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The results of the present experiments indicate that that 
part of Bragg's argument applies with equal force to the case 
of the radiations which produce the photo-electric effect. 
Since the photo-electric effect can be produced with visible 
light in the case of sufficiently electro-positive metals, and 
since there is a continuous gradation between such cases and 
the effects here investigated, there seems to be no valid reason 
for supposing that the difference between the emergent and 
incident effect is not characteristic of both ordinary and 
ultra-violet light as well as the more penetrating radiations 
examined by Bragg. If  it stood alone this investigation 
would be a strong argument in favour of the unitary theory of 
light. The objections to such theories on other and ap- 

arently more fun&lmental grounds are very serious, as 
orentz has recently shown. Under the circumstances i~ 

seems desirable to postpone further discussion pending the 
accumulation of more experimental evidence. 

This subject and its method of investigation was suggested 
by Prof. O. W. Richardson and carried to its present stage 
under his direction. I wish to thank him here for his 
valuable assistance, advice, and encouragement throughout 
the course of this work. 

Palmer Physical Laboratory, 
Princeton University, 

Princeton, N.J., U.S.A. 

L X X X I V .  A Structural Theor~j of the Cllemical Elemenls. 
By J. W. NICHOLSO~, M.A., D.Sc.* 

T HIS paper gives a preliminary account of a structural 
theory of the chemical elements, which derives them as 

compounds, in a certain sense, of primary forms of matter. 
I t  is possible, on certain views, to accomplish this for the 
simpler elements, and to a greater degree, of com'se, for 
those which are more complex, the degree of complexity 
being measured by the atomic weight. 

Calculations of the atomic weights of these hypothetical 
constructions, even in the simplest cases, can give results 
in sufficient and indeed unexpected accord ,~ith the best 
chemical determinations. The groupings of primary forms 
for the eleroents as arranged in the Periodic Table show 
curious systems which appear to shed light on the mutuat 
relations of the elements. This is more especially the case 

Communicated by the Author, having been read at the meeting of 
the British Association at Portsmouth, 1911. 
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in ihe radioactive elements, and it will be seen that a con- 
sisteur, scheme for these transformations can be founded 
upon the views advocated in the puper--a scheme which 
ro.adily removes many of the outstanding difficulties. I t  
has not been possible, for reasons of space, to treat these 
elements a~ all completely in the paper ;  but sufl3cient 
indications of this point have been given, and the subject 
will be treated in greater detail later. 

Elements which appear ou~ of their places in the Periodic 
System always appear to need a characteristic construction 
of a somewhat different type from that of the class of 
elements with which they are associated, and with which 
the chemist is unable to find a clear connexion. I t  may 
be said that exactly in proportion as a set of elements do 
form a real chemical class, it has been found possible, as 
the result of an exhaustive examination, to endow the set 
with constitutions of a similar nature. Moreover, widl 
elements for which the chemical determination of the atomic 
weight has been carried out to the second decimal place, 
it has been possible only in a few cases to find a choice oC 
formulm which would yield this value equally well. 

I t  is perhaps necessary to point out at once to what extent 
the paper is speculative. This characl er must largely belong 
to it because the subject is treated only from the point of 
view of atomic weight. But the results are capable of 
x, erification in other ways, some of which are indicated. 
]n particular, the actual existence of the primary substances 
has been verified by a mathematical investigation of their 
spectra, to be published independently, which shows that 
they are the origin of the unknown lines in the spectra of 
the'nebulm and of the solar corona. 

The acceptance of these results involves secondary con- 
sequences of a far-reaching kind. In the first, place, the 
na t , r e  of the positive electricity in the atom is determined, 
and found to be that supposed by Sir J .  J.  Thomson in his 
paper of 1904". That is to say, positive electricity is re- 
garded as existing in uniform volume distributions, whoso 
volume is proportional to the positive charge. But in the 
conception of the structure of a simple atom there is a 
difference. Sir J .  J .  Thomson treated the electrons in the 
atom as revolving inside the positive sphere, which was of 
atomic size. On the view developed in this paper, positive 
electricity exists in units very small in radius compared even 
with the electrons, and is the source of nearly the whole mass 
of the atom. The revolving system is therefore a planetary 

* Phil. Msg. l~/~rch 1904. 
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one, and it is noteworthy that Rutherford*, in a recent 
paper, has concluded, from the evidence furnished by 
experiments on scattering, that the planetary system is 
the most probable. But although the size of the positive 
units is so different, Thomson's conception of the uniform 
volume distribution is essential to the calculations of the 
present theory. 

In a complex atom, built up of simpler systems, the 
assemblage of positive charges is in many respects similar 
to the assemblage of electrons which revolve round them, 
and it is not unlikely that many of the positive charges 
would also revolve. But they are not all of the same size, 
although the difference in size is not great. Their mass is 
so great that a disturbance which could expel one of them 
from an atom would also expel many of the attendant 
electrons, and it would be impossible to isolate a positive 
charge. Evidence for the existence of such positive electrons 
should be furnished by certain experimental results ; and 
this has recently baen'the case. In particular, a paper by 
Prof. R. W. Wood t may be mentioned. 

The phenomena of radioactivity afford abundant evidence 
in the same direction. For example, the radium emanation 
ha,~ been shown, by the work of Ramsay and others, to belong 
withoui, doubt to the argon group of inert gases, and to be a 
true element for which a vacant space has existed hitherto in 
the Periodic T~,ble. Yet it gives off the simpler atom of 
helinm. Unless the constituents of this atom already exist 
as a group, in unstable equilibrium with other groups, in the 
atom of the emanation, it is difficult to imagine by what 
means it can be detached as such when a really definite 
conception of the proce-'s is intended. Evidently the di~culty 
is extreme on Sir J. J. Thomson's view of the atom, which, 
i~ must be borne in mind, was only a provisional one adopted 
mainly for purposes of mathematical simplicity. It is none 
the less extreme on Rutherford's more recent view, a revival 
of the suggestion of Nagaoka, of a simple Saturnian system 
in the atom, involving only a single positive nucleus. 

The mode of analysis adopted in this paper has neverthe- 
less, by way of test, been applied ~ such a system ; but it 
has been found impossible from such a conception to obtain 
,ntomie weights in good accord, or in some cases in any accord 
at all, with chemical determinations for the simpler elements. 
Similar application has been made to other conceptions of 
positive electricity--for example, surface distributions of 
uniform denslty,--and ~'ith the same lack of success. On 

* Phil. Nag. May 1911. "~ Phil. Mag. Feb. 1908. 
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the whole, the investigation has established, with some 
thoroughness, that the atomic systems dealt with in this 
paper are, from the point of view of atomic weights, the 
only type which atoms can have on the basis of a purely 
electrical theory. We have indicated already some other 
considerations tending in the same direction. 

Another consequence of the adoption of these views is the 
.acceptance of the fact that all inertia is due to electric charges 
m motion. Much controversy has centred in this question, 
but, at present, the main trend of opinion is against the 
existence of any other kind of inertia. Larmor, in his theory 
of the ~ether, has adopted this view, and although attempts 
have been made to explain the results of Kaufmann on rapidly 
moving electrons by the help of/qe~tonlan inertia, it is found 
that Bucherer's work gives the most satisfactory theory of these 
experiments. This work is based on the contraction formula 
for electrons in motion, and on the supposition that all inertia 
is of the electrical type. There is no necessity to give further 
references on this point. 

he Prlmart/ Substances, or "Prot~dles." 

The simple elements, from which, or rather from the con- 
stituents of which, we propose to construct all the others, 
consist of single rings of electrons rotaling rotund small nuclei 
oE positive electricity. These nuclei are small compared with 
the electron, and furnish nearly tile whole mass of the atom. 
Tile number of these substances whose existence is declared 
is tbur ; but only three are used in the following constructions. 
This number is fixed by no other consideration than that more 
than three are not necessary : as reg:trds the fourth, more will 
be said later. Moreover, it is remarkable that if the next 
model simple atoms, in order of mathematical simplicity, are 
examined, they are found to be quite useless for all the 
elements of low atomic weight, which constitute the real 
test, and it is not possible, for example, to obtain the 
atomic weights of beryllium, boron, and carbon from any 
compound of protyles involving the next two from those 
considered in the paper. 

The first of these primary substances is an atom containing 
a single ring of two electrons rotating round a positive 
nucleus. When this paper was coinmunicated to the British 
Association, it was suggested that this element would be 
coronimn, the unknown substance (or one of them) present 
in the solar corona. Subsequent work on its spectrum, which 
at that tlme was incomplete, has justified this supposition. 
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I t  has been shown b~, G. A. Schott that a system of rotating 
electrons would rapidly lose energy unless arranged in rings. 
From the point of v,ew of the present paper, the actual 
arrangement does not require c~nsideration ; but it is to be 
noted that the atoms with which we deal can be made to 
have the necessary permanence by this simple hypothesis. 
This can be seen intuitively, in fact ;  for if n electrons are 
rotating at equal distances round the same circle, they each 
have an acceleration of the same amount towards the centre, 
and the vector stun of these accelerations is zero. This is 
Larmor's condition for the absence el radiation. 

This condition cannot be fulfilled for a single electron ; so 
that the first primary substance must have two, as we have 
supposed, if an electrically neutral atom of the simplest kind 
is to be formed. 

The second primary substance has three electrons, and a 
corresponding nucleus of a size, and with a charge therefore, 
sufficient to make the atom electrically neutral. This has 
been taken as hydrogen in the paper. 

I t  is important at this point to preclude a misunderstanding ; 
for it is not intended to state that a hydrogen atom contains 
three electrons. I t  certainly contains a very small number, 
whatever its constitution. In order to find a basis for the 
reckoning of atomic weights, we have subsequently taken 
such a unit of weight that the protyle with three electrons 
has a weight 1"008, the atomic weight of hydrogen, and the 
weights of the other elements are referred to this scale. 
Compounds are constructed with the weights usually given 
as atomic ; so that the elements, except perhaps hydrogen, 
all have the correct atomic weights relatively to one another. 
I t  remains to secure that they shall be correct relatively to 
that of hydrogen. If  hydrogen is the substance with three 
electrons, this is secured automatically; but if it is more 
complex, say equivalent to two atoms of this substance, 
all the groupings in the subsequent formulae merely require 
multiplication by two. We definitely assume that hydrogen 
is either this substance or a polymer (not quite in the chemical 
sense), but nothing more definite until further examinatiou 
has been made. But in order to work out a theory, it is 
convenient to suppose this substance to be hydrogen, with 
this reservation. 

The third primary substance contains four electrons, with 
the corresponding positive charge in the nucleus. I t  is 
identified, with mathematical justification, as nebulium--the 
source of the principal lines in the spectra of nebulae. 

The fourth substance similarly contains five electrons, and 
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is provisionally called protofluorine, mainly for lack of a 
better name. The name has been used before for a hypo- 
thetical element with an atomic weight nearly the sanle. 
No chemic~,l similarity to fluorine is necessarily denoted. 
This element appears to be present strongly in the solar 
corona*. 

The investigations of the spectra of these elements are to 
be comlnunicated to the Royal Astronomical Society, and 
will probably be published in part before this paper. 

The iYature o f "  Compounds." 

When an element is said subsequently to be a "compound " 
o~ simpler elements, the statement does not relate to a com- 
pound as ordinarily known to chemists. Something of a 
more intimate nature is indicated. On the modern view of 
chemical affinity, valency is believed to be a capacity for 
taking up or giving off a certain number of electrons, so 
that when two elements, or ions, have opposite charges, they 
may be held together in a compound. The " r e s idua l "  
attraction of two molecules may also form an effective 
compound, as in Sir J .  J .  Thomson's discussion of tho 
probable nature of chemical action I". But  in ail t ruly che- 
mical compounds, the separate atoms of the elements concerned 
must be supposed to preserve their identity, though held 
together by chemical forces, that is to say, electrical forces 
of a particular kind. 

This is illustrated from the fact that compound gases have 
a ratio of specific heats determinable from the number of 
atoms in the molecule. ~ow the radium emanation or 
niton belongs to a group of gases whose other members 
are monatomic, and this gas is capable of giving off hel ium--  
a fi~ct which is difficult to explain if it ba monatomic. The 
difficulty can be evaded by supposing that the atom of the 
gas contains all the components of the atom of helium, but 
not as a compound, in any ordinary sense, of the atom of 
helium with something else. In suitable circumstances, 
these components are excluded together as a helium atom; 
but while in the atom of niton they are more intimately 
related to the major part  of the atom. Niton could therefore 

* The strongest lines in the coronal spectrum are due to this sul~stance, 
and it is therefore perhaps advisable to interchange the names coronium 
and protofluorine ; but in this paper the names used when the paper was 
read have been retained in order fo avoid cont'usion. 

t Vide ' The Corpuscular Theory of Matter.' 
Pldl. Mag. S. 6. Vol. 22. No. 132 Dee. 1911. 3 M 
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behave as a monatomie gas, as there is every reason to suppose 
that it would if the experiment were possible. 

Many suggestions could be made as to the probable nature 
o[ a compound of this kind. For example, if an element 
consisted of a compound of nebulium and protofluorine, 
it might have all atom made u t) of two coplamlr rings of 
tbur and five electrons respectively, and two positive nuclei. 
The essential feature is that these two nuclei should not 
coalesce into one. The separate elements are there in a 
sense, but not in the chemical sense, in which the two 
elements would exist side by side as separate units, held 
together perhaps bv the transfer of an electron from one to 
the other. 

[t is needless to dwell at any length upon the question el 
energy. The knowledge that an immense amount of energy 
is liberated in radioactive transformations, and that their 
rate of progress is apparently quite independent of external 
conditions, such as temperature, which influence ordinary 
chemical action, is sufficient to indicate the difference L)e- 
tween the two types of " compound." When expressions like 
" c o m p o u n d "  and " p r o t y l e "  are used, it is on account of 
their convenience, and their limitations of meaning require 
emphasis. 

A tomb' H~ei~ht. 

The weight el an atom, alw'tys determined from its inertia, 
may be regarded as the sum of the inertias el all its positive 
and negative charges, i f  the positive charges have a much 
smaller radius, their inertia will greatly overweigh that of 
the electrons, and we may neglect tile latter for the present. 
The motions to which a nucleus is subject will always be 
slow in comparison with the velocity of light. Let a be its 
radius, and e the charge on an eleetron, i f  there are n 
electrons in a neutral atom of a primary simple substance, 
the positive charge is ~e, and the inertia will be proportional 
to nO'e~[a hy the usual fornmla for slow motions. 

]f  the positive electricity has a uniform volume density, 
1 

its volume is proportional to ~e, and therefore ~ to ~L~. 
Thus the inertia is proportional to u}. That of a eon~pound 

atom containing several nuclei associated with rings of 
electrons will be proportional to 

v n~. 

Assuming that the hydrogen atom has three electrons, the 
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relative weights of the atoms of the pr imary  substances 
are 

Coronium n = 2, n~ = 3"1748, 

Hydrogen n = 37 n~ = 6"2403, 

Nebulium n = 4, n~ = 10"079, 

Protofluorine n = 5, n ~ -= 14'620. 

I t  is usual to take tile atomic weight of oxygen as 16 ; so 
that hydvogea hits an ato,nic weight 1"008. 0 a  this scale, 
we find :--- 

Atomic weight of Coroniu'n ---- "51282, 
,, ,, Hydrogen = 1"008, 

•ebulium ---- 1"6281, 
l)rotofluorine ---- 2"3615. 

The atomic weight el coronium is approximately the value 
assigned by ~endel6ef  to a hypothetical element. Nebulium 
may be the elemeut predictecl with an atomic weight nearly 
equal to 2. 

Compound Atoms. 

He l l um .~The  terrestrial element succeeding hydrogen is 
helium, whose atomic weight, as given by the International 
Committee for the preseat year, is 3"99. 

Again neglecting the weight of the electrons, we find by 
addition that the weight of an atom consisting of one atom 
of nebulium and one of protofluorine is 3"9896 or 3"99. 

Helium can therefore be expressed as a simple type of 
compound atom. With the symbols Cn for coronlum, Nu 
for nebulium, and P f  for protofluorine, we lnay write 

He  ----- N u + P f ,  

where the equation is not to be interpreted in the chemical 
s e n s e .  

Before considering other elements, we must take account 
of the inertia of the electrons. An estimate of its magnitude 
may be obtained by the supposition that they are moving 
slowly. I t  may be shown by a consideration of the spectral 
lines that the velocity of the electrons in an atom of nebuiium 
is abou~ "004 C, where C is the velocity of light. The nature 
of the inertia-formula is such that this can be effectively 
treated as slow, in the computation of a small effect of this 
killd. 

INow the mass oE a slowly-moving electron is 6.10 -~s gram, 
and the mass of a hydrogen atom is 1"1.10-~4gram, according 

3 M 2  
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to the best estimates. The fraction of the weight of the atom 
due to its three electrons is therefore practically 1" 67.10 -:*, and 
therefore, if 1"00~ be the atomic weight, the weight of the 
corresponding nucleus is only 

(1"008)(1--'00167). 

The revised weights of the nuclei of the other simple atoms 
become therefore 

Cn = "51196, bTu = 1"6254, P f - "  2"3576. 

Adding the weights of the electrons in each case, on the 
appropriate scale "00056 for each electron, we have the 
following results : -  

Atomic weight of Coronium = "5131, 
,, ,, Hydrogen = 1"008, 
,, ,, Nebulium = 1"6277, 
,, ,, t)rotofluorine -- 2"3604, 

the alterations affecting only the third decimal place slightly. 
The atomic weight of helium now becomes 3"9881, or 

again 3"99. 
It may be shown that this value persists even if the 

electrons move so fast as to double their inertia. This would 
approximately be the case if the velocity of an electron were 
4/5 of that of light. 

We proceed to the consideration of other simple cases 
before attempting to construct a general scheme. When the 
helium group enters, it is not implied that this group is always 
intended rather than its two component groups, which may 
be differently situated in the atom. 

There is a fairly general suspicion that many of the 
elements may be composed of helium and hydrogen. This 
view receives some support from the following consi- 
derations. 

In constructing the elements, coronium is not used. This 
reduces the number of primary substances to three. Tile 
possibility of fortuitous equalities of numbers is theret)y 
greatly reduced. Coronium must be retained as a substance, 
but it does not seem to have a necessary function in the 
construction of others, being, like the possible primary sub- 
stances with six and more electrons, rather a hindrance 
when the attempt is made to construct the simpler compound 
elements (with the exception of lithium, a doubtful case) by 
its combinations vdth others. I t  is possible that it is con- 
cerned in the composition of the very rare elements, such as 
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cerimn, neodymium, and praseodymimu and their group, 
for these elements occur somewhat strongly in the sun, 
where coronium undoubtedly exists. I f  so, some light 
would be thrown on the apparent lack of places in the 
Periodic Table for these elements. The atom of coronium 
would be by no means so permanent as those of other sub- 
stances, on account of its comparatively rapid radiation. 

Argon.wThe atomic weight of argon has been determined 
with greater accuracy than those of the other inert gases, 
and the International Committee now adopts the value 39"88. 
This is exactly ten times the value we have obtained for 
helium, and we may write 

A = lOHe 

as a provisional representation. The fact that small quanti- 
ties of argon usually, occur in mineral springs which are rich 
ill hehum is somewhat suspicious, and when helium is 
formed in radioactive processes, it is not unlikely that minute 
quantities of argon should accompany it, if the constituents 
of the argon atom are the same, in greater number, as in the 
case of helium. There is some reason to believe that all the 
inert gases are products of radioactive changes, and the 
question will be considered in greater detail later. 

Beryllium.--The combination 3 P f + 2 H  would have an 
atomic weight 9"097, or 9"10, the International value for 
beryllium. 

Boron.wThe International atomic weight of boron is 
11"00. The combination 2 H e + 3 H  gives this value exactly. 

Carbon.--The value of the atomic weight of carbon is 
12"00, although the best chemical determinations indicate a 
value slightly higher. The number 12"008, where the last 
figure may be smaller, may be obtained from the compound 
2tie + 4H. 

.Nitroyen.--2He+6H gives a value 14"02. Values have 
been obtained by experiment ranging from 14"05 (Stas) to 
just. below 14"01. At present this is the scheduled value, 
but it is not regarded as certain. 

Oxygen.--3He+4H gives 15"996, or 16"00, the value 
proper to the accepted one for hydrogen. 

Fluorine.--The atonfic weight of fluorine has not been de- 
termined recently. I t  is given as 19"0, the second decimal 
being small but uncertain. The combination 3He + 7I=[ 
gives 19"020. 

dVeon.~The scheduled atomic weight of neon is 20"2, 
Watson's recent determination giving 20"21, The com- 
binat.ion 6(PfH) gives 20"21, and will be taken subsequently 
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as representing neon. Apparently the group (PtH)~ has 
considerable significance in atomic structure, according to 
the present theory. 

Sodium.- -The  atomic weight of sodium is slightly greater 
than 23, but not so great as 23"01, according to current 
chemical opinion. The value 23"005 is given by the group 
4 H e + 7 H .  

Magnes ium,~This  is an element, like beryllium, which 
cannot be composed from the helium and .hydrogen groups, 
:Its atomic weight is 24"32, a value given exactly by 
2It + 5He + Pf, 

L i t h i u m . - - W e  have considered all the known elements 
~ith atomic weights less than 25, with the exception of 
lithium, and the addition of argon. Lithium is the element 
which has presented the only difficulty, and it is possible 
that this difficulty is only apparent. Until very recently, 
the atomic weight of lithium was believed to be greater 
than 7. A recent determination with carefully prepared 
material, however, gave 6"94, at present the accepted value. 
It  is not unlikely that the actual value may be even smaller. 

The combination 3bTu + 2I-I gives 6"90, and I I e+  3H gives 
7"01, the older value. The first combination gives the best 
result, and is used later. If' it should be the ease that the 
second protyle is not hydrogen, but in a sense half of it, 
so that all groupings should be doubled, this difficulty is 
removed on addition of the two groups. At present the 
question must be left open, but there is some reason to 
believe that the latter view is correct. 

THE I~ERT GASES. 

After this preliminary sketch, we nlay proceed to a 
detailed theory of a definite group of elements in the Periodic 
System, and for this purpose we select the inert gases, in- 
eluding the radioactive emanations. They are a very i'nnda- 
mental type of matter, and the groupings which are tbund 
to be effective in representing them, from the point of view 
of atomic ~ eight, ha~'e an important place in the suggested 
constitution of tile other classes of elements. Too much 
stress must not be laid, in m.qny cases, on the particular 
arrangements selected, which are purely speculative and 
provisional, but it seems probable that they may represent 
something in the structure of the atom~ from the constant 
recurrence of those which are effective. It  may be claimed 
that they introduce a system into the Periodic Table which 
does not appear to be fortuitous, at the same time enlarging 



Theory of the Chemlc(d Elcment~. 875 

the scope of the table. In the atom, they may be regarded 
as partially isolated from the rest, though not preserving 
their identity so completely as in an ordinary chemical com- 
pound. A rearrangement typical of radioactive change may 
be capable of rejecting a group, which may appear ~s an 
a particle, i t  is possible, as "~e shall see later, to give a 
speculative theory of some of the radioactive processes on 
this basis, which, l'lowever crude and incapable of verification 
in its present form, is certainly not in opposition to any of 
the phenomena known with certainty. Its capacity for veri- 
cation is, however, in some respects very real, as will appear. 
The investigation also serves the purpose of indicating some 
lines on which valuable experiments might be made. 

As an example of this, we may cite the generally accepted 
view that all a particles are positively charged atoms of 
helium. The value of e/m for these particles is not regarded 
as certainly accurate, and serves merely to indicate that they 
are of atomic size. The belief that they are helium rests 
entirely upon the spectroscopic investigations of Ramsay amt 
others with regard to the products of disintegration of niton 
or radium emanation, and the more recent work ef t~uther- 
ford and Royds referring only to a particular case ~-. These 
experiments prove that helium is one of these products, but 
they certainly do not prove th:Jt all the a particles from the 
radium or thorium series consist of helium. There is, in 
ihct, strong reason to doubt this view, and it will be sufficient 
to mention only two facts in this connexion. 

In  the first place, not only w~ls the helium spectrum 
obtaiucd in these experiments, but three o~her lines, of wave- 
lengths 6180, 5695, and 5455 which have never been iden- 
tiffed. These results have been confirmed, and certainly 
seem to indicate a gas other than helium or any known 
terrestrial substance. The same spectrum is found for the 
gas liberated by solution of radium bromide. 

The excess of hydrogen liberated in experiments with the 
emanation has also never been explained satisfactorily, and 
there is some doubt -~'hether it is due entirely to moisture 
which has found its w~y into the apparatus. The writer 
feels compelled to express the belief that some a particles are 
not helium, but hydrogen and other 8ubstailces, more espe- 
cially nehulium, or more probably 1N'u~, another elementary 
gas, and it is very desirable that more spectroscopic work 

* A paper by Rutherford and ]doltwood (Phil. Mag. October 1911), 
which has appeared since this was written, gives much more de.finite 
proof, but it again does not show that the helium may not be a modified 
a particle in ln,qnv cases. 



876 Dr. J .  W. Nicholson on a Structural 

should be done in all possible cases. I t  seems not unlikely 
that some of the lines of the nebular and coronal spectra 
would be found, just as helium has been found. 

Some calculations which may be made from the experi- 
mental results are very significant, and one or two may be 
cited as illustrations. In the first place, though the methods 
of finding elm for the ~t rays from radium have been criti- 
cized, they have led to very concordant results. Rutherford's 
original investigation by the electric method gave e/m= 6.10 a. 
The photographic method of Des Coudres gave a value 
6"4:. 103, and this was confirmed later by Rutherford by a 
combination of the magnetic deflexion and the heating effect, 
which gave 6"5. l0  s . This agreement is remarkable, and 
certainly an indication that  the results are probably correct. 
~Now the value of e/m for a hydrogen atom with the elec- 
tronic charge, as in electrolysis, is 9"62.103 . Taking 

e/m = 6"4.10 a 

for the a particle, its mass becomes therefore 1"5 times that  
of the hydrogen atom. I f  it has a double charge, this 
becomes 3 times that of the hydrogen atom. This does not 
point to helium as the tt particle, but to the gas l~u~, which 
we may call Dinebulium, with an atomic weight 3"25. This 
may be the origin of the three spectral lines already men- 
tioned. There is evidence that the a particles from the 
emanation differ either in mass or velocity from those of 
radium. Rutherford has concluded that they have a smaller 
velocity. I t  is t:ossible, however, that they have a larger 
mass, and really consist of helium. 

One more calculation of considerable interest may be 
given. Becquerel has concluded that the amount of devi- 
ation, in a given magnetic field, is the same for the a rays 
of polonium and r,~dium. This means that the momentum 
m u  of the rays is the same. But the a rays from polonium 
are much more readily absorbed, and therefore apl arently 
m is greater for these rays. In Rutherford's treatise* a 
comparative fable of the absorptions is given. For  a single 
thin layer of aluminium foil, the ratio of decrease is, for 
polonium, "41, and for radium, "48. Afterwards polonium 
rays cease to follow the exponential law. In a si~gle thin 
layer, it cannot be very invalid to suppose the decrease pro- 
portional roughly fo the velocity, or the time which it would 
take a ray to get through. If,  then, the a ray from radinm 
is really dinebulium, that  from polonium has an atomic 

~k , :Radioactivity~' p. 162. 
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weight 3"25 x48--41 or 3"8. This is consistent with the 
theory that the polonium a rays are actually helium. 

This digression has been somewhat long, but it serves a 
useful purpose. Nebulimn and protofluorine, even if not 
primary substances from which others are built up in this 
]?articular way, are not hypothetical, as a consideration of 
spectra shows. 

We may now proceed further with the main argument. 
Of the inert gases, we have already considered helium, 
argon, and neon. 

Krypton and Xen,m.--The inert gases may be divided 
into the argon and neon groups, if the arrangement in 
double columns of the Periodic Table be adopted, that is to 
say, the arrangement which places potassium, rubidium, 
and c~esium in one subgroup, and sodium, copper, silver 
in another of the same column. In the argon subgroup, 
the sequence is argon, krypton, xenon, an unknown gas, 
and niton. The only other member of the parallel group at 
present known is neon, and it is followed by four vacant 
spaces. Sir William Rawsav has suggested ttlat the vacant 
spaces should be occupied by emanutions, possibly present 
in the atmosphere, but decmnposed during the process of 
separation. We shall endeavour to fill these spaces, guided 
m our selection of formulm by the groupings of primary atoms 
found effective for other elements. 

We consider krypton and xenon in the first place. Argen 
l:as already been classified as He10, and neon as (,Pt'H)6. i t  
is preferatJle to write 

A = 5H%, Ne = 2(Pf H)a, 

for the groups He~ and (Pf]:I)~ appear to have some 
sig~ifieance. 

Coasider now the groupings 

5{Nn4(PfII)~}, 5{H%(PfH)3} 

with an obvious relation to each other and to those of argon 
and neon. If they represent elements, the calculated atomic 
weights of these elements are respectivelv 83"08 and 130"28. 
The present International atomic weights of krypton and 
xenon are 82"9 and 130"2, which, allowing for errors of 
experiment, especially likely in the case of krypton, are in 
very close accord with these calculated numbers. Without 
further discussion, we shall consider these formulm to repre- 
sent the atoms of krypton and xenon. 

Passing now to t, be neon group~ the first vacancy occurs 
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just before copper in the Periodic Table, and tile hypo- 
thetical element has been predicted to have an atomic weight 
about equal to 63. The formula 

Xm = 2 { g % ( P f  H) , .  Nu~(P~ H)~} 

which we select, in accordance with necessary selections for 
other elements, gives an atomic weight 62"88. The unknown 
gas is called X1, and it is possible that the incomplete group- 
ings involving It%, Nu~ are a criterion of instability. The 
possibility of a decomposition of this gas into the otl;er inert 
gases with necessary stability is evident from the formula. 

Returning to the argon group, we note that the gas pre- 
ceding niton has a predicted atomic weight of about 176, by 
the usual method of the Periodic Table. This value has been 
mentioned, for example, by Sir William Ramsay. Calling 
it X~, we may try a fbrmula 

X~ = 5 { He~ (PfH)a. ~M(Pt'H)a }, 

giving the atomic weight 173"5. It contains a possibly 
unstable group, and may readily decompose into the inert 
gases of the atmosphere. 

An alternative formula is 

X2---- 2 { 2Nu,(Pf H)3 .3H%(PfI t )  ~ } 

with an afomic weight 175. The latter is preferable, but a 
real decision could only come with a knowledge of the gas. 
The second formula may illustrate a relation with nilon, and 
it notably combines the double grouping oi the neon series 
and the quintuple one o[ the argon series, besides gi~ing a 
better value for the atomic ~ eight. 

It is worth the trouble to continue these speculations 
regarding unknown g~ses, though briefly, since one of them 
is generally believed to be the emanation from actinium. 

The next vacancy in the neon group immediately precedes 
silver, and the corresponding gas should have an atomic 
weight of about 106. We suggest 

Xs=2{Hea(Pf I t ) a .  2Nu2(Pftt)a } 
o r  

X3= 2{NudPf H)3.2He~(PfH)~} 

with an atomic weight 105"6. These might be different 
elements, with the same groupings arranged differently. 
Examples of this are not unknown, and the case of m'aniuln 
and uranium X may be cited. 
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These gases contain, throughout tim series, a possibility of 
disinte~orafion into the gases of the atmosphere. 

Another vacancy precedes gold in the Table, the probable 
atomic weight concerned being 197. We suggest the gas 

X , =  2{Ue4(Pf H)~. 4Ue2(Pf H)~} 

with an atomic weight 196"76, exhibiting both the double 
and quintuple groupings of the more primary groups. 

We have passed over a vacancy on the horizontal row con- 
tainin~ a series of the metals of the rare earths. There is a 
current view that samarium (150"4), europium (152"0), aml 
gadolinium (157"3) form a triad in the last column of the 
table, like iron, nickel, and cobalt, or osmium, iridium, 
and platinmn. Terbium (159"2) then appears in the column 
with copper, silver, and gold, and should be preceded by an 
inert gas of the neon group with an atomic weight nearly 
equal to 158. If this view be accepted, the only compound 
of the usual groupings which is available is, with atomic 
weight 157"6~ 

whleh is not qnite in line with the general scheme. 
But a consideration of the table appears to indicate that 

the true value should be nearly 153~ it the successive differ- 
ences are accounted in the usual way. The position of the 
rare earths is a baffling problem, and there is certainly no 
resemblance between terbium on the band, and eel,per , 
silver, and gold on the other. In fact, the rare earths all 
resemble lanthanum, the first member of their series, in 
properties, and there is considerable justification for the 
p:oposal which has been made to extend the row to 16 
instead of 8 members at this stage of the table. Quite apart 
from the present theory, it does not seem that terbium can 
retain its place, on purely chemical grounds, in the alkali 
column. We shall suppose, therefore, that 153, the value 
naturally suggested by the Periodic Table, is the proper 
approximate atomic weight of the gas now in question. We 
suggest theref3re the formula 

X~= 2{2He2(Pftt)3.3Nu~(PfH)3} 

with an atomic weight 152"49. There are other important 
considerations in fhvour of this formula, which cannot be 
discussed at present without undue digression. They will 
be dealt with to some extent later in the paper, and more 
specially after~ards. We may, however, state that there is 
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considerable reason for the belief that this gas is the actinium 
emanation. 

"lTwr~um Emanat lon . - - I f  the thorimn emanation is derived 
from thorimn by the expulsion of two a particles, both being 
helimn atoms, the atomic weight of this emanation is about 
224"4, or very close to the value for nitou. The decimal in 
the atomic weight of thorium is not definitely settled, but it 
is evident that the atomic weights of the two emanations are 
within a few units of each other, and this fact renders it 
possible to take up a definite position with regard to them. 

If  the Periodic Table is to be accepted at all, it is evident 
that it contains no places for two inert gaseous elements so 
close together. Thorium emanation, though more unstable, 
is as much an element as niton. The suggestion may be 
made that the atomic weights of these emanations are 
ide~tical, but that they consist of the same groupings in the 
atom arranged differently, in a more stable manner in tho 
case of niton. Examples of elements with identical atomic 
weights arc familiar in radioactive transformations. The 
case must occur whenever one element is derived from 
another by the expulsion of fl particles and ~/ rays only. 
Two such emanations could break down in different ways. 

This seems to be the only possible solution of the difficulty, 
and it is a matter which could perhaps be tested by spectro- 
scopic work. For it involves the conclusion that the a 
particles from thorimn and radium are not of the same 
character, if thorium is really the active constituent in its 
preparations. 

ActiJ, ium JErnanatlon.--A probable constitution of this 
emanation has been suggested, which leads to an atomic 
weight of 152"49. It  is possible to obtain some degree of 
experimental verification of this value. Of the various 
attempts which have been made to find this atomic weight, 
that of Russ* appears to be the most satisfactory. The 
method of diffusion was used, and special precautions taken 
ag~dnst unusual behaviour of small quantities of gas. Russ 
also t~ertbrmed experiments confirmatory of the method, and 
his final conclusion was that ti:e thorium emanation is 
1"42 times as heavy as that from actinium. The thorium 
emanation, in any case, has an atomic weight of about 222, 
and this leads to a value about 155 for actinium emanation. 

This is sufficiently close to the value we have suggested, 
and decides the place of the emanation in the table. The 
atomic weight of actinium itself is therefore about 160. A 

Phil. Mug., March 1909. 
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preclse vMue cannot be given until the nature of its a radia- 
tion is established. Without entering into a discussion at 
this point, the opinion may be expressed that these a rays 
consist perhaps of Nu~, with atomic weight 3"25, which could 
easily be mistaken, except spectroscopically, for helium. 
There is some reason to believe that this gas may be respon- 
sible for the three spectral lines mentioned iu an earlier 
section. 

R~lium Emanation or Niton.--Iu discussing a probable 
constitution of niton, we shall suppose that it is derived from 
radium by the expulsion of an atom of helimn. On this 
point possible doubt has already been expressed, for reasons 
only partially indicated, though the indications given show 
that the o~ particles from radium and its products cannot all 
consist of helium. The value of the atomic weight of lead 
is another indication. The paper of Rutherford and Royds 
on the collection o~ the particles in a vessel may prove the 
matter in this special case. But if we adopt the usual view 
as a working hypothesis, the atomic weight of the emanation 
woul,l be 222"4, if the atomic weight of radium is 22,~'4 as 
determined by Mine. Curie. The nearest val,ae which can 
be obtained on the present scheme is given by 

Ra Em=2(2Nu4  (PfH)~. 3H% (PfH)3}, 

with an atomic weight 222"81. I t  can be arranged in other 
forms, one of which might be the thorium emanation, and 
is, in itself, quite consonant with the scheme, preserving the 
double and quintuple groupings. I t  still does so if arranged 
a s  

Ra Era= 2[ge  (PfH),. 4H%Nn, (Pfn),}. 
Until further evidence concerning the ~ particle is available, 
this formula, in one form or another, will be adopted. If  
the atomic weight of helium be added, the atomic weight of 
radium becomes 226"80. This is very close to the value 
given by Thorpe's experimeuts, as described in a recent 
Bakerian Lecture. The formula is well in line with the 
scheme, but it does not exhibit radium as a transformation 
product of uranium if only helium is removed in the form 
of ~ particles. 

If  this value be correct, it reduces the discrepancy between 
the atomic weight difference of radium and lead, and the 
weight of the five helium atoms supposed to be ejected in a 
final transformation from radium to lead. The atomic 
weight of lead is given as 207"1, and with the value 226"80 
for radium, the five a particles should weigh 19'70, which 
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is very nearly the value for five helium atoms. The 
ordinary value for radium gives only 19"3. But this point 
must not be dwelt upon. as it seems probable that all the 
particles are not helium, and there may be more than five. 

The results of this examination of the inert gases may be 
collected into the following table, as a representation of' the 
first column of the Periodic Table. The practical value of 
the atomic weight, when one is generally accepted, is placed 
in brackets. 

Group I, 

Helium, He=Nu +Pf, 3 99 (3"9.9) 

Argon. 5I-I% 39"8$ (g9'8~) 

Krypton, 5{Nu4(PfH).~}, 83'08 (82'9) 

Xenon, 5,[He, (efH:)a'}, 130"28 (130'2) 

Neon, 2(PfH)a , 20"21 (20"2) 

x~-- 2 { rIe~ (Pf~)~. ~ . :  (PftI), }, 62"ss 

X3----2 { H'e, (PfH)a. 2N% (PfH~.~}, 105"6 

2re Em =2{ 2H% (Pfl=f)3.3Nu 2 (PfH).~ }. 152"49 

x.~=~{ 2~,,, (~,m).,. 3rr~ U'm)., }. ~7.~ 0 

x4-=2{ He4 (PfH)~. 4He~ (PfH):,}, 196"76 

Niton, 2{2Nu, (PfH:).~. 3tt% (Pfft)a }. 222 8 

Otlter Groups of  Elements. 

After this sketch, necessarily somewhat brief, ot~ the group 
of inert gases, we may proceed to consider other groups of 
elements with chemical similarity. Only those of accepted 
atomic weights are considered, and in partienlar, all the 
elements of the rare earths are ignored, since tile), are 
nncertain both in atomic weights and positions in the table. 
If  must be stated that in many cases the suggested grouping~ 
are entirely provisional, and put forward partly to indicate 
the possibility of the process. Many considerations, atomic 
volume for example, would be necessary before anything of 
a final character could be attempted. But on the whole the 
system cannot be ~holly fbrtuitons, and the res~tlts are 
suggestive in many ways. 
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Lithium, Potassium, Rt~bidlum, Caesium.--For these 
elements the following [ormuke may be suggested : --  

Lithimn, H2Nu~= 6'90 (6"94), 
Potassium, 2{ N,,~ (t~m)~} H~Nu~t)f~ =39"08 (39q), 
Rubidium, 4{Nu~ (PfH)~} He4H3=85"44 (85"45), 
Caesium, 4{ [[% (P~H)3} { Nu4 (, PfH).~}H% = 132'81 (132"81). 

The case of lithimn has been discussed already. The 
formulm present a definite scheme o[ development with 
atomic weight increasing, and their groupings have obvious 
relations with those o[ the inert gases. The relations among 
the metals themselves are of the kind which would be ex- 
pected on the view that the elements are the representatives 
of definite positions of stability which have been reached in 
an evolution of matter from its simt~lest forms. The pro- 
perties of these stable systems may be expected to recur at 
certain intervals, for exa,nple, alkaline properties and their 
chemical associates recur with the groups just written. 
Other groups of a similar kind might be written down with 
perhaps sinfilar properties, but capable possibly of only a 
transitory existence, as in the case of radioactive products. 
The discovery of mldioaetivily has Mreadv led, as Sir William 
Ramsay pointed out in his Presidential A~d(h'css to the British 
Association at Portsmouth, to the isolation of twenty-seven 
new " elements," many of which have bean shown to possess 
definite chemical properties. The Periodic Table cannot 
take account of all unstable as well as stable elements, except 
on the view tha~ the complete table should contain many 
times the present number of elements, in which the present 
set would he but isolated units, and such that the table 
should find places for whole groups at present unknown, or 
perhaps ret)resented by a single member, as possibly, for 
examt,le; in the case of sodium or manganese. 

The real existence of a general scheme of this kind is an 
immediate deduction from the growing belief that all matter 
is to a certain extent radioactive. Campbell has detected 
the effect even in potassium, which perhaps gives a series of 
products for which the present table has no place. Radio- 
activity c'm easily be overlooked if the velocity o[ the ex- 
pelled particles is below" a certain value. It is a process o[ 
devolution of matter, and if the a particle were endowed 
wiCh considerable mass it could not be detected. A gas like 
neon may be an a particle fi'om certain kinds of matter, and 
it is probable that all the inert gases are waste products of 
this natnre, which have accumulated in the atmosphere. 
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Their absence from the solar spectrum is significant, and 
perhaps an indication that in this case the process of devolu- 
tion has not gone far. If  they are radioactive produe~s, the 
fact that their groups are so effective in the constructions 
ibr other elements has an important significance. If  'm 
atom of caesium, for example, gave off the group H%, the 
remainder might disintegrate into krypton and xenon, 
without any possible detection by experiment. 

Sodium, Copper, Silver, Gohl.~Theso metals occupy the 
other sub-group in column 2 of the table, and are not closely 
related chemically, even in respect to valency. Sodium 
presents much more similarity to the alkali metals, but is 
devoid of some of their characteristic properties--it does not, 
for example, form alums. In the alkali group, lithium 
itself is somewhat exceptional, especially as regards its 
spectrum, as Hicks* has shown recently. The formula ,',s- 
cribed to it is not quite similar ~o those of the allied metals, 
as it only contains two of the primary substances. 

Similar remarks apply to sodium in the present group. 
I t  is chemically unlike copper, silver, and gold, and it has 
been found impossible to obtain a formula quite in line with 
those of the other metals, nor conversely, to endow them 
with formnlse similar to that of sodium. It seems likely 
that sodium is the only stable representative of a whol~e 
group of elements. The formulae suggested fbr the preseu~ 
elements are : ~  

Sodium, {Nu~ (PfH)3}H~Nu2. P f I I , =  23"008 (23"0), 

Copper, 2{He~ (PfH)s}Pf2. (PfH)2 =63"57 (63"57), 

Silver, 4{Nu~ (PfH)3}2{Nu~ (PfH) ,}H%.  (PfH)~=107"89 (107"88), 

Gold, 8{I-[e~ (P~H)3} 2{ He~Nu2 (Pft-I)~}Nu2 (P~tI)2=197"3 (t97-2), 

where the formula for sodium lms a pronounced similarity 
to that of potassimn in the previous section. 

Beryllium, Calei~tm, Strontium, Barium, Radlum.--The 
spectrum of beryllium is abnormal in the same manner as 
that of lithium, and is not of the same type as those of its 
associated memt~rs of the table. This peculiarity has been 
pointed out to me by Prof. W. M. Hicks, who has not yet 
published his investigations of these series. We may expect 
to find a similar divergence in its formula, and this occurs. 

* Phil. Trans. A. 1909. 
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The suggested formulse are : -  

Beryllium, Pf3H~ or Pf  (PfH)2 = 9"10 (9"1), 
Calcium, 2{Nu2 (PfH)3}(PfII)~ Nu2=40"084 (40"09), 
Strontium, 4{Nu2 (PfH)3} {Ke~Nn2 (ef~),}~n~He.~= 87"6~ (87"63), 
Barium, 4{tie, (PfH)3}{H% (PfH)3}PfaHe~= 137"37 (137"37), 
Radium, 8 { H%N% (PfH) 3 } 2 ~ He2 (PfH) ~}tt% = 226"8 (226"4). 

Beryllium diverges very much in the same way as lithium, 
containing only two primary substances. I t  involves PfsH~ 
,n place of Nu3H~. That it should have a different valency 
from lithium may be seen. Even to protofluorine and 
nebulium themselves definite valencies can be ascribed on 
mathematical principles, but this question lies outside the 
range of the present preliminary exposition of the theory. 
The valency of an element will have no immediate relation 
to the valencies of other and simpler elements which could 
be formed by an arbitrary selection of some of its groups. 
Valency is, of course, not an idea which can be attached 
with any meaning to a group like, for example, Hes, unless 
the arrangement in this group be specified, and unless it be 
unaccompanied by other groups. Perhaps this remark is 
necessary to emphasise the distinction between compounds 
in the present sense and chemical compounds. 

The formula for radium is obtained on the supposition 
that its a particle is helium. 

~lla.qnesium, Zinc, Cadmium, ~lercury.--These metals occupy 
the other half of the column containing the calcium group, 
and possess a certain degree of similarity, especially zinc 
and cadmium. The suggested formulm are : -  

Magnesium, Null% (PfH)~---24"32 (24"32), 
Zinc, 2{tte, (PfH)3}Nu, (PfH)2----65"36 (65"37), 
Cadmium, 4{H% (PftI)3}He6Pf4 (PfH)~= 112"4:3 (112"40), 
Mercury, 8{He~ (PfH)8}2{N% (PfIt)3}H6He~ (PfH)~---200"I (200). 

The formula for magnesium is somewhat different from 
the others, but there is a corresponding chemical difference. 
Beryllium and magnesium have much in common, and th~ 
formula for beryllium may be written as Pf (PfH)2, which 
is very similar to that of magnesium. The other three 
formulae follow the usual line of development, with a corre- 
sponding gradation of chemical properties. 

!gitrogen, Phosphorus, Arsenic, Antimony, .Bismuth.~ 
Columns 4 and 5 of the table do not contain ninny elements 
whose atomic weights have been determined with sufficient 

Phil. Maq. S. 6. Vol. 22. No. 132. Dec. 1911. 3 N 
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accuracy. They are accordingly passed over in the present 
sketch, and we proceed to column 6. In this column elements 
like vanadium and niobium will not be considered. They 
are classed with nitrogen, to which they have little resem- 
blance, except perhaps in the formation of salts similar to 
the nitrates, and of oxyehlorides. But phosphorus, arsenic, 
antimony, and bismuth form a series whose properties 
change continuously from non-metallic to metallic. Nitrogen 
is also, in some respects, a starting-point of this series. The 
suggested formulae are :--- 

Nitrogen, H4. H%H2= 14"02 (14"01), 
Phosphorus, {He2 (PfH)3}He3H = 31"05 (31-04), 
Arsenic, 3{He~ (PfH)~} {Nu~ (PfHh}Pf~NuH = 74"96 (74"96), 
Antimony, 3{He4 (PfH)3}2{He~ (PfHh}Nu~g = 120"22 (I 20"2), 
Bismuth, 8{H% (PfIt)~}4{Nu~ (PfH)s}Nu_~ (PfH)2= 208"08 (208). 

The formulae for phosphorus, arsenic, and antimony have 
much in common, but that for bismuth is more relni~fiscent 
of some of the preceding metals, though at the same time 
not unlike the others of its group. The factor 3 in the inert 
gas groupings appears for the first time in arsenic and 
antimony, semi-metallic elements. It appears again in the 
next group of elements. 

Oxygen, Sulphur, Selenium, Tellurium.--Of these four 
elements of column 7 of the table, the last three form a 
pronounced chemical series. Oxygen has little real relation 
to the others, and certainly none to chromium, molybdenum, 
and tungsten, which are its actual companions in the sub- 
group. It  is probable that it ought to have a column of its 
own. But just in so far as nitrogen is, in some respects, 
allied to phosphorus, so is oxygen to sulphur. It  is very 
easy, for example, to replace oxygen by sulphur in many 
classes of organic compounds. The formula might therefore 
be expected to show some relation to the other three. The 
following may be suggested : - -  

Oxygen, {Nu~ (PfH)~}NuH = 16"00 (16'00), 
Sulphur, {It% (PfH)3}HeHe=32"06 (32"07), 
Selenium, 3{Nu4 (PfH)s}2{Nu2 (PfH)3}NuH= 79.20 (79.20), 
Tellurium, 4{He2Nu~ (PfH)3}2{He~ (PfH) 3}HeH~= 127".5 (127"5). 

There is a curious similarity between the formulm for 
selenium and arsenic, and in fact hetw~een the last two sets 
of formulm. ]n each case it is accompanied by a gradual 
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transition to the metallic state, selenium and tellurium 
having metallic varieties. 

Fluorine, Chlorine, Brondne, Iodlne.--Chlorine, bromine, 
and iodine form a well-defined chemical series, but fluorine 
is ill some respects isolated, though quite fairly in accord 
w;th the others. But it has many exceptional properties, 
such as its extraordinary affinity for silicon. Those elements 
are accompanied in the column by manganese, which cannot 
be regarded as related to them. The following may he 
suggested : -  

Fluorine, Nu (PfH)~. H~ (NuH)~= 19"02 (19"0), 
Chlorine, 2{Nu~ (P[H)3} H~ (PfI-I)~= 35"47 (35"46), 
Bromine, 4{Nu4 (PfH)3}H2P[~ (PfH)2 = 79"93 (79"92), 
Iodine, 4{He4 (PfH)3}tte4 (PfH):= 126'92 (126"92). 

In the case of fluorine, the atomic weight is not known 
to the second decimal, so that the alternative 

Fluorine, {Nu~ (PfH)~}Pf Nu~= 18"98, 

is also worthy of consideration. These are the only two 
alternatives. 

Chromium, 3fanganese, Iro~, ATickel, Cobalt.---These metals 
occupy paradoxical position~ in the table. Chromium appears 
as related to oxygen, and manganese to fluorine, while iron, 
nickel, and cobalt appear as a triad after the eighth column. 
I t  is significan~ that all appear consecutively in a row. 
Chromium is further associated, with some chemical corre- 
spondence, with molybdenum and tungsten. No analogue 
of manganese has been discovered, and it is followed only 
by vacant spaces. 

There is a considerable similarity amongst these metals, 
for example in their capacity for forming salts such as the 
bichromates, permanganates, and ferrates. Moreover, iron, 
nickel, and cobalt are the magnetic metals. These con- 
siderafions point to some factor in their constitution which 
has not occurred in the groups of elements already discussed, 
and it is note'worthy that an application of the usual groupings 
is not very successful. The best representations found are 
as follows : -  

Chromium, 4H% { He~ (PfH).~ } I-I~-- 52"00 (52"00), 
Manganese, 6He2. Pf3=54"938 (54 93), 
Iron.. 6H%. He2----55"84 (55"85), 
Nickel, 4 H e.,.{ He2 (PfH)s } HePf~ = 58" 69 (58"68), 
('obalt, 4He~{He~ (PfH)~}HHe.~--'-58"97 (58"97). 

3 N 2  
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These form a very definite system, with the peeularlty 
that the usual groupings are replaced to a great extent by 
helimn groups. When the suggested constitution of argon, 
5tte2, is considered, it is seen that they do not violate the 
usual relation to the inert gases. 

Perhaps this preponderance of helium, that is to say, of 
the positive charges of only two types which may be the 
nuclei of the helimn atom, may be responsible for the peculiar 
properties and isolated position of these elements. I t  is 
especially noteworthy that the formula for iron consists only 
of these. 

Uranium.--Perhaps ~ suggestion with respect to the re- 
lation between uranium and actinium may be made at this 
point, though it is highly speculative. If  the present atomic 
weight of uranium, recently determined carefully, be accepted 
it is in accgrdance with the constitution 

Uranium, 8 { Nu~ (PfH)a}4{ tIe,Nu~ (PfH)a} 2 {It% (PfIt)a} = 238'50, 

giving this accepted value exactly. This formula is a 
multiple of 3. Actinium is believe~t to be a branch product 
of the activity of uranlmn, and there is certainly a con- 
siderable gap between the atomic weights. An instability 
arising in an atom of uranium may in certain cases cause 
instability in a neighbouring atom, or the unstable atom may 
he projected into the stable one, so that they break up 
together. I f  this should happen three atoms or more of a 
new substance may' be formed, presuming that the result is 
not a mixture of eiements. If three atoms were formed the 
atomic weight of the substance would be ~- of that of uranium, 
or 159"00. Its constitution might be arranged as 

6{Nu, ( e m ) d ~ {  He ~ (em)~}Nu, ,  

derived directly from the formula for uranium. The escape 
of two o~ particles of constitution Iqu~ and atomic weight 
3"25 would then leave the substance already indicated as the 
probable actinium emanation. If four = particles escaped 
each might be nebulium. 

It is noteworthy that in the September number of the Philo- 
sophical Magazine Mr. G. N. Antonoff describes experiments 
which seem to indicate a branch product UrY derived in small 
quantity from uranium. This product appea,'s to give oi~ 
a rays, but not to the extent expected from the/~ radiation. 
I f  it be the parent of actinium, perhaps these a rays are not 
from UrY, but from one of its products. 

At this point it is convenient to close the presen~ paper. 
The views which have been advocated are capable in several 
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ways of experimental test, more especially in connexion with 
spectroscopic work of the kind already done by Ramsay, 
Soddy~ Rutherford, and others. They do not appear to be at 
variance with any established experimental result a here 
comparison is possible, and they may serve to suggest useful 
directions of experimental inquiry, or the outlines of an 
interpretation of radioactive changes. It may be noted that, 
according to these views, the number of electrons in an 
atom is roughly proportional to the atomic weight. The 
ratio is generally about 2"5, rather smaller than Crowther's 
estimate. 

LXXXV.  On Elect~ostrlction. Btj E. P. ADAMS, Ph.D.,  
_Professor of" Physics, _Prb~ceton L)~iversittj *. 

rl~I-IE object of the present paper is the development of 
formulm for some important cases of electrostriction, 

particularly those involving cylindrical condensers. M . P .  
Sacerdotet found the elongation per unit length of a charged 
cylindrical condenser to be 

~ k d - / '  . . . . .  (1) 

where E is Young's modulus, K the dielectric constant, and 
d the small thickness of the dielectric, and kl a constant 
involving the dependence of K upon the state of stress in 
the dielectric. This expres,Aon was obtained by the energy 
method; when applied to a finite portion of an infinitely 
long cylinder there is some doubt as to the validity of this 
method. In the present paper this and other problems are 
solved by means of the general equations of equilibrium of 
elastic solids. An entirely different result is obtained for 
the elongation of a charged cylindrical condenser, and this 
has an important bearing upon the interpretation of the 
experiments of Prof. L. T. MoreS, who concluded that the 
whole elongation he obtained could be accounted for by 
the heat developed as a result of the high dit~rence of 
potential it was necessary to employ; this conclusion is 
supported by the result of*the present investigation. 

i t  is well understood now that the system of stresses in 
dielectric media formulated by Maxwell is only approximate, 
no account being taken by him of the change in the dielectric 

* Communicated by the Author. 
"1" ~ l~eeherches Th6ori,ques sur les d~forrnations ~lectl~quea des di~Iee- 

triques solides isotropes. Paris, Theses No. 1012, 1899. 
:~ Phil. )lag. [5] h p. 198 (1900) ; [6] vi. p. 1 (1908) ; x. p. 676 (1905). 


