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be called the eutectic level because the 
additional temperature necessary to fusion 
would there be a minimum. The question 
then arises what relation may be supposed 
.to exist between the eutectic level and the 
level of compensation. 

I n  computing the temperature distribu- 
tion of a cooling globe which owes a part 
of its heat to compression, or to initial tem- 
perature, and another part to radioactivity, 
i t  is necessary to proceed by trial and error, 
or to test various assumptions and consider 
which best fits the facts. I have assumed 
various agcs and computed other condi-
tions corresponding to the actua,l heat 
emission of the globe. These other condi- 
tions are the depth of the eutectic level, 
the thickness of the radioactive shell (sup- 
posed uniform) and the proportion of the 
surface gradient due to radioactivity. TKO 
cases are of special interest, the assumed 
ages being 68 million years and 1,314 
million years. 

For the lower age the eutectic level is a t  
a depth of 121 kilometers, and thus coin- 
cides with Hayford's compensation level, 
the radioactive layer is 2.58 kilometers thick 
and radioactivity supplies 1/7 of the surface 
gradient or  of the earth's heat emission. 
For an earth 1,314 million years old the 
eutectic level lies at  300 kilometers, the 
radioactive layer is 32 lcilometers thick and 
just 2/3 of the surface gradient is due to 
radioactivity. I n  this ancient earth the 
highest temperature excess due to radio-
activity mould be found at  and below the 
bottom of the active layer and would 
amount to only 106'. This is not much in 
comparison with the temperature of lavas 
and, if this agc is the highest worth con- 
sidering, most of the earth's heat must be 
due to compression. 

So great an age as 1,314 million years 
seems incompatible with other features of 
the problem. This age implies that a thick 
shell extending from the compensation level 

donrnward to and beyond the entectic level, 
a shell more than 200 liilometers in thick- 
ness, has cooled after solidification through 
an average temperature interval of about 
600". Now the geodesists have shown that 
a t  the compensation level thc strains must 
be small, and I have given reason for be- 
lieving these strains even smaller than those 
computed by the geodesists. But I hold i t  
impossible that a layer of rock 200 Icilo- 
meters thiclc can cool 600" without setting 
up large strains. 

On the other hand, no such difficulty 
arises i11 the case of an earth 68 million 
years old, for i t  is easy to show that only a 
very small anionnt of cooling has occnrred 
below its eutectie level. Furthermore, in 
this case the level of compensation acquires 
a definite and intelligible physical inter- 
pretation. Tlocal fusion would bring about 
compensation. Where. then, sho~lldwe 
look for compensation if not a t  the eutectie 
level ? 

I n  such speculations as this some lati- 
tude must be allowed. I f ,  as the geodesists 
suspect i t  may be, the compensation level 
is as deep as 140 kilometers, and if this is 
also the eutectic level, the earth js 108 
lnilliori years old, the radioactive layer is 
4.74 kilonieters thick and 26 per cent. of 
the heat emitted by the earth is cjf raclio- 
active origin. 

I t  has often been asserted that the dis- 
covery of radioactivity indefinitely pro-
longs the probable age of the earth. To me 
i t  seems that the determination of the level 
of compensation limits both the age of the 
earth and the amount of radioactive matter 
in its outer shell. GEORGE3'. BECKEB 
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THE CONSTITUTION OP THE ATOM1 

THEsubject of the constitution of the atom 
has come into extrenie prominence-great ad-

1 From the address of I he president of the Royal 
Society, Sir William Croolzes, a t  the anniversary 
meeting on November 30, and printed in Natzcre, 
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vances have been made--while much light has In recent years the old idea of the ultimate 
been thrown on the nltimate structure of atom as a solid particle, spherical or otherwise, 
matter. Years ago, during the persistent and 
systematic fractionation of yttrium, I ex-

has slowly, alniost imperceptibly, ~ i v e n  way ,* 

to the more rational conception of a minute 
plained that I had succeeded in separating 
the atonis of the so-called elements into 
groups ; these groups undoubtedly exhibited 

.different phosphorescent spectra and presum- 
ably had different atomic weights-although 
from the clrelnical point of view all the groups 
behaved similarly. I concluded that, of the 
lines and bands of the conipound spectrum 
of an elenlent, some are furnished by certain 
atoms and some by others. I pointed out that 
this was not likely to be an isolated case; that 
probably in all so-called elements the whole 
spectrum does not come from all the atoms- 
that different spectral rags come from differ- 
ent atoms, which may be interpreted to mean 
that  there are definite differences in the inter- 
nal motions of the several groups of which the 
atoms of a chemical element consist. I ven-
tured to suggest a possible explanation of these 
facts, based on the assumption that acting on 
the original protyle were two forces-one of 
the character of time, accoinpanied by a lower- 
ing of temperature, while the other, swinging 
to and fro lilie a penduhxm, and having periodic 
cycles of ebb and flow, rest and activity, would 
be intimately connected with the force of elec- 
tricity. I arrived at  a presentation of the ele- 
ments on a lemniscate path which seemed to 
me to throw some light on the question of their 
genesis. 1\Iy researches seemed to show that 
the persistence of the ultimate character, the 
eternal self-existence, the fortuitous origin of 
the chenlical elements, could no longer be re- 
garded nierely as probable. 

Apparently bodies exist which possess close 
upon the same atomic weights and combine in 
definite proportions with other substances and 
yet exhibit certain minute differences. For 
these substances, which are capable of being 
isolated and identified, I suggested the name 
'' meta-elements." Thus there appears to me 
to be a gradation of molecules of different 
ranks between the atom and the compound- 
and these aggregations of atoms in certain 
circumstances might well pass for simple ele- 
mentary bodies. 

planetary 01- " Saturnian" system of dazzling 
complexity; the conception is many-minded, 
aided here and there by facts that failed t,o 
fall in with the old lines of thought. Among 
the most prominent men through which the 
new conception has come to light, we have 
Kelvin, Stoney, Thomson, and, more recentl,~, 
headed by Sir  Ernest Rutherford, a host of 
vigorous workers in the new science of radio- 
activity, who have built up a conception o$ 
atomic physics often "hard to be understood," 
but that probably is a move in  the right direc- 
tion. Sir Ernest Rutherford supposes the atom 
to be composed of a nuclear positive charge, 
exceedingly small compared with the sphere 
of action of the atom, and consisting of a 
number of unit charges. Surrounding this 
nucleus is an external shell i n  which a num- 
ber of separate negative electrons are dis-
tributed. Professor Soddy-whose name is 
closely associated with that  of Sir  Ernest 
Rutherford-is one of the earliest workers 
in radioactivity, and has developed a theory of 
the chemistry of the radio-elements based upon 
the periodic law and a modified form of lem- 
niscate spiral where the existence of pseudo-
elements having slightly different atomic 
weight but identical chemical properties are 
set out. These " isotopic " elements occupy 
the same place in the periodic table. H e  has 
thus arrived, by a totally different path from 
the one I traveled, at  the conception of an ele- 
ment having atoms of different weight though 
chemically identical. The theory has recently 
received some confirmation by the analyses o$ 
the lead that is found in the minerals pitch- 
blende, thorianite, etc. I n  my own Iaboratolqp. 
a spectroscopic examination of the lead from 
Cornwall pitchblende has shown traces of 
thallium not found in pure assay lead; tho 
unexpected presence of this element may have 
some bearing on the slightly different atomic 
weight values recorded for the lead extracted 
from the radio-minerals. 

Without risking a charge of being unduly 
optimistic I think I may believe we are on th@ 
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brink of striking developments in  o w  knowl- 
edge of the structure of the elusive atom. 
Whatever may be the outcome of researches 
now prosecuted with so much zeal and success, 
1 feel that Addison mas speaking with the 
voice of prophetic truth when, more than a 
hundred years ago, he said: 

Every atom is a standing miracle and endonred 
mitll such qualities as could not be impressed upon 
it by a Power and a Wisdom l e ~ sthan irifinitc. 

XClENTIFIC NOTE8 A N D  N E T S  

TEEcolleagues of Professor Theobald Srnith 
on accouilt of the iii~peniling sererance of his 
eonncction wit11 ITorrard University after a 
service of twenty yenrs to become a niember of 
the Roclre'ieller Institute of Medical Research, 
are arranging to present a bas-relief of Pro- 
fessor S n ~ i t h  lo the medical scl~ool and reduc- 
tions of this will be made and presented to 
each donor of $10 or more to the fund. A 
complinicntary dinner will be given to Pro- 
fessor Srnith on April 17. 

A '' DIedal"G O R G ~ ~  to be given yearly in  
horlor of Surgeon-Gleneral Gorgns has been 
cstnblisllcd by the rnedical reserve corps, U. S. 
army, New Yorlc state division. This rnedal 
is open to competition to memnbers of the 
nrctlical corps of the United States army, to 
medicaal reserx-e corps of the army and to 
members of the rncclical corps of the organized 
mililia. Officers may submit ptlpers on any 
subject of a. medico-military nature. 

Tun: Cornell Society of Civil Engineers held 
on January 22 in New Yorlc City its tenth 
annual dinner and reunion. The chief guest 
was Professor Charlcs D. Mnrx, of Leland 
Stanford Junior Uni~ersitp, has reccntly 
been elected president of tlic Alrieric~n Society 
of Civil Engineers. 

DR.J. S ~ O T T  secretary of t h ~  RELTIE, Royal 
Creogrzpllical Society, has bee13 awarded the 
Culluru gold medal of the American Geo-
graphical Society. 

TETI~Academy of Natural Sciences of Phila-
delphia has elccted as eorrespond~nts Frank 
Dawson Adnvns, of Montreal, and Alfred 
Wenler, of ZuricI1. 

DR. II.F. R o ~ ~ c a ~ s o s ,of the University of 
Minnesota, is working in Professor Aschoff's 
laboratory and clinic a t  Freiburg, Baden. EEo 
report.: himself as the only foreign student at 
present in attendance. The starT of over thirty 
lnelnbers has been recluced to five and the 
number of sittdents from 130 to 40. 

TITREEphysicians of forty who took the 
recent civil service examination for the posi- 
tion of dircctor of puldie health eclucation, 
in the city of !Sew York, llave hecn placed on 
the eljgihle list, and President Renry Mosko- 
witz of the municipal corn~nission is reported 
to have said that an appoiiztmertt will be made 
within n fcw days by JIealth Commissioner 
Goldwater. The eligible candidat~s are: Dr. 
I r a  S. \Tile, Dr. Winthrop Ttllbot and Dr. 
Charles F. Bolduan. 

TIII: Fenger Felloxv~hip of $600 for 1915 has 
been assigned to Dr. George L. Mathers, o l  
the resident stail' of the Cook County IIos- 
pital, Chicago, wllo will carry 011 work on cer- 
tain bacteriological problems in pneumonia. 

MI?.QEORGI~ of Rteelton, Pa., has P. VANILR, 
been awarclecl a certificate of mcrit by 'L'he 
Franklin Institute, Philad~lphin, Pa., for his 
potash bulb. This bull) has been particularly 
designed for use in tlic determination, in in- 
dustrial laborafories, of the total carbon in  
iron or steel. Mr. Vanier is chief cllemist of 
the Pc?nnsylvania Steel Co., Rtcelto~i, Pa. H e  
has also desiguetl zinc tubes and sulphlxric 
acid bulbs for use in  conrlection with the 
Vaiiier cornhlrstioii train for the deternlination 
of carbon in  steel by the direct combustion 
nletliod with t l ~ oelectric furnace. 

P r t o ~ c s s o ~A 1 t ~ r - r ~ ~  ofKEITII, conservator 
the Inusennl at  the ZSoyal College of Surgeons 
of England, will cleliver, dnring the latter 
pilrt of March, a course of five lecturcs on 
the bearing of recent cliscoveries on our con- 
ception of tlle evolutioiz and antic~uity of man, 

COJ~ONEL W. GOETIXALS,GEORGI~: wlio has been 
appointed StaRord Little lecturer on public 
aEairs at  Pril~ccton University for thiq year, 
delivered an illustrated lecture on i,he Pallama 
Canal at  P r i ~ ~ c e t o non TVedncsday evening9 
January 2'7, in Alexaildcr Hall. Owing to f&e 


