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r["HE numhber of optica] phenomena which sesm te demand

aotne form of corpuscalar or photon theery of light
m‘ﬂlsmall compared with the nomher of these which are

““I, explicable in terms of the clazsical uniform wave theory
of lighs,

* Communicated by the Authar.
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When ws recull te mind the very complicated and beautifg]
affects dua to the passaga of polarized light through cryatals
soms of which, such us conical refraction, were predictad i1;
advance, and notice that all of these have beeu vxplained ig
torms of the normul wave theory as well us those of diffrag-
tion and interference generally, we sea that this theory is
not lightly to be discurded.

Cn the other hand, the phenomena whicl 3eem to requics

“the photun or corpuscular theery are, first, the photoclactric
affects, second, the iooization of gases, third, the distr.
bution of energy in the black body spectrom, aml, lastly,
probably such effects as the Compton.

All tha theeries of light which assmiwe propagation of
vibrations along lines of force as liserete untities in variogs
forms labour under the same difBeulty us a corpusenlar or
photon theory, in that thev can give no sutisfactory esplana.
tion of the fundamental fact of interforance presented at
avery stap in optical phencinena.

On ihe other hand, it seems clear that some kind g
atomivity is asseciated with radiation. In all parts of outure
we ses this atemicity evident, by which we mean that the
entities gonsiderad ure not indefinitely divisible in quantiiy,
but that thers is an vliimate minimum wnoont which loges
ity identity when divided beyond a certuin point. We have
that atamicity in matter cownplex wnd simple; also in
electricity, with its ultimata atoms, protons, and electrons,

Again, the socoess of Plinck's formulu for the energy
Jensity of black body rudiution at various frequencies shaws
that the dynamical quantity called Action, or the time-intagral
of snergy, lias a curious utomic siructure, and that the atem
of Action is Planek’s constant dencted by A With great
diffidence [ suggest, then, that this & shou!d be called 1 Planck,
just us the unit of electric quantity is called 1 electran.

Ths peculiarity of both these quantitias, action and vleetrie
charga, is that they are invariant, or the aumerical value -of
tham is the same to all abservers nomatzer Low the observers
are moving with respect to them. 'Thi¢ is not the case for
mmsy, enargy, or momentum. The other notabie invariant
is the velocity of light,

Hence we have three fundumental quantities which are ali
invariant, viz., the velocity of light {¢), the clectron or unit
of elactric charge {¢), and the Planck or unit of action ().

In ali thosza phenomens in which radiaticn enters or leaves
a material aton in exchange Eor an electron which also at
the same time lsaves or anters the atom the exchange is
conducted on the principle that the product of the radiaat
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energv so entering or leaving the atom multiplied by the
periudic time of its vibration must be equal to the nnit of
action or to A or ulse an integer moitiple of it.

The apparent atomicity of light may ba therefore only &
consequance of the atomicty of actian and alse of electricity.

It is impossible ta undersiand how energy could travel
throngh spuce in discrete separate bundles or parcels yet
unassouiutad with atomic matter of some kind, et never-
theless 5ts entrance into or exit from matter may be acconi-
plished in gushes or quanta which have delinite amount,
carresponding to the fnet that the slectric charge sniering
or leaving ean only du so in integer wultiples of the atomn of
eleciric quantity or tha electron,

Moreover, rudiation has intringically a certain kind of
stomieity, in that it repents its cyele of operations 0 &
Cafinite time, viz,, the periodic tims of the oscillation.

Wo have no exact knowledge as yot of the mechanism by
which radiation causes an emission of an electron from un
atom,

It is not a process of resonance, but tukes pluce instuntly
by a sort of exlosion under certain condilions,

It may porhaps be accompliched as follows :—On the
solar system Lheury of the structure of matarial ntoms the
orbital sloctrons nre held on their orbits by the elegirie
attragtion hetwsen them and the nuclens.

If u wave of radiation pusses through the alom it mny
happen that the electric forve of that wuvo in some positien
or at some time neutralizes or reduces the elactric force
holding an electron in jts orbit, and it is then flubz out to a
larger orhit or released entirely front the atow. To do this
a certuin epergy must be given to the electron.

The case i3 eimilar to that of a bullet or projectile shut
straight np from the earth. 1 the initial velueity given to
the ballet is Jess than a certain amount it will Fall back on
the earth. 1 that velocity (¥} is such that pt=2gR, whera
13 is the eading of the earth und g the acceleratiou of aravity
3t the sorface, then the buller will just escape from the
earth. That velocity » corresponds 1o an imitial kinaetic

energy
imrt=mgR =W,

where W is the weight of the bullet at the earth's surface,
It more energy than this is imparted it is wutilized in
increasing the vefocity of the hullet,

It may be the same with ihe emission of an electron from
a1 atom of & metal. A certain emergy is necessary to release
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the alectron, und any excess is wind to give it volocicy, i,
nsinl to rur_'|:|1'13.~icnt this work as the [Jt‘m]ln:-t al vartaiy
voltage called she lonizing woltage Vi, and the eleetpgy,
clarge in electromagneliz units, ¢, wiich is

1'% L3-2% 1ML L

Fur mast of the ordinary metals this veltage is not Far from
35 'i.i'u[tr, thuugh for the eIy t!ieutrupnsitivu metals it miar
b el 20 Thes tor sodigm e 0= 17 and tar plitinum 3-9,
The provluet of YV, und g is then the juoizing eneruy [n IS,
and variesx from

2272 % 1072 prg to H2Lx 10-1° orp.

Tha neeyssacy condition, howsver, 35 Lhat the action l.iuring
one period of the rwlistion T or produer of Vg and T mng
be 1 unit or 1 Plinek {=k=0"33x 10" wrg zecawls).

Heneo the frequeney v tnust Bave o valee ¥Vogih at lenst
and he not less than 4 x 1O for the alkall meral: anil ahogy
10 Tar the noble matalsg,

Tiria usikey the wave-length for the former about 7504 A,U,!
wiiieh liae within the visille apecirim, whilst Fur the uchie
metals ubont 3000 AT, in the nitru-violet JL T

There iz, however, one great ditfeulty whicli is the chief
reagon for advocuting a corpuseulur or phoron theory of
light wlitch assuines the encrey to be concentrated in certain
specks or parts of the wuve-[ront and vot smoothly distri.
Luted. L[t is us follows :—

It i wall known that & Irhntnelﬁzctric emasion of electrogg
gun veeur with an impact of radiation, the surfuce density &f
which is 20 low that the amonnt capturad on the surface of g
gingle atom iy far belew the known tenizing energy. Thaa
a surfare of potas~inm or sadium on which light from a
single candle falls at u «distance of 9-ur 10 feet will cortainly
emit photoelectrons in racwo, vet thiz rawliatien 13 only
equivalent to imparting to the surface about 1 erg per cm.
sq. Jer sec. The apparent diameter of a metal atom
moy be taken as abeunr 2x 107% cm, and its area us shont
dx 10 P em? .

Henee if Lhe only vnerey which ean enter the atom is thu
which is drawn from an area of the wave-front equal to the
atemic apparent areq it would require an exposure of abeut
a qusrter of an bourtoe sueh Freble light before the poiassiom
surface conld emik electrons. As a matter of fact they are
emitted at ence. Hance arcss the cﬂnca}-ﬁnn of a conces-
tration of light energy in certain spors ov specks on the wave-
front. This difﬁcult;}' 1% mentioned in Soerman Lﬁ-umpbﬂlr&
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' Modern Electrical Theorv,” 2ud ed. p. 249, ac justifiostion
for saeh moditied theory,

_BI.‘.II; thers are eertain phenowena in conpexXipn with
wireless tolecraphy which are not as well known to physivisT-
He the:r gshould he whicl show 1that « mntarml Ht.cl;ll mav
[PEI‘}IIIF'-E- driw CNerry Erami an area of 0 wave-Frout of coliag iﬂln
which is hundreds or thousamds of times areziier than the
alparent otutyic area.  They wre a3 Follow- :—

‘ Az far back as 1906 3L Thmille Lissnt, then a lenrenant
in the Frenel navy, deserilind xome quantitative experiments
In radio telegraphy of the tallowing kind =

He conatructed & tran=mitter in which Le eonld mensure

the Hnerg}' gi‘i'!*n oni :I._;t' radbinion nod I:.l"i' which e :-.:}ui-.l

scltwen of receiving
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determine the radiation. density at anv distance near the
farth’s anrface.  He set np a sinple-wire recoiving serial at
lkrwfn'u distanes, and measured the radiant eneruy captured

¥ this wire, [F the apparent aren of the acrial was A and
the elergy dunsity ot the wave ar that point was H aod irs
velocity e. it might have been thought thai the serial woull
I.'Il]l_‘f mpture eneryy hei suerorud ] uzl to .E’LE{-‘. Tissot fuumi,
owever, that it captured sevaral lundred times as much.

H:i ' Etl;lda de la Réwnnnnee doe Svetdnes dantenrea dans la ttlegraphis
Giu {Gautlier-Villers, Pacie, 100, sz p, 191, :
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He sava that an aerial wire 3 or 4 mom. wide drew slecgy.
from the wave-lront spread over anaren of 1 or 1-5 metreg
in width.

Tissor gave no explanntion of this fact, but it seems to the
writer tao be ﬂx[ﬂir:ﬂllﬂ ua fullows ;—Leet the sinall circle in the
lignre represent the horizontul section of the vertical asrip)
wirn, and let the fem bluck lines denote the direction of the
lines of wmgnetic furee in toe advancing electric wave and
the small dots the section of the lines af electric force. Thep,
acording to Povoting's Thewrem, the lines along which tlg
anergy travels are porpendicular to both the lines of magnetie
and electrie Fures and are denoted by the dotted lines,

Now, when the lines of nmguetic foran of the wave come
up against the copper aerial wire and cuc threngh it they
induce in tha aerial wire electric currents which creatq
circular lines of mugnetic [orce round the wire, und thess,
combining with the magnetic force of the wuve, distert the
field, 2= shown in the figura.

It will ke seen that the result of the bending of the lines
of maguetic force round the serinl i: to converge on ii the
lines of energy, so thut the aerial sucks out of the wave-
front energy spread over a mueh wider ares, it may be 300
or 404} times wider than the apparent area of the recsiving
wire,

The sljggeﬁtim] nay then be mude that the same kind of
operation takes place when an electromaguetie wave of
radiation passes over an atom of matter. The atom ot
spoak creates a dimple in the wave-front, and 8o cousas it te
absorb energy from an urea in the wave-frent which may be
many thousands of times greatar than its own apparent area,
Moreover, jusi as the wirelass aerial must have its direction
parallel to, or nearly parallel to, the dirsetion of the magnatie
vegtor of the ineident wave In order that in may absorh
etterpy, 30 in the vase of the material atom tlrers may be
s uxis or direction in it wineh musgt be in a cartain
position as regards the [ight vectors of the incident wave if
it is to absorh radiation at all,

When it Joes absurh, the Action law wu-t hold good, viz,,
that the energy absarbed B, muliiplied by the time period T
of the wave, must be equsl to the Planck unit, or to &, which
tixes the limit of the wFective wave freqnuncy v, sinca it
must not be less than B4,

Hence these two ussuwiptions meet the difficulty that when
radiation passes through » gas or falls on n photoelscirie
surfaca It 1s not every ntom whicl s 10nized.

The fact that only x certain nnmber of atoms emit electrons
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may oot be due to the concenirztion of radiation energy in
smnll spaces on the wave-front, but to the fuct that the atom
iz ioniged only when it helds a certain position with regard
to the passing wave.

The gquantmin absorption is due to the fact that Action is
a more fundamental quantity than energy alone, and is
atomic in nnture,

Aetion is measnred by the product of energy and time.
We donot know why there should be a lunit to the divisibility
of action apd a surl of atomn uf action dewoted by A when
dealing with atomic phenonena 3 but then we do not know
eithar why thers should be u limit to the divisibility of
electricity und an atom of it calied the glectran.

The importance of action as a phiysical quantity ma¥ arise
Erom the Faet that in the preduction of physical eflects it i
not merely energy that counts, but a certuin time lor iis
availubility or nge, and liance their prodoet is fundamental ;
but why there skounld be a lower limit to this product we
cannot sav,

Naverthelass this atomicity {urnishes an explapation of
the main Eact of photoelectric emission and gas ionization,
provided we also aldmit that for rewsons above sugpesled tha
utam can abeorb anergy {rem an area vu.atl}f greater than its
OWn apparent area. '

The same principles can bo used to explain the emission of
radiation fromn an atom which has slready been 1onized and
therafore ean take up an aiectron.

In an incandasesnt black body tlhiere are free electruns
moving st various apeeds whish may be considarad to plunge
Into utows Jown to various energy levels, and hence to lose
some of their enargy,

Some of these elsctrons euter perhaps only the ooter
layers of ntoms, othars plungs more deeply into atoms. In
all easzes the electrons losa energy.  The sudden entrunce of
the electron into the family circle of the atom causes a
viclant disturbunce of the electrie field in ik, and the resnlt
is to create un eleetromngnetic impuolse which spreads ont in
space and conveysd away the difference of the energies of the
eleciron hafore and alter entrance.

The probability of n Feeblo or *soft™ impact is greater
than that of u “hard ™ or direct or desp impact, becanse the
latter must involve somathing like a ** head on ** eollisian of
ao efectron with an atom, these impacts produecing “ pulses™
of elactric foree which ean, in virtue of Fourier's Integral
Theorem, be expanded into continmons spectra of electric
vibrations. Those that arise from “soft” colli<ions would
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he eqnivalent ta low temparature spectri, aled those Erom
% hard ** eollisions would Le high temperature specira,

In each of thwse spectra the energy of various wave-langthy
would ba digtributed in necorbines with Wien's Law and by
g mexinmn for soma W:l\'H-]i!llgtll Ay atich that L K wonld
he n constant =0-2%&, where K iz ahsalus temperatyrg,
Wien's Luw has bhaen demonstratal by thermodynamiq
reasmiing and also from “ilimensios " witloet ealling for
ANY us.-'umptiun of figlt quunta or l:]mm'ﬂE [)IErEE.‘ “The Ql]unr.um
Theorv,” Fritz Ruiche, p. 128).  Henew we might suy thag
the re=ult af such ecomplex collisiuna of ¢lastrona and atomy
wonld bi to vield & radiation equivalent to a vast wimber of
5|1pe|-in'|[1.r;:-;m] spectra. very ALy with  =mall mﬂ!tiﬂ]l]m
eneryzy near or beyond the red end, o Few with lurge maximog
anergy neat the violet wend, and others in belwesn, the
resulbinge integral spectrum having therelore Inaximap
HTIETITY .;_;Urr.e-'.lmnc]ing to zomme defintls wil\'t"-].i'llill_'tll.

Tt we koew the form of graph of each pulse of electric
Forec and the form of the funetion o Wien's formnla which
connects ruliution snergy for euch wave-length with the
wavedenorh, it would he possible to detenmine the energy
Jistribotion aceording to wave-lengrl in the final or resnltant
THRCTT LI For the inciedesernt black baody.

In ddefaalt of thiz know edoe Planck was oldiged to vroeesd
by a more tenmativa or wrtifeinl wethod.  Ue wssnuied that
the radintion took place fram idenl Beriztun oseillurora which
could contain or cmdlnte energy nni}' in am inteser number
of “quanta ™ proportional in energy te their frequency, und
that tlre probubility of their contaimmg mmall yuanta wag

reater than their probability of comtaining lurge quanta,
" Then, nsswming ihat the relarion of fregqueney v and
q]_]:lﬂtl;:l!ll ETIFTIY E i E#-"r.'l-"l ‘.T-'Ilﬂrﬂ FJ.' i." =TI ﬂﬂtlltlht_,
which 111*u1.'e+i to be of the dimenston of action, he was abls
ra arrive at his well-known fermula for the energy of
radinrion at various wave-lengths of a black body.  Experi-
ment hus shown thaz it agrees extremely well wirli the facts
over a wide range uf temperiture ; wevartheless it doss nol
aive any ahzaluie proel of the existenre ol thews energy
granta in space uring che transmission of light.

The crdinary classical theory of rudiation vannot, bow-
ever, aceoant for the existence of n maximum energyv radia.
tion at zome wave-length intermediate hetween very long
amd very short woves which doees ocenr.

Tt is clear, however, that the hasic fact is not the division
of radiant eneryy into “ quanta,’ but tha tnexpected appear-
ance of an atomic quality in that dynamica]l quantity we
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call detion.  This seems to imply thut there Is aw ultimate
limit w the divisilbility of each of the two factors, energy
and time, the product of which gives action and this jouy
be the consequence of a more fundanental atomicity, viz.,
vhat aeither time nor xpace [s infinitely divisible.



