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ON THE GREAT COMET OF 1858.

By John Hartnup, F.R.A.S., and J. T. Towson, F.R.G.S.

(BEAD 20-TH JANUARY, 1859.)

During the latter part of September and the two first weeks in October 
of last year, (1858,) a visiter of no ordinary appearance attracted great 
attention from the inhabitants of this hemisphere. Generally the observa 
tions of comets, taken by astronomers for the purpose of ascertaining their 
positions in the heavens, and used for determining the elements of their 
orbits, possess so little public interest that they are communicated to those 
societies and publications only, which are devoted exclusively to the promo 
tion of practical astronomy. A large majority of the comets seen by astrono 
mers are not visible to the naked eye, and their positions are often given 
with no further remark by the observer as to their appearance in the teles 
cope, than such as that the nebulosity appeared either round or elongated, 
more or less condensed towards the centre, and of a certain number of seconds 
diameter. The great comet of 1858, however, differed widely in appearance 
from these telescopic comets. The majestic sweep of the train, which waa 
not projected in a straight line from the head, but in a curve of stupendous 
proportion, and the star-like appearance of the nucleus, could not have 
escaped the notice of the most casual observer. It has, therefore, been 
thought that the observed position of this comet, taken with the equatorial 
of the Liverpool Observatory, together with the physical observations 
undertaken by Mr. Towson, may not be deemed unworthy of a place in the 
transactions of the Historic Society.

The instrument with which the positions of the comet were taken, and 
through which it was seen as represented in the telescopic drawings of Mr. 
Towson, is an achromatic refractor, of twelve feet, focal length, and eight 
aud-a-half inches' aperture. The hour circle and declination circle are each 
four feet in diameter, divided on silver; and eaoh circle is rend with two 
micrometer microscopes. The weight of the polar axis is upwards of four
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tons, and this is turned in right ascension by a water-clock, at the same 
rate that the earth moves upon its axis, thereby keeping in the field of 
view any heavenly body that the observer wishes to scrutinize.

The observations for determining the positions of the comet were for the 
most part taken before the close of daylight, at which time the tail and 
coma not being visible, the nucleus was well defined and suitable for 
accurate observations. In table I, column 1 shows the day of the month 
on which the observations were taken; column 2, the Greenwich mean 
time to the nearest tenth of a second; column 3, the right ascension ; 
column 4, the north polar distance of the comet; and column 5 shows 
the name or number of the star with which the comet was compared on 
each night that observations were taken.
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Sept. 25th...
ii >i    

Sept. 27th...
Sept. 30th..

ii ii   
    . .

Oct. 4th...
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GREENWICH 
MEAN TIME. 

2

a. M. s.
7 18 29.8
7 33 30.0
7 48 30.1
7 28 30.5
7 40 37.9
8 0 3D.3
7 11 5.0
7 43 6.4
7 55 75
7 7 28.1
7 80 30.4
7 53 33.0
6 33 23.9
6 48 20.4
7 3 29.2
6 42 2.M
6 52 23.9
7 2 20.2
6 52 4«.4
0 9 35.2
0 24 39.0
6 39 44.2
5 62 49.7
6 12 584
0 33 4.0
6 15 72
6 55 24.4
6 30 53.8
6 40 0.2
5 59 52.1

COMET'S 
RIGHT ASCENSION. 

3

H. M. B.
11 10 2434
11 10 2ii.!)4
1 1 10 29.20
1 1 22 22.48
11 22 20.47
11 22 30.35
11 3G 40.25
11 30 42.88
11 30 45.03
1 1 63 48.90
11 63 55.08
11 64 1.27
12 14 31.49
12 14 3R.05
12 14 40.80
12 22 20.01
12 22 29.15
12 22 32.07
12 39 47,00
13 9 1950
13 9 20.37
13 9 32.70
13 55 19.00
13 55 30.00
13 55 40.02
14 45 20.05
14 55 48.15
15 44 64.51
15 45 3.54
10 0 41.35

COMUT'S NORTH 
POIAR DISTANCE. 

4
O t 0

53 54 45.7
f>3 54 42.9
53 54 37.1
53 37 7.1
53 37 2.7
53 30 58.0
53 33 4.5
53 33 8.1
63 33 12.3
53 62 3.5
63 82 12.3
63 62 21.1
54 47 32 8
54 47 50.7
54 48 8.3
55 18 0.0
55 18 13.4
53 18 2S.1
58 42 9.9
00 1 10.3
00 2 3.4
60 2 58.4
67 38 8.2
07 40 130
07 42 14.3
79 25 5.0
79 30 40.8
90 54 3.5
90 56 12.0

103 15 53.5

STAR op 
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5

B. A. C. 3811

II II

D. A. c. 3965
" J»

B. A. c. 3098
i* jt

B. A. c. 4128
»» »

B. A. c. 4128
ii n
n ii

B. A. o. 4233
11 ii

12'ban. Yen.
B. A. c. 4390

tt )»

Arc turns.
»>

B. A. c. 4853
»» »»

B. A. c. 5306
>» »»

B. A. c. 5720
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The observations are corrected for refraction and parallax in time and 
arc. The parallax is computed on the hypothesis that the distances from 
the sun are those stated in Table III; that the earth's mean distance 
from the sun is 95,363,000 miles, its mean hourly motion 68,348 miles, 
and that the sun's mean equatorial horizontal parallax is R",58. Table II 
gives the assumed mean places of the stars of comparison for 1858, 
January o.

TABLE II.

B. A C. 3811

  39U5
  3998
  4128
  4233

12 Canum Venaticorurn
B A. c. 4300
Arcturus.
B. A. c. 4853

  5308
  5720

RIGHT 
ASCENSION.

H. M. B.

11 1 30.37
11 33 83.02
11 42 18.03
13 1) 21.81
12 26 37 93
12 49 22.08
13 0 21.84
14 9 11.09
14 31 54.02
15 53 8.17
10 53 9.70

NORTH POLAR 
DISTANCE.

O 1 It

52 55 14.00
54 59 51.20
54 10 45.57
56 8 44.50
55 58 4.20
50 54 50.04
61 SB 44.55
71) 4 35.57
77 43 27.64
08 0 20.49
103 80 22.78

AUTHORITY.

British Association Catalogue.
>i ii ii

ii ii ti
H ii ii

Nautical Almanac, 1858.
British Association Catalogue.
Nautical Almanac, 1858.
British Association Catalogue.

ii »i 11
»i »i t)

Table III contains the distances of the comet from the earth and from 
the sun, and its hourly rate of motion as calculated from the foregoing 
data.

TABLE III.

G. M. NOON, 
1858. '

Sept. 12th ........

Oct. 8th ..........
Oct. 13th..........
Oct. 15lh. ........

DISTANCE OF COMET 
FROM EARTH.

126,200,000
115,900.000
104,800,000
94,700,000
86,300,000
83,410,000
77,000,000
66,300,000
58,100,000
52,400,000
52,200,000
54,900,000

DISTANCE OF COMET 
FROM SUN.

67,noo,noo
01,900,000
57,100,000
53,700,000
40,000,000
48,000,000
4R,HOO,OoO
45,100,000
48,000,000
51,600,000
58,300,000
61,900,000

HOURLY VILOCITY 
IN MILES.

91,000
102,300
111,000
120,200
127,700
130,200
134,800
140,400
131,900
122,000
108,000
102,300



202

From the same data we deduce the elements of the comet's orbit pre 
viously to its perihelion passage, as contained, in Table IV.

TABLE IV. H. M. s. 
Greenwich mean civil time of Perihelion passage, 1858, Sept. 30.... 10 52 0,5 am.

O I »

Longitude of Ascending Node.............................. 105 19 10,1
Longitude of Perihelion .................................. 36 15 2,3
Inclination of Orbit to plane of Ecliptic...................... 63 3 15,5
Axis Major of Orbit in Miles .............................. 30,896,000,000
Axis Minor of Orbit in Miles .............................. 2,383,740,000
Aphelion Distance iii Miles ................................ 30,851,000,000
Perihelion Distance in Miles .............................. 45,070,000
Hourly Motion at Perihelion, in Miles ...................... 140,070
Hourly Motion at Aphelion, in Miles........................ 410
Period of Revolution .................................... 2,058} years.

Motion Retrograde.

The comet of 1858 was first discovered by Dr. Donati, astronomer at 
the Museum of Florence, on the 2nd of June; its right ascension 
being then 141° 18', and its declination 23° 47' North. This part 
of the heavens is in the constellation Leo, near the star X Leonis. 
The comet had passed its ascending node on the 27th of March. 
For more than two thousand years it had occupied portions of the 
heavens below, or South of the plane of the earth's orbit: on the day 
last named it passed over to the Northern heavens, but only to remain 
for the brief period of 205 days, descending again into the southern 
hemisphere on the 18th of October, there to remain for more than two 

|[ thousand years. At the period of its first discovery it was 228,000,000 
of miles distant from the earth, and was a very faint object when viewed 
even by means of the largest telescopes. It was not until the middle of 
August that it attracted more than ordinary attention, even from astro 
nomers. About this period its track had been approximately determined, 
aiid it was then believed that during the latter part of September and the 
beginning of October it would become an object of extraordinary interest, 
not to the astronomer only, but generally to the inhabitants of the northern 
hemisphere. Nor were these anticipations disappointed. Since 1811 no 
comet has excited equal interest, nor has there existed so magnificent an 
object of admiration. In former days it would have been regarded with 
superstitious dread; but the more correct knowledge now possessed by no
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means decreases the interest excited by the contemplation of these myste 
rious bodies. No longer regarded as the "flaming scimitar " hanging over 
a doomed city, it has now become associated with the planets of the solar 
system. Thus, although divested of the interest with which superstition 
had surrounded it, a rational admiration is excited in contemplating the 
immensity of its dimensions and the vast duration of the period of its 
revolution round the sun. Until the end of the seventeenth century 
comets were supposed to be meteoric bodies. The Chaldeans, it is true, 
placed them amongst the members of the Planetary System, and Seneca 
supported the same hypothesis; but with the exception of these happy 
advances on the philosophy of the early ages, the boldest conjecture placed 
comets at a far less distance from the earth than the moon. Tycho Brahe 
made the first step in establishing the planetary nature of comets, by 
observing their parallax to be less than that of the moon, and thus proving 
them to be at a greater distance from us than our satellite.* Newton 
afterwards drew the analogy between planets and comets still closer, by 
proving that they both revolved about the sun in a curve, agreeing with 
some one of the conic sections, and therefore that comets in their eccentric 
orbits are governed by the same laws that regulate the movements of the 
more substantial members of the solar system, thus supporting the hypo 
thesis of universal gravitation.

Then came the computations of Halley and Encke on the two comets 
which bear their names, the former having a period of 75 years, while the 
latter returns to us after an interval of only 1210 days. We have also 
the comets of Biela, Faye, De Vico and Brorsan, the periods of which 
are well known, and the returns of which have proved the accuracy of the 
calculations. At the present period the approximate elements of the orbits 
of all comets, of which three good observations are made, are calculated, 
although with the exception of those already named, the periods are in 
most cases so long as to preclude the means of verifying these predictions 
by actual observation. Still, however, we must not imagine that we can 
compute the elements of a comet, having a long period, with accuracy even 
approaching to that with which we can predict the movements of a planet. 
From 1821 to 1844, our Astronomers observed that there existed a

» " De Mundi ./Etherei recentioribus Phenomenis liber secundus, qui est de illustri 
" Stella Caudata anno 1577, Conspecta 1588." And " Apologetica Responsio," &c., 1891.
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difference of a little more than two minutes of space between the computed 
and observed positions of Uranus. This small discrepancy was sufficient 
to prove to Adams and Le Verrier that there existed a planet beyond 
Uranus, and to provide them with data for calculating the position of 
Neptune and the approximate elements of his orbit. But we have no 
expectation of accuracy like this in the computation of the return of a 
comet of a long period, and in proportion as the time of its revolution 
round the sun becomes extended, so does this uncertainty increase. Thus, 
with a comet, the period of which is about two thousand years, we cannot 
expect to be within one hundred years of the truth. A discrepancy of one 
hundred years in the return of Donati's comet as compared with its com 
puted period would give rise to no surmises amongst Astronomers; but a 
difference of two or three minutes of arc in the position of Uranus, though 
it suggested to the minds of some Astronomers that the laws of gravitation 
themselves underwent a modification in remote regions of the Solar System, 
provided to the more profound philosophers the means of attaining the 
crowning glory of inductive science.

There are two reasons to be assigned for this marked difference in the 
accuracy with which the elements of a planet and those of a comet, having 
a long period, can be calculated. The first is, that on account of the great 
eccentricity of a comet's orbit, we can only observe its motion near the 
perihelion the position most unfavourable for determining the elements 
of an orbit which is very eccentric.

And secondly, the greater the eccentricity of an orbit, the more liable it 
is to be disturbed by perturbation. The perihelion of a comet's orbit is 
not only an unfavourable position for determining its elements, on account 
of the short period during which it is under observation, but the form of 
the curve and the rate of motion of comets moving in orbits of various 
degrees of eccentricity, so nearly resemble those of the path of a comet 
whose period is infinite, that we have only to do with minutes, or even 
seconds of arc, to distinguish whether the period of a comet's revolution 
is either two or three thousand years. Taking it for granted that the 
period of Donati's comet is a little more than two thousand years, then for 
a term of two thousand years whilst the position of that body is far 
beyond the scan of human eye, the elements differ widely from that of a 
comet of a longer period, but for the eight months during which it may be
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observed from this earth, if the perihelion distances be equal, the position 
will only vary a few minutes, whether the time of its revolution be a 
thousand years or infinite.

When a comet is first observed it is usual to predict the position, from 
day to day, founded on the hypothesis that it is moving in a parabolic orbit. 
This is afterwards termed its assumed position, and it is the difference 
between the assumed place in the heavens and its observed position which 
affords the means of calculating its approximate period and the eccentricity 
of its orbit. If this difference were several degrees, as in the case of any two 
planets, the elements of its orbit could be computed with great exactness, 
but since with comets it often consists of only minutes, or sometimes 
seconds of arc, it requires all the accuracy which the most improved 
instruments and the most experienced observers can afford, to provide data 
sufficiently correct to determine the period within one hundred years of 
the truth.* We believe that the hourly motion of Donuti's comet, when 
passing the perihelion, was about 140,500 miles. If our estimate of its 
distance from the sun at that period be correct, an hourly motion of 
140,608 miles would have given to it a parabolic orbit never again to 
return to this system. The only method we have of determining the 
hourly motion of a heavenly body, is by observing its change of position 
in the heavens. Now a comet moving in a very eccentric orbit when

* In a popular manner we may describe the basis on which the eccentricity of the 
orbit is determined in three forms. First The mean velocity of a planet revolving 
round the sun is in the inverse ratio of the square root of its mean distance. If, for 
instance, a comet or plan?t were only one fourth the mean distance of the earth from the 
sun, its hourly motion would be twice as great as that of the earth, viz: 130,090 miles, 
if moving in a circular orbit. But if the hourly motion of such body were greater than 
the last-named velocity in the ratio of the square root of two to one, that is, if it were 
103,288 miles per hour, the motion of that body would be in the curve of a parabola, 
and its period infinite. If the hourly motion were intermediate, between 130,006 and 
193,288 miles, its orbit would be an ellipse, and its eccentricity would be great in pro 
portion as its hourly motion approached that of 193,288 miles; if greater than the last- 
named velocity the orbit will be hyperbolical. Again, the line at right angles to the 
axis of the orbit passing through the focus, is called the " lalus rectum." If the 
" semi-latus-rectum " be exactly twice the perihelion distance, the comet moves in 
a parabola; if greater, in a hyperbola; if less than twice, but if greater than the 
perihelion distance, the orbit will be on ellipsis. We may also determine the form of a 
comet's orbit by the angle at wliich it passes the " lalus rectum." If it crosses it at 
90° the orbit is a circle; if between 90° and 15° an ellipsis; if at 45° a parabola; and 
if less than 45° a hyperbola.
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leaving its perihelion, falls a few minutes, or seconds, behind its assumed 
position, hut soon recovers this place in the heavens, and in the case 
of Donati's comet, in about one hundred days it was a few minutes in 
advance if viewed from the sun, and less so if viewed from the earth. After 
this period its line of motion is so nearly direct from the earth, that the 
difference between its assumed place and its real position cannot be 
determined with sufficient accuracy to be of any value in calculating the 
elements of its orbit. Thus, its position whilst under observation would, 
to an observer situated on this earth, only vary a few minutes of arc, 
whether its period were two or three thousand years. Nor does the 
difficulty cease when the elements are once determined. The motions of 
a comet are so disturbed by the attraction of the planets near which it 
passes, at, or near, its ascending and descending node, that the elements 
of its orbit, calculated previously to either of these epochs, cease to be 
such afterwards. Curve, velocity and period, perihelion and aphelion 
distances are all changed in a few days. Thus previously to 1770, the 
comet of Lexel had never been observed. It had probably a period of 
thousands of years, anterior to the perturbing influence of Jupiter during 
the year J 767. It was found by theory, that in that year its near approach 
to Jupiter had bent its orbit from OTIC of a long period, to that of five years 
and a half. In 1779, this comet again approached the same planet; his 
perturbation was then of a contrary nature, drawing the orbit out either 
into the form of an ellipsis very eccentric, in which case the period of its 
revolution would be of very long duration, or probably into a parabola or 
hyperbola; in either of these cases it would be lost for ever to this Solar 
System.

We have before stated that, when the orbit of a comet is to a great 
extent influenced by the attraction of any other heavenly body, all the 
elements of its orbit are disturbed. It may then appear strange that the 
comet of Lexel should have been twice affected by the attraction of the 
planet Jupiter. But if we investigate the theory of perturbation, we find 
this important law to obtain : That however the former elements of the 
comet may be disturbed, although no other region of space through 
which it had passed will be approached within millions of miles, the comet 
in its new orbit will pass very near to that part of the heavens at which 
the last perturbation occurred, so that the circumstance of its having once 
been perturbed by Jupiter does not in the least degree render it im-
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probable that the elements of its orbit will again be disturbed by the same 
planet. It is true, however, that if a comet be subject afterwards to a 
second perturbation, it is improbable that it can ever come a second time 
within the influence of the first perturbing body.

The comet of Donati, in its ascending node, passed the plane near 
 which the planets move on the 27th of March, upwards of one hundred 
millions of miles from the orbit of Mars, and two hundred millions of 
miles from that of Jupiter. If, therefore, the comet and Jupiter had 
been in conjunction at that time, the perturbing influence, which is in 
the inverse proportion to the squares of the distance, would have been 
less than the four hundredth part of that which affected tho comet of 
Lexel in 1779. But, since their right ascensions differed more than 
40° at that time, they were 860 millions of miles distant, and the per 
turbing influence of Jupiter was only the one thousand six hundredth 
part of that which affected the comet of Lexel, whilst the attraction of 
Mars was still less. But in passing the plane of the planet's revolution 
round the sun, at the descending node, Donati's comet passed directly 
through the orbit of Venus. This occurred on the morning of the 18th 
of October last. Had the comet reached this part of its orbit a few days 
earlier, a collision would have taken place. Whether such an event would 
have been attended with danger to Venus we are not prepared to say. 
Some have asserted that a comet striking a planet would inflict no more 
injury than a cloud does when it comes in contact with the mountain top. 
Such may be the case with reference to most comets; but some, and 
Donati's amongst others, appear to have a nucleus of such a character as to 
forbid our being assured that no danger to a planet would occur by such a 
comet falling into it. Although no collision occurred, the comet came 
sufficiently near to Venus to be affected by her perturbing influence; in 
fact, it was within nine millions of miles, that is, as near that planet as the 
comet of Lexel was near to Jupiter in 1779. Had Donati's comet ap 
proached within four times that distance of Jupiter, it would have passed 
away in a hyperbola never again to return. But the perturbing power of 
Jupiter is twenty one thousand times as great as that of Venus, supposing 
that both are within about nine millions of miles' distance, and the attrac 
tion in both cases acts during an equal period of time. But we find this 
last hypothesis is far from being correct. The greater the distance a
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planet or comet is from the sun, the more slowly they both move. Thus 
the comet of Lexel was only moving with one seventh of the velocity of 
Donati's, during the time the perturbing influence was in operation, and 
Jupiter moves with only about one third of the velocity of Venus; from 
which two causes combined, the respective perturbing effects of Jupiter 
and Venus are to each other as eighty four thousand is to one.*

It is not then surprising that comets should, by perturbation, be some 
times lost to our system. And this fact has given rise to a hypothesis 
regarding the object attained in the great machinery of the Universe by 
those comets which never revisit our solar system. It has been supposed 
that they are destined to keep up a communication between the different 
solar systems of which, we believe, the stellar universe is composed. But 
let us for a moment consider this theoiy, and we shall be lost in the idea 
of the distance that divides us from the nearest of the stars. The aphelion 
distance of Douati's comet is in the direction of a Orucis, a star of the 
first magnitude, and if perturbation were to spread out the orbit of 
Donati's comet into a parabola, it would be lost in the direction of a 
Crucis. Now supposing that the annual parallax of this star is three 
tenths of a second, and that its mass is as great as that of our 
sun, it would occupy twenty thousand millions of years in reaching that 
body. We cannot presume to declare that such an immense period is 
beyond the limits of the providence of the Eternal Ruler of the material 
universe. But of this we are convinced, that no finite no human being 
is capable of contemplating a period, so vast, that the whole term of the 
existence of all material objects with which he has to do, dwindles into 
insignificance.

* This great perturbing power of Jupiter, as compared with that of Venus, arises from 
two causes. First, the mass of Jupiter is about 383 times that of Venus. Secondly, 
when Venus perturbed the orbit of Donati's comet, the sun exerted fifty five times 
as much centripetal force as when Jupiter changed the elements of Lexers comet; 
since perturbation takes place in the proportion that the disturbing force bears to the 
retaining force, and the attraction of Venus was to that of the sun, as one is to seven 
thousand, for a time perturbations were only in proportion to that ratio; but that of 
Jupiter was three times the centripetal force; consequently Lexel's comet was then 
controlled by Jupiter, with three times the force that was exerted by the sun, and thus 
the elements of its orbit, during any given time, were disturbed twenty one thousand 
times as much as those of Donati's comet by Venus.
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The great amount of perturbation to which a comet ia exposed, as 
compared with that by which planets are affected, is principally due to the 
great eccentricity of its orbit. This, however, is also increased when the 
motion of the comet is retrograde, as is the case with that of Donati's. All 
the planets move in one direction round the sun, tliat is in the contrary 
direction to the sun's apparent diurnal motion. But comets appear 
independent of the laws which influence the other members of the solar 
system, both as regards the direction in which they move, and also in their 
orbits being sometimes oblique to the plane of the ecliptic to an extant 
unknown amongst the other members of the solar system. Amongst the 
principal planets the inclination of their orbits does not much exceed seven 
degrees; and, indeed, exclusive of Mercury, there is no case of one half 
that amount of inclination. Amongst the minor planets, however, this 
angle is in many cases greatly exceeded, and in the case of Pallas it 
amounts to nearly 35°. But comets traverse all ports of the heavens; 
their paths have every possible iuclination to the plane of the ecliptic, and 
one half of those that have been observed move in a direction contrary to 
that of the planets; it is therefore said of their motion, that it is retrograde. 
The motion of Donati's comet is retrograde, and the inclination of its orbit 
amounts to a little more than 63°.

We shall better understand the relative position of Donati's comet and 
the principal planets, by referring to plate I, figure 1. The longest ellipsis 
represents the form of the comet's orbit; the horizontal ellipses represent 
those of Jupiter, Saturn, Uranus and Neptune, as viewed obliquely, 
and consequently foreshortened. The small spot in the centre represents 
the orbits of Mercury, Venus, Earth and Mars ; but in order to introduce 
the whole of the comet's and to maintain the proportional scale, these 
smaller orbits are scarcely distinguishable.

By means of figures 2 and 3, plate I, we will endeavour to explain the 
cause of the great amount of perturbation to which some comets are subject 
beyond that to which the elements of the orbits of planets are liable. Fig. 
2, P,, represents a superior planet before its conjunction with the inferior 
planet p,; and Pl the same superior planet and p, the same inferior planet 
after their conjunction. It b evident, if the orbits of P and p are both 
circular and concentric, that at equal periods of time before and after con 
junction their distances will be equal, therefore the acceleration or retarda 
tion at the first epoch will be counterbalanced by the retardation and
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acceleration at the second period, so far as the ultimate velocity of each 
planet is concerned and the elements of these orbits depend on the 
amount of centripetal force. For a time the motion of each is disturbed. 
Before conjunction p, is accelerated and P, is retarded, because p, is 
attracted by P2 in the direction of its motion ; but P, is attracted by 
p, in a direction contrary to its motion. After the conjunction the 
contrary takes place, P, is accelerated by p,, and p, is retarded by the 
attraction of P,, because P, is attracted in the direction of its motion 
and p i in a contrary direction; and as the sum of these accelerations 
and retardations is of equal value when P and p have passed beyond 
that distance at which their mutual perturbation will be sensible, the 
centripetal force will be the same as before this disturbance occurred. 
This is not, however, the case with planets having elliptical orbits, since in 
such case the distance before and after the conjunction differs in amount, 
and consequently the acceleration and retardation do not balance each 
other. But in the case of a comet crossing the path of a planet, the per 
manent disturbance exceeds to a very great degree that which can occur 
respecting planetary bodies the orbit of one of which is included within 
the other.

Figure 8, plate I, represents Donati's comet crossing the path of Venus; 
we find not only that at the epochs when the comet is at c' c" and c"' it 
is very much nearer planet p' p" and p"' than it is after crossing the path 
of Venus (where the comet is represented by c, c, and c, and the planet by 
p, p, and PJ), but also the direction of the accelerating force before crossing 
the orbit is less oblique to the direction of the comet's motion than it is 
afterwards. (The comet at c is neither retarded nor accelerated by the 
attraction of tho planet at p" ) If also we take into consideration that 
attraction is in tho inverse ratio to the squares of the distances, we find 
that the acceleration is more than four times as great as the retardation ; 
BO that three-fourths of the acceleration affect the elements of its orbit 
permanently. In a foot note, page 139, we have shewn that if the velocity 
of a planet is increased the eccentricity of the orbit will also be increased, 
and the period lengthened. But there is another effect which perturbation 
may produce, calculated to increase or decrease the period of a comet. We 
pointed out, in tho note before named, that if the angle between the comet's 
path and its radius vector be decreased the period will be increased. Now,
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in conformity with this law, planets perturb each other, and thus comets are, 
to a much greater extent, perturbed by the attraction of planets. Were it 
not for the attracting power of the sun, which is generally denominated 
centripetal force, planets and comets would move off into space in straight 
lines ; but the sun's attraction bends this line into the curve of a circle, 
ellipse, parabola or hyperbola, as the case may be. And should a planet, 
exerting any amount of attraction, be in conjunction with the sun, this 
curve will be bent more than it would have been by the sun's attraction 
only. On the contrary, if the planet were in opposition to the sun, the 
curve would be less. If, in such last-named case, the planet's attraction 
were equal to that of the sun, the comet would for a time move in a straight 
line. Now, this decrease of the centripetal force of the sun must tend to 
lessen the angle of the comet's path across its radiut vector, which, 
according to the second proposition of the foot note, must tend to increase 
the length of the period; but if, on the contrary, the centripetal force were 
increased by the attraction of the planet being in the same direction as 
that of the sun, the effect would be to shorten the period.

By a further investigation of this difficult matter, we shall find that 
if a comet's motion be retrograde, the centripetal force is decreased in all 
cases in which tin velocity of the comet is increased, and increased when 
the velocity is decreased ; so that with comets of this class both sources of 
perturbation tend in all cases to produce similar effects, but contrary 
effects with comets the motion of which is direct. Thus with regard to 
the elements of a comet, whose motion is direct, they are disturbed by the 
difference, but if retrograde, by the sum of these two elements of 
perturbation.

Previously to the 30th of September, Mr. Hartnup's observations were 
confined to the determination of the position of the nucleus of the comet, 
but on that night its appearance became so exceedingly interesting that we 
determined, in future observations, to adopt more than an ordinary amount 
of labour, not only in measuring the dimensions of those appendages visible 
by the telescope, but also the length, curvature and breadth of the tail 
at various distances from the nucleus. These arrangements were fully 
carried out on the 30th of September, and on the 4th and 8th of October, 
and partially so on the llth of October. The remainder of this paper 
will be devoted to the results of these remarks, and to speculations de-
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observations, it has been necessary to make use of plates, in each of which 
we have introduced a scale, in order to maintain the same relative pro 
portions, as determined by actual measurement, in every figure of the 
comet contained in the same plate.

Table V. also gives the principal measurements; the first part is in 
degrees, minutes, and seconds, and the second part in miles; the latter 
being founded on the hypothesis that the comet's distances from the earth 
are those given in table III.

TABLE V.

DATE.

1858.

Sept. SOth.

Oct. 4th . .

  8th..

  llth..

DATE.

Sept. SOth.

Oct. 4th . .

  8th..

  llth..

Diameter or 1 
Naclfui.

w

17

30

33

83

i
a

5,750

5,050

5,000

K QOA

Diameter 
of 

Pint Eartolop. 1

t v

3 1

1 40

1 63

1 54

|
S

no.ooo
37,000

28,600

H
 
 

5 37

6 43

i
a

 

85,700

Rrl finn

Distance ftom centre 1 

of Nucleus 1 to point of Coma. 1

1 80

1 33

3 80

4 30

|
a

87.040

85,800

45,070

DJameleror Coma 1 at right angle 1 to the Tail and 1 
through the Nucleus. 1

5 40

4 88

8 46

10 39

|
a

111,800

74,950

138,600

Length of Tall measured along the 
convex edge.

36 85

34 30

80 30

   

i
a

20,850,000

35,000,000

34,000,000

Distance from Nuc.en* to end of Tail la a atraight lin*.

O (

26 0

31 30

35 0

   

i
a

30,240,000

83,000,000

30,700,000

Greatest breadth 1 

of 1

Tail. 1

0 I

3 10

6 0

7 80

   

1
a

8,000,000

0,000,000

0,855,000

Length 

or 1 

Conical Shadow 1

 

18

21

 

 

3
a

849,000

375.00C

  

Plate II. represents the appearance of the comet as seen with the naked 
eye (A) on the SOth September, (B) on the 4th of October, and (C) on 
the 8th of October.

It will be observed that on the SOth of September, all the interesting 
peculiarities which this comet presented to the naked eye were observable.
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The curvature^ o. the tail was decidedly apparent to the most casual 
observer, and the dark band which extended from the nucleus to the 
extremity of the tail was very obvious, and although the tail did not spread 
over one-third of the surface of the heavens which it occupied on the 8th 
of October, it presented the most beautiful appearance, both on account of 
the great brilliancy of the envelop, and the edges of the coma and tail, and 
the symmetrical form of the comet generally, which was that of a bent 
ellipse, with the axis major seven times that of the axis minor and the 
nucleus in one of the foci; but on the 4th and 8th of October its form 
was that of an irregular curve. On the 30th September, the axis of the 
tail corresponded with the arc of the circle, but on the 8th of October the 
curvature near the extremity of the tail was much greater than near the 
nucleus.

The curvature of the tail of a comet has been a subject of considerable 
speculation. Although we believe we can show that, generally, it ifl 
the result of a combination of forces, yet this is not universally the 
case. If this were the only cause, the curvature would always exist ou the 
plane of the comet's orbit, aud would not be observable from the earth 
 when passing through that plane. Yet, on the Oth September, it was very 
obvious tliat the 'ail was bent, although we were then in that position 
which would give to the tail a straight appearance, if its curvature were in 
the plane of the comet's orbit.

With a very few similar exceptions, however, the centre of the tail of a 
comet coincides with the plane of its orbit; and, further, we observe 
generally, that the curvature of the tail increases or decreases with that of 
the part of the orbit through which the comet is passing.

Fig. 4, Plate I. is an illustration of the kw by which this curvature may 
be regulated.

Supposing that the tail of a comet is composed of innumerable and 
minute atoms, projected from the nucleus in the direction opposite to that 
of the sun. If these atoms were thrown off from the nucleus at a, in the 
direction opposite to the sun (S) with a velocity which would take them 
from a to 6, in the time the comet was moving from a to a', they would 
reach the outer arc at V at the instant the nucleus arrived at a! ; because, 
the motion of these atoms would be compounded of that of the comet at 
the instant of their being projected, (the distance from a to a' being equal
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to that from b to I',) and of the force by which they were thrown off. 
Also any matter thus projected from the nucleus, whilst passing through 
any point between a and a', would arrive at some point included within the 
curved dimensions of the tail, those atoms moving the fastest would form 
the front of the tail, and those moving with the least velocity the hindmost 
margin. Now, if the orbit a b were not sensibly curved, as in the case 
when the comet was first observed, the particles projected in a given line, 
partaking also of the motion of the comet, would continue in a line of 
position relative to the nucleus parallel to the line in which they were first 
thrown off. But this would only obtain when the motion of the comet, 
and, consequently, that of the atoms of wliich the tail is composed move in 
parallel straight lines. All parallel curves must possess radii, and con 
sequently arcs, greater in proportion to their distance from the focus, which 
gives to an atom moving in a more distant curve the appearance of lagging 
behind, although it moves with the same velocity.

On the 6th October a very interesting phenomenon occurred in the near 
approach of the nucleus to Arcturus, the polar distance being but a few 
minutes different, and although the brightest part of the tail passed over 
the star, the brilliancy of Arcturus was not in the least degree diminished. 
The comet was, however, beclouded before we could complete a sufficient 
number of measurements to secure a correct representation of its form and 
position during that evening.

In Plate III. four telescopic views of the head of the comet are repre 
sented ; A on the 30th September, B on the 4th October, C on the 8th, 
and D on the llth of that month. The nucleus is distinctly visible in 
those figures. The nature of this part of the comet has given rise to 
numerous speculations, and even its size and figure have been differently 
represented by various observers whoso impressions are worthy of high 
consideration. Still we have thought it desirable in this paper to relate 
throughout the results of our own observations without being in the least 
biassed by those of others. To us, the nucleus appeared neither semilunar, 
gibbous, nor horned, but when viewed under favourable circumstances 
presented a complete circular disk. During the periods at which the comet 
is represented in plates III and IV, two lines, one drawn through the nucleus 
and the sun, and the other through the nucleus and the earth, would be 
nearly at right angles; this is the position which would cause Mercury or
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Venus to present to the earth a semilunar disk, and such must also be the 
appearance of any other spherical body shining wholly by the reflection of 
solar light. If, on the other hand, the nucleus shines by its own light, all 
sides of the disk would be equally bright. But this was not the case. 
When tho decline of daylight first enabled us to discern any portion of 
the nucleus, the edge towards the sun was alone to be seen, (see fig. 1, 
plate III.) As the darkness increased the visible portion of the disk 
increased its dimensions as represented in plate III., 2, 3, 4 and 5. So, 
also, when a light cloud passed over and off tho head of the comet, as was 
the case on the evening of the 4th October; in disappearing the nucleus 
would successively assume the appearances of 5, 4, 3, 2 and 1, and in 
reappearing, those of 1, 2, 3, 4 and 6. When, however, the comet was 
observed under circumstances favourable for displaying tho greatest amount 
of brilliancy, wo could not discern any difference of brightness iu the 
various parts of the disk.

We may adduce two theories which may probably account for this 
phenomenon; either that the nucleus is partially transparent as a globe of 
ground glass, reflecting the greater number of rays on the side exposed to 
the direct light of the sun, but refracting a lesser number of rays from the 
opposite surface ; or that the nucleus is composed of an opaque luminous 
mass, capable also of reflecting the solar rays. If the latter hypothesis bo 
correct, the one side would be illuminated both by the sun's reflected rays 
and the light emitted, whilst the luminosity of tho nucleus alone would be 
the source of the iuferior brilliancy of tho opposite side.

On the 30th September and the 4th October there existed, in connexion 
with the nucleus, a phenomenon which had not been previously described, 
but worthy of attention, especially in speculating on the nature of the 
nucleus. On the 30th of September, we observed a well-defined conical 
shadow, of about 18' in length, and on the 4th October its length was about 
21', but it was less striking in its appearance. After the last-named day it 
could not be observed. This shadow must not be confounded with a dark band 
which emanates from behind the nucleus dividing the tail throughout its 
length. This band bends with the tail, its border is curved and is well-defined, 
and it expands as it recedes from the nucleus. All these peculiarities are 
opposed to the very nature of a shadow, and prove it to originate from a 
different source. The only probable suggestion is, that in the centre of the
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tail there exists a space containing a less amount of reflecting atoms than in 
the rest of the tail, and that the profile of this space is the dark band under 
consideration. If this region were destitute of matter capable of reflecting 
light, no shadow could there exist. Such may have been the case on the 
8th and llth October, when the band appeared darker than on the two 
previous nights of observation.

That this dark cone really consisted of the shadow of the nucleus has 
been doubted by those whose opinions are well worthy of notice. We 
therefore considered it desirable to determine, by micrometric observation, 
 whether this apparent shadow bore the length proportional to the diameter 
of the nucleus. The laws of optics require that the shadow should bear 
the following relations. The distance of the nucleus from the sun should 
be to the length of the shadow, as the diameter of the sun less that of the 
nucleus is to the diameter of the nucleus.

Taking into consideration the ill-defined appearance both of the 
circumference of the nucleus and the extremity of the shadow, the mea 
surement of the latter bears a nearer relation to that of the former than 
might have been expected ; this, therefore, tends to confirm our opinion as 
to the nature of this dark cone.

Another class of those wonderful complications that exist in connexion 
with the larger bodies to which Donati's comet belongs, now remains for our 
consideration. They have been denominated envelopes; and consist of 
well-defined and spherical screens or caps, of dense nebulosity, apparently 
more luminous towards the circumference, and for the most part, but not 
entirely, surrounding the nucleus. Their appearance is that of a complete 
circular disk, having the nucleus in its centre, but partially covered by the 
dark band we have already described. The extraordinary changes they exhibit 
bailie all our attempts to investigate their nature or origin. The extent 
of the tail generally depends on the proximity of the comet to the sun. 
Not so, however, with these envelopes. On the 30th of September, when 
the comet was nearest the sun, there existed but one envelope, 39,000 
miles in diameter. On the 4th of October, this envelope dwindled down 
to 27,000 miles, yet in four days afterwards its diameter had increased to 
88,500, and it was then surrounded by a second envelope, the diameter of 
which was 85,700 miles; on the 11th they had both larger dimensions.

Early iu September, on account of the great distance of the comet from
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the earth, the envelope might have been mistaken for the nucleus. Such 
also might have been the case during the whole period that the comet was 
under observation, if examined only by means of a telescope of low magni 
fying power or of inferior definition. It has therefore been suggested that 
the luminosity which we regard as the nucleus might be resolved into an 
envelope if examined by an instrument having a still greater amount of 
power than those now in use and superior definition. But this hypothesis 
is not probable, since the envelope is not liable to be mistaken for the 
nucleus when its form is defined. They differ so materially in figure that 
it is only when appearing as a mere point the one can bo mistaken for the 
other. Besides which, if it is allowed that a shadow was cast by the nucleus 
on the 80th of September and 4th of October, it is evident that the nucleus 
was composed of more substantial elements than those of the envelope.

Whether the nucleus is solid or otherwise is still undecided, but no 
doubts are entertained with reference to these envelopes that, if in fact 
they consist of ponderable matter, it must be rare indeed as compared 
with our atmosphere, since stars of small magnitude have been seen 
through them. Yet, on the 8th and llth of October we observed a 
phenomenon so extraordinary as to throw doubts on all our conjectures, 
and to cause us to Lcsitato in our attempts to speculate on subjects 
connected with these mysterious bodies. [This phenomenon is exhibited 
in plate IV., which consists of views with a higher power of the head of 
the comet, figures C and D in plate III.]* On the 8th of October, midway 
between the nucleus and the circumference of the inner envelope, there 
existed a black spot, about 80° from the front of the nucleus towards the 
north. The spot was still visible on the night of the llth October, 
occupying nearly the same position, but in addition to this, a second spot 
was then to be seen very near the front of the nucleus.

We have now, indeed, to do with a mystery! We have doubted whether

* This spot had been previously detected by Mr Lassell, who informed Mr Hartnup, 
in a note, that there existed something extraordinary near the nucleus, and enclosed a 
drawing. Mr Hartimp did not, however, examine this sketch till he had depicted the 
results of his own observations. Mr Hartnnp then desired Mr Towson to examine 
minutely around the nucleus, and he immediately noticed the phenomenon under con 
sideration, and delineated it; and then the three sketches were compared, and were all 
found to agree. It is also satisfactory that two telescopes were employed a reflector 
and an achromatic refractor.
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these envelopes even consist of ponderable matter. They have been 
called into existence in a few hours, although occupying spaces extending 
to 85,700 miles in diameter. Yet, impressed on so fugitive a mass, we 
find a dark spot enduring for more than three days. Let us imagine a 
spot continuing fixed for days amongst the clouds that are floating through 
our atmosphere. To what surmises would such a phenomenon give rise! 
Yet a cloud must be substantial indeed, when compared with the materials 
of which these envelopes are composed. We can only add, that we shrink 
from the task of attempting to comprehend the nature of an existence 
verging on " the brink of dreary nothing," yet capable of receiving an 
impression enduring for a far longer period of time than was necessary to 
call into existence its volume, amounting to eighteen millions of millions 
of cubic miles.


