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XK. Apronomical Obfervations on the Rotation of the Planets

round their Axes, made with a View to determine wbhether the
Earth’s diurnal Motion is perfectly equable. In a Letter from

Myr. William Herfchel of Bath fo William Watfon, M. D.

Read January 11, 1781.

SIR, Bath, Ocober 18, 1780,

HE various motions of the planet we inhabit; the an«
nual revolution in its orbit; the diurnal rotation round

its axis ; the menftrual motion round the common center of

gravity of the moon and earth; the preceflion of the equi-
noftial points; the diminution of the obliquity of the ecliptic;
the nutation of the earth’s axis: in fhort, every one of the
motions that arife from the acions of the fun, moon, and
planets, combined with the fpheroidical figure of the earth,
‘and the proje&ile and rotatory motions firft imprefled upon it,
have all been confidered by aftronomers, and their real and
apparent inequalities inveftigated. And to the great honour of
medern aftronomers it muft be confefled, that no {cience has
ever made fuch confiderable ftrides towards perfection in fo
thort a time as aftronomy has done fince the invention of the
telefcope. |

There is one of the motions of the earth however which,
it feems, has hitherto efcaped the fcrutiny of obfervers; I
mean the diurnal rotation round its axis. ‘The principal reafon

Q.2 why
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116 M. uerscuEL’s Afironomical Obfervations

why this has not been looked into, is probably the difficulty
of finding a proper ftandard to meafure it by; fince it is itfelf
ufed 2s the ftandardby which we meafure all the other motions,
We have, indeed, no caufe to fuf'pe& any very material perio-
ulcal 1rrcguhr1ty, either diurnal, menftrual, or annual; for
the great pérfeltion of our prefent time-pieces would have dif-
c'overed any" confiderable deviation from that equability which
we have hitherto afcribed to the diurnal motion of the earth,
And yet, 1t 1s not perhaps altogether impoﬁible but that
inequalitics may exift in this motion which, in an age where
obfervations are carried ‘to fuch a degree of refinement, may
be of fome confequence.

“To thew how far time-keepers, though cver fo perfed, are
from béing' a proper, or at leaft a {ufficient, ftandard to exa-
mine the diurnal motion of the earth by, I may afk, whether
it is probable, that any clock would have difcovered to us the
aberration of the fixed ftars? And yet that aberration produces.
a change in longitude, and of confequence in right afcenfion,.
which caufes an annual irregularity in a ftar’s coming to the
merldlan, which a time-piece, were it a f{ufficient ftandard,.
would foon have difcovered, and which we might have attri-
buted to an inequality of the earth’s diurnal motion, had we
not been acquainted with its real caufe. And if we were to
find out any apparent irregularity, acceleration, or retardation,.
thould we not much rather fufpe& the clock than the diurnal
motion ? T may therefore venture to fay, that the aberration of
the fixed ftars, though attended with the above mentioned con--
fequence, would for ever have remained a fecret to us, if it
had not been found out by other methods than time-keepers.

Now, if time-pieces do fail us in this critical cafe, where

we ftand in the greateft need of their affiftance, it is almoft in:
vain:
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vain to éxpe any help from another quarter ; for what mecha-
nical friovement on earth, or motion of the heavens, is there
that can meafure out fuch equal portions of time as we require to
compare the diurnal motion of the earthto? However, to pro-
ceed, fince we have already great proofs that the diurnal motion
of the carth is, if not perfe@ly equable, at leaft more fo than
any other motion we are acquainted with, it will not appear
abfurd to {uppofe the diurnal rotation of the other planets to
be fo likewifc. 'This fuggefted to me the thoughts of efti-
mating the diurnal. motion of one planet very exaltly by that
of another, making each the ftandard of the other. In this
manper we may obtain a comparative view, by which future
aﬁumomers, if they fhall hereafter be inclined to purfue the
fubje, may be enabled to make fome eftimate of the general
equability of the rotatory motions of the planets. For if in
length of time they fhould perceive fome {mall retardation in
the diurnal motion of a planet occafioned by fome refiftance of
a very fubtle medium in which the heavenly bodies perhaps
move; or, on the other hand, if there fhould be found an
acceleration from fome caufe or other, they might then afcribe
the alteration either to the diurnal motion of the earth, or to
the gyration of the other planet, according as circumftances,
or obferved phaenomena, fhould make one or the other of thefe
opinions moft probable..

Now, this method of comparing together different rotations
of feveral planets, fimple as it may appear, was not without
fome difficulties. In the firft place 1t was evident, that the
common. account of their diurnal motions ¥, which makes that

* Venus {patio 23 horarum gyrationem circa axem aboccidente in- orientem
perficit.  Mars fimilem rotationem, horis 24.min. 40 abfolvit. Macularum revo-
lutionibus fapius obfervatis, Ds. cassiNp comperuit periodum Jovis circa pro-

prium. Axem efle horarum ¢, minutorum 56, x&iLL, Aft. Le&t.. V.
~
Qx
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of Jupiter gh. 56/, of Mars 24 h. 40, how true foever it
may be in a general way, was much too inaccurate for this cri-
tical purpofe. The gyration of Venus was ftill lefs to be
depended upon, being only noted to the hour without the
minutes : it became, therefore, neceffary to proceed to obferva-
tions of a more determinate kind. From whatIhad already feen
of the rotation of the planets, I concluded, that Mars on feve-
ral accounts would be the moft eligible planet for my purpofe :
for the fpots on Jupiter change fo often that it is not eafy,
if at all pofiible, to afcertain the identity of the fame appear-
ance, for any confiderable length of time. Nor do the dark
fpots only change their place, which may be fuppofed to be
large black congeries of vapours and clouds {wimming in the
atmofphere of Jupiter ; but alfo the bright {pots, though they
may adhere firmly to the body of Jupiter, may undergo fome
apparent change of fituation by being differently covered or
uncovered on one fide or the other, by alterations in the belts.
It will be feen hereafter, that I have obferved the revolution of
a very bright {pot, not fufpe@ed of any change of fituation, to
be firft, by one fet of obfervations, at the rate of g h. 517 45”,6 ;
and afterwards, by another fet immediately following at the
rate of g h. 50" 48”.

As the principal belts on Jupiter are equatorial, and as we
have certain conftant winds upon our planet, efpecially near
the equator, that regularly, for certain periods, blow the fame
way *, it is eafily fuppofed, that they may form equatorial
belts by gathering together the vapours which fwim in our
atmofphere, and carrying them about in the fame diretion.
"This will, by analogy, account for all the irregularities of Ju-

“ See Afta Eruditorum, 1687, Dr, HALLEY’s Account of periodical Winds.
4 piter’s
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piter’s revolutions, deduced from fpots on his difk that may
have changed thelr fituation ; for if we fuppofe the rotation of -
Jupiter, according to cassint, to be g h. 56', then fome fpots
that I have obferved muft have been carried through about 60°
of Jupiter’s equator in 22 of his revolutions ‘or days. This
would certainly be a very great velocity in the clouds, which is,
however, not unparalleled by what has happened in our own
atmofphere.

But to return to my purpofe : on the planet Mars we fee {pots
of adifferent nature; their conftant and determined fhape, as
well as remarkable colour, thew them to be permanent and
faftened the body of the planet. ‘Thefe will give the revo-
lution of his equator to a great certainty, and by a great num-
ber of revolutions, to a very great exatnefs alfo. Suppofing
then, that, by a method [ fhall hereafter defcribe, we can de-
termine whether a fpot on the difk of Mars is, or is not, in
the line which joms the center of the earth and the center of
that planet, to half an -hour’s time with certainty (I believe
ten or twelve minutes will be found fufficient for that pur-
pofe), in this cafe we fhall in 30 days have the revolutmn true
to a minute; and, by contmumg thefe obfervations for three
months, we fhall have it to 20”. 'When we are fo far certain,
we can eafily arrive to a much greater degree of exa&nefs;. for
as we now can no longer miftake a whole revolution, if we take
the time of any particular fpot’s beingin the line which joins the
centers of the planets. during one oppofition of Mars, and take
the fame again at or near the next oppofition, we fhall havean
interval of about #80. days, which will give the diurnal metion

of that planet true to about 2”/. 'The next oppofition will give
it toone, and fo forth ; by which means,and by taking a proper
number of fuch periods, we may determine the rotation of
Mars.
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Mars to as great an exa@nefs as we_fhall think neceffary for the
purpofe of our comparative view. o
" Had {uch obfervations as thefe been made two thoufaﬁ_d, or.
perhaps only fo many hundred years ago, we might now, by
repeating them, moft probably become acquainted with {fome
curious minute changes of the folar fyftem that have hitherto
pafled unnoticed.

There is a certain circumftanice which would almeft create a
fufpicion that there has been fome retardation in the diurnal
motion of the earth, The difference between the equatorial
and polar diameters of the earth, by actual meafurement has
been found to be about 56 Englifh miles and g tenths; but by
a calculation wherein the prefent rotation  is made ufe of it
will only amount to about 33 miles and 8 tenths: from which
it thould feem probable, that when the earth affumed the prefent
form, the diurnal rotation was fomewhat quicker than it is at
prefent, by which means the centrifugal force bore a greater
proportion to the force of gravity to which it is contrary, and
thus occafioned a higher elevation of the equatorial parts. But
I would not lay much ftrefs upon thisargument ; for, in the cals
culation, it has been fuppofed, that the earth is nearly of an
equal denfity at the f{urface and towards the center. which it
feems is not agrecable to fome late curious experiments and
calculations that have been made under the condu& of the
Aftronomer Royal upon the attration of a mountain *, the
refult of which ought now to be taken into confideration, and
the calculation repeated. If all the data could be exaltly de-
pended upon, it would be practicable enough from the laws of

* See Mr. nurTon’s Account of the Calculations made from the SurVey and
Meafures taken at Schehallien, in order to afcertain the mean I)mﬁty of the
Barth, Phil. Tranf 1778,

3 gravityy
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gravity, and the prefent rotation and given form of the earth,
to find the centrifugal force required to produce that form, and
thence to thew what muft have been its diurnal motion when
it afflumed the fame. However, thefe are refearches that in my
prefent fituation I neither have opportunity nor perhaps ability
enough to inveftigate properly ; and which, therefore, Ihope
fome of our excellent mathematicians will think worth while
to look 1nto.

I thall now relate my obfervations on Jupiter and Mars. The
telefcopes I ufed are of my own conftruttion; and are, a
twenty-fect Newtonian refleCtor, a ten-feet refleCtor of the
fame form, and a feven-feat refleCtor already mentioned in my
paper on the mountains of the moon. My time I gained by
equal altitudes taken with a brafs quadrant of two-feet radius,
carrying a telefcope which magnifies about 40 times; for the
corre&tion of altitudes taken of the fun I'ufed DE LA LANDE’s
tables. Ikept my time by two very good pieces ;. one hayving
a deal pendulum-rod, the other a. compounded one of brafs
and iron, both having a proper: contrivance not to ftop when
winding up. ‘The rate of going of my clocks I determined by-
the tranfit of ftars,

Obfervations on Jupiter in the year 14%8.

February 24. Clock 1/ 10" too foon. "About ¢ o'clock I
faw a bright belt on one pai't of the difk of Jupiter, fee tab.
V. fig. 1.

About 10 o’clock it was advanced as far as the center, fig. 2.

11 h. The white belt ftill more advanced, fig. 3.

11 h. 25’. Itapproached towards the edge of the difk ; andat

12 h. was extended all over, as in fig. 4.

Vor. LXXI, R February
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February 25. 8 h. The fame bright belt I obferved yefterday
extends all over.

8 h. 45", It 1s divided by a darkith fpot, fituated at fome
“diftance from the center, as in fig. §.

g h. 5. The {mall dark d1V1ﬁon is advanced a little farther
than the center, as in ﬁg 6..

gh. 23", 'The {pot is vifibly advanced a confiderable deal
farther.

March 2. 8 h. 2’. The darkifh {pot, with fome alteration in
its thape, is now in the middle of the difk, fee fig, 7.

March 3. 10h. 34", The bright belt on the fouth of the
equator is now in the middle ; that is tofay, if aline be drawn
perpendicular to the equatorial belt, and through the center,
the end of the equatorial belt now touches it, fig. 8.

-~ 13h. 49’. The darkith {pot, in which there has been fome
alteration fince yefterday, feems now to be in the center, fig. g.

March 14. The clock altered to true equated time ; but the
rate of going not changed, being well regulated.

7h. 35". The fpot 1s now in the center, but does not feem
quite to fill the white belt ; nor 1s it {o large and diftin& as it
was before, fig. 1o.

April 7. gh. 31". There are three dark fpots in the equa-
torial belt nearly in the center, fee fig. 11.

April 12. 7 h. 50’. The three dark {pots are in the center.
The fourthernmoft of the three is nearly quite vanithed ; the
other two are alfo much fainter. ‘They are, however, diftiné
enough to be known, fig. 12,

Ob{fervations
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Obfervations on Jupiter in 1479,

April 14. Clock s2” too late. 8§ h. 48’ A remarkable bright
fpot in the equatorial belt towards the north is in the center,
fee fig. 18.

8 h. 58’. The fpot is a little paft the center.

April 19. Clock true mean time. 7 h. 10/, There is a bright
fpot juft now in the center, which, from its thape, I take to be
the fame that was there April 14th.

7 h. 20", The {pot is vifibly paft the center.

April 23. Clock fhews true time. ¢ h. 38", The fame bright

fpot is in the center.
~gh. 43, It is paft the center. Memorandum, my time-
piece may be depended upon to a few feconds. _

It will not be amifs to obferve, that the {pots, as well as a
great many other phenomena, were watched as they came on,
pafled over the center, and went off’ the difk of Jupiter; but I
have only felected thofe obfervations that were neceflary to my
prefent purpofe.

Comparing together the obfervations that were made in the
year 1778, February 24th and March 3d, we obtain an interval
of 7 days 34 minutes, which being divided by 17 revolutions
made by Jupiter on his axis, we have the time of one fynodical
revolution equal to g h. §4” 56", 4. '

The dark {pot on February 25 was obferved {fome time be-
fore, and alfo juft after it was paft the center; therefore I have
fuppofed it to be in the center about § h. §8 ;. and we have,

R 2 February
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D. H M

February 25 8 38

March 2 8§ 2

st

Divided by 12 rev. 4 23 4

et

1 revolution = g h. 55" 20"

February 25 8 58
March 3 13 49

T —————

15revol. 6 4 51

e———— o ——p————

1 revolution = g h. 55" 24",

February 25 8 58 o
March 14 7 36 10 allowing 1’ 10" for the alt. of the clocks

4t revol. 16 22 38 10

1 revolution = g h. 55" 47,6,

March 2 8 2
3 1349

'
L —

trevolh 1 5 47

1 revolution = ¢ h, 55’ 40",

March 2 8 2 o
14 7 36 10

29 revol. 11 23 34 10

1 revolution = g h. 54’ 58”2,

March
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D. H. M. s.
March 3 13 49 o
14 7 36 10

Divided by 26 rev. 10 17 4% 10

1 revolution = g h. 54’ 53”,4.

April 7 9 31
12 7 50

[ —

12 revol. 4 22 29

. 1 — 4 1’
1 revolution = g h. 517 35",

Again, comparing together the obfervations of 1779, which
were made with the utmoft attention to time, we have,
April 14 8 48 352
April 19 7 10 ©

12 revol. 4 22 21 8

1 revolution = 9 h. 517 45"6.

April 19 7 10
April 23 9 38

torevol. 4 2 28

s e Mttt

1 revolution = g h. 50’ 48",

And taking both together,
April 14 8 48 32
April 23 9 38 o

22 revol. 9 o 49 8

1 revolution = g h, 51’ 19”,4.

Thefe
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Thefe feveral refults are {o exceedingly various, that it is evi-
dent Jupiter is not a proper planet for the critical purpofe of a
comparative view of the diumal motions ; nor can this great
variety proceed from any inaccuracy in the obfervations: for,
in my opinion, it is not well pofiible to make a miftake in the
fituation of a {pot that fhall amount to {o much as five minutes
of time. 'The obfervation of April 23, 1779, was made with
a view to afcertain this point, when it was found that five mi-
nutes of time made a fenfible difference in the fituation of a
{pot when near the center.

If we reduce the fynodical revolutions to {ydereal ones, the
refult will be fo little different from the above, that I have not
thought it worth while to do it in this place. By a comparifon
of the different periods it appears, that a {pot which is carried
about in the atmofphere of Jupiter generally {uffers an accelera-
tion, or, which is the fame thing, performs its revolutions by
degrees in lefs time than 1t did at firft; for the {pot obferved in
1778 moved at the following rates. From February 23. to
March 2. ingh. 55" 20” ; to March 3. nearly the {fame; to
March t4. in gh. 55" 475 from March 2. to March 3. in
9 h. 557 40”; to March 14, in g h. 54’ 58”; from March 3.
to March 14.in ¢h. 547 53”. In 1779 a {pot moved from
April 14. to April 19. at therateof 9 h. 517 45”5 to April 23.
ingh. 5124”3 and from April 19, to April 24.in ¢ h. 50" 48" ;
all which is agreeable enough to the theory of equatorial winds,
fince it may probably take up fometime before a {pot can acquire
a {ufficient velocity to go as faft as thofe winds may blow. And,
by the by, if Jupiter’s {pots fthould be obferved in different
parts of his year, and be found in fome to be accelerated, in
others to be retarded, it would almoft amount to a demonftra-
tion of his monfoons and their periodical changes; but if his

v axis
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axis fhould not be inclined enough to his orbit, to occafion

fuch a change, they may probably always blow in the fame
direction. |

Obfervations on Mars in the year 1777.

Twenty-feet Newtonian refleCtor ; power 300.

April 8. 7h. 30’. T obferved two {pots upon Mars, with a
bright belt or partition between them. The belt was not very
well defined, fee tab. VL fig. 14.

9 h. 30. The fpots are advanced, and more fpotted parts
are vifible, fig. 15.

toh. The revolution of Mars on his axis is now very
evident, fig. 16. ‘

April 17. Ten-feet Newtonian refleCtor; power about
211. 7 h. §0’. Mars appeared as in fig. 17. At @ and &
there were two bright fpots, fo luminous that they feemed to
proje& beyond the difk. - At ¢ and d there were two very dark
fpots, joined by a lefler black line in the middle, which
however was crofled at ¢ and f by a very faint whitith partition,

April 26. Ten-feet refleCtor ; power 211.

g h. 5’. The fpots on the planet are very faint, and much
about asin fig. 18.

April 2%. Ten-feet refletor; power 324.

8 h. 40’. The evening very fine: my telefcope in compleat
order. - Thefpots as in fig.19.

Obfervations
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Obfervations on Mars in the year 1779.

May gth. Clock 15”7 too faft; by equal altitudes on the
1ath of April, and by the tranfit of a ftar, is found to lofe
17,45 per day. ;

11 h. 1/ by the clock, T found the fitnation of the {pots on
Mars as in figure zo 5 there is a very remarkable dark {pot not
far from the center. | ;

11 h. 30", Thefigures are gone from the center,

May 11. Clock 12” too faft.

1o h. 18, The fame fpot that was vifible May 9. is on the
ditk, the darkeft place being intirely fouth-eaft of the center,
fee fig, 21.

11 h. 43'. The darkeft part is almoft arrived at the center,
fig. 22.

1z h. 17"
as in fig. 23
May 13. Seven-feet refleCtor ; power 222. Clock 9" too faft.

11 h. 26’. Mars feems now to be in the fame fituation he

The dark {pot is with its edge juft near the center,

was the r1th, at 1o h. 8.

‘May 22. Clock 4 too flow. _

12 h. §'. The figure of May 11th is not on the difk; but
{fome other fainter {pots are vifible. The air is full of vapours.

June 6. The clock fet by ten equal altitudes taken to-day,
and by the tranfit of & Scorpii lofes 17,9 per day. What I have
perhaps improperly called a tranfit is the occultation of a ftar
paffing behind the perpendicular edge of a high building at
about 40 yards diftance, obferved with a fixed telefcope direed

to the place where it vanifhes.
10 h. 10’ The fame figure is upon the difk of Mars which

was there April 8, 1777, at 7 h. 30",
June.
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~ June 135. Clock 17" too {low. g h. 45". The fame figure is
upon Mars that was there May 9. at 11h. 1”5 but it is more
advanced. I fuppofe it to be the fame, and in the fame fitua-
tion, as April 17, 1777, at 7h. 50,

June 17. Clock 20" flow. :

g h. 12’. The dark {pot on Mars is rather more advanced
than it was May 11th, at 1oh. 18,

1oh. The fpot is vifibly advanced : I {uppofe it will take
near an hour to come to the center.

1o h. 15’. A very thick fog obfcures the fky.

11 h. 15’. The fame darknefs.

June 19. Clock 22" too flow by the tranfit of ¢ Scorpii ob-
ferved this evening.

8 h. 40’. The figure on the difk of Mars appears now to be
as it was April 26, 1777, at g h. 5/, fee fig. 18.

11 h. 30’ The figure of May 11. which I have been hitherto
watching, is not come to the pofition it was then at 11 h. 43/,
but cannot be far fromit. I fear, as Mars approaches the hori-
zon, I fhall not be able to follow him till the figure comes to
the center.

11 h. 47'. The ftate of the air near the horizon is very unfa-
vourable. With much difficulty I can but juft fee that the
figure is not quite {o far advanced as it was May 11th, at
11 h. 43, but can certainly not be above two or three minutes
from 1it.

11h. 51’. The undulation of the air prevents all further
obfervation.

Let us now examine the refult of the above mentioned obfer-
vations : comparing together the two following fhort intervals
of the year 1779, we have,

Vor. LXXI. S From
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3

D. H. M. S.
From May ¢ 11 o 4§
to May r1 12 16 48

Divided by 2z revol. 2z 1 16 3

Gives.1 revolution = 24 h. 38" 1", 5.
A fecond fmall interval.
May 11 10 17 48
13 1T 25 §1

2 revol. 2 1 8 3

I TSR ; I
r revolution = 24 h. 34" 177,54

Here we have two very thort intervals that agree to 4/, which
is more than we could have expefted in fuch fhort periods of
time.

Comparing together obfervations. that were made at a greater
diftance, we find,

Firft monthly period,,

May 11 10 17 48

[ allowing 3" becanfe tlie obf. fays the
lune. 179 9 209 fpot was rather more advanced, .

36 revol. 36 22 51 32

1 revolution = 24h. 38" §”,g.

Second monthly period,,
May 11 11 42 48

o allowing 3’ for the time the {fpot woull have .
JUD@ 19 11 50 22"{ taken to come.to the place mentioned. .

38 revol. 39 o 7 34

i revolution = 24 h. 38’ 5”,4.

Third
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‘Third monthly period,

D. H. M. &,
May 13 11 25 §1

June 17 9 9 20
34 revol. 34 21 43 29

e e At o ettt 8

1 revolution = 24 h. 38" 20”,3

This laft is, perhaps, as likely to be near the truth as any,
fince the fame fpot was here obferved for the third time, and.
therefore its motion become more familiar. |

Here we have three longer periods that agree to fifteen
feconds, which is quite fufficient for extending the interval of
time to thofe obfervations that were made in the year 1777.
But as thefe are the {ynodical revolutions, it will be neceflary
firft to reduce them to {ydereal rotations.

In figure 24. let us f{uppofe the orbit of Mars, Masc,
to be in the fame plane with the orbit of the earth, Epre;
and the axis of Mars to be perpendicular to his orbit. Let
M, E, m, ¢, be the fituations of Mars and the earth on the
13th of May and 17th of June; then will the line £m, that
conne&s the centers of Mars and the earth, point out the geocen-
tric place of Mars on the 13th of May; and the line em, the
geocentric place of the fame planeton the 17th of June. Draw
er and ms parallel to Er ; then will er point out the geocentric
place of Mars on the 13th of May ; and the angle sme is equal
to the angle mer, Now, by an ephemeris ¥ the geocentric
place of Mars, May 3. at 11 h. 26’ was 71, 20d. 59" 21”73

% The Nautical Almanac gives the geocentric place of Mars only to every fixth
day ;- for which reafon I ufed wnzte’s Ephemeris, where it is given for every day,

though perhaps not with fe-much exaltnefs as I could wifh,

S 2 ' and
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and on the 17th of June, at g h. ¢/, it was 7{ 12d. 27" 227,
by which we obtain the difference or angle rem = ems =
8d. 31" 597

Now a fpot'on Mars, fituated in the dire€tion ME, will have
made a fydercal revolution when it returns to the fame, or a
parallel direttion ms.  From which we gather, that the {pot on
the 17th of June, after coming to the line me, where it finithes
the {ynodical revolution, will have to go through an arch of
8d. 31" 59”, in order to arrive into the dire@tion of the line
ms, where it finithes the {ydereal rotation. ‘The time it will
take to go through thisarch, at the {ydereal rate of 24 h. 39’ 20"
to 360 degrees, or 4”,109 per minute of a degree, will be
35" 3”,8; this being divided by the numbers of revolution
3.,,gives v 1",8 which, added to 24 h. 38’ 20”,3, gives us
24 h. 39’ 22”1 for the fydereal revolution of Mars, as found by
the third of the monthly periods. This quantity will help us
to find a proper divifor for the three followmg long biennial
penods

It is to be obferved, that Mars has been retrograde in the
above example, for which reafon the meafure of the angle. ems
was ta be added to the fynodlcal revolution when we wanted to
find the fydereal rotation ; but if he had been dire&, or if his
place had been more advanced in theecliptic than that to which
we compared it, as at u, then the line po parallel to EM would
be the dirs@ion to which the fpot fhould return, in.order ta
accomplith a fydereal revolution, and therefore the quantity of
the angle ope = per, or difference of the geocentric places ought
to be fubtradted from the fynodical revolution to obtain the
fydereal one,

Firft
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| D M s
Firft biennial period, 1777, April 8 7 30
1779, June 6 10 10

PR,

D ———

789 2 40
The geocentric places of Mars at thofe times were,
' s. D, 7
6 6 31 26
7.13 48 30
I 717 4

turned into tume at 4”,109 per minute of a degree and {ub~
tra&ed, becaufe Mars is. more advanced in the ecliptic, is.

789 2 40 o
— 2 33 11,8

Divided by 768 rev. 789 o 6 48,z

1 revolution = 24 h. 39" 23”,03.
‘ D. H. M. S
‘Second biennial period, 1777, April 17 7 50 o
1779, June 15 9 45 17

789 1 5517

S. D. '
Geocentric places 6 3 31 27
7 12 40 23

I 9 8_;2
Turned into time 789 1 55 17
and fubtrated — 2 40 52

768 revol. 488 23 14 23

1 revolution = 24 h. 39’ 18,”94.
Third
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| D. H M. &
Third biennial period, 1777, April 26 ¢ 35 o
1779, June 19 8 40 22
1783 23 35 2
5. D. 1 "

Geocentric places 6 1 24 36
712 31 48

O el PR,

1117 1z

t3

st

Turned into time 583 23 35 22
and fubtralted — 2 45 15,6

763 revol. 783 20 50 6,4

1 revolution = 24 h. 39" 23”,64.

As thefe three periods are fupported by obfervations of equal
validity, I thall take a mean of them all for the neareft approxi-
mation to the true {ydereal revolution of Mars on his axis,
which therefore 1s 24 h. 397 217,67.

It remains now only to {ee how far we may depend upon this
determination of Mars’s diurnal rotation as coming near the
truth ; and looking over thofe caufes which may poflibly pro-
duce any errors, we find, firft of all, that in the long biennial
periods a miftake in the number of revolutions would produce
a confiderable deviation from truth. Secondly, in the obferva-
tions of a {pot which moves {o flow, we are alfo liable to fome
confiderable miftake in eftimating the time when it comes to a
certain place; and the more fo, if that place is not the center.
Laftly, the time itfelf is liable to inaccuracy.

3 As
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‘As to the firft, it appears from the three monthly periods:
obferved in the year 1779, when the proper allowances for the
geocentric places are made, that the {ydereal revolution of Mars:
cannot well be lefs than z24h. 39’ 5, nor more than
24 h. 39" 22”75 but if we thould divide any one of the three:
biennial periods by a fuppofed number of revolutions, only one
more or one lefs than we have done, the difference would be fo.
confiderable,. that nothing but a miftake in every one of the:
three monthly periods,. of at leaft one whole hour, could juftify
fuch a fuppofition ; and that fuch: a miftake in the fituation of*
a {pot on: Mars cannot have been: made in thofe obfervations, I
think, is: evident enough from' the exaétnefs with which they
were made, and from their agreement with each other.

The fecond caufe of error, which. is the uncertainty in
affigning the exaét time when a {pot comes to the center, is of
fome force. But it feems to. me highly probable, from the:
manner in which I have feen the {pots on Mars pafs over the
difk of that planet, that there can hardly be fo great an error
as 10’ in an obfervation of any remarkable {pot’s coming to-
the center.. However, not being willing to truft more to the:
eye than I ought to do, Fhad recourfe to the following experi--
ment. I'drew feveral circles of oneinch radius, taking care to-
make no vifible impreflion of a center;. and placed in each a.
fine point at the feveral diftances.of .0424, .0636, .0848, in ten:
thoufands of an inch from the real center; fome to the right,,
others to the left.. Thefe meafures are the fines to radius one,
of 2° 26/, 3° 39/, and'4’ 52/, which are the arches a {pot on
Mars paffes over in 10, 15, 20/ minutes refpetively. I ex-
pofed them to. feveral perfons unacquainted with. my defigns,,
and found, that not one of them made a fingle miftake in {ay-
ing whether the point was, or-was. not, in. the center of the:

‘ circle,,
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circle, and which way it deviated from it. As the direion of
the motion of a {pot on Mars is known, 1 thought the perfons
who were to judge of the place of the points were intitled to
be acquainted with the line in which they were placed, which
for that rcafon was always to the right and left only. The
points that anfwer to the excentricity of 15 and 20" are indeed
fo vifibly out of the center, that I believe we may fafely fay,
that any miftake, in eftimating the time of a {pot on Mars
coming to the center, cannot well exceed a quarter of an hour
at the outﬁdc

As for the third and laf’c occafion of error, the time itfelf, I
believe my manner of obtaining aad keeping it in the year
1779 will appear fatisfattory, and may, 1 think, be depended
upon to a few feconds ; but theobfervations of the year 1777,
indeed, arc far from having the fame advantage. 1 was not
then provided with an altitude inftrument, therefore fet my
‘clock by a good fun-dial, with the equation of time contained
in the Nautical Almanac, and found it to agree generally to a
minute or two with the time calculated for the eclipfes of Ju-
piter’s firft fatellite, as I deduced it for Bath from the Nautical
Almanac. However, it was certainly liable to an error of
feveral minutes ; therefore, allowing no lefs than 10’ for the
clock in 1777, and 20’ for an error in eftimating the fituation
of a fpot in 1779, it will both amount to half an hour: then,
if we take a mean of the three numbers, whereby we have
divided the three biennial periods, we have 766 ; and half an
hour, divided by 766, will therefore give us the quantity to
which, it feems, can amount, all the uncertainty in the fydereal
diurnal rotation of Mars, which is 2/,34.

A nearer approximation to truth I hope to obtain at the next

oppofition, which will happen about the middle of July 1781.
6 | I have
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I have ventured to calculate the times for that oppofition,
when the edge of the remarkable dark fpot will be feen
near the center, as it is in figure 23, or, which is the fame
thing, as it was the r1th of May 1779, at 12h. 17/, The
{pot not being vifibleat the time of the oppofition, 1 have taken
the neareft period, before and after, in which it will pa‘fs over
‘the difk.  There is, however, a circumftance which may make
the appearance of the fpot not quite fimilar to the figure I have
drawn, even though the rotations thould perfe@ly anfwer as to
the times; for the pofition of the axis of Mars being ftill in
fome meafure unknown, I could make no allowance for a
chmcre, which a difference in the ﬁtmtlon of no lefs than two
figns may occafion, though in all probablhty it will not be
very confiderable:

Thofe who are provided with proper telefcopes will have -an
opportunity to fee how far the calculated times agree with the
{pot’s appearance ; and’it 1s by this means I ‘alfo hope to corre@t
and improve the tables I have drawn up for this purpofe, and
further to approximaté to a true theory of the gyration of this
planet.

Not knowing the exa& dltffcrcnce of meridians: between
Greenwich, md this phce, I have calculated the fpots ap-
pearance for the merxdmn of B’lth. From “an eclipfe or
two of Jupiter’s fatellites, of whzch by the favour of the Rev.
Mr. nornspy, I have feen concfpondmxt obfervations, I {up-
pofe the difference cannot be much lefs’ than ¢ ’ weft of Green-
wich; and at the fame time I ]om an account of the folar
eclipfe of the 24th of June 1748, which may be depended
upon as a very compleat obfervation, and may ferve to afcer-
tain the longitude of this place.

Vor. LXXL T Eclipfe
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Eclipfe of the fun obferved at Bath,

June 24, 1748.
H. M. 8.
Beginning by equated or mean time, 3 30 10,7

End, - - - 5 18 7,7

Calculations, or (as the principles on which they are founded
are ftill eftablithed upon a few obfervations only, and require
fome time for mature confirmation) I would rather, if I
might be allowed the expreflion, call them calculated con-
jeCures of the times when the remarkable dark {pot will be
{gen near the center of the difk of Mars.

For June, July, and Auguft, of the year 1781.

D. H. M, S.. D. H. M. S.

June 28 9 48 39 July 8 16 13 23
29 10 27 10 Auguft 3 8 11 6
o 11 5§42 | 4 8 49 357

July 1 11 44 13 5 9 28 48
2 12 22 3% 6 10 7 39
3 13 O &I 7 10 46 31
4 13 39 IO 8 11 25 44
5 14 17 29 9 12 4 56
6 14 55 46 10 12 44 8§
7 1534 4
1 have the honour to be, &c.
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