
THE CAUSE OF &10TION I N  THE RADIOMETER. 

IT has been satisfactorily determined that the fly-wheel of the 
mrliometer will not revolve in a bulb from which all residual gas 
has been removed. and that it will not revolve from the action of 
light from which heat has been eliminated. These determinations 
demonstrate that the motion of the fly must result in  some way 
from the action of heat on the residual gas iil the bulb. Eiit be- 
yond this, demonstration has not yet gone. The theory generally 
adopted by scientists is that the application of heat increases the 
vibration of the molecules of which the residual gas is constituted, 
and that, heat being more readily absorbed by the black sides 
than by the bright sides of the vanes of the fly-wheel, the mole- 
sules in contact with, or adjacent to, the black sides of the vanes 
bhus become more heated, and vibrate with more force, than the 
mo2ecules on the opposite side; and this increased vibration of the 
molecules against the black sides of the vanes pushes them araund, 
thus causing the rotation. 

Again, when the bulb has been heated aild is cooling, the 
blackened sides of the vanes cool more rapidly than the bright 
sides, and consequently the vibration diminishes more rapidli on 
bhat eide, and, the vanes being pushed by the greater vibration on 
the bright sides, the fly evolves bac1rwards. This explanation is 
plausible, but it has not been deuo~~s i ra ted ;  and, with our present 
knowledge of nlolecule~ and of their vibrations, its demonstration 
it: impo~sible. 

'I'llere it; another explanation equally plausible? which, I thinlr, 
w n  he dernonslrated. It  is that the heat imparts to the residual 
gas in the bulb an impetus to motion in a direction radiant or 
tangential from the source of 11eal;. If we suppose thaL the effect 
cif heat on the tenuous matter in the bulb of the radiometer is to 
impart to it an impetus to more in a direction away fronl the 
rource ol heat, then all ltre resaits follow which are supposed to 
Iollo~v from ruo~ectilar ribration, The particles of tenuous matter 
in contact T ~ i t l l  ille blackened sides of the vanes, receiving more 
heat, would feel more intensrly :lie i m p e t ~ ~ sto radimt motion, 
and u-oull? push the vznes around; aucl agiiin, when, in procehs of 
osoling, t?le greater hc::t is on the bright sides of the vanes, the 
particles i11 contact with tliat side, ha~imlg the greater in~pe?us, 
would pus11 tlie raues in the opposite direction. 

The g e n ~ r ~ i  is to increase its tenuity. effect of heat on ~nat t~er  
By expansion, comn~enciiig with the solid form. lieat reduces 
matter to the liquid, and then io bhe gaseous forn~ ,  or, as in some 
oonditions of matter, causes it to pass directly fra!n the solicl ts 
Cbe gaeeons for111 wit!iout haviug bccome liquid; and, after reach- 
ing the gaseous fcrm, the further application of heat increases the 
expansion and conseque~il tennity., so far as has been observed, 
indefinitely. But i f  \re sltppose that lnattvr, after reaching a 
wrtain c1eg1.ee of tenuity, begins to resist further expausion, the 
effect of the application of heat to matter in tbat condision would 
be n e c e ~ ~ a l i l y  to put the matter in motion in a direction radiant 
from the source of heat; and this n~otion moulil continue until 
the matter reached a temperature where no expansion .?;as re. 
quired. 

Motion, or increase of tension, which is merely resisted motion, 
must result when heat Is applied to matter; and, if tlie matter 
resists expansion, it must move to a phce where n o  expansion is 
wquired, unless rest~ainrc! by a countervailiag force. 

After various efforts lo find sotile means of determining ~vherher 
the motion imparted tiy the heat to the residual gas in the radi- 
ometer was vibratory or radiant, it occurred to me that a simple 
ancl satisfactory test could be found by applying radiant heat to 
the bulb from all directions at the same time. If the motion \$:as 
caused by increase6 vibration, it cou!d make no different? from 
what direction the radiation came; bat if tlie ii~otion was the re- 
sult of an impetus imparted to the residual gas to more in a direc-
tion radiant from the source of heat, then, if the radiatior came 
from all directions at  once, the impetus to n~otion in any given 
direction would be counteracted, and the fly \voulcl not move. 
Some crt:de experiments, such as could be made by an annateur 
without skill or facilities, show very clearly, according to this 
test, that the motion of the residual gas is radiant from the source 
of heat, and not mere vibration, 
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A piece of iron pipe four inches in diameter was heated suffi-
ciently to cause the fly of the radiometer to revolve rapidly when 
brought within three or four inches of it ; and the radiometer was 
then suspended inside of the pipe, the fly being about three inches 
from the top of the pipe. The fly a t  first revolved very rapidly, 
but in a few seconds began to more slower, and at  the expiration 
of three minutes had come to a full stop. I had no thermometer 
which could n~easure the temperature inside the pipe, but it was 
sufficient to char paper. The radiometer lost some of its delicacy 
by the heating, but the experiment was repeated with the same 
radiometer, and with the same result. The heated pipe caused 
the fly to revolve when the radiometer was brought near it on the 
outaide, but stopped in a few minutes when the radiometer was 
suspended inside of the pipe. 

To be certain that the injury to the radiometer in the first ex-
periment did not affect the result, two new and very delicate 
radiometers were obtained. These were suspended from a rod so 
that while one hung in the pipe, the other would hang on the 
outside tnVo inches from the pipe. The pipe was again heated, but 
more carefully, so as not to injure the radiometers; and they 
were suspended, one on the inside, and the other on the outside, 
of the plpe. The fly of the radiometer on the inside of the pipe 
revolved at  first very rapidly, but in a few seconds began to go 
slower, and finally stopped; while the one on the outside kept up 
a stesdy motion, ciiminishing in speed very slowly as the pipe 
cooled. The experiment was lepeated; the radiometer which 
had been on the outside of the pipe in the first experiment. being 
placed this time on the inside. The result was the satne: the fly 
of the inside raidiometer stopped! while the fly of the one outside 
of the pipe continued to revohe. U i ~ l e ~ sthere is something in 
tile nature of molecclar vibration which has escaped n:y compre-
hension, it  is impossible to account for the differetice of e&ct in  
these two radiometers, operated on frorn tlie skime sov.l,ce of heat, 
on any theory of vibratory n~otion ir.r the resiilual gas; bui it is 
just what ought to resuit if' thc heat imparts to the residual gas 
an in~petus to motion radiant f ron~  the source oL' heat. 

The importance of this fietermination is the chief reason for 
doubting its accuracj; but, surelj, enc:igh has been indicated to 
i n d ~ c e  t'rlo~t. who hare Lhe requisite skill and Eaciiit~es to ?on- 
tin::e t , l~e exy:erimental work until the question is: satisfactorily 
settled. 

The propositios that lieat applieci to highlg- tentiatis matter im- 
parts ~a iulpetus to nlotioa in a direction radinnt from the soarce 
of heat, explains the ~)uzzlilig phenomena of co~nets' tails. .'The 
tail, or t ~ a i n , "say5 Proiessor Young (Gevel-al dstro?zo7ny, arl. 
7 2 7 ) ,  "is a streanler of liglli tvhiclr ordioarily accoilrpanies a 
bright conlet, and is often found eve11 in ccnnection with a tele- 
scopic comet. ,Is the colnet approaches t'he sun, tlie tail foliows 
it n ~ n c h  ac; tile siuoke a l ~ d  steam from the !ocomotive t r a ~ l  after 
it But that the taii does not really consist of matter pimply left 
heiiintl in Illat nay,  is obvious from the  fact thal,, as the con~et  
recedes from the sui], the train precedes it insteaci of Solloming. 
I t  is always directed away from the sun, though its precise posi- 
tion and form are to some extent determined by the comet's mo- 
tion. There is abundant evidence that it is a material substance 
in an exceedingly tenuous condition, m-hich in some way is 
driver, from LEIS comet and then repelled by some solar action." 

Professor Newcomb thus describes the phenomenon (Populn~ 
Aslronomy, pp. 4i3 ,  414): ':It has long been evidcnt l l ~ a tthe tail 
cculd not be an appendage which the comet carried along witkt it, 
and this for two reason9,-first, it is impossible that there could 
be any cohesion in a mass of rnatt,er of suc11 tenuity that the 
smal!est stars could be see11 through a miliion nliles of it, and 
\vhich, besides, constantly changes in form; secondly, as a comet 
flies a&und the stin in its immediate neighborhood, the tail ap- 
pears to more frorn one side of the sun to another with a rapidity 
which would tear it to pieces and send the separate parts flyitig 
off in hyperbolic orbits, if the movement were real. The inevita- 
ble conclusion is, tbat the tail is not a fixed appendage to the 
comet which the latter carries with it, but a stream of vapor ris- 
ing from it like sn~olre from s chimney. As the line of smoke 
which we now see coming from the chimney is not the same which 
we saw a minute ago, because the latter has been blown away 
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and dissipated, so we do not see tile same tail of a comet all the 
time, because the matter which lnalres up the trail is constantly 
streaming outwards, and constantly being replaced by new vapor 
arising from the nucleus. The evaporation is, no doubt, dac to 
the beat of the sun; for there can be no evaporation without heat, 
and Lbe tails of comets increase enormously as they approach the 
sun, Altogether, a good idea of the operations going on in a 
comet will be obtained if we conceive the nucleus to be composed 
of water or other volatile fluid, which is boiling away under the 
heat of the sun, while the tail is a column of steam rising from it. 

"We now meet a question to which science has not get been 
able to return a conclusive answer,-' Why does the mass of vapor 
always fly away from the sun?' That the matter of the comet 
should be vaporized by the sun's rags, and that the nucleus should 
thus be enveloped in a cloud of vapor, is perfectly natural, and 
entirely in  accord with the properties of matter which we ollserve 
around us; but, according to all known laws of matter, this \ apor 
shoald remain around the head, except that the outer poitions 
would be gradually detached, and thrown off into separate orbits. 
These is no known tendency of vapor, as seen on the earth, to re- 
cede from the sun, and no known reason why it  should so recede 
in the celestial spaces." 

The uniforrnitv of nature justifies the inference that the ten- 
clency sf highly tenuou. matter to recede from the source of heat, 
here ob~erved in the celestial spacer, will certainly be found in 
terrestrial matter when we reach the requi~ile conditions. The 
first a~ipposrtion of Mr. Crookec. namely, that the rays of hcal ex- 
erted s propelling force on the sol~cl matter of the vanes i i ~  vac-
uum, has no analogy in the phenotr~ena above described; but the 
hjpothe\is that the rays of heat exert this torce on tlie residual 
gas 111 the bulb seeins to be onlirely in accord with what occurs in 
the celestial bpacps. The con!:>taly matter, having become ex-
t r e m e ] ~tenuous, is put In r~ot ion 111 a di~ection tad~ant  from the 
sun, the Eource of heat. I t  wns in the effcirt to find operative in 
terrestrial matter the foice which cnilces the plojcct~on of a cam-
el's tail, that Iiiy attention \r as attracted to the consideration of 
the cause of moticn in the radio~ueter. 

The tenuity of the Inattrr in the bulb can be measured; and it, 
moult1 be interesting to know at  I-<hat degree ol' tenuity Lhe phe- 
nomenon will appear, when it renc.hes ?lie maximum, and w l ~ e i ~ ,  

dall's tubes, and many otller phenomena, demonstrate that highly 
tenuous matter becomes incandescent from the application of 
heat at a temperature far below that required for incandescence 
in ruatter less tenuous; and the same thing seems to occur in a 
comet's tail, whicli shines with a light of its own, and in the 
azcrora borealis. 

If it be true tbat when matter reaches a certain degree of tenu- 
ity it begins to resist further expansion, we ought to expect it to 
become incandescent a t  low temperatures, the temperature a t  
which the phenomenon would occur being determined by the de- 
gree of tenuity. P~ofessor Tyndall was not looking for this law 
in 111s experiments, but they come very near denlonstratlng its 
existence. 

The proposition that matter a t  a certain degree of tenuity resists 
further expansion, and for this reason, on the application of heat, 
is put iu motton in a ditection radiant from the source of heat, and 
becomes incandescent at low temperatures, does not involve a 
denial of the molecular theoiy of matter, nor of the kinetic theory 
of gases. The proposition is entirely consistent with the theory 
that matter is conlposed of molecules, and that in the gaseous 
foinl, or in any other form of matter, these molecules are in con- 
stant vibration. I t  si~nplg requires us to adn~lt ,  that, i f  there he 
molecules in vibration, the vihlation, l~lre every thing else in na-
ture, can go PO far, and no farther. It does requite us to deny 
the dednctit E trorn the kinetzc t h e o ~ y  to the effect that the vibra- 
tions are infinite, and that if the molecules of gas " meie in space, 
wlieie no external folce could act on them, they ~ o u l d  fly apart 
and disappear in immensity." But this is a meie Tazary without 
leptiliuate parentage e ~ t l ~ e r  toIn ~eaqon or experiment, anti ougt~t  
be discarded Prom phg sical science even if the p r o p o d o n  here 
presented is not estahlislled. A much more serious objectioil to 
the pl.oposition mill come from those who hare accepted the mo-
hion of the raclionieter as visible evidence of mo1ec:ular vibration. 
There is something intensely enticing in t ' l~e idea that we have a 
wheel revolrccl hy these scientific elves, and the theory has taken 
deep root in the minds of seientlsts in  t l~is  muntry and in Europe. 
B ~ i t  the propo;.ition llere presented, if it can the scientifically 
eatnklished, opens the way to in respect tod-eterrnii~at~ions the 
consi.itution of antiire of far greater irriportance tlian any here 
mentioned; ant1 I ea~nestly hope thac 3Qtlie colilpfxtent scientist 
will take up the subject, and continue tile cs!;:riunenkil work 
cntil 110 doubt remains. Di\a~zrA9. TROY. 

as perfect vacuum is approached, it disappears. It is evident that 
the pl-imonienoti rcsult-: f ~ o n l  the tenuity, and not from the tem- 
perature, of th? residual gas: for a radiometer iu~tnersed in alelting 
ice and salt, andexposed to the sun, will revolve rapidly. Heat causes 
tenuity by expansion, anit during this proce~sheat is absorbeil: but it 
seen~sfromthis determination, that,,when acertain degreeof tenuity 
is reached, nlatter begins to lose its capacity tu absorb heat by fur- 
ther expansion, aud then it  develops the tendency to recede from 
the source of h ~ a t ,  the tendency increasing with increase of heat 
and tenuity. The c~york of pushing around the f l y  in the radiome- 
ter requires inomentun1 ~ v h ~ c l i  a is the product of the impetus 
and m:~:s of tlie residual gas in the bulb; and, wlietl~er the mo-
tion be vibratory or tangential, i t  is possible to reduce the mass of 
gas in the bulb to so stcall :I quantity tbat no po~sible impetus 
would pat  the fly in woiion. 

The phenotne~ion of incandescence also seents to indicate that 
matter reaches n condition of tenuity at which it begins to resist 
further expansion. In his. beautiful description of the phenomena 
of comlxistion and incandescence in his ' -New Chemistrf-," Pro- 
fessor Joeiah P. Cooke leaves no doubt that the incandescence in- 
cident to combustion results froin the resistance of ruatter to heai- 
work. It is true that he does not refer to this as bhe cause of 
incandescence, but he s h o ~ , s  lnost clearly that ordinary heal- 
work in matter is to produce chemical re-action or expansion, or 
both: and, when these are free and unrestricted, no incandescence 
appears; but when this work is resisted, incandescence results. 
Vibratory motion alwags results from two forces, that is, from 
force resisted; and, light being a forrn of vibratory motion more 
intense than that of heat, it is certainly not improbable that the 
light from combusCion is the result of the resistance of matter to 
the less intense vibratory motion of heat. Assuming this to be 
true, we have a very simple explanation of the incandescence of 
highly tenuous matt'er. The Geissler tubes, Crc~okes's tubes, Tgn- 

Nurvn~-d Hisfo?*ical i l i o ~ ~ o g ~ ~ u ~ ~ i ~ s .  Edited by RLBBRT Q. HART. 
No 1. The Veto Poixer. C. %ld40~\' .  Booton,BJ EDMT~RD 

Siinn. 8 O .  61. 


THEstudy of hislorv is now carried on quite extensiuely in  this 
country, and new works are constantly appearing: bul; we cannot 
say lhak many of them have a very high value, while not a few 
are allnost unreadal?le. We are glad, tllerefole, to meet with a 
worlc of t,l~o kind that is somewhat superior to  the m:iss, and such 
a work we have in this pamphlet by Mr. Mason. It  has, indeed, 
no particular excellence of style, but it shokvs more thonght and 
more po1itica.l intelligence tlian is usually the case wil;!~ such 
worlcs. The author has not only studied his facts with great care 
and diligence, but discusses Lhe principles involved, and ctten 
with much acuteness. He gives a brief chronological list of all 
the bills that the Presidents of the United States hare vetoed, wilh 
an extended account of the tnore irnljortanl ones. The body of 
the work is divided into chapters dealing with t l ~ e  difl'erent classes 
of vetoes, and showing their sigoilicance. The constitutional ques- 
tion; involved in the use of tlie veto power. and also its bearing on 
party poliMcs, are carefully noted ;and, though the author has con- 
fined himself to the national government, his work will be of in-
terest and of real use both to students of history and to practical 
politicians. This series of historical monographs has been well 
begun, and we wish it good success; but we trust that the 
writers will not confine themselves to American history nor to the 
history of politics, but will treat the whole subject of the past life 
of humanity. 


