
AS a result of this investigation at  Arsi, hand, 
Dr. Fostcr was convinced that Dr. Kno~vlton 
and the other men of t11c facxllty at Salt Lake 
City have aqsumed no greater freedom of 
speech ihan every mclnher of the Reed College 
faculty has as a matter of course. 

DISCUSSION AND COXXESPONDENCE 

ON T I I E  PRODIJCTION OF R4RE G"iSES I N  VACUUXC 

TUBES 

To TTIE EDITORoIr SCIEKOE: ilnumnI>er 01 
investigato~s, among them Sir  J. J. Thornson, 
Si r  W. Rarnsay, Winchester, and Collie, hnvo 
fonnd that helium and neon arc produced in 
vacuum tubes by electrical discharges. These 
gases meye not accompanied by argon, and 
therelore not due to leaks in the apparat11s.l 
A thorouglily a a < i s f a c t ~ l * ~  theexplanation of 
appearance of the gases remains to be given, 
although a pery plau.;ible hypothrsis has been 
advanced by Professor Winchester. Winchcs-
ter2 Antls that heliurrl and neon are given 
off from aluminium electrodes only during the 
first few hours of long-continued discharges, 
and he t11rr~fol.c concludes that thc gases must 
have been occluded on the snrfaces from the 
atmosphere. 

This explanation agrcps with a number oE 
facts. Fo+ exampl~, we may explain a seco~zd 
liberation of helium and neon, so~netimcs 
r~oliced in vacuum tabes after Inany hours' 
continuous running, by supposing that a sur- 
face layer (e. g.,  slag), imbedded in the nletal 
when it mas poured, beconles exposed when the 
electrode is partly " spluttered " away. The non- 
appenmnce of these gases when vcLry heavy 
clischarqes ( i .  e., large currei~ts) are used, as 
in  one experiment with ~rmniunr, by Q ~ l l i e , ~  

fits the facts eclually well, if me adniit the 
possibilyty of chnnge.~ of a radioactive nature 
tdcing place in  an  ordinary tube.~ a c u u n ~  
But t l~ereis, in  the first place, no good evi- 
dence that ordinary inactive maTter can be 
transformed by the radiations of radioactim 
suhstanccs;4 and consequerltly. in view of the 
great e n e r a  of the a. particles, there i s  reason 
for supy~osing Illat the smiJtest ions in a 
vacuum lube are equally incapable of produc- 
ing disiutcgraiion of aton~s (or rather, ac-
cording to recent vicws, disintegration of 
nuclei; the resultant. positive charge up011 
which cictcrrnincs the dlemical propegties of 
atoms"-unless, pei*hnys, there were present in 
the tube enormous diKcrences of potential. 
Nevcrthcless, in an experiment by 
R:~msay,\evid~nce is given which 
an inter-relationship bctween the 
helium, neon and oxygen. 

Certain experin~enls pcrforrncd 

Sir  W. 
suggests 
clelllcnts 

by I he 
writer upon the conduction of eIectricity at  
colliacts of dissirriilar solids7 shorn that, hoj~-- 
ever carefully a nlctal may l)c cle:lncd in  air, 
or in pure electrolytic oxygen, a surface film 
remains, s u f i c i ~ ~ l t  to give electrical properties 
to such a surface, markcdly different from 
tliose obtaining upox) a snfface that is cleaned 
mechanically in vacuo, or in pure elcctrolytic 
hydrogen. T h i ~being the case, i t  is Fern that 
all electrodes Iiitlicrto enlploped in the produc- 
tion of rare gnses have haci a layer of oxide on 
thc surfacc-traces of \rhich mnsl, have rc-
niainecl until all tlir original surlacc had loern 
relnovcd by- ihe action of tlic cliscliarge. 
h view of thi.; fact i t  seem.: iiesirahle that 

a tube Pe conqtructed, with electrocles siunil~r 
to tbose used t y  Winchestcrg (which were 

n~ouldrnean that the surface layer is spluttered 
away before any considerable al:~ount of gas 
Eias been liberated. 

There is a11 alternative explanation which 

1 T. R. aleiton, Boy. Soe., Proc., SPY,A, 90, pp. 
519 53 ,  August 1, 1914. 

2 G. TVinchester, Pitjjs. Rev.,N. 8., Vol. 3, pp. 
307-94, i4pr~l,1914. 

3 J .  S.CoIliu, Roy. Soc., Proe., Scr. A, 90, pp. 
554-56, 8.~1pustI, 1914. 

found to libprate thr  gases rapidly) ; it being 
possible to clcan these elcctroites on a11 sidea, 

4 R~itherford, ' 'R~dioz~~t ive  Subslances nnd their 
Iladixtions," 1912, D 116. 

s Rt~thorfo~d.P ? I ? ~ .  Vol. 27, 6 ser.. pp.Mag., 
488-98, >larch, 191.2. 

6 Sir W. Raniray, Colli11, :md Psttarson, Natlcre, 
Vol. RD, p. 653. Feb l~ ra ly13, 1913. 

7 R. 11. Goddrtrd, T'hyr. Tlr?)., Vol 28, No. 6, pp. 
./(I>-28, Jnne, 1909. 

8 WineLesler, Zoc. cit. 
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mechanically, in vacuo; the apparatus, more-
o ~ e r ,  occupying but a small volume. The 
writer ventures to suggest the apparatus de- 
scribed below as being one nrhich embodies the 
above essentials; the electrodes being substan- 
tially the same as those used by Winchester, 
mliich were in the form of circular loops of 
2 mm. wire, 7 cm. in circumference, and 1mm. 
apart. 

Referring to Fig. 1, the electrodes are two 
straight parallel aluminium rods R,,RL,2 or 
3 mm. in diameter, and 8 cm. long. They are 
fastened to the glass tube T, by being bent 
around the ends of this tube, shown clearly in 
the horizontal section, Fig. 2. 

This tube, T,, is held in a larger tube, T,, 
by springs 8,and 8, (wires), the ends of 
which fit into clents in the glass tubes T,and 
T,. Leading-in wires w, and w?, attached to 
the ends of B, and R?,respectively, are sealed 
into the two side tubes I, and i,, Fig. 1; said 
side tubes connectii~g miill a pump and a 
spectroscopic tube of the usual type. 

A cutter, C, of hardened steel is attached by 
a flexible brass rod, L, to an armature, A. 
The cutting edge, K, Fig. 3, is semi-circular, 
to fit the rods R, and E,. The armature A 
has small brass rollers at the corners, to pre- 
vent scratching the inside of T,, and can be 
moved back and forth within this tube by 
means of electromagnets, lift and .dl2. 

While the armature, A, is being moved in 
the tube, the cutter, C, is pressed against R, 

and R, in  turn by means of another strong 
electromagnet, lit3-the cutting stroke being 
in the direction of the arrow. This operation 
scrapes but one side of each rod, R,, R,. To 
scrape the other two sides, A must be turned 
through 180°, whicll is acco~nplished by turn- 
ing MI, M, through this angle. After the rods 
have been cleaned, A, L, C is nloved into the 
tube T,, out of the may. I t  will be noticed 
that the apparatus is, essentially, a "spoke 
shave " i n  vacuo. 

By using the above tube after the electrodes 
have been cleaned i n  pure (electrolytic) 
oxygen, i t  should be possible to demonstrate 
conclusively the transference of oxygen into 

helium and neon, if such indeed exist. On the 
other hand, if (as seems more likely) the 
helium arid neon which appear in  vacuum 
tubes liave previously been occluded by the 
metal from the atmosphere, i t  should be pos- 
sible, by means of the apparatus, to study the 
rates of, and the conditions governing such 
absorption. 

It is by no means certain, however, that the 
action in question consists sinlply in the libera- 
tion of absorbed gases, for Si r  J. J. Thornson@ 
Eias discoverecl evidence of a genuine produc- 
tion of helilun and X, from elements (lead) 
and chemical conipouncls (salts of rodium and 
potassium) which suggests an actual atomic 
change, if not a genuine disintegration. The 

9 Sir J. J. Thornson, Soy. Soc., Proc., Ser. A, 

69, pp. 1-20, August 1, 1913. 
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whole problem is very complicated, and it is 
the writer's purpose merely to call attention to 
the importance of surface conditions in the 
production of the rare gases. 

ROBERTEf. GO~DARD 
CLARKCOLLEGE 

THE FUNDANENTAL EQITBTION O F  lIECIXAl\'IOS 

XEL.T<B.NT, in his recent commlxnication, 
invit.es expressions of opinion from Professor 
J3untinyton and myself regarding his method 
of explaining the principles of dynamics. 11y 
own view is that Nr. Kent's explanation of the 
effect of a constant force in giving motion to a 
free body initially at  rest is entirely sound. I t  
is, in fnct, substantially the explanation I have 
long used in the classroom as a GrTt step in  
establishing the fundamental equation of mo- 
tion. Perhaps it is permissible to quote from 
my text-book on "Theoretical Xechanics," first 
published fifteen years ago : 

I f  a force of constant magnitude and direction 
acts, for a ccrtain interval of time, upon a body 
initially at rest, the body w ~ l lhave at the end of 
the interval a selority ~vhoqc direction Is that of 
the force. and whose magnitude is proportional 
di~cctly to tlie force and to tlie duration of the 
interval, and in~ersely to tho mass of the body. 

Since mass has already been defined as 
quantity of matter. this statement is seen to 
be identical in meaning wit11 15r. Kent's state- 
ment that, " the  velocity varies directly as the 
time and as the force, and inversely as the 
quantity of matter." 

Mr. Kent's equation V-=KFT/lV is en-
tirely satisfactory aud sufficient so long as our 
study is confined to the case in  which a force 
whose direction and magnitude remain con-
stant acts up011 a body otherwise free and 
initially at  rest. This is, however, a very ex- 
ceptional case. The fundamental principle in 
i ts  generality can be exp~essed only by intro- 
ducing the notion of instnninneous ra fe  of 
c7iarcc1c of  velocil?/, i. c., acceleration. When 
this is done 31r. Kent's statenlent quoted 
abore nlrrst be replaced by the statement that 
"the acceleration varies clirectly as the force 
and inversely as the qnantity of matter," 
while his equation 8= IIFI'/W is superseded 
by the more general one a =RF/CIT. This is 

iclentical with equation (5) of iny former com- 
rnuni~at ion,~except that quantity of matter is 
tlxere represented by 7% instpad of W. 

To pass from the equation 

acceleration5Ti X 
quantity of matter 

(1)fo-rce 
to the equation 

qnantily of rnatter
acceleration= force ( 5 )  

of coitrse rcrpires that units shoirld be defined 
so that unit force acting on unit quantity of 
matter causes unit acceleration. Mr. Kent 
regards this as an objection to equation (2). 
Jf thc oh,jection is valid a similar one seems to 
apply to his own procedure. IIis equntion 

P T
P =3E1.1740 --?v 

is true only because his unit force is defined 
as the force wl~ich would give a ponnd of 
irlatter an  acceleration of 32.1740 f t . / ~ e c . ~  
The statement that, the accurate value 
K=32.1740 is fonnd a s  the result of "the 
most rcfined expcrimerits, involving precise 
measurements of both 3' and 1.V, and of 8, the 
distance traver~ed during the time 1', from 
~vbich17 is determined " is quite misleading. 
Tlre stated value of X is not based upon any 
refin~d measurements of the character de-
scribed, but upon a purely ideal definition of 
the unit force; just as tllc value E= 1 r e s ~ ~ l t s  
front a different idcal definition. 

I f  there is m y  reason for preferring the 
set of units which malcos K =32.1740 to that 
which makes LT =1 in equation (11, i t  is not 
because the former is any more easily under- 
stood than the latter. 'The force wlvich, act- 
ing upoii a pound of matter, would cause an  
acceleration of 32.1740 ft./sec.?" is the same 
ltind of a definition as " the force which, act- 
ing upon a pound of matter, would cause an 
acceleration of 1ft./sec."'It is true that the 
former of the two units of force thus defined 

I SCIEKCE.April 23, 1915, p. GO9. I t  is well 
knonn that Nr. I i c n t  objects to the use of the word 
mass for quantity of matter; my present object is 
to make my menning clear rather than to invite an 
unprofitable discussion ovor a pulely verbal ques- 
tion. 


