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XXXII. On the Calculation of the Orbits of Double Stars.
By Professor EncrE*.

T was the immortal Herschel who, among his many grand
views, first directed the attention of astronomers to the
highly remarkable phanomenon that so many stars are placed
closely together, and to the conclusion which he drew from
this circumstance, that there is great probability that two such
stars, separable only by highly magnifying telescopes, are not
only apparently near each other, owing to the place whence
they are viewed, but that they really form in space a coordinate
system; that they act upon one another, and in consequence
undergo changes in their relative positions, which, after longer
or shorter intervals, may be capable of observation, and whose
laws may be developed in the course of time; and from that
moment a new field has been opened for practical astronomy,
the extent of which it is not yet possible to determine. Herschel
was not satisfied with merely advancing this hypothesis, but
he, in the beginning of his career, thoroughly examined the
heavens, and recorded a number of observations en the rela-
tive positions of stars thus placed closely together, in order to
transmit to future times safe points of comparison; and he en-
joyed the satisfaction of learning, that on a new examination,
after a lapse of more than twenty years, such sensible changes
were observed, in several double stars, as left no doubt re-
garding the truth of his hypothesis. After him, Struve of Dorpat
rst resumed these investigations, confirmed the observations
of Herschel, and after a due appreciation of his wonderful
zeal, and the eminent skill evinced by him in the management
of inferior means, he obtained, in the great refractor of
Frauenhofer, one of the most powerful instruments for accu-
ratelyinvestigating this subject. Herschel (the son), and South,
had in the mean time likewise devoted their eminent talents
to the observation of double stars; and since the new cata-
logue of Struve has proved the vast number of such systems ;
since the comparison of the observations made with different
instruments, and after different methods, promises a by far
§reater degree of accuracy than was formerly expected ; since,
astly, practical optics, in England, France, and Germany
have, with regard to the size of instruments and the distinct-
ness of images, reached a perfection hitherto deemed unattain-
able, the observations of double stars have obtained much
additional interest.
Our experience is, indeed, as yet too short to derive from
it any thing permanently correct; the whole space of time to
* From Encke’s Ephemeris, for 1832.
which
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which it extends being hardly fifty years, during which time
even the subject has neither been continually nor closely pur-
sued, as it is at most fifteen years during which the attention
of several astronomers has been simultaneously directed to it.
As there are, however, a few systems of stars the observations
of which embrace nearly a full revolution, and as in the case of
others considerable portions of the curve in which they move
may be determined, it cannot be deemed an idle speculation
to apply to those distant systems the laws by which our solar
system is governed, in order to perceive how far these laws
may then be confirmed.

The only course we can adopt in this respect is to apply
the Newtonian law, of gravity, whose truth, within the limits of
our solar system, may be considered as rigorously demon-
strated, and whose extension beyond those limits possesses
the highest degree of probability. Agreeably to that law the
relative orbits of two celestial bodies, subject only to their
present mutual action on one another, will be a conic section,
or, in the case here under consideration, an ellipse.

The point in which most probably such systems of stars
will differ from our solar system, viz. that the difference be-
tween the two mutually attracting masses will not in them be
so considerable as in the case of the sun and planets, has no in-
fluence on the orbit; and instead of considering the motions of
both bodies around their common centre of gravity, we may
with perfect rigour suppose the one to be at rest, as it were, in
the seat of the central force. If we denote the mass, and the
three coordinates, referred to an arbitrarily assumed system of
three rectangular axes, of the one star by m, 2, %, z, those of
the other by =, 2/, ¥/, #/, their distance by ¢, and the time by
¢, the differential equations of the motion of the one star, as
far as it is only acted upon by the attractive forces of the
other, will be, agreeably to the Newtonian law of gravity,

dx  m(z—2) &y  w(y—y
de2 + 93 =0 dt? + 93 =0,

2 ! (oo
&’z m(z—%) = 0, and those of the other star:
d e
s | m(d—a) &y my—y)
aFt T =% gt =0
die! m (2 — 2)
a7 + 7 = 0,

2A2 and
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and from their combination we obtain the following :
P(d—z) | (m4m)

T+ O @ =,
(Y —y)  (m'4+m) =
ar ¢ =9 =0
d_g(_z’:;z) (m’.:‘.m) (? — 2) = 0, which are the

differential equations of an elliptical motion, for which the
central force m'-+m may be supposed to reside in the one
star. The knowledge of the ratio of this mass to that of the
sun will not be obtained until the parallax of this pair of stars
is known; nor will the ratio of m and m’ be ascertained until
we have determined the law, according to which the centres
of gravity of the different systems move abount, and until by
its application we can ascertain the position of that point be-
tween the two stars, for which it is true, or of their common
centre of gravity*. Our observations do not refer to the el-
lipse actually described by the moving star about the one at
rest, but to its projection on a plane vertical to the line of
vision. The projection of a conic section on a plane any how
inclined being likewise a conic section, the projection will in
our case likewise be an ellipse, with this difference only, that
the star at rest will no longer be in its focus. The determina-
tion of the orbit of the double stars is, therefore, on the one hand
incomparably more easy than the determination of the orbits
of planets, inasmuch as the change of position of the observer
does not come into consideration. But, on the other hand, it
is more difficult, because the focus itself of the ellipse is
not given, but only its projection in the projected ellipse, and
the mass being unknown, the measure of areal velocity is
wanting. As, therefore, in the case of planets, six data or
elements are sufficient, because by them, combined with the
known mass of the sun, or the 4 in Gauss’s Theoria Motiis,
&c. which depends on it, the areal velocity itself is given, so
in the case of double stars this latter must be separately ascer-
tained, and we want, consequently, the determination of seven
elements.

Every observation gives, besides the moment of time, two
coordinates in the plane of the projected ellipse, which deter-
mine the relative position of the moveable stars with regard
to the one at rest. Three complete observations or-the six
quantities obtained by them, and independent of one another,

* See Bessel, in Zach’s Monthly Corresp. 1812, Avgust, p. 161,
are
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are not sufficient for the determination of seven elements.
Four observations are still more than sufficient. In a similar
manner however, to the determination of the orbit of a comet,
the superfluous datum of the four observations may be made
use of for obtaining, in conjunction with another, a datum which
is more suitable to the calculation, or it may be employed for
any other particular purpose, and for facilitating the develop--
ment. If the time were not to be taken into consideration at
all, it would be necessary; the ellipse having five constants in
its most general equation, to have five distances, with their in-
termediate angles, in order to obtain the projected ellipse.
The condition that the point from which the distances have
been taken, is the projection of the focus of the true ellipse,
would give the position of the plane, and consequently its
true form. If, however, the ohservations were in other re-
spects incomplete ; if, for instance, at a given time only one of
the polar coordinates, perhaps only the angle of position, as
it is called, had been observed, and as it will be by no means
advisable, to neglect an element, which is so easily obtained
as the time, we should require as many observations as there
are elements to be determined ; viz. seven.

The latter case may perhaps arise in future, as, according
to our present experience, it is more easy to determine the
angle of position with a certain degree of accuracy, than the
distance. For the present time, however, it would be super-
fluous to found the determination of an orbit on such incom-
plete observations, which presents, as it appears, greater diffi-
culties than that founded on the employment of complete obser-
vations. The epochs are as yet not distant enough from one
another to allow the selection of seven of them. I limit my
investigations, therefore, to the case of four complete observa-
tions, from which the orbit of a double star is to be derived.

M. Savary has already treated the same subject in the Conn.
des Temps for 1880, and bas illustrated his methods by an
application to £ Urs. Maj. in such a manner as to present in
his caleulations a closer conformity to the observations, than
could have been expected from the difficulty of obtaining them.
The difference of his deduction from that which here follows,
consists perhaps only in his employing the properties of the
ellipse when referred to its conjugate diameter; while my in-
vestigations are founded on the relations usually employed in
astronomy. My formulae may also, perhaps, be more conve-
nient for calculation.

Let the star which is considered to be at rest be the point of
beginning of the coordinates, and les the times of the obser-
vations in their proper order be #,, 7, o, £,

The
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The observations commonly give immediately the polar co-
ordinates of the moveable star, when the angles are reckoned,
sometimes from the circle of declination, sometimes from the
parallel of the star at rest. - Let the angles reckoned from any
one of the principal axes, in the direction of the motion, from
0° to 860°, be designated by_p,, p,, Ps, p4; and let the di-
stances be expressed by ¢, ¢35 035 2,- In comparing linear
dimensions it is more convenient to have rectangular coordi-
nates. If we consider, therefore, the principal axis as the
axis of one of the coordinates, and an axis perpendicular to
it as that of the others, we have, with due regard to the signs
of the trigonometrical functions,

E=pn €OS Py Ba=rps €OS Pg Es=ps €05 Py Ei=rps €0S Py
M = p1 SN Pyy Ny = pg SIN Pgy M3 = pg S Py Ny = py SN Py

If we designate the origin of the coordinates by 0, and the
respective places of the star by 1, 2, 3, 4, and the double areas
of the triangles inclosed by any three of these five points, by
the respective three numbers in parentheses, we have the fol-
lowing six expressions:

(01 2) = 182 SIN (Pa—p) = 1.6 — N £
(0138)= 81 ¢g SIN (Ps—p) = nky — 0 &5
(A) (01 4) = gy, 5IN (Py— 1) = By — n, &,
(0238) =g, sin (pg— py) = 138, — 1. &5
(024) = gyp, 8in (py— po) = n &y — 8,
(084) = gy, sin (py— ps) = b3 — 34y

Irom their combination the triangles between the places
themselves may be derived. We have

(128) = (012) + (028) — (013)
gy (124)=(012)+(024) —(014)
( (184) = (013) + (084) — (014)

(234) = (023) + (084) — (024)

which, however, are connected together by the following equa-
tion of condition :

(C) (1284)=(128)+ (184)=(124)+(234).

Agreeably to the nature of the ellipse, the signs of the areas
(B) must always be positive. A negative sign in the areas
(A) denotes that if the triangle be conceived to be formed
by the movement of the distance to which the greater index
belongs, a movement through an angle of more than 180° in
the positive direction has taken place.

If we denote, in a similar manner, the chords between'

any
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any two of the four places by the respective two numbers in
parentheses, we have
O s
= a3 4y Mg ™ M
© A= G RE )
(280 = (Bs— B + (g — mp)°
(247 = (5= &) + (g — m)°
(84 = (Es— &f° + (1a— n)°
The equations (A) (B) (C) (D) contain the data of the ob-
servations.
[To be continued.]

XXXIII. A Botanical Description of Hermione Cypri. By
A. H. Haworty, F.L.S. §c. §e.

To the Editors of the Philosophical Magazine and Annals.
Gentlemen,

IN my last communication to your useful Magazine, N. S.

vol. viii. p. 130, it was stated, under the description of
Hermione tenuiflora, that the double and semi-double flowering
varieties, hitherto proposed doubtingly under it, were pro-
bably of another and distinct species, supposed to come from
the Island of Cyprus, which I there designated H. Cypri.

At that time the flowers, in their single state, had not fallen
under my examination. In fact I never could procure or find
the plant in that state until the present time; when the acute
eye of my friend Mr. Sweet detected a specimen of it, nearly
in full bloom, amongst Mr. Colvill’s forced bulbs, at his noble
Nursery in the King’s Road; whither I went to examine it,
and there saw along with other bulbous plants, in full bloom,
the most showy and best managed collection of Hybrid AmaryI-
lide 1 ever beheld.

I had no sooner pronounced the Hermione Cypri new to
me, and to be undescribed, by any modern writer at least, in
its single state, than Mr. Colvill, with his usual kindness
towards helping me to elucidate this beautiful tribe of plants,
made me a present of it; although it was the only one in his
extensive collection.

I am the more flattered at this, because it enables me to
show that the conjecture I made, as above cited, concerning
the distinctness of this species, has not proved incorrect. And
I hope to persuade Mr, Sweet to give the botanical world a
representation of it, from the pencil of his excellent artist
Mr. Smith, in an early Number of his beautiful British Flower

Garden,



