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-where м: Ьаа for сошропвпъв
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Е ...... Ех, Еи-fЗХМIZ' Е"+ ,8"'Мо'
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where с is the velocity of light, Е the electric Rnd :м: the
magnetic intensity. Гп the еаве of stationary lilOtion the

орегайоп 1: will Ье replaced Ьу - f1х; .н f1:z:= ~,
с t ' :с с

and the equations (2) and (4) wi1l Ье transformed into

and

ТЬе siшрlеsi Bolutions оЕ the equntions (2') and (4') are the- -following: ж=о and Е=О for the whole зрасе. Now- -- -111=0 givesM",=O,Му= -fЗхЕ;, and :М:х = ,8",Еу. Since Е=О,
we Ьауе E~=O, Еу (l-fЗm') =0, and Ez( l - f1:z:' ) =0. ТЬеае
equations сап Ье satisfied Ьу two different suppositions:

.Е",=О, 'Еу=о, Ех=О j ог Е",=О, Еу=;:О, ЕIZ=;:О, 1-fЗх2=0.

Let пв divide the whole эрасе round the poirit О into tkree
parts: ' Part 1, annular . зрасе between two сопеа (fig. 2),
<Jbtained Ьу rotationofOA and ОВ round the :c-axis, having '
а сошшоп vertex at О, the angle .А.ОВ being infinitesimal•
Part П, the inside оЕ' the above-шеntiопеdсопеа. Part IП
is taken out оЕ 1 Ьу tlle врЬегеэ of rl and rJ' with the centre

(1)

(2)

(3)

(4)

•

[ 1208 ]

•

схм. Оп Sir з. з. Tltomson's Мщlеl01 а Light-Quantum.
Ву РгоЕ. N. Р. Кзвгвш», Яеаеm'сА Institute 0/ the
1 Moscow University,·.

I
T is commonly accepted that th", quantum theory is

almost incompatible with Maxwell's equations (" Olerk
Max:well's Electromagnetic ТЬеогу," Ьу Н. А. Lorentz, the
Rede Lecture, 1923, р. 34) ; however, Sir J. J. ТЬотвопt
constructed а mot!t valuabIe modelof а light-quantum which,
ав \\'ill Ье shown, is Еогшаllу CODBistent ,vitli the system оЕ

Maxwel1's equations.
Ву the way оЕ examining the simplest саве оЕ а ligbt­

quantum, we аЬаll explain the difference оЕ the }~arada:r­

Ml1xwell-J. J. Thomson's electrodynamics Егош the usual
Maxwell-Hertz-Lorentz's interpretation оЕ ап eleotromag­
netic fie1d, the fогш оЕ the diffel'ential equations for the free
rether being the ваше in both theol'ies.

ТЬе light-quапtuш in the шоdеl оЕ Sir J. J. ТЬотвоп

consists in а ring-shaped Faraday tube moving with the
speed оЕ light п! right angles to its own plane. ТЬе ring is
preceded nnd folfowed Ьу ordinary waves оЕ ЕееЫе intensity;
their wRve-lепgtЬ'i8 eqnal to the circumference оЕ the ring.
ТЬе energy contained in висЬ а ring \\·Ш Ье оЕ tlle fогш Ау

(Planck's law) if we аdшit, with Sir J. J. Тhошsоn, that
the оговв-весйоп оЕ the tube is ргорогйоаа] to the square ot
the radius of tlte ring.
ТЬеве t\VO fUl'ldашеntаl laws, ав wil1 Ье shown, are

formal1y in accordance ,vith the sуstеш of Maxwel1's equa­
tions under tlle condition tlшt we accept Sir J. J. Тhошsоп's
interpretaiioll nЕ ап electromagnetic field.

Let Е.. (fig. 1) Ье а closed ring.shaped Faraday tube
referred to fixed ахев. Let ПВ вирроае that at t=O the
plalle of' the rjng coincides ,vith t,he plane ZOY, and that
~ i8 the velocity of the ring. 1'Ье Maxwell's equations f'or
the цее oother are of thc fогш

divE=O, ..•...

" 1м 1 оЕcur = -;; ат,. . . . . . .
div М = О, . . . . . • . .

10М
IсuгIЕ=--- .

с ot'
• Соmшuniсаted Ьу the Author.
t "А Suggestion 118 to the ::)tructure of Li~ht," Phil. Mag. r6'I x1viii.

р. 787 (1924); "The Structure of Light," Phil. Mag. 1. р. 1182 (1925).
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ТЬе equation divМ= О, which i8 а150 to ье 801уед for the
region 11I, аНег tran5formation takes the fогш

Model о/ и Light-Qllantum. . 1211

Неге, namelyin this equation (5), lies the divergence
between the Maxwell~Hertz"Lorentz electrodynamics атп]

the theory оЕ Fагаdау~Мах:wеll-J.J. ТЬотвоп: FroIJ] the
standpoint оЕ the first theory the .equation (5) i8 valid in
the wbole врасе oceupied Ьу the Ггее retller, and cOD8equently
will Ье .va1id in regions 1 and III and at their Ьовпсапев.

80 that iE we admit Е..= О and Mr = О for the region 1, tlle
•

eonstant il1 the 5ulution Е.= eOni!st, оЕ the equntion (5') f'or
r .

the regiol1 ПI шввь а180 vani8h. 80, accordil1g to tlie first
theory, there сап Ье по еlесtгошаgпеtiс fielcl in tlJe
region Ш, sinee tЬеге i8 по field in the regioDs I and П.

\Ve cannot admit t1Je existence оЕ а fie1d in t1e regiofl 1, ав

it шust Ьате the Еогт Е..= ~~;~~', \\'hich gives Еог tlJe
.' t О Е ?'рош . , ..= 00 • '

From th('l point of' view of' 8ir J. J. ТЬотвоn'э theory t11e
structure of ,,11е fieldi~ disсоntirшоus. 'flю fiebl 00n81st8 iil
а sуstещ оЕ Faraday tl1Ьеэ lIlovin~ relatively to опе another ;
the illtensity оЕ the rnagnetic field is determined Ьу the
intensity of the electric fi eld and Ьу tlю погтаl velocity {3..
оЕ the tube, from the equation М=/3"Е. It follows (1) that
th6 equatiol1 (2')' is saiisfied identically; (2) thatthe
il1ten51ty :м: lШ8 adelinite valu6 different ЕГОIll zero оn]у

where the ]'araday tubes аге ill Illotion. ТЬе eqnation (3),
div ж=о, ex:ists only 'уЪеге tlle Fal'aday tubes агв in m(;tion ;

. in th8 re8t оЕ the Егее rother :м: доев not exist. If we аdшit

the theory of J. J. Tboт~on, the eqllation divM=O nJust
Ье satisfierj in оиг case only in tho region ПI ир to it8
bonndarie8 оЕ П. At t1e Ьопndагу I-1П we шау Ь,nуе а

discontinnity оЕ Mr Itnd сопsеquспtlу оЕ Е.. Непее f'or tbe
region IП we rnау sati81'y (5') Ьу th., supposition E..r'=finite
constnnt. . .

Саlопla.tiпg the energy оЕ the rin~, w,e obtaill

1 2T'~
-8- (Е' 1'14') х уо]ите of the ring = 2. 16. Е... 2тт= Ф . У,

W С о

where е is the charge оЕ the electron, !:. = 2 1 , and е/2фо
. . с тт

the constant оЕ integration. ТЬиа we obtain the second law
ОГ the ligl1t-ql1antum theory (I.aw оЕ Planek). .

From tlIe preceding consideration!\ we щау conclude that
the MaxweJl's equations actually lеад to the solution given
Ьу Sir J. J. ТЬотвоп.
. It аеета to те ,,150 that the difference between the

(5)

(:;')

•

•

•

•

•

•

•

•

•

•

Fig. 2.

А

1

1

I

1

оor (rMr ) =0 •

-
or :1' (т'Е.) = О. •

в

п
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at О. For parts 1 and II we take the fll'St 801ution of the
eqnatioos (2') and (4'), i. е. E;r=O, Еу=О, Ez=O j 1160ее
М..= о, жу=о, 1rIz= O. For the region .Ш we take the
весопо solution : Е.,=О, Еа= -Е... $in а, Ez=E..."сов а, Е ...*О,
,8..=+1; hetlee М",=О, Жу= -Е... оов «, Иz=-Е... вш «.

,ТЬив we obtain ап eJeetrie fleld only in the region III. This
~eld i8 rnoving with the velocity оЕ 1ight (first law оЕ tlle
lчфt-quапtum. theory). lf we .transEorm the equation
dlV Е = О, U8шg роlаг соопйпагев т, ф, ", we obtain

оЕ... О ТЬ . f .0« =. цв E~ 1В а впейоп оЕ l' опlу; the сговв-веойов

оЕ the Faraday tube i8 еопвташ.
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Махwеll-Негtz-Lогепtzе160tгоша~nеtiоtheory and the
theory оЕ Faraday-Maxwell-J. J. Thom!1on migbt Ье аnа­
l.vtically forrrtnlated 11В follows :-(1) Еог the free retber tl16

, diiferential eqnations аге tbe вате in both theories, being
the Maxwell's sуsteш : '

(2) ТЬе first theory postulated tllat аН theS'e equations аге
valid in the whol~ врасе filled Ьу tbe {гее retller; in
the second theory the eqnation (3) оеошв only where ,,'е

have а moving electric field. Formnlatin~ this diflerence
geoтetrically,we шау зау that t,he electl'ic Нпев оЕ force in
the Егее rother ате everywhere continuous, while the magnetic
та.у Ье discontinuous: they шпst end оп the boundaries di­
.vidiug the шоviпg Еагашу tnhes fгош those at rest. ТЫэ

cironmstance gives the possibiJity оЕ introdncing disc01ltinuities
in еlссtгошаgnеtiс field, and епогтопвlу increase8 the varia­
bility of the special in8tanoe8, which satisfy the 1\Iaxwell
8'ystems of equations. ТЬе Maxwell equati0118, аз it Ьав been
shown above, admit snch Еогтв of electromagnetic fields ав

Ьауе tbe ваше properties аэ the light-qnanta.
It эеетз to ше tbat thi8 interpretation enables пв to

construct, оп the basis оЕ Maxwell's equations, investigating
tb6m for the савв /3,,2=1, а rational qшшtuт theory.

Res.earch lnBtitute of tbe
1 Moвcow University,

1 АргП, 1926.

• • • • • • •
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Resistance 0/ Bigh-Jt1'еq'Uenсу Circuits. Ву

R. R. RAMSEY, Ph.D., Projessor о! l'hysics, Ini1iana
University- .

Т
НЕ resistance of' а high-freqnency circuit is apparently

еаву to dеteгшiпе. Но\уеуег, the separation оЕ tlIe
resistanco оЕ the сеВ Егош that of the condenser is а diffiспlt

шаtteг.

It Ьав been сustошагу to сопвшег the геывъапсе оЕ
the condenser sшаll @oongb to Ье neglected, 80 that tb6
entire resistanco 01' tne circuit 18 ascribed to tlle coil.
ТЬе first аtteшрt to теавиге the resistance of а ооппепвег

at high frequency ~aв та?е а Ш~1е ш~ге tha~ а yeal' ag(}
Ьу Weyl and Нагпв (InstJtnte оЕ R.adlO Епgшеегs,. Ргоо.,
уо]. xiii. р. 109, Feb., 1925). 1п thlS work the геыввавсе.

оЕ а rectallgular coil арргохiшаtоlу eigbleen feet Ьу tW6nty·,
five feet was calculated, аssuшilJg the reBistance оЕ tbe
rectangle at tho givel1 fгеqпепсу to Ье t1l0 ваше ав tbe high
frequellcv resistance of а straight wire оЕ the ваше diameter,
whose le"ngth was t~e saI1;l6 ав. tl1e perimeter. оЕ t~e соН.
ТЬе геsiвtапсеоbtашеd, ш thH~ шаппег varled wlth the
capacity of the condenser fгош опв оhш at '0005 microfarad
to abol1t twenty оЬтв at '00005 шiсгоfагаd.

Саlliе (Phil. Mag. уоl. i. р. 428, Feb. 1926) Ьаз шаdе

теазигеmепtэ ill whicll Ье . ust'd coils шаdе оЕ No. 36
alld N(). 40 соррег wire. ТЬе шеtllOd used was to шеаsuге

the resistance of а circuit \vitb а соН and cOl1denser at
а given Betting t1siпg ille resistance variation шеthоd, th6n
to теавиге tbe resistance оЕ the circuit again !J.fter the fit~t

соН had been replaced Ьу ом щаdе exactly like the
nrst. Then tlJe two were , connected in вепез opposition
alld their position adjl1sted, 80 the combined indnctance
оЕ the two was the sаше аэ the inductance of а Bingle
соП and the combined resistance was measured again.
Frdm these result8 tbe resistaDce of the cODdonser could
Ье eliminated and the resistaDce оЕ the соВв determined.
Since the results gave th8 resistance of the ooil8 to Ье

the вате аl tbe D.U. resi,;tance, it \уав a8sumed that the
resistance оЕ зmаlI wire wound in а coil wa8 the вате ав

. the resistance of tho wire wllen straight., wbich was very
сlозе to it8 D.O. resistance at а rrequency of one million.
From these маше equations the resistance of the condenser
was determined. It .was found that the resistanoe оЕ а

• Communicated Ьу the Author.
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