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PHILOSOPHICA AL

TRANSACTION S

XIX. On the remarkable Appearances at the Polar Regions of the
Planer Mars, the Inclination of its Axis, the Pofition of its
Poles, and its fpheroidical Figure 5 with a few Hints relating
to its real Diameter and Atmofpbere, By William Herfchel,
Ef3. F. R. §.

Read March 11, 1784.

WHAT I have to offer on the fubje&t of the remarkable
appearances at the polar regions of Mars, as well as
what relates to the inclination of the axis, the pofition of the
polgs, and the {pheroidical figure of that planet, is founded on

a feries of obfervations which I fhall deliver in this paper; and
Vor. LXXIV. 11 after
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234 Mr. Herscrer's Obfervations

after they have been given in the order they were made, it
will be eafy to thew, by a few deduions from them, that my
theory of this planet is fupported by fats which will fuffi-
ciently authorife the conclufions I have drawn from them. For
the fake of better order and perfpicuity, however, I fhall treat
each fubject apart, and begin with the remarkable appearances
about the polar regions. The obfervations on them were made
with a view to the fituation and inclination of the axis of
Mars; for to determine thefe we cannot conveniently ufe the
fpots on its furface, in the manner which is practifed on the
fun, The quantities to be meafured are fo {mall, and
the obfervations of the center of Mars fo: precarious, and
attended with fuch difficulties (fince an error of ouly a few
feconds would be fatal) that we muft have recourfe to other
methods.

When 1 found that the poles of Mars were diftinguithed with
remarkable luminous {pots*, it occurred to me, that we might
obtain a good theory for fettling the inclination and nodes of
that planet’s axis, by meafures taken of the fituation of thofe
{pots. But, not to proceed upon grounds that wanted confir-
mation, it became neceflary to determine by obfervation, how
far thefe polar {pots might be depended upon as permanent 3
and in what latitude of the globe of Mars they were fituated ;
for, if they fhould either be changeable, or not be at the very
pCles, we might be led into great miftakes by overlooking thefe
circumftances. 'The following obfervations will aflift us in-
the inveftigation of thefe preliminary points.

# A bright {pot near:the fouthern pole, appearing:like a polar zone, has'alfe’
beensobferved by M, MaraLpi, See Dr. Smrtn’s.Optics, § 1094.

1777
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o the Planet Mats. 238

1777, April 17. 4h, 50’. There are two remarkable bright
| fpots on Mars. In fig. 1. tab. VI, they are marked
a and 5. The line AB exprefles the direCtion of a
parallel of declination. 10 feet refletor, g inches
aperture, power 211 %,
10 h. 20’. They are both quite gone out of the difk.
1779, This year, in all my obfervations on Mars, there is no
mention of any bright fpots, {o that I believe there
were none remarkable enough to attra& my atten-
tion. However, as my view was particularly directed
to the phanomena of this planet’s diurnal rotation,
it is poffible I might overlook them.
1781, March 13. 17h. 40", 20 feet refle®tor. I faw a very
lucid {pot on the fouthern limb of Mars of a confi-
derable extent. Sec fig. 2.
June 25. 11 h. 36'. 7 feet refletor, power 2247, Two
luminous f{pots appeared at « and &, fig. 3.5 @ 1s
larger than 4.
12 h. 15/, With 460. a is thicker than &, but 4 1s
rather longer.
13 h. 12, ais grown thicker, and 4 become thinner.
June 27. 11h. 20’. The two lucid {pots are on Mars.
June 28. 11 b, 15’. They are both vifible; 4, fig. 4.1s
much thicker than 4.
12 h. 55’ Aline joining @ and & does not go through
the center. :
June 30. 10h. 48’. Thefpot ais vifible. fig. 5.
11 h. 35’. Both fpots are to be feen.

* Thil, Tranf, vola LXXI. p. 127. and fig. 17,
Ii2 1781,
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236 Myr. HErscHEL's Obfervations
1781, July 3. 10h. 54’. 4 feems to be larger than I have
feen it, fig. 6.

11 h. 24’ 4 is not yet vifible, fig. 7.

12 h. 36’. 1 perceive part of 4, fig. 8.

July 4. 12h. 9. ais very full ; 4 extremely thin, and
barely vifible.

12h. 18’. 2 and 4 are not quite oppofite each other.

12 h. 49’. & 1s increafed.

July 15. 9 h. 54’. a is vifible, fig. 9.

11 h. 35’. 4 invifible.

12 h. 127, 4 not to be feen.

July 16. 11 h. 9" The bright fpot a is very large.

July 17. 11 h. 15". No other bright fpot but 4.

July 19. r3h. 31", a vifible.

July zo. 10 h. 3’. I{uppofe the bright {pot 2 on Mars
is, very nearly, the fouth pole; which therefore
muft lie in fight. * There is no fecond bright fpot &
vifible to night.

10 h. 56’ 4 not vifible ; the night very fine.

July 22. 11h. 14, At 2 and &, fig. 10. are bright
fpots; a is larger than 4. Moft probably the fouth
pole is in view, and the north pole juft hid from our
fight, If the {pots are polar, or nearly {o, then
muft, on a fuppofition of the fouth pole’s being in
view, appear larger than 4; and if & extend a little
more from the north pole one way than another, it
mutft be fubje@ to fome change in its appearance from
the revolution of Mars on its axis,

July 30. 9 h. 43'. Both fpots vifible.

Auguft 8, 10h. 4'. Only 2 vifible, fig. 11.

Auguft 17. g h. 21/, Ouly 4 in fight.
2781,
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on the Planet Mars. 237

1781, Auguft 23, 8h. 44’. a4 as ufual, and part of 4 vifible,
fig. 12.

Sept. 7. The white fpot a is very large.

1783, May 20. Mars has afingular appearance. At 4, fig. 13.
is the polar fpot, which is bright, ‘and {eems to pro-
je& above the difk by its {plendour, caufing a break.
at c.

July 4. a is very bright.

July 23. 14h. 45", a is very lucid.

Auguft 16.- 1 faw the bright fpot with the 20 feet:
refleGtor as. ufual.

Aug. 26. The lucid fpot on Mars is its fouth pole, for
it remains in the fame place, while the dark equato-
rial fpots perform their conftant gyrations: it is
nearly circular..

Aug. 29. The fouth polar fpot is in the fame fituation..

Sept. 9. Asufual..

Sept. 22. The fouth polar fpot 1s of a circular fhape,.
and very brilliant and white. I had a beautiful and
diftin& view. of it when it was. about the menridian,
and meafured its little diameter in the equatorial di-
retion of Mars. With a power of 932 it gave
17 41”7, and I faw it very diftinétly. The outward’
edge of the fpot came juft up to the upper:limb; a.
favourable hazinets, taking off every troublefome:
ray, gave me objets in general exceedingly well de--
fined, efpecially Mars.

Sept. 23. 9 h. 55 . The polar fpot 4, fig. 14. as ufual..

Sept. 24. The fame.

1783,
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Mr. HerseHEL’s Obfervations

1783, Sept. 25. 12 h. 30’. The bright fouth polar {pot 2, fig.

15. feems to be fixed in its place, and goes nearly up
to the margin of the difk ; it is perfectly round.

12 h. 55°. The track of the equatorial {pots is incurs
vated, being convex towards the north, fee e, ¢, fig.
23.: this confirms the white {pot’s being at the fouth
pole.  With long attention I can perceive the edge
of the difk of Mars beyond the {pot, extending about
1 diameter of the fpot.

Sept. 26. 12 h. 10’. The fpot 2 isin a line with the
center and the end of the hook, fig, 16.

Sept. 27, 28, 29. The {pot as ufual.

Sept. 30. 10 h. 30/. The polar {pot as in fig. 17.

O&. 1. 9h. 55’ Tam inclined to think, that the white
{pot has fome little revolution, and therefore is not
with its center exaltly at the pole of Mars; it is
rather probable, that the real pole, though within
the {pot, may lie near the circumference of it, or
one-third of its diameter from one of the fides. A
few days more will thew it, as I fhall now fix my
patticular attention upon it.

1o h. 17/, The bright {pot is certainly not fo far upon
the difk as it ufed to be formerly, and is either
reduced or has a fmall motion ; which of the two
1s the cafe will be feen 1n a few hours.

13h. 3. The bright {pot has a little motion ; for it is
now come farther into the difk.

I concluded now, in general, that none of the bright fpots
on Mars were exaétly at the poles, though they could certainly
not be far from them: for what has been juft related of the

4 I’ﬂi,
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on the Planet Mars, 239
ift, 2d, and 3d of O&ober 1783, fhews plainly, that the
appearance of the fouthern fpot 2 was a little affeGted by the
diurnal motion of the planet; and the obfervations of the 3d
and 4th of July 1781, fhew alfo that the fpot 4 could not be
exally at the north pole; and that, perhaps, the. vifible
branch’ of the latter extended pretty far towards the equator.
However, the fouth polar fpot of the year 1783, being very.
fmall and nearly round, afforded a good opportunity for  deter=
mining its polar diftance, by noting’ the different angles of
pofition it affumed while Mars revolved on its axis; to this end
many obfervations were taken at different hours of the fame
night; which willbe found among the meafures of the angles
of pofition in the next divifion of my fubjé&. And fince the
different degrees of brilliancy,. as well as the proportional ap-
pareit magnitude of the {pot, would alfo contribute to the in-
veftigation .of this point, I continued my remarks on'thofe par-
ticulars, as follows.

1783, O 2. 7 h. 59”. The bright {pot near the fbuth pole is
about half: vifible.

O&. 4. 8h. o. The polar fpot feems to project above
the difk as formerly, and is very {mall.

O&. 5. 11 13'. The {pot 15 very. {mall, and feems
a&ually to be in the circumferénce.

11 h. 30”. The fpot is. {mall, and feems to be with its
fartheft fidé in tHe circuhiference of the difk ; or it
may, perhaps, be partly beyond it, aud thercfore
not all in fight.

11h. 5o. I {eethe fpot hueh clearer than 1 did before.:

13h: 14, T'he white {pot is more in fight, and of its
ufual fize, but’ does rot feem much to change ifs po-

-
185000y ®
ﬁl.l(.).‘.l 3
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fition ; however, what change there is fhews that it
has been beyond the pole, as it appears to have been
dire¢ while the equatorial {pots were retrograde.

O&. 9. 11h. 48. The white polar fpot increafes in
fize. At toh. 35’. it was as in fig. 18. but is now
larger, and coming round towards that part of its
orbit which is neareft to us. See fig. 24.

O&. 10. 6 h. 20". I fee no white polar fpot; but the
planet is too low for any obfervation to be depended
on.

6 h. 55’. The white {pot begins to be vifible; at leaft I fee
it now, the planet being higher than before, fig. rg.

g h. 55’. With 460, the white {pot is confiderably in-

~ creafed, and fhews a circular form, fig. 2o.

O&. 11. 7 h. 46’. The bright fpot is very vifible; the
evening fine ; with 278.

O&. 16. 7h. 7”. The fpot is very luminous,

gh. 55. It feems rather lengthened; perhaps it may
be arrived at the extreme of its parallel of decli-
nation.

O&. 17. 5 h. 47’. The white {pot a4, fig. 21. is very
bright.

13h. 77, It is lefs in appearance than it was in the be-
ginning of the evening.

O&. 22. 6 h, 46’. The bright {pot is very large and
luminous ; I fuppofe it to be in the nearer parts of
its little orbit.

7 h. 117 It 1s fituated as in fig 22.

O&. 24. 7h. 1. The white {pot is very large.

O&. 24. 8 h. 45’. It is very large and round.

Nov. 1. 7h. 47’. The fpot is round and bright.

X 1783,
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on the Planet Mars, 251

1783, Nov. 11. The deficiency of light which occafions Mars
to appear gibbous, reaches over the fouth polar fpot
towards the preceding limb, and hides it.

Nov. 14. Mars is gibbous, and the polar fpot is thereby

~rendered invifible.

Nov. 17. 6h.0’. The fouth polar fpot is under the fal -
cated defet of light.

6h. 30’. I do not know whether there be not a faint

- glimpfe of the polar fpot left; the weather is too
bad to determine it.

I have added fig. 25. (tab. X.) to thew the conneion of the
15th, 17th, 18th, 1gth, 20th, 21ft, and 22d figures, which
complete the whole equatorial circle of appearances on Mars,
as they were obferved in immediate fucceffion. The center of
the circle marked 17 is placed on the circumference of the
inneér circle, by making its diftance from the center of the
circle, marked 15, anfwer to the interval of time between the
two obfervations, ‘properly calculated and reduced to fidercal
meafure. ‘The fame has been done with regard to the circles
marked 18, 19, &c. And it will be found, by placing any
one. of thefe conneed circles, fo as to have its contents in =
fimilar fituation with the figures in the fingle reprefentation
which bears the fame number, that there is a {ufficient refem-
blance between them; but fome allowance muft undoubtedly
be made for the unavoidable diftortions occafioned by this kind

of projeétion.

In order to bring thefe obfervations on the bright fpots into
one view, I have placed them at the circumference of three
circles (fee fig. 26, 27, 28. tab. VII. VIII. IX.) divided into de-
grees, reprefenting the parallels of declination in which they

Vor. LXXIV, Kk revolved
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242 Myr. HERSCHEL's Obfervations

revolved about the poles of Mars. The divifion.of the circles
marked 360 is where a fpot pafles that meridian of the planet
which is turned towards theearth, and where,. confequently, it
appears to us in its greateft luftre. The motionof the {pot is ac-
cording to the numbers 30, 60, 92, and fo on to "60. In calcu-
lating the daily places of the fpots I have ufed the.ﬁdereal period
of 24h. 39’ 217,67 determined in my paper on the rotation of
Mars¥; and have alfo made properallowances forthe alterations.
of the geocentnc longitudes calculated from the fituations of that
planet given in the Nautical Almanack 3 by which means the
fidereal-is reduced to a proper fynodical period..

.The following three tables contain the refult of the calculs-
ngns, and ferve to exphm the arrangement of the obfervations
in the circles. In the firft column are the times when, the ob-
fervations were made.. In the fecond, the fidereal places of
the fpot in. degrees and minutes. In the third column are the
geocentric longitudes of Mars at the time of the obfervations..
In the fourth, the neccﬂary corrections on account of thefe.
dlﬂ"exent longztudea. In the fifth column are the corretted or
!ynodlcal places:of the fpots; and, accordmg to the numbers
in that column, they are marked on the circles, where con-
fequentiy each {pot is reprefented as it muft have appeared to be
fituated at the titne of cbfervation,

* Phil. Tranfy vol. LXXX. p 134

TABLE
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T A B L E I.

. Time. af oﬁfexvvation..‘ Sider. place. | Geoc. longit, | Corfection. {Synod. place:f
. D, H. Ms | D. My |8 D; M| D, M, | D M
Junegs 1r-36°| 350 31 |9 24 35| +0 O {350 31
: 4§ 12 15 | @ O |9 ‘24 35 | +0 O o ©
25 13 12 13 52 |9 24 34 |—0 1 } I3 51
27 11 20 | 357 28 |9 24 12 | -0 23 | 357 §
28 a1 15 316 40 |9 24 1 | —0 34 |36 06
30 10 43 200 56 |9 23 38 | —o 57 |28 59
30 11 35 | 302 23 |9 23 38 | —o 57 |30r 26
July "3 10 54 | 263 40 |9 22 §5 | —1 40 f202 O
3 11 24 270 §8 |9 22 §5 | —1 40 | 269 18
3 12 IO 282 9 |g 22 g5 | —1 40 |280 29
312 30 | 288 29 |9 22 §§ | =1 41 286 48
4 12 Q. 272 20 9 22 40 -1 35§ 2%0, 25
412 49 |- 282 4|9 22-40 | —I 55 {280 9
15 9 54 | 13¢ 7 {9 19 43 | —4 52 | I29 IS
15 11 35 | 158 42 |9 19 42 | —4 53 {153 49
- 1§ 12 I12.0 167 42 |9 19 42 | —4 §3 | 162 49
) 16 31 9 § 142 48 |9 19 26 | =5 9 |137 39
: 17 11 15 | 134 40 |9 19 g | —5 26 | 129 14
19 13 31 | 148 37 |9 18 33 | —6 1 |142 36
20 10 3 88 25 |9 18 21 | —6 14 82 11
20 10 56 | 101 19 |9 18 20 | —6 15 95 4
22 11 14 86 32 {9 17 49 | —6 46 79 46
30 o 43 | 347 46 19 16 5 | -8 30 1339 16

Kka= TABLE
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T A B L E IL

- Time of obfervation. } Siler. place. | Geoc. longit. |Corre&ion, Syn(;d. place.
D. H. M. ‘D. M |s.D. M } D.M | D M.
June2s 11 36 86 51 |9 24 35 |+t g0 | 88 3n
1 25 12 1§ 96 20 19 24 35 | +1 40} 98 o
25 13 12 110 12 |9 24 34 | +1 39 fiir g1

a8 11 1§ 53 o 19 24 ©nj+r 6| 54 6

30 10 48 27 16 {9 23 38 | +0 43 27" §9
30011 35 | 38 43 ]9 23 38 | +o0 43 } 39 26

July 3 10 54 F O O |9 22 §5 | +0 o o o
4 12 9 | 8 40 |9 22 40 | -0 1§ ﬁ_ 8 25
SS9 54 230 27 19 19 43 | —3 12 |227 1§

1§ 10 12 234 §O0 |9 19 43 | —3 12 | 231 38

(15 11 35 | 255 219 19 42 | —3 13 | 251 49

r§ 12 12 264 2 |9 19 42 | —3 13 | 260 49

16 11 9 f 339 8 [g 19 26 | —3 29 {235 39

19 13 3t | 244 5§77 |9 18 34 | —4 21 [240 36

20- 10. 3 | 184 45 |9 18 21 } —4 34 | 180 11

20 10 56 | 197- 39 |9 18 20 | —4 35 |193 4
30__9 43 84 6 lg 16 5 | -6 so | 77 16
TABLE
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T A B L E _ IL

Time of obfervation. | Sider. place. | Geoc. longit. | Correion. |Syrod. place.
‘( —

M. D. M. | D. M.
S4 | +6 44 | 13 16
6 | +4 s6 |[267 x
5 | +4 55 | 307 24
SO | +4 40 | 223 25
15 | +4 5 | 204 5
I | +4 5 | 21§ 17
55 | +3 45 {241 8
S5 | +3 45 | 245 16
55 | +3 45 [250 8
54 | +3 44 | 270 48

D. H. M. D. M.
Sept.25 13 30 6 32
o&. 10 17 262 5
13 3 302 29
7 59 | 218 55
8 o 200 'O
8 46 211 12
Ir 13 237 23
1t 30 241 31
II 50 246 23
13 15 | 267 4

o

14 278 1 53 | +3 43 |28t 44
8 20 176 8 23 | +3 13 | 179 21
10§ 201 41 22 | +3 12 | 204 353
Ir 50 227 14 21 | +3 11 | 230 2§

IT 48 207 3%
6 55 126. 42

7 50 | 140 5

49 | +2 39 |20 14
37 | +2 27 1129 9
36 [ +2 26 | 142" 31

0O0O00O0000D00DO0DO0O0ODO0ODODOD0ODOOOODOO0OO0OCO®
WWwhpPphpbhbhnhNnnnAn OO oooocp

NN bt et b bl bei bt et et et i
PRUNT OARON0 00 OUVUNTINNNNUN DA RN -

9 55 170 30 34 | +2 24 | 172 54
12 11 203 36 33 | +2 21 | 205 357
7 7 72 9 1s | +1 5 73 14
7 46 8r 39 1s | +1 4 | 82 43
9 535 113 2 14 | +1 4 |[114 6
7 47 7219 3 | +o 53 73 12
13 7 1§50 II o | +0 50 | 151 1
6 46 o o 10 | -0 © o o
7 2 | —o 8 | 253 52

1 | 354 ©

From the appearance and difappearance of the bright north
polar fpot in the year 1781, we collect that the circle of its
motion, reprefented by fig. 26. was at fome confiderable diftance
from the pole. By a calculation, made according to the prin-
ciples hereafter explained, its latitude muft have been about 76°
or 77° north ; for I find that, to the inhabitants of Mars, the
declination of the fun, June 25. 12h. 15" of our time, was
about ¢° 56’ fouth * ; and the {pot muft have been at leaft fo

* See p. 259. and 260,
3 tar
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246 Myr. HerscureL's Obfervations

far removed from the north pole as to fall a few degrees within
the enlightened part of the difk, to become vifible to us.

- The fouth pole of Mars could not be many degrees from the
center of the large bright fouthern fpot of the year 1481,
whofe courfeis traced in fig. 27 ; though the fpot was of fucha
magnitude as to cover all the polar regions farther than the
7oth or 6 5th degree, and in that part which was on the meri-
dian July 3, at 1oh. 54/, perhapsa little farther.

In the next divifion of our fubjeét will be fhewn, that the
inclination and pofition of the axis of Mars are {uch, that the
whole circle, fig. 28. (which will appear to be in about 81° 52’
of fouth latitude on the globe of Mars) was in view all the
time the obfervations on the bright fouth polar {pot of the year
1783, which are marked upon it, were made, but in {o oblique
a fituation as to be proje€ted into a very narrow ellipfis. See
fig. 24. where m# is the little ellipfis in which the {pot &
revolved about the pole. Hence then we may eafily account
for the obferved magnitude and brightnefs of the fpot O&. 23,
24, and 27. when it was expofed to us in its meridian {plen-
dour. Its fituations O&. 16. and 17. on one extreme of the
parallel, as well as thofe of O&. 5. and Nov. 1. on theother,
gave us alfo a bright view of it: and, when we pafs over to
that half of the circle which lies beyond the pele, the much
greater obliquity into which the {pot muft there be projected
will perfeétly account for its being fmaller at 13 h. 7 of O&.
17. than at 7 h, 47’ of the fame evening. It will alfo explain
its fmallnefs O&. 4. and its increafe O&. 9. We thall have
occafion hereafter to recur to the fame figure, fo that I take no
notice at prefent of the angles of pofition which are marked
upon it. |

4 ofF
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Of the direction or nodes of the axis of Mars, its inclination to
the ecliptic, and the angle of that planet’s equator wiih its own
orbit,

From the foregoing article we may gather, that the bright
polar {pots on Mars are the moft convenient obje&ts for deter-
mining the fituation of the axis of this planet; I fhall there-
fore colle&, in one view, all the meafures I have taken of thefe
fpots for that purpofe. Before I conftruéted a micrometer for
taking the angle of poﬁtion, I ufed to draw a line through the
figure delineated of Mars to reprefent the parallel of declina-
tion ; in a few of my firft obfervations, therefore, I can only
take the fituation of the polar fpots from fuch drawings, and
of confequence no great accuracy in the angles, as to the exa&
number of degrees, can be expetted.

1777, April 17. 71, 50/. Aline drawn through the middle of
the two bright polar {pots @ and 5, fig. 1. makes an-
angle of about 63°, with a parallel of declination
AB; the fouthern {pot preceding and the northern.
following.

My reafon for chufing a line drawn through both the fpots
rather than through one of them and the center is, firft, that
they were not fituated quite oppofite each other, and therefore,
unlefs other obfervations had pointed out which was moft
polar, I fhould evidently run the greater rifk in fixing on
one of them in preference to the other. Inthe next place, we
find by the fecond obfervation, page 23 5. that in two hours and
a half both fpots were intirely gone out of the dik. This

plainly
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plainly denotes, that they were both in the fame half of
a fphere orthographically projected, and divided by a plane
pafling through the axis of Mars and the eye, but that neither
of them were polar. Now, a line drawn through two points
not far from oppofite each other, both in the fame hemifphere,
and both removed from the poles of it, muft approach more to
a parallelifm with the axis, than a line drawn through either

of them and the center.

1779, May 9. There being no bright fpots by which to judge
of the pofition of the poles, it is eftimated from a
well known dark equatorial {pot, with a line drawn
through the figure to denote a parallel of declina-
tion. By very rough eftimation it is about 42°
fouth preceding.

May 11. The fame figure, being drawn again in ano-
ther fituation, and alfo with a line giving a parallel
of declination, points out, by the fame rough efti-
mation, 62° fouth preceding.

1781, June 25. 11 h. 35". The pofition of the fpots @ and 4,
fig. 3. with regard to a parallel of declination, mea-
fured with a micrometer 74° 32’. The fpot 4 was
fouth preceding, and & north following.

July 15. 1oh. 12’. The angle of pofition, of the cen-
ter of the fpot 4, fig. 9. through the center of the
ditk, 74° 18’ fouth preceding.

¥783, Auguft 16. Pofition of the {pot 4, 64° fouth following
the center; but as the planet 1s not full, the center
becomes dubious, and the meafure therefore may not
be quite accurate, though taken with a 20 feet

refleCtor 3 power 200.
Sept.
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1783, Sept. 9. Pofition of the fuppofed fouth pole of Mars
65° 12 fouth following ; 7 feet refle®tor ; power 460.
Sept.,22. Pofition of the fame 52°9’ {. following ; 46o.
Sept. 25. 13h. 30, Pofition of the fouth polar fpot
56° 24, very accurately taken, by bifedting the
ditk of Mars through the bright fpot, and fuppofing
the planet now near enough the oppofition to induce
no material error. - Hitherto I have taken it through
a.fuppofed center by endeavouring to allow a little
for what I thought the deficiency in the difk; but
not to-night. v
O&, 4. 8 h. 46'. Pofition of the fpot 51° 2173 Mars
too low and hazy to depend much on the meafure
with fo hxgh a power as 460,
oa 5. 'The motion of the polar {pot being now ﬁrongly
fufpe@ed, or rather already known, I took the fol-
lowing meafures, by way of difcovering its quantity.
11 h. 50, Pofition very exally taken 50° 6 f. fol-
lowmg ,
14 h. o’. Pofition of the fpot 49 45
O&. 4. 8 h. 20’. Pofition. 55° 12. In order to fee how
far this meafure might be trufted to, Ifet 49° 36’ in
the micrometer, which was evidently too {mall;
next I took §1° 36’, which was alfo too fmall; after
this, I took a new meafure, and found 55° 24/,
which appeared to me very exa. 10h. 5’ "The
pofition now was §3°% 11 h. 0’ It meafured 52° 12/,
As there is nothing to diftinguith the center, itis ex-
tremely difficult to pleafe one’s felf in bringing the
fpot into a line with it.
Vor. LXXIV. L1 1783,
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1783, O&. 10. 7h. 50'. Pofition of the polar fpot 57° 12

with 460, very accurate. I'tried’a few parts lefs of:
the micrometer, but found the meafure too little. I
{ee pretty diftin&ly, but the air is tremulous.

g h. 557, Pofition §2° 42’3 very diftinét:

12 h. 117, Pofition 46° 30”5 I fee not quite o well now.
as I'could wifth:

14 h. 17. Pofition 44° 12’; but liable to great uncer=-
tainty, on account of tremulous air; it becomes
more difficult to diftinguifth the center when the pla--
net is not perfettly defined.

O&. 16. 7 h. 7. Pofition 63° 9’. By way of trial I {ct:
59° 36/, which was too {mall; alfo 60% 24" was too
{mall ; again, 61° 24’ wasnot largeenough. Then, .
saking a frefh meafure, I'found it 62°48’, which I:
thought right.

g h. 55’. T took three meafures, and thought the third, .
which was 65° o', the beft of all, forI {faw the planet-
and the fpot remarkably well.

O&. 27. 8 h. 45’. Pofition of the polar fpot- 59° 30,
I took three other meafures, of which- 60° 39’ ap--
peared to me the beft; it'was taken with long atten-
dance and many changes and ‘trials of the wires in
différent pofitions; but the gibbofity of Mars is {uch,
that meafures of the fituation of the {pot-are now no -
longer to be depended on.

* Thefe pofitions, I belicve, will-be fufficient for the purpofe
of fettling the latitude of the polar fpots; and thereby obtain-
ing a corre@ ‘meafure of the fituation of the real pole. Ihave
referred thofe of the fouth polar fpot of the year 1783 to the
fame circle which contains the obfervations that were made on

2 the
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the apparent brightnefs and magnitude of that {pot, that they
may be compared together. (See fig. 28.) The agreement of
‘the meafures, and the phenomena attending the motion of the
fpot, are fufficient to point out the meridian of the circle; for
which, from a due confideration of thefe circumftances, I have
fixed on the place where the {pot was O&. 10. 6 h. 46'.

Of the angles colle&ted in fig. 28. we find 65° o’ the largeft,
and 49° 45’ the {malleft; but, on account of the different
fituation of the earth and Mars, the angle meafured 7/ lefs
O&. 16. than it would have done had the planets remained in
the places they were in O&. 5. when the other meafure was
taken. This being added, we have 65°7’. The difference be~
tween the two pofitions is 15° 22”.  Now, the conftrution of
fig. 28. being admitted, we fee that the angles were nearly
taken at the oppofite extremes of the circle in which the fpot
moved. However, by the 5th column of Tab. IIl. O&. 5. we
have the fituation of the fpot in the circle with refpe&t to the
meridian 281° 44/, and O&. 16. 114° 6" : therefore the fouth
polar diftance of the center of the {pot is found, by taking half
the {fum of the fines of thefe angles to radius, as 7° 41" (half
of 15°22/) to a fourth number, which is 8> 8’; and the lati~
tude of the circle, in which the fpot moved about the pole,
therefore is 81° g2’ fouth. This being determined, we have
the following corretion for the angles of pofition : radius is
to fine of the angular diftance of the fpot from the meridian
as 8° 8’ to the required quantity. This muft be added or fub-
tra&ed, according as the cafe requires ; and thereby. we fhall
have the pofition of the true pole from any one of the
meafures.

I1hall now apply the above to determine the fituation of ‘the
axis of Mars, ‘To this end, we fee that, in the firft place, the

Llz meafures
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meafures muft be corrected for the latitude of the {pot; next,
they muft be reduced to a heliocentric obfervation, which will
z1{o corret them from the difference occafioned by the different
fitvation of the planets when they were taken. This being
done, we may fele€t two obfervations at a proper diftance; from
which, by trigonometry, we fhall have the node and inclina-
tion of the axis. When thefe elements are obtained, it will
be eafy to fee how other obfervations agree with them ; which
will afford the means of corre&ting or verifying the former
calculations.

- Let'T, fig. 29. (tab. X) be the earth ; & Q_g ¥ the eclipticas
feen from T'; P the point of the heavens towards which the
north pole of the earth is direted ; M the place of the orbit of
Mars p m M, where an obfervation of the poles of that planet has
been made, which is to be reduced to its heliocentric meafure.
And, firft, {fuppofe it to have been made at the time of the
oppofition of that planet. ‘Then, the place M or Q_in the
ecliptic being given, we have the fides Q_%, % P; whence
the angle Q, of the right-angled triangle P & Q, is found.
‘This being added to, or taken from, the obferved angle of po-
fition of the axis of Mars, according to circumftances eafily
to be determined, reduces it to its heliocentrie pofition. 'But
if this obfervation was not made at the time of an oppofition,
but at fome other place m, a fecond correction is to be applied
in the following manner.

- Let the angle ¢, of the triangle P & ¢, be found as before,
and properly applied to the pofition of the axis of Mars now
atm ; then make the angle #Sp, at the fun S, equal to the
angle Sm'T, and g will be the heliocentric place, where the
angle of pofition, when feen from S, will appear to be as it

was found at », after the application of the firft corretion :
A for
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for S u being parallel to T'm, and fuppofing the axis of Mars
to preferve its parallelifm while it moves from m to x, appear-
ances of Mars at u to an eye at S, mult be the fame as they
are at  to an eye at ‘T

The following table contains the refult of calculations re-
lating to the angles of fig. 28. In the firft column are the
times when the obfervations were made. In the fecond, the
angles as they were taken. In the third column are the quan-
tities of the angles Q, ¢, calculated from the geocentric lon-
gitudes contained in the third column of the third table. In.
the fourth column are the correfions for the fituation of the
fpot in the circle of latitude obtained from the fines of the
angles in the fifth column of the third table. In the fifth
are the correions requifite on account of the change of fitua-
tion of the planets, during the interval between the feveral
days on which the meafures were taken; thefe are obtained
from the third column of this table, and I have aflumed the
4th of O&ober, as being the obfervation neareft the oppofi-
tion, to which I have reduced the other meafures. In the fixth.
column are the angles of the fecond, corre&ed by the quan-
tities contained in the fourth and fifth columus, applied accord-
ing to their figns,

TABLELE
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T A B L E IV

[Time of obfervation,] 2"8€s | Apgleq, | [Firlt fSecond] Angles

taken, corre&ion, [corre&.| correfted.

‘D. H. M.| D. M. D. M. D. M. M. D. M.

Bept.2§ 13 301 56 27 | 423 10|=~1 52| =8 54 27
O&. 4 8 46| 51 21 | +23 18| +4 42 -0 56

: | 3

5 11 30| g0 6 | 423 19| +7 39 F1| 57 46
5 10 4(5) 45 |+23 19} +7 59 +1 87 45
55 12 - 155 7

708 o0 {35 i bes a0 g} e | {380
7 10 5§ 53 © 423 21| +3 261 43 56 29
7 11 50| §2 12 | 423 21| +6 16| +3 58 31
7 50| 57 12 | +23 22{ -4 57} +4| 52 19
109 55 g2 42 423 22 =1 7| +4| 51 39
7 7|63 A+ as | =1 | #7337

10 9 55 65 o +23 2§51 —7 23 +7 57 45

As we have no particular reafon to fele¢t one meafure rather
than another, a mean of all the 13 will probably be neareft
the truth’; fo that by thefe obfervations, which, as we faid
before, are reduced to the 4th of O&ober, 1783, we find the
pofition of the axis of Mars that day to have been §5° 41’ fouth
following.

From the appearances-of the fouth polar {pot in 1781, re-
prefented fig. 27. we may conclude, that its center was nearly
polar. * We find it continued vifible all the time Mars revolved
on its axis; and, to prefent us generally with a pretty equal
fhare of the luminous appearance, a {pot which covered from
45° to 60° of a greatcircle on the globe of Mars could not have
any confiderable polar diftance : however, a fmall correétion 1in
the angle of pofition feems to be neceflary, which fhould be
taken from the meafure of the 15th of July, becaufe that
branch of the fpot which probably extended fartheft towards

the
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the equator, was then in the following quadrant. The mea-
fure of both the fpots on June the zjsth, 1781, is ftill more-
to be depended on, as giving us very nearly the pofition of the
true pole; for it appears evident from: the phanomena of the
bright north-polar fpot in fig. 26. that that {pot was in the
meridian when the meafure was taken, while the fouthern fpot
was in the preceding quadrant near its greateft.limit. Now,
fince an angle-at the circumference of a circle is but half the
angle at the center, when the arches which fubténd’ thefe
angles are equal, the corretion neceffary to be applied to the
meafure taken through the two {pots will be but one half of
the correétion which . would have been requifite had it been
taken through the center; therefore, in ordér to reduce this
to the condition of the former, we may fuppofe it to have been
taken through the center of Mars when the {pot was only 30, or
150degrees from the meridian. Itisalfo neceflary to add 1°54/ to
the angle of July 15, which it would have meafured more had
the planets remained where they were June 25 This done;
we may have the polar diftance of the center of the fpot as
before. Half the fum of the fines (of 231° 38" and 150°) to
radius, as 50" (half the difference between 74° 32%and 76° 12")
to a fourth number, which is 1°-18

I{hould obferve here, that the meafures of the angle of pofi~
tion would be too large before the {pot came to the meridian;
and too {mall afterwards, the axis of Mars being fouth pre-
ceding ;. whereas, in fig. 28. they would be too {mall before,
and too large after, the mendian paffege, the pole being foutly
followin g

Thefe two obfervations arranged as thofe in-the fourth table;
and reduced to the time of the 25th of June, will- ftand as

follows,
TABLE
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T A B L E V.

Firdt Secomd | Correéted

o e Angles
fime of obfervation, taken, Angle Q. correétion. fcorre.]  Angle,
D. H M.} D. M. D. M. D.M| D. M.
half of
June2gy 11 36 74 32 - 10 ¥4 +{I°18' -0 o} Y5 1I1IX
July 15 30 12| 74 18 | — 8 20| —1 1|41 54) 75 11

{ am to remark, that we have here admitted both meafures
as equally good ; and that, therefore, the refult is a mean of
them both, and fhews the axis of Mars, Junc 23, 1781, to

have been 75° 11/ fouth preceding.
Our next bufinefs will be to reduce thefe two geocentric ob«

{ervations to a heliocentric meafure. ‘This is to be done, as we
have thewn before, by a calculation of the angle Q, fig. 29.
The refult of it thews, that 10° 14’ are to be {ubtra&ed from
the mean correéted angle of pofition, reduced to June 23, 1781,
and 23° 18’ to be added to the angle which is the corrected
mean of 13 meafures, reduced to O&. 4, 1783. Hence we
learn, that on thofe days and hours, when the heliocentric
places of Mars were 9s. 24° 35", and os. 4° 15" (which would
happen about July 18, 1781, and Sept. 29, 1783) an ob-
ferver placed in the fun would have feen, on the former,
the axis of Mars inclined to the ecliptic 64° 5%’, the north
pole being towards the left; and on the latter, he would
have feen the fame axis inclined to the ecliptic 48° 59, the
north pole being then towards the right.

The firft conclufion we may draw from thefe principles is,
that the north pole of Mars muft be dire¢ted towards fome
point of the heavens between 9. 24° 35" and os. 7° 15”5 be=-

caufe the change of the fituation of the pole from left to right,
which
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which happened in the time the planct pafled from one place
to the other, is a plain indication of its having gone through
the node of the axis., Next, we may alfo conclude, that the
node muft be confiderably nearer the latter point of the ecliptic
than the former; for, whatever be the inclination of the axis,
it will be feen under equal angles at equal diftances from the
node.

But, by a trigonometrical procefs of folvinga few trian gles,
we foon difcover both the inclination of the axis, and the place
where it interfe@s the ecliptic at reGtangles (which, for want
of a better term, I have perhaps improperly called its node).
Accordingly I find, by calculation, that the node is in r7° 47
of Pifces, the north pole of Mars being directed towards that
part of the heavens ; and that the inclination of the axis to
the ecliptic 1s 59° 42’

We fhall now compare the obfervations of an earlier date
with thefe principles, to fee how far they agree. Some of the
particulars and calculations relating to them are as follow.

T A B L E VL

Times of Obfervation. |Eftimations. | Geoc. longit. | Angle Q. | 2d correét.

D. H. M. D. S. D. M.| D. M,
1799, May 9 12 © 42 7 22 20 |4+ 14 4§ 4+ o
May 11 i2 © 62 7 21 40 |+1§ 1I + 26

1777, Apr. 17 7 50 63 6 3 341423 26

May the gth, 1779, as we have feen, the angle of pofition
was roughly eftimated at 42°, and May 11. at 62°. The great
difagreement of thefe coarfe eftimations is undoubtedly owing
to the very different fituation of the dark fpot from which they

Vor. LXXIV. M m were
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were taken ; however, fince we do not mean to ufe thefe ob~
fervations in our calculations, they may fuffice in a general
way to fhew, that the axis of Mars was altually about that
time in fuch a fituation as our principles give it : for, reducing
the two pofitions to the gth of May, that of the 11th, from
an allowance of 26" for the fituation of the planets, will be-
come 62° 26’; and a mean of the two, 50° 13" fouth pre-
ceding ; which, reduced to a heliocentric obfervation, gives:
66° 30/, the north pole lying towards the left. Now, on cal-
culating from the pofition of the node and inclination. of the.
axis before determined, we find, that the heliocentric angle
was 62° 49’, the north pole pointing towards. the left; and a
nearer agreement with thefe principles could hardly be expected.
from eftimations fo coarfe. If we go to the year 1777, and.
take the pofition of the two bright fpots obferved.the 1;th of.
April, we have 63° fouth preceding ; this,. reduced to a helio-
centric quantity, gives 86° 26’ of inclination, the north pole.
being to the left. By calculating: we find, that that pole was.
then adually 81° 2%’ inclined to the ecliptic, and pointed:
towards the left as feen from the fun..

The inclination and fituation of the node of the axis of Mars.
witlr refpect to- the ecliptic being found may thus be reduced-
to that planet’s own orbit.. Let EC, fig. 30. (tab. X.) be a part
of the ecliptic; OM part of the orbit of Mars; PEO.a line:
drawn from P, the celeftial pole of Mars, through E, that
point which has-been determined to be the place of the node of
the axis of Mars in theecliptic, and continued to O where it in-
terfe@s the orbit of Mars. Now, if according to-Mr. DE £A
I.axnE we put the node of the orbit of Mars for 1783, in-
15 17° 58’, we have from the place of the node of the axis:
{that is, 115, 17° 47') to the place of the node of the orbity

3 an
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an arch EN of 60° 11’; in the triangle NEO, right-angled
at E, there is alfo given the angle ENO, according to the fame
-author, 1° 51/, which is the inclination of the orbit of Mars
to the ecliptic. Hence we find the angle EON 8¢° 5/, and
fide ON 60° 12/. Again, when Mars is in the node of its
orbit N, we have, by calculation from our principles, the angle
PNE =63° 7/, to which, adding the angle ENO =1° 51/, we
have PNO = 64° 58’; from which two angles PON and PNO
with the diftance ON, we obtain the inclination of the axis of
Mars, and place of its node with refpeét to that planet’s own
orbit ; the inclination being 61° 18’, and the place of the node
of the axis §8° 31" preceding the interfeCtion of the ecliptic
with the orbit of Mars, or in our 19° 28’ of Pifces.

Being thus acquainted with what the inhabitants of Mars
will call the obliquity of their ecliptic, and the fituation of
their equino¢tial and folftitial points, we are furnithed with the
means of calculating the feafons on Mars; and may account,
in a manner which I think highly probable, for the remarkable
appearances about its polar regions.

But firft it may not be improper to give an inftance how to
refolve any query concerning the martial feafons. Thus, let it
" be required to compute the declination of the Sun on Mars,
Junez2s, 1781, at midnight of our time. If v ¥ n &, &c. fig. 31.
(tab. X.) reprefent the ecliptic of Mars, and v @ = vs the eclip-
tic of our planet, Aa, 4B, the mutual interfe&ion of the mar-
tial and terreftrial ecliptics, then there i1s given the heliocentric
longitude of Mars, vm=g9s.10° 30’ ; then taking away fix
figns, and = 4, or va=1s.17° 58, there remains bm =
1 s. 22° 32’ From this arch, with the given inclination, 1° 517,
of the orbits to each other, we have cofine of inclination to
radius, as tangent of 4m to tangent of BM =15, 22° 33’. And

Mm:2 taking
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taking away B =15. 1° 29/, which is the complement to vs B-
(or = A, already thewn to be 1s. 28° 31") there will remain
vyM=o0s. 21° 4/, the place of Mars in its own orbit *; that is,.
on the time abovementioned, the fun’s longitude on Mars will
be 6s. 21° 4/, and the obliquity of the martial ecliptic 28° 42’
being alfo given, we find, by the ufual method, the fun’s
declination ¢° 56’ fouth.

The analogy between Mars and the eartli is, perhaps, by far
the greateft in the whole folar fyftem. ‘Their diurnal motion is:
nearly the fame; the obliquity of their refpeftive ecliptics, on
which the feafons depend, not very different ; of all the fupe-
rior planets the diftance of Mars from the fun is by far the
neareft alike to that of the earth: nor will the length of the
martial year appear very different from that which we enjoy,.
when compared to the {urprifing duration of the years of Ju-
piter, Saturn, and the Georgium Sidus. 1f, then, we find.
that the globe we inhabit has its polar regions frozen and co-
vered with mountains of ice and fnow, that only partly melt
when alternately expofed to the fun, I may well be permitted
to furmife that the fame caufes may probably have the fame
effet on the globe of Mars; that the bright polar {pots are
owing to the vivid refle¢tion of light from frozen regions;
and that the reduion of thofe fpots 1is to be afcribed to their
being expofed to the fun. In the year 1781, the fouth polar
fpot was extremely large, which we might well expe&, fince
that pole had but lately been involved in a whole twelve-
month’s darknefs and abfence of the fun; but in 1783 I found
it confiderably {maller than before, and it decreafed continually

* If no very great accuracy berequired, we may add 3s, 10° 34’ to any given
place of our ecliptic, which will at once reduce it to what it fhould be called on

the orbit of Mars, and will always be true to within a minute.
from
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from the 2oth of May till about the middle of September,
when it feemed to be at a ftand. . During this laft period the
fouth.pole had already been above eight months enjoying the
benefit of fummer, and {till continued to receive the {un-beams ;
though, towards the latter-end, .in fuch an oblique dire&ion as
to be but little benefited by them.. Oir the.-other ‘hand, in
the year 1781, the north polar {pot, which had then been its
twelve-month in the fun-fhine,. and was but -lately returning
to darknefs, appeared .fmall, though undoubtedly increafing
in fize. Its not being vifible in the. year 1783 15 no obje&ion
to thefe phenomena, being owing to the pofition of the axis,
by which it was removed out of fight ; .moft probably, in the
next oppofition we fhall {ee it renewed, and of confiderable ex-
tent and brightnefs ; as, by the pofition of the axis of Mars,
the fun’s fouthern declination will then be no more than 6°.25’

on that planet.

Of the fpheroidical figure of Mars.

That a planetary globe, fuch as Mars, turning on an axis,
thould be of a fpheroidical form, will .eafily find admittance,
when two familiar inftances in Jupiter and the.earth, as well
as the known laws of gravitation and ‘centrifugal force of ro-
tatory bodies, lead the way to the reception.of fuch do&rines.
So far from creating difficulties or doubts, it will rather appear
fingular, that the {pheroidical form of this. planet,: which the
following obfervations will eftablith, has not already been no-
ticed by former aftronomers; and. yet, refleéting on the general
appearances of Mars, we {oon find that opportunities for making
obfervations on its real form cannot be very frequent: for,

when it is near enough to view it to an advantage, we fec it
6 generally
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generally gibbous, and its oppofitions are fo fcarce, and of fo
thort a duration, that in more than two years time we have
not above three or four weeks for fuch obfervations. Befides,
aftronomers being already ufed to fee this planet generally
diftorted, the {pheroidical form might eafily be overlooked.

Obfervations relating to the polar flattening of Mars.

1783, Sept 25. gh. 50/. I can plainly fee that the equatorial
diameter of Mars is longer than the polar. Meafure
of the equatorial diameter 21”7 §3””; of the polar
diameter 217 15" full meafure, that is, certainly not
too fmall. The wires were fet as outward tangents
to the difk, and the zero, as well as the meafures,
were taken by the light of Mars.

Sept. 28. 14h. 25’. I fhewed the difference of the
polar and equatorial diameters of Mars to Mr. WiL-
soN, Affiftant Profeflfor of Aftronomy at Glafgow.
He faw it perfe&tly well, {fo as to be entirely con-
vinced it was not owing to any defe® or diftortion
occafioned by the eye lens; and, becaufe I wifhed
him to be fatisfied of the reality of the appearance,
while he was obferving, I reminded him of feveral
well known precautions ; fuch as caufing the planet
to pafs dire¢tly through the center of the field of
view, and judging of its figure at the time when it
was moft diftinét and beft defined, and fo forth.

Sept. 29. I fhewed the difference of the polar and equa-
torial diameters of Mars to Dr. BLAGDEN and Mr.

Averrt. Dr. Braepen not only faw it imme-
diately,
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diately, but thought the flattening almoft as much
as that of Jupiter, Mr. AuBerT alfo faw it very
plainly, fo as to entertain no manner of doubt about
the appearance.

As we cannot take too many opportunities of confirming
our own obfervations by the eyes of other obfervers, I efteemed
it a very fortunate circumftance to have the honour of a vifit
from thefe gentlemen at {o particular a time, Mars being this
day within 37 hours of the oppofition, and yefterday when
Mr. WiLson faw it, within about two days and a half.

1783, Sept. 30. 10h. 527, The difference in the diameters of
Mars is very evident and confiderable..
Meafure of the equatorial diameter 22"/ ¢’ with 248.
Second meafure - - 22" 31" full large.
Polar diameter-very exatt = 21" 26"
O&. 1. roh. 50'. T took meafures of the diameters of Mars.
with my zo-feet refleor. The equatorial meafured
103 parts of the micrometer; the polar ¢8. The
value of the divifions in {feconds and thirds not being
well determined, on account of fome late change in
the focal length of the feveral 2o-feet objeét metals T
ufe, we have only from thefe meafures the propor-
tion of the diameters as 103 to 93.

13 h. 15", Every circumitance being favourable, I took
the following meafures of the diameters of Mars
with my 4-feet refleCtor, and a diftin& power of
625,

Equatorial diameter 22" 12" narrow meafure..
22'" 46" rather full.
22" 35" exalt..
Polar
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Polar diameter 2177 24’

21”33 very exall.

I faw Mars perfeétly well all the time I meafured, with
all its figures upon the difk appearing diftin&ly ; and,
I think, thefe meafures may be depended upon better
than any I have yet taken.

1783, O& 5. 14h.o’. The difference of -the diameters is very
{enfible.

O&. 7. 9h. 43, The flattening of ‘the poles is very
vifible.

13 h. 40’. T turned my Newtonian 7-feet refletor one
quarter round, {o as to bring the place to look in at to

‘the bottom; and, as well as the uneafy pofture
would allow,'I faw the flattening of the poles the
fame as when I looked in at the fide ; power 460.

14h. 30’. With a 34 feet achromatic telefcope and a
fingle eye lens, I {faw the difference of the polar and
equatorial diameters very plainly.

O&. 9. 8 h. 40’. I turned my refletor 9o° round, fo as
now to look in at the upper end, but faw not the
leaft difference in appearances; for, returning it again
immediately to its ufual pofition, in both cafes the
equatorial diameter appeared a little longer than the
other; power 248, and the evening fine.

I turned the great fpeculum one quadrant in its cell,
but appearances were not in the leaft altered ; the
equatorial diameter f{till was a little longer than the
polar one.

I tried a very fine new object fpeculum, and found alfo
the equatorial diameter a little longer than the polar
one.

1783,
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1783, OC&. 9. 10 h. 47/, The flattening at the poles very vifible.
O&. 10. gh. 55’. A little of the polar flattening is vi-
fible, fo as to admit of no doubt; power 460, very

diftinét.

11 h. 32/, Mars vifibly flattened, but not much; the
achromatic thews it alfo.

11 h. 42’. The ditk of Mars is vifibly {pheroidical.

Oé&. 11. 7h. 3. Mars is plainly gibbous, therefore
meafures and eftimations of the diameters muft for
the future be improper.

trh, 12/, It is rather difficult to fay of what fhape
Mars is now, for it is partly flattened and partly gib-
bous; but the gibbous fide not being quite in the
polar dircétion of Mars, this produces altogether an
odd mixture of fhapes: however, upon the whole,
the polar diameter is ftill rather the fmalleft.

11 h. 13, The preceding fide of Mars fhews the flat-
tening of the poles, while the following is termi-
nated by an elliptical arch.

O&. 12. 11 h. 12/, The flattening upon the whole 1s
vifible. '
O&. 17. 13h. 7. The effe® of gibbofity is fcarcely
equal to the flattening; or, upon the whole, the
planet is flill rather broader over the equator than

over the poles.

Nov. 1. 7h. 56’. The femi-difk, which is fu//, is evi-
dently part of an oblate {pheroid ; but, to an eye not
attentively looking for it, and knowing the thape and
exa& fituation of the poles of Mars, this would
probably not appear.

Vor. LXXIV, N n 1783,
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1483, Nov. 10. g h. 30’. The gibbofity of Mars is- trow fuch,
that the polar diameter is confiderably lenger than the
equatorial 5 but the deficiency not being exactly from
pole to pole, makes the difk of a crocked, irregular
figure, and renders precifion in this eftimation impof~
fible ; otherwife the phafe of Mars would have made
a pretty good micrometer upon the equatorial diame-~
ter, and it was with {uch a view ‘I had dire&ted my
attention to this circumftance: appearances, how-
ever, are vifibly in favour of the polar diameter’s-
betng the longeft.

We find that the guick alterations m the vifible difk of Mars,.
during the time it is in the beft fituation for us to obferve it,.
are fuch, that if we were to ufe many meafures which have-
been taken of its diameters, we fhould be obliged to have re-
~courfe to a computation of its phafes, in order to make proper:
allowance for them. Now, finee thefe changes are in a longi-
tudinal dire€tion, and the poles of Mars are not perpendicular
to the ecliptic, it would bring on a calculation of {mall quan-
tities, which it is always beft not to run into where it can be
avoided. For this reafon, I fhall at once {fettle the proportion
of the equatorial to the polar diameter of this planet, from the
meafures which were taken on the very day of the oppofition.
I prefer them alfo on another account, which i, that they were
made in a very fine, clear air, and were repeated with a very
high power, and with two different inftruments, of whofe
faithful reprefentation of celeftial objets, the many obferva-
tions on very clofe double ftars I have made with them have

given me very evident proofs.
As
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As we are at prefent only in queft of the proportion of one
diameter to the other, the meafures of the 20-feet refleor,
though not given in angular quantities, will equally fuffice for
the purpofe. By them we have the equatorial diameter to the
polar as 103 to 98, or as 1355 to 1289. I have turned the
proportion into the latter numbers by way of comparing them
the better with the meafures of the 7-feet reflettor. By that
inftrument the equator of Mars, O&. 1. we find, was mea-~
fured three times; but from the remarks annexed to the dif-
ferent refults, I think the third meafure thould be ufed. In-
deed, on taking the difference of the two firft. which is 34",
and dividing by three, we have the quotient 11" then,
-allotting two-thirds to the firft, becaufe the remark fays pofi-
tively ¢ narrow meafure,” it becomes 22" 34%"”, and taking
one-third from the fecond, which is expreffed doubtfully,
¢ rather too full,” it becomes 22" 35/ : this refleGtion on
the two firft meafures gives additional validity to the third,
which is 22”7 35"”/, or 1355’". The polar diameter was meafured
twice; and as no reafon appears againft either of the obfervations,
I fhall take the mean of both, which is 21”7 29", or 128¢9"";
1o that by thefe meafures the equatorial diameter of Mars is to
the polar as 1355 to 1289. A lefs perfett agreement between
the proportions of the diameters arifing from the meafures of
the 20-feet refleétor and thofe which we have juft now deduced
from the 7-feet, would have been fufficient for our purpofe, as
we might eafily have excufed one or two thoufandths of the
whole quantity ; however, we have no caufe to be difpleafed
with this coincidence, though it fhould in part be: owing to
accident, and therefore fhall admit the above proportion, and

proceed to a farther examination of it.
Nn2 In
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In the firft place, it will be neceffary to fee whether any cor-
reGtion be required on account of the different heliocentric and
geocentric fouth latitude of Mars; which would apparently
comprefs the polar diameter a little, by the defe& of illumina-
tion on the north,  On computation we find, that a difference
arifing from that caufe would give the longitudinal diameter to
the latitudinal as 20000 to 19987 ; which being much lefs
than one thoufandth part of the whole, may therefore be
neglected.

But next, a very confiderable correftion muft be admitted,
when we take into account the pofition of the axis of Mars.
'The declination of the fun on that planet, at the time the
meafures were taken, was not lefs than 27° fouth; fo that the
poles were not in the circumference of the difk by all that
quantity. On a fuppofition then, that the figure of Mars is
an elliptical fpheroid, we are now to find the real quantity of
the polar diameter from the apparent one.- It has been proved,
that, in the ellipfis, the excefles of any diameters above the
polar one are as the fquares of the cofines of the latitudes* ;
but the diameter at re&tangles to the equator of Mars, which
was expofed to our view in the late oppofition, was not the
polar one, but fuch as muft take place in a latitude of 63°.

———

Putting therefore m = cofine of 63°, a=1355, b=1289, x=

the polar axis, we have 1:m* :ia—~x16—-x And —7=y;

which gives us 1272 nearly, for the polar diameter. The true
proportion, therefore, of the equatorial to the polar diameter
will be as 1355 to 12723 which, reduced to {maller but lefs
accurate numbers, is 16 to 15 nearly.

* Aftr, par M, pE LA Lawpe, § 2680,

1 thal}
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I fhall now alfo mention fome of the other meafures, but
with a view only to thew that they are very confiftent with the
above determination.  From thofe of the zoth of September,
for inftance, we colle€t the proportion of the diameters of
Mars as 1340 to 1286; or, reduced to our former numbers,
1355 to 1300. Now, fince thefe meafures were taken the
night before the oppofition, they muft on that account be as
good as the former; and, had thofe of the day of oppofition
not been preferred, becaufe they were oftener repeated, and
the fuperior power of the 7, and great light of the 20-feet
refletor, gave them additional weight, T thould have taken them
into the account; the very fmall difference, however, cannot
but ftrengthen the refults of the former meafures.

From the obfervations of the 25th of September we have:
the proportion of the diameters as 1313 to 12753 and if the
equatorial meafure be increafed in the ratio of 20000 to 19953,
on account of the different heliocentric and geocentric longi-
tude, Mars not being at the full, it will give the ratio of 1316
to 12753 or, conforming to our former numbers, as 1355 to
1312. I have not been very ftri in the application of the
corre&tion deduced from the phafes of Mars, fince no other
ufe was intended to be made of thefe numbers than merely to
thew, that they do not very greatly differ from thofe we have
afligned before *.

it

* If more ftrictaefs be required, let EC, fig. 32. be the ecliptic ; PSits poles;
s the poles of Mars, and ¢g its equator. Then, theangle pmC being found, by
calculation, we fhall have Csm (radius) to cm (cofine of the difference between
the heliocentric and geocentric longitude) as g (fine of the angle gm v or pmC)
to av. ‘Then, fince with Mars Ce¢ can never be very great, the fmall triangle
gno may be taken for fimilar to gusm; thercfore gm (radius) isto gu (fine of

pmC)
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It was obferved, O&. 17, 1783, that the equatorial diame-
ter of Mars was {till greater than the polar, notwithftanding
the depredation of the defect of light upon it. Oncalculating
the phafes, we find, that the longitudinal diameter was, that
day, to the latitudinal one as 19711 to 20000, which therefore
could not be an equal balance to oppofe the {pheroidical figure
{o as to render it invifible.

But, Nov. ro. the proportion of the longitudinal diameter
to the latitudinal one, from a .computatien of the phafe of
Mars, muft have been as 18762 to 20000 ; and accordingly it
was by obfervation foeund to be more than (ufficient to take off
-all appearance of the polar flattening, and leave a vitible excefs
in the axis above the equator.

To obviate any doubts concerning a fallacy that might arife
from the convexity of the eye-glafs, or irregular thape of the
fmall {peculum, I need only refer, for the latter, to the expe-
riments of the %th and ¢th of -October, 1783 : for thould the
fhort diameter of my fmall plane {peculum have occafioned a
comprefling of -the polar diameter of Mars when expofed to it,
‘half a turn ef -the telefcope muft bring the other diameter of
ithat {peculum into the fame fituation, and a contrary effect
would have followed. With regard to the former, not only
the experiments made with the achromatic, but principally the
obfervation with the zo-feet refleCtor, where T ufed a com-
pound eye-piece magnifying only about 3oo times, will {uffi-
ciently exculpate the eye-glafles. It is alfo well known, that
in a fingle lens the diftortion of the images, if any fuch there

pmC) as go (=qv~wo) to gn; which is the required correftion or deficiency

-of the equatorial diameter ¢ of Mars,
Or, putting mC=1 and vg=m=cofine of the angle Pmp; it will be

gn=m" . ¢C.
fthould

g
i’
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fhould be, will' equally affe the wires of the micrometer,
and give a true meafure notwithftanding ; and the compound
eye-piece I ufed with the 2o-feet refle€tor had likewife the fame
advantage, for it is conftruted on the plan lately propofed by
Mr. Ramspen in the Philofophical Tranfadtions*, which he
was fo obliging as to communicate to me about a twelve-month-
ago, and which. 1 immediately adapted to my large micro--
meters.

On the fubject of the figure of Mars I ought to remark.
alfo, that perhaps the meafures which were taken of its dia-
meters during the laft oppofition will enable us to afcer-
tain its real fize with greater accuracy than has been done
before. The micrometer which can diftinguith with precifion:
between the equatorial and polar diameters of this fmall pla-
net, will certainly be admitted as an evidence of confiderable
confequence ;. and fince the refult of thefe meafures is pretty:
different from what former obiervations give us, I thould not:
omit mentioning it.

We have feen that the equatorial diameter, on the day of
the oppofition, meafured 22’7 35"/, The diftance of Mars
from the earth at that time was .40457, the mean diftance of
the earth from the fun being 13 thercfore, 22" 35" reduced.
to the fame diftance will be no more than ¢ 8’7,

I fhall conclude this {ubject with a confideration relating to
the atmofphere of Mars. Dr. SmiTH +§ reports an obfervation
of CassiNI’s, where ¢ a ftar in the water of Aquarius, at the
¢ diftance of fix minutes from the dilk of Mars, became fo-
¢¢ faint before its occultation, that it could not be feen by the:
¢ naked eye, nor with a 3-feet telefcope.”” It is not mens-

* Vol. LXXIIL. p. 04
¥ Optics, § 1096,. . 3
tioned
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tioned what was the magnitude of the ftar; but, from the
circamftance of its becoming invifible to the naked eye, we
may conclude, that it muft have been of the fixth or feventh
magnitude at leaft. The refult of this obfervation would in-
dicate an atmofphere of fuch an extraordinary extent, fince at
the diftance of 36 femi-diameters of the planet it fhould ftill
be denfc enough to render {5 confiderable a ftar invifible,
that it will certainly nct be amifs to give an obfervation or
two which feem of a very different import.

1783, O& 26. There are two {mall fixed ftars preceding Mars,
of different fizes; with 460 they appear both dutky
red, and are pretty unequal; with 278 they appear
confiderably unequal. ‘The diftance from Mars of
the neareft, which is alfo the largeft, with 22% mea-
fured 3’ 26’ 20"/, Some time after, the fame
evening, the diftance was 3’ 8 55/, Mars being
retrograde. 1 faw them both very diftin&tly. I
viewed the two ftars with a new 2o0-feet refleor of
18,7 inches aperture, and found them, as I expected,
very bright.

O&. 27. I fee the two fmall ftars again. The {mall
one is not quite fo bright in proportion to the large
oone as it was laft night, being a good deal nearer to
Mars, which is now on the fide of the {mall ftar;
but when I draw the planet afide, or out of view, I
fee it then as well as I did laft night, The diftanee
of the fmall ftar meafured 2’ 56 25" *,

# T'he meafures were accurate enough for the purpofe, though not otherwife
ito be depended on nearer than, perhaps, fix or eight feconds.

L The
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on the Planet Mars, 273
The largeft of the two ftars on which the above obferva-
tions were made cannct exceed the twelfth, and the fmalleft the
thirteeenth or fourteenth magnitude; and I have no reafon to
fuppofe that they were any otherwife affeted by the approach
of Mars, than what the brightnefs of its fuperior light may
account. for. From other phxnomena it appears, however,
that this planet is not without a confiderable atmofphere;
for, befides the permanent fpots on its furface, 1 have often
noticed occafional changes of partial bright belts, as in fig. 1.
and 14.; and alfo once a darkith one, in a pretty high lati-
tude, as in fig. 18, And thefe alterations we can hardly
afcribe to any other caufe than the variable difpofition of clouds
and vapours floating in the atmofphere of that planet.

Refult of the contents of this paper.

The axis of Mars is inclined to the ecliptic §59° 42’

The node of the axis is in 17° 47" of Pifces.

'The obliquity of the ecliptic on the globe of Mars is 28° 42",

The point Aries on the martial ecliptic anfwers to our 19° 28’
of Sagittarius,

The figure of Mars is that of an oblate {pheroid, whofe equa-
torial diameter is to the polar one as 1355 to ¥272, or.as
16 to 15 nearly.

The equatorial diameter of Mars, reduced to the mean diftance
of the earth from the fun, is ¢’/ 87,

And that planet has a confiderablé but moderate atmofphere,
fo that its inhabitants probably enjoy a fituation in many
refpects fimilar to ours.

Datchet, Dec. 1, 1783 W. HERSCHEL.
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