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11. 
AT Cape Town I attempted to make a 

general survey of evolution in its various 
branches, and laid down certain general 
propositions as to what seems common to 
all of them. 

I then went on to consider how these gen- 
era1 laws found an application in the most 
recent speculations as to the constitution 
of matter. The atoms of the elements and 
the molecules of chemical combinations are 
constructed on so minute a scale that it is 
no easy task to picture them to our minds. 
On the other hand, we see in the heavens 
arrangements of matter on a scale so vast 
that it is equally difficult to grasp. Both 
the inconceivably small and the inconceiv- 
ably large should fall under a general law, 
if i t  is a true one; and the history of 
satellites, planets and stars presents at least 
as great an interest as that of atoms and 
molecules. Accordingly the transition 
from the small to the large seemed to afYord 
a convenient halting place in my address, 
and I propose to-night to resume the dis- 
cussion by considering various theories of 
celestial evolution. Rut I will first t ry to 
render the point of view intelligible which 
I desire to take. A short preliminary ex- 
planation for those who were not a t  Cape 
Town thus becomes necessary. 

I desire to present the essential features 
which are common to evolution in all its 
branches, and this may be done most easily 

lJoh:lnneshurg, South Afriea, August  30, 1905. 
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by 'cference to polit,ical in~titutic~as, be-
cause wc all fancy we understand some-
thing of politics. 

The corr~plex interactions of niau with 
rnan in a community are usllally described 
by s~icli comprehensive terrrls as 'the state,' 
' the comnronwealth' or 'the government. ' 
Various states dif'fer widely in their con-
stitution and in the degree of the complcx- 
ity of tlieir organization, and we classify 
them by various general terms, sllcli as 
'al~tocracy,' 'aristocrany' or 'democracy,' 
which express soniewliat loosely their lead- 
ing characteristics. IZut for the purpose 
of showing the analogy with physics we 
need terms oP widcr import than those 
habitaally used in politics. All forms of 
tlie state irnply inter-relationship in thc ac- 
tions of men, arid actiori irnplies movement. 
Thus the state rriay be described as a con-
figuration or arrangement of a corninunity 
of men; or we rnay say that it irnplics a 
definite mode of rllotion of rrieri-- that is to 
say, an organized schcme of action of rnan 
on man. Political history gives an account 
of the gradual clianges in such coriligura- 
tions or rnodes of rnotion of men as have 
posscsseci the quitlity of persistence or of 
stability to resist the disintegrating in-
fluence of surrounding circumstances. 

In  the history of a state we find tliis 
stability or power of persistcrice contin-
ually changing. I t  slo~vly rises to a inaxi-
mum, and then declines; when it falls to 
nothing a revolution ensues, and a ncw 
forrn of govcrriment is established. This 
new rriodc of rriotion of rricn, or govern-
ment, has at  first but little stability, but 
it gradrrally acquircs strcngtl~ and perina- 
nence, untrl in its turri the slow decay iri 
tlie power of persistence leads on to a new 
rcvolntiori. Such criscs in political history 
may g ~ v c  'ise to a condition in which the 
state is incapable oC perpetuatiori by trans- 
forrri;~tiori. This occurs whcn a savage 
tribe nearly exterrriiriates anotlier and leads 

the few survivors into slavery; the pre-
vious form of government then becomes 
extinct. 

Now t u n  to the evolution of the various 
forms of life. The fundamental idea in 
the theory of natural selection is the per- 
sistence of tllosc types of life wliich are 
adapted to their s~irrollnding conditions, 
and the elimination by extermination of 
tlie ill-adapted types. The straggle for 
life amongst forms possessing various de- 
grees of adaptation to slowly varying con- 
ditions is held to explairi the trarisrnutation 
of spccies. Altlio~igha diffcrerit phrascol- 
ogy is used when we speali of the physicaI 
~vorld, y d  the idea is essentially the sarne. 
Theories of pliysical evolution involve tlie 
discovery of modes of rnotion or configura- 
tions ol' rriatter which arc capablc of per-
sistencr. Tlic pliysicist describes such 
types as stable; the biologist calls thern 
species. 

'['he physicist, tlie biologist and tlie his- 
to~.iari alike watch the effect of slowly vary- 
ing external conditions; they all observe 
tlie rise and decline of stability, with thc 
corlsequerit change of type of ino%ion, trans- 
inutatiori of specics or revolution. 

,lrid now after this preface I turn to as- 
tronomical theories of evolution. 

The Gcrrrian astronomer Thde lorig ago 
propou~tdcda simple crripirical law con-
cacrning the distances at  which the sevcral 
p1;lncts rriove about the sun, and his for- 
r1111lil e~trbraccs so large a riuinber oP cases 
with accuracy that we arc cornpellcd to 
bclieve that it ariscs in some rrianner frorri 
the primitive conditions of the plarletary 
systcrn. 

The explanation of thc causes which have 
Icd to this siinplc la117 as to thc plarietary 
distances presents an interesting probleru, 
arid although it is still unsolved, we rnay 
obtain so~ne insight into its meaning by 
considering wliat may bc called a working- 
model of ideal simplicity. 



Imagine, then, a, suri round which there 
moves in a circle a single large planet. I 
will call this planet Jove, because it may 
be taken as a representative of our largest 
planet, Jupiter. Suppose riext that a 
meteoric stone or srnall plariet is projected 
in any perfectly arbitrary manner in the 
same plane in which Jove is voving; then 
we asli hon7 this third body will move. I t  
appears that under the combined attrac-
tions of the sun and Jove the rneteoric stone 
will in general describe an orbit of extra-
ordinary complexity, at one tirrie moving 
slowly a t  a great distance from both the 
sun and Jovc, a t  other times rushing close 
past one or other of them. As it grazes 
past Jove or the sun i t  may often but just 
escape a catastrophe, but a time will corrie 
at length when it runs its chances too fine 
arid comes into actual collision. The indi- 
vidual career of the storie is then ended by 
absorption, and of course by far. the greater 
chance is that i t  will find its Nirvana by 
absorption in tlie suri. 

Next let us suppose that iristead of one 
wandering meteoric storie or minor plariet 
there arc huridreds of them, rnoving in- 
itially in all conceivable directions. Since 
they are all supposed to be very small, their 
mutual attractions will be insignificant, and 
they will each rriove alrriost as though they 
were influenced only by tlie sun and Jovc. 
Most of t@se stones ~17ill be absorbed by 
the sun, and tlie minority ~17ill collide with 
Jove. 

MTheri we inquire how long tlie carcrr of 
a stone may be, we find that it depends on 
tlie direction arid speed with which i t  is 
started, and that by proper adjustmerit 
the delay of the final catastrophe may be 
made as long as tvc please. Thus by ma- 
kirig the delay iridefinitely long we reach 
the conception of a meteoric stonr which 
moves so as never to come irito collision 
with either body. 

There are, therefore, certairi perpct~ral 

nrbits in which a meteoric stone or rninor 
planet rnay rriove forever without collision. 
But when such an irnrriortal career has 
been discovered for our minor planet, i t  
still remains to discover whether the slight- 
est possible departure from the prescribed 
orbit will become greater and greater and 
ultimately lead to a collision with the sun 
or Jove, or whether the body 117ill travel S@ 

as to cross and recross the exact perpetual 
orbit, always remaining close to it. If the 
slightest departure inevitably increases as 
time goes on, the orbit is unstable; if, on 
the other hand, it only leads to a slight 
mraviriess in the path described, it is stable. 

We thus arrive at  mother distinction : 
there are perpetual orbits, but some, arid 
irideed most, are unstable, and these do not 
offer an immortal career for a meteoric 
storir; and there are other perpetual orbits 
which are stable or persistent. Tlie un-
stable ories are those which succumb in the 
struggle for life, and the stable ones are 
the species adapted to their cnvirorirrient. 

If,  tlicri, we are given a systcrri of a sun 
and large phlai~ct, together with a sn7al.m of 
small bodies moving in all sorts of ways, 
the sun and planet will grow by accretion, 
gradually sweeping up the dust and rub- 
bish of the systcrri, and there will survive 
a number of small planets and satellites 
rnovirig in certairi definite paths. Tlie final 
outcorrie ~17ill be an orderly planetary sys- 
trm in which the various orbits are ar-
ranged according to some definite law. 

Thrrr is hardly roorn for doubt that if a 
corripletc solutiori for our solar system were 
attainable, we should find that the orbits 
of the existing planets and satellites are 
riu~nberctl amongst tlie stable perpetual or- 
bits, and sl~oultl thus obtain a rigorous me- 
chanical cxplariation of Bode's law con-
cerning tlie planetary distances. 

In  the first portion of my address I de-
scribed the orbits in which the corpuscles 
move in the atoms of matter, and drew 
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atterrtion to the rrscrriblance to a planetary 
system. I t  inay not, perhaps, bc fanciful 
to imagine that  sonle general mathematical 
incthod devised for solvirlg a problem of 
cosnlical evolution inay find another appli- 
cation to miriiatnre atorriic systcnls, arid 
may thus lead ori~vard to vast dcvelopincnts 
of industrial mechanics. Science, however 
diverse its alnls, is a wholc, and men of 
scicnc.e do 1ml1 to Impress on tlie captains 
of industry that they should not look 
aslianccl on those branches of investigation 
whir.h rrr;ly seem for the rnomenl far  be- 
yond any pcssibilily of practical utility. 

The theory which I have now explained 
points to the origin of the sun and planets 
frorn gradllal accretions of rrleteoric stones, 
and it mnlics no claim to carry tlie story 
back behi~rtl the time whc'n there was al-
ready a ccntral condensation or sun about 
11 hich therc circletl another condensation or 
planet. I3~tt  irrorc. than a century ago an  
attempt liacl already been made to recon-
struct the history back to a yet remoter 
past, and, :IS we shall see, this atterrrpt was 
based upon clnitc a, different supposition as 
to the  constitution of the primitive solar 
systerrr. I rrryself believe that the theory 
I have just ?xplair~ed, as well as that to 
which I am conling, contains essential ele- 
rnents of truth,  and that the apparent dis- 
cordailces \rill sonre day be reconciled. 'l'hc 
thcory of which 1 speak is the celebrated 
iich111ar I~yl?othesis, iirst stiqgestcd by the 
(ienrta~ll )h i l ( ';ophc~r* Ki~rlt, arid later re-
statecl ir1~1~~1)c~ntl~irtly betterant[ in for111 
by tbc Ifi~rlrcaIl rr~athem;ltic~ian liaplace. 

I~aplac~ct~treed the oriqin of the solar 
systcnl to a nebula or cloucl of rarefied gas 
congreg;rtc d round :r cw~tral  conderlsiition 
which was ultimately to font1 the sun. 
The wholc was slonly rot:rting about an 
axis Ihmugll its c2cxntel., and, under tlie 
corrlbir~c~clinfluences of rotation and of the 
nrntual attraction of the gas, it awnrned a 
globular Tor~iil, slightly Il;~ttclncxd at the 

poles. 'J'hc prinlrval globular nebula is 
nridoubtcdly a stable or persistent figurc~, 
and thns liaplace 's hypothesis corifornls to 
the general laws which I have attcrnpted 
to lay down. 

The nebula inust have gradually cooled 
by radiation into space, and as it did so the 
qas rrinst necessarily have lost sorrie of its 
spring or elasticity, thns perinittirrg a 
greater degree of condensation of the 
whole. 'I'he contraction led inevitably to 
t ~ v o  results : first, the central condensation 
bccarrle hotter ; and, secondly, the speed of 
its rotation becarrre faster. The accelerated 
rotation lecl to an increase in the amount 
of polar flattening, and the nebula a t  length 
assumed the forrrr of a, lerrs, or of a disk 
thiclier in the middle than a t  the  edges. 
Assuming the existence of the prinlitive 
nebula, tlie hypothesis inay be accepted 
thns fa r  as practically certain. 

From this point, however, doubt and 
difliculty enter into the argument. It is 
supposed that tlie nebula becarrre so much 
flattened tlrilt il could not subsist as a con-
tinuous aggregation of gas, and a ring of 
rrratter detached itself frorn the equatorial 
regions. The central portions of the 
nebnla, when relieved of the excrescence, 
resunled the rrrorc rounded shape forrrrerly 
possessed by the whole. As the cooling 
continued, the central portion in its tu rn  
k~ecanre excessively flattened through the 
infinence of its increastd rotation; another 
eyuatori;rl ring then detached itself. and 
the uhole process uras ~epea tcd  as before 
I n  this way llrc whole nebnla mas Iissuretl 
into a number of rings surroundirlg t11cl 
central conderlsation, whose temperature 
1r11nst by then have reached incanclebcence. 

Each ring tlren aggregated itself round 
sonic nucleus nhich happened to exist i n  its 
ci rcnmfcrencc, and 60 Sorn~edit sllbo~adinatc 
nebnla. tPassinq tkn.ougl~ a sclries of trbans-
formatiorrs, like its parent, this rlebuls was 
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finally replaced by a planet with attendant 
satellites. 

The whole process forins a majestic pic- 
ture of the history of our system. But the 
mechanical conditions of a rotating nebula 
are too coinplex to admit, as yet, of com-
plete nlathematical treatment ; and thus, in 
discussing this theory, the physicist is com- 
pelled in great measure to adopt the quali- 
tative methods of the biologist, rather than 
the clnantitative ones which he would pre- 
fer. 

Although the telescope seems to confirm 
the general correctness of Laplace's hy- 
pothesis, yet it is hardly too much to say 
that every stage in the supposed process 
presents to us some inipossibility. 

Thus, for example, the ring of Saturn 
seenis to have suggested the theory to La- 
place; but to take i t  as a niodel leads us 
straight to a quite fundamental difficulty. 
If a ring of matter ever concentrates under 
the influence of its mutual attraction. it 
can only do so round the center of gravity 
of the whole ring. Therefore the matter 
forming an approximately uniform ring, 
if it concentrates at all, can only fall in on 
the parent planet and be reabsorbed. 
Some external force other than the mutual 
attraction of the matter forming the ring, 
and, therefore, not provided by the theory, 
qeems necessary to effect the supposed con- 
centration. The only may of avoiding this 
diftlculty is to suppose the ring to be ill- 
balanced or lop-sided; in this case, pro- 
vided the want ,of balance is pronounced 
enough, concentration will take place round 
a point inside the ring but outsicle the 
planet. 

IIowever, this is not the time to pursue 
these considerations further, yet enough 
has been said to s h o ~ ~  that the nebular hy- 
pothesis can not be considered as a con-
nected intelligible whole, however much of 
truth it may contain. 

In  the first theory which I sketched as 

to the origin of the sun and planets, we 
supposed them to grow by the accretions of 
meteoric wanderers in space, and this hy- 
pothesis is apparently in fundamental dis- 
agreement with the conception of Laplace, 
who watches the transforinations of a con- 
tinuous gaseous nebula. I must not pause 
to consider how these seemingly discordant 
views may be reconciled, but will merely 
say that I conceive both theories contain 
important elements of truth. 

We have seen that, in order to explain 
the genesis of planets according to La-
place's theory, the rings must be ill-
balanced or even broken. If the ring were 
so far  Iron1 being coniplete as only to cover 
a small segment of the ~vhole circumfer- 
ence, the true features of the occurrences 
in the births of planets and satellites inight 
be better represented by conceiving the 
detached portion of matter to have been 
more or less globular from the first, rather 
than ring-shaped. Now this idea intro-
duces us to another group of researches 
whereby mathematicians have sought to ex- 
plain the birth of planets and satellites. 

The solution of the problem of evolution 
involves the search for those persistent or 
stable forms which biologists would call 
species. The species of which I am now 
going to speak may be grouped in a family, 
which comprises all those various fornis 
which a mass of rotating liquid is capable 
of assuming under the conjoint influences 
of gravitation and rotation. If the earth 
were formed throughout of a liquid of the 
same density, it would be one of the species 
of this family; and indeed these researches 
date back to the time of Newton, ~vbo was 
the first to explain theefigures of planets. 

The ideal liquid planets we are to con-
sider must be regarclecl as working niodels 
of actuality, and inasmuch as the liquid is 
supposed to be inconlpressible, the condi- 
tions depart somewhat widely from those 
of reality. Hence, when the problem has 
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been solved, much uncertainty remains as 
to the extent to which our conclusions will 
be applicable to actual celestial bodies. 

We begin, then, with a rotating liquid 
planet like the earth, which is the first 
stable species of our family. We next iin- 
part in imagination inore rotation to this 
planet, and find by illathematical ci~lcula- 
tion that its power of resistance to any sort 
of distur1)ance is less than it was. I n  
other words, its stability declines ~vi th  in- 
crcascd rotation, and at length we reach a 
stage at which the stability jr~st vanishes. 
At this point the shape is a. transitional 
one, for it is the beginning of a. new species 
with different characteristics from the first, 
and with a very feeble degree of stability 
or power of persistence. As a still fur- 
ther amount of rotation is imparted, the 
stability of the new species increases to a 
nraximrun and then declines until a new 
transitional shape is reached and a new 
species comes into existence. In  this way 
we pass from species to spccies with an 
ever-increasing amount of rotation. 

The lirst or planetary species has a cir- 
cular equator like the earth; the second 
species has an oval equator, so that i t  is 
something like an egg spinning on its side 
on a table; in the third species we find 
that one of the txvo ends of the egg begins 
to swell, and that the swelling grtradually 
becomes a well-marked protrusion or lila-
ment. Finally, the filamentolrs protrusion 
becomes bulbolls at  its end, and is only 
joined to the main mass of liquid by a 
gradually thinning neck. The neck at 
length breaks, and we are left with two 
separated masses which may be called 
planet and satellite. 

Tn this ideal prol3lem the successive 
transnmtations of specics are brought 
about by gradual additior~s to the amount 
of rotation with which the mass of liquid 
is endo~ved. It might seem as if this con- 
tinnous addition to the amount of rotation 

were purely arbitrary and could have no 
counterpart in nature. l3ut real bc dies 
cool and contract in cooling, and I must 
ask you to believe that the efrects of an ap- 
parently arbitrary increase of rotatiox1 may 
be produced by cooling. 

'L'he ligures which I succeeded in draw- 
ing, by means of rigorous calculation, of 
the latcr stages of this course of evolution, 
are so c~rrious as to remind one of some 
such phenomenon as the protrusion of a 
fili~tnent of protoplasnl from a mass of liv- 
ing ~llatter, and I suggest that we may see 
in this almost life-like process the counter- 
part of at least one form of the birth of 
double stars, planets and satellites. 

nly Cambridge colleague, Jeans, has also 
nrade an interesting contribution to the 
wb,ject by attacking the far more difficult 
case where the rotating fluid is a compres- 
sible gas. In this case also he finds a 
family of types, but the conception of com- 
pressibility introduced a new set of consid- 
curations in the transitions from species to 
species. l'he problem is, however, of such 
difficulty that he had to rest content with 
results which were rather qualitative than 
strictly quantitative. 

I t  can not be doubted that the sr~pposed 
T~aplacian sequence of events possesses a 
consirlerable element of truth, yet these 
latter schemes of transformation can be 
followed in closer detail. I t  seems, then, 
probable that both processes furnish us 
with crude models of reality, and that in 
some cases the first and in others the sec- 
ond is the better representative. 

The moon's mass is one eightieth of that 
of the earth, whereas the mass of Titan, 
the largest satellite in the solar system, is 
one forty-sixth hundredths of that of 
Saturn. On the ground of this great dif- 
feraenee between the relative magnitudes of 
all other satellites and of thc moon, i t  is 
not unreasonable to suppose that the mode 
of separation of the moon from the earth 
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may also have been widely different. The 
theory of which I shall have next to speak 
claims to trace the gradual departure of 
the moon from an original position not far  
removed from the present surface of the 
earth. If this view is correct we may sup- 
pose that the detachment of the moon from 
the earth occurred as a single portion of 
matter, and not as a concentration of a 
Laplacian ring. 

If a planet is covered with oceans of 
water and air, or if i t  is formed of plastic 
molten rock, tidal oscillations must be gen- 
erated in its mobile parts by the attractions 
of its satellites and of the sun. Such 
movements must be subject to frictional 
resistance, and the planet's rotation will 
be slowly retarded by tidal friction in 
much the same way that a fly-wheel is 
gradually stopped by any external cause 
of friction. Since action and reaction are 
equal and opposite, the action of the satel- 
lites on the planet, which causes the tidal 
friction of which I speak, must correspond 
to a reaction of the planet on the motion 
of the satellites. 

At any moment of time we may regard 
the system composed of the rotating planet 
with its attendant satellite as a stable 
species of motion, but the friction of the 
tides introduces forces which produce a 
continuous, although slow, translformation 
in the configuration. It is, then, clearly of 
interest to trace backwards in time the 
changes produced by such a continuously 
acting cause, and to determine the initial 
condition from which the system of planet 
and satellite must have been slowly de- 
grading. We might also look forward, and 
discover whither the transformation tends. 

Let us consider, then, the niotion of the 
earth and moon revolving in company 
round the sun, on the supposition that the 
friction of the tides in the earth is the 
only effective cause of change. We are, 
in fact, to discuss a working model of the 

~yst~em,analogous to those of which I have 
so often spoken before; and i t  must suffice 
to set forth the result in its main outline 
as referring only to the past. 

If we take the 'day,' regarding it as a 
period of variable length, to mean the time 
occupied by a single rotation of the earth 
on its axis; and the 'month,' likewise vari- 
able in absolute length, to mean the time 
occupied by the moon in a single revolution 
round the earth, the number of days in the 
month expresses the speed of the earth's 
rotation relatively to the speed of the 
moon's revolution. 

Now in our retrospect both day and 
month are found continuously shortening; 
but as on the whole the month shortens 
much more quickly than the day, the num- 
ber of days in the month also falls. We 
may, then, ask at  once, What is the initial 
stage to which the gradual transformation 
points? I say, that on following the argu- 
ment to its end the system may be traced 
back to a time when the day and month 
were identical in length, and were both 
only about four or live of our present 
hours. The identity of day and month 
means that the moon was always opposite 
to the same side of the earth; thus a t  the 
beginning the earth always presented the 
same face to the moon, just as the moon 
now dways shows the sanie face to us. 
Moreover, wben the month was only some 
four or five of our present hours in length 
the moon must have been only a few thou- 
sand miles from the earth's surface-a 
great contrast with the present distance of 
240,000 miles. 

I t  might well be argued from this con- 
clusion alone that the moon separated from 
the earth more or less as a single portion of 
matter at a time immediately antecedent 
to the initial stage to which she has been 
traced. But there exists a yet more 
weighty argument favorable to this view, 
for i t  appears that the initial stage is one 
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in which the stability of the species of mo- 
tion is tottering, so that the system pre- 
sents the characteristic of a transitional 
form, which we have seen to denote a 
change of type or species in a previous 
case. 

In  discussing the transformations of a 
liquid planet we saw the tendency of the 
single mass to divide into two portions, 
and now me seem to reach a similar crisis 
from the opposite end, when in retrospect 
we trace back the system to two masses of 
unequal sizes in close proximity with one 
another. The argument, almost carries 
conviction with it, but I have necessarily 
been compelled to pass over various doubt- 
ful points. 

Time is wanting to consider other sub- 
.jects worthy of notice which arise out of 
this problem, yet I wish to point out the 
fact that tidal friction is competent to ex- 
plain the eccentric it,^ of an orbit, because 
this conclusion has been applied in a man-
ner to which I shall have occasion to return 
hereafter. 

If,  as has been argued, tidal friction has 
played so important a part in thc history 
of the earth and moon, it might be expected 
that the like should be true of the other 
planets and satellites, and of the planets 
themselves in their relationship to the s-cln. 
llut nurncrical examination of the several 
cases provc3s conclusively that this can not 
have been the case. The relationship of 
the nloon to the exrtli is in fact quite ex- 
ccptitrnal in thr solar systclm, and we hilve 
still t o  rely on such theories as that of Tia- 
place I'ol. tlic c.xplanation of t h ~  inain out- 
lines of the solar system. 

J have not yet mentioned the tirne oc-
cupied by the sequence of (.vents sketched 
out in tllc v:r~.ious schemes of cosmogony, 
and the clilestion of cosrnlcal time is :I 

thorny and controversial on?. 
Onr i d e i ~ ~  blank as lo the are ahsol~~tely 

tilrie recjuisitc~ for tlir evollxtioil eitlier ac-

cording to J~aplace's nebular hypothesis, or 
the meteoritic theory. All we can assert is 
that they demand enormous intervals of 
time as estimated in years. 

The theory of tidal friction stands alone 
amongst these evolutionary speculations in 
that we can establish an exact but merely 
relative time-scale for every stage of the 
process. Although it is true that the value 
in years of the unit of time reiliains un- 
Bnown, yet i t  is possible to determine a 
period in years which must be shorter than 
that in which the whole history is coin- 
prised. If a t  every moment since the birth 
of the moon tidal friction had always been 
at  work in such a way as to produce the 
greatest possible effect, then we should find 
that sixty million years would be consumed 
in this portion of evolutiona~ay history. 
The true period must be much greater, and 
i t  does not seem unreasonable to suppose 
that 500 to 1,000 million yeass inay have 
elapsed since the birth of the inoon. Such 
an estimate would not seem extravagant to 
geologists who have, in various \Trays, made 
exceedingly rough determinatio~ls of geo-
logical periods. 

As far as my knowledge goes I should 
say that pure geology points to soiiie period 
intermediate between 50 and 3,000 mil-
lions of years, the upper limit bcinq more 
doubtful than the lower. Thus far  we do 
not f ind anything which renders the tidal 
theory of evolution untenable. 

But the physicists have formed estimates 
in other ways which, until recc~ntly, seemed 
to denlancl in the most irnperative manner 
a far lower scale of time. According to all 
theories of cosmogony, the sun iq a star 
which hecarne heated in the proeeis of its 
condensation from a condition of wide dis- 
persion. When a nleteoric stone fi~lls into 
the sun the arrest of its previous motion 
gives rise tt) heat, just as t11c blow of a 
horse's shoe on a stone makes a spark. 'I'he 
fall of countless meteoric stones, or the 



condensation of a rarefied gas, was sup-
posed to he the sole cause of the sun's high 
temperature. 

Since the mass of the sun is known, the 
total amount of the heat generated in it, 
in whatever mode i t  was formed, can be 
estimated with a considerable amount of 
precision. The heat received a t  the earth 
frorn the sun can also be rrreasured with 
some accuracy, and hence i t  is a mere mat- 
ter of calculation to determine how much 
heat the sun sends out in a year. The 
total heat which can have been generated 
in the sun divided by the annual output 
gives a quotient of about 20 millions. 
Hence it seemed to be imperatively neces- 
sary that the whole history of the solar 
system should be comprised within some 20 
millions of years. 

This argument, which is due to Helm-
holtz, appeared to be absolutely crushing, 
and for the last forty years the physicists 
have been accustomed to tell the geologists 
that they must moderate their claims. But 
for myself I have always believed that the 
geologists were more nearly correct than 
the physicists, notwithstanding the fact 
that appearances were so strongly against 
them. 

And now, at length, relief has come to 
the strained relations betaeen the two 
parties, fur the recent marvelous discov- 
eries in physics show that concentration of 
matter is not the only source from which 
the sun may draw its heat. 

Radium is a substancc which is perhaps 
millions of times more powerful than dyna- 
mite. Thus i t  is estimated that an ounce 
of radium would contain enough power to 
raise 10,000 tons a mile above the earth's 
surface. Another way of stating the same 
estimate is this: the energy needed to tow 
a ship of 12,000 tons a distance of six thou- 
sand sea miles at  15 knots is contained in 
22 ounces of radium. ?'he Saxon probably 
burns five or six thousand tons of coal on 

a voyage of approxinlately tlr/e same length. 
Other lines of argument teud in the same 
direction. 

Now we know that the earth contains 
radioactive materials, and i t  is safe to as- 
sume that it forms in some degree a sample 
of the materials of the solar system; hence 
i t  is almost certain that the sun is radio- 
active also. 

This branch of science is a$ yet but in its 
infancy, but we already see how unsaIe i t  
is to dogmatize on the potentialities of 
matter. It appears, then, thbt the physical 
argument is not susceptible of a greater 
degree of certainty than thdt of the geol- 
ogists, and the scale of geolbgical time re- 
mains in great measure unkBown. 

I have now ended my discussion of the 
solar system, and must pass on to the wider 
fields of the stellar universe. 

Only a fern1 thousand stars are visible 
with the unaided eye, but photography has 
revealed an inconceivably vast multitude 
of stars and n e b u l ~ ,  and every improve- 
ment in that art seems to discIose yet more 
and more. I t  seerns useless to consider 
whether the number of stars has any limit, 
for infinite number, space and time trnn- 
scend our powers of comprehension. We 
must then make a virtue of necessity, and 
confine our attention to such more limited 
views 8s seem within our powers. 

A celestial photograph looks at first like 
a dark sheet of paper splashed with white- 
wash, but further examination shows that 
there is method in the arra&ement of the 
white spots. Thus there is order of some 
sort in the heavens, and, although no rea- 
son can be assigned for the observed ar-
rangement in any particular case, yet it 
is possible to obtain general ideas as to the 
succession of events in stellar evolution. 

Besides the stars there are numerous 
streaks, wisps and agglomergtions of nebu- 
losity, whose light we know to emanate 
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from gas. Spots of intenser light are ob- 
served in less brilliant regions; clusters of 
stars are sometimes imbedded in nebulos- 
ity, while in other cases each individual 
star of a. cluster stands out clear by itself. 
These and other observations force on us 
the conviction that the wispy clouds repre- 
sent the earliest stage of development, the 
morc condensed nebula a later stage, and 
the stars themselves the last stage. This 
view is in agreement with the nebular hy- 
pothesis of Laplace, and we may fairly con- 
jecture that chains and lines of stars repre- 
sent preexisting streaks of nebulosity. 

Change is obviously in progress every- 
where, as well in each individual nebula 
and star as in the positions of these bodies 
relatively to one another. 13ut we are ua- 
able even to form conjectures as to the 
tendency of the evolution which is going 
on. This being so, we can not expect, by 
considering the distribution of stars and 
nebulrn, to find many illustrations of the 
general laws of evolution which I have at- 
tempted to explain; accordingly I must 
confine mysell to the few cases where we at 
least fancy ourselves able to form ideas as 
to the stages by which the present condi- 
tions have been reached. 

TJp to a few years ago there was no evi- 
dence that the law of gravitation extended 
to the stars, and even now there is nothing 
to prove the transmission of gravity from 
star to star. But in the neighborhood of 
many stars the existence of gravity is now 
as clearly demonstrated as within the solar 
system itself. The telescope has disclosed 
the double character of a large number of 
stars, and the relative motion of the pairs 
of companions has been observed with the 
same assiduity as that of the planets. 
When the relative orbit of a pair of binary 
or double stars is examined, i t  is found 
that the motion conforms exactly to those 
laws of Kepler wllich prove that the 
planets circle round the sun under the ac- 

tion of solar gravitation. A leading char- 
acteristic of all these donble stars is that 
the ti570 corrrpanions do not differ enor-
mously in mass from one another. In  this 
respect these systems present a strongly 
marked contrast with that of the sun, at- 
tended as i t  is by relatively insignificant 
planets. 

Jn the earlier part of my address I 
showetl how theory indicates that a rotating 
fluid body will as it cools separate into two 
detached masses. Mathematicians have 
not yet been able to carry their analysis 
far  enough to detcrmirie the relative magni- 
tudes of the two parts, but as far  as nre 
can see the results point to the birth of a 
satellite whose mass is a considerable frac- 
tion of that of its parent. Accordingly See 
(who devotes his attention largely to the 
astronomy of donble stars), Alexander 
Roberts and others considor that what they 
have observed in the heavens is in agree- 
rrrent with the indications of theory. It 
thus appears that there is reason to hold 
that double stars have been generated by 
the division of primitive and more diflused 
single stars. 

But  if this theory is correct we should 
expect the orbit of a double star to be ap- 
proximately circular; yet this is so far  
Prom being the case that the eccentricity 
of the orbits of many double stars exceeds 
by far  any of the eccentricities in the solar 
system. Now See has pointed out that 
when two bodies of not very unequal 
rrrasses revolve round one another in close 
proximity the conditions are such as to 
make tidal friction as efficient as possible 
in transforming the orbit. Hence we seem 
to see in tidal friction a cause which may 
have sufficed not only to separate the two 
component stars from one another, but 
also to render the orbit eccentric. 

I have thought it best to deal very briefly 
with stellar astronomy in spite of the im- 
portance of the subject, because the direc- 



tion of the changes in progress is in gen- 
eral too vague to admit of the forlrlation 
of profitable theories. ' 

MTe have seen that it is possible to trace 
the solar system back to a primitive nebula 
with some degree of confidence, and that 
there is reason to believe that the stars in 
general have originated in the same man- 
ner. Rut such primitive nebula: stand in 
as much need of explanation as their stellar 
offspring. Thus, even if we grant the ex- 
act truth of these theories, the advance 
towards an explanation of the universe re- 
mains miserably slight. Man is but a 
microscopic being relatively to astronom-
ical space, and he lives on a puny planet 
circling round a star of inferior rank. 
Does i t  not, then, seem as futile to imagine 
that he can discover the origin and tend- 
ency of the universe as to expect a honse- 
fly to instruct us as to the theory of the 
motions of the planets? And yet, so long 
as he shall last, he will pursue his search, 
and will no doubt discover many wonder- 
ful things which are still hidden. We 
may indeed be amazed at  all that man has 
been able to find out, but the immeasur- 
able magnitude of the undiscovered will 
throughout all time remain to humble his 
pride. Our children's children will still 
be gazing and marveling at  the starry 
heavens, but the riddle will never be read. 

SCIEiV1'fP1fC BOOKS. 

I n d e x  F i l i cum,  sive E n v m e r a t i o  ornnium 
generum spec i e ruyque  F i l i c u m  el I rydrop-  
t e r i d u m  ab anno  1758 ad a n n u m  1906 des-
cr ip lorum adjeclis  s ynor~? /mi s  principalibvs,  
avea geographica, eic. By C ~ R L  CHRISTEN-
SEN. Copenhagen, IT. Hagerup. Fasc. I, 
pp. 1-64, May 5, 1905; i'asc. 11, pp. 65-125, 
July 1,1905. Price 3s. 6d. per fascicle. 
The prevent notice of the first two fascicles 

of ITerr Christensen's ' Index Filicum ' is 

ofrered not so much in the nature of a review 
as with the especial purpose of calling the 
viork to the attention of botanists and librar- 
ians, and of urging the desirability of imme- 
diate and deserved support. For, as we have 
been informed by the author, unless very defi- 
nite encouragment is given at  once in the 
shape of additional subscriptions i t  will be im- 
possible to bring the printing to a successful 
conclusion. The manuscript is said to be 
quite complete, comprising ten or twelve parts 
in all, the result of years of patient, tedious 
effort. IIow unfortunate the discontinuance 
of publication would be is realized most by 
those who have borne in some measure the 
burden imposed by the lack of such a com-
pendium. 

The work when wmplete is to be under 
three heads : (1) A systematic enumeration of 
the genera of ferns, based mainly upon the 
treatment of Engler and Prantl ;  (2) an 
alphabetical arrangement of all valid specific 
narnes and synonyms published from 1753 to 
1905, with mention of names in use among 
gardeners; ( 8 )  an alphabetical catalogue of 
references to the principal systematic liter-
ature of ferns. Of these it is undoubtedly the 
second which, under present conditions, will 
prove of greatest service to botanists; yet the 
first is assuredly a great desideratum, and the 
last will be of unusual benefit to younger stu- 
dents. 

The want of an index has been pressing An 
authoritative estimate upon the validity of 
the exceedingly numerous species proposed in  
the past is, of course, a prime consideration; 
but it can not be denied that this is best deter- 
mined, or at  least maintained, in an extended 
descriptive work that shall afford a general 
view of related species. I t  is too much to 
expect that in the present instance the treat- 
ment of species will carry the weight of mono- 
graphic authority. Nevertheless, there i s  
every indication that the author's estimate i s  
a fair one; and, at  any rate, deviation from 
this treatment will not detract materially from 
the usefulness of the work. 

The main value of the volurr~e will reside in 
the strictly bibliographic phase; the chief re-
quire~nent being, in brief, that we may be able 


