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XVI1. On the Direction and Velocity of the Motion of the Sun, and
Solar System. By William Herschel, LL. D. F.R. S.

Read May 16, 1805.

Ovur attention has lately been directed again to the construc-~
tion of the heavens, on which I have already delivered several
detached papers. The changes which have taken place in the
relative position of double stars, have ascertained motions in
many of them, which are probably of the same nature with
those that have hitherto been called proper motions. It is well
known that many of the principal stars have been found to
have changed their situation, and we have lately had a most
valuable acquisition in Dr. MaskeLynNE’s Table of proper
motions of six and thirty of them. If this Table affords us a
proof of the motion of the stars of the first brightness, such as
are probably in our immediate neighbourhood,, the changes of
the position of minute double stars thatI have ascertained, many
of which can only be seen by the best telescopes, likewise
prove that motions are equally carried on in the remotest parts
of space which hitherto we have been able to penetrate.

The proper motions of the stars have long engaged the
attention of astronomers, and in the year 1783, I deduced from
them, with a high degree of probability, a motion of the sun
and solar system towards A Herculis. The reasons which
were then pointed out for introducing a solar motion, will now
be much strengthened by additional considerations; and the

MDCCCV. Hh

The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to &)

A

Philosophical Transactions of the Royal Society of London. STOR [N

www.jstor.org



234 Dr. HErSCHEL on the Direction of the

above mentioned Table of well ascertained proper motions will
also enable us to enter rigorously into the necessary calcula-
tions for ascertammg its direction, and discovering its velocity.
When these points are established, we shall be prepared to
draw some consequences from them that will account for many
phenomena which otherwise cannot be explained.

The scope of this Paper, wherein it is intended to assign
not only the direction, but also the velocity of the solar motion,
embraces an extensive field of observation and calculation 3
but as to give the whole of it would exceed the compass of the
present sheets, I shall reserve the velocity of the solar motion
for an early future opportunity, and proceed now to a disqui-
sition of the first part of my subject, which is the direction of
the motion of the sun and solar system.

Reasons for admitting a solar Motion.

It may appear singular that, after having already long ago
pointedbut a solar motion, and even fixed upon a star towards
which 1 suppdséd' it to be directed, I should again think it ne-
cessary to show that we have many substantial reasons for
admitting*such a motion at all. 'What has induced me to enter
into this inquiry is, that some of the consequences hereafter to
be drawn from a solar motion when established, seem to con-
dradict the very intention for whichit is to be introduced. The
chief object in view, when a solar motion was proposed to be
deduced from observations of the proper motions of stars, was
to take away many of these motions by investing the sun with
a contrary one.  But the solar motion, when its existence has
been proVed, will reveal so many concealed real motions, that
we shall have a greater sum of them than it would be necessary
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to admit, if the sun were at rest ; and, to remove this objection,
the necessity for admitting its motion ought to be well
established.

Theoretical Considerations.

A view of the motion of the moons, or secondary planets,
round their primary ones, and of these again round the sun,
may suggest the idea of an additional motion of -the latter
round some other unknown center; and those who like to
indulge in fanciful reviews of the heavens, might easily
build a system upon hypotheses not altogether without some
plausibility in their favour. Accordingly we find that Mr.
LAMBERT, in a work: whichis full of the most fantastic imagi-
nations, has framed a system wherein the sun is supposed to
~move about the nebula in Orion.* But, setting aside the extra-.
vagant idea of making this. luminous spot a center of motion,
it must certainly be admitted that the solar motion itself is at
least a very possible event.

I have already mentioned, in a note to my former Paper,}
that the possibility of a solar motion has also been shown from
theoretical principles by the late Dr. WiLson ‘of Glasgow ; and
its probability afterwards, from reasons of the same nature, by

:Mr. DE 1A LanpE. * The rotatory motion of  the ‘sun, from
which he concludes a displacing of the solar center, must cer-
tainly be allowed to indicate a motion of translation in space ;
- for though it may be possible, it does not appear probable, that
any mechanical impression should have given the former,
without occasioning the latter. But, as we are intirely unac-
- quainted with the cause of the rotatory motion, the solar

® See Systéme du Monde de Mr. LameerT, page 152, and 158.
4 See Phil, Trans. for the year 1783, page 283.
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236 Dr. HERsCRHEL on the Direction of the

translation in space from theoretical reasons, can only be
admitted as a very plausible hypothesis.

It would be worth while for those who have fixed instru-
ments, to strengthen this argument by observing the stars
which are known to change their magnitudes periodically.
For as we have great reason to ascribe these regular changes
to a rotatory motion of the stars,* a real motion in space may
be expected to attend it; and the number of these stars is so
considerable that their concurring testimony would be very
desirable. ,

Perhaps Algol, which according to these ideas must have a
very quick rotatory motion, may be found to have also a con-
siderable progressive one; and if that should be ascertained,
the position of the axis of the rotation of this star will be in a
‘great measure thereby discovered. :

An argument from the real motion to a rotatory -one dis
nearly of equal validity, and therefore all the stars that have a
motion in space may be surmised to have also a rotation on
their axes.

Symptoms of parallactic Motions.

But, setting aside theoretical arguments, I shall now proceed
to such as may be drawn from observation ; and, as all paral-
lactic motions are evident indications that the observer of them
is not at rest, it will be necessary to explain three sorts of
motions, of which the parallactic is one ; they will often engage.
our attention in the following discussion.

Let the sun be supposed to move towards a certain part.of
the heavens, and since the whole solar' system will have the

# See Phil, Trans, for the year 8795, page 68.
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same motion, the stars must appear to an inhabitant of the
_earth to move in an opposite direction. In the triangle sp a,
Plate VII. Fig. 1, let s p represent the parallactic motion of a
star; then, if this star is one that has no real motion, s p will
also be its apparent motion; but if the star in the same time,
that by its parallactic motion it would have gone from s to p,
should have a real motion which would have carried it from s
to 7, then will it be seen to move along the diagonal s a, of
the parallelogram srpa; and p a, which is parallel and equal
to s, will represent its real motion. Therefore, in the above
1entioned triangle sp a, which I suppose to be formed in the
concave part of the heavens by three arches of great circles,
the eye of the observer being in the center, the three sides will
represent, or stand for, the three motions I have named : sp the
parallactic, pa the real, and sa the apparent motion of the star.
The situation and length of these arches, in seconds of a degree,
will express, or rather represent, not only the direction but
also the quantity of each motion, such as it must appear to an
eye in the above mentioned central situation. And calling the
solar motion S, the distance of the star from the sun d, and
the sine of the star’s distance from the point towards which the
sun is moving ¢, the parallactic motion, when these are given,
will be had by the expression %’—:—; == sp. This theorem, and its
corollaries, of which frequent use will be made hereafter, it
will not be necessary here to demonstrate.

When I call the arch pa the real motion, it should be under-
stood that I only mean its representative ; for it must be evi-
dent that the absolute motion of a star in space, as well as its
intrinsic velocity, will still remain unknown, because the incli-
nation of that motion on which also its real velocity will
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depend, admits of the greatest variety of directions. We are
only acquainted with the plane in which the motion must be
performed, and with the length of the arch in seconds by
-which that motion may be measured. We may add that the
chords of the arches representing the three motions are the
smallest velocities of these motions that can be admitted ;. for
in every other direction but at right angles to the line of sight,
the actual space over which the star will move must be greater
than the arch or chord by which its motion is represented.

Now, since a motion of the sun will occasion parallactic
motions of the stars, it follows that these again must indicate
a solar motion; but in order to ascertain whether parallactic
motions exist, we ought to examine those stars which are most
liable to be visibly affected by solar motion. This requisite
points out the brightest stars as the most proper for our pur-
pose ; for any star may have a great real motion, but in order
to have a great parallactic one, it must be in the neighbourhood
of the sun. And as we can only judge of the distance of the
stars by their splendour we ought to choose the brightest, on
account of a probability that, being nearer than faint ones, they
~ may be more within the reach of parallax, and thus better
qualified to show its effects.

We are also to look out for a criterion whereby parallactic
may be distinguished from real motions; and this we find in
their directions. For if a solar motion exists, all parallactic
motions will tend to.a point in opposition to the direction of
that motion ; whereas real motions will be dispersed indiscri-
minately to all parts of space.

With these distinctions in view, we may examine the proper
motions of the principal stars; for these, if the sun is not at
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rest, must either be intirely parallactic, or at least composed of
real and parallactic motions ; in the latter case they will fall
‘under the denomination of one of the three motions we have
defined, namely sa, the apparent motion of the star.
- In consequence of this principle I have delineated the meeting
of the arches arising from a calculation of the proper motions
of the g6 stars in Dr. MASKELYNE’S catalogue, on a celestial
globe ; and, as all great circles of a sphere intersect each other
in two opposite points, it will be necessary to distinguish them
both: for, if the sun moves to one of them, it may be called
the apex of its motion, and as the stars will then have a paral-
lactic motion to the opposite one, the appellation of a parallactic
center may very properly be given to it. The latter falling
into the southern hemisphere, among constellations not visible
to us, I shall only mention their opposite intersections ; and-of
these I find no less than ten that are made by.stars of the first
magnitude, in a very limited part of the heavens, about the
constellation of Hercules. Upon all the remaining surface of
the same globe there is not the least appearance of any other
than a promiscuous situation of intersections; and of these
only a single one is made by arches of principal stars.

The ten intersecting points made by the brightest stars are
as follows. The 1st is by Sirius and Arcturus, in the mouth of
the Dragon. The od by Sirius and Capella, near the following
hand of Hercules. The gd by Sirius and Lyra, between the
hand and knee of Hercules. The 4th by Sirius and Aldebaran,
in the following leg of Hercules. The 5th by Arcturus and
Capella, north of the preceding wing of the Swan. The 6th
by Arcturus and Aldebaran, in the neck of the Dragon. The
7th by Arcturus and Procyon, in the preceding foot of Hercules.
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The 8th by Capella and Procyon, south of the following hand
of Hercules. The gth by Lyra and Procyon, preceding the
following shoulder of Hercules. And the 1oth is made by
Aldebaran and Procyon, in the breast of Hercules.
The following Table gives the calculated situation of these
‘ten intersections in right ascension and north polar distance.

Table I.
No. Right Ascension. Polar Distance.
1| 255 89° 50" | 86" 41’ 84"
2275 9 82 64 21 48
8272 23 58 | 58 23 24
4 {263 25 88 | 44 89 47
5]290 o 58 32 7 23
6267 2 19 83 5% 20
71235 8 13 | 46 21 34
8leye 51 49 | 73 7 50
9| 266 46 49 66 48 11
10 | 260 1 29 60 59 384

We might rest satisfied with having shown that the paral-
lactic effect of which we are in search is plainly to be per-
ceived in the motion of the brightest stars; however, by way
of further confirmation, we may take in some large stars of
the next order, in whose motions evident marks of the in-
fluence of parallax may likewise be perceived. When the
intersections made by their proper motions and the arches in
which the stars of the first magnitude are moving, are exa-
. mined, we find no less than fifteen which unite with the former
ten, in pointing out the same part of the heavens as a paral-
lactic center. It will be sufficient only to mention the opposite
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points of the situation of these intersections, and the stars by
which they are made, without giving a calculated table of
them. | |

The 1st is the following leg of Hercules, and is made by
Sirius and B Tauri. The ad is also in the following leg of
Hercules, by Sirius and « Andromede. The gd is in the fol-
lowing hand of Hercules, by Sirius and « Arietis. The 4th in
the neck of the Dragon, by Arcturus and 8 Tauri. The sth
between the Lyre and the northern wing of the Swan, by
Capella and « Andromedz. The 6th near the following hand of
Hercules, by Capella and « Arietis. The »th preceding the
head of Hercules, by Lyra and 8 Tauri. The 8th between the
Lyre and northern wing of the Swan, by Lyra and « Andro-
mede. The gth in the following arm of Herculgs, by Lyra
and « Arietis. The 10th in the following leg of Hercules, by
Aldebaran and @ Tauri. The 11th in the following leg of
Hercules, by Aldebaran and « Andromeda. The 12th in the
head of Hercules, by Aldebaran and « Arietis. The 1th in
the following arm of Hercules, by Procyon and @ Tauri. The
14th in the back of Hercules, by Procyon and » Andromeda.
And the 15th near the following arm of Hercules, is made by
Procyon and « Arietis.

An argument like this, founded upon the most authentic
observations, and supported by the strictest calculations, can
‘hardly fail of being convincing. And though only the ten
principal apices of the twenty-five that are given have been
calculated, the other fifteen may nevertheless be depended
upon as true to less than one degree of the sphere.

MDCCCYV, Ii
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Changes in the Position of double Stars.

We have lately seen that the alterations in the relative
situation of a great number of double stars may be accounted
for by a parallactic motion. Among the 56 stars which I have
given, the changes of more than half of them appear to be of
this nature; and it will certainly be more eligible to ascribe
them to the effect of parallax than to admit so many separate
‘motions in the different stars; especially when it is considered
that if the alterations of the angle of position were owing to a
motion of the largest star of each set, the direction of such
motions must, in contradiction to-all probability, tend nearly to
one particular part of the heavens.

This argument, drawn from the change of the position of
double stars, may be considered as deriving its validity from
the same source with the former, namely, the parallactic
motions of at least 28 more stars, pointing out the same apex
of a solar motion -by their direction to its opposite parallactic
center.

Incongruity of proper Motions.

It may be remarked that the proper motions of the stars, if
they were in reality such as they appear to be, would contain
2 certain incongruous mixture of great velocity and extreme
slowness. Arcturus alone describes annually an arch of more
than two seconds: Aldebaran hardly one-tenth and.a quarter
of a second : Rigel little more than one-tenth and a half : even
Lyra moves bafely three and a quarter tenths of ‘a second,
while Procyon has almost four times that velocity. Out of g6
stars whose proper motion we have examined, there are 15
that do not reach two-tenths of a second: @ Virginis moves
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seventy-seven hundredths, and » Cygni only six. But it wilk
be shown, when the direction and velocity of the solar motion
come to be explained, that these kind of incongruities are mere
parallactic appearances ; and that there is so general a con- -
sistency among the real motions of the stars, that Arcturus is
in no respect singled out as a star whose motion is far beyond
the rest. |

" By giving this remark a place among the reasons for admit~
ting ‘a solar motion, it is not intended to lay any particular
stress upon it; for it may be objected that our idea of the
congruence or harmony of the eelestial motions ean be no
criterion of their real fitness and symmetry. But when such:
discordant proper motions as those F have mentioned in stars
of no very different lustre are under consideration, and may
be easily shown to be only parallactic phenomena, the method
by which this can be done must certainly appear ehglble' and
when added to many other inducements, will throw some
share of weight into the scale.

Stdereal Occultation of a small Star.

Of nearly the same importance with the former argument is
the account of the occultation of a small star by a large one,
which I have given in my last Paper. When the solar motion
has been established, we shall prove that the Vamshmg of the
small star near & Cygni, as far as we can ]udge at ‘present, is
only a parallactic disappearance. It must be granted thata real
motion of the large star would also explain the same pheno-
menon ; but then again, this star must be supposed to move to-
wards the very same parallactic center which the changes in the

Iie
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position of other double stars point out, and this cannot be.
probable.
Direction of the solar Motion.

From what has been said, I believe the expediehce of ad-
mitting a solar motion will not be called in question ; our next
endeavour therefore must be to investigate its direction.

To return to the before mentioned intersections of the arches,
in which the proper motions of the stars are performed, I shall
begin by proving that when the proper motions of two stars
are given, an apex may be found, to which, if the sun be sup-
posed to move with a certain velocity, the two given motions
may then be resolved into apparent changes, arising from
sidereal parallax, the stars remaining perfectly at rest.

Let the stars be Arcturus and Sirius, and their annual proper
motions as given in the Astronomer Royal’s Tables.

When the annual proper motion of Arcturus, which is
—1",26 in right ascension, and -+ 1”,72 in north polar distance,
is reduced by a composition of motions to a single one, it will
be in-a direction which makes an angle of 55° 29’ 42" south-
preceding with the parallel of Arcturus, and of a velocity so as
to describe annually 2”,08718 of a great circle.

The annual proper motion of Sirius, — 0”,42 in right ascen-
sion, and 4 1”,04 in north.polar distance, by the same method
of composition, becomes a motion of 1”,11528, in a direction
which makes an angle of 68° 49 41" south-preceding with the
parallel of Sirius. ‘

By calculation, the arches in which these two stars move,
when continued, will meet in what I have called their parallactic
center, whose right ascension is 75° 39’ 50", and south polar
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distance is g6° 41’ g4”. The opposite of this, or right ascension
255° 39' 50", and north polar distance 56° 41’ g4/, is what we
are to assume for the required apex of the solar motion.

When a star is situated at a certain distance from the sun,
which we shall call 1; and go° from the apex of the solar
motion, its parallactic motion will be a maximum. Let us now
suppose the velocity of the sun to be such that its motion, to a
person situated on this star, would appear to describe annually
an arch of 2",84825, or, which is the same thing, that the
star would appear to us, from the -effect of parallax, to move
over the above mentioned arch in the same time.

To apply this to Arcturus, we find by calculation that its
distance from the apex of the solar motion is 47° %7 6”; its
parallactic motion therefore, which is as the sine of that dis-
tance, will be 2”,08718; and this, as has been shown, is the
apparent motion which observation has established as the proper
motion of Arcturus.

In the next place, if we admit Sirius to be a very large star
situated at the distance 1,6809 from us, and compute its elon-
gation from the apex of the solar motion, we shall find it
138° 50" 14”,5. With these two data we calculate that its pa-

rallactic motion will be %—}; = sp=1",11528; and this also
agrees with the apparent motion which has been ascertained
by observation as the proper motion of Sirius.

Now since, according to the rules of philosophising, we
ought not to admit more motions than will account for the
observed changes in the situation of the stars, it would be
wrong to have recourse to the motions of Arcturus and Sirius,
when that of the sun alone will account for them both; and

this consideration would be a sufficient inducement for us to
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fix at ence on the calculated apex, as well as on the relative
distances that have been assigned to these stars, if other proper
motions could with equal facility be resolved into similar paral-
lactic appearances. But from the nature of proper motions, it
follows, that when a third star does not lead us to the same
apex as the other two, its apparent motion cannot be resolved
by the effect of parallax alone. And to enhance our difficulties,
the number of apices, that would be required to solve all proper
motions into parallactic ones, increases not as the number of
stars admitted to have proper motions, but, when their situa-
tion happens to be favourable, as the sum of an arithmetical
series of natural numbers, beginning at o, continued to as many
terms as there are stars admitted: so that if two stars give
only one apex, one star added to it will give three apices ; and
ten, for instance, will give no less than 45, and so on.

The method of reasoning which, on this subject, I have
adopted, is so closely connected with astronomical observations
that I shall keep them constantly in view; and therefore shall
illustrate what has been advanced, by taking in Capella as a
third star. The three apices which then are pointed out will
be that in the mouth of the Dragon, by Arcturus and Sirius;
a second under the northern wing of Cygnus, by Arcturus and
Capella; and a third in the following hand of Hercules, by
Sirius and Capella. The calculation of them is in Table I.

The annual proper motions of our third star in Dr. MAsSKE-
LYNE’s Tables are - 0”,21 in right ascension, and -} 0”,44, in
north polar distance ; and by calculation these quantities give
an annual motion of 0”,46974 to Capella, in a direction which
makes an’ angle of 71° g5’ 22" 4 south-following with the
parallel of this star.
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The' distance of Capella from the same calculated apex of
the solar motion, by which we have already explained the
apparent motions of the other two stars, is 80° 54/ 46”; and,
admitting again the velocity of the sun towards the same point
as stated before, it will occasion a parallactic motion of Capella,
in a direction 89° 54/ 48" south-following its parallel, amount~
ing to 2”,8125. In this calculation Capella has been taken for
a star of the first magnitude, supposing its distance from us to
be equal to that of Arcturus.

By constructing then a triangle, the three sides of which will
represent the three motions which every star must have that
is not at rest in space; we have one of the sides, representing
the apparent motion. of the star, equal to 0”,4637 ;. the other
side, being the parallactic motion of the star 2”,8125; and the
included angle 18° 19’ 2%”. From these data we obtain the
third side, representing the real motion of the star, which will
be 2”,8757. By the given situation of this triangle with respect
to the parallel of declination of Capella, the angle of the real
motion will also be had, which is 86° g4/ 11” north-following
the parallel of this star. A composition of the parallactic and
the real motion in the directions we have assigned, will produce
the annual apparent motion which has been established by
observation. |

But to apply what has been said to our present purpose, it
may be observed, that although we have accounted for the
proper motion of our third star by retaining the same apex of
the solar motion, which has given us an explanation of the
apparent motions of the other two, yet in doing this we have
been obliged to assign a great degree of real motion to Capella ;
and to this it may be objected, that we can have no authority
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to deprive Arcturus and Sirius of real motions, in order to give
one of the same nature to our third star: and indeed to every
star that has a proper motion which does not tend to the same
parallactic center as the motions of Arcturus and Sirius.

This objection is perfectly well founded, and I have given
the above calculation on purpose to show that, when we are in
search of an apex for the solar motion, it ought to be so fixed
upon as to be equally favourable to every star which is proper
for directing our choice. Hence a problem will arise, in our
present case, how to find a point whose situation among three
given apices shall be so that, if the sun’s motion be directed
towards it, there may be taken away the greatest quantity of
proper motion possible from the given three stars. The intri-
cacy of the problem is greater than at first it may appear,
because by a change of the distance of the apex from any one
of the stars, its parallactic motion, which is as the sine of that
distance, will be affected ; so that it is not the mere alteration
of the angle of direction, which is concerned. However, it
will not be necessary to enter into a solution of the problem ;
for it must be very evident that a much more complex one
would immediately succeed it, since three stars would cer-
tainly not be suflicient to direct us in our present endeavour to
find the best situation of an apex for the solar motion; I shall
therefore now leave these stars, and the apices pointed out
by them, in order to proceed to a more general view of the
subject. '

We have already scen that the brightest stars are most
proper for showing the effect of parallax, and that in our
search after the direction of the solar motion, our aim must be
to reduce the proper motions of the stars to their lowest
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quantities. The six principal stars, whose intersecting arches
have been given, when their proper motions in right ascension
and polar distance are brought into one direction, will have the
apparent motions contained in the following Table.

Table II.
Names of the Direction of the apparent Quantities of the apparent
Stars. Motions. Motions.
Sirius - |68° 49’ 40”,7 south-preceding| 1”,11528 per year

Arcturus - |55 29 42,0 south-preceding| 2,08718 —
Capella - |71 g5 22,4 south-following| 0,46374
Lyra - - |56 20 57,3 north-following| 0,32485 ——
Aldebaran |76 29 37,3 south-following| o,12341

Procyon - |50 -2 24,5 south-preceding| 1,23941 ———o

Sum of the apparent motions 5'",85387

‘We must now recur to what has been said, when the con-
struction of the triangle expressing the three motions of a star,
that is not at rest, was explained ; and, as we are to find out a
solar motion which will require the least real motion in our
SiX stars, an attention to this triangle will be of considerable
use ; for when the line pa, Fig. 1, which represents the real
motion, is brought into the situation m a, where it is perpendi-
cular to sp, the real motion which is required will then be a
minimum. It also follows, from the construction of the same
triangle, that if by the choice of an apex for the solar motion
we can lessen the angle made at s by the lines sp and sa, we
shall lessen the quantity of real motion required to bring the
star from the parallactic line spm to the observed position a. -

It has already been shown, in the case of Sirius and Arcturus,

MDCCCYV. Kk
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that when two stars only are given, the line sp may be made
to coincide with the lines sa, of both the stars, whereby their
real motions will be reduced to nothing. It has also been
proved, by adding Capella to the former two, that when three
stars are concerned, some real motion must be admitted in one
of them. Now, since all parallactic motions are directed to the
same center, a single line may represent the direction of the
effect of the parallax, not only of these three stars but of
every star in the heavens. According to this theory, let the
line sP or sS, in Fig. 2, stand for the direction of the paral-
lactic motion of the stars; and as in the foregoing Table we
‘have the angles of the apparent motion of six stars with the
parallel of each star, we must now also compute the direction
of the line sP or sS with the parallels of the same stars. This
may be done as soon as an apex for the solar motion is fixed
upon. The difference between these angles and the former
will give the several parallactic angles Psa or Ssa, required
for an investigation of the least quantity ma, belonging to
every star.

For instance, let the point towards which we may suppose
the sun to move, be A Herculis; and calculating the required
angles of the direction in which the effect of parallax will be
exerted, with the six stars we have selected for the purpose of
our investigation, we find them as in the following Table.
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Table I11.

Angles of the parallactic Motion with the Parallel.
Sirius - - - 32° 54/ 8,5 south-preceding.
Arcturus - - = 17 23 45,7 south-preceding.
Capella - -~ =~ 85 10 3,9 south-following.
Lyra - ~ = =~ 35 59 49,5 north-following.
Aldebaran - - %1 21 85,4 south-following.
Procyon - - 47 48 44,6 south-preceding.

The difference between these parallactic, and the former
apparent angles, with the parallel of each star, will give the
required angles for our second figure. They will be as follows.

Table IV.
Angles of the apparent with the parallactic Motion.
Sirius - - - 35" 55 82",2 south-following.
Arcturus - - - 88 5 56,3 south-following.
Capella - - - 13 84 41,5 south-following.
Lyra - - - - 20 21 #%,8 north-preceding.
Aldebaran - - - 5 8 1,9 south-preceding.
Procyon - =~ - 2 18 gg9,9 south-following.

By these angles, with the assistance of the lines sa, whose
lengths represent the annual quantity of the apparent motions
as given in our former Table, the Figure No. 2 has been con-
structed. When the situation of these angles is regulated as in
that figure, we may draw the several lines ma perpendicular to
SP, and, by computation, their value and sum will be obtained
as follows.

Kke
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Table V.

Quantities and Sum of the least real Motions.
Sirius - - - 3,6 5437
Arcturus - - - 11,2878y
Capella - - - 0,10887
Lyra - - - 0,11281

Aldebaran -~ - - 0,01104
Procyon - - - 0,04998

-

Sum 2”,22491.

The result of this investigation is, that by admitting a motion
of the sun towards A Hefculis, the annual proper motions of
our six stars, of which the sum is 5",3537, may be reduced to
real motions of no more than 2”,2249.

When first I proposed A Herculis as an apex for the solar
motion, it may be remembered that a reference to future ob-
servations was made for obtaining greater accuracy.® Such
observations we have now before us, in the valuable Tables
from which I have taken the proper motions of the six stars ;
and I shall prove that, with their assistance, we may fix on a
solar motion that will be considerably more favourable.

We have already shown, that to ascertain the precise place
of the best apex is attended with some difficulty ; but from

“the inspection of the figure which represents the quantities of
real motion required when a Herculis is fixed upon, it will be
seen that, by a regular method of approximation, we may
turn the line SP into a situation where all the angles of the

* Sce Phil, Trans. for 1783, p. 273, line 8 ; and page 274, line 4.
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apparent motion of the six stars, will be much reduced. The
quantities which are required for constructing another figure
to represent the threefold motions of our six stars, when a
different apex is fixed upon, are to be found by the same
method we have pursued in the instance of A Herculis; and
the figure that has been given with respect to that star, shows
evidently that the parallactic line SP should be turned more
towards the line sa, representing the apparent motion of Sirius.
We shall accordingly try a point near the following knee of
Hercules, whose right ascension is 270° 15’, and north polar
distance 54° 4.5
The result of a calculation of the angles and the least quan-
tities of real motion of our six stars, according to this apex, is
collected in the following Table, and represented in Fig. g.

Table VI.

Stars.

Angles of the parallactic Motion
with the Parallel.

Angles of the apparent with the
parailactic Motion.

Least Quanti-
ties of the: |
real Motion, |

[} J ° l/

Stifus - | 68 51' é south-preceding o 1 zg south preceding <;,ooo4561~

l Arcturus | 29 30 32 south-preceding 25 59 10 south-following 0,9145072

Capella - | 77 54 o south-following 6 18 38 south-following 0,0509727 |

Lyra - | 27 38 47 north-following 28 42 ¢ north-preceding 0,1557761 |

Aldebaran | 66 20 17 south-following 10 ¢ 21 south preceding 0,0217607 |

Procyon - | 64 48 27 south-foilowing 14 46 1 south-preceding 0,3159051 |
Sum [1",4593779

By this Table it appears that the annual proper motion of
our six stars may be reduced to 1”,4594, which is 0",7655 less
than the sum in the 5th Table, where the apex was A Herculis. ;

"In the approximation to this point it appeared, that when.
the line of the parallactic motion of Sirius is made to coincide
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with its apparent motion, we may soon obtain a certain mini-
mum of the other parallactic motions ; but as Sirius is not the
star which has the greatest proper motion, it occurred to me
that another minimum, obtained from the line in which Arcturus
appears to move would be more accurate ; for, on account of
its great proper motion, we have reason to suppose it more
affected than other stars, by the parallax arising from the
motion of the sun; and, with a view to this, I soon was led to
a point not only in the line of the apparent motion of Arcturus,

but equally favourable to Sirius and Procyon, the remammg
two stars that have the greatest motions.

If the principle of determining the direction of the solar
motion by the stars which have the greatest proper motion be
admitted, the following apex must be extremely near the
truth ; for, an alteration of a few minutes in right ascension or
polar distance either way, will immediately increase the re-
quired real motion of our stars. Its place is: right ascension
245° 52' 90", and north polar distance 40° 22’.

The calculated motions of the same stars by this apex will
be as in the following Table, and are delineated in Fig. 4.

Table VII.
Least Quanti-
Stars, Angles of the parallactic Motion Angles of the apparent with the ties of the
with the Parallel. parallactic Motion. real Motion,
o 4 . [ o . ”
Sirius - | 58 24 56 south-preceding 10 24 44 following - 0,20157
Arcturus | §§5 29 45 south-preceding o o 3 preceding = 0,00003
Capella - | 83 44 17 south-preceding 24 40 21 following - 0,19358
Lyra - | 36 28 33 south.following 9z 49 30 following = 0,32396
Aldebaran| 89 48 35 south preceding 13 18 58 following - 0,02842
Procyon -| 59 43 10 south-preceding 9 40 46 preceding - 0,20839
‘ Som_ | 0%,95595
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The sum of the real motions required, with the apex of the
solar motion above mentioned, is less in this Table than that
in the former by 0”,50343.

In these calculations we have proceeded upon the principle
of obtaining the least possible quantity of real motion, by way
of coming at the most favourable situation of a solar apex, and
have proved that the sum of the observed proper motions of
the six principal stars, amounting to 5",3534, may be the result
of a composition of two other motions, and that the real motions
of these stars, if they could be reduced to their smallest possible
quantities, would not exceed 0”,9559.

But as I do not intend to assert that these real motions can
be actually brought down to the low quantities that have been:
mentioned, it will be necessary to show that the validity of the
arguments for establishing the method I have pursued will not
be affected by that circumstance. In the first place then, we
should consider that although the great proper motions of
Arcturus, Procyon, and Sirius, are strong indications of their
being affected by parallax, it does not follow, nor is it probable,
that the apparent changes of the situation of these stars should
be intirely owing to solar motion; on the contrary, we may
reasonably expect that their own real motions will have a
great share in them. Next to this, it is evident that in the case
of parallactic motions the distance of a star from the sun is of
material consequence ; and as this cannot be assumed at plea-
sure, we are consequently not at liberty to make the parallactic
motion sp in Fig. 1, equal to the line sm of the same figure ;:
hence it follows, that the real motion of the star cannot be
from m to a, as the foregoing calculations have supposed ; but
will be from p to a. It is however very evident, that if ma be
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a minimum, the line pa, when sp is given, will also be a mi-
nimum ; and if all the ma’s in Fig. 4 are minima, it follows
also that all the sp’s, whatever they may be, will give the pa’s
as small as possible: and this is the point that was to be
established. ' '
Whatever therefore may be the sum of real motions required
to account for the phenomena of proper motions, our foregoing
arguments cannot be affected by the result; for,as by observa-
tion it is known that proper motions do exist, and since no solar
motion can resolve them intirely into parallactic ones, we ought
to give the preference to that direction of the motion of the
sun which will take away more real motion than any other,
.and this, as we have shown, will be done when the righi

ascension of the apex is 245° 52’ go”, and its north polar
distance 40° 22’.
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