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The next ten years mere the most actire of 
his life. most of the time being spent in the 
field. I n  1856 he publislled a L b 3 1 a n ~ ~ a lof 
coal ancl its topography, illustratecl by original 
drawiags, chieflj- of facts in the geology of 
the Apl)alachinn region of the Unitecl States," 
and nras appointecl secretary of the American 
iron association. In  1859 appeared his ' Iron 
manufacturer's guide to furnaces, forges, ailcl 
rolling-mills of the Vnited States, with cliscus- 
sions of iron as a chemical element. an Amer- 
ican ore, and a manufacturecl article, in 
commerce and in historx." Jan.  15. 1858, 
rrhile examining the iron-nrorlrs of southern 
Ollio, Mr. Lesley was elected librarian, ancl 
Jan .  7, 1859, one of the four secretaries of the 
American philosophical society, ar~cl contiul~es 
to llold these offices, which, for the first year or 
two, mithclrem him almost entirely from field- 
worlr. From 1860 to 1866 Mr. Lesley was 
busily employee1 by cayitalists to pronounce 
upon projected mining-plants, anc1 by mine- 
owners to examine their properties, the call for 
iron ai~cl coal being great on acconnt of the 
civil mar. I n  186-1 and 1865 serious illnesses, 
produced by o.i.erworli, preparecl the x7ay for a 
complete breakdown of his nervous system in 
the early s~ulmmer of 1866, from which he did 
not recover until the early winter of 1869, this 
interval of three years ancl a half being speilt 
mostly in Earope. 

Mr. Lesley went from Italy to the Paris 
exposition of 1867 as one of the tell commis- 

sioners appointecl by the United States senate ; 
but his illness steaclily incrensed, ancl lie rras 
compelled to nbancloii his duties. Not untiI 
187% could lie again do six hours of hare1 work 
,z clay; ancl a new career of usef~~luesswas 
openecl to hiill by his appointment. in that year, 
to the professorship of geology in the nenr de- 
partment of science of the University of Penu- 
sxll-ania, ancl in l S i 3  to the directorship of the  
Second geological survey of the state, still in 
progress. For four years (1Si3-78) he per- 
formed the cluties of both offices, finding liis 
only relaxation in a short T-oyage to Eurol~e  
el-erj- two years ; but a threatening recurrence 
of his foriner malacly incloced him to offer his 
resignation to the trustees of the university, 
who, however, preferrecl to grant hi111 an in-
clefinite f~~r lough,  until the close of the geologl- 
cal surrey. 

With what untiril~g zeal he has clevotecl him- 
self to the work of that surrey is only lrnown 
to those ~7110 haye been associatecl ~14th hi111 in 
the morli. How successfully he has concl~~ctecl, 
it,  is sho~vn to the world throagh the seventy 
rolurnes recording its progress. I f  his bun-
clreds of papers, scientific and literary, read 
before the American philosophical society, hacF, 
never been publisheel, this great work alone 
moalcl place him in the front rank of Aiilericnrl 
geologists. Of tlie personal character of a 
mail mliose modesty is his tnost prominent 
trait, it is clifficalt to speak as one moulcl wish 
during his life. 
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PENDING PROBLEII~SOF 24STRONOdlY.1 

THIRTY-SIXyears ago this very month, in this city, 
and near the place where me are now assembled, the 
America11 association for the advanceme~~t  of science 
mas organized, and held its first meeting. Now, for 
the first time, it revisits its honored birthplace. 

Few of those present this evening were, I suppose, 
in attendance upon that first meeting. Here and 

1 Address to the American association for t,l?e advancement 
of science at Philadelphia, Sept,.5, 1584, by Prof. C. A. YOUNG, 
profes~or  of astronomy a t  Princeton, retiring president of the 
associntion. 

there, among the lller~lbers of the association, I see, 
indeed, the venerable faces of one and another, n 110, 
at  that time in the flush and vigor of early manhood, 
participated in its proceedings and discussions; and  
there are others, ~rlho, as boys or goutlls, lool<ed on 
in silence, and listening to the words of Agassiz and 
Peirce, of Baclle arld Henry, and the Rogers brothers 
and their associates, clranlr in that inspiring love of 
truth and science which eTer since has guided and 
impelled their lives. Probably enough, too, there 
niay be among our hosts in the audience a few whe 
remember that occasion, and were present as spec- 
tators. 
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But, substantially, we who meet here to-day are a 
new generation, more numerous certainly, arid in 
some respects unquestionably better equipped for 
our work, thau our predecessors mere; thougl~ we 
might not care to challenge comparisons as regards 
native ability, or clearness of insight, or lofty pur- 
pose. 

And the face of science has greatly changecl in the 
mean time; as much, perhaps, as this great city and 
the  nation. One might alrnost say, that, since 1848, 
'all tliiugs have become new' in the scientific rvorld. 
There is a new mathematics and a nen- astronon~y, 
a new chexnistl.y and a new electricity, a new geology 
and a new biology. Great voices have spolren, ancl 
have transformed the world of thought and research 
as lnuch as the material products of science have 
altered the aspects of external life. The telegraph 
and dynamo-machine have not more changed the 
conditions of business ancl industry than the specu- 
lations of Darmiri and Hel~nholtz aud their cornpeers 
have affected those of philosopl~y and science. 

But,, although this return to our birthplace sug- 
gests retrospections and conlparisons which might 
profitably occupy our attention for even a much 
longer time than this evening's session, I prefer, on 
the whole, to take a different course; looking for- 
wards rather than backwards, and confining triyself 
mainly to topics which lie along the pathway of my 
own line of worlr. 

The voyager upon the inland sea of Japan sees 
co~~t inual iyrising before liinl new islands and monn- 
tains of that fairyland. Some conle out suclclenly 
from behind nearer roclts or islets, whic l~  long con- 
cealed the greater things beyond ; and some are veiled 
in  clouds rvhich give no hint of what they hide, until 
a breeze rolls back the curtain; some, and the great- 
est of them all, are first seen as the nlinutest specks 
upon the horizon, and grow slo~vly to their final gran- 
deur. Even before they reach tlie horizon line, while 
yet invisible, they sometimes intimate their presence 
by s i g ~ ~ sin -kg and air: so slight, indeed, that only 
the practised eye of the sltilful sailor can detect them, 
though quite obvious to him. 

Somewhat so, as we looli- forward into the future 
of a science, me see new problerns and great snbjects 
presenting tlienlselves. Some are imminent and in 
the  way, -they must be dealt with at  once, before 
further progress can be made; others are more re- 
motely interestiug in various clegrees; and some, as 
yet, are mere suggestions, almost too misty and in- 
definite for steady contemplation. 

With your permission, I propose this evening to 
consider some of tlie p e n d i ~ ~ g  problems of astronomy, 
-those which seem to be most pressing, and most 
urger~tly require solution as a corltlition of advance; 
and those ~vhich appear in tlle!nselves most interest- 
ing, or liltely to be fruitful, fro111 a philosophic point 
of view. 

Taking first those that lie nearest, me have the 
questions which relate to the dimensions and figure 
of tile earth, the uniformity of its diurnal rotation, 
and the constancy of its poles a ~ l d  axis. 

I thililr the irnpression prevails, that me already 

know the earth's di~nensions with a n  accuracy e ~ e n  
greater than that required by any astrono?nical de-
mands. I certainly had that impression myself not 
long ago, and was a little startled on being told by 
the superintendent of our Xautical almanac that the 
remaining uncertainty mas still sufficient to produce 
serions elnbarrassrnent ill the reduction and cotnpari- 
son of certain lunar observatio~is. The length of the 
line joining, say, the Kaval observatory at  Washing- 
to11 with the Royal observatory a t  tlie Cape of Good 
Hope, is tloubtful; not to the extent of only a few 
l~undred feet, as commonly supposed, but tlie uncer- 
tainty amounts to some thousands of feet, and may 
possibly be a mile or Inore, probably not less tliari a 
ten-thousandth of the whole distance; and the d i ~ e c -
t i on  of the line is uncertain i n  abont the same degree. 
Of course, on those portions of either continent which 
ha re  been directly connected with each other by geo- 
detic triangulations, no corresponding uncertainty 
obtains ; and as time goes on, and these surveys are 
extended, the form ancl dimensions of each continu- 
ous land-surface mill become more and more perfectly 
determined. Eut  at, present we have no satisfactory 
means of obtaining the desired accuracy in  the rela- 
tive position of places separated by oceans, so that 
they callnot be connected by chains of triangulation. 
Astroriol~lical determinations of latitude and longi- 
tude do not meet the case; since, in the last analysis, 
they only give at  any selected station the direction of 
qrccvit~relative to the axis of the earth, and some 
fixed meridian plane, and do not furnish any linear 
~neasurement or dimension. 

Of course, if the surface of the earthmere an exact 
spheroid, and if there were no irregnlar attractions 
due to lnountains and valleys arid the varying density 
of strata, the difficulty could be easily evaded; but, 
as tlie matter stands, it looks as if nothing short of 
a complete geodetic triangulation of the whole earth 
would ever answer the purpose,--a triangulation 
covering Asia and Africa, as well as Earope, and 
brought into Ar~lerica by way of Siberia and Be-
ring Strait. 

I t  is indeed tlieoretically possible, and just con-
ceirable, that the problem may some day be reversed, 
and that the geodesist mag come to owe some of his 
lnost important data to the observers of the lunar 
motions. When the relative position of two or more 
remote observatories shall have been precisely deter- 
lnir~ed by triangulation (for instance, Greenrvich, 
Madras, and the Cape of Good Xxope), and when, by 
inlproved methods and observations made at these 
funilanlental stations, the moon's position and motion 
relative to tlienl shall have been determined with an 
accuracy rnucli exceeding any thing now attainable, 
then by similar observations, made simultaneously 
at  any station in this hemisphere, it mill be theoreti- 
cally possible to deternline the position of this sta- 
tion, and so, by way of tlie moon, to bridge the 
ocear~, and ascertain holv other stations are related 
to tliose which were taken as primary. I do not, 
of course, mean to imply, that, in the pveseizt state of 
observatior~al astronomy, any such procedure would 
lead to results of mucli value; but, before the Asiatic 
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triangulation meets the American at  Bering Strait, it 
is not unliliely that the accuracy of lunar obser~a-  
tions will be greatly increased. 

The present uncertainty as to the earth's dimen- 
sions is not, however, a sensible embarrassment to 
astronomers, except in dealing v i t h  the moon, espe- 
cially in attenlpting to enlplog observations nlade a t  
rernote and ocean-separated stations for the deter- 
mination of lier parallax. 

As to the form of the earth, it seems pretty evident 
that before long it ~vil l  be wise to give up further at- 
tempts to determine exactly what spheroicl or ellip- 
soid inost ?zeni,l?/ cwresponds to the actual figure of 
the earth; since every new continental survey mill 
require a modification of the elements of this sphe- 
roid in order to take account of the new data. I t  will 
be better to assunle some closely approximate sphe- 
roid as a$ilulit2/ ; its ele~nents to be forever retained 
unchanged, while the deviations of tlie actual surface 
from this ideal standard will be the subject of con-
tinned inrestigation and measurement. 

A more i~nportant and anxious question of tlie 
modern astrono~ner is, I s  the eartll's rotation uni-
form, and, if not, in ml~a t  may and to what extent 
does it vary ? The importance, of course, lies in the 
fact that this rotation furnishes our fundamental 
measure and unit of time. 

Up  to a comparatively recent date, there has not 
been reason to suspect this unit of any variation suf- 
ficient to be detected by human observatio~i. I t  has 
long been perceived, of conrsc, that any changes in 
the earth's form or di~nensioris must alter tlie length 
of the day. The displacement of the surface or 
strata by earthquakes or by more gmdnal elevation 
and subsidence, the transportation of matter towards 
or from the equator by rivers or ocean curreiits, the 
accuniulation or removal of ice in the polar regions 
or on mountain-tops, -any such causes must neces- 
sarily produce a real effect. So, also, mnst the fric- 
tion of tides and trade-winds. But i t  has been 
supposed that these effects mere so minute, and to 
such an extent mutually compensatory, as to be quite 
beyo~rd the reach of observation; nor is it yet certain 
that they are not. All that can be said is, tliat it is 
now beginiling to be questioiza!)le whether they are, 
or are not. 

The reason for suspecting perceptible variation in 
tlie earth's revolution, lies mainly in certain unex- 
plaiiied irregnlarities in the apparent nlot,ions of the  
moon. She alone, of all the hearenly bodies, cl~anges 
her place in the sky so rapidly, that  nli~lute inaccura- 
cies of a second or two in tlie time of obserration 
mould lead to sensible discrepa~lcies in the observed 
position; an error of one seco~ld, in tlie time, corre- 
sponding to about half a second in her place, - a  
quantity n~inute ,  certainly, but perfectly observable. 
No otlier heavenly body has an  apparent movement 
anywhere nearly as rapid, excepting only the inrier 
satellite of Mars; and this body is so minute tliat its 
accurate observntion is impracticable, except wit11 the 
largest telescopes, and at  the times when 17Iars is 
unusually near the earth. 

Now, of late, tlie nlotions of tlie moon have been 

rerg carefully investigated, both theoretically and 
observationally; and, in spite of every thing, there 
re mail^ discrepancies which defy explanation. We 
are compelled to admit one of three things, -either 
the lunar theory is in some degree rnatliematically 
incomplete, and fails to represent accurately the 
gravitational action of tlie earth and sun, and otlier 
Bno~vri heavenly bodies, upon her movements; or some 
unlinown force otlier tlian the graritational attrac- 
tions of these bodies is operating in the case; or else, 
finally, the earth's rotational niotion is more or less 
irregular, and so affects the time-reckoning, and con- 
fou~idsprediction. 

If the last is really tlie case, it is in some sense a 
nlost discouraging fact, necessarily putting a limit to 
the accuracy of all prediction, unless some otlier un- 
cl~anging and convenient measure of time sllall be 
found to replace tlie 'day ' and ' second.' 

TIie question at once presents itself, How can tlie 
constancy of the day be tested? The lunar motions 
furnish gro~ulds of suspicion, but nothing more; since 
it is at  least as likely that the matliernatical theory 
is minutely incorrect or incoml~lete as that  the clay is 
sensibly variable. 

Up to the present t i~ne ,  the most effective tests 
suggested are from the transits of Mel-cury and from 
the eclipses of Jupiter's satellites. On the whole, tlie 
result of Professor Newcomb's elaborate and exliaus- 
tive irirestigation of all the observed transits, togetllrr 
with all tlie available eclipses and occultations of 
stars, terlds rather to establish tlie sensible constancy 
of the day, and to make it pretty certain (to use liis 
own language) that "inequalities in the lunar mo- 
tions, not acco~unted for by the  theory of gravitation, 
really exist, and in such a Tvay that the incan nlotion 
of the moon between 1600 and 1875 was really less 
(i.e., slower) tlian between 1720 and 1500." Until 
lately: tlie observations of Jupiter's satellites have 
not been made with sufficient accuracy to be of any 
use in settling so delicate a question; but at  present 
the observatioli of their eclipses is being carried on 
at  Cambridge, &Iass., and elsewhere, by nlethoits that  
promise a great increase of accuracy over any thing 
preceding. Of course, no speecly solution of t he  
problem is possible throng11 such observations, and 
their result will not be so free from mathematical 
complications as clesirable, -complications arising 
from the mutual action of tlie satellites, a ~ ~ d  the ellip- 
soidal form of the planet. On acconnt of its free- 
dom from all sensible disturbances, t,he remote aucl 
lonely satellite of Septune  may possibly some time 
contribute useful data to the problem. 

We have not time, and i t  lies outside lily present 
scope, to discuss whetller, and, if so, how, it may be 
possible to find a unit of time (and length) which 
shall be independent of the earth's conditions and 
dinlensions (free fro111 all locnl conside~atioits), cos-
niical, and as applicable in the planetary system of 
the remotest star as in our own, At  prese~it  'ive can 
l~ostpone its consideration; but the time mnst un- 
questionably come, when the accuracy of scientific 
obserration will be so far increased, that the irregu- 
larities of the earth's rotation, produced by the causes 
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alluded to a few minutes ago, will protrrtde, arid be- 
come intolerable. Then a new unit of time will have 
to be found for scientific purposes, founded, perhaps, 
as has been already suggestecl by many physicists, 
upon the vibrations or luotiorl of light, or upon 
some other physical action which pervades the uni- 
verse. 

Another problem of terrestrial astronomy relates 
to the constancy of the position of the earth's axis 
in the globe. Just  as displacemerits of matter upon 
the surface or in the interior of the earth would 
produce changes in the t i ~ n e  of rotation, so also 
would they cause corresponding alterations in the 
position of the axis and in the places of the poles, -
changes certainly very minute. The only question 
is, whether they are so minute as to defy detection. 
I t  is easy to see that any such displacements of the 
earth's axis mill be indicated by changes in the lati-
tudes of our observatories. If ,  for instance, the pole 
were moved a hunclrecl feet from its present posi- 
tion, towarcls the continent of Europe, the latitudes 
of European observatories wonld be increased about 
one second, while in Asia arid America the effects 
would be trifling. 

The only observational evidence of such move-
ments of the pole, which thus far amounts to any 
thing, is found in the results obtained by Nyren in 
redncing the determinations of the latitude of P111- 
kowa, made with the great vertical circle, during the 
last twelity-five years. They seem to show a slow, 
steady diminution of the latitude of this observatory, 
amounting to abont a second in a century; as if the 
north pole were drifting away, and increasing its dis- 
tance from Pnlliowa a t  the rate of about one foot a 
year. 

The Green~vich ancl Paris observations do not 
show any such result; but they are not conclusive, 
on account of the difference of longitnde, to say 
nothing of their inferior precision. The cluestion is 
certainly a doubtful one; bnt it is considered of so 
much importance, that, a t  the meeting of the Inter- 
national geodetic association in Rome last year, a 
resolution was adopted reconnnending observations 
specially designed to settle it. The  plan of Sig. 
Fergola, who in t rod~~ced  the resolution, is to select 
pairs of stations, having nearly the same latitude, 
bnt differing widely in longitnde, and to determine 
the d&#ere~zce of their latitudes by observations of 
the same set of stars, observed with similar instru- 
ments, in the same manner, and reduced by the 
same methods and forlnulae. So far as possible, the 
same observers are to be retained through a series of 
years, and are frequently to exchange stations when 
practicable, so as to eliminate personal ecluations. 
The main clifficulty of the problem lies, of course, 
in the n~innteness of the effect to be detected; and 
the only hope of success lies in the most scrupulous 
care arid precision in all the operations involved. 

Other problems, relating to the rigidity of the earth 
ancl its internal constitution and temperature, have, 
indeed, astronomical bearings, and may be reached 
to some extent by astroiioniical methods and consider- 
ations ; but they lie on tlie border of our science, and 

time forbids any thing more than their mere mention 
here. 

If we consider, next, the problems set us by the 
moon, we find thein numerous, important, and diffi- 
cnlt, h portion of thein are purely mathematical, 
relating to her orbital motion ;while others are phys- 
ical, arid have to do with her surface, atmosphere, 
heat, etc. 

As has been alreacly intimated, the lunar theory is 
not in a satisfactory state. I do ]lot mean, of course, 
that the mooli's deviations from the predicted path 
are gross and palpable, -such, for instance, as could 
be perceived by the unaided eye (this I say for the 
benefit of those who otherwise might not nnderstand 
how s~nal l  a matter sets astroliomers to grumbling); 
bnt they are large enough to be easily observable, and 
even obtrusive, a m o ~ ~ n t i n g  arc,to several seconds of 
or ~niles of space. As we have seen, the attempt to 
account for them by the irregularity of the earth's 
rotation has apparently failed ; and we are driven to 
the conclusion, either that other forces than gravita- 
tion are operative npon the lunar motions, or else 
(what is far more probable, considering the past his- 
tory of theoretical astronomy) that the mathematical 
theory is son~ewhere at  fault. 

To  one looking at  the matter a little from the ont- 
side, it seems as if tbat which is most needed just 
now, in order to secure the advance of science in 
many directions, is a new, more comprehensive, arid 
more manageable solution of the funda~nental  equa- 
tions of motion under attraction. Far be it frorn me 
to cry out against tliose mathen~aticians who delight 
themselves in transcendental and n-dimensional 
space, and revel in the theory of nuiilbers, -nre all 
know how unexpectedly discoveries and new ideas 
belonging to one field of science find use aiid appli- 
cation in widely different regions, -but I own, I feel 
mnclr more interest in the  study of the theory of 
functions and differential equations, and expect more 
aid for astronomy from it. 

The problem of any nnrnber of bodies, moving 
under their mutual attraction, according to the Xem- 
tonian laws, stands, from a physical point of view, 
on precisely the same footing as that of two bodies. 
Given the masses, and the positions and velocities 
corresponding to any moinent of time, then the whole 
configuration of the system for all tiiiie, past and 
futnre (abstracting outside forces, of course), is ab- 
solutely determinate, and amenable to calculation. 
But wllile, in the case of two bodies, the calcnlation 
is easy and feasible, by metbods ltnown for two 
hundred years, our analysis has not yet mastered 
the general probleiil for more than two. I n  special 
instances, by computations, tedious, indirect, and 
approximate, we can, indeed, carry our predictions 
forward over long periods, or indicate past conditions 
with any required degree of accuracy; but a general 
and universally practicable solution is yet wanting. 
The difficulties in the way are p ~ u e l y  mathenlatical: 
a step needs to be taken, corresponding in importance 
to the introduction of the circular functions, into trig- 
onometry, the invention of logaritlims, or the dis- 
covery of the calculus. The problem confronts the 
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astronomer on a hundred different roads; and, until 
i t  is overcome, progress in these directions must be 
slow and painful. One could not truly say, perhaps, 
that  the lunar theory must, in the mean while, remain 
quite at  a standstill: labor expended in the old ways, 
upon the extension aud development of existing 
methods, may not be fruitless, and may, perhaps, 
after a while, effect the reconcile~rlent of prediction 
and observation fnr beyond the presel~t limits of ac-
curacy. But if me only had the mathematical poviers 
we long for, then progress mould be as by wings: we 
should fly, where now we crawl. 

As to the physical problems presented by the moon, 
the questions relating to the light and heat -the 
radiant energy-it sends us, and to its temperature, 
seem to be the most attractive at  present, especially 
for the reason that the results of the most recent in- 
vestigators seem partially to contradict those obtained 
by their predecessors some years ago. I t  now loolis 
as if me should hare  to admit that nearly all we re- 
ceive from the moon is simply ve$ected sun-light and 
sun-heat, and that the temperature of tlle l~il iar  sur-
face nowhere rises as high as the freezing-point of 
water, or even of mercury. At the same time, some 
astronomers of reputation are not disposed to admit 
such an upsetting of long-received ideas; and it is 
quite certain, that, in the course of the nest  few years, 
the subject rill be carefully a11d variously investigated. 

Closely connected with this is the problem of a 
lunar atmosphere -if, illdeed, she has any. 

Then there is the very interesting discussion con- 
cerriing changes upon the moon's s~uface.  Consider- 
ing the difference between our modern telescopes and 
those e~rlployed fifty or a hundred years ago, I think 
i t  still far  from certain that the differences between 
tlle representations of earlier and later observers 
necessarily imply any real alterations. But they, no 
doubt, re~lder i t  considerablyp~obnble that such alter- 
ations have occarrecl, and are still ill progress; a11d 
they justify a persistent, careful, minute, and thor- 
ough study of the details of the lunar surface with 
powerful instruments: especially do they ir~culcate 
the value of large-scale photographs, ~1711ich can be 
preserved for future conlparison as unirnpeacliable 
witnesses. 

I will not leave the moon without sword in respect 
to the remarkable speculations of Professor George 
Darwin concerning the tidal evolution of our satellite. 
Without rlecessarily admitting all the rlurnerical re- 
sults as to her age arld her past and future history, 
one may certainly say that he  has given a most plau- 
sible and satisfactory explanation of the manner in 
which the present state of things might hare come 
about through tlie operation of causes krlomn and 
recognized, has opened a new field of researcli, and 
shown the Tray to new rlon~inions. The iritroduction 
of the doctrine of the conservation of energy, as a 
~neans  of establishing the conditions of motion and 
config~~rationin an astronomical system, is a very 
important step. 

I n  the planetary system we meet, in tlie main, the 
same proble~ns as those that relate to the moon, with 
a few cascs of special interest. 

For tlle most part, the accordance between theory 
ar~cl observation in the motions of the larger planets 
is as close as could be expected. The labors of Le- 
verrier, Hill, Kewco~lib, and others, have so nearly 
cleared the field, that i t  seems lilrely that several 
decades mill be needed to develop discreliancies snf- 
ficient to furnish any important correctio~is to our 
present tables. Leverrier Iiirnself, however, indi-
cated one striking and significa~lt exception to the 
general tractableness of the planets. Mercury, the 
nearest to the sun, and the one, therefore, which 
ought to be the best behaved of all, is rebellious to a 
certain extent: the perihelion of its orbit moves 
around the sun Inore rapidly than call be esl>lai~lecl 
by the action of the other lrr~own planets. The evi- 
dence to this effect lias been co~~t inual ly  accumu-
lating ever since Leverrier first announced the fact, 
some thirty years ago; and the recent i~>restigation 
by Professor Ke~vcomh, of the whole series of ob- 
served transits, puts the thing beyond question. Le-
verrier's omn belief (ill which he died) was. t l ~ a t  the 
effect is clue to an l~nknown planet or pla~iets be- 
t ~ r e e n  Xercnry and the sun;  but, as things llow 
stand, m-e think t,hat arry calldid investigator must 
admit that the probability of the existence of any 
SLIC~I body or bodies of considerable dimensions is 
vanishiugly small. We do not forget the n~unerous 
instances of round spots seen on the solar disk, nor 
the eclipse-stars of Watson, Swift, Trouvelot, aud 
others; but the demonstrated possibility of error or 
~nistalie in all these cases, and the trelnerldous array 
of negative evidence from the most trustworthy ob- 
servers, with the best equipment and opportunity, 
nlalies it little short of certain that there is no Vnl- 
can in tlie planetary system. 

A ring of meteoric matter between the plal~et and 
the sun might accouiit for the motion of the peri- 
helion; but, as Newcolnb has suggesterl, S L I C ~ ~a ring 
~vonld also disturb the ~zotlesof Mercury's orbit. 

I t  has been surmised tha t  the cause n ~ a y  be some- 
thing in the distribution of matter mithin the solar 
globe, or some variation in grnvitatio~l froni t,he es-  
act l a ~ v  of the inverse square, or some supplementary 
electric or magnetic action of the sun, or sorne 
special effect of the solar radiation, sensible on ac- 
count of the planet's proximity, or something pecul- 
iar to the region in ~~r-hich asthe planet moves; but 
yet no satisfactory explanation has been established. 

Speaking of unknown planets? vie are rather relnc- 
tantly obliged to adrnit that it is a part of our scien- 
tific duty as astror~ornera to continue to search for the 
remairling asteroids ; a t  least, I suppose so, al thongl~ 
the family bas already become ernbarrassi~~gly large. 
Still I think !re are lilrely to lear11 as much about 
the constitution, genesis, aud history of the solar 
system from the9e little flying rocks as from their 
larger relatives; and the theory of perturbations n7ill 
be forced to rapid g-~.on~tll in dealing v i th  the effects 
of Jupiter and Saturn upon their motions. 

Nor is i t  unlikely that  some day tile searcher for 
these insignificant little vagaho~lds may be rewarded 
by the discovery of some great world, as yet unknown, 
slow n ~ o v i ~ l g  re-ill .the outer desolation beyond tile 
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motest of the present planetary family. Some config- 
urations in certain cometary orbits, and sonie alniost 
evanescent peculiarities in Neptune's motioils, ha re  
been tl~ouglit to point to the existence of such a 
world; and there is no evidence, nor even a presump- 
tion, against it. 

Mercury as yet defies all onr attempts to ascertain 
the length of its day, and tlic character and condi- 
tion of its surface. Apparently the instruments and 
~nethocls now at  command are insufficient to cope 
with the difficulties of the problem; and it is not easy 
to say how it can be successfully attacked. 

With Venus, the earth's twin-sister, the state of 
things is a little better: we do already know, with 
some degree of approximation, her period of rotation; 
and tlie observations of the last few inonths bid fair, 
if followed up, to deterniine the position of her poles, 
and possibly to give us some knowledge of her moun- 
tains, continents, ant1 seas. 

I t  would be rash to say of Mars that we have 
reached tlie lirnit of possible knowledge 2s regards a 
planet's surface; but tlie main facts are now deter- 
mined, and we have a rather surprising amount of 
supposed knowledge regarding his geography. By
' snpposed : I mean nierely to insinuate a modest 
doubt whether some of the map-rnalrers have not 
gone into a little more elaborate detail than the cir- 
curnstances \?-arrant. At any rate, while tlie 'areog-
raphies' agree very well with each other in respect 
to the planet's more iiiiportar~t features, they cliffer 
~videlg and irreconcilably in mino;. points. 

As regards tlie pliysical features of the asteroids, 
me at  present know 1)ractically nothing: the field 
is absolutely open. TT-hether it is worth any thing 
nlag be a question; and yet, if one could reach it, I 
am persuaded that a knowledge of the substance, 
form, density, rotation, temperature, and other 
physical characteristics, of one of these little orphans, 
would throw vivid light on the nature and behavior 
of interplanetary space, and n7ould be of grcat use in 
establishing the physical theory of the solar system. 

The planet Jupiter, lorrlliest of tllelil all, still, as 
from the first, presents problems of the highest im- 
portance and interest. A sort of connecting-link 
between suns and planets, it seems as if, perhaps, we 
illiglit find, in the beantiful and varied pheiiolnena he 
exhibits, a kind of lkalf~vay house between familiar 
terrestrial facts and solar mysteries. I t  seems quite 
certain that  no analogies drawn from the earth allcl 
the earth's atmosphere alone mill explain the strange 
things seen upon his disk, some of which, especially 
tlie anon~alous differences observed betrveeil the ro- 
tation periods derived from the observation of marlr- 
ings in different latitudes, are very sinlilar to what 
we find upon the sun. 'The great red spot ' ~vliich 
has jnst disappeared, after challenging for several 
years our beet endeavors to understand and explain 
it, still, I think, remains as much a niystery as ever, 
-a mystery probably hiding within itself tlie master- 
lrey to the constitution of the great orb of whose 
inmost nature i t  was an  outward and iiiost character- 
istic expression. The same characteristics are also 
probably manifested in other less conspicuous bnt 

equally curious and interesting markings on the 
varied arid ever-changing countenance of this planet; 
so that, like the moon, i t  will well repay the most 
niinute and a s s idno~~s  study. 

Its satellite system also deserves careful observa- 
tion, especially in respect to the eclipses which occur; 
since we firid in them a measure of the time required 
for light to cross tlie orbit of the earth, and so of the 
solar parallax, and also because, as has been already 
mentioned, they furnish a test of tlie constancy of 
the earth's rotation. The photometric method of 
observing these eclipses, first instituted by Professor 
Piclcering a t  Cambridge in 1878, and since re-inventecl 
by Cornu in  Paris, has already much increased the  
precision of the results. 

TVitll reference to the rnathenlatical theory of the 
i~iotioiiof these satellites, tlie same remarks apply as 
to the planetary theory. As yet nothing appears in 
the problem to be beyolid the power and scope of 
existing methods, when carried out ~ v i t h  the neces- 
sary care and prolixity; but a new and more com-
pendious method is most desirable. 

The problems of Saturn are much the same as 
those of Jupiter, excepting that the surface and at- 
mospheric pheiioniena are less striking, aiid niore dif- 
ficult of observation. But we have, in addition, the 
wonderful rings, unirlue i n  the heavens, the loveliest 
of all telescopic objects, the type and pattern, I sup-
pose, of world-making, in actual progress before our 
eyes. There seeins to be coiitinually accnmulating 
evidence from the observations of Struve, Dawes, 
I-Ienrg, aiid others, that  these whirling clouds are 
clianging in their dimensions and in tile density of 
their different parts; ancl it is certainly the duty of 
erery one n h o  has a good telescope, a sharp eye, 
and a chastened imagination, to watch them care-
fully, and set down exactly what he sees. I t  may 
well be that  even a few decades will develop inost 
important and instructive phenomena in this gauzy 
girdle of old Chronos. Great care, however, is 
needed in order not to mistake fancies and illusions 
for solid facts. Xot a few anomalous appearances 
have been described and cornrnented on, wliich failed 
to be recognized by inore cautious observers wit11 less 
vivid imaginations, more trustworthy eyes, and better 
telescopes. 

The outer planets, Uranus and Neptune, until 
recently, have defied all attempts to study their sur- 
face and physical characteristics. Their own motions 
antl those of their satellites, have been well worked 
out;  but i t  remains to discuss their rotation, topog- 
raphy, and atmospheric peculiarities. So remote 
are they, and so faintly illuminatecl, that the task 
seerns almost hopeless; and yet, within the last year 
or two, some of our great telescopes have revealed 
faint and evanescent markings upon Uranus, which 
may in time lead to some further knowledge of tha t  
far-off relative. I t  may, perhaps, be that some great 
telescope of tbe future mill give us some such views 
of Neptune as we now get of Jupiter. 

There is a special reason for attempts to determine 
tlle rotation periuds of the planets, in the fact that 
there is very possibly some connection between these 
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periods, on the one hand, and, on the other, the 
planets' distances froni the sun, their diameters and 
masses. More than thirty years ago, Professor Kirk- 

supposed that he had discovered the relation in 
the analogy which bears his name. The materials 
for testing and establishing it -\vere then, however, 
insufficient, and still remain so, leaving far too many 
of the data uncertain and arbitrary. Could such a 
relation be discovered, it could hardly fail to have 
a most important significance wit11 respect to theo- 
ries of the origin and developlnerit of the planetary 
system. 

The great problem of the absolute dimensions of 
our systein is, of course, conlmanded by the special 
problem of the solar parallax; and this remains a prob- 
lem still. Constant errors of one lrind or another, 
the origin of which is still obscure, seem to affect the 
different methods of solutioll. Thus, while experi- 
ments npon the velocity of light and heliometric 
measnre~~ientsof the displaceniexlts of Mars among 
the stars agree remarkably in assigning a smaller 
parallax (and greater distance of the sun) than seems 
to be indicated by the observations of the late transits 
of Venus, and by methods fon~lded on the lunar 
motions, on the other hand, the meridian observa- 
tions of Mars all point to a larger parallax a11d smaller 
distance. While still disposed to put more confidence 
ill the n~ethods first named, I, for one, must admit 
that  tlie margin of probable error seems to me to 
have been rather increased than diminished by the 
latest p~bl ished results deduced froxn the transits. 
I do not feel so confident of the correctness of the 
value 8 .80  for the solar parallax as I did three years 
ago. In  its Very nature, this probleni is one, 11ow- 
ever, that astronomers can never have done with. 
So fundamental is it, that the time will never come 
mhen they can properly give up tlle attempt to iii- 
crease the precision of their determination, and to 
test the received value by every new method that 
may be foand. 

The problems preserlted by tlie sun alone might 
thenlseives well occupy more than the time at  our 
disposal this evening. Its mass, dimensions. and 
~uotions, as a whole, are, indeed, pret,ty well deter- 
mined and understood; but when we come to ques- 
tions relating to its constitution, the cause and nature 
of the appearances presented upon its surface, the 
periodicity of its spots, its temperature, and the main- 
tenance of its heat, the extent of its atmosphere, and 
the natnre of the corona, we find Ihe most radical 
differences of opinion. 

The difliculties of all solar problems are, of coarse, 
greatly enhanced by the enormous difference between 
solar co~lclitions and the conditions attainable in our 
laboratories. We often ?each, indeed, similarity saf- 
ficient to establish a bond of connection, and to afford 
a basis for speculation; but the dissimilarity remains 
so great as to render quantitative calculations unsafe, 
~11dmake positive coilclusions more or less insecure. 
m e  can pretty confidently infer the presence of iron 
and hydrogen and other elements in the sun by ap- 
pearances which we can reproduce upon the earth;  
but we canrlot safely apply elnpirical formulae (like 

that of Dnlong and Petit, for instance), deduced 
from terrestrial experiments, to determine solar tem- 
peratures : such a proceeding is an  unsound and un- 
warrantable extrapolatioil, likely to lead to widely 
erroneous conclnsions. 

For niy own part, I feel satisfied as to the substan- 
tial correctness of the generally received theory of the 
sun's constitution, which regards this body as a great 
ball of intenselyheated vapors and gases, clothed out- 
wardly with a coat of dazzling clouds formed by the 
condensation of the less volatile substances into drops 
and crystals like rain and snow. P e t  it must be ac- 
knowledged that this hypothesis is called in question 
by high authorities, who maintain, -rr7ith Kirchoff and 
Zollner, that the visible photosphere is no mere layer 
of clouds, but either a solid crust, or a liquid ocean of 
rnolten metals; and there may be sorne who continue 
to hold the view of the elder Herschel (still quoted 
as authoritative in nunlerous school-books), that  the 
central core of the sun is a solid and even habitable 
globe, llaving the outer surface of its atmosphere cov- 
ered with a sheet of flaine maintained by some action 
of the matter diffused in  tlie space through which the  
system is rushing. We must adrilit that the question 
of the sun's constitution is not yet beyond debate. 

And not only the constitution of the sun itself, but 
the  nature and condition of the matter co~nposing it, 
is open to question. Have we to do with iron and 
sodium and hydrogen as we linow thcin 011 the earth, 
or are the solar substances in some different ant1 
more eleillental state ? 

However confident many of us may be as to tlie 
general theory of the constitution of the sun, very 
few, 1imagine, would maintain that  tlie full explana- 
tion of sun-spots and their behavoir has yet bee11 
reached. We meet continually ~ v i t h  phenon~en;r, 
which, if not really contradictory to prevalent ideas, 
at  least do not find in them an easy esplanation. 

So far as illere ~ ~ i s u a l  appearances are concerneil, 
I think it inust be conceded, tha t  the most nat,ural 
conception is that of a dark chip or scale thrown u p  
from l~enea t l~ ,  caldron, and floating, like scum in :L 
partly submerged, in the blazing flames of the  plloto-
sphere which overhang its edges, and bridge across 
it, and cover it with filmy veils, until a t  last it settles 
down again and disappears. I t  hardly 1ool;s like a 
mere 11ollo~v filled with cooler vapor, nor is its appear- 
ance that of a cyclone seen from above. But then, 
on the other hand, its spectruin under high disper- 
sion is rery peculiar; not at  all that of a solid, heated 
slag, bnt it is made up of countless fine darli lilles, 
packed almost in contact, slionring, however, here. 
and there, a bright line, or at  least an interspace 
where the rank is Lroken by an  interval wider than 
that which elsexhere separates the elementary lines,- 
a spectruin, which, so far as I know, has not yet found 
an aiialogue in any laboratory esperirnent. I t  seems, 
however, to belong to the type of absorption spectm, 
and to indicate, as the accepted theory requires, that 
the spot is dark in consequence of loss of light, alld 
not from any original defect of luminosity. Here, 
certainly, are problerns that require solution. 

The probleni of the suri's peculiar rotation and 
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equatorial acceleration is a most important one 
and still nnsolved. Probably its solntion depends 
in  some way upon a correct understanding of the 
exchanges of matter going on between the inte-
rior and the surface of tlle fluid, cooling globe. I t  
is a significant fact (already alluded to), that a similar 
relation appears to hold upon the disk of Jupiter; the 
bright spots near the equator of the planet complet- 
ilig their rotation about five minlltes more quickly 
than the great red spot which \\.as forty degrees frorri 
the equator. I t  is hardly necessary to say that an  
astronomer, watching our terrestrial clonds frorn some 
external station (on the moon, for instance), would 
observe just the reverse. Equatorial clouds ~vould 
complete their revolutio~l more slowly than those in 
our own latitude. Our storms travel toward the east, 
while the volcanic dust fro111 Krakatoa moved swiftly 
west. We may at  least conjecture that the differ- 
ence between different planets somello~v turns upoil 
the question, whether the body whose atmospheric 
currents we observe is receiving more heat from 
without than it is throwing off itself. Whatever 
may be the true explanation of this peculiarity in the 
inotion of sun-spots, i t  will, when reached, probably 
carry with it the solution of nlany other mysteries, 
and will arbitrate conclnsirely between rival hypothe- 
ses. 

The periodicity of the sun-spots suggests a number 
of iinportant and interesting problems; relating, on 
the one hand, to its mysterious cause, and, on the 
other, to the possible effects of this periodicity upon 
the earth and its inhabitants. I am no 'snn-spottist' 
myself, and am more than sceptical whether the 
terrestrial influence of suu-spots amounts to any 
thing worth spealiing of, except in the direction of 
magnetism But all must concede that this is by 
no means yet denionstrated (i t  is not easy to prove 
a negative); and there certainly are facts and 
presumptions enough tending the other vay to 
warrant more extended investigation of the subject. 
TEle investigation is embarrassed by the circumstance, 
pointed oat  by Dr. Gould, that the effects of sun-spot 

if they exist at all (as he maintains they 
do), are likely to be quite different in different por- 
tions of the earth. The influence of changes in the 
amount of the solar radiation will, he says, be first 
and chiefly fe,lt in alterations and deflectio~ls of the 

winds, thus varying the dist?,ibzctio?z of 
heat ;milrain upon the surface of the earth without 
llccessarily nlach changing its absolute amount. I n  
some regions i t  may, therefore, be warmer and dryer 
during a sun-spot maximum, while in adjoining 
countries it is the reverse. 

There can be 110 questio11, that it is now one of tlie 
most importai~t and pressing problenls of observa-
tional astronomy to devise apparatus and methods 
delicate erlougll to enable the student to follow 
promptly and accurately the presumable changes in 
the daily, even the hourly, amounts of the solar radi- 
ation. I t  might, perhaps, be possible with existing 
instruments to obtain results of extreme value from 
observations kept up with persistence and scrupulous 
care for several years at  the top of some rainless 

mountain, if snch can be fouad; but the uncler-
taking would be a difficult and serious affair, quite 
beyond any private means. 

Related to this subject is the problem of the con- 
nection between the activity of the solar surface and 
magnetic disturbances on the earth, -a connection 
unquestionable as matter of fact, but a t  present un- 
explained as matter of theory. I t  may have some- 
thing to do with the realar6able prominence of iron 
in the list of solar materials; or the explanatio~l may, 
perhaps, be found in the mechanism by means of 
which the radiations of light and heat traverse inter- 
planetary space, presenting itself ultimately as a 
corollary of the perfected electro-magnetic theory of 
light. 

The cl~roinosphere and prominences present several 
problems of interest. One of tlle most fruitful of 
them relates to the spectroscopic pherlonlena at the 
base of the chromospllere, and especially to the strange 
differences in the behavior of different spectrum-
lines, which, accordirig to terrestrial observations, 
are due to the sarne material. Of two lines (of iron, 
for instance) side by side in the spectrum, one will 
glow and blaze, while the other will sullc in imper- 
turbable darkness; one will be distorted and shattered, 
pre~amably by the swift motion of the iron vapor to 
which i t  is due, while the other stands stiff and 
straight. 

Evidently there is some deep-lying cause for such 
tlifferences; and as yet 110 satisfactory expla~latiorl 
appears to me to have been reaclled, though much 
ingenious speculation has been expended upon it. 
Mr. Locl~yer's bold and fertile I~ypothesis, already 
alluded to, that at  solar and stellar ten~peratures our 
elements are deco~nposecl into others inore elemental 
yet, seems to have failed of demonstration thus far, 
and rather to have lost ground of late; and yet one 
is almost tempted to say, ' I t  ought to be true,' and 
to add that there is nlore than a possibility that its 
csserltial truth will he estal~lished some time in the 
fatare. 

Probably all that c:tn be safely said a t  preserit is, 
that the spectrum of a metallic vapor (iron, for in- 
stance, as before) depends not only upon the chem- 
ical element concerned, but also upon its physical 
conditions; so that, at different levels in the solar at- 
mosphere, the spectruln of tlle iron will differ greatly 
as regards the relative conspicuousness of different 
lines; and so it will happen, that, whenever any mass 
of iron vapor is suffering disturbance, those l i~ les  
only which particularly characterize the spectrum of 
iron in that special state will be distorted or re-
versed, while all their sisters will remain serene. 

The problem of the solar corol~a is at present 
receiving much attention. The 111ost recent investi- 
gations respecting it -those of Dr. Huggins and Pro- 
fessor Iiastings -tend in directions which appear to 
be diametrically opposite. Dr. Huggins considers that 
he  has succeeded in photographing the corona in 
full sunshine, and so in establishi~lg its objective 
reality as an  immense solar appendage, sub-perma- 
nent in form, and rotating with the globe to wllicll 
it is attached. One may call it an atmosphere,' if t l ~ e  
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word is not to he too rigidly iiltcrpreted. I am bound 
to say that plates mhich he 11as obtained do really 
show just such appearances as would be produccd by 
such a solar appendage, tllough they are very faint 
and ghost-lilrc. I may add fnrther, that, from a let- 
ter from Dr. Huggins, rcccrltly received, I lcarri that 
he  has bccn prevcntcd fro111 obtaining any similar 
plates in England this summer by the atmosplleric 
haze, hut that Dr. Woods, who has been provided 
with a similar apparatus, and sent to tlie Riffelberg in 
Switzerland, writes that he has ' an  ass~tred success.' 

Our American astronomer, on the other hand, at 
the last eclipse (in the Pacific Ocean), observed cer- 
tain phenomena which seem to confirrn a theory 
he  had formulated sonle time ago, and to indicate 
that  the lovely apparition is an  apparition onlg~, a 
purely optical effect due to the il@'rilctio~z (not ye-

fraction, nor reflection either) of light at  the edge of 
the moon-no more a solar appendage than a rain- 
bow or a mock sun. Tllere are matliematical consid- 
erations connected with tlie theory xvliich may prove 
decisive when the paper of its ingenious and able 
proposer comes to be published in full. I n  tlie mean 
time it must be frankly co~~ceded tliat the observa- 
tions made by him are very awlrnrard to explain on 
ang7 other hypothesis. 

Whatever may be the result, the irlvestigation of 
the status and possible extent of a nebulous envelope 
around a sun or a star is unqaestio~lably a problem 
of very great interest and importance. TVe shall be 
compelled, I believe, as in the case of comets, to rec- 
ognize otlier forces than gravity, heat, and ordinary 
gaseous elasticity, as concerned in the phenomena. 
As regards the actual existence of an  esteiisive gas- 
eous envelope around the sun, I may add that other 
appearances than those seen at  an ec1ip.e seein to 
demonstrate it beyond qnestion, -phenomena such 
as the original formation of clouds of incandescent 
hydrogen at  high elevations, and the forrns and 
notions of the loftiest prominences. 

Bat of all solar problems, tlie one ~vhich excites the 
deepest and most. general interest is that relating to 
the solar heat, its maintenance and its duration. For 
lily own part, I find no fault with the solutioll pro- 
posed by Helmholtz, who accounts for it mainly by 
the slow contraction of the solar sphere. The only 
objection of nlucll force is, that i t  apparently limits 
the past dnration of the solar system to a period not 
lnlich exceeding some twenty niillions of years ; and 
rnarly of onr geological friends protest against so 
scanty an allowance. The same theory would give 
us, perhaps, half as much time for our remaining 
lifetiine; but this is no objection, since I perceive no 
reason to doubt the final cessation of the sun's activ- 
ity, and the consequent death of tlie systeni. But 
while this hypothesis seems fairly to meet the require- 
ments of the case, and to be a necessary consequence 
of the best lrnowledge we can obtain as to the genesis 
of our system and the constitution of the sun itself, 
it must, of course, be conceded that it does not yet 
admit of any observational verification. No meas-
urements within our power can test it, so far as we 
can see at  present. 

I t  may be adiiiittecl, too, that much can be said in 
favor of other theories; such as the one which attrib- 
utes the solar heat to the impact of mctcoric matter, 
and that other nlost interesting and ingenious theory 
of the late Sir TT'illiam Siemens. 

As regards the former, however, I scc no cscapc 
from the conclusion, that, if it mcrc cxcll~sivcly true, 
the earth ought to be receiving, as was pointed out 
by the late Professor Peirce, as much heat from 
meteors as from the sun. This n-ould require the fall 
of a quantity of meteoric matter, -more than sixty 
million tinies as much as the best estiniates inake 
our present supply, and sr~cll as could not escape tlie 
most casual observation, since it ~vould aniount to 
more tliaii n huiidred and fifty1 tons a clay on every 
square mile. 

As regards tlie theory of Siemens, the matter has 
bcerl, of late, so thoronghly discussed, that  we probn- 
bly nee11 spend iio time upon i t  here. To sag7 nothing 
as to the difficulties connected with the estal~lish- 
melit of such a far-reaching vortex as i t  demands, 
nor of tlie fact that the temperature of the sun's sur- 
face appears to be above that of the dissociation point 
of carbon coli~ponnds, and hence above tlie highest 
heat of tlieir combustion, i t  seems certainly demon- 
strated, tliat matter of the necessarg7 density conlcl 
not exist in interplanetary space ~vithont seriously 
affecting tlie planetary motions by its gravitating 
action as ell as by its direct resistance; nor colild 
tlie stellar radiations reach as, as they do, tlirongh n 
medinni capable of talring up and utilizing the rays 
of the sun i11 the may this theory supposes. 

And yet I imagine tha t  there is a very general sym- 
pathy with the feeling that led to the proposnl of the 
theory, -an  uncomfortable dissatisfaction with re-
ceived theories, because they admit that the greater 
part of the sun's radiant energy is, spealring from a 
scisntific poir~t of view, si~nply masted. Sothing like 
a niillionth part of tlie sky, as seen from the sun, is 
occupied, so far as we call inalre out, by objects upon 
which its rays can fall: the rest is vacancy. If the 
sun sends out rays in all directions alilre, not one of 
them in a million finds a target, or accdmplishes any 
useful worlr, unless there is in space some medium 
to utilize the rays, or nnlinown worlds of which Tve 
have no cogilizance beyond the stars. 

No~v,  for my own part, I arn very little troubled 
by accusations of wastefulness against nature, or by 
delilands for theories which will show what the 
human mind can recognize as 'use '  for all energy 
expended. Where I can perceive such use, I recog-
nize it with reverence and gratitude, I hope: but the 

I I n  an article on astronomical coll is io~~s,  publislied in the 
S o r t h - d n i i ~ i c n ? ~  stated the .r iwir~uabout a year ago, I w~~oi ig ly  
arno111it a t  fifty toils. There W:IS somc fatality coimcctcd n,itli 
my calculntions for tlint article. I gave the amonnt of heat due 
to thc five hundred tons of ~rleteoric mnttcr wliich is supposed 
to fall daily on tlic earth nit11 an average velocity of fifteen milcs 
per second as  fifty-three calories nnnnally per square metre, -a 
quantity tnro tliousand times too great. Probably thc error 
would hare been noticed if ercn thc ~ l u n ~ b e r  given had not been 
so s~na l l ,  co~ilpared with the solar heat, a s  fully to justify my 
argu~ncnt,  wliicb is only strengthened hy tlic correction. T owe 
the c~rrcctiol l  to k ' r o f ~ s s o ~  I,eCoiltc of C'alifo~nia, ~ v h ocallid my 
attention to the errors. 
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failure to recognize it in other cases creates in illy 
mind no presuinptioll against the misdo~n of nature, 
or against the correctness of an  liypothesis otherwise 
satisfactory. I t  merely suggests human limitations 
and ignorance. How can one without sight under- 
stand what a telescope is good for? 

A t  the same time, perhaps me assunle with a little 
too mucll confidence, that, in free space, radiation 
does take place equally in all directions. Of course, if 
the received views as to the nat,ure ancl conduct of the 
hypothetical ' ether ' are correct, there is no possibil- 
ity of questioning the assumption; but, as Sir John 
Herschel and others have pointed out, the proper- 
ties which must be ascribed to this 'ether,' to fit i t  
for its various functions, are so surprising ancl almost 
inconceivable, that  one may be pardoned for some 
reserve in accepting it as a finality. A t  any rate, as 
a fact, the question is continually started (the idea 
has been brought out repeatedly, in some cases by 
inen of real and recognized scientific and philosophic 
attainment), whether the constitution of things may 
not be such that radiation and transfer of energy 
can take place only between ponderable masses; ant1 
that, too, without the expenditure of energy upon 
the transmitting-agent (if such exist) along the line 
of transmission, even in transitu. If this were the 
case, then, the sun would send out its energy only to 
planets and meteors and sister-stars, wasting none 
in empty space; ancl so its loss of heat woulcl be enor- 
mously diminished, and the time-scale of the life of 
the planetary system woulcl be correspondir~gly ex- 
tended. So far as I lrnow, no one has ever yet been 
able to indicate any kind of medium or mechanism 
by which vibrations, such as we know to constitute 
the radiant energy of light and heat, can be trans- 
mitted at  all from sun to planet under such restric- 
tions. Still one ought not to be too positive i n  
assertions as to the real condition and occupancy of 
so-called vacant space. The ' ether ' is a good worlr- 
ing hypothesis, but hardly more as yet. 

I need not add, that :t most interesting and as yet 
inaccessible problem, connected x i t h  the preceding, 
is that  of the meclianism of gravitation, and, indeed, 
of all forces that  seem to act at  a distance: as for 
that  matter, in the last analysis, all forces do. If 
there really be an  ' ether,' then it would seem that 
somehow all attractions and repulsions of ponder- 
able matter must be due to its action. Challis's 
investigations and co~lclusions as to the effect of 
hydrodynamic actions in such a. mediuin do not seem 
to have cominanded general acceptance; and the field 
still lies open for one who will ~1101~- how gravitation 
and other forces can be correlated with each other 
tllrough the ether. 

Meteo~sancl the cornets, seeming to belong lleitller 
to the solar syatenl nor to the stellar iu~iverse, pre-
sent a crowd of problerns as difficult as they are iuter- 
esting. Nnch has undoubtedly been gained during 
the last few decades, but ill sonle respects that which 
has been learned has only (leepened the mystery. 

The problem of the origin of comcts has been sup- 
posecl to be solved to a certain extent by the re-
searches of Schiaparelii, Heis, Professor Ne~vton, 

and others, who consider then1 to be strangers com- 
ing in frorn outer space, sonletimes captured' by 
planets, arid forced into elliptic orbits, so as to be- 
come periodic in their motion. Certainly this theory 
has strong supports and great authority, an& proba- 
bly i t  meets tlle conclitions better than any other yet 
proposed. But the objections are really great, if not 
insuperable, - the fact that we have so few, if any, 
comets nlovirlg in hyperbolic orbits, as comets met 
by the sun would be expected to move; that there 
seems to be so little relation between the direction of 
the major axes of conletary orbits, and the direction 
of the solar lnotion ill space; ancl especially the 
fact, pointed out and insisted upon by Mr. Proctor i n  
a recent article, that the alteration of a comet's natu- 
ral parabolic orbit to the observed elliptic one, by 
planetary action, inlplies a reduction of the comet's 
velocity greater than can be reasonably explained. 
If, for instance, Brorsen's comet (which. has a mean 
distance from the sun a little more t,han three times 
that of the earth) was really once a parabolic comet, 
and was diverted into its present path by the attrac- 
tion of Jupiter, as generally admittecl, i t  must have 
hacl its velocity reduced from about eleven iniles a 
second to five. Now, i t  is very clifficult, if not out of 
the question, to imagine any possible configuration 
of the two bodies and tlieir orbits which could result 
in so great a change. While I am by no means pre- 
pared to indorse as conclusive all the reasoning in 
the article referred to, and should be very far frorn 
ready to accept the autllor's alternative theory (that  
the periodic cornets have been ejected from the plan- 
ets, and so are not their captives, but their children), 
I still feel that  the difficulty urged against the received 
theory is very real, and not to be evaded, though it 
may possibly be overcome by future research. 

Still more problematical is the constitution of these 
strange objects of such enormous volunle and incon- 
ceivable tenuity, self-lnn~ii~ous and transparent, yet 
reflecting light, the seat of forces and pllenornena 
~~nparalleledin all our other experience. Hardly a 
topic relating to their appearance and behavior can 
be nailled wllich does not contain an  unsolved prob- 
lem. The varying intensity, polarization, and spec- 
troscopic character of their light; the configurations 
of the nucleus and its surrounding nebulosity; and 
especially the phenomena of jets, envelopes, and tail, 
-all denland careful observation and thorough dis- 
cussion. 

I tllinlr it may be regarded as certain, that  the ex- 
planation of these phenomena when finally reached, 
if that  time ever comes, will carry with it, and be 
based upon, an enormous increase in our lrnowledge 
as to tlie condition, contents, and temperature of inter- 
planetary space, and the behavior of matter when re- 
duced to lowest terms of density and teiilperature. 

Time forbids any adequate discussion of theenu- 
merons problems of stellar astronomy. Our work, 
in its very nature illcessant and interminable, con- 
sists, of course, i n  the continual observation and 
cataloguing of the places of the stars, with ever-
increasing precision. These star-places forrn the 
scaffoltl a ~ l d  frnmeworl~ of all other astronomical 



i~ivestigations involving the motions of tlie lleaveiily 
bodies: they are the reference-points and bench-
narks of the universe. Ultimately, too, the com- 
parison of catalogue.: of different dates ~vill reveal 
tlie paths and notions of all the members of the 
starry host, and bring out the great orbit of the s ~ u l  
arid his attendant planets. 

Xeanrvhile, micrometric observations are in order, 
upon the indiviilaal sla1.s in different clnsters, to as-
certain the niotions mhich occur ir1 s11cll a caw ; ailtl 
the mathematician ir called npon again to solve the 
problem of such morernent. 

NOT, too, since the recent mori; of Gill and Elkin 
in South Africa, and of Struve, Hall, and others, else- 
where, upon stellar parallax, new hopes arise that y e  
may soon come to some wider kriowledge of the snb- 
ject; that,, instead of a dozen or so parallaxes of 
doubtful prerision, 15-e may get a hnntlretl or more 
relating to stars of ~r ide ly  ilifferent brigl~tness ancl 
motion, and so be enabled to reach some trnst-
vorthy generalizations as to the constitution ancl 
dimensions of tlie stellar unirerse, and tlie actnal 
rates of stellar arid solar nlotiol~ in space. 

Most interestiilg. also, are the studies now so vigor- 
ously prosecuted by Professor Picliering in this coaii- 
try, and many others elsewliere, upon the brightness 
of tlie stars, and the continnal \-ariation.; in this 
brightness. Since 1876, stellar photonietry has be-
come allnost a rlew science. 

Then, there are more than a myriad of double and 
multiple stars to watch, and their orbits to be deter- 
mined; and tlie nebulae clain~ keen attention, since 
some of them appear to be clia~igiilg in for111 and 
brightness, and are likely to reveal to 11s soine mon- 
derful secrets in tlie embryology of worlds. 

Each star also presents a subject for spectroscopic 
study; for although, for the most part, the stars may 
be grouper1 into a very fen. classes from the spectro- 
scopic point of viem, yet, in detail, the spectra of ob- 
jects belonging to tlie same group differ considerably 
and significantly, alniost as m ~ ~ c h  as human faces do. 

For such investigat~ons, new ,instruments are 
needed, of niiexan~pled powers and accuracy, some 
for angular meas~~rernent,  some for inere pon7er of 
seeing. Photography coines continaally more and 
more to the front;  ancl the idea sometinles suggests 
itself, that by and by the human eye will hardly be 
trusted any longer for observations of precision, but 
n-iil be superseclecl by an honest, nnprejucliced, and 
uiiirnaginative plate aiid camera. The time is not 
yet, however, most certainly. Indeecl, it can never 
come at  all, as relates to certain observations; since 
the human eye and niind together integrate, so to 
sgeaic, the in~pressions of rilariy separate ancl selectee1 
moments into one general viem, vhile the camera call 
only give a brutal copy of an nnselectecl state of things, 
with all its atmospheric ancl other imperfections. 

Nen' methods are also needecl, I tliinlc (they are 
unqestionably possible), for freeing time-observations 
from the errors of personal equation; ancl increased 
precision is tlemaridetl, ancl is beiug l~rogressively 
attained, in tlle prevention, or elilninntion, of instrli- 
mental errors, due to differences of temperature, to 
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mechanical strains, anel to inaccuracies of construc-
tion. ,ksti.onomrrs are noa- coming to the investiga- 
tion of quantities so minute, that they would be 
completely maslied by errors of observation that for- 
merly were osual and tolerable. The scicriee has 
reached n. stage, ~vliere, as was indicated at  the begin- 
ning of this address, it has to confront and deal with 
tlie possible unsteadiness of the earth's rotation, 
and tlie instability of its axis. The astronoiner has 
now to reverse the old inasin1 of the courts: for hiru. 
aild most ernpllatically at  present, tle ~ni i~ i tn i sczb~nt 
1e:r. Ilesiduals and rniriute discrepancies are tile 
seeds of f ~ ~ t u r e  knowledge, and the rery foundations 
of new laws. 

And now, in closing this harried and inadeqnate. 
but I fear rather tedioas, review of the chief problems 
that are at  present occupying the astronomer, what 
answer can we gire to hirn who insists, Czii hoizo ? anil 
recluires a reason for the enth~~siasrn that makes tlie 
rotaries of our science so ardent and tireless in its 
p u r s ~ ~ i t  Evidently very few of the questions which 2 
have been presented have rnuch to do clirectly nitli 
tlie material welfare of the human race. I t  inay 
possibly tun1 out, perhaps, that the investigation of 
the solar radiation, and the behavior of sn11-spots, 
may lead to some better nnclerstanding of terrestrial 
nleteorology, and so aid agricultural ol~erations and 
na~-igation. I do not say it will be so, -in fact, I 
hardly expect it, -but 1am not sure it will not. Pos-
sibly, too, soine f e v  other nstronomical investigations 
may facilitate the tletermination of latitudes ant1 
longitudes, and so help exploratioii and commerce: 
but, with a few exceptions, it niust be adnlitted tlmt 
modern astronoiiiical investigations have not t.lle 
slightest inlineiliate comniercial value. 

NOR,,I ain not one of those who despise a scientific 
truth or principle because it aclniits of an  available 
application to the affairs of what is called 'practical 
life,' and so is worth something to tlle co~nmanity i11 
dollars and cents : its commercial value is- jast what 
it is- to be accepted gratefally. 

indirectly, horever,  almost all scientific trntli has 
real coinniercial value, because ' linowledge is power,' 
and because (I quote it not irreverently) ' t he  t r u t l ~  
shall make yon free,' -any trath,  and to solrle extent; 
that  is to say, the intelligent and intellect~~ally cul-
tivated will generally obtain a more comfortable live- 
lihood, ancl clo it iuore easily, than the stupid ant1 tlie 
ignorant. Intelligence ancl brains are most power-
ful allies of streiigth and lia~icls in the struqgle for 
existence; ancl so, on purely economical gro11ncl3, all 
Bincls of science are worthy of cultivation. 

But I should be ashalnecl to rest on this iomer 
ground: the liigllest value of scientific truth is not 
economic, but different and more troble: m~cl, to :i 

certain and great clegree, its truest worth is inore as 
an object of pursuit than of posses3ion. The 'prac- 
tical life ' -the eating ant1 tlie drinliing, the clothi~lg 
aiid the sheltering- comes $firsf, of course, ancl is the 
necessary foundation of any thing higher; but it is 
not the ~vhole or the best or the rnost of life. Apart 
from all spiritual and religious considerations, which 
lie one side of our relations in this association, t h e e  



SCIENCE.  


can be no need, before this audience, to plead thc 
higher rani; of the intellcctual, aesthetic, ancl moral 
life above tlie material, or to argue that the pabulum 
of the rnincl is worth as much as food for the body. 
Yon, it is unquestionable, that, in the in~estiga- 
tion ancl discovery of the secrets and mysteries of 
the h e a ~ e n s ,  the l i~unan intellect finds moit invig- 
orating exercise, and most nourishing and growth- 
making aliment. What other scientific facts aricl 
conceptions are more effective in producing a mod-
est, sober, truthful, and ennobling estimate of man's 

just place in nature, both of his puny insiguiiicance, 
regarded as a physical object, arid liis towering spirit, 
in some sense comprehending the universe itself, and 
so akin to the divine 2 

A nation oppressed by poverty, and near to starv- 
ing, neecls first, most certainly, the tracles ancl occupa- 
tions that will feed ancl clotlie it. When bodily com- 
fort has been achieveel, then higher needs and wants 
appear; ancl then science, for truth's own salre, comes 
to be loved and honoree1 along mith poetry ancl art ,  
leading men into a larger, Iiiqher, and nobler life. 

BRITIXJI ASS OCTdTIOIV FOB THE A D  P B N C ' E T  OF AYQIENCyiT9 

S O M E  DISTIATCTIVE F E R  TUIZES O F  

T H E  BIZITISH ASSOCIATIOfV .  


THE gener:~l plan of organization of the 
British ancl American associations for the ad- 
anc cement of science is the same. The Eng- 

lish body has a ' council ' corresponding closely 
to our standing committee, ancl a 'general com- 
mittre ' corresponding to our body of f'elloms. 
There are, however, many points of cliffereilce 
~ h i c h  it is me11 worth while to stucly mith a 
view of seeiiig what s~~ggestions of valne we 
may derive for our owit gniclance. The first 
of these is, that the British association has 
long since given up the practice of meeting ancl 
transacting business as an organized body. 
Tlie general meetings are held only to hear 
sue11 papers as the president's anaual address, 
and not to transact business of ally kind. The 
transaction of all business by the several com- 
mittees saves much time which the American 
association spends in the mork of organizing 
the meeting, ancl electing new illembers ; ancl 
we may expect, that, as our numbers increase, 
this work will become so cunibrous that we 
shall fin all^ aclopt some plan of patting it en- 
tirely into the hands of committees. 

Tlie organization and conduct of the scien- 
tific proceedings are so like those adopted by 
ourselres as to call for little remark. The 
division into sections is substantially the same 
as with us ; and the maill difference between 
the sectional programmes is that ao  estimated 
length of a paper is given by our aeighbors, 
thus avoiding one source of deception mhich 
frequently annoys intended listeners. Per-
haps it was owing to the peculiar circum-
stances of the meeting, that the papers ancl 
cliscussions were of a quality superior to what 
me are wont to expect in a semi-popular as- 
semblage. Only inen who llacl some serious 
object coulcl unclertalie so long a journey ; and 

the result has been, that what such men have 
hacl to say mas hears1 without any admixture 
of the cr~tde and ignorant specnlations so often 
interjected into the discussions, aild even form- 
ing the subject of the papers. The one sub- 
ject in which English thought has always been 
pre-eminent is the theories of physics, and the 
cliscussioii on the seat of electromotive forces 
was all the more creditable from the barren- 
ness of the subject. This discussioil well illas- 
trated the comparative state of science in the 
two countries; which may be expressed bx 
saying, that, while a few Illen of the Lighest 
genius stand oit the sarne level, foreign coun- 
tries are greatly superior to us in tlie number 
of trained men, thoro~~ghly groniiclecl in first 
principles, which they are able to bring for- 
ward. The lucicl statement by Professor Wil- 
lard Gibbs of New Haven, of the priilciples 
involved, was the feature of the cliscussion ; 
yet it would have been liarcl for the speaker to 
collect in his owl1 country so appreciative an 
audience as that mhich greeted him froin be- 
yond the ocean. 

The most val~~able  work of the British asso- 
ciation has becn the reports aiicl investigatioiis 
undertaken by committees of its appointment. 
Occasionally these reports have comprised 
synopses of the progress of science in special 
branches made by indiridual members, and 
presented to the society. The greater number 
have, however, beell accouilts of special re- 
searches, the funds for prosecuting mhich have 
been suppliecl by the association. A splenclid 
example of such morli, which must ever re-
douncl to the credit of the body which under- 
tooli it,  is the system of electrical units now 
~~niversallyadopted, the basis for which ma5 
furnished by a committee of the Britisll asso-
ciation. I t  can lrlardly be too much to say, 
that no one work of recent times has done 
more for the progress ancl cliffi~sion of electrical 


