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rived; also by aid of (4) and Newton's third 
law, that "action and reaction are always 
equal and contrary" the problem of impact of 
two particles can be solved. 

8. By pursuing the course outlined above, 
the student has to learn and thoroughly under- 
stand, only two sisnple formulas, If== W/g ,  
P= Ma. WM. CAIX 

CITAPELHILL,N. C. 

GRAVITATION A N D  ELECTRICAL ACTION 

INa paper to be published by the Academy 
of Science of St. Louis, evidence will be pre- 
sei~ted which appears to show concluqively, that 
gravitational attraction is diminished by clcc- 
trical chargcs oil the acting masses. The sus- 
pcnded masses of the Cavcndish experiment 
are wholly enclosed in a shield of sheel, metal. 
The small observation window is covered with 
wire gauze. When a lrl~ob terminal connected 
with the influence machine is moved towards 
or away from a lmoh terminal connected with 
the large attracting masses, the suspended 
masses slowly move to and fro around tho 
vertical line of suspension. No disruptive 
discharges occur. I t  is found that gravita-
tiollal attraction is decreased by ,,itIlcr posi-
tive or electrification. B~ to.and-

fro of the kuob terminal, the ampli- 
tude of vibration can be gradually increased 
from 2.5 mimjtes arc to minutes. T~ has 
been by that, 

thesc rcsults arc not due to heat effects. 
F~~~~~~E. N~~~~~~ 

THE PRODUCTION OF RADIUM 

To ~ 1 3 ~  OD-SCIEP\TCL".:EDITOR On page 799 of 
the June 2, 1916, issue of Sc~eycm: a statement, 
is made ill regard to the production of radium 
by the Standard Chemical Co. in the year 
1915, which is llot in accord fncts, and 1 
wish to makc thi7 correction. The actual 
amount of radium produced by the Sttmtjard 
Chemical Co. durii~g 1915 was slightly more 
than 3 grams of radium clcmcrlt and of this 
the larger proportion was produced in the first, 
three months of the year frorn radium which 
was in process of treatment during the latter 
part of 1914. 

I n  this same article the production of ra-

dium at a cost of $87,599 per gram by the Nn-
tioilal Radium Tr~ctitute I11c. working in co-
operation and under tllc supervision of the 
Bureau of Afines, is compared with the marlqct 
price of ratliurn of $120,000 a grani. The 
radium produced l ~ y  the Natio~lal ILadiutn In-
stitute was obtaincd from high-grade c.anlolite 
ore treated witlroui c~onc~e~~t~ation, and the cost 
of production under thesc conditions i h  not 
properly comparz~blc to the cost of production 
or the selling price of radium from lower 

ore or c.ollceni,ratcs. * 
Applying the Eureau of 3li11es process to 

unconccntrated ore contaitling about 1.5 per 
cent. of uranium oxidc (which is h i a h  than 
the average carnotite ore) rnnlrcs the cost of 
production nearer $70,000 tha11 $40,000 per 
gram. Since this is practically the corlditio~~ 
under which commc~rcial producers of radium 
must operate, i t  would be fairrr io compare 
cost of production by the T3urcau of Mis~es 
process on this basis, rathcr than or1 the basis 
of the ullcomrncrcial and somewhat artific.ia1 
conditions, connected with the treatnicnt of 
the 1,000 tons of high-grade ore. Conc~cntra-
tion of the 10~7-grade ore, if practispd, natu- 

rally reduces the cfficiellcy of ext~actioll, and 
in this way would raise the cost of production. 

While it is true that the war cut off ~pf-ac-
tically the entire Europearr market to radiuiil 
producers, i t  must bc nddcd that the growing 
American market for padium has bcril very ad- 
versely infiuenccd by tllc. widrsprc:zc! pablish- 
iug of statcnrtx~lts, froru tlic United Statcs 
Rurcau of Minrs, simil:~r to the btaternel~t i ~ r  
SCIENCE The geili>ral which wc arc criticizing. 
efl'cct of these statements bas bcen to had pros- 
pective purchari,rs of radium to hclicxve that 
radium would so011 be :luailablo at cnorrnously 
reduced prices. Enlpliasis being lnid by tho 
Bureau of &fines 011 the cxccptioually low ectst 
01production, and in qcncral rlo mcntiorl be- 
ing made of the fact that this low cbost of pro- 
duction was in a large ~neasure due to the 
abnormal and uncommercial conciitionr inrder 
which the Bureau operated. 

As regards ore concentration it is also iti- 
tcresting to note that the mc3thod uscd by the 
Burcau of Mines is onc which has been uscd 
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by the Standard Chemical Company for the 
past four and a half years, and on the basis of 
figures published by Dr. Charles L. Parsons 
in  the May number of the Journal of Indus- 
trial and Engineering Chemistry, it is not evi- 
dent that the method is satisfactorily efficient, 
when applied to the treatment of low-grade 
carnotite ore. 

CHARLESH. VIOL 
PITTSBUKGII,PA., 

JUI~O3, 1916 
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Algebraic Invariants. LEONARDBy EUGENE 
DICKSON,Professor of Mathematics, Univer- 
sity of Chicago. New Yorlr, John Wiley and 
Sons, 1914. Pp. 100. $1.25. 

A Treatise o n  the Theory o f  Inciarknts.  By 
OLJVERE. GLENN,Ph.D., Professor of Mathe- 
matics in the IJniversity of Pennsylvania. 
Boston, Ginn and Company, 1915. Pp. 245. 

Contributions to  the Founding of the T h e o v  

human intellect. Certainly in historic time 
the appeal of the idea has been universal. It 
has been said that science may be defined as 
the quest of invariance. Doubtless that quest 
is an essential mark of scieiicc but it is not 
peculiar to science. For thc problem of invari- 
ance, the problem of finding permanence in the 
midst of change, arises out of thc flux of 
things to confront man in all departments of 
life. And so it is that the search for what 
abides is not confined to science but is and 
always has been the chief enterprise of philos- 
ophy and theology and art and jurisprudence. 
It is, however, in mathematics that the notion 
of invariance has come to the clearest recogni- 
tion of its character and significance. I n  this 
respect the notion in question has had a his- 
tory like that of all other great ideas that 
have slowly and at  length become available for 
the processes of logic. 

The oldest and now most elaborate portion 
of the mathematical doctrine of invariance is 
about as old as American independence. 

of Transjinite Numbers. By GICORG Though now an imposing theory, its begin- CANTOR. 
Translated and Provided with an Tntroduc- ning was like a mustard seed. I t  began, not 
tion and Notes by PIXILIP in ratiocination, but in an observation-mathe- E. B. JOURDAIN. 
Chicago and London, The Open Court Pub- 
lishing Company, 1915. Pp. 211. $1.25. 

Problems i r ~the CalczcCus. W i t h  Formulas and 
Xuggestions. By DAVID D. LEIB, Ph.D., In- 
structor in Mathematics in the Sheffield 
Scientific School of Yale University. Bos-
ton and New York, Ginn and Company, 
1915. Pp. 224. 

Diophantine Analysis. By ROBERT D. C ~ R -
~~IICIIAEL, Assistant Professor of Mathe-
matics in the University of Illinois. New 
York, John Wiley and Sons, 1915. Pp. 118. 

IIistorical Introduction t o  ilfath,ematical Liter- 
ature. By G. A. MILLER, Professor of 
Mathematics in the University of Illinois. 
New Yorlr, The Macmillan Company, 1916. 
Pp. 295. 
An invariant is any thing-a property or a 

relation or an expression or a configuration- 
that remains unaltered when other things con- 
nected with i t  suffer change. I n  this very 
comprehensive but essential meaning of the 
term, the notion is probably as ancient as the 

matics indeed depends even more upon obser- 
vation than upon formal reasoning. I t  began 
in what was in itself a very small observation, 
an observation (1773) by Lagrange that the 
discriminant of the quadratic form ax2$-
2bxy +cy2 remains unaltered on replacing x 
by x +Xy. The next important step was 
taken by Gauss in 1801 and the next by Boole 
in 1841. Incited by Boole's beautiful results, 
the English mathematicians, Cayley and 
Sylvester, entered the field, the former pro- 
ducing in rapid succession his great memoirs 
on Quantics and the latter his brilliant inves- 
tigations in what he conceived more poetically 
as the Theory of Forms. The interest so 
aroused quickly passed to the continent en-
gaging the great abilities of such mathe-
maticians as Aronhold, Rermite, Clebsch, 
Gordan and others. The result is the colossal 
doctrine variously styled the algebra of quan- 
tics, the theory of algebraic invariants and 
covariants, and the theory of forms. 

I t  is to this doctrine that Professor Dick- 


