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TIlE CONDITIONS N E C E S S A R Y  FOR 
THE SENSA 1'ION 01' LI GI1I'. 

ITis generally assnnied that  the only condi- 
tion necessary for the procl~~ct ion of the sen-
sation of 11ght by the  action of racliaiit energy 
is,  that  the mcliant energy must be of a c e r t a ~ n  
wave-length within the l i~n i t s  of n are-length 
of the visible spectrum, naniely, between wa\e-  
lengths 7.604 X 10-"entimetres ancl 3.933 x 

centimetres ; that,  w h e i ~  the eye percei\es 
nothing, none of these nave-lengths can be 
prescnt. It is  worth mhile, therefore, t o  ex-
amine those physical conditions th11t result in  
giving the  sensation of light t o  ascertnin 
whether such assuml~tion is  narranted. A s  to  
the eye itself, it mill not rnnlic any difference 
so  far a s  this qtlestion is  concerned, whether one 
accepts the Yoang-Ilel~nholtz theory of >ision, 
t h e  IIerring theory, or any  other. T h e  only 
important fhct is, that ,  in  either, energy is  re- 
qc~irecl and is expended iii the eye ; but it  is  
important to  know how t o  measnre the energy, 
ancl t o  ha\  e a tolerably clear idea about i ts  
form. Without  any question, a ray  of radiant 
energy, such a s  is  emitted by a heated molecule 
or atom of hydrogea, co~lsis ts  of a s i ~ ~ g l e  line 
of unclalations of a clefiilite wave-length, for the 
molecule cools (that is,  loses i ts  heat-cnergy) 
by  iinparting i t  t o  the  ether ; and a ' wa\ e- 
l eng th '  is  simply the  distance to  nhicli  s11ch 
a clistnrbance i n  tlie ether n i l l  be propagated 
during the time of a single vibration of the 
molecule. A s  each vibration of the latter 
i m p a ~ t s  some of i ts  energy to the  moving 
ether, it follows tha t  the  energy of a ray  of 
light must clepentl upon the number of vibra- 
tions per  seconcl ; or, what is tlie same tliing,, 
the  energy of the  ray is  proportional t o  its 
length. A s  al: rays move v i t h  the salne 
velocity in  the ether, i t  follows that  any object 
that  should receive such radiant energy ~voulcl 
receive a n  amount proportional to  the time. 

Suppose, now, that  a n  atorn of hydrogen b e  
rnacle t o  vibrate, no matter horn, so a s  to  give 
a wave-length C= 6.562 x 10-%eentin~etres. I f  
such a ray  falls upon the eye, it mill produce 
t h e  sellsation of redness, ancl, if the  e j e  re- 
ccivcs the vibrations for one seconcl, i t  will 
receive 4.577 x lo i4vibrations ; that  is to  say,  
i t  mill receive a s  many ~uldulations from the 
ether a s  the  geuerat i t~g atom made in the 
interval of one seconcl. Now, we B n o ~  experi-
mentally that  the eye can perceive when the 
interval is  a s  small a s  the millionth of a scc- 
ond, when the number of ~ ibra t io i i s  of such a 
ray a s  the a l ~ o v e  woul(1 be 4.577 x loS, a very 
respectable number. I t  would seen1 probable 

tllat that  number might be consider' a ,  11,7 re-
cluc~ed, and still leave a sufficient num1)cr t o  
aff'ect thc e j  e. I f  the time-interval sl~oulcl k)e 
made so  short a s  t h e  one ten-billionth of a 
second, there wonlcl then he 45,770 snch uncln- 
liltions that  n-o11ld enter the eye. I lut  there 
mnst he a limit t o  the number needed t o  pro- 
cluce the sensation ; anct it  is  also probable 
that  this limit ni l l  cliffcr in different persons. 
Aclinitting this time-limit, i t  follows that  undu- 
lations of proper ~ : ive- leng th  may exist about 
u s ,  and !et  not Ise sufficient i n  t h e - q u a n t i t y  
t o  affect the eye. I f  other vertebrates o r  in- 
sects possess R shorter linlit th:m mall, i t  is 
certain that  they will see nlien mail cannot. 
B u t  the energy of -\ibr:ltioi~s varies a s  the 
square of the amplitude; ancl hence, if one of 
t ~ v or:l>-s of r q t ~ a l  l e r~g th  has a greater ampli- 
t u t l ~than tlie otiier. tlle latter n l ig l~ t  be seen, 
while tile former might not,  altl-lough t h e  hacl 
the same nave-length. 

According to the liinetic theoq-  of gases, 
the  inolcc~rles are in incessant r n o t i o ~ ~ ,in  
svhich co l l i s io~~s  result in  e h a n ~ i n g  the direc- 
tions of the  free paths of each of the n~ole-  
cales. and also in  maliing cach t o  vibrate, 
because molecales are elastic. This  vibratory 
motion proper, I ~ e i n g  a change of form of the 
~nolecule, is  what coiistitntes i t s  Ilcat-energy. 
The  interval between encour~ters gives oppor- 
tunity to each n~olecule t o  vibrate in  i ts  own 
pelioclic tirne or  some of i ts  l~armonics. M a s -
well computed the number of impacts per  
secoild for several gnqes,l and gives, for h j  dro- 
gen,  17,750 x lo6. If,  then, we diride the nrun- 
her of vibrations per seconcf by tile number of 
impacts, n e  shall have the  nnrnber of ~ibrrk- 

4.577 x 108
lions between irn1)zlcts : = 25,700.

177.50 x 106 
This  is  on the snpl~osition tha t  the vibr R t '10113 

17roclucecl are all of the wave-length of the @ 
11j drogc~n-line. 

1t is  lligllly probable tha t  this hydrogen-line 
is  not clue to  the  fiindainental vibrations of  
the  11)-drogeii molcc.ule, I ~ a t  that  it  is some 
h a r n ~ o r ~ i c(the twentieth, accortling to  Stonej-) I 
TVhatever i t s  harmonic relation may he, i t  
must b e  higlily probable tha t  i t  will frequently 
be  produced rvhen the contlitions are a s  they 
are in  orclinav gas  ; but ,  i n  nor~nstl conclitioiis 
a s  to  teml)eratare, tha t  g a s  is not luminous. 
I f  this reasoiling be right,  the reason it  is  not 
11111iinous nt ortlinary tempcrwtui'es atad prcss- 
ures is dnc solely t o  the slight nmplitnde of 
the vibrations of proper wave-leugtl~, not t o  
their entire absence. When  the gas  is heat- 
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ed, or is i~npelled with great energ. from tlie 
terminal of au incluction-coil in a Gcislcr's 
tube, it is not necessary to assmne tliat the 
molecules are made to uiblntc in whollj ncw 
periods, but that the :~ti~plilutlc of thcir \libla- 
tions in any and all periotl~ 112% been in-
creased, tilereby givitig guextcr amplitude, ancl 
consecluent enerpj , to tire I a t l i a ~ ~ ti-intlnlations 
cmittrd. sutIicient to affect the e j  e. 

TV11en one consitlers the kiilctic energy of 
inolrcules dae to their temperature. it wcms 
proi)abie that all bodies -solicl nncl liquid, as 
well as gaseous -muit he vibrating in all pos- 
s~b le  periods c o n t i u u o ~ ~ s l ~  ; hut in solid saild in 
liqaicis the sho~tness of the free pxtl~s mxl\cs 
interf'erence too frequent to allow t~ny  mole- 
cule to v ib~a te  m:wj times hetween ill~lxrt~ts, 
and hence the l~ar~i io i~ic~s  suffer most, a11cl are 
destroyed before tliey can lim e given rise to 
u ~ ~ d ~ ~ l a t i o n sin sufficient nr~rnhcr or in arnpli- 
tude to perform anx optical service. By heat-
ing a solid, greater amplitude is given to a11 
the ~ribrations, and tve see the red or longer 
undulations first clnring tlre process of heating, 
because such are less easily clestrojed by im- 
pact than the sl~orter oues, ml~i'h cannot have 
at  best .so great an nmplitucle. This state-
rnent assumes that it is nith molecules as it is 
n ill1 risible masses of mattrr : tile greater tlie 
1111inbrr of ~ibra t ions  ljossille to it. tlie Icss 
the l~ossible anlpliturle. 
I4 it11 tliese conditions as stated, i t  is reaclilg 

seen IT hy colnmon ol~jects are ~ i o tat all t i~nes 
visible, that is to say, are riot lutninoas. I t  is 
becznse our eyes are not sensitire enough to 
rrspond to tlie slight energ3 of tlie unclnla-
tions due to both lack of aml~litucle and short- 
ness of tlie rags, not bec:\use those rays are 
absolutelj- manting. A. E. DOLBEAR. 

R A  DI031ETERS WIT11 CURVED TUNES.  

A x o ~ athe r:~diometers in a collectioii wl~ich 
I have recentlx examined nwe tmo with curved 
T ~ I I C Sof silver. The racli~~s of curvature was 
less than 2 em. When ~lacecl  i n  front of a 
lamp, the concave side mo\ es ton urtls the 
source of heat. I 11:~x.e found no satisfactoly 
esplanat io~~of t l~esc m o ~ c ~ n r n t s .  Accorcliog 
to :I recent article by Dr. P~ingsheim, tlie 
con\-ex side of tljese Yanes is sul)l)osed to be 
at. a l~ighcr ternperatu~e thaa tht. coucave side. 
The glounds for such an h~-potliesis are n o t  
ob1 ious ; awl it would seem linr~ily 1)ossiOle 
that an app~~winl)le illffcre~lce coultl c x , i i t  he-
tn-een the surfaces of a tiiin sheet of ?ill er. 

I t  is more prol?able that tlie air on one sirle 
of tlie vane is hotter than that on the otller. 

Since the * kick ' of a molecule del)eads on 
its increase in temperature, l l ~ e  \:me mill 
morc to?v,varcls tlie side on ahich the air is the 
wal lucr. 

Dr. Pringslreinl n~erltions an cspcrirnent in 
~xllicll he blouglit the heat to :c f icus illside 
the racliorncter at  a point in fiont of tile vane. 
He fonnd that the air gave no eviclence of 
'r~eing 11e:~ted. I repeatc(1 the experiment 
with solar hcnt. using a lens of three inches 
dianiclter and four incxl~es focal length. The 
heat in air mas suficiont to ignite i~lstantly e 
common parlor match. When the focus was 
I i e ~ tin front of the vane of an ordinary radi- 
ometer for two minutes, 110appreciable effect 
was obserrcti : tlle instant it toncliecl the vanes, 
holvever, tbej- gave a start. :~nd began to ic- 
volve. This expcrimeut shows that the effeets 
obserx ed with cur-\ ed v:lnes cannot be attributed 
to concentration of heat-saj-s froni the \ranes. 

Accolding to the kinetic theory, this rota- 
tion is set up only if the n~olecules arriving 
on thc conT ex side of the vane receive 3 greater 
posit i~e increment to their velocitj t l ~ a ~ i  those 
a r r i ~ing on tile concave side. These co~iclitiol~s 
ale satisfied in this way: if the vanes are 
lvarmer t21:i 11the air, the pal ticles lea\ ing the 
-vane in both directions ha\ e an increased relo- 
city ; but talir, for instance. tlie pa~ticles 
moving in lines pal :illel to the axis of the 
C ' O I I C ~ \iLy tomards the vane from either side, 
those on tile co r iv~s  side are scattered by re- 
flection, those on the concn\re side are b r o ~ ~ g h t  
to a f o c ~ s  at  a distarlce (in this instrnmrnt) 
of le<s tl1:~n 1 cia. froin the vertex of t h e  
concavitj. The molec~~le-in tlie 7 icinity 
of this focus recei~-e ail i~icrease of Iiinetic 
emcrgr ; and si~ililar reasoning holds for the 
sets of molecnles m o ~  ing parallel to each other 
in any othcr ilirection. IIence the molecules 
on the concave side are liott61 tlian tliose on 
the convex sicle, though not aece5sarily so ltot 
as tlir vaue itself. Since the molect~lesOII 

the concax e side receive a snlaller increase of 
velocity from thc I anc, the:, give it a smstller 
rcactil e push. 

Tile action of the cttse in a radiometer is 
very l~rettily shonn bj  wetting it with cold 
water. Tlie action is best esalninecl with 
c i ~ r ~ c d  coveredvanes, or with vanes of met:tl 
on one side ~ i t h  mica. The rotation is at 
first in the same direction as on heating, show- 
ing tllat tile air has beconie coolccl bj- contact 
nit11 the glass, but is aCter a time reversed, 
showing, that, by quasi-conduction through 
thc air, the rttlles ha7 e h~~conie cool. vrllile the 
glass is regaining its oiiginal tempe~ature. 

GEORGEItT.EVASS. 


