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I KOW pass to a very brief consideration of one of 
the most important and interesting advances ever made 
in physics, and in which Canada, as the place of the 
labors of Profescors Rutherford and Sodcly, has taken 
a conspicuous part.  I mean the discovery and investi- 
gation of radioactivity. Radioactivity was brought to 
light by the Rontgen rays. One of the many remark- 
able properties of these rays is to excite phosphores- 
cence in certain substances, including the salts of 
uranium, when they fall upon them. Since Rontgen 
rays produce phosphorescence, it occurred to Becquerel 
to t q  whether phosphorescence ~ i ~ o u l d  produce Riint- 
gen rays. H e  took some uranium salts which had been 

1 Concluding portioil of the address of the president of 
the British Association for the Advancement of Science, 
given at  Winnipeg in 1909. Reprinted from the issue of 
SCIENCEfor August 27, 1909. Sir Joseph Thornson died 
on August 30. 

~nade  to phosphoresce by exposure, not to Rontgen 
rays but to sunlight, tested them, and found that they 
gave out rays possessing properties similar to  Rontgen 
rays. Further investigation showed, however, that to 
get these rays it was not necessary to make the ura- 
nium phosphoresce, that the salts meye just as active 
if they had been kept in the dark. I t  thus appeared 
that the property was due to the metal and not to  the 
phosphorescence, and that uranium and its compounds 
possessed the power of giving out rays which, like 
Rontgen rays, affect a photographic plate, make cer- 
tain minerals phosphoresce, and make gases through 
which they pass conductors of electricity. 

Niepce de Saint-Victor had observed some years be- 
fore this discoveyy that paper soaked in a solution of 
uranium nitrate affected a photographic plate, but the 
observation excited but little interest. The ground had 
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not then been prepared, by the discovery of the Rant- 
gen rays, fo r  its reception, and it withered and was 
soon forgotten. 

Shortly after Becquerel's discovery of uranium, 
Schmidt found that thorium possessed similar proper- 
ties. Then Monsieur and Madame Curie, after a most 
difficult and laborious investigation, discovered two 
new substances, radium and polonium, possessing this 
property to an enormously greater extent than either 
thorium or uranium, and this was follomed by the dis- 
covery of actinium by Debierne. Nolo the re~earches 
of Rutherford and others have led to the discovery of 
so many new radioactive substances that any attempt 
a t  christening seems to have been abandoned, and they 
are denoted, like policemen, by the letters of the 
alphabet. 

Mr. Campbell has recently found that potassium, 
though f a r  inferior in this respect to any of the sub- 
stances I have named, emits an appreciable amount of 
radiation, the amount depending only on the quantity 
of potassium, and being the same whatever the source 
from which the potassiunl is obtained or whatever the 
elements trith which i t  may be in combination. 

The radiation emitted by these substances is of three 
types knon~n as a, I3 and r rays. The a rays have 
been shown by Ruthelford to be positively electrified 
atoms of helium, moving with speeds ~rhich reach u p  
to about one tenth of the velocity of light. The fl rays 
are negatively electrified corpuscles, nioving in some 
cases with very nearly the velocity of light itself, ~ohiIe 
the y yays are unelectriiied, and are analogous to the 
Rantgen rays. 

The radioactivity of uranium was sho~rn  by Crookes 
to arise from something niixed with the uranium, and 
~rh ich  differed sufficiently in properties from the nra- 
nium itself to enable it to be separated by chemical 
analysis. H e  took some uranium, and by chemical 
treatment separated it into t ~ o  portions, one of which 
was radioactive and the other not. 

Sex t  Becqurrel found that if these two portions 
were kept for several months, the part  ~ rh ich  was not 
radioactive to begin with regained radioactir~ity, d i l e  
the part ~rhicli was radioactive to begin with had lost 
its radioactivity. These effects and many others re- 
ceive a complete explanation by the theory of radio- 
active change which IJ-e owe to Rutherford and Soddy. 

According to this theory, the racliortctive elements 
are not permanent, bat  are gradually breaking up  into 
elements of lo\i7er atomic weight ; uranium, f o r  ex-
ample, is sloroly breaking up, one of the products being 
radium, while radium breaks u p  into a radioactis-e gas 
called radium emanation, the emanation into another 
radioactive substance, and so on, and that the radia- 
tions are a kind of swan's song emitted by the atoms 
when they pass from one form to another; that, f o r  
esample, it  is  when a radium atom breaks up  and an 

atom of the emanation appears that the rays ~vliich 
constitute the radioactivity are produced. 

Thus, on this view the atoms of the radioactive ele- 
ment~; are not immortal, they perish after a life whose 
average value ranges from thousands of millions of 
years in the case of uranium to a second or so in the 
caqe of the gaseous emanation from actinium. 

T h e n  the atoms pass from one state to another they 
give out large stores of energy, thus their descendants 
do not inherit the whole of their n~ealth of stored-up 
energy, the estate becomes Iesq and le,s wealthy with 
each generation; \re find, in  fact, that the ~?olitician, 
~ r h e nhe imposes death duties, is but imitating a proc- 
ess ~T-hich has been going on for ages in the case of 
these radioactive subqtances. 

Many points of interest ariie n~hen .m7e consider the 
rate a t  ~ ~ ~ h i c h  the atoms of radioactive substance< dis- 
appear. Rutherford has s h o ~ v ~ l  that whatevey be the 
age of these atoms, the percentage of atoms nhich dis- 
appear in one second is a l~rays  the same; another may 
of putting it  is that the expectation of life of an aton1 
is independent of its age-that an atom of radium one 
thousand years old is just as likely to live for  another 
thousand y e u s  as one just sprung into existence. 

Xotr t h ~ s  ~ ~ o u l dbe the case if the death of the atom 
n7ere due to something from outside which struck old 
and young indiscriminately; in a battle, for example, 
the chance of being shot is the same f o ~  old and young; 
so that n7e are inclined a t  first to look to something 
coming from outside as the cause why an atom of 
radium, f o r  example, suddenly changes into an atom 
of the emanation. But here we are met with the diffi- 
culty that no changes in the external conditions that 
.m7chave as yet been able to produce have had any effect 
on the life of the atom: aq f a r  as TI-e k n o ~ r  a t  present 
the life of a radium atom is the same a t  the tenipera- 
ture of a furnace as at  that of liquid air-it is not 
altered by surrounding the radium by thick screens of 
lead or other dense materials to ward off radiation 
from outside, and hat to my mind is especially sig- 
nificant, it is the same when the radium is in  the most 
concentrated form, when its atoms are exposed to the 
vigorous bombardment from the rays given off by the 
neighboring atoms, as when it  is in the most dilute 
solution. when the rays are absorbed by the water which 
separates one atom from another. This last result 
secms to me to make it somen~hat improbable that we 
shall be able to split up  the atoms of the non-radio- 
active elements by exposing them to the radiation from 
radium; if t h ~ s  radiation is unable to affect the un- 
stable radioactive atoms, it is somewhat unlikely that 
it will be able to affect the much more stable non-
radioactive elements. 

The evidence we have a t  present is against a dis-
turbance coming from outside breaking up  of the 
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radioactive atoms, and we must therefore look to some 
pr0ce.s of decay in the atom itself; but if this is the 
case, how are we to reconcile i t  with the fact that the 
expectation of life of an atom does not diminish a s  the 
atom gets older? TTTe can do this if we suppose that 
the atoms when they are first produced have not all 
the same strength of constitution, that some are more 
robust than otheys, perhaps because they contain more 
intrinsic energy to begin with, and will therefore have 
a longer life. Kow if when the atoms are first pro- 
duced there are some which mill live for  one year; some 
for  ten, some for  a thousand, and so on;  and if lives 
of all durations, frotn nothing to infinity, a re  present 
in such proportions that the number of a to~ns  which 
will live longer than a certain number of years de- 
crease in a constant proportion f o r  each additional 
year of life, we can easily prove that the expectation 
of life of an atom will be the same whatever its age 
may be. On this view the different atoms of a radio- 
active substance are not, in all respects, identical. 

The energy developed by radioactive substances is 
exceedingly large, one gram of radium developing 
nearly as much energy as mould be produced by burn- 
ing a ton of coal. This energy is mainly in the u par-
ticles, the positively charged helium atoms which are 
eillitted when the change in the atom takes place; if 
this energy were produced by electrical forces it would 
indicate that the helium atom had moved through a 
potential difference of about two million volts on its 
may out of the atom of radium. The source of this 
energy is a problem of the deepest interest; if i t  arises 
from the repulsion of similarly electrified systems 
exerting forces varying inversely as the square of the 
distance, then to get the requisite amount of energy the 
sybtems, if their charges were comparable with the 
charge on the u particle, could not xvhen they start be 
further apart  than the radius of a corpuscle, 10-l3 cm. 
I f  we suppose that the particles do not acquire this 
energy at  the explosion, but that before they are shot 
out of the radium atom they move in circles inside this 
atom with the speed with xvhich they emerge, the forces 
required to prevent particles tnoving with this velocity 
from flying off a t  a tangent are so great that finite 
charges of electricity could only produce them at  dis- 
tances comparable with the radius of a corpuscle. 

One method by which the requisite amount of energy 
could be obtained is suggested by the view to which I 
have already alluded-that in the atom n7e have ekctri- 
tied systems of very different types, one small, the 
other large; the radius of one type is comparable with 
10-13 om., that of the other is about 100,000 times 
greater. The electrostatic potential energy in the 
bmaller bodies is enormously greater than that in the 
larger ones; if one of these sinall bodies were to ex- 
plode and expand to the size of the larger ones, we 
should have a liberation of energy large enough to 

endow an u particle with the energy it possesses. I s  i t  
possible that the positive units of electricity were, to 
begin with, quite as small as the negative, but while in 
the course of ages most of these have passed from the 
smaller stage to the larger, there are some small ones 
still lingering in radioactive substances, and it  is the 
explosion of these which liberates the energy set free 
during radioactive transforn~ation? 

The properties of radium have consequences of enor- 
tnous importance to the geologist as well . a s  to the 
physicist or chemist. I n  fact, the discovery of these 
properties has entirely altered the aspect of one of the 
tnost interesting geological problems, that of the age 
of the earth. Before the discovery of radium it was 
supposed that the supplies of heat furnished by chemi- 
cal changes going on in the earth vere  quite insignifi- 
cant, and that there was nothing to replace the heat 
~ i~h iohflo~os from the hot interior of the earth to the 
colder crust. Now when the earth first solidified i t  
only posessed a certain amount of capital in the form 
of heat, and if i t  is continually spending this capital 
and not gaining any fresh heat it  is evident that the 
process can not have been going on for  more than a 
certain number of years, otherwise the earth would be 
colder than i t  is. Lord Kelvin in this way estimated 
the age of the earth to be less than 100 million years. 
Though the quantity of radium in the earth is an ex- 
ceedingly small fraction of the mass of the earth, only 
amounting, according to the determinations of Profes- 
sors Strutt and Joly, to about five grams in a cube 
whose side is 100 mlles, yet the amount of heat given 
out by this small quantity of radium is so great that it 
is more than enough to replace the heat which flows 
from the inside to the outside of the earth. This, as  
Ruthrrford has pointed out, entirely vitiates the previ- 
ous method of determining the age of the earth. The 
fact is that the radium gives out so tnuch heat that we 
do not quite know what to do with it, fo r  if there was 
as much radium throughout the interior of the earth 
a. there is in its crust, the temperature of the earth 
would increase much more rapidly than i t  does as tve 
descend below the earth's surface. Professor Strutt 
has shown that if radium behaves in the interior of 
the earth as it does a t  the surface, rocks similar to 
those in  the earth's crust can not extend to a depth of 
tnore than forty-five miles below the surface. 

I t  is remarkable that Professor Milne from the study 
of earthquake phenomena had previously come to the 
conclusion that rocks similar to those at  the earth's 
surface only descend a short distance below the sur-
face; he estimates this distance at about thirty miles, 
and concludes that a t  a depth greater than this the 
earth is fairly homogeneous. Though the discovery 
of radioactivity has taken away one method of calcu- 
Iating the age of the earth i t  has suppliecl another. 

The gas helium is given out by radioactive bodies, 
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and since, except in beryls, it is not found in minerals 
which do not contain radioactire elements, i t  is proba- 
ble that all the helium in these minerals has come from 
these elements. I n  the case of a mineral containing 
uranium, the parent of radium in radioactive equi-
librium, with radium and its products, helium will be 
produced at  a definite rate. Helium, howerer, unlikt. 
the radioactive elements, is permanent and accumulates 
in the mineral; hence if we measure the alnount of 
helium in a sample of rock and the amount produced 
by the sample in one year we can find the length of 
time the helium haq been accumulating, and hence the 
age of the rock. This method, which is due to Pro- 
fessor Strutt, may lead to determinations not merely 
of the average age of the crust of the earth, but of 
the ages of particular rocks and the date a t  which 
the various strata were deposited; he has, for  ex-
ample, shown in this way that a specimen of the 
mineral thorianite must be more than 210 million years 
old. 

The physiological and medical properties of the rays 
e~nitted by radium is a field of research in which 
enough has already been done to justify the hope that 
it  may lead to considerable alleviation of hutnan suffer- 
ing. It seems quite definitely established that fo r  some 
diceases, notably rodent ulcer, treatment with these 
rays has produced remarkable cures; it is imperative, 
lest we should be passing over a means of saving life 
and health, that the subject should be investigated in 
a much more systematic and extensire manner than 
there has yet been either time or material for. Ra-

dium is, however, so costly that few hospitals could 
afford to undertake pioneerink ~ ~ o r k  of this kind; for- 
tunately, however, through the generosity of Sir Ernest 
Cassel and Lord Iveagh a Radiunl Institute, under the 
patronage of hi. Xajesty the Icing, has been founded 
in London for  the study of the medical properties of 
radium, and for the treatment of patients suffering 
from diseases for  which radium is beneficial. 

The new discoveries made in physics in  the last few 
years, and the ideas and potentialities suggested by 
them, have had an effect upon the workers in that sub- 
ject akin to that produced in literature by the Renais- 
sance. Enthusiasnl has been quickenecl, and there is a 
hopeful, youthful, perhaps exuberant, spirit abroad 
which leads men to make x-ith confidence experiments 
which mould have been thought fantastic twenty years 
ago. I t  has quite dispelled the pessi~nistic feeling, not 
uncotnlnon a t  that time, that all the interesting things 
had been discorered, and all that was left was to alter 
a decimal or tx70 in some physical constant. There 
neper mas any jnstification for  this feeling, there never 
\\-ere any signs of an approach to finality in science. 
The sum of knowledge is a t  present, a t  any rate, a 
dipergiag not a converging series. As we conquer peak 
after peak we see in front of us regions full of interest 
and beauty, but x7e do not see our goal, we do not see 
the horizon; in the distance tower still higher peaks, 
TI-hich will yield to those ~ v h o  ascend them still wider 
prospects, and deepen the feeling, whose truth is 
enllshasized by every advance in science, that '(Great 
are the Works of the Lord." 

THE ORIGIN O F  THE EARTH'S LAND FORMATIONS 
By Dr. C.D. PERRINE 

ARGENTINE NATIONAL OBSERVATORY, CORDOBA 

THE peculiar and \.erg irregular distribution of the 
land and water areas of the earth's surface as well a s  
their forms and constitutions have attracted attention 
since man has knom-11 of their existence as such. Ex-
planations to account fo r  some of these conditions have 
been made from time to time, but none has been wholly 
satisfactory and for some no explanation has been 
attempted. The object of this note is to put on record 
the chief points of a general theory TI-hich occurred to 
me some years ago, and ~vhich appears to explain satis- 
factorily a number of observed facts. I t  is recognized 
that the difficulties in the x7ay of substantial proofs are 
very great. For  this and other reasons of scientific 
caution, the hypothesis is presented tentatively for  
further study and future confirmation or rejection. I t  
is my belief, however, that, in general and radical as 
it is, i t  TI-ill be confirmed, because some of the evidence 

is of considerable weight and I have so f a r  found none 
which is prohibitory. 

Several years ago, the principal points known at  that 
time mere placed (on a general invitation) at the dis- 
posal of a group interested in the progress of science 
and its dissemination, but as f a r  as I know nothing 
has yet been published on the subject. These and 
other details mill be given in a full discussion of the 
hypothesis ~vhich it is planned to publish if my im- 
paired health permits. 

The theory rests upon the possibility that the earth 
was bombarded in some past age by a meteoric swarm 
or smarlns which came from a southerly direction. 
When the explanation first suggested itself, no facts 
were known which could throw light on this all-i&por- 
tant point, the suggestion coming solely from two well- 
marked peculiarities of continental and mountain 


