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IL. Aftronomical Obfervations on the Planets Venus and Mars,
made with a View to determine the beliocentric Longitude of
their Nodes, the annual Motion of the Nodes, and the greateft
Inclination of their Orbits. By Thomas Bugge, F. R. S.
Regius Profeffor of Affronomy at Copenhagen, Member of the
Academies of Stockholm, Copenhagen, Manheim, and Dront-
heim, and Correfpondent of the Academy of Sciences at Paris,

Read November 26, 1789.

1. The beliocentric longitude and annual motion of Venus’s nodes.

HE following aftronomical obfervations were made at

the Royal Obfervatory at Copenhagen with a fix-feet
tranfit inftrument, and with a mural quadrant of fix-feet
radius. It would be too tedious to enumerate all the original
obfervations, which either are already printed in the firft
volume of my Aftronomical Obfervations, or will very foon
“be publithed in the fecond volume. I enly fhall fet down the
obferved geocentric longitudes and latitudes, corrected for aber-
ration and nutation, and compared with the tables of Dr.
HaLrLeY and of M. pE A LLANDE.

Mean
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Profeffor Buccr’s dfironemical Obfervations

2%
Obferved Obferved | Havrey'ser- |DE LA LANDE’S
Mean time at | geocentric | geocentric ror, error,
Copenhagen, | longitude latitude .
of ¢. of ¢. |inlong.|in lat. in long.! in lat,
1781 h. 7 //s' o 4 o st 1 ,”
(Sept.13(t 33 0/6 18 39 15{0 28 12N} 411 | 4+ 3 1 »
I 22/1 43 24/6 29 38 48> 3 9 | +17 | 4+ 1| +39 |+ 3
O&. 11 49 46{7 10 36 42[0 23 488 +16 | — 7| +44 | — 2
41 52 Tif7 14 1§ 1710 33 3 | viz | — 4 ’
1784
Sept.200 37 1916 9 40 25\t 6 15N} 441 | 415 417§ 412
25/0 39 576 15 52 5¢jo 57 50 | 15| + 3
O&. 20 44 49/0 24 35 342 44 21 | +30 | -+ 6
14/0 54 7|7 9 30 4C[0 16 41 +10 4§ + 1
211 0 427 18 3 11f0 1 38} 417 | 4+ 1| +18| + 3
1786
Ang.19(2 25 §7(0 4 45 540 23 TN — 5| — 3
202 26 146 § 56 ¥x1> 1g 40 | —17 | — ¢
212 26 326 7 6 42[0 16 20 | —13| — 5| +17 ] —12
2812 28 30/6 15 7 5clo 8 468 — o | — 2| 423 4 2
202 28 4716 16 27 39j0 12 32 | —22 ) — 4

The angle at the planet or the commutation =P is not
dire@ly to be taken out of the table. The difference between
the obferved geocentric longitude of the planet and the geo-
centric longitude of the fun, calculated from M. MayEr’s folar
tables, is theangle at the earth, or the elongation="T. From
this clongation, which is to be depended upon to very few
feconds, and from the planet’s and the earth’s diftances from
the fun, according to the tables, the commutation is calcu=
lated, and the geocentric longitude is reduced to the heliocen=
tric longitude. The angles P, T, and S, at the fun, thus

found, are likewife ufed to calculate the heliocentric latitude.
According

7




on the Planets Venus and Mars. 23

According to the different dimenfions, given to the orbit of
the planet in the different tables, the radius veltor at a given
time will alfo be fomewhat different. ‘Thefe differences in the
tables of Dr. Harvey and M. pE LA LANDE are but {mall:
‘thus, 1784, September 20, at o h. 37" 17"/ mean time, the
obferved and apparent geocentric longitude of Venus 6s. ¢°
59’ 547, the aberration and nutation + 33", the corre&ed
and true geocentric longitude 6s. 9° 40" 277, the fun’s geo-
centric longitude §s. 28° 5" 51775 hence the elongation T =
os. 11° 347 36”. If now the logarithm of the radius veétor
SP is taken out of Dr. HaLreY’s tables =4.858251, then

fin. P:STZ;;&E‘ and P=16° 117 52”3 but if the logarithm

SP is taken out of the tables of M. pE LA LANDE = 4,858168,
the angle P will be found =16° 12’ 47, the difference is 12",
"T'his uncertainty in the commutation, and confequently in the
heliocentric longitude, would have been ftill greater if the
calculations had been made only from the tables, or from the
planet’s geocentric longitude by the tables; thus this angle P
is, according to Dr. HALLEY, =16° 10’ 52’/ ; and from the
tables of M. pE LA LANDE =16° 10’ 13",

Mean



24 Prsfeffor Buvaer’s Afironomical Obfervasions

Heliocentric Hareevy’s er- [pE LA LANDE’s
Mean time at {longitude of| Heliocen- ror, error,
Copenhagen. ¢ in the {tric latitude
ecliptic. of ¢. finlong]| in lat.}inlong] in lat.
I7SI h' / " Se o] 7 /770 4 i " i1
Sept.13(1 38 067 28 40 200 50 13N} +21} + 5 " "
2211 43 248 12 59 470 4 +70| + 21+ 631 — 6
O&. 11 49 468 27 15 260 44 6S| 441 | —13 {+ 13} — 6
4l g2 11l 1 59 21{1 o 28 —z20} — 8
1784 :
Sept.20jo 37 196 25 51 19{2 23 46 N} +28 | +34 {+106 | +27
2510 39 57|7 3 52 402 13 7 + 1+ 7
O&. 2/0 44 497 15 6 32{1 40 46 +74 | +13
1400 54 7/8 14 13 5710 36 58 | +33 | + 1 ,
211 O 42|18 1§ 21 400 2 178 +55 | — 2 {4+ 431 4+ 7
1786 ‘
Aug.19l2 25 57|18 4 12 4100 37 O6N|+ 251 — 4
20]2 20 14/8 5§ 47 320 31 22 |+ 52| —1§
21l2 26 328 7 23 100 25 §5 |+ 68 | — 6 [+ 69 | ~16
28l2 28 308 18 30 240 13 17 S{4+108 | — 3|+ 89| + 3
292 28 478 20 5 16f0 18 52 |+ 35| — 6

‘Le,t_,the difference between two heliocentric longitudes, one
before and the other after the paffage through the node, be
=—a, the northern heliocentric latitude =4, and the fouthern
=3 let the arc of the ecliptic from the node to the longis
tude, anf{wering to the fouthern latitude, be =« ; then tang.

fin, 2 . tang. . .
= he.tng8 By this formula the diftance from
tang. 6--cof. @ tang. B

every longitude with a fouthern latitude to the node may be
found; and hence the heliocentric longitude of the node.

Obfervations



on the Planets Venus and Mars. 2§

Heliocentric

Obfervations compared, longitude of Reduced to
(SR 1736,
I781' S+ o 4w
September 13 ~— O&ober 1 | 8 14 42 42
September 13 — October 4 | 8 14 42 23
September 22 — Ollober 1 | 8 14 42 29
September 22 ~— Qcober 4 | 8 14 42 12

L Se

Mean | 8 14 42 24 | 8 14? 44 5’:.;
1784
Oober 21 — September 20 | 8 14 43 38
O&ober 21 — September 25 | 8 14 43 40
O&ober 21 — October 2 | 8 14 43 42
O&ober 21 — Oc&ober 418 1443 30
- . ]

Mean | 8 14 43 38 | 8 14 44 34

1786 , ' 4
Auguft 19 — Augutt2g | 8 14 45 3
Augaft 19 — Auguft 28 | 8 14 44 28
| Augutt 20 — Auguft 29 | 8 14 44 16
Auguft 20 — Auguft 28 | 8 14 44 ©
Auguft 21+ — Augutt 29 | 8 14 44 27
Auguft 21  — Auguft 28 | 8 14 44 36

et S

Mean | 8 14 44 28 | 8 14 44 28 :

Hence the heliocentric lngitude of the defcending node of
the planet Venus was, 1786, Auguft 25, at 8h. 39"=
8s. 14° 44’ 38”7 I think that this place of the node is to
be depended upon to 1o or 15 feconds. According to the
tables of M. Cassini, the longitude of the node 8s. 14°
48’ 317, the difference, or the error, — 3" 537, According
to the tables of Dr. HALLEY 8. 14° 427 39", the difference
+1’ 59”7, From the tables of M. pE LA Lanpe 8s. 14°
45" 15", the difference only — 37"

 Vor. LXXX, E In



Profeffor Bucgr’s Afironomical Obfervations

In order to afcertain the annual motion of the node, this
obfervation is to be compared with the obfervations of other
aftronomers. ~The numbers in the column A are found by
fetting out from my own obfervations 1786. In the column
B, the obfervation of M. pE A LANDE 1769 is taken as the
firft; the feries C 1s begun with the determination of M.
Horrox 1639; and in the feries D, M. Cassin1’s obfervation
1698 is taken as the bafis,

26

Heliogentric Annual motion of & 2.
| The Aftrono- | The time of jlongitude of
mer, obfervation. L. A. B. C. D.
5. o ¢ /" ) " o
Horrox 1639, Dec. 4f2 13 27 50| 31,3 | 31,6 | - -
CASSINT 1698, Sept. 42 14 1 45| 20,2 | 29,2 | 36,5
CASSINT 1705, June 112 14 2 52| 30,9 | 31,3 | 31,9
Cassint 1731, April 7)2 14 17 2| 30,0 | 30,2 | 32,7 | 24,9
pE LA CAILLE 1746, Dec. 21f2 14 23 10| 32,1 | 34,3 | 31,0 | 26,8
oE LA CarLiLE {1701, June &f2 14 31 30 31,2 { — =~ | 31,3 | 27,3
pE LA Lanpe 1769, June 312 14 36 20| 28,1 | - -~ | 31,6 | 29,2
BUGGE 1780, Aug. 2512 14 44 38/ = ~- | = - | 31,3 | 29,2
Mean | 30,4 ! 31,3 | 32,3 | 27,5

If the mean be taken of thofe four means, zhe annual

motion of Venus's mode will be 30,37, or very near 317,
adopted in the tables of Dr. HALLEY and M. pE LA LANDE,

M. The greateft inclination of the orbit of Venus to the ecliptic.,

In the firft place, I fhall put down the obferved geo-
centric longitudes and latitudes, correGed for aberration and
autation,

Mean



én the Planets Venus and Mars. 2y

. HALLEY’s [DELALANDE’S
Mean time at Co- Geocentric |Geocentric error, error,
penhagen, longitude latitude —
of ¢. of ¢. [inlong.|in lat.in long,|in lat.
h. ‘ 14 S. o / /o Ayl /" Iz
1781,July 20] © 1 404 1T 10 49|x 24 46 N+ 30 |4 5
240 T 5 454 16§ 52it 27 21 |4 2T |+ § " /"
g0l 1 11 184 23 28 411 2¢g 21 |+ 29 |4+ 9 | F69 |+ 10
31| I 12 Q4 24 42 29[t 29 36 |4 32 [+12
Aug. 11 1 12 584 25 55 54/ 29 21 |4 18 |+ 3
4l 1 15 214 29 37 13|1 29 4 |+ 20 i+ 7
1782, July 13021 9 19|2 10 §4 17]2 1z 2284 53 |+ 2| +47 |+ 3
Nov, §l2z 50 430 29 46 2§51 21 nNi+ 4014 3| +65 |+ 4
1783, Sept.1gi 2 4 37|17 3 52 290 3 18 —115 [+39 | —58 [+24
20| 2 2 2|7 4 1§ 5I1f0 10 26 |—122 |+ 49
26| 1 43 587 5 55 96 50 19 =190 |+ 3§35 :
O&. 2| 1 22 557 6 20 387 20 29 |—130 {+58 | —24 |+44 |
11784, May 1822 29 §8|t 7 1 50[1 28 3584 57 [+ O | +44 |+ 5
Sept. 8] © 30 11l5 24 45 11jt 20 2 N|4+ 27 |+ 3
20 0 37 17|69 40 27|t 6 15 |+ 41 |+15| +77 |+12
25| © 39 57|06 15 52 590 57 50 |+ 15+ 3 '
1785, July 29j20 53 212 22§ 27|13 §3 17 S|~ 40 |+1I3 13 |+19
_ Nov. 27|21 29 57|79 30 40/t 37 43N|— 5 |+ 4| +20|— 2
1786, June 19! 1 43 7|3 21 39 32t 30 40N+ 12 {412
‘ 24| T 49 203 27 44 4741 35 52 |+ 53 (+19
29| 1 55 714 347 42/t 3854 + 3|+ §
July 1| t 57 17]4 6 13 9t 39 45 + 9 |+ 7| +43 |+ 8
14l 2 9 7|4 21 54 24J1 37 40 |— 6 [+10
1788, May 6] 3 1 24/3 © 23 44{2 43 15N .} 420 {422
713 2 1713 1 28 482 44 22 +27 |+17 |
ol 3 4 413 338 12 46 26 +39 |+14

~ ‘The angle at the planet is found in the manner before menti-
oned. ‘The following table contains the heliocentric longitudes
and latitudes to the moments of mean time in the foregoing
table. ‘T'he heliocentric place of the node is alceriained with
a tolerable degree of accuracy; hence the arc of the ecliptic

E 2 from
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from the node to the circle of latitude, paffing through the
planet, is given = d; the inclination of the orbit to the

ecliptic =y 1s to be calculated by this formula, cot. y=

fin. ¢ x fin. lat,

tang. lat. hel.

°

Heliocentric Harrev’s [oeEral.anpe’s

longitude of | Heliocen- error, error, Taclination

¢ in the ftric lasitude of §7%

ecliptic. of 9. finloug.lin lat.|inlong. |in lat.| orbit,

S. ] 4 {1} 0 / 4 l I 14 o 7 174

1781, July 20l 5 o 0 §3/3 16 §5N|+ 18 |+ 12 323 32
24/ 5 0 30 59|3 21 27 |+ 7 |+ 7 w1323 31

300 § 16 15 59|13 23 36 |+ 12 |+21 [f115 |+21 (3 23 41

311 5 17 53 28[3 23 30 |+ 106 |+29 323 49

Aug, 11 5 19 30 3113 22 43 |+ 3|+ 7 323 27

40 5 24 22 353 20 41 |+ 4 |+15 32335

1782, july 13 0 4 2 373 11 §7 S|4-116 |+ 4 3 23 26
Nov. 51 6 9 46 4/3 4 18Nj4 40 [+ 5 3 23 27
1783, Sept.1gl1t 6 41 21|3 21 458|— 97 (+23 |—183 [+23 |3 23 44
zoltr 8 10 11]3 22 31 |—105 [+27 3 23 48

2011 17 45 53 23 30 |—175 |+28 3 23 47

O, 2frr 27 106 44/3 18 56" [—117 |+31 | -195 [4+30 |3 23 49
1784, May 18| 0§ 34 §3|3 10 14 5[+ 71 |+13 |— 1 |[+11 (3 23 34
Sept. 8 6 6 30 11]3 8 §6N|+4 18 |+ 7 3 23 27

6 25 51 192 23 46 |4 28 |+30 |4 116 |+27 |3 23 58

2517 35240213 7 [+ 1)+ 7 32333

1785, July 29111 15 44 9|3 23 30 S|~ 68 |+ 12 [—154 [+12 |3 23 32
Nov.27{ 6 © 50 4513 15 22 N[+ 1 |4 2 [+ 99 |— 2 |3 23 22
1786, June 19 4 25 53 12{3 12 43N+ 1 |+26 3 23 41
241 5 4 2 23 20 31 |4 44 |4+43 324 0
29 5 12 8 5513 23 18 |~ 5 |41I 3 23 30

July 11 5 15 23 5813 23 33 {4+ 1 (414 |+10g |+14 (3 23 35
140 6 6 28 2l3 910 |- § |48 3 23 38

1788, May 6/ 5 16 58 3413 23 37 N + 20 [+20 (3 23 46
7{ 5 18 30 3[3 23 12 + 27 [+21 |3 23 28

9l 5 21 50 5tl3 22 4 + 39 i+19 |3 23 38
Mean 3 23 3757

The




on the Planets Venus and Mars. 29.

‘The heliocentric latitudes obferved 1781 July 30, 183
September 26, 1785 July 29, 1786 July 1, 1788 May 6,
are very near the greateft latitude; the mean of the inclina-
tions found on thefe days is 3° 237 40,2, and very near the
mean of all the obfervations 3° 23’37”,7. The inclina-
tion, or the greateft heliocentric latitude, may alfo be found
by interpolation of the maximum amongft the obferved helio-
centric latitudes. This maximum is found 1781 = 3° 23" 397,
1783=3%23 41", 1786=3°23" 36”5 the mean of thofc"
three maximums 3 23" 38”,6, which inclination may be
depended upon to 1 or 2z feconds. The inclination of the orbit

~of Venus has been fuppofed in the tables of M. Cassini, Dr.
HarLrLey, and M. pe LA LANDE, = 3° 23" 20", and the error

of the tables + 187,6.

111 The beliocentric longitude and motion of the nodes of Mars..

In a Paper printed in the Memoirs of the Royal Academy-
of Sciences at Stockholm, I have determined the beliocentric -
longitude of Mars’s afcending node=1s. 17" 54" 24",2, in the
year 1783, December 7, 20h. 23" 39", mean time at Copen-
bagen : the error of M. Cassint’s tables — 197 35, of Dr.
HarLLeY’s tables —23" 27”7, of M. pE 1A I.ANDE’s tables
— 4 37”. T refer the reader to that Paper (Kongliga Sventka
Vetenfkaps Academiens nya Handlingar, Tom. VL. for the year
1785, p. 285—290.). The annual motion of Mars’s node
may be found by comparing the following obfervations of the
longitude of the node. In the column A the numbers are
going upwards from the obfervation 17833 in the column B

the numbers are going downwards from the obfervation 1595.

The



30 Profefflor Bucer’s Afironomical Obfervations

—

Annual motion.
The name of the| Time of obfer- | Heliocentric lon-
aftronomer. vation, gitude of @ ¢.] A. B.
s. [s] ’ " 2"

Tycuo Brawe | 1505, O&. 28 | 1 16 24 33 | 28,7 '
CASSINT 1700, May 6 | 1 17 13 43 | 28,9 | 20,4
Cassing 1721, Nov. 13 117 29 49 | 23,8 | 31.3
pE LA Carvre | 1747, May 14 1 17 37 II 27,5 | 28,9
pe La CarLre | 1753, Nov, 117 42 § | 24,6 | 29,6
MASKELYNE 1778 Apnlx7 1 17 51 40 | 28,5 | 20,3
BuGGE 1783, Dec. 7 I 17 54 24 . 28,7
Mean 27,0 | 29,5

The mean of the two feries A and B will give zbe mof
probable annual motion of Mars’s node 28”,2. 1In the tables of
M. Cassint the annual motion is 347, in the tables of Dr.
Hacrrey 38”7, and in the tables of M. pE LA LANDE 40",

IV. The inclination of the orbit of the planct Mars.

Error of the tables of

Mean time at Copen~ |Geocentric lon-{Geocentric | M. pe LA LANDE,
hagen, gitude of & . | latitude of

é. in long. | in lat,

h‘:u Se o 4 u o ¢ u /7 Il

1788, Jan. ol1r 57 7{ 316 27 7|4 5§ 25N| +17 + I

1o{11 51 28, 3 16 3 3514 6 10 +19 + 7

11{1T 45 50 3 15 40 15 |4 6 44 +23 + 10

26{10 24 50{ 3 10 43 39 |4 3 59 + 45 +19

Feb. 14| 8 58 52! 3 8 13 29 |3 39 3§ - 8 + 8

Mar. ¢ 7 37 35/ 3 11 13 55 |3 I 13 - 17 - 4

120 7 29 7| 3 1T 59 106 |2 56 52 4 2 + 7

13| 7 26 19! 3 12 15 21 |2 5§ 24 + 2 + 9

14| 7 23 35/ 3 12 31 44 |2 5386 | + 3 | + 8

16} 7 18 101 3 13 § 38 |2 50 56 —18 + 9

April €] 6 27 49l 3 20 29 42 |2 22 46,7] -1y + 8

The geocentric longitudes of Mars are corre&ed for aberra-
tion and nutation, and compared with M, p& LA LANDE’s
neweft
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neweft tables, which after the laft improvements commonly
give the true place of Mars within the fourth partof a minute,
The error in longitude + 17" fignifies that the longitude in
the tables is 17/ too fmall; and that thofe 17" are to be added
to the calculated longitude, in order to make it agree with the
obferved longitude.

Error of the tables of
Mean time at | Heliocentric| Heliocentric { M. pr na LA~DE, {Inclination
Copenhagen. |longitude oflatitude of & . of the orbit
é. in long. in lat. of &.
I788 o / 19 5. o / /{ O / 74 /7" 7 O\ I 174
Mar. 9|7 37 3514 15 12 28|1 50 49, s N| — 7 | — 3 |1 50 56
- 12i7 29 74 10 31 42)1 50 53,5 + 2 | = 45 |1 50 56
137 26 19/4 16 58 81 50 55,0 + 2 | — 3 |1 50 56,4
14)7 23 354 17 24 281 50 57,7 + 3 | — L3 |1 50 57,7
16l7 18 19l4 18 16 gCir 50 50,7 — 4 | — 2,3 11 50 §6,7

The inclination of Mars is taken in the tables of M. CassiNt
1° 50’ 5§47, and in the tables of M. pE La Lanpe and Dr.
Harrey 1° 517 0”7, ,

I fhall conclude this Paper with the oppofition of Mars
according to the foregoing obfervations.  The oppofition of
Mars to the fun bappened 1988, Fanuary 7, at 8h. 19" 327
true time s the apparent geocentric longitude of Mars at that mo-
ment =3s. 17° 17 8/, and the geoceniric latitude = 4° 4" 3’ N.
Saturn was in oppofition to the fun, Auguft 29, zoh. 517 11"
true time; the apparent longitude » =115s. 7° 31’ 34"/, and.
latitude 1° 59" 33" S. The new planet was in oppofition to
the fun January 18, oh. 28’ 337 true time, the longitude =
3s. 28° 10" 4"/, and latitude 0° 34" 357 N..

5%
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