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The  Great Primordial force owes its genesis to the in- 
itial impulse which set all spllcres in motion in vacuous 
space. T o  this universal principle, not only all physical 
force, but new life itself is due. 

H u a r ~ o r , ~ ~  : " I t  is indeed a brilliaut effort,s ~ y s  
worthy of the human mind, to comprise in one organic 
wl~ole  the entire science of nature, from the law of grav- 
ity to the formative impulse in aniillated bodies." 

Tha t  the eaith, and the sun, ant1 all the heavenly 
bodies, are possessed of the mysterious magnetic energy, 
and coilseque~ltly exert a poiverful magnetic influence 
over each other, has long ago been conceivetl by such 1 

men as  HERSCHEL,HUMBOLD?', ; and is the FARADAY 
faith of scientists to-day. But when we have arrived at  
such a conclusion, it is impossible for us to stop short, 
and not make the necessary deductions therefrom, 
Mighty magnets, when involved in mighty motions, must 
produce mighty currents and mighty effects. It is not 
for nothing that these powers aad c ~ n t l ~ t ~ o n s  ifexist. 
we admit the premises, we must not ignore the conclu- 
sions that  are necessitated. Provision must be made for 
the outcome of every admitted fact in science. 

Therefore, it is with assurance that  we urge the elec- 
tric theory, and maiiitaiil that  the burden of proof rests 
with those, who, admitting the elements of notion ant1 
magnetism, have yet rnaite no provision whatever fbr 
their keeping. 

f rom? It could not be  created. I t  could only come 
froin the store of energy available for such purposes in 
the solar system. T h e  reserve energy whence the tides 
drew tlle supplies they were daily consuming consisted 
partly in the daily rotation of the earth on its axis. T h e  
earth was like a mighty flywheel which ~vould absorb a 
prodigious amount of energy in setting it in motion, and 
cvhich would give out that energy before it woultl be 
brought to rest. T h e  rotation of the earth on its axis was 
a vast but not ineshaustihle storehouse of energy, on 
which the tides could tlraw for tllousands of years. En-
ergy also existed iri the solar system in many other forms, 
some of w h ~ c h  coulcl also he rendered available for tlie 
tides. So far as  was known, the total alilount of energy 
could not be increased. The important question was- 
Can that  total ever be diminishetl ? T h e  lides were di-
minishing it every (lay. T h e  sinall oceanic tides were not 
the sole source ot the espendi~ure.  T h e  solid body of the 
earth itself iilust be subject to tides; still inorz must the 
fluid or gaseous members of our system be suhjectetl to 
tides. All tides i:lr~olvetl friction, and all friction iilvolvetl 
ioss of energy. Here, then, was the great discrepancy 
between the theory of Lagrange and the actual condition 
of our sys te~n.  Lagrange's calculations assurnetl that  the 
total energy of the solar system was constant, but the 
actual fact Lvas that  the energy was slowly diminishing.' 
T h e  tracing of tidal evolution lvas chiefly due to the 

Besides, there are two other principles alreacly a l l ~ ~ d e d  labors of AIr. G. H. Darwin, son of the celebrated natural- 
to-the conservation of force, ant1 the unity of all the ist. The  iilfluence of the  tides had already been 
forces--with respect to which it may he demandeti, to 1.ecogn1zetl as  the cause of the same face of the 
what other result clo they lead, anti can they leatl, in all moon being always bent on the earth. Whether the 
reason ant1 logic, than to the admission of the grant1 fact 

of a Great Primordial Force. 


-
THE E V O L U T i O ~OF THE ~ I O O N ,  

On Saturday, June 4 t h  in the SIuseulll Builtlillgs, 

Trinity College, Dr. Ball, Astronomer Royal for ireland, 

deliveretl an ~ n t e r e s t ~ n g 
and instl.uclive lecture 011 rtcent 
tliscoveries in astronon~ical science. Dr. Uall said that 
from the variety of topics which might fairly be dealt with 
in his lectul-e he \~oulcl select three, and 111 malting this 
selection he hat1 been nlainly guided by the r e l a t i~e  im- 
portance of different astronoillical problems. IIe llad 
also entleavored to esercise his choice so that his lecture 
should, as  far as possible, refer to the various branches of 
astronomy. Having tlealt with tn70 !)ranches of his s ~ b -  [
ject, Dr. Ball tiescribed " Ilarivin's Theory of the Tidal 
Evolution of the Moon." I t  had, he said, been the triumph 
of lnoderll gravitational astronolllers to indicate the 
changes which nlust be going forward in a System devoitl 
of rigidity. ~t was at  all events easy to show that the 
tendency of these changes lay in one tlirection, and this 
was the most iinportant point for consideration. Ever)-
one was aware of the daily movements of tile sea, which 
were called the tides. Most people were a m r e  that the 
rnoveinents of the waters were cause(\ by the attraction 
of thesun and the moon. Let them ponder therefore on 
the tides, as they seemed to give a clue to some of the 
profountlest of nature's seclets. He had heart1 that  the 
port of Dublin was gradually being iinprovetl by the 
deepening of the bar. 11e hat1 heart1 that  the tleepening 
of the bar hat1 been a t t r~buted  to the jutiicious action of 
the Port ant1 Docks Board. But what the board hati 
chiefly clone was  to call into requisition the scouring 
power of the tide, which, a s  lie was informetl, was gratlu- 
ally reducing or bearing away the bar. The title was 
therfore accomplishing, a t  the bar of Dublin, the same 
kind of work as  could he accomplished by illen or 
steam-engines. In other words, the tide was here doing 
a useful work that could otherwise ollly be clone by the  
expenditure of energy. I t  was the salne elsewhere. T h e  
titles were doing work useful or the reverse, and expend- 
ing energy in so doing. Where  did the ellergy conle 

tides were merely oceanic, or whether they were 
actual botlily titles, the results remaineci much 
the same. At  the present tilue the moon revolvetl around 
the earth in a month : the earth revolvetl on its axis in a 
d a y  T h e  tides prodilceti in the earih by the moon must 
act to retluce the rate of the earth's rotation. T h e  effect 
of the tides on the earth was to lengthti] the (lay. T h e  
(lay v,,as gratlually ler~gtheiling, but this change coulcl not 
talie place without a reactionary change 011 the mooll. 
The  challge untlergolle by the moon was perhaps a little 
difficult to understantl, as  it depentletl on solne by 110 

lllealls simple dynamical principles. T h e  friction of the 
titles consuilled the ellrrgy of the systeln. It turned a 
large portion of that energy illto heat, which was then 
radiated cfrillto space to be forever lost. But tlie fric- 
tion of the tides could riot alter the rnoinerlt of moment- 
um of the system. As  the earth became gradually 
slower and slo\ver in its rotation its molllellt of ~noment-  
um tlecreased, yet for this to I l a p ~ e n  the moment of mo- 
~llentum of the moon sl~ould increase. It followred math- 
ematically that  as the tides gradually made the earth 
rotate more ant1 i l~ore  slo\vly, the moon must be get t i~ lg  
farther ant1 farther away from us, A t  the end of a 
million years from tlie present time tile day will be lllore 
than one clay of twenty-four is now;  and in olle millioll 
years hence tlie li~ooii will move rou~itl the earti1 at  a 
grea'er distance than she (Ices novr, ant1 the length of 
the morith will he correspondingly increased. 111 the far  
tlistant future therefore, lve are to 1001; for an increasecl 
length of month. T h e  length of tlaq- \"ill, however, in- 
crease much fasler t l la~l  the length of the month, until at 
length the duration of the day equals that of the month. 
When this time arrives the moo11 T\, I1 have ~noved out to 
a distance half as grext again as  it is a t  preselit, and the 
length of the month will have increased to two molitlis. 
Our clay TTIIIIthen have i~icreasetl from twenty-four hours 
up to nearly tn70 months. and a s  the moon continues to 
to shocv the same face to us, \ve are destined to turn tIie 
same face on the moon. Were the earth and the moo11 
tlie only bodies in the universe, such a state of things 
might go on forever. The  sun, however, \\rill l~roduce  
titles in the earth xvhich viill again modify their move-
ments. H e  hat1 salt1 that the illoon ~ \~asg radua l ly rece (~ -  
ing farther and farther fl-om the earth, ant1 tha t  the 
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length of the day was  increasing-getting gradually 
longer and longer. But how long has this been going 
o n ?  Yesterday was  shorter than to-day. 'The day 
which Homer had \\-as shorter than our day, but not 
indeed to any appreciable extent. There can be no 
doubt, however, that  a million years ago the day was 
appreciably shorter than the day is at  present. IIe wished 
to conduct them bacli to an  exceedingly remote period, 
to a critical epoch in the history of the earth. Tha t  epoch 
must have been more than fifty millions of years ago, 
but how much more he could not tell, A t  that estremely 
remote time the day was greatly less than it is at  pres- 
ent. I t  was only, indeed, a fraction of its present amount, 
being only from t ~ v o  to four hours long. H e  would trace 
baclc the moon to the same remote epoch to which he 
had conducted the earth. T h e  tides in the  earth are 
forcing the nioon gradually away frsin us at  present. 
T h e  moon was therefore formerly nearer to us  than it is 
now. Millions of years ago the orbit of the moon was 
much less than it is a t  present. T h e  t ~ m e  of the mo3ii's 
revolution \\,as nluch smaller and the moon must have 
been quite close to tlie earth, and whirled rou~ ld  the lat- 
ter in a period of froni two to four hours equal to the 
period of the ear-ih's revolution on its asis. Such, then, 
is the primeval condition of things to which the trac;ng 
of tidal evolution conducted. Antecedent to this critical 
epoch they could hardly go ~ v i t h  any degree of certainty. 
After explaining Darwin's theory rn reference as to the 
supposed rupture of the earth a t  a very remote period of 
time, and the consequent formation of the moon, the 
lecturer proceeded to speak of the surprise with \vilich 
astronomers realized that the small interior satellite of 
Mars revolved on its axis in less than a thircl of tile time 
-nearly 24 I.iours-which the pr i~nary  occi~pied in re-
volving on its ow11 axis. 1Ie also spolie of the tremen- 
dous forces in action at  remote per~ods  when titles rose 
to a height of a thousand or two thousand feet, scouring 
rocks aiid carrying enormous quantitZes of matter to the 
sea, and when that action caused so much compamt.ively 
rapid manufacture of strata. 

MR. 	DXRLVIN ON DR.HL?HN'S UISCOVEIIY O F  
FOSSIL ORGAKISMS I N  hIETEOIIITES.  

Dr .  Hahn's discovery, of which an elaborate account 

was given in Xo. 50  of SCIENCE,has stirred up a lively 

discussion of this highly interesting subject. Dr.  Hahri 

has taken steps to enable Prof. von Quenstedt, the re-

nowned Tubingen geologist, and all others n ~ h o  rx- 

pressed the desire to exainlne his microsco~~ic  
preparations. 
It is understood that all those who have availed themselves 
of the opportunity thus offered have become coi~vir,ceti of 
the genuineness of Dr. Hahn's discovery. 

It is very interesting to note the position taken hy the 
greatest of llving evolutionists in t h ~ s  controversy, if it 
can s:iil be called sucli. Charles Darwin, on receipt of 
Dr.  Hahn's worli, wrote to him : 

" . . . I t  seems to be very difficult to doubt that your 
photographs exhihit organic structure . . . ," and fui-ther- 
Inore : 

" . . . your discovery is certainly one of the no st im-
portant." 

Not 	content with the mere presentation of 11;s work, 
Dr.  Hahn visited the ve:eran zoologist and brought his 
pre~ara t ions  to him for inspection. 

No sooner had LIr. Darwin peered through the micro- 
scope on one of the finest sl~ecimens when he started up 
from his seat and esclaimed : 

'. Almighty God ! what a~vondr r fu l  discovery ! V70n-
derful !" 

And after a pause of silrnt reflection he atldecl : 
" Now reaches life do\vn !" 
T h e  latter remark no doubt refers to the proof fur- 

nished by Ur. Hahn's discovery that organisms c ~ n  r ~ a c h  

our planet from celestial space. I t  is an ackno~vledgment 
of the relief i\Ir. Darwin liiust have felt in not being 
forced to a belief in a prirneval "grcizcmt7b ~ytlivocn." 

As was  suggested in the paper referred to, " the  
Richter-Thornson hypothesis of the origin of life on the 
earth has become a tangible reality !" R. 

A N  A F T E R N O O N  O N  PASS-i IC RIVER.  

On the 25th day of last month tlie editor, in colnpany 
with his former colleague on the Qzrnrtcrly, ;\IreJ. L. 
Wall, escaped from the city and made a trip to the ton-n 
of Belleville, on the Passaic River. iZ row-boat was 
engaged, and we proceeded to collect specimens from 
along the shores. Not many species of a lgx  were found, 
nor was there any great variety of animal forms, but the 
\va+er-plants, so hardy and useful in aquaria, the Alznchcz-
r i ~  antl Ynlliriteria sjivnZzk, were abundant. C ( ~ ~ Z L ~ ~ L * ~ Z S ~ J  
Reaching over into the shallow water, it was an  easy 
matter to obtain perfect plants of V~sZlL'snc.rLitwitli good 
roats, and \re collected a number of thein. T h e  Am-
ch~arLigrows so readily without roots that the more fresh 
lgoliing stems were carried home without regard to the 
roots. . i n  old can was made use of to carry home some 
of the  river mud, in which to plant the YcrZli~?zerin. 
The  niuti was placed in tile bottoni of a tall speciejar, the 
roots of the plant were properly embedded, and the jar 
filled with v~a te r .  The nest  morning, after the water was  
cleared by settling. the mud was covered with a l i r e r  of 
clean sand, which tends to prevent riling of the n7ater by 
a slight disturbance. XI1 tlie leaves of the V~rl t i s~icrzn  
were removed, so that  a nelv gro\v.h might start in the 
aquarium. I t  is prollable that we rvill thus obtain some 
vigorous plants of L7~zl/~i.i~evzirfor use during the corning 
winter. 'The Altncilnvis was simply thro\i>n into a l-lrge 
aquarium, where it ~vil l  doul~tless gro1v without further 
care. Rowing about slowly, a long, green, spiral filament 
was obszrvetl reaching up to the surface of the water. 
It Jvas two or three feet in lengkh, and bore a peculiar 
flo\\-er a t  the end. This rvas the female f l s~ver  of 7crllis-
~kcrz'a,a very interes~ing o ~ j c c t  for s tudy;  it was quite a 
surprise to us, as  the pi an^ does riot usually flower as  
early as  July. L001iing ton.artl the shore, tlie water was 
coverrd with an innumerable quantity of white specs, 
which attracted our curiosity. liowing up to them, n-e 
found that they were the male flo~vers of Atztr~.haris. 
These are very curious flowers. T h e  long, tubular peri- 
anti], sometimes two or three inches in length, reaches 
from the axil of a leaf to the surface of the water, and 
bears the stxmens alloce. It woultl easily be mistaken 
for the flo\ver-stern, but it is really the tuoular perianth. 
These flowers were vely abundant, so that the water 
appeared white witli them. The  pollen-grains \?.ere 
numerous, aiid could be seen floating about on the water 
in little clusters resembling snon.-flaltes. Pofir/itng-tlo~c 
was abundant, in several forms, and the common arrow-
plant, so named from tile shape of the leaf, Ponii;n'isl-in 
co?,cZutn,n.hic11 is also good for large aquaria. This plant 
should be set in a flower-pot, with suitable soil in ~vhich  
to root, antl then submerged, e:ther ml~olly or in part. 

Among- the algri3, tn.o species of Oscillaricaceze were 
found quite actively moving Oscz'lln~ict telzz'z~s and Ziftov-
niis, 	and I~j /ghynnrnj~rscl~ltr.The niost interesting 
specimen of all, however, was a specics of Criothl-it-, a 
very common, f i l a m e ~ ~ t o ~ ~ s ,  green a lga ,  in ~vhich  the cells 

are about as long a s  they are witle. It was interesting 

because when we esaminetl it, at  about seven o'clock tlie 

nest morning, the pl-ocess of giving off swarm-spores had 

just begun. The  entire contrnts of each cell in whole 

filaments, qulcltly formed into green, spherical masses, 

wl~ic11 bcgan to move about in the confined space \vitlliii 

the cells ; soon the cell-malls ruptured, and the contents 

escaped as  very active swarm-spores, somewhat elon-

gated in form, znd furnished with four long, \vhip-like 

appenclages, or flagella, by means of which they could 



