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6 THE PRECESSIONAL CONSTANT,

To the first of these is frequently applied the term “Constant of Precession.”
But as it is a variable quantity, the application of the term * constant ™ to it might be
misleading. Indeed, no one of the four quantities just described can be regarded as
a fundamental constant in astronomy, not only because they all vary, but because at
least two of them are a result of both motions—that of the ecliptic and that of the
equator.

In the case of the lunirolar precession, defined as the movement of the equinox
upon & fixed eeliptic, there is some ambiguity. As the ferm is used by Brssen and
others, the fixed ecliptic is that of 1750, no matter for what epoch the precession may
be defined. The annual lunisolar precossion then diminighes with the time. But if
we congsider the precession upon the fixed ecliptic of the date, then the annual value
is & quantity which increases with the thne. When we have removed this ambiguity
by adopting one or the other of these definitions, we may regard the lunisolar pre-
cession as dependent solely upou the motion of the equator, and as defining that
motion. The same motion is defined by the quantity #, wlich expresses its annual
value whon measured on a great cirele of the sphere.  On the other hand, the two
general precessions are resultants of hoth motiona—that of the ecliptic and that of the
equator.

To avoid the confusion which muy thus arise in treating the subject, I have pro-
posed the term “Precessional Constant” for a certain funetion P of the masses of the
Sun, Earth, and Moon, and of the elements of the orbits of the Earth and Moon, on
which the motion of the equator depends. This quantity ehanges only through the
diminution of the Farth’s eccentricity, and the ehange is vo slight that it con hecome
appreciable only after several centuries. From the value of P and the motion of the
ecliptic, the four motious of the precession are derived by the formule,

General precession; p=Peoss—xsinL cos =
Lunisolar precession; p=Pcose
Precession in R. A; wm =1 cos®&— x sin L eosec £

Procession in declination; » =1 cos £ sih &

Here L is the longitude of the instantanenus axis of rotation of the ecliptic, » is
its annual motion, and ¢ is its obliquity.

Seerion 1,

Previows determinations.

Of the aunthoritative determinations of the precessional motion made during the
nineteenth century the fivst is that of Besser, 1t rests upon a comparison of the star
catalogue of the Fundementae dstronomice with the catalogwe of Piazzi for 1800, the
latter being firat corrected by more recent Kinigsberg observations. The values of
the motions as they are quoted in EvoELmava’s edition of Besskr's Abhandlungen
from the Memoirs of the Berlin Academy of Beiences for 1815* are fomud below, But

*BessHL's Abhandlungen, von R, Engelmann, Yol, I, pp. 262383,




FREVIOUS DETERMINATIONS. 7

in the Tabule Regiomontansz, published in 1830, somewhat different values are given.
The two sets of values are as follows:

Abhandlungen. Tabule Regiomontanse,

Gon. prec; 50.18828 4.02442666T 50.22350 +.02443T

Lunisolar; 50.32832 —.02435800 50.56354 — 02436
m = 46.01135 +.03086450 46.04367 + .03086
7= 20.04554 — 00070204 20.05957 —.00970

T is here counted from 18c0.0. in terms of the century as the unit.

The interval between the two catalogues on which this determination rested was
only forty-five years. In 1840, the shortnessof this period aud the faet that muchmaterial
had aceumulated for improving the valuer of the constants in question, led Orro STrUVE
to make a now determination. This determination, with some alterations by PerErs,
has been most in use to the present time. It depends upon a comparison of the
positions of 400 stars in the Fundamenfa with deterninations made priucipally at
Dorpatabout the mean epoch 1825, It therefore vasts upon an interval of about seventy
years* The marked fenture of this detormination was that it included a determi-
nation of the sular motion, which was thus eliminated from the vesult, The corrections
to the provisional value of the motiou of precession for seventy years, which T suppose
to he that of BesseL, wers found to be:

[n R A am=+41"6743; dp=-+1"16 L 0"67
In Decl; n — 40" 2624; dp=+0".66 L 0”86
The combined result ia Jp = + 0" .97 40" 53

P =150".23492 for the epoch 1790.

In the Astronomische Nachrichten, No. 485, 3rruve the clder quotes the result as
50".23449 4 0" .00771

Noither of the STRUVES give any precessional motion but this. The motions with
which STruve's name is associated are found in the memoir of Prrars, Numerus Con-
stans Nutationis. 1lers, ou page 160, I'ETERS gives 507.3708 as the lunisolar preces-
sion for 1800 found by Sreuve. He afterwards deduces the foilowing values of the
varions quantities on which the processional metions depend, as those resulting from

STRUVE'S work:
"

v
General precossion, 1800; 50.2411 4 .02268T
Lunisolar precession, rfoo; 503798 — 02168
= 46.0623 4 .0284g
7 = 20.0607 — .00863

These values are tabulated on page 260 of the paper, and are those in most gen-
eral use up to the present time. It will, however, be seen that the value of the gencral

*Mémoires ile P'aAcadémie Tmpérigle des Sciences de Saint-Pélersboury, sixidme série. Sciences Math-
ématiques et Physiques, Tome 111,



8 THE FRECESSIONAL CONSTANT.

precession is larger by o'’.43 per eentury than that found by STRUVE in his printed
paper. I am not aware of the origin of this change, but its effects was to increase
the error of a determination already somewhat too large.

As T pointed out to the Conference in 18¢6, gome confusion has arisen from the
fact that in applying Perers's formule to the trigonometric reduction of star positions
the obliquity of the equator to the fixed ccliptic has been carried only to terns in £
whereas, to make the formule consistent and homogeneons, this quantity should be
carried to terms in £,

Befora the above values had entirely superseded those of BesseL, suspicion arose
that they were too large, and that those of BrsseL were really nearer the truth,
althongh the data on which they rested were much inferior. In his “Annales de
TObservatoire,” Vol. II, Le Verrier adopts the following values:

Genernl precession (1850); 50.23572 4 .022578T

Lunisolar precession; 30.57140 — 021762
m— 46.00010 4 .028373
# = 2005240 — 008663

These have heen used in the reductions of stars at the Paris Observatory.

In his “Lehrbuch sur Balmbestimmung dey Komefer wnd Plancien,” Vol. 1 second
edition, Opporzer develops the most exhaustive theory of precession which has yet
appeared, but without any discussion of the observations on which his adopted values
of the constants depend.  Iis results are (pp. 20z, 206):

Greneral precesgion (1850); 5023465+ o22580T

Lunisolar precession; s0.56024 — 021576
m—=46.05911 + 028390
7= 20.051 50 — .008668

About 1886 Lrowria BTRUVE took advantage of the completion of Auwers' redue-
tion of BeADLEY's obscryvations, and of the Pourkowa catalogue for 1845, 18535, and
1865, to enter upon the most thorough discussion of the observations which has yet
been published. The negative correction found to OrTo STRUVE'S result was quite
large. The precessional motions m and #, found by L. STRUVE, were

" "

General precession (1850); 50.2283 4 .02120T

Lunisolar precession; 50.3407 —.02132
m = 46.0554 4 03741
7= 20.0452 —.c0849

It must be stated, however, that the smallness of these values arises partly from
the large positive correction which Auwers applied to Braprer's Right Ascensions.




PREVIOUS DETERMINATIONS. 9

When the various determinations are reduced to a common equinox, it is found that
the discordances are materialty diminished.*

All the preceding determinations rest upon BrapLEY stars, which T conesive to
afford the best material available at the present time. Determinations from a great
number of faint stars have heen made by Drever, Nyrin, aud Bovre.

DrevER's investigation is found in the Journal Caperndeus, Volume II, Dublin,
1882, It is prefaced by a very exhaustive history of previous determinations of this
constant.  The material consists of Lavaso®’s eatalognoe, and the catalogue of ScrisL-
LERUP FDI" Tgés, rrhe ﬂ}'ﬁtﬁm (If I'lg]lt l\l\('.(‘“lliil\nli to W}lllﬂll bl)*ll ““tﬂlﬂgﬂeﬁ are l‘edueed
is N,. The results for 1800 - ¢ are—

" ”
Lunirolur procession = 50.3752 — 0.0002168¢
General precession = 50.2365 + 0.0002268!
m = 46.0581 + o.000z840f
n = 20.058¢ — 0.0000802f

Nyrin's regult was based on a comparison of stars in Besses zones with ScuieL-
LERUP, uid is much smaller than the above.  The motion is, lowever, gruu,t.l)' increased
when the two catalogues are redaced 1o the system N, so that, ultimately, the discord-
ance is not great. But the brevity of the interval renders the determination weak.

Boute's investigation is busod o the doclinations of LALavpe as compared with
Scnurnierur.  His work was published ouly as a doctoial thesis, and i4 therafore not
3o well known as it should be.

These determinations woulil be hetter than any that eonld be made from Branuey
stars were it uot for the probable systematic errors in the observations and reductions.
First among these errors is that i Right Asconsion depeuding on the magnitude of
the star, When we come down to faint stars this error may inerease to an almost
unknown extent. Moreover, ar a general remark applicable to all zone observations,
it may he said that there is great roomn for systematie errors, both in the Right
Aseension and Peelination, which would matorially affect the value of the precessional
motio derived from them,

List of the principal deferminations.

For tho sake of easy comparisou the values ahove given, with some others, are
reduced to 1850, awd tho results shown below,

In the reductions of the earlier values to 1850 the motion in my “ Elements and
Constants " has been used.

The value N, is the preliminary one, used in tho tables of the planets and in my
“ Flements and Constants.” '

*See Vier Gi Vol. X111, 1878, page ro7.
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The value Ny is that reached in the present paper.

Getneral precession, . .
" " ’

Beaser I, 50.1904 16,0253 20,0413
Bessen I,  50.2346 46.0576 20,0553
STRUVE, 50.2478

PeTERR, 50.2522 46.0763 20.0564
LEVERRIER, 50.2357 46.0601 20,0524
OvPoLZER, 50.2346 46.0593 20.0515
L. Steueve, 50.2283 46,0554 20,0452
N 50.2371 46.0636 20.0479
DrEYER, 50.2478 46.0723 20.0540
NyriN, 50.1995 46.0426

Bovre, 20,0537
Noe 50.2453 460711 200511

Secrion II.

Material used in the present discussion.

In starting with a new determination, the first question to be considered is what
material we shall use. What wo want is the annual motion of the equinex, arising
from the combined motions of the equator and the ecliptic, relative to an axis abso-
lutely fixad in space. As observations ean not be referred to any line or plane which
wo kunow to be abuolutely fixod, wae are obliged to assume the general mean position
of the fixed stars as affording the invariable axes of reference. Here wo meet with
difficulties arising from the proper motions of the stars, and especially from the solar
motion. The elimivation of the latter from the mean result is a matter of especial
difficulty.

It is also to he recalled that the position of the equinox relative to the mean
stellar sphere, assurmod as fixed, requires three practically separate determinations.
These are—

1. The correction to the Bun's ubsolute mean right ascension or longitude. 'This
is obtained principally from observations of the Sun’y deciination.

2. The correction to the general mean right ascension of the cloek or standard
stars relative to the Sun.

3. The determination of the positions of the clock stars relative to the great mass
of starg assumed to define the fixed celestial sphere,

In the present investigation it is needless to consider the first two determinations
hecause, by a resolution of the Conference of 1896, in accordance with which this
investigation is made, the position of the equinox among the clock stars is defined by
the systom N,, formod by those equatorial stars whose position is given in the Appen-
dix to the Cafalogue of 1098 Clock end Zodiacal Stars, found in Volume 1 of these
Aatronomical Papers. It is therefore only necessary, sn far as the Right Ascensions
are concerned, to determine the positions of the great mass of stars relative to the
standard stars in question.



ADOPTED PROVISIONAL PRECESSIONS. I1

The question now arises, what stars we ghall choose. Undoubtedly, the great
mass of the fainter stars, down to the ninth magnitude, which we find in various zones
observed during the present century, would he preferable.  But a determination made
from these stars would bhe subject to very large systematic error, arising from the
shortess of the interval between the earlier and tho later observations. ‘This uneer-
tainty iy magnified by the possibility of very large personal error due to the small
magpitade of the star. It is now well known that, at the preseut time, especially
when observations are miule hy the chronograph, faint stars are observed too late rela-
tively to brighter ones. Were this personal error constant at all times and for all
obrervers during the century, no error would thus arise. Iiut there is strong reason
for suspecting that this error not only varies from one observer to another, but that it
is much larger for the recent than for the older abservations. If snch is the case, the
precessional mation derived from such o comparison would he too great.  The proba-
bility of this error has led me to depend mainly upon observations of the brighter
stars, especially those in Beapuey's catalague. A fhe total number of stars exeeeds
3,000, it may be expected that all accidental ervors will be nearly eliminated from the
mean. Though the systematic error just considered may not he wholly eliminated, it
will certainly be much smaller than in the case of a determination founded en much
fuinter stars observed during a shorter uterval.

I have, however, made an excaption of the Larawpe eatrlogoe by using the com-
parisons of this eatulogue with those of Boss aud ScmskLuzrup.  The former detee-
mined his porsonal ervor dependent on magnitude.  In the case of ScmJELLERUP this
error seems (o be small,

Seoron II1
Provisional precessions.

From the considerations nlveady set forth, the desirableness will be seen of adopt-
ing at the start « provigional value of the precessionsl eonstant which will be as near
as practicable to the truth,  That Seeove's value needs a large negative correction is
now widely admitted, and, it seems to the writer, made quite clear by the data already
set forth in the proceding pages. T shall, therefore, take as provisional values the
precessional motion already alluded to, which is employed in my **Elements and Con-
stants,” as the provisional value to he corrected.

The principal quantitios for the ¢poch 1850 are these:

The processional constant for a solar century of 365242 days

P =5480¢".78 — 0" 00364 T
"
General precession; p—=5023.71
Lamisolar vrecession; p, = 5036.02
100 m = 4606,36
100 # = 2004.79

The fundamental quantity to he determined i the correction to this value of P,
but it will be wore convenient to tako p, the lunisolar precession, as the auantity to be



