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DOUBLE-STAR ASTRONOMY.

Iy attempting the history of any subject there is always the same
initial ditfieulty to confront—where to begin.  There is an inhersnt
tendency to push beck the dste os far as poesible, and sometimes
a little further.  This is true in the present instance. Stars must
for ages have received attention becauae of their apparent proximity
to each other. I think, however, we may fairly claim the year 1779
a8 the trae beginning of double-star astronomy. In this year Sir
W. Herschel commenced definitely the work which finally led to
the discovery of the real nature of these neighbouring gune.  True
it is that he had at this fime another purpose in view, and it is
vory diffieult, if not impossible, to say when the renl meaning of
his labours disclosed itself to him. We might claim another
century, for Riceioli noted ¢ Urse Majorta as double abaut the
middle of the t7th century, while Huyghena saw 6 Orionis quad-
ruple in 1656 %, and the duplicity of ¢ Arietis was detected by
Hooke in 1664 .

In addition to these it may be of intercst to %iﬂs the date of
discovery of a few others which have become well known in our
time :—

Diecoverad by
aCrmeis oo ovein e Fontenay 1685
a Centauri ........... . Righaud 168g &
P VAREIIN ucoiey winien Bradley 1718
Clastor........ e Bradley 171G
61 Cygni . .......... Bradley 753
ZCamerl .. civiiniiins Mayer 17560
eLyrm  ciiiiiiiiiaens Muskelyne 1765
a Herenlis ............ Maskelyne 1777
yo Ophinchi .......... Herzchel 1779
E Urse Majoris ..... ... Harschel 1781

The discovery of n Centauri is vsually ascribed fo Feuilléa | in
709, from the fact thai he was the first to give an estimate of

* Huoyghens, ¢ VP 5. t Phil, Trans. Ko, 4. p. 105,
+ Histoire ds FAeadbrnie depuis 1685-16gg, 1. ii. (Puris, 1733) p. 19.
§ Mém. de FAmd. depuia 16361699, . ¥il. 2 (Parls, 1729) p. 206,
| Journal des Observations phyafques, t. 1. (Paris, 1714) . 425,
A
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the relative positions of the components. The remarks of hoth
these observers are interesting. Richaud says :—¢ Hegardant 3
Yoceasion de In Cométe plusieurs fois les pleds du Centaure avec
mme lunetle d'environ douze pieds, je remarquai qoe le pied lo plos
oriental et lo plus brillisnt étoit une double étoile nussi bien que
Ie pied de la croisade ; avee cotte diffiérence, que dans la croisade
une étofle parait avec la lunette nutablement dloignée de Unntro
su lien quan picd do Centaure, les deux Gtoiles paraissent méme
avec Ia lunette presque ec touche ; quolque copendant on lea dis-
tingua aisement.”

These stars wers regarded not ss in resl proximity, but aecl-
dentally in the same visual line—one far beyond the other; and
this belief aceounts Tor the Fact that sueh pairs wors nol searchod
for, their discovery being accidental, We find thet immediately
their trae charactor was only even sugpected, the number of known
systems incrensed =t a very rapid rate, Tt is true that Tambert
in 1761 * maintained that the ctars were suns analogous to our
Sumn, and were accompanied by o retinve of planects and ecomets;
and the Rav, John Michell in 1765 found by the application of
the theory of chances that the grouping of stars was sesrcely
accidental, and that double stars found by the teloseope were for
the most part binary svslems,  These, however, were mere specu-
ations of one or two individuals.

Tn 1779 appeared a small hook entiiled Do nevis in Ceelo sidoro
Phenominis jn mirls stellirum Axarum eomitibus,” by Christian
Mayer §, wherein be speenletes as to the possibility of small suns
revolving argund largor ones, i of course he could give no
evidencs,  Mayer was a Jesuil Pather observing at Mannheim
with an 3-foot Bird mural goedrent, using o power of 8z He
colleeted all double stavs kpown down to the year 1781, and by
adding his own discoveries formed n list of 8¢ paire. Thiz Cota-
logne was published in Bode's ¢ Astronomdscho JTahrbach 1984
and as this may notb he vasy of aecwss Lhe fu]luwi:ug tahle ip. 0o)
will show the form employed (the stars are, of course, seleeted from
yarious Yn:rts of the complete list).

Lt will b sean that the quantities see very rough and afford no
hasis for his speculations, Indeed his remarks show thet he was
rather thinking of proper motions, for he savs :—* Double stars
are those which ore single to 1he nuked eye, but which are sepa-
rated by o less or prester magnification, often only by means of o
very good telescope, into two stars o few seconds apart, . . . By
ineans of careful ohservation of double stars il 18 pussible to dis-
cover proper motions,”  he positions, in the last column, of the

: * Cosmaologizabe Briele iber Einrichtung des Weltbaumes,' J. IL Lambert,
aFad.
b FPhil, Trame. vol. Iﬁii??F 131-2fg, ' An Tnguicy into the probable Parallos

and Magnitude of the Fized Btars from the Quantity of Light which they
afford wa. . .7

¢ Christinn Mnyer, 17og-1783,
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Etract from Muyer's List,
(* Astronomische Jahrbuch,” 1984.)
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comes relative to the prineipal star are mere estimations. Mea-
syring the angle with respect to the meridian was not possible noe
considered important until the invention of Herachels © revolving
microneter ” in 1770

Huving disposed of these preliminaries, we can now turn our
attention to llerschel’s work; and for this purpose we musk hegin
with hiz paper on the * Porallux of Fixed Stars” read before the
Raoyal Buciety, 17871, Decernber 6,

lie points out that * to find the distance of fized stars hasz been
a problem which wany eminent astronomers have aifempied to
salve ™ ; aud that the cause of non-soecess was due in s great
measure to the inherent ditficulties of the methods adopted. In
general, the method of zenith-distances lahours under the following
difficuliios : refractions imperfectly known ; change of Earth's axiy
arising from nutation; precession aod other cnuses not acourately
known.

Ha then suggests the following method :—*TLet O and E be
two opposite points of the annual orbit, talen in
the same plane with two stars, @ and b, of un- 5
equal magnitndes, Tetthe angle aOb be observed
when the Earth iz at O, and let the angle «Eb be
alea oheerved when the Iarth 1s at B, From the 5
differences in thess angles, if any should be found,
we may caleulate the parallax of the stars, ac-
cording to a theory that will be deliverad here-
after. Thesa two stars, for reasons that will soon
appear, ought to be as near each other as possible,

so to differ as much in magnitude na weo can
find them.” o &

He then goes on to say that Galileo and others
bad suggested and tried this method, but had not avoided those
errors because they had not chosen stars very close. Tim present

e
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method he shows to be free from the defeets above enumerated,
and states that parallozes of o™ 1 conld be detected.

It is remarkable that this senrch after parallax should have
been so prolifie in discoveries, and yet of so little value to the
main objeet. Bradley, labouring to obtain parallaxes, discovers
the aberration of light and the nutation of the Barth's axis, and
then Herschel, by the fact of observing two elose stars in place
of distant ones, {ighta upon the most unexpected and froitful
discovery of hinary stars,

To relurn to Harschel's paper and the real ground-plan of the
department of double-star work.  The suporstroeture is noi what
the architeet intended, and JTerschel was himself the first o
point out the diserepmney :—* As soon as 1 was fully satiefied
that in the investigation of parallax the method of doubla stars
winld have many advantages above sy other, il beeame necessary
to look out for proper stars. This mntroduced a new series of
observation. I reselved o cxamine every star in the heavens
with the utmest attention and a very high power, thalt 1 might
collaet sueh matgrials for this regearch as wonld conble me to fix
my ochservafions upon those thal would best answer my end.
The subjeet has already proved so extensive and still promises so
rich & harvest to these whe are ineclined to be diligent in the
pursuit, that 1 eannot help inviting overy lover of astronomy to
join with me in ohservations that must incvitably lead to new
diseoveries, T fook some poins to find out what donble atars hald
been recorded by astronomers ;s bul my silustion psrmiited me
not to ponsult cxtensive libraries, nor indeed wne it very moterial 5
for as T intended to view the heavens mysold, Nadurs, that great
volume, appeared 1o me to confain the Dest calalogue upon this
oecazion.  However, | remembered that the star in the head of
Cstor, that in the breast of the Viegin, and the [irst siar in
Aries hewl been mentionsd by Cussini as double stars, 1 alzo
found that the nebula in Orion was marked in Hoyphen's *Systems
Saiurninm ' as containing several stars, three of which (vow
konown to be four) are very near together,

*With thiz small stock I begun, and in the course of a few
years' observations have eollectad the stars contained in my
catalogne,”

Some forther remarks are interesting as showing the non-
diffusion of useful knowledge at this period, and how extremaly

re nnd unsatisfuctory were the few statements extant.
Herschel’s own notes, under exnctly similar elrenmstances, I shall
give presently. He says that * When at the Royal Observatory
m 1781 the Astronomer Roval* showed me a Herculis as a
double, stating that he had discovered it some years sinee. ., .,
Mr, Hornby at Oxford mentions « Boitis as a double. , . .. Tt
is & little hard on young astronomers to be obliged to discover
erer again what has alresdy been discovered 1.

* Maskolyno, t W. Heraohel, 1738-1822,
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In this particular instance, however, thera are few who coula
bring themselves to sympathise with Herschel. MHad he even
known of Mayer's catalogue, he might have been content to use
these stars, and then we should have lost all his discoveries, all
hig measures, and with them also the early discovery of hinary
stars. This papor literally teems with the most useful informa-
tion, and I eannot resist quoting still further from his notes on
observing, which most double-star observers even now either have
ﬂdﬂptﬁd or have fallan into the habit of nging.  Apd we must
bear in mind that Terschel had no elock-work to keep his stars in
the field ; this had to b done with his hands,

# In settling the distances of donble stars, T have occcasionally
used two different ways, Those that are extromely near each
other may be estimated by the eyo, v measures of their own
dinmeters. For this purpose their distance should not much
exveed two dismeters of the largest, s the eye cannot so well
make & pood estimate when the interval hetween them is greater,
This method has oiten the preforencs to that of the micrometer :
for instance, when the dinmeter of a small star, perhaps not equal
to half a second, iz double the vacaney betweon the lwo stars.
Here o micrometer ooght to measure tenths of a second at least,
otherwise we could not, with any desree of confidence, rely on its
messures.”

The remaining part of the paper is very inderesting, but is wore
distinetly eoneerncd with parullex,

in 173z, Jan. 10, llerschel published a catalogue of dooble stars
for the use of observers studying parallax, These he divides into
5% plassos . —

1. Stursrequiriog good telescopesand favourablecircumatances
to separate, ‘

2. Stars proper for estimation by the eye or very delicate
micrometer measures.

3. All stare more than 5" and less than 15" apart, and cannot
be looked upon as fres from the effects of refraction, &e.

“The gth, sth, and &6th classes contain double stars that are
15" to 3a", 30" to Go”, and Go'" Lo £20” or more apart.  Thoogh
these will hardly be of any service for the purposse of parailax,
I have thonzlit it not amiss to give an account of such as T have
observed ; they may, perhaps, answer another very importaut
ond . . . . Several stars of the first magnitude have already been
vbeerved, and others suspected, to have o proper motion of their
own ; henoe we may surmise that our Sun, with all i1z planeis and
comets, may also have s motion towards some particular parct of the
heavens.”

Here, again, observations of double stars may serve for & purpose
other than parallax; but no idea 28 to their real {nture use seems
to have been entertained. The determination of proper motions
from micrometric measures is vot regarded now with so much
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favour, and yet 1 belicve these ohservations eapable of yielding
very accurate resnlte,

"o return, this first catalogue of 269 doubls stars is of great
importanee, not only for the observations themselves, but for their
exhaustive charneter and orderly arrangement.  As an example of
the amount of information and the thoroughness which eharae-
terized Herschel's work, one excerpt from the eatulopue will
saffice :—

g Geminorum.  FL 66, April 8, 1778,

“ Double, A little unequal., DBoth W, The vasaney belwoen
the two slars, with & power of 146, i8 1 diamoter of §; with 222,
a little more than 1 diameter of Ty with 227, 14 digmeters of 53
with g6o, near z dinmetars of Tr {see g, 6); with 754, 2 dismelsra
of Ly 3168 the interval extremely large, and still preity distinet.
Ihstanes by micromeier 3"-156. TPosition 32° 47 » preceding.
These are all & mean of the lust two years' observations, except the
frgt with 146"

The firsl elass contained 17 stars, the second class 38, and
swongst them the following (—

Firat Olnsa, Hedond {Iass.
Asur. Firat obsezvation. Btar, TFirst obeserrutimg,
e Bodtis ... 177 Bept. 9 | a Qominor. .| I778, April 2
E Uraie M. varaes 1pde, May 2 | aIercnlls .| 1770, Aug, 29
¢ Corenm e, 1380, Ang. ¥ p Hereulin  ......0 1779, Aug. 3g
g Coranas ........] 1781, Bepl, o ELFIE voeeinninins 1779, Aug, 29
LCaneri .veeeend| 1781, Nov. 21 £ Aquardi .........| 1770, Sepk. 1z

Bo far as I can ascertsin, the first star measored belonzed io
the third ¢lass, viz. # Orionis, 1776, November 11.  After this
paper had been read, Herschel saw Mayer’s memoir,  De novis
m Ceelo sidero Phwenomenis,” which is contained in the gth volume
of the * Acta Academiz Theodoro Palatinm,’ and acknowledges in
o postseripl that Mayer bad the idess before him. He also says
that he purposely nsed the expression * donble star * in prefercnee
to such words as comes, ecompanion, satellite, © becanse, in his
opinion, it is much too early to form a theory of small stars
revolving aronnd larger ones.” In the words uf{‘ir. Struve, these
speculations © n'obtinerent point, & cetle époque, l'approbation de
Instronome ealme de Slough.”  He found that 31 of Mayer's stars
wore not in his cataloguoe,

An important paper of this calibre naturally set astronomers to
work, and in the * Philosopbical Transactions,” 1783, November 27,



