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cerned. Some of us liave known you personally be- 
fore, and most of us have long been more or less 
familiar a t  second hand with your state and city; 
and yet, I think, to marly of us it is something like 
a new revelation to see for ourselves what a few 
years have accon~plished. I am not enough of a 
Latin scholar to quote my Virgil well; but I have 
been all the time most forcibly reminded of the pas- 
sage in which B n e a s  first comes in siglit of rising 
Cartliage. Most emphatically tlie work ' hails ' 
here. We see no drones or sluggartls; but every 
phoulder is at  the wheel, and every t h ~ n g  is moving. 
I t  may, perhaps, seem to you sometimes, when in our 
sectional meetings we discuss some question about 
the stars, or sonie Iiypotliesis as to the formation of 
rock-strata, or tlie structure of sonie worm or insect, 
that  we are out of the carrent, and contributing 
nothing to the advancement of the world. But you 
kliotv it is not so, and your invitation to hold our 
meeting Itere shows tliat you Bnow it. The world 
advances, not on one line only, bnt or1 many,-on 
line3 material, intellectual, spiritual. To some ex-
tent, tlie rrlovernerlts are indeed indepenclerit, but 
riot very far. Any true advance on either line irn- 
plies corresponding movement on each of the others, 

if not absolutely simultaneous, yet surely consequent. 
There is no need to ask you here how nir~ch this city 
owes to inoilern scielice, when I see on every side, in 
your streets and storeho~~ses and mills, the practical 
application of the llighest engineering, mechanical, 
and electric art ;  and in tlie future it is allnost certain 
that science is to contribute still more liberally to 
buiiness. But not mainly for tbis reason do I claim 
your regard to science; but because, made in the inl- 
age of God as we are, lrnowledge and unders&anding 
are as truly wealth and power as lands and food and 
money. 

I need not add that, as you have invited us here, so 
we on our part cordially invite you to attend all our 
meetings, to listen to the papers and their discus- 
sion. We cannot promise that every paper will be 
interesting to all, but each one, I think, will be able 
to select certain ones he will be <lad to  hear; and if 
any of yo11 choose to join us, and enroll yourselves as 
promoters of the advancenlent of science, our mem- 
hership is open on easy terms. Once more, gentlemen, 
we thank you for the cordlal welcome, arid address 
ourselves to oar  business, in the hope and confidence 
tliat our meeting here is to be in the highest degree 
pleasant and successful. 
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THE GERMAN SURVEY OF' T H E  NORTH-
ERX HEAVENS. 

Trrn illustrious Argelander was accustomed to say, 
in the quaint fotm of speech whicll lie often em-
ployed, 6"L71ie attainable is often not attained if the 
range of inquiry is extended too far." I n  no under- 
iakirig is there greater need of a judicious application 
of this sound maxim than in tlie systematic determi- 
nation of the exact positions of all tlie stars in the 
.risible heavens ~vtlicll fall within the reach of tele- 
scopes of moderate power. 

The first subject which engaged the attention of 
Llie Astronomische gesellschaft, at  its formation in 
1863, was the proposition to determine accurately the 
co-ordinates of all the stars in the northern Iieav- 
ens down to the ninth magnitude. To this associa- 
tion of astronomers (a t  first riational, but since 
become largely international, in its cllaracter and or-
ganization) belorlgs the credit of arranging a scheme 
of observations by which, through the co-operation of 
astronomers in different parts of tlie world, it has 
been possiblr to accomplish the most important piece 
of astronomical work ot modern times. With a fea- 
slble plan of operations, undertaken with entire unity 
of pnrpose on the part of the observers to whom tlie 
several divisions of the labor were assigned, this great 
worlr is now approaching completion. While i t  is yet 
too early to speak with confidence concerning the 
d~finit iveresults which the discussion of all the ob- 

servations are expected to show, we may with profit 
consider the object songht in the undertaking, the 
general plan of the work, tlie difficulties wliicli have 
been encountered, and tlle probable bearing wliicli 
the execution of the present work will liave upon the 
solution of a problem concerning whicl~ u-e now 
know absolutely nothing witli certainty, - a  problem 
of which what we call universal gravitation is orily 
one element, if, irldeecl, it be an  element, -a problem 
wliicli reaches fartlier tllarl all others into the mys- 
teries of the universe, -the motion of the solar and 
the sidereal systems in space. 

Our first itiquiry will be with respect to tlie con-
dition of the question of stellar positions at the time 
when tliis proposal was made by tlie gesellschaft in 
1865. All the observations which had been made up 
to this time possess one of two distinct characteris- 
tics. A portion of them were made witliont direct 
reference to any assumed system of stellar co-orcli- 
nates as a base, but by far the larger part are differ- 
ential in their character. This remark holds more 
especially with reference to riglit ascensions. Nearly 
all of the observations of the brighter stars made pre- 
vious to about 1830 were referred to the origin from 
which stellar co-ordinates are reckoned by correspond- 
ing observations of the sun;  but since that  date it has 
been the custonl to select a sufficient number of ref- 
erence stars, symmetrically distributed both in right 
ascension and declination, and wliose co-ordinates 
were supposed to be well known. The unequalled 
Pulkova observations for the epoch 1845 forni, I be-
lieve, the only exception to this statement. From the 
assumed system of primary stars are derived the clock 
errors and instrumental constants which are employed 
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i n  the reduction of all the other stars obperved. The 
positions of these secondary stars, therefore, partake 
of all the errors of the absumed fundarllental sys- 
tem, in addition to the direct errors of observation. 

The following list comprises the most important 
of the catalogues which have been independently 
formed; viz., 13esse19s B~adley  for 1755, the various 
catalogues of Maskelyne betmeen 1766 and 1805, 
Gould's D'Agelet for 1783, Piazzi for 1800, Auwer's 
Cacciatore for 1805, Bessrl for 1815, a few of the 
earlier catalogues of Pond, Brinkley for 1824, Bessel 
for 1825, Struve for 1825, Bessel for 1827, Struve for 
1830, Argelander for 1830, and Pu1l;ova for 184b. 

The iniportant catalogues of secondary stars pub- 
lished previous to 1865 are comprised in the follo\ving 
table. 

[Table on~it ted.]  

An analjsis of these catalogues reveals four impor- 
tant facts: -

First, that a large share of the observations relate 
to bright stars, a t  least to stars brigl~ter than the 
eighth magnitude. 

Secoi~d, that  in a large number of cases the same 
star is found in different catalogues, but that no rule 
is discoverable in the selection. 

Third, that with the exception of the polar cata- 
Jogues of Fedorenko, Groombridge, Schwertl, and 
Carrington, the double-star observations of S t~uve ,  
and the zone observations of liessel and Argelander, 
the  observations wete not arranged mith reference to 
the accomplishment of a def211ite object. 

Fourth, that  each catalogne involves a system of 
errors peculiar to the observers, to the character of 
the  instrument employed, ancl to the system of pri- 
mary stars selected, but that thus far there bad heen 
no  attempt to reduce the results obtained by differ- 
ent observers to a honiogeneous system. I n  csti- 
mating the value of these observations it nil1 be 
necessary to refer to tlle researches wlticll have been 
made subsequent to 1865. 

The  systematic deviations of different catalogues 
in right ascension iilter ae were noticed a t  an early 
date by several astronomers: but the first attempt to 
deterniine the law of these variations seems to have 
been made by Safford in a commnnicntion to the 
monthly notices of the Royal astronomical society in 
1861 (xxi. 243), 'On  the poqitions of the Radcliffe 
catalogue.' I qnote the e q n n t i o ~ ~  deribed by Safford, 
since it appears to be t l ~ e  first published account of 
a form of investigation almost exclusively follo~ved 
since that  time. I t  is as follows:- 

Diff. of R. A. (Greenw. 12 Year cat. -Rad.) = 
-0.3SS. 4- 0.338. sin ( a  + .5 11. 32 m.). Extending this 
expression to  ternis of the second order, i t  m iy  be 
put under the form, A = a constant + (m sin a $- n 
cos a )  4- (m' sin 2 a + ?L' cos 2 a )  +, etc. 

Safford also seems to have been the first to notice 
the connection bet.\veeli the observed residuals, and 
the errors in position of the primary stars employed. 
H e  remarks. " I n  investigating the causes which 
would give rise to such systematic tliscrepancies, I 
was struck- with the fact that the same or nearly the 
same variations were apparent in the assumed places 

of the time stars for the years since 1845: that, if the 
correct positions of the time stars had been assumed, 
the resulting positions would h a ~ e  been free from 
these small e~rors." That the re la t~on given by Saf- 
tord should have been obserled a t  all, is the more 
remarltable, since the primary stars upon which the  
Radcliffe positions depend are nearly the same as 
those employed a t  Greenwich. I n  reality, the sys- 
tematic errors of both catalogues have since been 
found to be considerably greater than is here indi- 
cated, and the deviation pointed out  by Safford is in 
the nature of a second difference. 'l'he speaker has 
shomn (P1-oc.Amer, acud., 1874,182) that the veight 
of the errors of the provisional catalogue assumed, 
fell between the filst and the third quadrants in the 
Radcliffe observations for 1841-42, on account of 
the o~nission of certain clock stars which were used 
a t  Greenwich. 

Since the discordances which exist betaeen two 
cataloglles may arise from errors in either one or ill 
both, i t  is cleaxly impossible either to determine the 
nature of thcl erorrs, or to assigx their true cause, 
until a fundamental system has been established 
which is frce both from accii lc~~tal  and from periodic 

errors, -fro111accidental errors, since a few abnormal 

differences may easlly inralitlate the determination 

of tile errors which ale really lteriodic; fronl periodic 

errors, because a relative slstem can only become an 

absolute one when one of the ele~nents of which it is 

composecl becomes absolute. 


We owe to the researches of Newcomb. ~ t~ ib l i s l~ed  
in 1869-50, a lioinoger~eous ST stem of stellar co-ordi- 
nates in right aicenqion, which are probahly as nearly 
absolute in their character a9 it is posq~ble to obtain 
from the data a t  present available. H e  deterniined 
the absolute right ascensions of thirty-two stars of 
the first, second, and third ~nagnitndes, and comprised 
between the limits -:30° and $- 46O declination. A 
con~parison of the places of these stars for a given 
epoch, with the same stars in any catalogue for the 
same epoch, enables us to dete~lnirie ~ + l t l lconsider-
able precision the syh'tem of errors inherent i n  that 
catalogue. Several cilcurnstances prevent the exact 
determination of this relation. Among them may be 
mentioned the fact that Newcomb's system cannot 
safely be extended far beyond the limits in decli-
nation of the stars coniposing the system, that  the 

stars arc not symmetrically distributed in declination, 

and that tlie system of errors d e r i ~ e d  from bright 

stars is plobably not tlie same as that derived from 

stars of less magnitude. 


To a certain extent all of these objections have 
been met in the later discussion by Auwers, to which 
reference will presently be made. The substantial 
agrerment of these two systems, independently deter- 
mined, furriibhes satisfactory evidence that we have 
a t  last obtained a foundation system with which i t  is 
safe to nialce comparisons, from which we inay draw 
conclusions with comparative safety. When the  cata- 
logues which were formed between 1825 and 1865 
are compared ait l i  Nen comb's furidarnental system, 
through the nletlium of these thirty-two stars, the 
following facts are revealed. 
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a. The only catalogues in which there is freedom 
from both accidental and periodic errors are Arge- 
lander's l ibo catalogue for 1830, mid tlie Palkova 
catalogue for 1845. One is reminded, in this connec- 
nection, 'of the remark of Pond, that "we can hardly 
obtain a better test of our power of predicting tlle 
future positions of stars than by trying by the same 
formula liow accurately we can interpolate for the 
past. I11 a variety of papers which I have slll~mitt~ed 
to the Royal society, I have endeavored to show, that, 
with us, the experiment entirely fails." 

b. During this interval the constant differences be- 
tween the earlier ca ta log~~es  and Nemcon~b's system 
vary between +0.17"or Pond, 1520; and -0.198 for 
Pond, 1830: and for later catalogues, between +0.078 
for Cambridge, 1860; and +.OF for Gree~iwicl~,  1860. 

e. All the right ascensions determined at  English 
observatories, and especially t l~ose  which depend upon 
tlie positions published by the Britinli Nautical al-
manac, are too large in the region of five liours, and 
too small in the region of eighteen hours. The gen- 
eral tendency of the constant part of tile deviation 
from Newco~nb's system is to neutralize the  periodic 
errors it1 tlte region of five hours, a ~ ~ d  augnientto 
tliem in the region of eighteen liours, ~vliere, in the 
case of a few catalogues, the error beconles ss great 
:is 0.10s, -a  quantity wliich can be ~eadi ly  detected 
from tlie observations of two or three evenings villi 
a n  illdifferent instrurne~lt, if it relates to a iingle star. 

Tlie right ascensions determined at French observa- 
tories exhibit systematic errors, wllicll follow nearly 
tlre sallie law as those wliich characterize English 
observ:ttions. 

Distinctively German observations are ncarly free 
froni systematic errors. As far as they exist a t  all, 
t l~e i rtender~cyis to neutralize t,llc errors inherent in 
distinctively Englisll arid French observations. 

d. I n  the case of several catalogues, residual errors 
of considerable magnitude remain after the syste-
rriatic errors depending upon the right ascensions 
l ~ a v c  been allowed for. These errors are found to 
be functions of the declination of the stars observed, 
and without doubt have some col~nectiu~i with t l ~ e  
form of the pivots of the instrument ~vit l i  which the 
observatio~iswere made. This statement holds true, 
especially with respect to the observations at I'aris, 
Melbourne, and Brussels, between 3858 and 1571; 
and to the TVashington observations between 1858 
and 1861. 

e. The  syste~natic errors wliicli exist in observations 
previous to 1865 follow the same law, arid liave early 
the same magnitude, as the errors of the same class 
~vhichare inherent in the national ephemerides of 
the conntrg in whicll they were made. 

The British Nautical almanac and the Connaisance 
des temps are largely responsible for the perpetua- 
tion of this class of errors. For a few years before 
and after 1860, t l ~ e  ephemerides of tile Nautical 
almanac were based upon the observations of Poncl, 
which contain large periodic errors. I t  is found that 
the errors of this system l~ave  been transferred with- 
out sensible di~ninlilioli to every catalogue in mliicli 
the observations depend upon Nautical alillanac cluck 

stars. At  English observatories i t  has been tlie cus- 
tom to correct the position? of the fundamelltat stars 
bg the observations of eacll successive year; but this 
has produced no sensible effect on tlie diminution of 
the peiioclic errors, which belong to the fu~ldamental  
system. The periodic errols of the American ephem- 
eris follow nearly the same law as the errors of the 
Nautical almanac, but thcir niagr~itude is somewhat 
reduced. The error of equinox is also less. 

Wolfer's Tub, reg., upon which tlle Berliner jahr- 
bucli is based, has no well-defined bystematic errors; 
and the correction for equinox is nearly the  same in  
amount as in the A~nerican ephemeris, but wit11 the 
opposite sign. Tlle accidental errors seem to  be 
rather larger than in the system of the America11 
epliemcris. 
f. A general estimate may be formed of the rela- 

tive magnitudes of the errors of secondary catalogues 
by comparing the average error for each star of tlie 
prinlarg catalogue. Tlie nu~nbers  given below rep- 
resent the average deviation for each star, expressed 
in hni~dledths of secondr, after the various catalogues 
liave been reduced to a comrnori equiriox. 

Average 
error for 
cach etar. 

Argclantler . . . . . . . . . .  

I'olkova . . . . . . . . . . .  

(irecnmich . . . . . . . . . .  

Greenwich . . . . . . . . . .  

D'Agclct (Goold) . . . . . . .  

Cape of Good Hope (11cnderson) . . 
Greenwich . . . . . . . . . .  

G rcen\~ich . . . . . . . . . .  

Pnria . . . . . . . . . . . .  

\X7ashington . . . . . . . . . .  

'Struve . . . . . . . . . . .  

Capc of Good TFopc . . . . . .  
Kddcl i f~  
Greenwich . . . . . . . . . .1 1840 1 3.1 

Brabfl . . . . . . . . . . . .  

Poriil . . . . . . . . . . . .  

(3illia . . . . . . . . . . . .  

Madras (Taylor) . . . . . . . .  

Capc of Good IIope (Fallows) . . . . . . . . . . . . : I
~ a t ~ c ~ ~ t ~ e  . . . . . . . . . . .Ainlagh 1840 
Piazzi . . . . . . . . . . . .  1800 
Bessrl's Bradley . . . . . . . .  l i h 5  . . . . . . . . . . .Laiande 1800 
Laeaille . . . . . . . . . . .  l i 50  

I I ~-
~ 

I t  is obvious from these relations, that previons to  
about IS25 the magnitude of tlle accidental errors of 
observation, combined with the errors of reduction, 
prevent any definile coilclusions with respect to the 
pe~.iotlic errors inherent in these early observations. 
I t  is probable, also, that early observations of stars 
of the eight11 and ninth magnitudes are subject to a 
class of errors peculiar to tliemselves, the nature of 
which i t  is now well-nigh. impossible to determine. 

The syste~uatic errors i n  decli~iation w l ~ i c l ~  belong 
to the various secondary catalogues named are even 
more rnarlred than those in right ascension. Tlle 
experience of Pond in  1833 is the experience of 
every astroiiorncr wllo has atte~npted to compare 
observations of the sanie star made a t  different times, 
under differelit circunislances, will1 different in-
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~ t rumen t s ,  and by different observers. H e  says, 
"With all these precautions, we do not find, by com- 
pa14ng tlie present observations with those of Bradley 
made eighty years ago under the same roof, and com- 
puted by tlie same table of refractions, that we call 
obtain by interpolatio~i any interlnediate catalogue 
whicli shall agree with the observations ~ i t l l i n  tile 
probable limits of error." 

We owe to the jnvestigations of Aum-ers ( A s t ~ o n .  
nachr., nos. 15:32-1586), the first definite systein of 
declinations whicli i~ measurably absolute in its 
character. P e t  the deviatiot~s of this system from 
that derived by the same author, but fro111 much 
additional data in publication xiv. of the gezellschaft, 
is no less than 1.2'1. Tlre present difference oatstar~tl- 
ing between the Pulkova and tlie Greenwich systetus 
a t  100 south declination is 1.7'1. 

Within the past five year$, tlie labors of Auwel~s, 
of Safford, of Boss, and of Xewcomb, lrave resnltetl 
in the eatabliahme~it of a rnean system of tleclinations 
froni w11icli accidetrtal errora mag be consideretl to 
be eliminated in the case of a large ]lumber of stars; 
but the tliffetent syste~ns still differ systrrnntically 
inler y e  by quantities which are considerably greater 
titan the probable error of any single position. 

When the cliscussion of the cluestion of a uniform 
cleterrniriation of all the stars in tlie northern llearetrs 
to the ninth mag~ritude was taken up by the gesell- 
sclraft at  its session in Leipzig in 3863, Argelander, 
wlio was then president of the society, appears to 
11ax.e been t l ~ e  only astronomer who had a clear ap- 
prel~ension of tlie tlifliculties of the problem. Iie 
alone had detected tlle c1a.s of errors TT-liose existence 
subseq~lent ii~vestigations have definitcly establisl~ed. 
H e  alone hatl found a well-considered plan by wl~icll 
these errors might be elin~inated, as far as possible, 
fro111 future observations. 

Argelaritler, linwevcr, always clairned for Ressel 
tlie first definite proposal of tlie proposition nnder 
co~~sideration I t  mas in (see Astron. nncl~r., i. 257). 
pursnailce of this plan that  the zones between - 1 B Q  
and + l.iOin declil~ation were observed. These 
zones were to form the gronnd-worlr of t.l~e Berlin 
charts; and Argelander, ill the execution of the 
Bonn I~urchmnsteru~rg,  simply carried out tlie secoi~d 
part of Bessel's recoinmenclntion. 

Wit11 the exception of t l ~ e  ol)serrations of Cooper 
at  RIaliree observatory, and tlre charts of Cllacorllac, 
these two great works - tlie secontl being a con-
tiriuatior~ of the first, under a better and more feasible 
~)l:tn-are the only olios in existence wl1ic11 give a s  
any knowledge of the general structure of the stellar 
system. 

instrun~entcl. The worli was divided into zones of 
one 11o11r each. I3remilier undertoolr five zones; 
Argela~idcr and Scliniidt, two; Wolfers, three; and 
Harcling, two. The renlaining zones were under-
talien by different astronoiners i n  widely separated 
localities. 

The work seems to have been perforrned with 
somewliat nney~lal thorougliness, some zones con-
taining nearly all the stars to the ninth magnitude, 
wliile in otl~ers a large number of stars having this 
limit in ~nagnitude are wanting. 

The Durclnri~~sterung ut~dertaken by Argelander 
at  Bonn was a Ear 1liol.e serious and well-considerrd 
nlrdel.taliing. Tliis ~ ~ ~ r e c l ~ ~ a l l e d  worlc cotrsists in the 
approsirnate deter~ninatiot~of the co-ortlinates of 
324,198 stars bituntect between -2 O  arid +90° derli-
nation. I t  irlcludes stars lo.tlie 9.5 magnitude, the 
co-ordinates beir~g given to tenllls of nrir~utes of 
time, and the clecli~iations to telitl~s of min~ltes of 
arc. 

The first t3efinite proposal of this work undertalien 
by t l ~ e  ge~ellscliaft, however, appears to  have beer1 
mad15by Cr1111tis. 111 the course of a report upon the 
operations of tlie Leipzig observatory, lie s,tated, that, 
in his view, tlie tinle had acome for u~~de r t ak ing  
~~n i fo r rnsysteru of determitratiorls of tlie places of 
stars to the ni~it l i  magnitude in the rrortliern hcmi-
sphere by means of meridian circles but lie pro-
posed, at the same tir~ie, that the positions of stars 
f;tinter than tlie nilrtli magrlitude sllould be deter- 
ruined by ineat~s of differential observations with 
equatorial instrumeilts. After explaining certain 
plans and arrangements relating partic~rlarly to his 
o v n  observatory, he introtluced t l ~ e  following resolu- 
tion :-

"Tlie Astronomische gesellscllaft regards i t  as need- 
ful that all the stars to tlie ninlli magnitude, occurring 
in the Durcl~rnrlsterung, bhould be observed wit11 
meridian circles, and commissions tile conncil to 
arrange for the execution of t l ~ e  work." 

This p ro~~osahccas ioned  long and somervliatx 
animated discussion, in  ~ r l l i c l ~Argelar~der, EIirrch, 
Brallns, Forster, Scliotrfeld, and Strave toolc part. 

A~.gela~iderdeclared hiinself srtlpri8ed at  t11i.i pro- 
posal, wllich callec! for the rapitl realization of a plan 
of organizat.ioi~ wliich he  had been considering for 
years with the greatest care, the difficulties of wliicli 
lxe llad maturely considered, and the execution of 
whicll still demanded the most careful deliberatiot~ 
and preparation. One of the necessary preliminary 
steps was a plan whicli he had already prepared, pub- 
lished and presented to the society in an irrforrnal 
way, ml~icll provided for contemporaneous and ror-

T l ~ eobservations of stars to tile ninth mag~~i tude ,  responding observat,ions of the brighter stars. ,4s 
fou t~d  in the catalogue^ of Bessel, Lalarrde, and president of the society, he felt uneyual to undertalr- 
Piazzi, form the g r ~ ~ ~ i d - ~ ~ o r l i  irig the charge wl~ich tlie acceptance of tlle resolution of these cha~ t s .  Tlie 
co-ordinates in riglit ascension and dec.lination of tile proposed would involve; as this procedure seen~ecl to 
stars found ill t l~ese autl~orities were first rrtlncetl to him prcnlattrre witliout previous preparatiotr. H e  
the epoch 1SOO; the resnlti~tg riglit ascension being mor~ld admit, I~owever, that every call to action of 
given to seco!lds of time, arid the to a11 ti sho11ld decl i~~at ion  this kind tended to stjmulate entl i~~siasm, 
teritlis of rnil~utes of arc. Witli tl~eseplaces as points tlierefore be encouraged; hut lie felt obliged to ask 
of reference, all otlrer stars were filled in, (low11 to the society not to require frorn liim the irnmetliate 
the nintli rnrtgi~itqde, by observatiolls with equatorial execution of tlie plan, but to illtrust tlie serious con- 
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sideration of it, and the preparation for it, to l ~ i s  
zealous friends in the co~uncil. 

Upon the motion of Struve, the society by a rising 
vote, expressed its confitle~~ce in tlie assaratlce of the 
president tliat 11e would bring fo~,wartl his plan at  the 
proper time, as soon as the means for its execntiol~ 
could be assured. 

At  the meeting held at Bonn in 1807, Argelancler 

e. I n  ortier to facilitate the worlc, it will be desira- 
ble to use only t h e e  orfour transit thre:lds, and only 
one or two microscopes. I n  order to facilitate the 
reductions to apparent place, the worlting-list of stars 
should be coml~rised within narronr limits. 
.f. Ilefore the commencement and after the close 

of each zone, two or three fundamental stars are to 
he observed upon the same threads and ~ v i t h  the same 

again l~ronglit up  the subject in a cornn~u~~icat ionmicroscopes as were used in the zone obsen'at.ions. 
wl1ic11 appears to have been an exhiiustive diwnssion TVhen the seeing is not good, and when for any other 
of the whole probleni. Thi* paper is not printed in cause it seetns desirable, one or more fundamental 
the proceedings o f  t l ~ e  geqellscliaft; but at  its con- 
clusion a committee was al'pointed to talre definite 
action wit,ll respect to the recommendations wllich it 
contained. The committee reported a t  the same 
session; and their report, wl~ich  is published in t.lie 
place of the paper pre>entetl by Argelander, is prob- 
ably ident,ical in suhstat~ce with it. The plan pro-
posed and adopted was finz~lly published in the form 
of a progranilne, in wliicli ille details of the worli 
are arranged witli considerable ~ n i ~ ~ u t e n e s s .  As this 
progranlme has been witlely tliatributed, it +eerns 
unnecessary to give any th i~ig  Inore than a general 
abstract of it. Since it differ3 in a few minor p o i ~ ~ t s  
from the first report of the cot~nnittee at  the Bonn 
meeting, the essential features of tliis report will be 
given instead of an abstract of tlie p r o g r a ~ r ~ n ~ e  itself. 

They are :is follows: -
u. The l i r ~ ~ i t s  in declination of the proposed series 

of observations are- 2@and + SO0. The firht limit 
was c11osc11 on account of the 1:rcli of suitable fanda- 
n~enta lstars south of the equator. It is probable, 
also, tliat Argelander had a suspicion of tlie fact, 
since proven, that tlle uncertainty with respect to 
the systematic errors of southern stars is, of necessity, 
consideritbly greater tlian fo~,~~or t , l ie rn  star*, ant1 that 
on this account it woulrl be better to defer this part 
of tlie worli until further investigations in this direc- 
tion could be made. 

l ' l ~ e  limit +SOo was chosen b e c a ~ ~ s e  tlie repetition 
of Cal.rington's obse~.vations between S1° and 900 
was considered superfluous, and I-1arnbul-g had already 
undertaken the exte~lsion of Carr i~~gtor~ 'sobserva-
tions from S1° to SOo. 

b. Within these limits, all stars in the Dnrchrn~~s.  
terung to the ninth magnitude, and, in addition, all 
stars which have been inore exactly obierred by La- 
lande, by Bessel at  ICoenigsberg, arid by Argelander 
at  Bonn, are to be observed. 

c. The observatior~s are to be differential. The 
clocli errors are not to be found fro111 t l ~ e  fundarner,-
tal stars usually chosen for this pnrpose, a ~ ~ d  the 
equator point corrections are not to Ile derived from 
observations at  npper and. lower culminations, but 
these elements are lo be derived from a series of 500 
or 600 stars, distrib~tted as uniformly as possible over 
the nortliern l~eavens. The exact co-ordinates of 
these stars are to be cletermined a t  I'ulBova, thus 
securing the unity necessary in order to connect in 
one sgster~l the observations of different zones. 

cl. Every star is to be observed twice. If the two 
observations differ by a quantity greater tlian onght . 
to be expected, a third observation will be necessary. 

stars may be observed in the courae of tlie zone. 
Tlie nurnber and selection of the stars ~vill depend 
upon the character of the instrument employed. If 
it remains steady for several hours, and lias no 
strongly marked flexure or division errors, or if these 
errors have been sharply determined, t l~efundamental  
stars may be situated ten degrees or fifteen degrees 
away from tlie zone limits. However, there must 
remain many things for which no gelieral rule can 
be given, and which ui~usl be left to the jttdgment of 
the observer, aitled by su accurate linowledge of his 
instrurnent. 

14. With a Repsoltl or a dIartin instrument, one 
n~icroscope will be snfficient, if its pos i t i o~~  wit11 re- 
spect to tlie wl~ole four can be determinerl. I t  will 
be suflicie~~t,  change in position if the during the  
ubservations can be interpolate3 to 0.2". 

h.  I t  will be desirable to divide beforehand the 
zones into such time intervals tliat the observations 
can be easily made. 

i. Zo~ies exceeding one arid one-half or at  the most 
two hours are not advisable, first, because the zero 
points will be too far apart, arid, seco~td, because a 
longer duration will iiivolve too much fatigue pliysi- 
cally and mentally. 

At  tlie conclusion of this report, all tlie astron-
omers present who were willing to talie part in this 
work were requested to con~municate witli the coun- 
cil, stating tlle region of the heavens which they pre- 
ferred to select for observation. 

At this meeting, Berlin, l:orni, I-Telsingfors, Leip- 
zig, arid AIar~iiliein~ sig~~ifiedtheir intention to sliare 
in the worli. Leiden also expressed its intention of 
taking part as so011 as the work already undertalteii 
sliould be completed. 

Tlillen the stars to be observed had been selected 
from t l ~ e  Du~~chniusterung, was that tlie it f o ~ ~ n d  
number mould not vary mncli from 100,000, requiring 
ratlier more than 200,000 observations. P~.eparations 
for the worlr of observation were inlniediately co~n-  
meuced; and, by the time of tlie next report ill 1S09, 
considerable progres~ had been made. 

I n  the report for this year, the provisional places of 
a catalogue of 639 fur~tlamcntal stars were published. 
This catalogue is cornpoeed of two parts. Tile list 
of liauptsterne consist,s of 33G stars to tlie fourth 
magnitude, observed a t  Pulkova by Wagncr with 
the large transit instrument, and by Gyld611.witll the 
Ertel vertical circle. The list of zu~at-sterne consibts 
of 208 stars fainter tlian the fourtll magnitude. As 
tlie details of the work in the formation of the pro- 
visional places of t l ~ e  stars of this list are not given 
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i n  the report, it is not quite clear upon what authority 
they rest. The work assigned to tlie Pullrova observa- 
tory by the zone cotn~nissionmas the exact determi- 
nation of the places of the stars of this list. The 
obser~ations were undertaken by Gromadski with 
the Repsold meridian circle. Iu  accordance with the 
plan aclopted, each star was observed eight tillies, -
four times in each positiorl of the instrument. Tlie 
observations were differential with respect to tlie 
hauptsterne. 

The results were publisl~ed by Strilve in 1870; and 
the places there given were used in the first reduction 
of the IIarvard-college observations for 1874-75, and 
perhaps in some other cases. 

About this tirne a change seems to have been made 
in t l ~ e  original plan ~vitli respect to the for~natiori of 
tlie final catalogue of fundamental stars, of which I 
have been unable to find a clear account. The origi- 
nal intention was to rnalce tlie positions depend en- 
tirely upon the observations at  Pul l ro~a.  Tlle zone 
cornmission establidled by the gesellschaft, however, 
com~nitted the form:ttion of this catalogue to Aulve~s ; 
anti it is to him that me owe the most coinplete and 
the most perfect catalogue of fur~damental stars yet 
publisl~ed. Tlie Pul1co.i a systern for1865 was adopted 
as the basis; but, ill order to obtain greater freedoru 
from accidental errors for indivitlr~al stars, the final 
cablogne was obtained by combining wit11 the Pul- 
lrova scries, the Greenwich observations f ~ o m  183G 
to 1876, the IIarvzrd-college obsel vations for 1871-72, 
the Leipsic observation$, in declination only, between 
1866 and 1870, arid the Leitlen observations in declina- 
tion between 1SU1 ant1 1870. Before this combiliation 
was made, however, t l~ese observations were all re- 
duced to the Pulkova sjstem. 

The followirig obse~vatories have talien part i n  the 
zone observatioris :-

Nicol;~jeff . . . (- 2' to + l o l l  1,und . . . . '+3So t o  +40° 
Albany . . . . '7 1 ' I  t 5 I (  Uonn . . . . + d o  +50 
l.vipsic . . . . 4 " + l o  IIarvard coilego . - 5 0  'I , 53 
Leipric . . . . !I10 'I iliHcisinqfors . . +55 '<I - 6 0  
I l c ~ , l i ~ i .. . . . i - 1 3  ' I  i 2 3  Christians . . . 13-63 " -70 
C:~!nbridge(Eng.) Id-23 t 9 0  1 ' 1)orpat . . . . i - 7 0  +75' I  

1,ciden . . . -'-a0 7 3 5  , l iasan . . . . ) i - 7 5  1-80 
i 

The zone between -2O and +lomas originally un- 
dertaker~ at  Palernlo, that between + I 0  and +4O a t  
Neucli:ilel, that between f4 O  and t 10° a t  Xannheim, 
and that between +3Z0 and +40° at  Chicago. 

I n  the latter case, tlie great fire at  Chicago crippled 
the resoiirces of the observatory to such an  extent, 
th:tt Safford was coinpelled to re1inqui.h the work, 
which was a t  that tivie quite far advanced. 

The chief items of interest in connection wit11 this 
worlr are found in the following tabular statement: -

[Table oi~aitted.] 

Attention mas called, a t  an  early date, to the im- 
portar~ce of colltirliiil~g the survey of the liortl~ern 
heavens beyond tlie southern limit fixed by Argela~i- 

der. The preparation necessary for the execution of 
this work consisted in tlie extension of the Durcli- 
musterung to tlie tropic of Capricorn. This was 
undertalcen by Scllijr~feld a t  Leipsic. 

I n  the report to the gesellscliaft a t  the meetiilg held 
at  Stockllolrrl in 1877, he has given a n  account of this 
work, in which he stated that  it was sufficiently near 
corripletion to invite the consideration of the question 
of the rneridian circle determinat,ions of the places of 
stars to thc ninth magnitude. Tlie lack of southern 
furid~lneiltal stars whose pos i t io~~s  were me11 detcr- 
niined was still a liinderance to the inin~ediat~e corri-
menceinent of the worlr. Relatively more stars of 
tliis class are required than in tlie northern observa- 
tions, in order to eliininate the inequalities due to 
refraction. Sch6nfeld stated, that, while the burden 
of the determination of the places of these southern 
furidameiltal stars must rest mainly upon southern 
observations, it seemed necessary to connect t l~ern 
with the Pulkova system by a conllecting lillli (mit- 
telglied), through observations at  sorne observatory 
well situated for this purpose. At  tliis meeting Saride 
BaBhnysen, at  Leiden, gave notice of i n t e n t i o ~ ~to 

take part in this worli. Gyld611 urged tlle importance 

of securirig the co-operation of 31elbournc; arid Pe- 

ters suggested the advantage of sec i~r i l~g 
TVasl~iiigton 
as an additional 'mean tern1 ' (V. J. S. 1877,p. 265). 

The nes t  reference to this work is contained in 
the vierteljahrsschrift for 18S1, xv. p. 270. A list of 
303 soutllern stars is here .givei~, mliosc exact places 
were a t  that time being determined a t  Leider~ ant1 a t  
the Cape of Good Hope. This list was selected by 
Sclllirifeld and Sande BaBBuysen, in a way to meet 
the requirements referred to in pre~rious discussions. 

A filial catalogue of 83 southern fundamental stars 
by Au.ivers appears ill this ni~lnber of the vierteljahrs- 
sclirift,. The places depend upon the same autllorities 
as for the tiortliern stars, \vith the addition of the C:~pe 
of Good Hope catalogue for 1860, Willia~nstomn, Mel- 
bourne for 1870, and 1Tar.i.arcl college (Safford) for 
1864. For stars not observed at Pulkova, the general 
catalogue of Yarnall (1858-l86l), arld tile Washing-
toll observationsj ~v i th  the new meridian circle be- 
twee~l 1872 and 187.7, were employed. As i11 the case 
of the northern stars, these obserratioris are all re- 
duceil to the PulBova system for 1805. I t  is under- 
derstood that the co-ordinates of the list of 303 stars 
are to depend ul~oil  this extension of the geneid 
systern of publication xiv. to the limits 1,equired by 
the southern Durcl~mnstet.iurg of Schonfeld. 

I t  wo111d be surprisilig if all the conditions of snc-
cess were fulfilled in the first execution of a work 
having the nlagnituile, and itivolving the difficnlties; 
of the scheme of observations urldertalren under the 
auspices of tlle gesellschaft. Tl1e extent of tlie clis- 
cordances which are to be expected between the 
results obtained by different observers can o~i ly  be 

.ascertained when the observations by which the dif- 
ferent zoncs are to be connected have been reduced. 
I3acli observer extended t l ~ e  working-list of his own 
zone 10' liortli and south; inid i t  is expected that a 
st~fficient number of observations of this liirrd has 
been made to determitie tlie systcnlatic rel;ttioris 
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existing between the co-ordinates of each zone with 
those of its neighbor. 

I t  is probable, I~o~vever,  that  the experience of Gill 
will be repeated on a larger scale. I n  1678lie solicited 
tlie co-operation of astrononlers in the determination 
of the co-ordinates of twenty-eight stars, which lie 
desired to eniploy in  the reduction of his heliometer 
observations of the planet Mars for the purpose of 
obtaining tlie solar parallax. The results obtained 
a t  twelve observatories of the first class are published 
in vol. xxxix. p. 99, of the montlily notices of t,he 
Royal astronoulical society. Notwithstanding the 
fact tha t  the  final values obtained at  each obserta- 
tory depend upon several observations, the average 
differerice between the least and the greatest results, 
obtained by differei~t observers for each star, is 0.248. 
in riglit ascension and 2.3" in declination. I n  four 
cases the difference in right ascension exceeds 3.0,  
and in four cases tlie difference in declination ex-
ceeds 3.0." 

Everi after the results are reduced to al~on~ogerieous 
system, the follo\ving outstanding deviations frorn a 
mean systern are found :-

--.- -.- . -.----

?<oenigebcrg . . ! I  Leidon . . . . 
h f e l b o i ~ r ~ ~ c .  1 '  . . . .. . pklI'i8 
Fulko,va. . . . ~Va~;l i inyton. . I 

IAcipalc . . . . Rnl.vnrd collcgc, 
Greenwich.  . . Cordoba. . . . 
Berlin . . . . ( j  Oxford . . . . 

The observations of a second list of twelve stars, 
one-half of the number l~eing comparatively bright, 
and the remaining half faint, sho~ved no marked irn- 
provement, either with respect to tlle magnitude of 
errors ~vhich  could be classed as accidental, or in 
regard to the systematic deviations from a mean 
system. 

This discussion revealed one source of discordn~ice 
~ 1 1 i c hwill doubtless affect the zone observations; 
viz., the differellee between right ascensior~s deter- 
n~itied by the eye-and-ear ~riethod, and those deter- 
mined with tlie aid of the chronograph. 

Tho progralnnle of tlie gesellscllaft lnalres no pro- 
vision for the eliniirlation of errors which depend 
upon the niag~iitucle of the stars observed; but 
special observations have been ur~dertalten at  several 
observatories for the purpose of defining the relation 
bet~veen tlie results for stars of differelit magnitudes. 
At  Harvard-college observatory, tlie direct effect of a 
reduction of the magnitude has been ascertained by 
reducing the aperture of the telescope by inealls of 
diaphragms. Beside this, the observatioi~s have been 
arranged in such a nlanner that  an error depend-
ing upon the magtiitude cart be derived fro111 ail in- 
vestigation of the observatiolls upon two successive 
nights. 

At Leiden, a t  Albany, mid perhaps a t  other 
observatories, tlle effect of magnitude has bee11 deter- 
mined by observations tllrough wire gauze. But 

notwitlistandii~g all the precautions whicli ]lave been 
taken in the observations, and which may be taken 
in tlie reductions, i t  will undoubtedly be found that 
the final results obtained will involve errors which 
cannot be entirely eliminated. 

111 the experience of the speaker, two other sources 
of error have been detected. I t  has been found, tha t  
there is a well-defined equation between the observa- 
tions, ~vhich  is a function of the amount, and the 
character of tlie illuri~iriation of the  field of the tel- 
escope. I t  has also been found tha t  observations 
made under very unfavorable atmospheric conditions 
differ systematically frorn those made under favorable 
conditions. When the seeing was noted as very bad, 
it is found that  the observed right ascensions are 
about .OSS too great, arid tliat the observed declina- 
tions are about 0.8" too great. 

There are doubtless other sources of error which 
the discussion of the observations will bring to ligilt. 
The effect of the discovery of tliese and other errors 
ill pro1i:tbly be to  hasten the repetition of the zone 

ol~servatio~rsunder a more perfect scheme, framed in 
such a manner as to cover all the deficiencies which 
expei~ierice has revealed, or may yet reveal. One 
would not pi,obably go far astray in naming the year 
1900 as the mean epoch of the new survey. If the 
observa~tiolls are again repented in 1050, sufficient 
data will then have been accumulated for at  least an  
approximate determillation of the laws or" siderial 
motion. 

What is the present state of our knowledge upon 
this subject? I t  can be safely said tliat i t  is very 
limited. First of all, i t  cannot be affirmed that  there 
is a, sidereal system in the sense in which we speak 
of tlie solar system. I n  the case of tlie solar system, 
we have a central sun about which the planets and 
their satellites revolve in obedience to laws which 
are satibfied by tlle llypotl~esis of universal gravita- 
tion. Do the sarne la~vs  pervade the inter-stellar 
spaces ? Is the law of gravitation indeed universal ? 
TYl~at physical connection exists between the solar 
systern and the unnu~nbered and innumerable stars 
wl~icli form the galaxy of the heavens ? Do these 
stars for111 a systern ~ 1 1 i c l l  has its oxyn laws of rela-
tive rest and motion ? or is the solar system a part 
of the stupendous whole ? Does the solar systern re- 
ceive its laws froni tlie sidereal system? or has Kepler 
indeed pierced the depths of the universe in the discov- 
ery of t he l a~vs  which gave him immortality 2 Are we 
to take the alternative stated by Ball, -either that  our  
sidereal system is not an entirely isolated object, or 
its bodies rnust be vastly more numerous or more 
massive than eyer1 our most liberal interpretatior~ of 
observations would seem to  warrant?  Are we to 
conclude, for example, that  stars lilre 1830 Groo~n- 
bridge and n Centauri, "after having travelled from 
aninfinitely great clistance OIL one side of the heavens, 
are now passing t l l ro~gh  our systern for the first and 
only t,ilne, aud that after leaving our system they 
mill retreat again into the depths of space to a dis- 
tance which, for any thing Tve can tell, may be prac- 
tically regarded as irifinite " ? Can \I-e assert wit,h 
Nev-cornb, tlrat i n  all probability the stars do not 
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form a stable system in the sense in which we say 
that the solar system is stablc, -that the stars of this 
systern do not revolve around definite attractive cen- 
tres? Admitting that the solar system is moving 
through space, can we at the present ~noment even de- 
termine whether that motion is rectilinear, or curved, 
to say nothing of the l a m  which govern that motion 2 
How n~ucli of truth is there it1 the conjrctures of 
Wright, Iiant, LamberL, and Dlitchel, or even in the 
more serious concltrsions of Moedler, that the Alcyone 
of the Pleiades is the central sun about wliicli the 
solar system 1evolies ? 

These are qrlestioiis which, if solved at  all, must be 
solved by a critical strldy of observatio~is of precis- 
ion accumulated at widely separated epochs of time. 
The first step ill the solution has been taken in t,lle 
systematic survey of the northern heavens undertaken 
by the gesellschaft, and in the survey of the soatb- 
ern heaven6 at Cordoba by Dr. Gould. The year 
1873 is the epoch abotrt which are grouped the data 
which, combir~ed pit11 sirrlilar data for an epoch not 
earlier than 1950, sill  go far towards cleariitg up the 
donbts wl~icli now rest upon the question of the di- 
rection arid the alr~oullt of tlte solar niotion in space; 
arid it cannot be doubted that our knowlcclge of the 
laws wlrich connect t l ~ e  sidereal with t l ~ e  solar system 
will be largely increased through this investigatiorl. 
The basis of this knowledge ntnst be the observed 
proper motions of a selected list of stars, so exactly 
determined that the resitlrral mean error shall not 
affect the rerults derived;or, failing in this, of groups 
of stars symmetrically distributed over the visible 
heavens, snfEcient in number to affect an elimina-
tion of tlie accidental errors of observation, witllout 
disturbing t l ~ e  equilibrium of the general systen~. 

For ail investigation of this kind, a complete sys- 
tem of zoxle observations, a t  ~vidrly separated inter- 
valr, will afford the necessary data, if the following 
cor~ditio~lsare fulfilled. 

First: The proper nlotions must be de~ived hy a 
metliod which does not involve an exact li~>owledge 
of the conslants of precession. In every ir~vestiga- 
tion with which I arri acynainled, the derived prop- 
er lnotiorls are functions of t11i.i element. 

Second :The general syqtem of proper motions 
derived must be free from systematic errors. Errors 
of this clars nay be introdnceil either tl~rough the 
periodic errors inherent in the system of fundanlental 
stars erriployed in the reduction of the zone observa- 
tion$, or in a change in the constants of precession. 
I t  is in this respect that the ut~nost precaution will 
be required. If from any cause errors of even small 
magnitude are introdnced into the general systenl of 
proper motions at any point, tlie effect of tlleso errors 
upon the values of the co-ordinates at  any fatr~re 
epoch will be directly proportiorla1 to the interval 
elapsed. We cair, therefore, compute the exact 
smount of the accumulated error for any given 
tirne. 

When this test is applied to the ftindamental stel- 
lar s.ystems independently determined by Auwers, 
Saffonl, Boss, and Newromb, we find the followirtg 
deviations inter se at the end of a century. 

century. 
-

j n a A P jAuwers sJ?tus Safford. . . -0.9Ls i - 0 . 2 ~ ~ 0.23~. 1.1'' 

Auweva milzus Boss. . . . 1 - 1 t0.8 - " / 2.3 

Ztis thecommon impression, that both the direction 
and the amount of the motion of the solar system in 
space are now well established. The conclusions of 
Struve upon this point are stated in sucll explicit 
langnage that it  is no6 surprising that this impres- 
sion exists He says, "The motion of the solar sys- 
tern in space iu  directed to a point in the relestial 
sphere situated on the right line which joins the two 
stars ~neasured from x and w ItIerculis. T l ~ evelocity 
of this motion is such that the sun, with the whole 
cortege of bodies depending on him, advances annu-
ally in the direction indicated, throngh a space equal 
to one l~undred and fifty-four rnillion miles." 

I t  must be admitted that there is a general agree- 
ment in the assignment by different investigators of 
the co-ordinates of tlte solar apex. This will be seen 
from the followirtg tabular values. 

Authorities. I Dcolination. 
. ---

l l enrhd,  1183 . . . . . . . I 
l'vei~oat . . . . . . . . 1 
Xitigel, 17i9 . . . . . . . . 
I-le~schcl,1805 . . . . . . . 
Argrl:tnder, 1937 . . .' . . . 
Luridah1 . . . . . . . . . 
Btrove . . . . . . . . . 
C:allo\vay . . . . . . . . 
MLdler . . . . . . . . . 
Airy . . . . . . . . . . 

I n  estimating the value whicEl should be attached 
to these results, several considerations must be taken 
into accoant. 

( a ) All of the results except those of Galloway de- 
pend practically npon the sarne authorities a t  one 
epoch, viz., upor1 Brodley. 

( 6 )  Tho deviations inter ss probably result, in a 
large measure. from the systematic errors i~rherent in 
one or both of the fnndarnentd systems from which 
the proper motions mere derived. For example, 
Lundahl employed Pond as one of his authorities, 
and it is in I'ond's catalog~~ethat the most decided 
periodic errors exist. 

( c )  Brot in 1812, Bessel in 1S18, and Airy iri 1860, 
reached the conrlusion that the certniiztp of the tnove- 
ment of the solar systern towards agiven point in the 
heavens could not be affirmed. 

(d) The problem is illdirect. In the case of a mem- 
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ber of the  solar system, exact data will determine the 
exact position in orbit a t  a giver1 time; but liere we 
have neither exact data, nor can we e~nploy trigolio- 
metrical nlethods in the solntion. TVe siniply find 
that  the observed proper n io t io~~s  are probably sotiie- 
what better recorlciled under the hypotliesis of all as- 
sumed position of the apex of the solar motion. The 
niethod of investig;~tiorl e~nplogetl by Saffortl, who 
has of late years given much attention to  this sub- 
ject, consists in assu~ning a system 'of co-ordinates 
for t l ~ e  pole of the solar motion, from which is deter- 
mined the direction each star would have if its own 
proper rnotions were zero. Comparing this direction 
with the obser~ed direction as indicated by the ob- 
served proper ~ i~o t ion ,equations of contlition are 
for~ned froin whicli a correction is found to the as- 
surned position of tlie apex, by the nletliods of least 
squares. 

I t  must always be Irept in mir~d, that tlie quantities 
with wliich we rnust (leal in this investigation are 
exceedingly mirinte, and that  the accidental errors of 
observation are at  any time liable to lead to illusory 
results. The weak link iri tlie chain of Madler's 
reasoning is to be foulid here. I thirilc we can as- 
sume 0.2" as the limit of precision in tlie absolute 
determiriatiori of the co-ordir~ates of any star, how- 
ever great the number of observations upon which it 
depends. Beyond tliis linlit it is impossible to go, 
i n  tlie present date of instrumental astronomy. 

I t  is safe to say, that there is not a single star in 
tlle heavens wllose co-ordinates are known wit11 cer- 
tainty within this limit. Do not misuriderstand me. 
Doubtless there are rnariy stars in wliicli tlie error 
will at  some future time be fount1 to fall within this 
liniit. The  law of probabilities requires tliis, if tlle 
ruaxitiium lirnit falls ~vit l~irl  1". But who is prepared 
to select a particular star, and say that tlie absolute 
position of this star in space cannot be Inore than 
0.2" in error ? 

e. At  present an  arbitrary llypothesis is necessary 
in the discussion of the problem. Airy assumed that  
the relative distances of the stars are proportional to 
their magnitutles; ant1 he  found slightly different 
results accordiug to different modes of treatment. 
Saff'ord assumed that the distances are, at  least ap- 
proximately, in inverse proportion to the magnitude 
of the proper motions. The general result of his 
investigations, up  to this point, is, that  there is some 
hope of usir~g the solar motion as a base, to advance 
our knowledge of stellar distances. Later investiga- 
tions have been rnatle by De Ball, but the details 
have not yet come to ha~ld .  I t  is understood, how- 
ever, that his results coincide in a geueral way will1 
those previously obtained. 

I t  is clear from this brief review, that we have 
here a field of investigation worthy of the liigliest 
powers of the astronomer. The first step has been 
taken in the  survey of tlle heavens carried on under 
the anspices of the gesellschaft. I t  reniains for the 
astronon1el.s of the present generation to solve tlie 
difficulties wliich now envirorl the problem, anil pre- 
pare the way for a more perfect schenie of observation 
in the uext century. 

PAPERS READ BEFORE SECTION A. 

The total solar eclipse of May 6, 1883. 
B Y  EDWARD S. IIOi.DES,  OF WASlIBURN OBSEIZVA- 

TOBY, MAI)ISON, 17'1s. 

TIXISeclipse liad the longest totality of any wliich 
has been observed. 

An expedition was sent by the National academy 
of sciences and tlie U. S. coast-aurvey jointly, under 
direction of a counriittee fro111 the former. Ex-
penses were nlet by an  uppropriatioil of $5,000 by 
congress and by the National acaderny"of sciences 
from a fund left by Professor Wiltso~i. Tlle navy 
department also placed the U. S. steamer Hartford 
at  the disposal of the acacleiny, to trausport tlle es- 
pedition from Peru to Caroline island, where the 
eclipse was to be observed, and t l~ence to IIonolulu. 

The eff'orts of Mr. Rockwell to  provitie money by 
private subscription for this undel.taliing, thougll 
directly uiisuccessful, prepared the way by dra\ying 
public attention. 

Professor Young was the chairma11 of the com-
mittee of tlie National acadeniy of sciences: i t  was 
a t  one tinle hoped tliitt 11e would talie charge of 
the observing-party, but this proved inipracticable. 
The reports of differe~lt members of tlie party are to 
be subuiitted to tlie Natio~lal acade~ny of sciences in 
Woventber. Mr. Holden has, l iowe~er ,  pern~ission of 
tlie acade~uy to present a n  account of the observation 
before the American associatio~l. I t  is understood 
that tlie presetit is not by any means a final report. 
This especially applies to the observatiolis of Ilr. 
Hastings, from which tlint gentle~rlan concludes 
that  the solar corona is chiefly a plieriornenon clue 
to the diffraction of the solar light a t  the moon's 
limb. The coniputations 1.0 demonstrate tliis are 
not yet at  Iiantl, but a1.e to be conipleteit in a few weelts. 

Tlie Arnerican party cunsistecl of Etlward S. 
Holden, director of Wasliburn observatory, Madison, 
Wis.; Cl~arles 8. IIasti~lgs, professor of pllysics in the 
Jollns I-Ioplii~~s ur~iversity, Baltimore, Mil. ; Charles 
11. 12oclcwell, Tarrytown, N.P. ; E. D. Prcsto~l,  aid 
U. S. coast and geodetic survey, Wasllington, D.C.; 
Winslow Upton, U.S. signal-office, JVasliington, D.C. ; 
aud Erisig~i 8. J. Brown, U.S.N., U. S, naval observa- 
tory, TITasliington, D.C. 

The original six niembers of the party were joined, 
on April 20, by four volunteer observers, all officers 
of the U. S.ship Hartford: these were Lieut. E. F. 
Qualtrougl~,U.S.N. ; I'assed W. S.assista~~t-surgeon 
Dixon, U.S.N. ; Midshipman W. S.Fletcher, U.S.N. ; 
arld Midshipman J. G. Doyle, U.S.N. 

011March 11 tlle party was strengthened by the  
joining (a t  Colon) of the t\vo English gentlemen ~vlio 
were sent out by the Royal society of London to 
xnalre photographic observations of the eclipse, under 
instructions from J. Norman Lockyer, Esq., F.R.S., 
and Capt. \V. de TV. Abney, R.E., of the science arid 
art  department of the Sonth ICensington museunl. 
These mere 13. A. Lawrance, London, Eng., a ~ i d  
C. 	Kay Woods, London, Eng. 

Diiring the stay of llle party on Caroline island 


