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the carboniferous strata which surmounts it ; indeed, ac- 
cording to the results of the survey. has been remorerl 
from the entire uncovered a r c h z s n  nucleus. Here a re- 
marlcable gap occurs ; the next succeeding formation is 1 
the carboniferous, and we pass fro111 the prinlordial a t  I 
one step to the entl of the  palzozoic strata, with the strik- 
ing omission of the Silurian antl Devonian systems. W e  
are then told that  the carboniferous limestone overlies 
co?zforii?nblythis lower rock-a statenlent hardly credible 
--that its hart1 and resistant strata rise in conspicuous 
relief lilie an  amphitheatric wall around the includetl and 
debased archzan area, with a talus of deb~z'scomposed I 

of its own and Potsdanl fragments, piled upon its sides. 1 
Beyond the mural escarpments of the carboniferous, a 
trough-l~lie valley encircles the latter fornlation like a 
moat, the bottom of which is formed of the Red Beds, 
probably Trias or Jura. These consist of m a r k  and clays, 
sandstone or limestone hands, \\,hose soft material has 
been easilv and largelv removed. Beyond this again, and 
rising fro; it in stgel; cliffs, the med~an ica l  bags  of the 
cretaceous is met-the Dakota Sandstone--fornlinp the 
foot h ~ l l s  which encircle a s  a final grsup this geol~gical  
unit. Beyond again stretches the plains of tertiary 
strata. 

T h e  history of the Black Hills, a s  written by this sur- 
vey, is this : A low a rchzan  area primarily, \\,hose erasion 
and degradation has furnished the santls, and fragments 
of which the Potsdam sandstones, conglomerate, and 
quartzites have been formed, has been finally 01-erlaitl 
upon submergence w ~ t h  a regular but unconformable sheet 
of Potsdam rock. The  donie thus matie has been lifted 
from the water and lor the long time from the I'otsdam 
to the Lower Carboniferous rernained dry land, not even 
subjected--an extraordinary statement-to considerable 
denutlation. Then the carboniferous sea flowetl over all 
and deposited its even floor of limestone over the Pots- 
dam, which t ~ o ,  most regularly superimposetl, no1v form 
the walls of the archzean ~nclosure,  from which they have 
been removed by erasion. 

T h e  Triassic and Jurassic followed, surmounting the 
carboniferous with beds of marl and clays, and adding 
their accumulations to the rising mound of strata. 

Lastly, the cretaceous sealed in the column of deposits 
so that the ideal dome assumed the form of the adjoined 
section after upheaval. 1 

IDEAL CROSS-S~;C'~ION OF THE B L A C I ~HILLS. 

I .  	A rchzan  Schists. j. Red Beds. 
, Granite. 6. Jura. 

3. Potsdam. 7. Cretaceous. 
4. Carboniferous. 8. Tertiary. 

Then the uplift occurred which hrought these heavy 
beddings upward in a flat-topped oval displacement, a 
higl~land from which, by a process of enormous denutla-
tion, the cretaceous and the Jura  and Red Beds have been 
pared away, their slanting beds and lnonoclinals now sur- 
rounding the hills. T h e  carboniferous and I'otsdam have 
also disappeared from the large area on the east side of 
the dome, where the archrean schists are exposed, and in 
time \vill retreat further antl further, uncovering new por- 
tions of the azoic terrain. T h e  carboniferous now forms 
the surface rock of the wide western plateau, and is 
deeply cut by a net-work of anastornosing cahons. A 
bird's-eye view of the whole presents the aspect of an  
~ve r tu rned  colossal pastry, with its bottolll crust on oll? ] 

side badly gnawed away. In t h ~ s  place it vvould he  im- 
possible to discuss the serious questions wl~ich  arise in 
reference to this exposition. I ts  guarantee is in the field 
work and observations of its authors, and it certainly pre- 
sents a geological chapter of extreme interest. 

Prof. \\'hitfield's important contributions in the palx- 
ontology form a striking feature in the report. X3r. Jenney 
reports, after a detailed ex~minat ion  of the mineral re-
sources of the country, that  " the Black H ~ l l s  are pre-em- 
inently a gold-producing region." Mr. Caswell contrib- 
utes a chapter on the liti~ology of the Black H~l is .  

Very much of general scientific interest is found 
throughout this handsome volume, and the United States 
Government have, in its publication, added one more 
honor to its deserved eminence amongst nations re-organ- 
izing science, and adclecl one more debt to  the increasing 
sun1 tluc to it from all scientific studeuts. 

L. 1'. GRATACAP. 
\V"~SHINGT~X,1880. 


By HENRYRAYMOND hl .  D., Dunltirk, N. Y.ROGERS, 

T h e  law of " uf having received Coi~se~,~/nfz'u?zForce " 
the full and unqualiiietl entlorsement of all true scientists, 
1s to-day the basis of all physical philosophy and the 
key to the explanation of all physical phenomena. No 
view of force can henceforth bz accei~ted which is incom- 
patible with it. 

It mav be said to be the ~ r o d u c t  of the last half cen-
tury, its origiu being obscure antl uncertain. I ts  earlier 
conceptions evinceti but little promise of the grand 
future that  alvaitetl it, and its advancement, like that  of 
all fundamental truths, has been exceedingly slow. I t  
must be confessecl that to-day, even, our ltnon71edge of its 
provisions is but In the way of applyingrz~nz'i~i~erzfnry. 
it to the explanation of the mysteries or nature's varied 
phenomena but little has yet been clone. W e  are  con-
fident that  n~henever this immutable law shall be properly 
applied, a new era \vill have dawned upon physical 
science. 

Another fundamental l~rinciple of recent discovery has 

there exists Onc ~ 1 , e n t~ri;~zoriii'ial;;orcr ;Ls ihp le  in iis 
character, competent to explain all physical phenomena, 
and in harlnony ~vi th  the nature of things. It is the 
force that rules the universe of matter,--innur;.erable 
star-suns and minutest atoins alike ; and, for its realm, it 
has the  vast ben.ildering space and all the cosrnical 
bodies which occupy its cGpths. 

This force is real ant1 sz~bsl'n~cfz'nl." Conservation of 
force proves as  certainly a s  it proves anything, that all 
force is substantial. Nothing cau be conserved, or pre- 
served, unless it is something that exists, and it seems to 
he an  axiomatic truth that coilling can exist unless it be 
a substance of some kind. If force in one form is con- 
vertible into force of another form, then all force in  
whatever form it may be exerted is substance, since it is 
im~oss ib l eto conceive of the conversion of one thing into 
another thing, aud neither thing be anything substantial. 
Our inability to take cognizance of the constituents, or 
corpuscles of a force, is no valid reason to a t l~oug l~ t fu l  

2: Read before the A. A. A.  S., C i ~ l c i ~ l ~ l ~ t i ,1881 
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mind why sucll force should not be regarded as a real 
substance--as literally and truly an  entity, as  is the air , 
we breathe." 

The two fundamental principles having been ascer-
tainecl, our acquaintance with the essential nature of t h r  
~rimortl ial  iorce depends upon the use we lnalie of our 
positire knowledge of the specific operations of the sev- , 
era1 forms of force, as  non-, for the first time, we are  en- , 
ablecl to understancl and interpret them. Since \ve are 
just beginning to appreciate the great law of conserIra-
tion of force and the great fact of the unity of all tile 
forces, a better reading of physical pheaomena is ren- 
tlered possible. El: these data we plainly read that this 
force is rlkctra'c in its constitution. W e  claim that the 
electric theory is a factor in the explanation of all the 
phenomena. 

IVe are able to perceive that  a great celestial battery 
is in operation, to  which the primor6ial force owes its 
perpetual developinent; a battery differing from our own 
magneto, ancl dynamo-electric batteries only in scale of i 
operation. It has the same essential const~tution, and 1 
nzon'l~s ope?-n?zrli.. Quite like r11e battery of man's con- 1 
struction, the celestial battery requires the co-operation 
of two elements, either of wh~ch ,  acting independently, 
is incapable of producing force, but acting in concert, the I 
two develop all known forces of the universe. These two /
elements which have never yet been adequately associated 
in the interpretatiun of the phenomena of gravity, heat, ! 
light, etc, are ?izofio~zand ~tzng?tefzkt~z;the motions of ,the celestial spheres, and the magnetic constituent of each 
celestial sphere. True, the scientific world has vaguely 
conceived of the develogment of p ~ e rthrough the 1 

agency of celestial motions, but it has failed to  forillulate 1 
any exact $/tiZoso#/zy of the manner in ~vhich  those mo- 
tions shoultl develop actual force. Such a philosophy is 
accessible. 

It is known that the earth is a vast magnet, having a 
magnetic axis nearly corresponding to its geographical 
axis, and terminating in ajos i t zbe ,  or northe!n pole, anrl 
in a ?t<,r=ntzBe,or southern pole. But the earth's inherent 
magnetic force nlust remain purely $ofeiziiizl, or stntzi., 
and without the ability to act, or to move, except through 
the co-operation of a separate and independent force, 
whereby this static magnetism may be converted into 
active, vital currents. From our experience with the 
electric battery, we ltnow that motion, and change of 
polarity, are capable of producing vital, active force, from 
force inert ancl dormant. In the celestial, as  in the 
terrestial battery, motion and change of are pre- 
requisite to the a\val<enlng of inert, dormant force, into 
vital, active force. 

Tha t  electricity may be obtained fro111 magnetism by I 
motion, or that magnetism, conjoined with motion, may 
be made the source of electricity, is \veil understood. So, I 
by their unceasing rotation the nlagnetic sun and earth 
furnish both the lleeded motions, and the incessant 
change of polarity, \vIlich are rsquisite to the completion 
of the celestial battery. Thus ,  through the medium of 
revolving celestial armatures, acting upon celestial mag- 
nets, stniics are converted into rZyjzn/i2zb, on a scale 
commensurate with the demands of the universe ; and 
that dream of the ages, $er)ctz~nl ?izotzb/z, is found a re-
alizerl fact in nature. 

All space being pure vacuum, distance is virtually an- 
nihilated, and all the spheres are brought relatively into 
close prosimity, hIercury, 3~,00o,ooo of niiles from the 
sun, and Neptune 2,8oo,ooo,o30 of miles, staorl alike in 1 
their relation with the great central orb. This condition ; 
is thus favorable to  such " ncfzb?z tat n disin?~ce," as is 
found i?td'ts@?zsnbL'e to the inter-co~nmunications going 
on i~et \ \~eenthe bodies ivhicI1 constitute the universe of 
matter. T h e  fact of i n s t an t a~~eous  action a t  a clistancr, 
and ivithout a medium of trrnsnrission, tliough ques- 
tioned, is demonstrated in the action of gravity. 

Through the operation of the celestial battery a great / 

current of force is incessantly in n~ot ion from the sun to 
the earth. Both the law of conservation, and the law of 
magnetic action, demand that a current of equal propor- 
tion shall as  iucessantly return from the earth, to tne sLln ; 
--the one current cannot for a monlent exist without the  
other. Were this return current interrupted, the light of 
the sun would instantaneously cease, all life would be- 
come extinct, and, the power o i  cohesion being sus-
pended, the earth ancl everything thereon would return 
to their original elements, and vanis!l into space. In 
this action, ancl retro-action, we find a grand magnetic 
circuit between the earth ancl sun, t l~rougll  the operation 
of which the earth's portion of the primordial force is 
utilized. T h e  same conciitions which exist between the  
sun and earth, a s  described, e x ~ s t  also between every 
satellite and its primary, and between the  star-suns of 

was wiser in some respects than the 
the present day. H e  says that  " The wind 

returneth again according to his c i ~ c z ~ i t s .All the rivers 
run into the sea, yet the sea is not full; unto the place 
from ~vbence  the rivers come, thither they return again." 
Sciencj recognizes tile immense movement of force from 
the sun to the  earth,--hut has she made sufficient ac-
count of the fact that the earth is not full ? Has  she 
recognized the fact that  back to  the sun again, in some 
form or other, the rivers of energy must return in cease- 
less circuit? And yet, the law of conservation demands 
it, and the electrical theory satisfies the demand. 

The  various manifestations, or affections, of the prim-
ordial force which receive the appellation of the great 
physical forces have their fullest and clearest explanation 
through the inrerpretation given by the electrical theory. 

GRAVITY COKSIDERED A S  AN AFFECTION OF THE 
PRlhIORDIAL FORCE. 

Science has strangely neglected to  examine the field 
mhich gives best promise of an ultimately satisfactory 
explanation of this phenomena. 

Accot.ding to the present popular philosophy, "gravity 
acts directly as  the mass, and inversely as the square of 
the distance." FARADAYsays, " T h e  received idea of 
gravity appears to  nle to ignore entirely the principle of 
the conservation of force, and, by the terms of its defini- 
tion, if taken in an absolute sense, ' varying inversely as  
the  square of the distance' to be in direct opposition to 
it." 

If gravity acts directly as  the mass, then surely, as  the 
sun's niass is coiiiinni, amd the earth's mass is also ion-
stnfzt, the force of attraction should a t  all times remain 
invariable, and the earth's orbit should consequently be a 
true circle, instead of an ellipse. If gravity acts inversely 
as  the square of the distance, then the  earth at  aphelion 
could not without the aid of some other force or inter- 
fering cause, be returned to perihelion. but the lessening 
attraction would permit it to  move on indefinitely into 
spnce.

T h e  electrical theory, however, suggests a more ra- 
tion<,l, clear, and satisfactory philosophy, and makes pro- 
vision for the el1,ptical orbit of the members of the solar 
system. I n  order that  the earth's orbit, for example, 
sllould be  elliptical, the mutual attraction existing be- 
tween the sun ant1 the earth must necessarily increase 
and tlirninish with mathematical exactness and regu-
larity. To  such reyz~LnrL'y 7~taryzil,rr ntt;mctio?t, and to no 
other cause, can the ellipticity be due. Attraction is 
greatest about the zrs t  of December when the two bodies 
are nearest each other, aud least about the 21st of June, 
~vheil  they are relatively the most distant. Whether the 
attraction between the sun and earth shall be greater, or 
shall be less, depe~ids altogether upon their relative 
liosition. Tlius when the earth's south-pole presents 
nearest the sun, the attraction between the two bodies is 
the greatest, and when the earth's north-pole so presents, 
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attraction is least. Why  should this variation in position 
produce such a variation in attraction ? I11 the light of 
the electrical theory the followi~lg esplanatio~l is con-
fidently advanced : 

On the 21st of December t he jo s i t l be  sun, (s.) and the 
negative south-pole of the earth's magiletic axis (N.) are 
in closest relation to each other, and the north-pole, (P.) 
is out of the field, therefore the opposing conditions, viz : 
the positive sun, and the ?~e,rrczfzveportion of :he earth, 
represented by the south-pole, acting in concert, produce 
attraction between the t ~ v obodies, according to the elec- 
trical law that  911zlikesattract  each other. A t  that date 
the centre of the great electric sun-current strikes the 
earth a t  a poiilt 23% clegrees south of the equatorial line, 
and from thence moves in the direction of its mass 
to\vards, and along the earth's natural magnetic axis ; in 
this instance, towards the north. This northerly move- 
ment of the electric Inass is co~zczrrrentwith the earth's 
magnetic axis, and the force of attraction between the 
two bodies is thereby increased to its maximun~.  

On the 21st of June precisely opposite co~lditions exist : 
the fiost'ttbe sun, and the positive north-pole, are in 
closest relation to each other, and the south-pole is out 
of the field ; attraction between the two bodies is conse- 
quently at  that  date lessened, and this in accordance 
with the electrical law that likes repel each other. And, 
too, the centre of the great sun-current strikes the earth 
at  a point 23,% degrees north of the equator, and its 
mass moves in a southerly direction. T h e  direction of this 
electrical movement is co?ztrnry to the earth's natural 
magnetic axis, and the force of attraction between the 
two bodies is further lessened; consequently a t  that  date 
they are found a t  their greatest dista~lce apart,--viz : 
several millions of miles more distant than on the 21st of 
December, 

On the 23th of Szptember, and thtl 20th of March, the 
sun is equidistant from the eatth's two polar extremities, 
and the centre of the great sun-current strikes the earth 
a t  the  equator in a direction a t  right-angles with the  
earth's magnetic axis. T h e  electrical conditions are thus 
balanced, and the earth a t  those periods is equally dis- 

A . 


tant from the sun. 
T h e  degree of ellipticity of each planetary orbit is clue 

to the inclination of its axis : if the axis is a t  right angles 
with the plane of the ecliptic, the  poles must be equi- 
distant from the sun, and attraction and repulsio~l thus 
become equalized, and the orbit must llecessarily be cir- 
cular. Had  the axis of the earth been perpentlicular to 
the plane of the ecliptic, the sun \\~ould always have ap- 
peared to  move in the equator, the days ant1 nights would 
have been equal, and there could have beeu no change in 
the seasons. 

T h e  extent of ellipticity in any orbit is governe:l by the 
amount of axial divergeuce from such right-angle. 

As a further demonstration of the ability of the elec- 
trical theory to account for the grand phenomena of the 
universe, we will apply it to the philosopliy of the earth's 
axial motions. Electricity ant1 Magnetism are regarded by 

scientists at the present day as  virtually i de~ t i ca l .  T h e  
correlation of heat and magnetism is apparently a s  pro- 
nounced, a s  witness certain natural phenomena which 
bear directly upon this point. T h e  tropical plant, the 
$hytolacca electrz'cn, is known to produce marked elec- 
trical effects; a touch of a twig gives to the hand a s  
vivid a shock as that of a Rutnkorff battery. At  the dis- 
tance of seven or eight paces, the influence of the plant 
is manifested through a compass needle, the closer the 
proximity, the more marked are the de~nonstrations ; and 
i f the  coml)ass is placed in the centre of the bush, the 
mo1-ement of attraction previously shown by the needle 
is changed into that  of rapid rotation. T h e  intensity ot 
the phenomena varies with the time of day. A t  two 
o'clock P.M. it attrlins its maximum, and a t  night its mag- 
netic powers are scarcely perceptible. I t  is thus demon- 
strated that a t  precisrly the same hour, viz : two o'clock 
P.M. heat intensity, ancl ntrtg?t&tic intensity are  co-zizci-
defzt. From this hour each diminishes, and from the 
morning until two o'clock P.M.each increases in the 
same proportion. The  hour of the least magnetic effect, 
or the most negatzbe condition, is shown by the follow- 
ing phenomenon to occur at  a period of time opposite to 
tha t  of its maximum, or posittve condition, viz: two 
o'clock A.M. It is the exp-rience of miners whose 11.r.e~ 
are passed in the depths of the earth, that between 
twelve ancl two o'clock in the aigllt, if there is a loose 
stone or bit of earth in the mine ~t is sure to fall. Says 
a miner of many years experience : " About this time ~t 
seems that everything begins to stir, ancl soon after twelve 
o'clock, although the mine has been as  still a s  the tomb 
before, you will hear particles of rock and dirt come tum- 
bling down, and if there is a caving piece of ground in 
the mine it is sure to give way." 

From these and such like familiar suggestions ou the 
part of nature we may infer that the portion of the earth 
which is a t  any given time specially under the action 
of the great  sun-current, becomes electro-josttive, the 
maximum intensity occurring at  two o'clock P.ILI. During 
the night the magnetic condition changes, and is a t  two 
o'clock A.hI. most electro-negative. Thus  at  two o'clock 
P.hI. t h e  sun on the one hand, and that  portion o i  the 
earth on the other hand, being in ltke electrical conclit- 
ions, viz : electro-poszYz've, mutually repel each other, and 
the consequent push moves the earth in revolution. T h e  
revolving earth turniug eastward, is continually carrying 
its 1zcgnti7~econdition of the night into the field of the 
posittvc sun, a mutual attraction therefore takes place 
with its consequent pul lupon that side ; a n d  thus is gen- 
erated the process of an  incessant attraction on the east 
side, and of repulsion on the west side, giving to the earth 
its axial motion. 

Gravity may therefore legitimately be claimed a s  purely 
an electrical phenoinenon. 

T h e  words of the grant1 old FARADAY standnow 
forth in lines of light, viz: Gravity, surely this force must 
be capable of an  experimental relation to electricity, mag 
netism, and the other forces, so as to bind it un w ~ t hthen1' 
in reciprocal action, and equivalent effect. 

S U N  H E A T ,  as  a n  A fec t zb~z  of the  Great OlVE-FORCE. 

T h e  demonstratioils of our senses, as  well as  the teach- 
ings of all the ages, lead us to attribute to the sun the 
possession ot a most dazzling brilliancy, an  unlimited 
amount of heat. So it certainly appears. Yet the simple 
fact that  the earth receives its heat through the agency of 
the sun, is not conclusive evidence that the sun is itself 
hot.  On the contrary, it is well known that  heat rapitlly 
diminishes in the direction of the sun, and that  a t  the  
a l t~ tude  of considerably less than three miles lies the line 
of perpetual frost, the temperature of space progressively 
lowering beyond that point. T h e  space therefore which 
separates the earth from the sun, gj,ooo,ooo of miles in 
extent, is inconceivably coid ; its intensity is variously es- 
timated a t  from ?fztjzztsa few hundred degrees, (Fahr.) to 
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nztiz?/s18,ooo,oo~ of degrees. I t  seems incredible tliat 
scientists who possess the lino\vletlge of these facts can 
entertain the thought, or attempt to maintain the theory, 
that heat conies from tile sun, as heal, through sucli a 1 
distance, ancl sucli a medium. And, if not coming a s  
heat, then the  previously esistirtg philosophies of the 
functions of the sun arefz~?zdanzc~rtnI&e/.~.oncoz~s. 

Science a t  tlie present time admits c,f four different 
explanations of the procluction of sun lieat, viz : ( ~ . ) c o m -
bustion of cos~iiical substances falling into the sun ; ( 2 . )  

arrest of motion of substances thus supposetl to fall into 
the sun ; (j.)contraction of tlie solar mass ; and (4.) 
disscciation of coinpound bodies in tlie sun's substauce. 
Each of the foregoing liypotlieses s t a ~ ~ t l s  direct op- in 
position to t he  inexoiable law of conserration of fcrce, 
Each recogii,zes tlie presence of a vast flootl of heat, 
light, and fol-ce incessantly issuing from the great solar 
mass, and proceecling thertfrom with i~iconceivable 
velocity to  the earth. Yet nritlier of them malies pro-
vision for the retro-acticg, or returning current, lshicli 
under tlie law of conservatior,, l~econies indispensable, 
Each assumes the actual and indispt~isahle presence of 
heat a t  the sun, as  an ele~nent in the solar economy. But 
inas~ilucli as  heat cannot collie from the sun as heat, 
there really esists at  the sun no necessity for the enor- 
n ~ o u sprodu~tioli  there, such as  these hypotheses clemancl. 
T h e  prodigious destruction of ~naterial  claimed to be in- 
volved in the productioll of heat at  the sun, and the ex- 
penditure inconceiyable of force in 1lrs-
jecting the same in all directions, a~;d  to inconceivable 
distances into space, are uncallecl for, and therefore ir- 
rational. Upon the electrical tlieory, no such estrava- 
gant and iri-ational processes are needful. 

A true unclerstanding of the great physical plienomena 
of our ear111 del)encls u1)on a correct linowledge of the 
constitution of ~ t s  atmosphere. There is a more vital 
element than clouds, vapors, gases. This constituent is 
magnetic in its charac!er, and liiay be designated a s  
static, from its ha l~ i t  in equ~librium, ancl also in contradis- 
tinction froin the vast active current \~li icl i  hiiils the space 
between the sun ant1 the earth. In all scientific formula: 
of its coiistitution, this principle as  a real entity has been 
ignored. Tlie fact tliat the atmosphere is a vast mag- 
lletic reservcir, that it is the most magnetic of all earthly 
I~oclies except ~ r o n ,  nickel, and cobalt, is well understood ; , 
yet there appears to hare  been no suspic~on of the grand- 

autl inll)ortance of i ts  functicns ill t he  eartl,js physical , 
economy. As co~istitutecl, the atniospliere is peculiarly 
aclaptecl to co-operate with the sun in this econoriij-. 

In fZict i t  is tile I n t t \ i u m  and in s t tumen t  of all tile sun's 
terrestrial operations. Preparetl by such kno~vledge 
of the coristitution of the atmr-sphere, we can better 
comprelientl the philozopliy of the action of [lie great sun- 1
current so incessa~itly moving earthward. 

By means of the clyna~no-electric machine, it is tlein- jonstrated tha t  'llotion 0' magnet's''', (0' both,) is con- 
verted into heat and light ; so does not analogy suggest 
that  the grand motions ot the heavenly spheres are by the 1 
same principle conrtrtecl into sunlight, and sun-heat ; 
thus  rnaking unnecessary the measureless ant1 ceaseless 
destruction of material that is tlemandecl by the present 
theory ? Our atmosphere supplies the conditions re-
presented by the "carbon l~oint,"  ant1 the " platinum 
coil," in practical electricity. A current invisible, with- 
out manifestation, passes through space, a s  electricity 
through wires, until, meeting the resistance ant1 favorable 
conditions of OLlr atmosphtre, there occur those wonder- 
ful and iiiiportant phe~lomena, heat, aucl llghf. NO par- I 
ticle of either heat or light need therefore cottie as  such ' 
from the sun to the earth, the current being wholly in- 
visible ancl cold in its passage. Fo r  a practical demon-
stration of such t r a l l s l n i ~ ~ i ~ n  of a Current, we are llluch 

netic current from one mountain top to another twenty 
miles distant. 

I11 the liglit tenuous atmosphere of the summits of lofty 
mountains, the human body often experiences the fiercest 
effects of sun-heat, and tlie pyrlieliometer of POUILI.ET 
also records such effects for the reason that  the body 
and the instru~iient become oLjccts of ,~esisttr/zceto the 
current, and a local heat is thus developed, which is far 
greater than that of the light atmospliere su r ro~~nd ing ,  
~vhich  offers no such resistance. It is hardly necessary 
to aclcl that the greater heat alffays ~iianifested 011 the 
surface of the earth beneath is owing to the fact of a 
denser medium, and a colisequent greater resistance. 

The battery of mundane construction-our best aid and 
interpreter in tlie reading of universal phenomena-while 
it is the developer of heat, light, and power, is itself 
neither luminous, hot, nor magnetic. T o  explain the 
effects of the sun, therefore, there is not the least reason 
to infer that it is itself luminous, or even warm. Potential 
action generatetl in a (lark, cold body may produce great 
heat, light, and attraction, at  a distance from the seat of 
activity, and wliat is thus wrought artificially, in a small 
way, may surely be done naturally, and in a tremendous 
fashion, by the grand forces of the sun. 

S U N L I G H T .  

Tile saIne process cleveiops If  liiles be dralvll 
f r o m  the sun to the tangelit to both, these lines 
will  enclose a the  at  t h e  big 
the earth at  the small eiitl, and the space between a trunc- 
ated co re  , this space may be designatecl the solar cone or 
coIle-space. TTrithin this i,?cessant circulation is 
goiilgon, allcl all the  of gravity, light, 
are l)roducecl through their recipl-ocal activity. T h e  field 
of ellcounter betweell the forces of tile and earth is 

ill the col~ision light is gelleratec,. 
Beil,g thus  conciitioned the atmosphere, light 
heat cannot be foulid ill beyond the lllles of the  
solar 

is t o  be observed light ral,idly dil,lillishes ill t h e  
of the sun, even as \ye seen to the  case 

with heat. Beyoncl the lower portion of the atmospheric 
mass, there is no dazzle ; and the human eye in looliing 
up011 the great  orb is not dazed. Thus  the exceeding 
brilliancy whicl, the sun,s rays, so far 
being a phenolllenon located in the  sun itself, as is the 
i)op~llar, and e17en the scielitific conception, is actually
confineti to the lower strata of our at~iiospliere. 

If light were transmitted to us from the sun in perfect 
i n t e n s : t ~ ,the  of he've11 must al'l'ear as lurn-
I ~ O U Sas  our sun. 

sun is therefore not 
distLibuting of trctztal ancl h e a t ;  it is 
rather the source fro111 whence the wllole solar system is 
supplied ~ v ~ t l ithe iizvisibie, joteniiirZ light ancl heat, 
wllich become clevelopecl lvhere it is required.

celltral orb may therefore be regardeCl as  like unto 
the earth, 011 its surface, and in its surroundings, viz : a 

cool, 

O T H E R  RECOGKIZEL) FORMS OF FORCE. 

All other recognized forlns of force have their best ex- 
planation in same theory, 

I t  may be necessary to cautioll against a llatllral mis- 
conceptjon \vllicll is fruitful in seeming objections against 
the theory advanced. Let it be uuderstoocl then, that  
manss machiIlery 111ust always n-orlt to tlisaclvantage 
when matie to illustrate the operations of ~ la ture .  T h e  
machine itself is an inert thing, a cleacl weight interposed, 
tile working of \vhich requires the  expencllture of force. 
1, nature's ollerations, 011 the contrary, without labor or 
friction, one form of force under proper collclitio~is trans- 
mutes itself into another form, there being no loss of 

intlebtetl to experiments nlatle . 11y Prof.  ~ I A H I ~ O Nforce in the change. IVe must recognize the fact of an  
Looar~s,of WASHISGI'OS,D. C. Without any visible unimpairetl energy in the universe, the fact that force is 
means of transmission, he succeeded in sending the mag- i never lost liar masted. 
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The  Great Primordial force owes its genesis to the in- f rom? It could not be  created. I t  could only come 
itial impulse which set all spllcres in motion in vacuous froin the store of energy available for such purposes in 
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 
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. 

Besides, there are two other principles alreacly alluded 

to-the conservation of force, ant1 the unity of all the 

forces--with respect to which it may he demandeti, to 

what other result clo they lead, anti can they leatl, in all 

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 dealt 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 caused 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 (leepelling 
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 

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-

1 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 
labors of AIr. G. H. Darwin, son of the celebrated natural- 
ist. The  iilfluence of the  tides had already been 
1.ecogn1zetl as  the cause of the same face of the 
moon being always bent on the earth. Whether the 
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 reduce the rate of the earth's rotation. T h e  effect 
of the tides on the earth was to lengthti] the tlay. 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 tlay 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  had salt1 that the illoon ~ \~asg radua l ly rece (~ -  
ing farther and farther from the earth, ant1 tha t  the 


