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VIII. Afronomical Obfervations. In two Letters from M.
Francis de Zach, Profeffor of Mathematics, and Member of
the Royal Academies of Sciences at Marfeilles, Dijon, and
Lyons, to Mr. Tiberius Cavallo, F. R. S.

Read December 23, 1784.

S IR, Lyons, April 4, 1983,

SEND you the account of the obfervations on the eclipfe

of the moon, which I have made together with the rev.
Father LE FevrE, Aftronomer at Lyons, in the Obfervatory
called au grand Collége ; to which I fhall add the obfervations of
the vernal equinox; fome obfervations on Jupiter’s fatellites,
made at Marfeilles by M. SAINT JAQUEs DE SYLVABELLE;
and, laftly, a new folution of a problem that occurs in com-
puting the orbits of comets. If you think that thefe obferva-
tions do in any way deferve the notice of the Royal Society, I
fhall be very glad you would communicate them. In order to
afcertain the going of the pendulum clock, I took feveral cor-
refponding altitudes of the fun, which you will find in the fol-
lowing table. On the day of the eclipfe the tky was very
ferene, nothing could be finer, and it continued fo during the
obfervation. I determined to ufe an achromatic telefcope of
3} feet length, that thews objets in their natural pofition, be-
caufe the diluted and uncertain termination of the true fhadow
of the earth appears more perfeltly defined by fmall than by

Vor. LXXV, T large
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138 M. or Zacn's Afvenomical Obfervations,

large telefcopes, which magnify too much, and give too great a
tranfit between the penumbra and the true dark fhadow. On
that account fome celebrated aftronomers advife to ufe for the
eclipfes of the moon no greater telefcopes than of four or five
fect length. It was remarked at Paris, that in an eclipfe of
the moon, ebferved through a telefcope of DoLronDp,the focus
of its object lens being 30 wnches, and likewife through a tele-
fcope of five feet length 5 the eclipfe appeared to begin 47 77/
fooner, and to end 47 %7 later, through the fmall than
through the long telefcope; the like has been remarked by
feveral others, and it has been alfo obferved by myfelf. As to-
my obfervations I am tolerably fatisfied with them, as they do not
differ materially from thofe of Father L FEvRE, though it is.
known that in eclipfes of the moon no greater exalnefs than
that of a minute can be obtained. The meon’s {pots were
carefully obferved ; for it is knewn, that the mean of the ob-
fervations of the moon’s fpots is fufficient to afcertain the
longitude of a place to 4" or 5" nearly. M. pE LA LANDE
comparing the obfervations of the moon’s {pots inan eclipfe,.
made the z2d of November, 1760, in Vienna, by the kmpe~
rial Aftronomer Abbé Herr, with thofe made at the fame
time in Paris by M. MEessiER, finds the difference of meri~
dians to be 56 13/, which agrees very exattly with that afcer-
tained by other means.

Qorre(ppndant‘
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140 M. pr Zacw’s Afironomical Obfervations.
S "Sun’s [1f obferva- [Sun’s|lld obfer-
~1gth March, 1783, Altit, tion. Alt. | vation,
The fun’s upper limb at the hé)rixdntﬁll o h. , ol e | hey
wire of the firflt telefcope on the caﬁemj 31 30, g 156133913 9
fide - - -
Sun’s upper limb at the fanie alritude on} ' u
the weftern fide of the mcndxan 14 3 47 14 20 33
Dividing the fum by 2 b s 23.33 43 | 23 33 42
sun’s center on the meridian as m'u‘ked by g ; '
the pendulum clock - - I 4_'6‘51—2' It 46 s
Equation of the day 12 7-§7 12 7 8%
Clock flower than equated folar time o021 6 021 6
Clock flower than equated folar time 1gth March 21 6
- 18th March 19 32
Retarding of the clock upon 23 h, §8’ 8” . I 34

T obferved too the mid-day at the great gnomon of the ob-
fervatory, and found at the fame time the meridian line erro-

neous by 19", as you will find in the following tables. .

. h. A7) h. LA h, v

When the center of the fun’sy| the the the
image was on the meridian the} 17thfrx 50 goji8th (11 48 56/1g9thitx 47 3

time pointed by the clock was J [Mar. | Mar. Mar,
Equatmns of thofe days - 12 8 33 12 8 15 12 7 87
Retarding on equated folar time 17 43] 19 19| the} 20 §4
Retarding the 17th - - 17 4318th 19 19
Retarding of the clock during thofe 24 hours 1 36 I 3%

1 fixed therefore the retarding of the clock 17 35"

True
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h. h.

7 " 4 Ll

h h
I%t; 1T 48 42 x;tg 1T 46 51

Mar, — 18|Mar. - 18
+ I3 + 13

True mid-day concluded by the fun’s correfpon- }
dent altitudes as the clock marked

Equation of the mid-day -

Retarding of the clock at the rate of v 35 }
per. 24 hours -

True mid-day the pesxdu\um clock  fhould
have marked -
Mid-day" concluded at the gnomon of the}

11 48 37 1t 46 44
11 48 56 IT 47 3

obfervatery - - - -
Diif:rence, thg error of the meridian line } 19 0
gnomon - - . ‘
From thence I concluded,
‘ h. , | o, .,

Mid-day at true folartime 11 §9 60 || Mid-dayatequated folar time 12 8 1 4
Mid-day the clock fhould} 11 48 Mid-day the clock fhould 8 ay.
have marked onthe 18th J ' 4° 37 have marked on the 18th.f *¥ 4°® 37
Retarding upon true folar . Retarding upon equated
time - - } 23 folar time 19 38

Obfervations



142 M, ve Zacu's Aftronomical Qbfervations,

Obfervations of the moon's eclipfe the 18th March, 1783,

"My obfervations with an achromatic tclefcope of 3} |Time marked| True or ap-
feet length, by the clock,| parent time,
IMMERSIONS.
The beginning of the eclipfe very doubtful, h. , ,, h. ,
Shadow touches Grimaldi - - 7 41 4 7 53 39
Grimaldiall in the fhadow - - 742 54| 7 54 48
Shadow touches Mare Humoyrum - - 749321 8 1 27
Copernieus . . 8 o21] 81216
Copernicus all in the fhadow . - 8 229 8 14 24
{Tycho touches the fhadow . . 8 618} 8 18 13
Eudoxus ——— ~ 81219 824 15
—- all in the fhadow - - 81343 8 25 39
Mare Serenitatis touches the fhadow . 816 7 8 23 3
~~——ee——— the fhadow in the middle - 8 21 31 8 33 27
e e 01| i the thadow . N 82554 | 837 50
Proclus touches the fhadow . . 8 3221 | B8 44 18
Mare-Crifimm touches the fhadow - 8 3329 8 45 26
— fhadow in the middle v 835 30| 847 33
e e wewwe~ 81 10 the fhadow . 9 8 36 g6 8 48 53
Total immeriion . - - 83857 85055
EMERGIONS,
Beginning of the emerfion . . 10 19 §7 | 10 32 2
Grimaldi emerging v . 10 23 33 | 10 35 38
—ememw all out of the fhadow . . 1024 9| 10 306 14
Mare Humorum emerging . ° 10 29 34 | 10 41 39
Total emerfion of Mare Humorum - 10 35 37 | 10 47 43
Copernicus all out of the fhadow . 10 43 6] 10 55 12
Mare Serenitatis all emerged ° - 10§87 32|11 9 39
Mare Crifium all esmerged - v 1115 44| 11 29 §1
End of the eclipfa - v 11 20 10 | 11 32 18
Total duration v v - 339 O

oo —

Father
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Father LE FEVRE’s obfervations with a refleCor 55 inches
focal length, magnifying 300 times.

Time by the } Apparent
clock, time.

IMMERSIONS, Vo he , v be,

Grimaldi touches the fhadow - - 7 41 431 7 53 37
Fﬂ(epl'er touches the thadow: - - 75 2} 8 3357
— allin the thadow - - 753241 8 519
Copernicus touches the fhadow - . 8 o224 81217
e 2]l'in. the fhadow - - 8 226 | 8 14 21
Mare Serenitatis touches the fhadow - 8 16 7 828 3
 S— all in the fhadow - - 826 2| 8 37 8
Mare Crifium touches-the thadow ~ e 8 3328 845 25
——— allin the fhadow - . 8 36 56 1 848 53
Total immerfion - - - 8‘33 54 8 50 52

EMER S I ON S.

éBeginning of theemerfion - T e (10 19 42 | 10 3T 4%
rimaldi emerged - . 0 23.24 | 10 35.29
Kepler all out of the fhadow - = - 10 35 43 | 10 47 49
[Copernicus all out - ~ - 10 43 4 ]| 10 §5.10
Mare Serenitatis all out - - - 10 57 19 { 11 ¢ 26
Crifium all out - - - 115 50 br1 27 g7

End of’ the eclipfe - L. - Ir 20 22 11 32 30
Total duration - - - 3 39 20

The obfervation of the vernal equinox. was made at the
gnomon. The height of this gnomon, taken from the center
of the hole by which the beams of the fun come in, 151878:
lines of a French inch; the diftance from the bottom: of the-
gnomon to the equinotial point is 1928 ; the diftance from the:
upper limb of the fun’s image to- the equinoétial. point- was.
found' 16,7 ;. the diftance from the under limb 23,4 ;. the dia~
meter of the hole =06 therefore the diftance from the bottom:
to the upper limb1928 - 16,7+ 3=1914,3, to.the under limb:
1928 + 23,4 —~3=1948,45 which gives the time the equis
nox happened the 2oth of March, 5h. 56" 527 P.M. |

4 Obfervations.
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Obfervations of Jupiter’s fatellites at Marfeilles.

1782 ApPax'gnt Obferva-
tune, tion,
; . h. )
April 3| Immerfion of the Ift fatellite at - 2 22 56| good
May 19| Imm, Ift fat, - . < | 2 48 12| good
June 7| Imm, IVth fat, was not total, but its light diminifhed fenfibly without
‘ ever difappearing ; the {ky was ferene, and Jup:ter had fix belts verjs
diftinétly,
20 Emerﬁon of the Ift fateﬁxte - - 1 29 46] good
July | Em, Ift fat, - - - IT 43 59| good
13| Em. ITd fat. - . - 9 17 28] good
20| Em. IIId fat. . - - 9 27 13| good
20| Em. 1Id fat, - - - 11 51 59| good
21| Em. Ift fat. - - - 10 1 11| good
27| Imm, 111d fat, - s - 10 40 33| good
jAug. 6| Em. Ift fat, . - - _ 8 21 20| good
. 13| Em, Ift fat, . - - 10 18 49| good
14| Em, IId fat. - - . 8 55 39| good
Sept. 1| Em. IIId fat, - - - g 40 44| doubtful
14/ Em. Ift fat. - - - 8 6 48] good

I'T is known, that the indire& method to calculate the orbits
of comets in a conic feion, by means of three obfervations
given, is rendered more eafy and expeditious if there is a poffi-
bility of drawing a graphical figure that reprefents nearly the
orbit under confideration, by means of which the calculation
is dire@ted, and the required elements of the comet’s path may
be rigoroufly determined. ‘To draw the orbit of a comet that
moves 1n a parabola or ellipfis, the problem is reduced to find
the pofition of the axis and the perihelial diftance ; this pofi-
tion of the axis will be determined as foon as the angle 1s
known, that the axis forms with another line, whofe pofition
is given ; this line may be an ordinate to a given point of the

cutve, or a tangent, or a radius veQor, &c. The latter is to
7 be
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be employed in preference, becaufe the perihelial diftance being
asconftant quantity, the angle of pofition‘then becomes the true
anomaly of the comet; but as the data of this "problem are
only geocentric longitudes and datitudes -of ‘the comet, de-
duced from the immediate obfervations of right afcenfion and
declination, -the heliocentric longitudes and latitudes muft
firlt be calculated’; bt as'thofe data are not fufficient, what is
not given muft be arbitrarily fuppofed, viz. the thortened dif-
tances(diffantias curtatas). This fuppofition is changed and altered
until the calculation will agree with the three obfervations,
then the difference between two longitudes is the angle com-
prehended between the tweo fhortened diftances in‘the planeof the
ecliptic; the whole reduced to the:plane of the-comet’s orbit by
means of the heliocentric latitude, .gives the difference between
the anomalies-comprehended by two radius ve&ors, the problem
then isreduced : two radius vetors being given, with the angle
comprehended, to find the two true anomalies, the perihelial
diftance, and the time the comet puts in running'its anomalies.

Let therefore * @ =vs reprefent the ecliptic at aninfinite dif-
tance ; QPR theapparent ellipticd] or parabolical path of a co-
met; S the'{fun’s center; P thecomet’s perthelion; T the place of
the earth when the comet was firft obferved in°C; I the earth’s
place when the comet was'obferved‘in K; ST =4d, SI=34, the
diftances from the eatth:to the fun at the firft and fecond obfer-
vation known by aftronemical tables ; let Cm and K7 be two
perpendiculars to the plane of the ecliptic, it will be Sm= u
Sn =1y the two thortened diftances.

The obfervedl. geocentric longituderof the comét in Ti=ag=arc v v5G;
the obferved-geocentric longitude of the comet in I=aZ=arc v ysH;

the geocentsic longitude of thefun by tables in T=d=arc ¥ y9 A
the geocentric longitude of.the fun by tables in I=f=arc 4 ys =3B,

Vor. LXXV. U Now
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‘Now for the firft obfervation the angle of elongation isé = a3
for the angle ATG=arc AG= *w=A — ¥vwG =long.o ~ long.
comet.=b—a;

the angle of the annual parallax SmT~~____ﬁ" (b-a)d

:'—‘E'

the angle 6f commutation ”’Sszsb ~et+(b—-a)=f3
from whence the heliocentric longitude of the comet=
b=180°+f=g. '

The fame at the fecond obfervation:in L
Angle of elongation = ~« ;.
Anglc of annual parallax e= M
Angle of commutation ¢= 80° —¢ +(B -a);
heliocentric longitude of the comet in I=08 ~180°+ ¢ =93
p\itting now the heliocentric latitude feen from S=:4

the geocentric latitude feen. from T'=/3

. . . . . fin, /. ‘
the heliocentric latitude will be .ilf_@‘ﬁ’_gi_ =tang. &3

fin. ¢ . tang. A

m : tangm A hﬁhocellf,mﬁ;

the fame with K7 it will be
latitude in K.

Having thus. determined. the heliocentric latitudes: of. two
obfervations, the radius vetors will eafily, be found in tbc {up-
pofition made forthe fhortened diftances,, for they are in, the
fame ratio.to the radius ve&ors as-the coﬁnﬁ of the heliocen-
tric latitudes are to the radius =13 therefore the radius vetor

m of the firft obfervation \’Vlllabe‘:_j—ﬁ and:the radius vetor: of

the fecond obfervation p = .,f e

T"kag now the difference hetween. the found: heliocentric
longitudes, we get the heliocentric motion: of the comet upon
the ecliptic between two fhortened diftances, which is to be
reduced upon the comet’s orbxt, this heliocentric. motion. is
therefore 4 — g =, Now to reduce this motion we have, firft,

finus
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finus totus = 1 is to cofine # :: as cotangent % 1s to the tan-
gent of an angle which I put =7z, and go°-Z%=F#n will
give an angle which I put = 4. Lafily, the analogy
cof. 7 :'cof. ¢ 13 fin. &+ will give the cofine of an angle ¢,
which is the required motion upon the orbit, or the angle
comprehended between the two radius veftors m and g Let
therefore ECPMIND be the dpparent parabolic path of a comet;
S the fun’s center; M and N two places of the comet, the angle
MSN equal to its motion in longitude, or the comprehended
angle ¢; P the perihelion ; it is required to find the two ano-
malies PM, PN, that is, PSM and PSN, the perihelial dif-
tance SP, and the time the comet employed to come from its
perihelion P to M and N.

Refolution.
SM=m {Inthe right-angled triangleSMRand SN Vwe have
SN=u MR =0S=mfin. (J==4) NV =QS=pfin.x;
MSN=¢ [ thérefore OP=3p~m (fin. J =) and PQ=
NSB =x | 3p=p fin. x5 but by the nature of the parabola
MSB = (==x) wehaveSM=AP4+ POandSN =AP + PQ;thatis
Parameter=p | m=§p —m (fin. J==x) pe=ipmp finoy

mym(in.d==2)=%p jpxplnr=%
m(t*}-ﬁmd;*x) ip  p({fin x) =%
and 1+fin., (P s)= L. 1 == finox = Liby
‘Uu

2m
P 4 - j _... P .’ )
putting into a fum 1 +fin. ($=x) + 1==fin. ¥ = — + = 5 reduc-

m-+tu
mix

tion made 2=-1in, # 4 fin. (J==x) = ( ) 7 but by trigdtio-

metrical formule we have fin. (y=x)=fin. ¢ cofl x=fir, x
cof. . Subflituting this expreffion in its place we obtain,
2=Ain. x 4 fin.d cofiy==fin. x'cofid = ('”'H‘) p. By the fame

formulae we have cof.’ #=1 — fin.* » and cof. x=4/1 ~ fin.* 3.
U2 Sub«
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The angle » defines therefore the pofition of the axis and
the two anomalies required, the perihelial diftance being
2= 2p= 2 {in, x, it will be known alfo by the angle x.

In order to find the time the comet employs in running its
anomalies, let the perihelial diftance juft now inveftigated p be
equal to the radius of the earth’s orbit, the parabolic area
{wept by the radius vector will be by the nature of the para-

bola 3 PO x OM 4§ SO x OM = 420 X OM£3%0 x OM | Ny

the periphery of the earth’s orbit is 7 :22: zp. s s

therefore the whole area '-‘1;-4p. iIp= 373 p>. It is known that the
velocity of a heavenly body moved in a circular path; is to
the velocity in a parabolic path in theratios/2 : 1. If the pa-
rabolic area of the comet is divided by +/2 it comes out
4?0 x OM + 350 x MO

6V'2
the very fame times put therefore A equal to the time of a
fidereal year, we fhall recover the analogy ; the whole area of
the earth’s orbit is to the time in which it is defcribed as the
parabolic area is to the time confumed in {fweeping it; therefore

: ' 10 7A (420 MO ,
?_z—p, CA (4PO 4 350) MO . 7A (4P +3S.0) 's but OM -
’ 6V 2 729V 2
SM . fin. anom. PSM and OS=SM. cof. anom. PSM; let"
the anomaly be=4J, we have OM = fin. §, and OS=m cof. 33
therefore PO = p —m cof. 3.  Subflituting we obtain
7A (4p— 4m cof, 8+ 3nicof. ) e fin, & which is 1A (4p—m cof.j) m {in, &
72V2 7202

whereby the time is found in parts of a fidereal year.

- equal to an area that the earth defcr‘ibes in

'y

Jam, &c.
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M. oE Zacn's Afironomical Obfervations:. rs1

SIR, ~ Lyons;- May 4, 1783,
LATELY I received from the Obfervatory at: Marfeilles the
ebfervation of the tranfit of Mercury, which-happened the 12th
Nov. 1982. The {ky not bemg very favourable, only the two in-
ternal conta®s were obferved s the firft internal centaét was.ob-
ferved by M. St. JaceuEs DE SYLVABELLE, at 3hi 18" 30"
qpparent time ;. the laft internal contaét by M..Sr. JACQUES at
4h. 30/ 16”; by M. BErNARD, his Adjunus, at 4h. 29 137,
The neareft diftances of Mercury’s limb. to' that of the fun in
the northern part of its difk were at:

h" 2 i

3 33 ¥4 3T ; \

3 42 574 34 ¥ partsof the micrometer.
4 22 17} 19

"Fhe apparent diameter of the fin' was 2174 parts of this mi-
crometer : 1 fuppofe the. before-mentioned 2174 parts.,_32
26”9 4 concludb farther; by the obfervations,. the middle of
the tranfit at 3 h. 547 7”325, whereas I fix, by interpolation,
the diftances of the limbs at 3H. 54/ 7”,25= 35” 651 have
therefore femi-diameter. of the fun = 167 1 3 ,4 35” 6 =
15’ 37”,8 +{emi-diameter of Mercury = 6" =1’ 4378 =to the
leaft diftance of centers of the fun and:Mercury. By M. pe
pA LANDE’Ss tables-it is 157 427/, only a difference of 17/,8.
M. Wazror at Paris has obferved this tranfit. at the Royal
Obfervatory,

Firft external contqé‘c };. 56 28
Firft internalconta® 3 2 3
Second - - 417 1%
Second extexrnal. ~ 4. 22 §3.

5 Tionly



52 M. oe-Zacw's Afronomical Obfervations,

T only add an important remark upon the diameter of Mer-
cury, which the aftronomers fuppofed in this tranfit =12".

Let ABC reprefent the fun’s ditk ; in P an external in Q_an
internal contaé; ANC the apparent path of Mercury. over the
fun.

"T'he femi-diameter of the fun= 972", this of Mercury in our
fuppofition =6/, MN =g42’’ the leaft diftances of the centers.
In the right-angled triangle MNP it is MP =g 72" 4 6" =978",
MQ=972” —6""=966" 5 therefore NP will be found= 260"
andNQ=210": now NP-NQ=PQ= 507, Wlhich converted
into time gives 8" 14" for.the time the diameter of Mercury em-
ployed to run over the limb of the fun; but by the obfervations
of M. Warror I find this time conftantly in both contaés
5’ 35”5 therefore. 8" 14”7 : 12" 12 57 35 : 87,137, which
fhould be the diameter of Mercury ; and indeed M. Warror,
by an.immediate meafure, taken with an excellent wire-micro-
meter, finds this apparent diameter not greater than 9”7/, which
fufficiently fhews that this diameter fuppofed 7/ in the mean
diftance is alfo too great.

Iam, &c.

R g



Phiios. Trans Vol LXXV.TabV1p. 150

/fz,ﬂ//ﬂ 145
P

<o

=0
)
/33

JLege 152
Vo4




