ’ o 7 o 7 .
3 2 15D | 30 14 122 D] 1§ 1042 D17 45 | 152D
2] 2 o 31 57 116 2 6 6 28 48 145
3 I 22 38 35 100 | 3 3 19 38 30 11T

5
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Jos i la s s |l 85 |5 | s
50 o044 4748 30 16| 9 6 8253 | 1641
6 0 30 E | 49 46 30 A
28 |saas | res SECTION 49.
8] 324 |s421 | 205 |Pole Veaft“Tf ’s Be:t"i:gs Dfl't_"f
9 4 39 59 © 335 o ¢ o 4
0] 484 62 16 387 I u‘ 56 b} 16 58 83 p
| 557 |6aso [ sy | Ff 973 | 3525 120
12| 616 |6538 | 562 3| 814 64 20 190
13 6 50 67 39 656 41 812 8o o] 250
14 g 11 69 40 | 764 5 5 55 92 52| 234
6| 414 | 9836[ 193
SECTION 48. 71 158 [r10312] 101
Pole Vert, 2% Bear'mgs Diff. of |- 8 0\34 E [?6 2" 39
1oatv. at v, Alt, 9 120 168 26 92
1| ¢ op|ry 3 | 164p| O] 2S5 |10 6} 157
2] 7 o 50 56 236 11 3 7 110 35| 230
3 3 22 44 36 170 12 3 495 | 111 48] 300
4 116 47 23 66 :
5] o 5 |49 52 ) SECTION 50.
6 246 E|58 6 214 A lp .| Vert. 2’ | Bearings | Diff. of
y 457 64 34 | 457 at L. atw., | Al
8 §53. |67 2 585 1 1°7 416 p| 10 5'9. 226 D
9| 621 70 8 696 2| 19 2 | 1333 296
1o 63 |723 | 772 | 3| 145 |16 2 | 333
| 634 |7513 | 857 4| 1047 |2013 | 383
12 7 41 77 32 1097 5 9 26 23 o 418
131 839 |79 6 |1316 6| 8354 |2437 | 466
14 846 179 34 ! 1360 g 8 7 26 16 | 508

4Y 2
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7 8 |a723 | 507 | 4] 76 [1857| 728
9 6 17 28 27 507 5 8 4 111 38 | 863
10 4 55 29 28 451 6 8 37 112 58 | 943
11 4 30 30 12 490 i 9 19 115 56 | 1075
12 3 51 30 55 433 8] 10 8 118 30 | 1230 .
13 3 2 3115 357 9| 10357 120 40 | 1393
14 2 35 31 29 315 10| 11 30 122 30 | 1528
11 ] 12 22 124 50 | 1748
SECTION 35I.
) i 12 | 1340 127 I2 | 2075
Pole. v‘::’m“ s 3::’;5’.3"‘ Dfl':f 13| 14 3 | 128 13| 2205
o o 4 140 14 7 1128 32 12239 .
L) 1437D 357 73 D
2 2 56 44 8 140
3 L 43 48 47 90
4. r 3 55 5§ 61 SECTION 5§3.
5 1 o |60 358 65 Pole,| Vert. £’ | Bearings Diff. of
6 041 |67:26 50 at¥'. at F. Alt,
71 oa3 74 28. 31 I § I E 6‘:1, 3" " 208 A
8] o2E |82 o 52Aaf 2 5 9 | 7124 366
9| 153 |8346 | 225 3] 558 75 50| 448
10 317 87 o 423 4 6 14 ‘84 12 | 522
11 3 32 87 28 461 5 8 51 91:23 | 8a1
f 6] 9 o 97 47| 924
SECTION 52. 7| 10 7 99 40 | 1074
Pole. Veanrtt.lr L8 Be::i:gs Dj&r(’f 8) 11 2 102 33 1.236
., o 9| 1145 104441375
1 248 E| 68 41] 187 A 10| 12 6 106 28 | 1469
2 3 50 83 o] 282 I | 12 43 108 24 | 1612
3 6 45 102 o} 630 12 | 12 §§ 109 18 | 1673 |

6




the mean Denfity of the Earth. 741

SECTION 54. SECTION 50.
Vert. 4’s | Bearings | Diff. of Vert, 2’s | Beatings | Diff. of |
Pole| "'y, atre | Al |l vl are | AL
1 G2z 1°4. 7’ 12 A} 1 §llxx ; 4. 41 A |
2| 127 20 5| 44 2| 427 [1621 | o
3 513 39 2| 241 3 715 21 33 20§
4 5 46 45 18 | 299 4 9 12 27 o 331
5] 69 5540 | 379 5| 1030 2915 | 414
6 6 38 62 o| 431 6| 1118 31 14 | 480
7] 71 70 8| 553 7| 1126 [3539 | s69
8 7 30 78 56 | 662 8| 1221 38 50 686
9| 748 84 30| 755 9| 1242 laxae | M1
10 7 50 94 8| 9o8 10| 1318 44 21 88y
I 7 54 98 26 | 1006 I 13 32 46 36 971
8 81 10
o1 100 591 tom7 SECTION 57.
SECTION 55 |, | Vert, 2% | Bearings | Diff. of
h ole.
. R ; atk. att!, Alt,
Vert. 2’s | Bearings | Diff. of
Pole. att’ " at¥ Alt o 7 o 1
. : ¢ 7 51 E | 29 43 176 A
1 2 0| 1146 35 A 2| 1124 3413 | 299
2] 2 3 |2245 | 62 3| 1322 | 3754 | 397
3 4 3 25 32 130 4| 1452 42 20 509
4| 732 |34649 | 324 | 5| 040 |47 44 | 615
s| o1s |4255 | 497 | 61 1646 [s015 | 833
6 2 3 8 6o
95 4 4 SECTION 58.
7| 1©3  |5s340 | 736 Vert. 2% | Bearings | Diff. of
ert. 47s carin 111, O
8| 1033 62 34 917 | Pole. atk, at t’.gs Ale,
9| 11 %7 66 12 | 1060 o 4 o 4
o] 1§y |69 15 | 1235 1| © 3e|528 5 A
| 1152 17319 ligro 2| 6w |85 “4
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.o ¢ o ! o ’ o 7
3| 100 3 13 52 | 121 61| 21 20 83 32 | 1521
4] 1020 29 37 3i3 71 20 14 85 50 | 16356
s| 1420 [3218 | 437 8| 1912 |8 30 |1758
61 15 o 13318 | 547 9] 18 46 |89 17 | 1978
10| 17 30 9o 20 | 2016
SECTION 5Q.
| - Beari DI of 11 16 8 91 § 1990
Pote] V| Tt | Ak | 12| rese 92 ey | 2003
o 4 o 131 13 35 92 54 | 2035
I 28 16 D :{2:!:{86611.. 14 12 46 03 14 1991
2.] 25 20 5 | 91§D 151 11 30 93 45 | 1915
3| 2223 74 50 | 1046 16-] 10,30 94 7 | 1845
4] 2212 |96 25 | 1114
s 21 49 79 10° | 1232

The following are the irregular feCtions. In the
firft column is the number of poles; in the fecond the
wvertical angles; in the third and fourth the two bearings
or horizontal angles at each end of the bafe; and in the
fifth the computed refult, being the difference of altitude
between the foot of each pole and the point mentioned
in the fecond column where the vertical angles were taken,

"SECTION 6o.
pote |Vert: £'s | Bear. | Bear. Diffof| SECTION 6T,

avm Jatn. fate | Al Vet 2% Bear. | Bear. [Diffof
§3c’m~ 7‘;) Sg & 3’9 8324 S -at H. | atn. | ata. Ale.
| 8 30 [66 46 70 33| 850
8 30 |62 56 75 of 884
1 830 ° 58,20“79 20| 892
1.8 30 | 54 27l 82 42l 891

N

,9° 3'11; 68 511 7°x Of 1004A
9 31 | 64 19 77 50 1091 .
9 31 | 60 19| 80 38{ 1072
.9 31 | g5 4cl 84 34J 1066

n b N e
W P T
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SECTION 62, SEcTION O5.
k Vert, £7s| Bear. | Bear. Dii:’f'.of Vert. s Bear, | Bear. {Diff.of
Pole " ot w. | atm |ate. | Al Poled "2t b, | atb. |ata. | Al
1|1 oe 702 4'5 702 4,0 12348 I 2 1o 4; 417 109 5'6 20D
2|11 o 69 571 76 21 1389} 2| 1 15E| 32 1) 26 45! 26a
3|11 o | 6240 8229 1376 3| 2859 |27 o 3256 G5
4l 1t o |59 7084 22l 1327§ 4 435 | 2340 45 18 118
s| 5 o |19 26347 150
SECTION 63. 61 539 | 1520] 98 12| 202
Pote Vert: 27 Bear. | Bear. \Diffof} 7 6 1 |13 3har 4y 238
| atm, |atu, {atc, | Al 81 544 9 291143 12| 247

| ase |7 ol 7a Sibs U o 66,
2| r2as (o n4 98 sz o Bear. | Bear, Diffof
3| 12 15 | 67 32| 80 52| 1669 [Pole "o T B | Gre, | Al
4112 xs 164 2l Be 113664t o o li®a 55| &2 59 8700
2|15 55 [158 15 13 30| 823
SECTION 64. 3|16 §7 152 52| 16 35| 827
poe V7, | B | B DT 4 38 12 fudo 45 18 |
. . e, 5| 20 57 147 3 18 41f 866
1| 5578 |74 37| 81 12| 3824] 6] 23 5 [136 18| 23 37| 865
2| 657 |78 12076360 333| 72340 [129 o 27 23 876
g 711 |81 12/73 19| 329] 8|23 3 [122 16{ 31 32| 877
4| 619 | 863306834 394] 92346 |112 59 36 25 894
51 7 5 | 921664 4 334 10| 2323 [104 22 41 34 8g1
6| 748 |96 43 60 49| 271 | 11| 2335 |91 1348 53] 892
7] 8 40 |100 10! 58 40| 184} 12 | 21 23 | 82 49| 57 38| go2
8| 8 52 (102 42| 56 41| 167 | 13| 20 11, | 77 33 63 ©of 897
9| 841 [106 of 54 231 168 } 14| 18 47 | 69 33 71 24 8go0
10 830 108 53 52 16] 176 b 151 17 31 | 65 26' 77 381 893
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o / o ? o ‘ o 4 o ’ o ’
16 |16 1 | 61 51) 83 57| 884 ] 22|10 o | 32 45 65 51] 841
1711433 |59 189550 87523/ 922 (292771 of 8i9
8 8 6 6 15/ 868
19 12 45 ) 50 49) 90 15 SECTION 68.
19 | 11 38 | 54 45100 451 830 :
Pole [Verte %[ Bear. | Bear. \Diff.of
ol atp. atp. | atG. | Al
SECTION 67.. N PN A
Pole. V?:'P.‘ s ftcil:' aB::‘ D}ﬁ-‘t?f 2| 6 20 | 22 44/139 42| 1140D
., o e 3| 620 |24 2136 17 1092
1| 542D 47 54) 61 12] 47060 4| 6 14 |25 201352 35 1025
2| 742 | 54195350 5921 o) o4 |27 20127 52 932
3| 713 | 5523 5222 542 6| 41 |29 23121 57| 843
4| 712 | 58 40 50 30/ 532 w| 521 | 32 27115 58 769
5| 8 1 | 635204643 S64) g o9 | 35 s9li07 50| 740
6| 647 |68 29 44 48/ 469 9| 545 |41 31/ 87 8 615
74 S27 | 71254318 3694, 1 30 | 45 10| 82 44| 578
81 531 |79 144016 38,1 g g 50 77 53] 58
9| 415 | 81a7 301 278,01 556 | 5357 74 41 613
10| 351 (87373034 247| ;5. 6 3 |8 670 2| 6os
11| 348 |90 g8 3516 242 | o 64 o 66 20| 510
12| 1 5 | 9647 32 56/ 64 15] 5 8 |67 29 65 v5 527
13| r27 | 965313046 8ot o 0 | us 46l 65 29 486
14| 342 ;)‘ 160 32 0 208 |\, 1 4 a0 | 76 52| 64 11] 518
150 6 o0 3 54| 34 35| 348 | g 4 21 | 80 26| 62 58] 542
16| 7 21 | 69 39/ 38 26| 435 '
vl 9 5 |64 1 4r 18 s64 SECTION 69.
18 34 | 55 56| 44 56| 625 Vert: 4’s) Bear. ) Bear, |Diff.of
. 9 Pole.
1o | 10 1 | 48 45| 49 59| 706 at B¢ | at v, | atw. | Alt.
o ’ o ’ o /
20 | 9 24 | 41 45 54 41 703 | 1|12 47& 116 58] 51 34| 1809A
21| 952 | 3719059 16l 777 ' 2| 14 36 |io7 42| 59 25 2135
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|

o ’

3|13 56 [tor a1 65 o 2023 | 8|12 3|78 24] 85 45| 1646
41343 |96 35169 7| 1960 9| 11 47| 76 54| 87 30/ 1646
5113 9 |92 53 72 30{ 1875 ] 10| 11 26 | 74 56| 89 25| 1592
611238 |88 41| 96 6| 1760 J 11 | 10 6 | 68 32 96 23| 1452
7 | 12 28 | 82 53l 81 18l 1703

The three following fedtions were taken in a manner
different from all the reft. They were made by mea-
furing in a ftreight floping line (or nearly ftreight) from
* certain points towards K and N, and at the beginning of
the line taking the angle of elevation or depreffion of fe-
veral places or points in it, whofe diftance from the be-
ginning were meafured. In thefe cafes each diftance is
the hypothenufe of a right-angled triangle, and the
manner of operation is this, as radius is to the hypothe~
nufe or meafured flope diftance, {o is the fine of the ele-
vation or depreffion to the difference of altitude, and fo
is the cofine of the fame vertical angle to the horizontal

diftance.

SECTION 70, from M to K.
Pole Slope |Vert, 2’ Horiz., Diffof ] 4 | 1257 ; 285 | 1251 116 |
Dift. | atwm’. | Dift. | Al 1455_‘ s 251 | 1449 | 134

| 4635 sotm| aso| o 6 Baghs 4 1817 | 157
Lnds

2| 794 |6 543 | 7881 92 at K.
3! 992 16 50 985 | 114 !

(%21

Vovr. LXVIIL 47
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SECTION 71, from ¢’to K.S ECTION 72, from ¢’ to N.
Slope [Vert. £ ’s| Horiz. | Diff. of Pole. Slopé |Vert. £’s|Horiz. [Diff.of

Pole i, | ats. | Dift. | Alt. Dift. | at¥. | Dift. | Al

| 727 |13 3080 706 | 167| 1| s28| 3 10e| s27| 38
2| 1455 | 9 443 | 1434 | 242] 2| 1188 | 4 10 | 1185 95
3f1720| 9 43| 1699 | 267 3 1594 6 8 |1585| 179
4| 1984 | 752 | 1965 | 267 at“Ns.
'5|2547| 7 3 |2528]| 308

Ends

at K.

Befides thefe fections there were many more fingle
points, whofe places and relative altitudes were obferved
and computed, but it is not neceflary to abftract them all
here.

The following plate (Tab. vii1.) has 7 2 figures anfwer-
ing to thefe 72 fetions, each to each, according to the
numbers. In thefe figures, the line having the letters p, p,
P, &c. annexed is the fection line, the letters p, p, &c. de-
noting the poles; the other line, forming the angle with
the fection, is the bafe line; and between them are the
degrees and minutes contained in the angle formed by
them; at the angular point was obferved the elevation or
depreflion of each point p, and the bearings or hori-
zontal angles were obferved at the other end of the
bafe, from whenee faint lines are drawn to fome of the
points p forming with the bafe line thofe horizontal

angles.
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angles. The bafeand fection lines in each figure are alfo
drawn nearly in the fame dire&ion as they are in the
plan or on the ground, fuppofing the top of the paper to
be the North, towards which a perfon looks when view-
ing the ground from the South.

Having finifhed the computation of the relative alti-
tudes of all the points, the next confideration is how they
are to be applied in determining the attraction of the
hill. In whatever manner this laft mentioned operation
may be performed, it is evident, that all the points and
fetions with their altitudes muft be entered in the plan.
‘Wherefore; having accurately conftructed a large plan of
‘the ground, as before mentioned, containing all the prin-
cipal lines or bafes, at the extremities of which either ver-
tical or horizontal angles were taken, from themIthen de-
termined in this plan the places of all the other points in
the fe&ions, whether vertical, horizontal, or irregular.
Thefe places or points were determined by drawing lines

from each extremity of the bafe fo as to form with it
angles equal to thofe which were obferved on the ground
for each correfponding pole; theinterfections of thefe lines
are the places of the poles, which having marked with a
fine dot or point of ink, and written clofe to each point
the proper number exprefling its relative altitude, and
cleaned the paper By rubbing out the lines forming the
47 2 angles
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angles by which the points were determined, there re-
mained only the points with the figures exprefling their
altitudes diftinctly exhibited in the plan (fee tab. 1x.).

It remains now to apply all the foregoing calculations
and cenftructions to the determination of the effet of
the attraction in the direion of the meridian. And
here it foon occurred, that the beft method was to divide
the plan into a great number of {mall parts, which may
be confidered as the bafes of as many vertical columns or
pillars of matter into which the hill and the adjacent
ground may be fuppofed to be divided by vertical planes,
forming an imaginary group of vertical columns, fome-
thing like a fet of bafaltine pillars, or like the cells in a
piece of honey-comb; then to compute the attraction of
each pillar feparately in the direction of the meridian;
and laftly, to take the fum of all thefe computed effeéts
for the whole attraétion of the matter in the hill, &c..
Now the attraction of any one of thefe pillars on a body
in a given place may be eafily determined, and that in.
any direction, to a fufficient degree of accuracy, becaufe
of the fmallnefs and given pofition of the bafe; for, on
account of its fmallnefs, all the matter in the pillar may
be fuppofed to be collected into its axis or vertical line
erected on the middle of the bafe, the length of which.

axis, as the mean altitude of the pillar, is to be eftimated
from
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from the altitudes of the points in the plan which fall
within and near the bafe of the pillar: then, having
given the altitude of this axis, with the pofition of its
bafe, and the matter fuppofed to be collected into it, a
theorem can eafily be given by which the effet of its
attraction may be computed. But to retain the proper
degree of accuracy in this computation, it is evident that
the plan muft be divided into-a great number of parts,
perhaps not lefs than. a- thoufand for each obfervatory,
in order that they may be fufficiently fmall, and by
~this means forming about two thoufand of fuch pillars
of matter, whofe attraltions muft be feparately com-
puted, as mentioned. above.. The labour and time ne~
ceflary for fuch computation, it is evident, would be very
great,, perhaps not: lefs. than thofe employed in all the
preceding computations of the fections, and all the other-
points and lines concerned in this bufinefs. For this rea-
fon 1 was defirous of obtaining a theorem.or method by
which the attradtions of the fmall and numerous pillars
might be computed with the fame degree of accuracy,
but with s expence of labour and time than when
computed. feparately as above mentioned. And.in this
inquiry the fuccefs has been equal to my wifhes, having
at length met with a method by which the bufinefs has
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