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i l ' l l f l  LIQUEFACTION OP llEI,IU~V 

] I~ ;FOR~~ATIO~Y Sir  James comniunicated by 
Dewar to tlie 1,ondon Times from Professor 
Kamerlingll Onnes, of Leiden, shows that 
heliuni is a liquid having a boiling point of 
4.3 degrecs absolute, which is not solid when 
exhausted to a pressure of ten loillimeters of 
mercury, a t  which pressure the temperature 
must havc bcen reduccd to within three de- 
grecs of the absolute zcro-i. e., about one 
fonrth of thc tenlperature of hydrogen in cor- 
responding conditions, as that again is about 
one fonrtlr of tlie corresponding nitrogen 
temperature. If  -cvc could ol~tain another 
similar drop by the discovery of a gas still 
more yolatile than helium we should have a 
liquid boiling about one degree above the 
absolute zero. Thc T i n z e s  also gives a few 
notes upon the steps by wvhicl.1 thc liquefaction 
of helium has been reached. Tn 1895, by the 
application of the method of sudden expan- 
sioli from high coniprcssion, OlscevsBi, start- 
ing from the temperature of exhausted air, 
failed to get ally appe:lmncc of liquefaction. 
I n  1901, Dcwar, in the Bali-erian lecture, de- 
scribed his repetition of that experiment, using 
liquid hydrogen under exhaustion instead of 
liquid air, again ~vitliout obtaining any trace 
of condensation. Reasoning from the analogy 
of his experiments on the liquefaction of 
hydrogen, he s l ~ o ~ ~ e d  that by regenerative cool- 
ing starting from the temperature of liquid 
hydrogen, we might expect to liquefy a gas 
whose boiling point might be as low as four 
or five degrees absolute. I n  his presidential 
address to the British ilssociation in the fol- 
lowing $car he gave reasons for placing the 
boiling point of helixxiil at  that figure, bhon~ing 

a t  the same time how great are the experi- 
mental diffieultics of g ~ t t i n g  within fivc de- 
grces of absolutc zero. I n  1905 Olscevslii re- 
pcated Dewar's experiment of 1901, using 
highcr pressures, and rcacl~ecl the conclusion 
that the boiling point of helium must bc below 
two degrees absolute, and that after all the 
gas might be permanent. The same experi-
ment was repeated carly in 1908 by Professor 
Onncs with a much larger quantity of helium 
than hail previously been available, and he a t  
first thougllt he had obtained solid helium, but 
founil that  thr: appcarance was due to im-
purity in the gas. Dewar again repcated the 
expel-inient by circulnting heliunl in a re-
generative apparatus, but though he got cool- 
ing, he was baflled l ~ y  the inaclecluacy of his 
supply of lieliuln to maintain tlie cooling 
process sufficiently long to reach liquefaction. 
At  last, by the experiment of July  10, Pro- 
fessor Onnes has definitely settled the matter. 
As new and richer sources of helium have been 
discovered, and its separation has becn enorm- 
ously facilitated by De~var's charcoal method, 
i t  is possible that helium may become suffi- 
cicntly abundant in crSologica1 laboratories 
to be usecl as liquid hydrogen is now used in 
physical research. 

ELECTROJIAGNETIO blASS 

TIIE variations of meaning attached to 
d9Alembert's principle, that dcpend upon what 
we may call the genesis of the terms involved 
in its expression, has been insisted upo;~ in a 
previous article.' We find a sirnilar double 
chance open for instructive interpretation in 
many other equations of theoretical physics, 
among which we now select that important 
result in hydrodpa~nics which ma3 be re-
garded as furnishing the original suggestion 
of "electromagnctic mass." For a solid of 
mass m niovilig in the line X through an ideal 
liquid free from boundary conditions, the fa- 
miliar pom7er equation is 

Xt4 =d / d t  ( lnz.1~'+ +n1,zc2) . ( 1 )  

IIere X denotes tlie aggregate of force ez-
L ~ ~ n a l  m and the t o  the s y s t e m  consisting of 


S C I I : ~ ~ ~ ; ,  154.
T701. XXVIJ., p. 


