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Additional Brrata

In the first paper an unfortunate error of sign
occurred early and has necessitated the corrections
Delow, ‘l and g were correctly delined, the fi;st
in the last line of page 1 and the second in equation
{2) on page 2, but the minus sigan i3 incorrectly put
before ¢ on line 24 of page 3; and the following
corrigenda are the regult:-

Page 3, line 24 For —‘w, read ‘w
Page 4, equation (7) For V;A‘)-, read —Vz.‘l‘l
Page 4, equation (10) For —Ik , read +%
Page 5, equation (14) Delete first minus sign
page 6, line 17 Far .
AV AL+ Vi koo = AV AL + VIAV,AA
read
_— t _—
CAVQA )L+ Vltl‘fd _— —‘AVOAE}»—'-‘!TII)LV‘;A‘?\.

Page 6, equation {15) For Vi A% read — V! Aw

I hope thie complietes the Yjat of necessary
corrections,
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art.7- ‘2
RESEARCHES TW RELATIVITY.II.
lAx,? ~12)

THE BAEIS§ OF THE PHYSICAL WORID RS INDICATED

BY CARRYING AS FAR AS POSEIBLE THE TENETS OF

RELATIVITY
By Alex. Nchuley, N.A.

ProfTesscr of Mathematlcs University of Tasmania

{Read 15th. April, 1925%)

Art.7. On the kind of invariantive relatlens to be
expected in the physical manifold.

A summary of the present paper will Te found in the
gpening paragraphs of Art, 12 below.

in the last paragraph but ome of Art. 6 it was
stated that Tesearches already in exlstence were to
occupy our attention. But the writer has found much
of interest to add to the foundations. The preacnt
paper will be occupied with these additions.

To begin with, it may have seemed to the reader
that Rinstein's original basis and the writer's add-
jtlon thereto given in the first paper — the basing
of all Physics on the fundamental affine linity
]a, — ie somewhat artificial. I propose on tha con-
trary to show that it is scarcely possibla to conceive
any simpler principle that cen be reconcliled wlth the
teliefs of all relativists whén ona trlas to put those
beliafs down in a definite mathematical form. We all
belisve that the foundation is some reality {(called
action) eituated at each element

dbh = dxldxzdxgqu
of & four-dimensional continuum, end the relative
values of the portions of astion in neighbouring al-
ements. In a word we believe that there is no "actien
at a distanoe”, but that everything is to be deduced
in invariantive form from W and its derivatives
of 811 orders, where W (henceforth to be used in
place of {H of the firast paper) is the actlon den-
sity. The existence of guch invariantive form is not
obvious- much less is it obvious that we aan obtaein
ralations which are so far invariantive that they do
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oot even depend on the particular value given to I\Kr
but are true simply and 80lely because J‘V' and jts
derivatives are of their respectjve 0lassas,

is precisely what the Prinoiple of our first P

aper
ensurea,

though the reader may not be prepared for

this stateament, and gqur first task must be to estab-
lish it,

It 1e frequently more convenient to weork with thae
logarithm cf auch a density as W rether than with
itself., Let & be any Iog-sualar-density, that

is X 18 of the same nature as Iogz‘ﬂf « VWe havs

first to considar how to arrive at invariantive rel-
ations among

@, Ax, VoaA . Az, VyaA . V,8A . Az, ete. ,

where, as usual, « , B , etc., are any number of con-

travariant vector dummies.
How, from the history of dealing with such contin-

uums ae ¥e have under coneideration, from Riemann to

the present day, it may be taken for grantad that thc

protlem es 50 statad Necessitates that our sontinuum

must possess structurs. (It 1s open to argument that

without such structure we have provided no physiosl
foundation at all.} Riemann Provided this structure
by the quadratic differential form,

Civita-Levi,
Weyl, Eddington and Einstein have dav

e¢loped what must
be regarded as a generalisation more pnatural to our
present point of view.

The baele of their structure was en intriansic ip-

orement {(due to parallel displacement) of wvectors co~
variant or contravariant, But from our point of viow
an intrinsic increment of density (a soalar} 1s more
fundamental. Lat us put, in definite forms in para-
llel, the meanings of these two intrinsic Increments.
The use of the word intrinsic in these two senses im-
plies the following two equations

Ty = (D,~8,)z = Vie(A— )z (1)
°Ta = (Du—E, )7 (2)
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where tha expressione on the left, &y , T, . are
absolute increments of the scalar & described above,
d of a covariant vector er + These ahsulute-incre-
- ts Xn Ta , Are furnished by compariscn with the
T::rinsic'increments S,z , E.¢T which ?re dez:nd-
t on what may be termed ths parallel dispuaceme‘
:? {an infinitesimal contravariant vector) and quita
fndependent of choice of coordinates. 134 merely
stands fcr tha ordinary differenﬁ}al operat?r.t .
VoA . . E. is 2 lintty of °T & the lini Y‘t
self belng linear in & ; similarly “. is a 1in1-y
of the sealar & , the linity iteelf beln%rlinear ;n
trat is to say S“ ie of the form sV | *whare
P‘is a vector, It follows that a1 Sa_, v, arz-
non-invariantive. Although nen-invariantive the re
ations of these symbols to change of o?ordtna:ea ara
quite simple, and it is rather surprising that, a?
far as I know, they have net hitherto bean given in
th;rz;s:h:rmés:ing just given to "1ntr1251='litaf:i:
lows that X, is a secalar density and Ta s o
wariant vector. From this alone follow readily v
relations just mentloned of ]3, and ¥ , whether
change of coordinates D8 fynjte or infinitesimal.
In the present paper infinitesimal changs only will

treated of,
beTh resder will find no diffioulty in proving that
e .

a -

da = —VAa,8Veay = — VA . Vydo (3)
3,V07E=°ﬂ = —Vo"YA . VoA, Vg‘ﬂd‘ (‘1:)

3’ and ¢ are the 3 and ¢ used in equations
where e

{3}, of Art. 15 of M.D.I. (2), in which pl .
AT nze of coordinates was first cons
.see Art.4 on p. 14 Bb-

infinitesimal cha
ered in our notation, (For o

y ta
ov;oie that nothing whatever has been added here
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the meaning (as originally introduced by Weyl and
Eadington ) of the affine linity E, . I have in
M.D.I. (3} already ehawn that abeolute diffarentiamt-
ion is a consequence of the meaning,

Note a.olso eome important pure mathematical truisms
Let &, " ©be two scalars of type & ; ¥
of type ¥ ; anda E,, 'E,

Then: « )

-0 i
1)y x> zs an invariant, »—'p is a co-variant
vector, E,—- Ea is invarjantive, i.e. it is a
coexco vector linity whose form is linear in the can-
travariant vector o« .

(2) Therefore the genarel values of & , ¥ E
are given by , -

, 0p vectore
two affine linities.

- ux+y, V= 01’+e1’, (5)
=K. +Y. }

where ¥/ is an invariant, °» a ocvariant vector, Y,

a.o ooexco vector linity which is linear in o O *

0 5 ) ’

v, E“ are in eguation (5) any convenient partios
ular funotione of their respective types.

{3) Bo.th Az ana E,e are of typs ». In particul-

ar we may take % to be either Alx or 'E,r .

Thus any fundamental ecalar density furnishes stand-

ard forms for the particular functions °z , ®v ., The

oarly study of Riemannian Geometry provides a form for

0
E,‘. Let q’: be any coexcontra self-gonjugate veotor

linity. Then defining 4),} by

28 = Voal . $8

—V8A . ¢a+AVu/3¢a (6)
we may put UEa = 4) 4)

') More partioularly
wve may define CP by saying that ¢ =1 1in some
eelocted eystem of coordinates, not merely at a single
point but at all points. '

Art,B. Insufficiency of Struoture simpler than the
affine, :

A world with structure ¥ but without structure Ecs
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geems possible at first ‘sight. Vz&v is oovariant.
Thie may be verified at once from equation (5) by put-
sing ¥ = A% for VoY 1s known to be covar-
jant. It may however te proved by a more familiar
process, by summing the abaolute inerement of any &
round a closed path and observing that as the sum aq-
uals the difference of two such values of L at a eing-
le point it must be invariant, Thus VzAP iz sean
to be analogous to the general ourvature derivable
from the other kind of structure o »

Our present gquest is for invariant relations as a
bvasis, in our manifeld, for a physical world, Can we
find an invariant scalar density function IW , of
the tvo invariantive guantities

= Az —7p, ‘w = '—V2A")‘- = Y, Ar (7)

th.at. must exist when struoture involving an intrinsic
‘% and an intrinsic 7 exista? The neceseary and
gufficient condition that guch & soalar funotion”
exists was found im our firet paper {Aazt. 3, 4,) to

be that

Wea = A VA + Vf"’vlzw‘“- (8)
where .
= %nl IW o = oL‘w W (9)

As usual % is quite arbitrary. Ine general Ti—
fold equatlon (8) impoees 7t scalar conditions on
theiﬂ(’n +1) soalar partial first derivatives of
IW with respect to the same number of independent
gcalar variables. The number of conditions exocesds
the number of ecalars at our disposal to satiefy (8).
Havertheless in a four-fold the 16 oonditicns of (B8}
are satlsfied in one case. For aught we know thers
may exist a class of such cases, and & four-fold world
dependent on the satisfaotion of (8) may be possible.
The case referred to is when = fiV4‘wz where
¥ as usual stende for [1¢2¢3%4 , the product of all
the primitive unita.
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Howsver this be, such a world would not be that
natural physics. In it there would be no orthe o
ality or orthedromy or gravitation. There wo 15°n’
be bulk, inertia, and elsctric field. e emy
Art.9, sSufficiency of the affine structurae,
v denoting, as above, intrinsic structure, angd
fny log-scalar-density, the covariant vector'ZLz' N
is the absolute gradient of Z. To be able to c;_-r
:::i::cttf::::::ts :t naighb?uring points demandsmf::e
e meamin ot t;, t %s dasirable henceforth to limit
affine function Iﬂ, ap pravioy
friters have doce by assuming ]Z,’;? to be $ :
ina® and ﬁ , that 1s assuming Ea to be 531;:”"’“:““1
gate ina . The general ]ﬂm resclves into thec:nJu-
parts, self-conjugate and skew with reépect to "
and the second part (which is invariantive) hasq :
share in satisfying equation (4), the enly ¢ o
demanded of the etructure. eréttdon
We may now take ¥ to e }BGE » and the atruct
thus involves an intrinsic & and K, . The ve .
pleat non-singular scalar denaity function I‘V-r{bsim-
:;_ tif aAt.ruct.ure} appears to be a function of el
o ooexuo:::;lzfctor 1i.nd of the contracted ourvature
o ooexo -\;n—ivcm( nity} Idenoted in our first
:r ’)L‘ AR _,V:Ac,k) 1!(. - hW is now a function
L where
The necessary and surficie;t oondi:ﬁ;i*f::1:;:°“5“Eftﬂw
ence of W now becomes ' et

TWey =
B o = AV, I
Vo' a+V1°wV17m‘m+2'|"EV°dﬂﬁ'e‘a (10)
whare
dalp = 9
of the th ‘1{ ‘o L“!’ o (11)
ree [
fromIW . ’ a ‘1}‘ the rfirst may be absent
+ but neither the seoond nor the third, if
¥
we aTe to have the full complement of n? scalar firast
partiel derivatives of ' W to satiefy {10). Physio
aily this would seem to mean that all inertia is of
electric origin and that there is but ene conservation
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law, the conservation of charge ‘foﬁk%w = 0
1t ie thus of considerable interest that from our 2
priori mode of approaching the physical problem neith-
er electric field,cU} , nor gravitation , can be
supposed absent. Also we may note that ignoration of
a mass energyl{given by ‘7L) independent of charge seems
arbitrary and artificial, for from our standpoint ©
gesems more fundamental than either VzAjR or ‘\;f

We shall return to {10} and its connection with the
energy tensor later. Mesnwhile we resume our = priori
approach,

Art.10, Relativity tenets carried as far as possible.
It is open to argument that the principle "physical
laws are independent of choice of coordinates” applies

only to the originel cgordinetes 1.0, T3,Tg § but
it appears mMCI2 natural to regard the scalars required
to specify the structure as coordinates to which the
prinoiple alao applies. Can this be done?

I the physicai world is finite in each of its di-

mansions as held bty De gitter the answer is affirmative.

To apply. the principle in this its second azspect we
hayve merely to vary theso new c¢oordinates, and ensure
that the only physiocal reality namely I“lI\VEb

taken over the whole manifold remains unchanged. This
jsely what we did in the first paper (under the

is preo
If the manifold extends

neme of Btatlonary Aotion).
indefinitely in one or more of its dimensions we are

not able fully to render ”Jz\xﬁib independent of
gholce of ths new gpecies of coordinates. The break-
down however can bte pushed away to as remote & bound-
ary ag we pleass, and the argument for the naturalneas
of the process'of the first paper retains much of 1ts
force.

Here ende our a priori enquiry. gome general aspects
of the results of our wmethod "will now pe. coneldered.

553&_;35 The fundamental jdentity of relativity.

From the physical side (10) has to be viewed as the
atress form {or enargy tensor: no longer a spseudo®
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teneor) of the“laws of motion®, When in (10) we re-
place °2 by A thne laws take on their vector force
form. Note thet the -electris field and gravitation
as well as inertia are included in our meaning of the
laws, 1Indeed a great unification of our ideas of the
physical world arises from the etraightforward intesr-
pretation of (10).

This interpretation wae not poesible earlier. It
required a rearrangement of the foundation stones of
general relativity, which wae gradually effected by
the leboursof Weyl, Eddington, and Einetain (see the
seoond sentance of the first paper). Mow for the
firat time we have a complete parallelism of
(¢ A, ‘e, ¥ ) with the velocities, and of (?A,lm,i+)
with the momenta,of nineteenth century holonomio dy-
namice. Hitherto this has not besn posaible in the
oass or'\lr and '114'. A formldable obstugle to advance
wag left in the complexities resulting frem the seo-
ond differentlial coafficients and the non-linear form
of the contracted ourvature ﬂ;f'.

Dencte the ldentically zero form pbhtained by remov-
ing the left-hand member of {10) te¢ the right-hand
side by 'Usa ; and, putting d¢ for an arbitrary ine
finitesimal invariant, let the differentials @& !U,
d°A, etc., be replaced by cerresponding fluxes “[J
“d , wnere AU = “Wde, deA = *Ade.

U acee not naturally separate into three stresees,
but the flux U 1a the'sum of three fluxes, kinetic
T , eileotric *IT’ , and gravitatiopar T

Thue

4 = AT/ T = 0
TTea = cAVyealA — Vy{ Vyea*e A )TN
e = Vi(Viatlo) o — Vi Vya“o)le
Ve = 24e Vovavd.,.e_ 2V Ve '?‘."F o) "FF

L 12y

_mbben

e il o

- —
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: d
IUgAg is the sum of three corresponding forces LA
'dv’,dlv”. Thus

—dy = dy/Fdy”

= AV, AA— V,(V,Ad)IA_ &)
dy’ = VJ(V'IAIC:J)“(D'_ \Tl(\TSA‘m)zw

dy” = queVaAd«;re~2V,(V2A1;rs)d«ps

The reedar should abserve t.hai (112) an;l (13) fo;iow
from the mere assumption that , @, #f m.'e the
first partizl derivatives of some scalar densﬁz{y crun-
ction IW with respect to the independents c, m, '
'\}f. A second form of the assumption is that ?\- , @
Y are the derivatives of VW¥* with respect to the

H d
independents A , o, ‘\(" , where

W+ TW = VeAld+ Vewlot Vifedge (19)

on these results we now superpose those following
he method we have based on Einstein's remark-

We find that 2v” gives
exactly the expression relativists demand for grs.vit—.
atlonal force; that 4y’ gzives exactly the general el-

ectric rield of M. D. I. {3}, {the allied equat fon

i hod); and
¢y = (] =also follewing from our met H
V:"A . To attein

{as well BS
quatlon

cut of t
able methematical discovery.

that the conservation of energy must “cii“.
the accepted form for the matter term v
to interpret easily in any wanted sense the @
V Al;\_ =0 as affirming the conservation of le{-
0
orgy}, we have to make the usual assumption that
L]

contributes to W™ the one term \/(V,,?th)

where 6 = J'q;"’l . Id"” U(u-'z)l (15)

st paragraph asserts the truth of a ser.es of

T eem a4 little

sgtatemsnts which 1n their entirety may s

asto 1= o LA AILONBOUS It has veen & sartad
n - n 5
nil hlng T en

that (13} agrees symbel by sym
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accepicd equation of motion though based cn different
primary assumptions, and that the mssociataed stresy
form or energy tensor is in no sense “pseudo®, Vhy
then, it will be asked, is the tensor of the usual
theory "pseudo®?. The explanation is that our pres~
ent method reveals two new identities which effect
the gimplification, From the single identity
dytdp’ 4dp? = ¢ , from which * has vanished
and which involves only Zl' o ,d“f' and their A
derivatives up to the second order, there arise threes
independent identities. '
The facts shout these three were corractly atated
in the first paper, but it was not rendered clear why
six Inetead of threa do not arise. d1r and ‘w may be
given independent arbitrary valuas at every point,
w;ile L9 is ta;en to be zero. On now introdusing
Athe forty~first equation VnAz;\. = {0 , {re-
quirsd to make the integral of zvv-stntionary) Geema
at firet sight inconsistent with the previous forty
equations, for I} is expressible in terms of I'{ '
0 and_]za - Thus by = complex indiract woy is
dependent on the previously assigned values of qu R
@, and the gingle identity is by no means an identity
involving three irdependent symbols ZA, d‘ft s l
Let us now make a somewhat important departure from
a8 usual procedure by supposing A to be involved in
any way in 4 inatead of in the very restricted apg
artificial looking form A/ Vy'AB), on refiection
the remder will 1 believe agree that the oonservation
equation 0 = s and the *hydrodynamic term®
dy in the equation of motiecn claim ocur first atten-
tion. We uee Qalilean co-crdinates; and find thaf,
in the conservation equatien, \/(VOIRHTA) [= IMJ
hppears as thres-dimensional density of mass-eneryy;
and that, in the hydrodynamic equation, {(on the asa-
.umption that so far as ‘W¥* depends on A it ie
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gome function of M) the denaity of matter-insrtia
appears as ’ﬂ1(6/8‘7n)’¥V“ If these two three-di-
zensional densities are identified with each other in
the strict mathematical sense, the usual assumption
must be made that T \y* is linear in ’ﬂi. In the imme
ediate neighbourhood of protons and electrons, that is
vhers both denaities ars to be reckoned in many thou-

-sands of tons per c.c. the two must be identified to

a very high order of numerical accuracy. Apparently
et distances grester than 10-¢ cm. the densities
sink to values comparable with 10'7gm. per 0.5. We
may well suppose that l\ﬁﬂ* is of the form
Im_f(d't;r,zw,"m). where.f is a finite invariant fun-
ction of its constituents, for all values of Iﬂ?, in~
clusive of when ‘M is indefinitely increased,

It would seem then thet we ought to call A the
energy flux and reserve the name momentua vector for

—IAV IR A [/ (VIAETA).

Art.12. The problem of matter: protons, electrons,
and the Bohr ortits,

Starting from Einstein's illuminating article in
ANature™ we have now arrived at a beautifully rounded
off relativity scheme of physics. 1In direot contrast
however to Einstein's consluding words, we appéar to
have obtained a very promising insight into the true
nature of the preblem presented by matter, and in what
direction to attack the position.

Bubtmitting ourselves with severe interpretatlion to
the crdinance "do naught but carry relativity tenets
as far as possible™,.ws have found many detailed re-
sults harmonizing with natural {(azs opposed to & prieri)
thysics, and not a littls which was lacking from form-
er presentations of relativity, Examples are the
conservation of encrgy, the existence of a true ciaer-
gy tensor, and the formulation as an identity of the
laws of moticon, understood here to include elactrio
field and gravitation. We shall now show that great
atomic conocentrations of matter and of elsotric
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charge each hecessarily presuppose the other. Later
general reasons will be given for expeoting such con:
centrations, and something very liks the Bohr orbits
accompanying them,

The more I reflect.on the dual (matter-electric)
aspect of the pair of allied vectors I, , "A, the
more 1 realise that = long=felt want has here been
supplied, a tasic natural and simple unification of

t gxeab p].yslc 1 tter elect [+ ty
the hrea al ent ties ma
3 lectrici 3

Though we may affirm that the dual aspect is prima
feolo evidence that a rotating mass should be a mag-
net, the remarks at the end of Art.1ll. render it im-
probable that any numerical deductiopn is P¢ssible from
present-day knowledge.

We ars an safer, and very interesting, ground when
we observe that very high electrostatic potantial
{irrespective of sign) and very high material density
ngoessarily go together, This, of courge, admiravly
accords with our knowledge of protons and electrons,

Consider the case of a hydrogen atom, where we have
very high positive and negative potentials at the Pro-
ton and eleotron and an intervening locus at #hich the
potential sinks to zero, This suggests that in our
theory we may ‘have to recognise the existence of neg-
ative mass. On this peint one is inclined at firat to
argua somewhat as follows. (1) There is no a priori
diffculty in supposing mass, either as energy or in-
ertia, to be negative. {2) The total zpparent mass
of a proten, or of an electron, inoludes a term duo
to its charge because of the ¢onservation of energy

though in the absence of such conservation the argu-
ment for this electric inertia seems to fail). (3} Ob-
servation chows that this total mass is, in each case,
positive (for otherwise the two particles would s8par-
ate), but in the case of the electron the result may

be due to the pesitive eleotric term masking 2 negative
term contributed by ]l .
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‘There seems, however, & very real reaeon preventing
us from recognising negative mass. We seem instead
to be impelled to assume that when we resch a point
at which Im=0 we ipso fecto reach a Toundary
of the physical world. 1In the arguments (1), {2), (3)
abave, we tacitly assumed that the single scalar con-
dition expressed by saying that the electrostatic po-
tential is zero gives rise to the four scalzr condit-
ions expressed by saying that L =0 . For we
agsumed that,on each side ¢f the loocus m =V,
the scalar Y7 is real. How, wherever Im=0

and Il is finite our interpretation of the conditions
is that the velooity of light has been attained. The
simple view is that this condition holds at the inter-
nal boundary of every electron and that in avery pro-
ton 'ﬂt attains a very large,or perhaps indefinitely
large, value.

The work of earlier writers suggests a first form
for TW* namely Tm—%lVo'm"’ﬂ,&‘"m where the
*extansive® meaning understood for is that which
vaxos  APiVyaf = Vydpladflf e con-
side}ations advanced in the last paragraph suggest a
first modification of thie form by the addition there-
to of — . The general nature of the Bohr theories
suggeste a further change by whioh the invarijiant co-
effioient of is replaced by a ocorresponding expo-
nential thus

IW‘ == lm*lﬂth(Vozmd';"ll&)) } (16)
= Im—los~/ (— Vylolf 1iw)

Let us enquire whether (16} should lead us to expect
the autometic-formatlon of those intense concentrations
and the Bohr orbits whose existence has hitherto proved
s0 baffling. Such an enquiry may perhaps suggest fur-
ther modifications of (16) before we seriously face the
labour of exact mathematical analysis. The argument
will be easier to follow if we write (16} in the fol-
lowing invarient form
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W"‘ = m—eoshA/ (D2—H2) - i
= m~—cosn/ (H*—D?) (1)

W* stanas for I-1LW* and ™ for {Vm, D {aig-
placement) and H (magnetic force} are the invariant
magnitudes of the two vector densities
I \given by

2’3 = Vldq‘(,--llllﬁ,’ } (18)
2 = ~HVyNe
(17) suggests that perhaps the proper form for the ex-
renential is gcosh I) + cos in place of coesh
\//(])2-“1121 Cur quarternion notation suggests
several alternative forms.

"hink now of (17} in connection with the proeblem of
the atomic concentrations, and first consider the
great (mainly stagnant) interstellar speces. Vg way
zuppose the normal condition here teo be that ]) . ll
ana 6—1 are all very small or zero according as
radiation is present or absent. Further we may plaus-
ibly endow these great physically empty spaces with the
negative property of contributing zero to the action
integral. Thus the charasoteristic of empty space is
that m =1 , {Perhaps a more plausible eriterjon
for the value of ™ in empty space should be sought in
equipartition of energy between the whole of ether and
the whole of gross matter; but I believe the search
will alweye fail from the want of a natural boundary
between the two.)

When Just now we sald f—1 is nearly zero in the
ether we tmcitly assumed that in & practioal but ne
absolute sense it is possible to choose 2 system of
coordinates which is natural and simple. From this
point of our argument let us use such & system and
permit ourselves freely to contemplate an evolutijon of
the physical world as time progresses,

At some remeote epoch in the past all the energy of
the universe existed ae a chace or welter of radiation.
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gravitation at once began tec make such fortuitous
congestions of energy as existed still more congested
and to make the emptier places still mors empty. Fach
congestion had a high eleotric potential e&nd the des-
cending potentiais in the emptier surrcundings had but
one limit namely zerc, corresponding to a gero value
of energy density. Incipient atoms had evelved from
primeval chaos. EFach atom consisted of =2 palr of
gingular points, at one of which was a concentration
of enargy and &t the other & sink of potentizal and a
boundary of the physicel world. Equipartition of en-
ergy necessarily ensued, and the incipient atomsa had
peceme the hydrogen atoms with which we are familiar
to-day. - Needless to say the details of this brief
sketch of the growth of physical law are not to be
jnsisted upon. Rather are they given to indicate in
what direction exact analysis 1s called for.

gimilarly (17) while possessing several iInstructive
features bearing on the possible mode of origin of
atoms ie not very likely to prove the exact form re-
quired, If {18) 1s to be of use in this problem we
should expact 2 general explanation to Tun somewhat
as follows, (1) For a proton D2—H? 1¢ positive,
and I} and M assume large values, (2} For an elec-
tron ])2__}{2 is negative and "M is between unity
and zero. (3} The apparent mass of an electron is
practicly entirely of electric origin. (4) The ener-
gy levels cof Bohr's Theoerno doubt depend on the
periodic cosine term in ‘k*} but the working ?ut of
the mathematical details will probebly prove difficult,

Year an isolated proton when the electron hes been
removed it is not improbatle that, between limits of
distance from the centre of the proton about 10-% cm.
to lO'doom.’qﬂ' varies approximately inversely as the
diptance, rising from value unity. When the electron
is present it prebably pushes a sort of pit or crater
of unit density inte theee denser previcusly spherical
layers, the crater forming & kind of cometary tail,
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the electron itself being the head or nucleus. On
the other hand it is pogsible that the critical Ryd-
berg length, about 10"scm., is olosely cennected
with the litear dimension of an isolated €lectron
rather than an isolated proten, and in that cese we
should sxpect to attain the value near an isolated
proton, at some distance between IO"JDand =4 em,
Wny, it may be asked, do not the pairs of concentra~
tions we have pictured run to the extreme of forming
one great single pair instead of a vast number of
atema? Pour alternative general answers seem regscn-
able. First, analysis may show that the paeirs when
once formed will be highly stabtle. Secondly, the
large nurher of atoms may depend on 2 censtant of
inté}gration, parhaps 15 associafion with the invar-
iant ¥ of ocur first paper. Thirdly, a very large
mathematical number {such as glént ) may be invelved
in the ratio of the linesr dimensions of the universe
to those of an atom. Fourthly, the Younding vacuities
inside electrons may te original unchangeable features
of the universe, and form necessary nuclei for the

atums to gather round,



