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! O find the diftance of  the fixed ftars has been a:problem:

which. many eminent: aftronomers have attempted to.
folve ; but about which, after all, we remam in a great: mea--
fure ftill in the dark. Various methods have been purfued:
without fuccefs, and the refult of the fineft obfervations- has.
hardly given us more than a diftant approximation, from which.
we may conclude, that the neareft of. the fixed ftars cannot be-
lefs than forty thoufand:diameters of the whole annual orbit of
the earth diftant from us. Trigonometry, by whofe powerful:
affiftance the mathematician has boldly afcended into the pla-
netary regions, and meafured the diamcters and orbits of the
heavenly bodies, for want of a proper bafe, can here be but of
hittle fervice; for the whole diameter of the annual orbit of
the earth is a mere point when compared to the immenfe dif~
tance of the ftars. Now, as it is not in our power to enlarge
this bafe, we can only endeavour to improve the inftruments
by which we meafure its parallax.

There are two things requifite for meafuring extremely
fmall angles with accuracy. Firft, that the inftrument we ufe
for this purpofe, be it quadrant, feftor, or micrometer, fhould
be divided and executed with fufficient exa&nefs; and, fe-

condly, that the telefcope, by which the obfervations are to be
made,
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Myr. aErsCHEL on the Parallax of the Fived Stars. 8

‘made, fhould have an adequate power and diftinétnefs. Upon
the firft head, ‘the great improvements of mathematical inftru-
‘ment-makers have hardly left us any thing to defire: we can
now meafure {feconds with almoft as much facility and truth as
former obfervers could meafure minutes ; nor do I think it im-
‘poffible to go ftll further, and divide inftruments that would
thew thirds with fufficient accuracy. It is in the latter, or
-optical part, we find the greateft difficulty. To fee a fingle
fecond of a degree with precifion requires a telefcope of very
‘great perfeCtion therefore, fuppofing the mechanical part of
an apparatus well executed, it will ftill be neceffary to try how
far the power of our telefcope will enable us to afcertain with
confidence the divifion or number of feconds it points out. If
‘upon trial we find that our inftrument will give us the {fame
meafure within the fecond, every time the experiment is re-
‘peated, we may pronounce it capable of meafuring feconds;
if otherwife, it will remain to be examined, whether the fault
lies in the mechanical or optical part.

Let us now fuppofe that the parallax of the fixed ftars does
not atnount to a fingle fecond, yet ftill the cafe is by no means
defperate ; and though the difficulty of meafuring feconds will
foon fuggeft to us what extraordihary powers and diftin&nefs of
the telefcope, and accuracy of the micrometer, are required to
meafure thirds ; this ocught by no means to difcourage us in
the attempt. Could we meafure angles, much fmaller than
{econds, might we not hope to find the parallax of fome of the
fixed flars at leaft to amount to feveral thirds? On the other
hand, if it fhould appear, indeed, that even with fuch im-
proved methods of meafurement we could not reach the
remote fituation of fuch almoft infinitely diftant funs, we
might ftill derive a valuable approximation towards truth from

M 2 {fuch
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fuch repeated obfervations, even though they fhould not be
attended with all the fuccefs we expefted from them. On this
affurance, I endeavoured to take fuch a method for attempting
the inveftigation of the parallax of the ftars as to avail myfelf
“of the improvements I had already made, and was {lill in hopes
of making, in my telefcopes.

The next thing that was neceffary to confider in this under-
taking was, the manner of putting it into execution. The
method pointed out by GALILEO, and firft attempted by noox,
FLAMSTEAD, MOLINEUX, and BRADLEY, of taking diftances
of ftars from the zenith that pafs very near it, though it
failed with regard to parallax, has been produ&ive of the moft
noble difcoveries of another nature. At the fame time it
has given us a much jufter idea of the immenfe diftance
‘of the ftars, and furnithed us with an approximation to the
knowledge of their parallax that is much nearer the truth than
we ever had before. Dr.BRADLEY, 1n a letter to Dr. HALLEY
on the fubjet of a new difcovered motion of the fixed ftars,
fays, < 1 believe I may venture to fay, that in either of the
¢ two ftars laft mentioned (y Draconis and 4 Urfze majoris) it
¢¢ (the annual parallax) does not amount to 2. I am of opi-
¢¢ nion, that if it were 1”7 I fhould have perceived it in the
¢ great number of obfervations that I made, efpecially upon
¢¢ o, Draconis ; which agreeing with the hypothefis. (without
¢ allowing any thing for parallax) nearly as well when the
¢ fun was in conjunétion with, as in oppofition to, this ftar,
¢¢ it feems very probable, that the parallax of it is not fo great
« as one fingle fecond.” Phil. Tranf. n. 406. p. 637. Dec.
1728.  As I do not know that any thing more decifive has
been done upon the fubjec, it will not be amifs to fee how far

this method of finding the parallax has really been fuccefsful.
The
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The inftrument that was ufed upon this occafion was the fame
as the pi'efent zenith fe€tors, which can hardly be allowed fuf-
ficient to thew an angle of one or even two feconds with
accuracy ; yet, on account of the great number of obferva-
tions, and above all the great fagacity of the obferver, we
will admit that if the parallax had amounted to two {cconds he
would have perceived it. The ftar on which thefe obfervations
were made is marked of the third magnitude in the catalogue
of PTOLEMY ; in TYCHO BRAHE’s of the third; in the Prince
of HEssE’s of the third; in HEVELIUS’s between the third and
fecond ;5 in FLAMSTEAD’s of the fecond ; and now appears as a
very bright ftar of the third, or {mall ftar of the fecond mag-
nitude ; therefore its parallax is probably confiderably lefs than
that of a flar of the firft magnitude. Several authors who
have touched upon this fubject feem to have overlooked this
diftin&ion ; and from Dr. BRADLEY’s account of the parallax
of 5 Draconis, have concluded the parallax of the ftars in gene-
ral not to exceed 1”73 but thisappears to me by no means to fol-
low from the dotor’s obfervations. It israther evident that, for
aught we know to the contrary, the ftars of the firft magni-
tude may ftill have a parallax of feveral feconds; and I believe
this to be as accurate a refult as that method is capable of giv-
ing, at leaft in latitudes where there is not a ftar of the firft
magnitude that pafles direé&tly through the zenith *.

In

* DE LA LANDE, in his excellent book of Aftronomy, fays, that the parallax
of the fixed ftars has been proved to be abfolutely infenfible (Aft. liv. XVI.
§ 2782.). He reports the obfervations of TYcHoO BRAHE, PICARD, HOOK, and
FLAMSTEAD, and concludes (§ 2778.) from the difcovery of the aberrdtion by Dr.
BRADLEY (which it feems he alfo allows to be the moft decifive upon the fubjeét)
that now the queftion about parallax is refolved. In giving us the opinion which

the



26 Mr. HERSCHEL on the

In general, the method of zenith diftances labours under
the following confiderable difficulties. In the firft place, all
thefe diftances, though they fhould not exceed a few degrees,
are liable to refractions; and I hope to be pardoned when [ fay
that the real quantities of thefe refraltions, and their differences,

the doétor had of the refult of his own obfervations with regard to the annual
DPE LA LANDE only mentions ¢ M, BrADLEY penfe que fi elle (la

Jparallax,
¢« parallaxe) efit été feulement de 1’/ il Vauroit apper¢ue dans le grand
But

¢ nombre d’obfervations qu’il avoit faites, furtout de 4 du Dragon.”
if we alfo take in thofe lines upon which Dr. BrapLEY feems to lay the
greateft firefs, viz. “¢ I believe I may venture to fay, that in either of the
«¢ two ftars laft mentioned it does net amount to two feconds;” and if we
allow for the magnitude of the ftars upon which the obfervations were made, I
think I have fairly ftated the full amount of all the atual proofs we have of the
Amallnefs of the annual parallax. New, fince it has efcaped the fineft obfervations
of BRADLEY, it is not likely that it fhould come up to the full quantity to which
it might amount without being perceived; and therefore the do&tor might think
it highly probable, ¢ that it is not fo great as one fingle fecond ;” and his opi-
nion, as well as pE LA LANDE’s, who believes it to be abfolutely infenfible, are
perfe@ly confiftent with all the obfervations that have hitherto been made ; though-
the allual f’roqﬁ{, which are the fubjett of our prefent inquiry, do not extend fo
far. Againft the parallax of Sirius DE LA LaANDE (§ 2781.) mentions ¢ forty-
«¢ five meridian altitudes taken by Dr. Bevis[a], with the ecight-feet mural qua-
¢ drant of the Royal Obfervatory at Greenwich, none of which differed 3 or 4
¢ from the mean altitude.” Now, if they differed 3 or 4’/ from the mean, we
1may fuppofe they differed 6 or 8’ from each other ; and that obfervations, {ubje&
10 fo many caufes of error as I fhall prefently enumerate, and which differed fo
much from each other, cannot give the leaft evidence either for or againft a paral-
lax, will need no proof. Refraction alone, which is liable to fuch changes at the
meridian altitude of Sirius, notwithftanding the moft careful obfervations of the
baromaeter and thermometer fhould be made to afcertain its quantity, would,
with me, remain an unanfwerable argument againft the validity of fuch obferva-

tions in a fubjet of this critical nicety.

[a] Thefe obfervations were not made by Dr. BEv1s, but extratted from the regifters of the Royal

\Obfervatary at my defire, and calewlated by myfelf, and fent in 2 letter by Dr, srvisto Paris,
NEVIL MASKELYNE.

are
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are very far from being perfe@tly known. Secondly, - the
change of pofition of the earth’s axis arifing from nutation,,
preceffion of the equinoxes, and other caufes, 1s fo far from
~being completely fettled, that it would not be very eafy to fay

what it exaltly is at any given time. In the third place, the:
aberration. of light, though beft known of all, may alfo be
Hable to.fome {malk errors,. fince the obfervations from which it
was.deducedlaboured under-all the foregoing difficulties. I do-
not mean to fay, that our theories of all thefe caufes of error
are defective; on the contrary, I' grant that we are for moft
aftronomical purpofes fufficiently furnithed with excellent tables
to.corre&t our obfervations from the above mentioned errors.
But when we are upon {o delicate a pemnt as the parallax of the
ftars ;. when we are inveftigating angles that may, perhaps, not
amount to.a fingle fecond, we muft endeavour to keep clear of”
every poflibility of being involved in: uncertainties ;. even the
hundredth part of a: fecond becomes. a quantity to-be taken-
into confideration..

I' thall now deliver the method I have taken; and fthew that:
it is free from. every error to which. the former is liable, and is.
ftill. capable of every improvement the telefcope and mecha-
nifm of micrometers can. furnith..

Let OE (fig. 1.) be two oppofite points of the annual orbit,
taken.in the fame plane with two ftars a,.4, of unequal magni--
tudes. Let the aﬁgle a 0% be obferved when the earth is at
©O: and let the angle aE be alfo: obferved when the earth is:
at E.. From: the difference of thefe angles,. if any fhould be
found,. we may calculate the parallax of the ftars,. according to
a theory that will be delivered hereafter, Thefe two ftars, for

reafons.that will foon appear, ought to be as near each other as
poffible,
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poflible, and alfoto differ as much in magnitude as we can find
them.

GALILEO, I believe, was the firft who fuggefted this me-
thod ; but in the manner he mentions it in his third dialogue
of the Syfema Cofmicum, it would be expofed to all the difficul-
tics we have enumerated, and would with to avoid ; for he does
not obferve, that the two ftars thould be fo near each other as
thereby to preclude the influence of every caufe of error.

This method has alfo been mentioned by other authors; and
we find that Dr. LoNG obferved the double ftar which is the
firt of Arles in PTOLEMY’s catalogue; that in the head of
Caftor ; the middle one in the {word of Orion ; and that in the
breaft of Virgo, with telefcopes of fourteen and feventeen feet,
and ¢¢ was perfuaded they would be found always to appear
¢ the fame.” But when the theory of parallax will be ex-
plained, it will be feen that every one of thefe ftars are totally
improper for the purpofe ; for the ftars of o Arietis are near 10"
diftant froin each other, and moreover equal in magnitude. In
. Geminorum the flars, though near enough, do not fuffi-
ciently differ in magnitude to thew any parallax. The ftars in
the Nebula of Orion, on account of their extreme {fmallnefs or
dittance, ars {till more improper than any ; and thofe of ¢ Vir-
ginis are cqual in magnitude.

I do not find that any thing elfe has been done upon the fub-
ie&.  cavino juftly remarks, that fuch obfervations oughtto
be made with the beft telefcopes, and upon this occafion mentions
the power of his own, which enlarged the ditk of the fun a
thoufand times, from which we find it magnified about thirty~
two times 3 but we can hardly think his nor even Dr. LoNg’s,
whofe powcr might probably be fixty or feventy, fufficient for
the purpofe.  'What would cALILEG fay, if he were told that

our



Parallax of the Fixed Stars, 89

our prefent opticians make inftruments that enlarge the ditk of
the fun above forty thoufand times? What would even cassint
fay, if he were to view the firft ftar of Aries, which appeared to
dim as {plit in two, through a telefcope that will thew 4 Co-
rona borealis and 4 Draconis to be double ftars ?

But to proceed, I fhall now prove that this method, if ftars
properly fituated ({fuch as I have found) are taken, is free from
all the errors occafioned by refrattion, nutation, preceflion of
the equinoxes, changes of the obliquity of the ecliptic, and
aberration of light; and that the annual paraliax, if it even
thould not exceed the tenth part of a fecond, may fill become
vifible, and be afcertained at leaft to a much greater degree of
approximation than it ever has been done.

It will alfo appear, from the great number of obfervations I
have already made upon feveral double ftars, efpecially & Bootis,
that we can now with much greater certainty affirm the annual
parallax to be exceedingly {mall indeed; and that there is a
great probability of fucceeding ftill farther in this laborious
but delightful refearch, foas to be able at laft to fay, not only
how much the annual parallax 75 #o¢, but how much it really
s,

Let there be two ftars at a diftance from each other, not ex-
ceeding five feconds ; fuppofe them to be obferved at an altitude
of 20°; and let them be fo fituated with refpe& to each other,
that one of them may be 20°, and the other 20°and 57 high :
then the whole effect of mean refraction at that altitude, by Dr,
MASKELYNES excellent tables, will be 2’ 35”,5 for 20° and
2/ 35”,4888 for 20° 5}’. The difference iso”’;or11.  Now, in
the firft place, we have nothing to do with the refralion itfelf,
fince the real altitude of the ftars is not in queftion. In the
next place, we alfo have no concern with the difference of refrac-

Vor., LXXII. N tion
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tion between the two ftars, though no more than the ,orrith
part of a fecond, becaufe the real diftance between the two ftars is
not required.. It follows then, that thefe obfervations can only
be affetted by the difference of the difference; that is, by an
alteration in the quantity of refra¢tion occafioned by the change
of heat and cold, or Weigllt of the atmofphere, and pointed
out to us by the rife and fall of the barometer and thermomes
ter. Letus then fee what this difference of the difference-may
amount te. Suppofe a change of 22° of FAHRENHEIT's-ther-
mometer, that is, from the freezing point to the moderate aix-
of a fummer’s night, and a difference of an inch in the height
of the barometer; thefe two caufes both confpiring, which
does not often happen, may occafion an.alteration of ,c0096th
part of a fecond in five, at an altitude of 207; but* this- being:
lefs than the thoufandth part of a.fecond may fafely be rejected
as a quantity altogether. infenfible.

Since it may nat be always convenient to view. thofe ftars at.
the altitude of 20°, it remains to fee what effe¢t:different alti-
tudes may have: let us then make the moft unfavourable fup-
pofition, that they may: one time be feen. in a horizontal. pofi~
tion, having before been feen vertical. In this cafe, as the
whole difference of refraion ima.difference of 5% of altitude:
is no more than ,01.17, provided they are obferved not lower
than 20°, and the whole difference of the difference of refrac-
tion is only ,0009;.the fum.,012, when.both confpire, not
exceeding much the hundredth. part of a. fecond,, may. ftill be
reje&ked as infenfible. Let.us alfo examine how. near the hori~
zon it may be fafe to obferve fueh ftars. At 10°, for inftances
the refra&ion is 5/ 14,6 ;. the difference for 57 is ,0388; the
joint effect.of. the changes in the barometer and thermometer is
,0034 3 thefum of the whole together amounts to ,0422, which

5 15
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is lefs than half the tenth of a fecond : now this may either
be taken into confideration, or fuch low obfervations may be
avoided, as being by no means neceflary, and but ill fuiting
‘the high powers a telefcope proper for this purpofe ought to
-bear. |

The change of pofition of the earth’s axis I look upon as an
unfurmountable obftacle to taking the parallax of ftars by the
method of zenith diftances: for though refradtion is much re-
duced in the zenith, this change is there no lefs fenfible than in
other parts of the heavens; but as this will always affe¢t our
two ftars exadly alike, we are entirely freed from this embar-
raflment. |

The aberration of light can have no influence of the leaft
confideration upon our two ftars, as a mere infpetion of the
tables will thew. In a whole degree, its effets, when greateft,
amount but to four-tenths of a fecond, and confequently in
§’" to no more than ,0005, or the two thoufandth part of a
fecond.

‘Obfervations of the relative diftance of the two ftars that
make up a double ftar, being thus cleared of every impedi~
ment, are capable of being continually improved by every de-
gree of perfettion the telefcope may acquire: we can chufe
{tars that may be viewed fufficiently high to be clear of the
vapours that {fwim near the horizon, and confequently employ
the greateft powers our inftruments are capable of. From
experience I can alfo affirm, that the ftars will bear a much
higher degree of magnifying than other celeftial objects. Too
much has hitherto been taken for granted in optics: every na-
tural philofopher is ready enough to allow the neceflity of
making experiments, and tracing out the fteps of nature; why

this method fhould not be more purfued in the art of fecing
N 2 docs
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does not appear. Theories are only to be ufed when proper
data are affigned; but the data are carefully to be re-examined,
when new 1mprovements may widely alter the refult of former
experiments. ‘Thus, we are told, that we gain nothing by
magnifying #00 much. 1 grant it; but fhall never believe I
magnify too much till by experienceI find, that I can{ee better
with a lower power. Nor is even that fufficient: a lower
power may fhew more of the obje@; it may fhew it brighter,
nay even diftinéer, and therefore upon the whole better ; and
yet the greater power may, in a particular cafe, be preferable :
for if the obje@ is fo fmall as not to be at all vifible with the
lower power, and I can, by magnifying more, obtain a view of
it, though neither fo bright nor diftinét as 1 could with, is it
not evident, that here this power 1s prefelable to the former ?
The naturalift does not think himfelf obliged to account for
all the phznomena he may obferve; the aftronomer and opti-
cian may claim the fame privilege. When we increafe the
power we leflen the light in the inverfe ratio of the {quare
of the power; and telefcopes will, in general, difcover more
{mall ftars the more light they collet; yet with a power
of 227 I cannot fee the fmall ftar near the ftar following
o Aquile, when, by the fame telefcope, it appears very plainly
with the power of 460: now, in the latter cafe, the power
being more than double, the light is lefs than the fourth
part of the former. In fuch particular cafes I generally fufpeét
my own eyes, and have recourfe to thofe of my friends. Ihad
the pleafure of fhewing this ftar to Dr. wA1soN junior, who
foon difcovered the fmall ftar, which accompanies the other,
with the power of 460; but faw nothing of it with 227,
though the place where to look for it had been pointed out to

him by the higher power. The experiment has been too often
repeated
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yepeated to be doubtful, and has alfo been confirmed by others
of nearly the fame nature: for inftance, the fmalleft of the
two that accompany the ftar near # Aquile, the fmall ftar
near w Herculis, and the fmall ftar near « Lyre, are invifible
with my power of 227, and vifible with the fame aperture
when the power is 460. Alfo the fmall ftars near rram-
STEAD’s 24th of Aquila, the fmalleft of two near & Corone,
the fmall ftar near the ftar fouth of ¢ Aquile, the fmall ftar
near the fecond o Perfei, the {mall ftar near the ftar which
accompanies FLAMSTEAD'S ‘1oth fub pede et fcapula dextra
Tauri, the {mall ftar, near 8 Delphini, and the {fmall {tar near
the pole ftar, are all much brighter and ftronger, and therefore:
much fooner feen with 460 than with 227.

Great power may alfo, in particular circumftances, be fa-
vourable, even with an excefs of aberration. When two ftars
are {o clofe together as to make the fcale for meafuring the:
diftance of their centers too fmall, if, by magnifying much,
we can enlarge that diftance, we may gain a confiderable ad-
vantage, provided the centers or apparent bodies of the ftars
remain diftinét enough for the purpofe of thefe meafures. The
appearance of « Lyre in my Newtonian refle€tor with a power
of 460 is reprefented in fig. 2.5 with 2010 in fig. 3.; with
3168 in fig. 4.5 and with 6450 in fig. 5. Now in all thefe
figures we fee, that the centers are ftill diftin& enough to mea-
fure their diftances with fufficient truth ; or if any little error
fhould be introduced by the magnitude of the central point, it
will be more than fufficiently balanced by the largenefs of the
fcale. In this manner, with a power of 3168, I have obtained
a {cale of no lefs than ten inches fix tenths for the diftance of
the centers of the two ftars of o Geminorum: and as we

7 know



94 Mr. HERSCHEL on the

know thefe centers to be but a few feconds diftant, it is plain
how great an advantage we gain by fuch an enlarged fcale.

Thefe experiments have but very lately pointed out to me a
method of making a new micrometer, upon a confiruction
entirely different from any that are now in ufe, which T have
been fuccefsful enoughto put in praétice, and by which I'have
already begun to determine the diftance of the centers of fome
of the moft remarkable :double ftars to a very great degree of
accuracy *,

The powers that may be ufed upon various double ftars are
different, according to their relative magnitudes: ¢ Bootis, for
inftance, will not bear the fame power -as « ‘Geminorum, nor
would it be difficult to affign a reafon for dqt+; but as T'here fhall
merely confine myfelf to facks, it will be fufficient in general
to ‘mention, ithat two ftars, which are -equal, or mearly fo,
will bear a very high power: yith «‘Geminorum T have gone
a5 far as 31685 but with the former-onlyto 2010, The diffi-
culty of ufing high powers is exceedingly great; for the field
of view :takes in lefs than the diameter of the hair or wire in
the finder, and the effe@ of the earth’s diurnal motion is fo
‘great, that it requires a great deal of praftice to find the
object, and manage the inftrument. It appears to me very
probable, that the diurnal motion of the earth will be the
greateft obftacle to.our progrefs in magnifying, except we can
introduce a proper mechanifin to carry our telefcopes in a con-
frary motion. : ‘

Notvwith®anding opticians have proved that two eye-glafles
will give a more correct image than one, 1 have always (from
experience) perfifted in refufing the affiftance of a fecond glafs,
which is {ure to introduce errors greater than thofe we would cor-
rect. Let us refign the double eye-glafs to thofe who view objets

# For a defeription of this micrometer fee a fubfequent paper.
merely
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merely for entertainment, and muft have an exorbitant field of
view. ‘To a philofopher this is an unpardonable indulgence.
I have tried both the fingle and double eye-glafs of equal
powers, and always found that the fingle eye-glafs had much
the {uperiority in point of light and diftinétnefs. With the
double eye-glafs I could not fee the be/ts on Saturn, which I
very plainly faw with the fingle one. I would, however,
except all thofe cafes where a large field is abfolutely neceflary,
and where power joined to diftinétnefs is not the fole object of
our view.

The application' of the different powers of a telefcope in
general is of fome confequence ; and in anfwer. to-thofe who
may think I have ftrained or over-charged mine, I muft obferve,.
that a fingle glance at the fubfequent 4" Draconis, 4 Cordnze,
and the ftar near g Bootis, with a power of 4606, fhewed them
-t0 me as double ftars; when; in two former reviews of the
heavens, I had twice fet'them down in my journal as fingle
ftars, where I ufed'only -the power of 222 and 227, and in
all probability-fhould never have-found them double, had I not
looked with a higher power. .

We are to remember, that it is much eafier to {ee an obje&
when it is- pointed ‘out- to us than when it falls in our way un-
expetedly, efpecially if of fuch a nature as to require fome
attention to be feen at all; but to fay no more of other advan-
tages of ‘high: powers, it isevident, that in the refearch of the
parallax of the fixed ftars they are abfolutely- neceflary. If
we would diftin&ly perceive and meafure or eftimate extremely
{mall quantities, fuch as a tenth of a fecond, it appears, that:
when we ufe a power of 460, this tenth of a fecond will'be
no more in appearance than 46", and even with a power of
#500 will be but.2’ 30%, which is a quantity not much more

than
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than fufficient to judge well of objets and diftinguith them
from each other, fuch as a circle from a {quare, triangle, or
polygon *.

It has been obferved, that obje&s grow indiftin& when the
principal optic pencil at the eye becomes lefs than the 4oth or
soth part of an inch in diameter. In the experiments that
have been made upon this fubjet it appears to me, that the
indiftin@nefs which is afcribed to the fmallnefs of the optical
pencil may be owing to very different caufes : at leaft it will
be eafy to bring contrary experiments of extremely {fmall pen-
cils, not at all affe€ted by this inconvenience ; for inftance, it
is well known, that microfcopes, confifting of a fingle lens or
globule, are remarkable for diftin&nefs. We alfo know, that
they have been made fo {mall as to magnify above 10,000
times 4. From this we may infer that their apertures, and
confequently the diameters of the optic pencil at the eye could
‘not exceed the z50o0th part of an inch. I am therefore in-
clined to believe, that we muft look for diftinétnefs in the pei'-
fe@ion of the objeét-fpeculum or obje&-glafs of a telefcope ;
and if we can make the firft image in the focus of a fpeculum
almoft as perfelt as the real objedt, what thould hinder our
magnifying but the want of light ! Now, if the obje¢t has light
fufficient, as the ftars moft undoubtedly have, I fee no reafon
why we fhould limit the powers of our inftruments by any
theory. Is it not beft to have recourfe to experiments to find

% By afet of experiments, made in the year 1774, 1 found, that I could dif-
cover or perceive a bright obje&, fuch as white paper, againft the fky-light, when
it fubtended an angle of 35" ; but could only diftinguith it to- be a circle, and no
other figure, when it appcared under an angle of 2’ 24",

4 See Padre pELLA 1oRRE’s Method, &c. Scelta di Opufculi,

how
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how far our endeavours to render the firft image perfet have
been fuccefsful.

As foon as I was. fully fatisfied that in the invefligation of

parallax the-method of double ftars- would 'have many advan-
tages above any other, it became neceflary to look out for pro-
per ftars. ‘This introduced a new feries of obfervations. I re-
folved to examine every ftar in the heavens with the utmoft
attention and a very high power, that I might colle& fuch mua-
terials for this refearch as would enable me to fix my obferva-
tions upon thofe that Wouchbﬁﬁ: anfwer my-end. The fubject
has’ already proved fo extenfive, and ftill promifes fo rich a
harveft to thofe who are inclined to be diligent in the purfuit,
that I cannot help inviting every lover of aftronomy to join
with me in obfervatipns that muft 111ev1tably lead to new difco-
veries. . I took fome pains-to find out what double ftars had

been recor_ded by aftronomers; but my fituation permitted me.

not to confult extenfive libraries, nor indeed was it very material :
for as I intended to view the-heavens myfelf, Nature, that
great volume, appeared to me to contain the beft catalogue
upon this occafion. However, I remembered that the ftar in
the head of Caftor, that in the breaft of the Virgin, and the
firft ftar in Aries, had been mentioned by cassiNt as double
ftars. I alfo found the Nebula in Orion was marked in HUGEN's
Syflema Saturnium as containing feven ftars, three of which
(now known to be four): are very near together. With this
{mall ftock I begun, and in the courfe of a few years obferva-
tions have colle®ed the ftars contained in my catalogue. 1find,
with great pleafure, that a very excellent obferver, whom I
have the honour to call my friend *, has alfo, though un-

# Phil, Tranf, for the year 1481, part II. double flars difcovered in 17759, at
Frampton-houfe, Glamorganthire, by nar. rrcorT, Efq. F.R.S. &c.

Vor. LXXII. 0] known
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known to me, met with three of thofe ftars that will be found
in my catalogue: and upon this occafion I alfo beg leave to
obferve, that the Aftronomer Royal, when I was at Greenwich
laft May, with his ufual politenefs, fhewed me, among other
obje@s, « Herculis as a double ftar, which he had difcovered
fome years ago. The rev. Mr. HorNsBY alfo, when I had the
pleafure of feeing him at Oxford, in a converfation on the fub-
ject of the ftars of the firft magnitude that have a proper mo-
tion, mentioned = Bootis as a double ftar. It is a little hard
upon young aftronomers to be obliged to difcover over-again
what has already been difcovered; however, the pleafure that
attended the view when I firft faw thefe ftars has made fome
amends for not knowing they had been feen before me.

If T thould mention in my lift of obfervations a few that
may be found difficult to be verified by other telefcopes, Fmuft
beg the indulgence of the obfervers. I hope it will fufficiently
appear, thatI have guarded againft optical delufions ; andevery:
aftronomer, I make no doubt, will find, by thofe obfervations
that fall within the compafs of his inftruments, and attention
to circumftances neceflary to the right management of them,
that I have had all along truth and reality in view, as the fole
obje&t of my endeavours; and therefore he will be inclined to
give fome credit to what he does not immediately perceive,
when he finds himfelf fuccefsful where he takes the proper
precautions {o ﬁeceﬁ'ary in delicate obfervations, even with the
beft inftruments.

I have been in fome doubt in what manner to communicate
thefe obfervations. My firft view was to have methodized them
properly ; but I find them fo extenfive that there is but little
probability that one perfon fhould be able to bring them to a
conclufion, for which reafon I have now refolved to give them

7 unfinithed
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unfinithed as they are, that every perfon who is inclined to en-
gage in this purfuit may become a fellow-labourer.

In fettling the diftances of double ftars I have occafionally
ufed two different ways. Thofe that are extremely near each
other may be eftimated by the eye, in meafures of their own
apparent diameters. For this purpofe their diftance thould not
much exceed two diameters of the largeft, as the eye cannot fo
well make a good eftimation when the interval between them is
greater. ‘'This method has often the preference to that of the
micrometer : for inftance, when the diameter of a fmall ftar,
perhaps not equal to half a fecond, 1is double the vacancy be-
tween the two ftars, Here a micrometer ought to meafure
tenths of feconds at leaft, otherwife we could not, with any
degree of confidence, rely on its meafures ; nay, even then, if
the ftars are fituated in the fame parallel of declination and
near the equator, their quick motion acrofs the micrometer
makes it extremely difficult to meafure them, and in that cafe
an eftimation by the eye is preferable to any other meafure;
but this requires not a little prattice, precaution, and time,
and yet with proper care it will be found that this method is
capable of great exa&nefs. Let two fmall circles be drawn
either equal or unequal, at a diftance not exceeding twice the
diameter of the largeft; let thefe be thewn to feveral perfons
in the fame light and point of view. Then, if every one of
them will feparately and carefully write down his eftimation of
the interval between them, in the proportion of either of their
diameters, it will be found upon a comparifon that there will
feldom be fo much as a quarter of a diameter difference be-
tween all the eftimations. If this agreement takes place with
fo many different eyes, much more may we expe& it in the

02 eftimations
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eftimations of the fame eye when accuflomed to this kind of
judgement.

I have divided the double ftars into {everal different  clafles,.
In the firft I have placed all thofe which require indeed a very
fuperior telefcope, the utmoft clearnefs of air, and every other
favourable circumftance to be feen at all, or well enough to
jﬁdge of them. They feemed to me on thataccount to deferve:
a {eparate place, that an obferver might not condemn his in-
firument or his eye 1f he thould not be fuccefsful in diftin-
guifhing them.

As thefe are fome of the fineft, moft minute, and moft de--
licate obje@s of vifion I ever beheld, I fhall be happy to hear
that my obfervations have been verified by other perfons, which
I make no doubt the curious in aftronomy will foon undertake.
I thould obferve, that fince it will require no common ftretch:
of power and diftin@nefs to feelthefe double ftars, it will there~
fore not be amifs to go gradually through a few preparatory
fteps of vifion, fuch as the following : when 4 Coronz borealis
(one of the moft minute double ftars) is propofed to be viewed,
let the telefcope be fome time before direéted to o Geminorum,
or if not in view to either of the following ftars, ¢ Aquarii,
n Draconis, p Herculis, » Pifcium, or the curious double-
double ftar ¢ Lyree. Thefe thould be kept in view for a confi-
derable time, that the eye may acquire the habit of feeing fuch
objets well and diftinétly. The obferver may next proceed to
¢ Urfe majoris, and the beautiful treble ftar in Monoceros’s
right fore-foot 5 after thefe to 7 Bootis, which is a fine minia-~
rure of @ Geminorum, to the ftar preceding @ Orionis, and to
n Orionis. By this time both the eye and the teleicope will be
prepared for a ftiil finer picture, which is y Corona borealis. It
will be in vawn to attempt this latter if all the former, at leaft

2 ¢ Bootis,
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7 Bootis, cannot be diftinétly perceived to be fairly {eparatec
becaufe it is almoft as fine a miniature of 7 Bootis as that is of
o Geminorum. If the obferver has been {uccefsful in all thefe,
he may then, at the fame time, try & Draconis, though I
queftion whether any power lefs than 4 or soo will thew it to
be double; but the former I have all feen very well with 227,

To try the ftars of unequal magnitudes it will be expedient to -
take them in fome fuch order as the following: « Herculis,.
o Aurige, ¢ Geminorum, % Cygni, e Perfei, and 4 Draconis ;-
from thefe the. obferver may proceed to a moft beautiful obje&, .
e Bootis, ‘which I have clofely attended thefe two years as very
proper for the inveftigation of the parallax of the fixed ftars.

It appears, from what has.been faid, that thefe double ftars
are a moft excellent way of trying a telefcope ; and as the fore-
going remarks have fuggefted the method of fecing how far the -
power and diftinétnefs of our inftruments will reach, I thall
add the way of finding how much light we have. The ob-
ferver may begin with the pole-ftar and @ Lyrae ; then go to the -
ftar fouth of ¢ Aquilae, the treble ftar near 2 Aquile, and lat
of all to the ftar following ¢ Aquilze. Now, if his telefcope
has not a great deal of good diftin& light, he will not be able
to fee fome of the fmall ftars that accompany them.

In the fecond clafs of double ftars I have put all thofe tha
are proper for eftimations by the eye or very delicate meafures
of the micrometer. ‘To compare the diftances with the appa--
rent diameters the power of the telefcope fhould not be much ;
lefs than 200, as they will otherwife be too clofe for the pur--
pofe. The inftrument ought, moreover, to be as .rauch as
poffible frec from rays that furrcund a flar i commeon tele- -
{copes, and fhould give the apparent diameters of a double frar.
perfe@ly round and well-defined, with a deep black divifion

between
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between them, as in fig. 6. which reprefents « Geminorum as I
have often feen it with a power of 460.. It will be neceflary
here to take notice, that the eftimations made with one tele-
{cope cannot be applied to thofe made with another: nor can
the eftimations made with different powers, though with the
fame telefcope, be applied to each other. Whatever may be the
caufe of the apparent diameters of the ftars, they are certainly
not of equal magnitude with the fame powers in different tele-
{copes, nor of proportional magnitude with different powers in
the fame telefcope.  In my inftruments I have ever found lefs
diameter in proportion the higher I was able to go in power,
and never have I found fo fmall a proportional diameter as
when 1 magnified 6450 times ¥ ; therefore if we would with
to compare any fuch obfervations together, with a view to fee
whether a change in the diftance has taken place, it thould be
done with the very fame telefdope and power, even with the
very fame eye-glafs or glaffes; for others, though of equal
power and goodnefs, would moft probably give different pro-
portional diameters of the ftars.

In the third clafs I have placed all thofe double ftars that
are more than five but lefs than 15" afunder; and for that rea-
fon, if they fhould be ufed for obfervations on the parallax of
the fixed {tars, they ought not to be looked upon as quite free
from the effeés of refra&ion, &c. In the fame manner that
the ftars in the. firft and fecond clafles will ferve to try the
goodnefs of the moft capital inftruments, thefe will afford ob-
je&s for telefcopes of inferior power, fuch as magnify from 40
to 100 tirags,  The obferver may take them in this or the like
fiz majoris, ¢+ Delphini, ¢ Arietis, # Bootis, 3 Vir~

order: ¢ Ur
# Seg the gmeafures of the diameter of @ Lyrz, Cataloguc of double ftars,

g elats,

ginis,
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ginis, + Caffiopee, p Cygni. And if he can fee all thefe, he
may pafs over into the fecond clafs, and dire@ his infirument
to fome of thofe that were pointed out as objeds for the very
beft telefcopes, where, I{uppofe, he will {foon find the want of
fuperior power.

The fourth, fifth, and fixth claffes contain double ftars that
are from 15 to 30", from 30" to 1’, and from 1’ to 2" or more
afunder. Though thefe will hardly be of any fervice for the
purpofe of parallax, I thought it not amifs to give an account
of fuch as I have obferved; they may, perhaps, anfwer ano-
ther very important end, which alfo requires a great deal of
accuracy, though not quite fo much as the inveftigation of the
parallax of the fixed ftars. I will juft mention it, though fo-
reign to my prefent purpofe. Several fars of the firlt magni-
tude have already been obferved, and others fufpected, to have
a proper motion of their own: hence we may f{urmife, that
our fun, with all its planets and comets, may alfo have a
motion towards fome particular part of the heavens, on account
of a greater quantity of matter colle&ted in a number of ftars
and their furrounding planets there fituated, which may per-
haps occafion a gravitation of our whole folar fyftem towards
it. If this furmife fthould have any foundation, it will fhew
it{elf in a feries of fome years; as from that motion will arife
another kind of hitherto unknown parallax ¥, the inveftigation
of which may account for fome part of the motions already
obferved in fome of the principal ftars; and for the purpofe of
determining the dire&tion and quantity of fuch a motion, accu-
rate obfervations of the diftance of ftars that are near enough
to be meafured with a micrometer, and a very high power of

# See the note in the rev. Mr, MiTcuELL’s paper on the Parallax of the Fixed

Stars, Phil, Tranf, vol, LVIL p. 252,
telefcopes,



1O Iy, HERSCHEL on the

teleleopes may be of confiderable ufe, as they will undoubtedly
give us the relative places of thofe ftars to a much greater de-

gree of accuracy than they can be had by tranfit mﬂxuments or
fectors, and 'thera:by much fooner enable us to difcover any
apparent change in their fituation occafioned by this new kind
of {vftematical parallax, if Imay be allowed toufe that expref-

fion, for {ignifying the change arifing from the motion of the
whole {olar {yftem, :

I thall now endeavour to deliver a theory of the annual pa-
rallax of double ftars, with the method of computing from
thence what is generally called the parallax of the fixed ftars,
or of fingle ftars of the firft magnitude, fuch as are neareft to
us. 1t may be obierved, that the principles upon which I have
founded the following theory are of fuch a nature, that they
cannot be ftri&ly demonitrated, ‘in confequence of which they
are only’ propofed as poftulata, which have {o great a probabi-
lity in their favour, that they will hardly be objeted to by
thofe who are in the leaft acquainted with the do&rine of

chances.

GENERAL POSTULAT A.

1. Let the ftars be fuppofed, one with another, to be about
the fize of the fun *, |

2. Let the difference of their apparent magnitudes be owing
to their different diftances, fo that a flar of the fecond, third,

* See Mr. mrcueLr’s Inquiry into the probable Parallax and Magnitude of
ihe Fixed Stars, Phil. Tranf, vol. LVIL p. 234. 236. 237, 240. and Dr., marL. "
Ley on the Number, Order, and Light, of the Fixed Stars, Phil. Tranf,

vol. XXXI,
Qr
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ot fourth magnitude is two, three, or four times as far off as
one of the firft *,

In fig. 7. let OE be the whole diameter of the earth’s an-
nual orbit ; and let a, 4, ¢, be three ftars fituated in the eclip-
tic, in fuch a manner that they may be feen allin oneline Oabr,
when the earth is at O. - Let the line Oabe be perpendicular
to OE, and draw PE parallel to ¢O. Then, if Og, a4, b,
are equal to each other, @ will be a ftar of the firft magnitude,
4 of the fecond, and ¢ of the third. Let us now fuppofe the
-angle O4E, or parallax of the whole orbit of the earth, to be

" of a degree: then we have PEa=0QaE = 1. : "and, becaufe
very {mall angles, having the fame fubtenfe OE, may be taken
to be in the inverfe ratio of the lines Oa, Ob, Oc, &c. we fthall
have O/E=1", OcE=1", &c.+. Now, when the earth is

removed

*® The apparent magnitude is here taken in a ftricter fenfe than is generally
ufed; and by it is rather meant the order into which the fars ought to be diftin-
guifhed than that into which they are commonly divided: ‘for as the order of ‘the
magnitudes is here to denote the different relative diftances, we are to examine
carefully the degree of light each ftar is accurately found to have : and confidering
then that light diminifhes in the inverfe ratio of the fquarcy,of the diftances, we
ought to clafs the ftars accordingly. An allowance pught alfo perhaps to be made
for fome lofs that may "happen to the light of very remote ftars in ‘its paflage
through immenfe trats of {pace, moft probably not quite deftitute of fome very
fubtle medium. This conjecture .is fuggefted to ws by the colour of the very
fmall telefcopic ftars, for I have generally found them red, or-inclining to red ;
which feems to indicate, that the more feeble and refrangible rays of the other
colours are either ftopped by the way, or at leaft diverted from their courfe by
accidental defletions.

+ This proves what I have before remarked on the parallax of y Draconis; for
that ftar, (admitting it to be a ftar of between the fecond and third magnitude,
which ought to be afcertained \by experiments, as mentioned in the note above)
by the poftulata, will have .its place afligned fomewhere between 4 and e,
and therefore its parallax will be between £ and} of the parallax of a ftar of the
fizft magnitude. And if Dr. srapLEY thought that he fhould have perceived a

Vor. LXXIL P paralx



106 Mr. HERSCHEL on the

removed to E, we fhall have PEs=EsO = 1", and PEs-PE}
=aEb=14%"; that is, the ftars @, 5, will appear to be 3" dif~
tant. * We alfo have PEc=EcO=1", and PEz - PE¢=4Ec
= /"3 that is, the ftars a, ¢, will appear tobe 2/ diftant, when.
the earth 1s at E. Now, fince we have éEP =1, and ¢cEP*
=1, therefore JEP — cEP =4Bc= 4" — 1= 1" ; that is, the
ftars 4, ¢, will Appear to be only 3" removed from each other,,
when the earth is at E.

From what has been faid, we may gather the following g
neral expretfion, to denote the parallax that will become vifible:
in the change of diftance between the two ftars, by the re--
moval of the earth from one extreme of its orbit to the others.
Let P exprefs the total parallax of a fixed ftar of the firft mag--
nitude, M the magnitude of the largeft of the two ftars, m the.
magnitude of the fmalleft®, and p the partial parallax to be:
obferved by the change in the diftance of a double ftar; then:

will pz'%;l:—dP; and p being found by obfervation will give-

M . . . .
usP=2"2. An example ortwo will explain this {ufficiently..
m—M

Suppofe a ftar of .the firft magnitude thould have a {mall ftar
of the twelfth magnitude near it ; then will the partial parallax

parallax in ¥ Draconis, if at moft it had amounted to 2”, it follows,.that the angle
Oa E may nearly amount to 4 or 5 for any thing we can conclude to the contrary
from thofe obfervations. ’
% As M and m are here taken to exprefs the relative diftances of the ftars, in
meafures whereof the diftance of the neareft ftar is taken as unity, thofe who
think the poftulata on which thefe eftimations are built cannot be granted, may
ftill ufe the following formule, if inftead of the magnitudes M, m, they put their
own eftimations of the relative diftances of the ftars, according to any other
method whatever they may think it moft eligible to adopt ; for the apparent magni<
tude of ftars is here only propofed as the moft probable imeans we have of forming

any conjectures about their relative diftances,
7 we
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ave are to expet to fee bc e P or L;ths of the total paral-

Jax of a fixed ftar of the ﬁxﬁ magnuude; and if we thould,
by obfervation, find the partial parallax between two fuch
ftars to amount to 1”, we fhall have the total parallax P =

I XIXI1I .
XX 2 g ,0909. If the ftars are of the third and twenty-

I2—1
) . . N . 24—3
fourth magnitude, the partial parallax will be —;—2—4 ——P and
if, by obfervation, p is found to be a tenth of a fecond the
. 5 . SIX3X24 :
whole parallax will come out 3 0"”,3428.

It will be neceffary to examine fome different fituations.
Suppofe the ftars, being ftill in the ecliptic, to appear in one
line, when the earth is in any other part of its orbit between
O and E; then will the parallax flill be exprefled by the fame
algebraic form, and one of the maxima will {till lie at O, the
other at E; but the whole effet will be divided into two parts,
which will be in proportion to each other as radius — fine to
radius + fine of the ftars diftance from the neareft conjunction
or oppofition.

When the ftars are any where out of the ecliptic fituated fo
as to appear in one line Oabc at reftangles to OE, the maxi-

mum of parallax will ftill be exprefled by ?m’-”}:-/[ P; but there

will arife another additional parallax in the conjucion and op-
pofition, which will be to that which is found go° before or
after the fun, as the fine (S) of the latitude of the ftars feen at
O is to radius (R) ; and the effe& of this parallax will be di-
vided into two parts; half of it lying on one fide of the large
ftar, the other half on the other fide of it. ‘This latter paral-
lax, moreover, will be compounded with the former, fo that

P2 the
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the diftance of the ftars in the conjuntion and oppofition will

then be reprefented by the diagonal of a parallelogram, whereof
the two femi-parallaxes are the fides; a general expreflion for

which will be \/”’ Mﬂ 'RR+ 1: for the ftars will appa-

rently defcribe two ellipfes in. the heavens, whofe tranfverfe
axes will be to each other in the ratio of M to m (fig. 8.), and
Aa, Bb, Cc, Dd, will be cotemporary fituations. Now, if
4Q_be drawn parallel to AC,. and the parallelogram égBQ_com-
pleated, we fhall have #Q=4CA—~ica=31Cc=1p, or femi-
parallax go° before or after the fun, and B4 may be refolved
into, or is compounded of, #Q_and 4g; but bg=1iBD -~ 14d=
the femi-parallax in the conjunétion or oppofition. We alfo:

have R : S ::8Q 1 bg= 5%, therefore the diftance B4 (or Dd) =

\/ "‘Qz'l'f_oR\ ; and by fubftituting the value of p into this ex~

| =M ] S8
preflion we obtain \/ AT P x Rt I as above. When the
ftars are in the pole of the ecliptic, 69 will become equal to

5Q, and B4 will be .yo71 P mMA.

Hitherto we have fuppofed the ftars to be all in one line
Ouabc; let them now be at fome diftance, fuppofe 5 from
each other, and let them firft be both in the ecliptic. This
cafe is refolvable into-the firft ; for imagine the ftar 2, fig. 9.
to ftand at », and in that fituation the ftars x, é ¢, will be in

one line, and their parallax exprefled by Z— M P But the

angle aEx may be taken to be equal to 4Ox; and as the fore-
going form gives us the angles xEé, xEc¢, we are to add «Ex,
or 5" to xE&, and we fhall have Ef.  In general, let the dif~

tance
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tance of the ftars be d, and let the obferved diftance at Ebe D ;
then will D=d+p, and therefore the whole parallax of the
%ﬂzp.
—-M

Suppofe the two ftats mow to differ only in latitude, one
being in the ecliptic, the other, for inftance, §’ north, when
feen at O. This cafe may alfo be refolved by the former; for
imagine the ftars 4, ¢, fig. 7. to be elevated at rectangles above
the plane of the figure, fo that 204, or aOc, may make an
angle of 5”7 at O: then, inftead of the lines Oabc, Ea, Eb,
Ec, EP, imagine them all to be planes at reftangles to the
figure ; and it will appear, that the parallax of the ftars in
Iongitude muft be the fame as if the {mall ftar had been with~
out latitude. And fince the flars 4, ¢, by the motion of the
earth from O to E, will not change their latitude, we fhall have
the following conftru@ion for finding the diftance of the ftars
ab, ac, at E, and from thence the parallax P. Let the tri-
angle abB, fig. ro. reprefent the fituation of the ftars; ab is the
fubtenfe of 5, that being the angle under which they are
fuppofed to be feen at O. The quantity 4@ by the former

annual orbif will be exprefled by

. -M cq e . =
theorem is found ZM'»T P, which is the partial parallax that

would have been feen by the earth’s moving from O to E, had
both ftars been in the ecliptic ; but onaccount of the difference
in latitude it will now be reprefented by 48, the hypothenufe
of the triangle @48 : therefore, in general, putting ab=d, and

VOD —ddx Mm

obfervation and 4, M, and m, given, we obtain the total

parallax.
If the fituation of the ftars differs in longitude as well as
latitude, we may refolve this cafe by the following method.
Let

a3=D, we have =P. Hence D being taken by
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Let the triangle 268, fig. 11. reprefent the fituation of the
ftars, ab=d being their diftance feen at O, aB=D their dif~
tance {een at E.  That the change 438 which is produced by

the earth’s motion will be truly exprefled by '—"—1\7_1%1 P, may be

_proved as before, by fuppofing the ftar 2 to have been phced
at @. Now let the angle of pofition baa be taken by a micro-
meter ¥, or by any other method that may be thought fuffi-
ciently exalt; then, by folving the triangle b, we thall have
the longitudinal and latitudinal differences ae and bz of the
two ftars. Put sa=x, ba=y, and it will be x+53=ag,

whence D= \/x+ MM‘\ +9y; and\/D“ —y xMI\Zn -me-—Po

If neither of the ftars thould be in the ecliptic, nor have the
fame longitude or latitude, the laft theorem will ftill ferve to
calculate the total parallax whofe maximum will lie in E.
There will, moreover, arife another parallax, whofe maximum
will be in the conjunétion and oppofition, which will be di-
vided, and lie on different fides of the large ftar; but as we
know the whole parallax to be exceedingly fmall, it will not be
neceflary to inveftigate every particular cafe of this kind ; for,
by reafon of the divifion of the parallax, which renders obfer-
vations taken at .any other time, except where it is greateft,
‘very unfavourable, the forms would be of little ufe.

To finith this theory, I fhall only add a general obfervation
on the time and place where the maxima of parallax will

happen.

* The pofition of a line paffing through the two ftars, with the parallel of
declination of the largeft of them, may be had by the micrometer I invented for
this purpofe in the year 1779, of whieh a defcription has been given in a former
paper ; whence, by {pherical trigonometry, we eafily deduce their pofition b g« fig.
11. with regard to the ecliptic,

When
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" Parallax of the Fixed Stars. TIr

When two unequal ftars are both in the ecliptic, or, not
being in the ecliptic, have equal latitudes, north or fouth, and
the largeft ftar has moft longitude, the maximum of the appa-
rent diftance will be when the fun’s longitude is 9o° more
than the flars, or when obferved in the morning ; and the mi-
nimum when the longitude of the fun is go° lefs than that of
the ftar, or when obferved in the evening.

When the fmall ftar has moft longitude, the maximum and
minimum, as well as the time of obfervation, will be the
reverfe of the former.

When. the ftars differ in latitudes, this makes no-alteration in:
the place of the maximum or minimum, nor in the time of
obfervation ;. that is to fay, it is immaterial whether the largeft
flar has the leaft or the moft latitude of the two ftars..
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