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A GRAPHICAL STUDY OF THE STABILITY RELATIONS OF
ATOM NUCLEI.

BY WILLIAM D. HARKINS AND S. L. MADORSKY.

SYNOPSI.S.

GraPhical Study of the Electrical Properties of Atomic Nuclei and their Relation to

Stabibty. —The properties considered are: P the number of positive electrons in
the nucleus, which is taken to be numerically equal to the atomic weight, M the
net positive charge which is equal to the atomic number, N the number of negative
electrons which is equal to (P —M), $(N/P) —zg the excess of the relative nega-
tiveness N/P over the minimum 2, and n the isotopic number which is equal to
(P —2M) and also to (N —M). The relations between each of these five quantities
and each of the others for the various atomic nuclei are shown in ten two-dimensional

plots which clearly bring out the stability relations and are of particular interest be-
cause of the limited region in each plot where atoms are found. Except in the case
of hydrogen and of the helium isotope P = 3, N/P is never less than 2 and M/P is
never greater than. ~; in fact for 85 per cent. of the atoms composing the crust of the
earth, both these ratios are equal to ~ and n is equal to zero. As the atomic number,
that is the net positive charge increases, the relative negativeness necessary to stability
increases above 2, more and more; that is, as alpha particles are added extra cement-
ing electrons are required to overcome the increasing mutual repulsion of the positive
units of the nucleus. An alpha ray transformation does not change n but increases
N/P, while a beta ray change decreases n by 2 units and also decreases N/P; we
therefore find that in each group of isotopes, the ones with larger values of N/P show

greater beta-ray and less alpha-ray instability. Stability considerations also help
explain the fact that the number of isotoPes is on the whole smaller for the lighter
atoms. The curves bring out other interesting relations. The number of isotopes
is larger for even than for odd numbered elements, especially for M ~ 3o. Also for
most atoms, M, n and P are either all even or all odd, but N is usually even. The
curve for thefrequency of occurrence of atoms as a function of n shows periodic maxima
four units apart, while as a function of M (or of N) the periodic maxima are two
units apart. These regularities make it possible to predict the existence of the more
abundant isotopes of elements whose mean atomic weights are accurately known; for
instance, in the cases of lithium and boron predictions made in x92o were later
verified by Aston and by Dempster.

[N x9rg Rutherford" suggested that the hydrogen nucleus is the posi-
tive electron, and that the explanation of the fact that the helium

atom has not quite four times the mass of the hydrogen atom, may be
due to a "packing" effect. Less than a year later, Harkins and Wilson, '
without knowing of this suggestion, published a careful study of the
atomic weight relations of the elements, and developed what has since
become known as the whole number rule, which is that pure atomic

i Rutherford, Phil. Mag. , 27, 494—5 (x9x4).
Harkins and Wilson, Proc. Nat. Acad. Sci., I, 276 (x9xs); J. Am. Chem. Soc., 37, x367-

X42X (X9XS).
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species other than hydrogen, have atomic weights which are whole num

bers, or very nearly whole numbers on the basis of oxygen as r6 or carbon
as I2. This was stated in the form of an hypothesis: that the packing
effect in the formation of helium from hydrogen amounts to about o.77
per cent. , but that the further packing which occurs in the formation of
more complex atoms is so slight as to be obscured by the errors in the
atomic weight determinations made on pure isotopes. The evidence of
the chemically determined atorriic weights of pure atomic species seems
to justify the statement that while the atomic weight of free hydrogen is
about r.oo78, the mean atomic weight of hydrogen in any complex'atom
is j..oOO&o. oOI.

Using these ideas as a basis, Harkins has developed a theory of nuclear
stability and composition which indicates, among other important rela-
tions, that the elements fall into two classes which are on the whole

essentially different in both stability and composition. These are: (r)
Elements of even number, whose atoms are in general the more stable
and the more abundant, and whose nuclei are mostly built up from

alpha particles alone or of these together with negative electrons, when-

ever the nuclear system is not too complicated —that is when the atoms
are light. Heavier atoms of this class have in general atomic weights
which are divisible by two. (2) Elements of odd atomic number, whose

atoms as a whole are less stable and less abundant, and contain in general
three (sometimes one or two) hydrogen nuclei in addition to the alpha
particles which constitute the greatest part of their composition. It
was pointed out that the magnitude of the packing effect is likely to be
different for the additional hydrogen nuclei from that found in the

alpha particle. In general the atomic weights of pure atomic species of
this class are odd numbers. The number of isotopes of elements of even

atomic number is in general considerably larger than for elements of odd

. atomic number.
The atoms may be classified in a different way as (c'I) those of low

atomic number (up to 28) which are in general by far the more abundant,
and presumably the more stable. The number of isotopes for these
elements is in general small. The atoms of elements (8) of high atomic
number (heavy atoms) are rare, and presumably less stable than those
of the light elements, but the number of isotopes (especially for the
elements of even atomic number) is much higher.

If the nuclei of atoms are built up from positive and negative electrons
as indicated by the theory, it is easily seen that the number of particles
involved is so great, for example 232 positive and ?42 negative electrons,
or 58 alpha particles, as to make the mathematical treatment of the
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stability relations extremely difficult, especially since practically nothing

is known concerning the laws of force or of the dimensions or form of the
electrons in the nucleus. It seems worth while to make a simple be-

ginning in this direction by plotting graphically the data now known

which have a bearing upon the stability of atom nuclei, making use of
such variables as seem to be related to this property.

NOTATION.

P atomic weight, or number of positive electrons.
3II atomic number, or positive charge on nucleus,

P—M, or number of negative electrons in the nucleus.
n Isotopic number.

P a positive electron.
e a negative electron.
a an alpha particle.

Pe a neutron.

VARIABLES RELATED TO ATOM NUCLEI.

Two important variables related to the properties of the atom are the
atomic weight (P) determined experimentally by chemical methods or

by the use of positive rays, and the atomic number (M), which is also

determined experimentally. This has been done by the use of the x-ray
method of Moseley, and also by the independent method of noting the
position of the element in the periodic system of Mendelejeff, which is

simply a classification of the elements according to their properties as
determined experimentally. The difference of two experimentally de-

termined numbers (iV) is also an experimentally determined number.
In an exposition of the stability relations two additional dependent
variables have been found to be of great convenience. These are the
ratio N(P, which may be designated as the relative negativeness (pre-
sumably of the nucleus), and the isotopic number (n), which specifies
the number of an isotope. The isotopic number may be defined as
equal to P —22lII, so it may also be determined experimentally.

Since the mass and positive charge of an atom seem to be always
associated, the term nucleus will be used to refer to that part of the atom
which has these properties. The five variables listed above may be
assumed to refer specifically to this part of the atom. As only two of
the variables are independent, it is obvious that all of them may be
represented on a single plane diagram, but, since in such a diagram only
two of the axes are found to be at right angles to each other, it is necessary
to use rectangular axes for each pair of variables if the relations which

' Obviously PjN may be used as the relative positiveness.
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exist are to be made sufficiently obvious. In this way ten two-dimen-
sional diagrams are obtained (Figs. x to to).

Of the five variables under discussion only one, X/P, involves the
ratio of two others. The other four give rise to six two-dimensional

plots (Nos. I, 2, 3, 8, 9, Io), each of which has the remarkable property
that on it constant values of every one of the Pve variables, including

NjP, are represented by straight Hoes Wh. ile this is obviously true of

any set of whole number variables defined as these four are, independently

of any atomic relationships, the importance of the diagrams consists

in the fact that they give a good exposition of the elementary stability
relations of complex nuclei. The characteristics of the ten two-dimen-

sional plots are listed in Table I;

TAor.E I.
Outline of the Ten Tztlo-Diznensional Plots of the Variables P, M, N, n, a1zd N!P, together upwith

Fquations representing Constant Values of the Variables.

(The ratio N/P is represented by R, and (N/'P) —o.5 by R'.)

Fig-
ure.

Inde-
pen-
dent
Vari-
ables.

R =k,
R' = k'. N =k. P=k. ~V = k.

P N=P —M P+n
2

3 M
N

4 M
R'

2M
P = ——P=M+N

1 —2R'

M(1+2R')
N= ————;— N=k

M =k P =2M+n

R'=k' n

2 (n+ 23II)

N —M, P+2MR'=- —R' =—-- M =k
2(N+M) 2P

5 P
R'

6 N
R'

R'=k'

R' = k'

2N —PR' =
2P

NR' =-—
P

P —2M

2P
R' =—

2P
N —3f, n—0.5 R'= R'=

2(N+M) 2(2N —n)

7 n
R'

M

R'=k'

4R'3II
n

1 —2R'

nR'=—
2(2N —n)

R' = --- R'=n n

2(2m+n)

1z =P —23I cV =k

n=2N —P

N
n

4R'N n=2N —P n=N —M

Note. —All of the fifty lines for constant values in the ten figures are straight except eight,
as can be seen from the equations.
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It should be noted that the position of the actinium series in these ten

plots is in accord with the relations of this series as they have been given

by Soddy; the actual relations being undetermined as yet. According

to E. Q. Adams the atomic weight of actinium is an odd number, and

that lead from actinium has„an atomic weight of 2op. This would 6t
in with the general system fully as well or even better than the scheme

proposed by Soddy. Adams' system would be represented if each sym-

bol for an element of this ser'es were to be raised by ore isotopic num-

ber, the atomic number being kept the same.

I. I, X PLOT, AND THE ISOTOPIC NUMBER.

The remarkable feature of the plot which represents the number of
negative electrons on the F axis, and the number of positive electrons
on the X axis is shown by the line with a slope of t/2 which extends to
the right from the origin. In no case is the point which represents the
position of any species of complex atoms below this line, though hy-

drogen, and Rutherford's helium isotope of mass 3 lie below it. How-
ever the forroer of these two is simple, and the latter has not been found

to exist as an atomic species. It is of extraordinary interest that 85
per cent. of all of the atoms in the surface of the earth, and 79 per cent. of
the atoms in the meteorites are repr'esented by points which lie exactly
on this line, on which the relative negativeness to positiveness of the
atom nuclei is just as r to 2, or r/2. Since the formula of any nucleus
of this type is (p&e)sr, or a/2 it has been suggested by Harkins that the
group p2e may be the most fundamental group concerned in atom build-

ing. However, since for more than 99.9 per cent. of the atoms of this
formula M is an even number, it seems that, if this group exists, it is
very unstable with respect to aggregation, and unites with itself to form

groups of the formula (p&e)2, which are alpha particles.
All of the pure atomic species which are represented by points which

lie above this line, lie on 54. lines parallel to it; whose slope is therefore
also r/2. These are lines of constant isotopic number. The isotopic
number of the line of this slope which passes through the origin is zero,
the isotopic number of ordinary uranium is 54. The space available for
these lines in the diagram is so small that only the zero line is repre-
sented. On this plot the lines of constant atomic number have a slope
of r to I, or along such lines X must increase by x if I' increases by x,
so the formul3. of isotopic nuclei differ by one or more neutrons of the
formula pe. Thus the nucleus of any atom is represented by the formula

(p~e),„(pe)„,where n is theisotopic number The chart .of the radioactive
elements shows, as is evident from the formula of the alpha particle
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Fig. 1.

Plot of the total number of negative and positive electrons in atom nuclei. Isotopes
{I' —Ã = a const. ) lie on lines (dotted when they are given) which have a slope of 45 .
Members of the helium-thorium series are represented by open circles, of the metaneon-

uranium series by circles which are inked in, the lithium series by triangles, and metachlorine

{37)by a square. Note that the elements of the helium-thorium series from helium to calcium
and the radioactive elements in any series during successive alpha disintegrations, lie on lines

which have a slope exactly equal to o.s.
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(P2e)2, that during a series of alpha disintegrations the isotopic number
remains constant. Lines of beta disintegration are lines of constant I',
along which the number of positive electrons remains constant. The
lines of constant N/P radiate from the origin. Most of the other features
of this plot are shown more plainly in some of the other diagrams.

The isotopic number is that number which must be added to twice
the atomic number to give the atomic weight, and represents the number
of neutrons in the nucleus in excess of the formula (P2e)~,. The value
of the isotopic number is given by the following equations developed

by Harkins:
n = I' —23II,

n =2N —I',
n = N —3II.

(I)
(2)
(3)

As the atomic number increases the isotopic number also increases
in general, or the ratio of N/P increases above its minimum value I/2.

2 AiXD 3. 3II, P, AND M) N PLOTS.

In the plot on which 2' is given on the I, and I' on the V axis; the
most abundant atomic species lie on a line with a slope of 2 to I, or in

such atoms the atomic weight is twice the atomic number. All other
species of complex atoms are represented by points which lie above this
line. It is obvious that the ordinates are given by the equation:

P =2M —n.

Fig. g, which gives the atomic number on the I, and the number of
nuclear negative electrons, on the Y axis, resembles Fig. 2 very much,
the difference being that the line of minimum slope has the slope I to I.
Any point on one of these diagrams is the same number of units above
the line of minimum slope on one diagram as it is on the other. This
number of units gives the isotopic number, or the number of neutrons

present in excess of the formula (pqe)~~. The great simplicity of the
relations in Figs. I to 3 is due to the fact that the minimum value of N/P
which is I/2, gives the minimum value of P as 23II, and the minimum

value of N as equal to M, since M + N = P, or (M/P) + (N/P) = I.

4, 5, AND 6. 3I, P AND N, oN THE X AZIs; N/P —0.$ oN THE YAxIs.

Figs. 4, 5, and 6 are very much alike, since the ordinates are the same
on all of the three plots. The abscissa. are different, but are very nearly

proportional to each other, since M and N are not very different, and

P is nearly twice 3f. Of the three only Fig. 4 will be discussed in detail.
In this the relative negativeness of the nuclei is given on the P, and the
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The ratio (N/P) of negative to positive electrons in atom nuclei as a function of the atomic
number (M). y = NjP —~; x = M.
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Fig. 5.

Plot showing the ratio of the number of negative to positive nuclear electrons on the

F-axis, and the number of nuclear positive electrons on the X-axLs. Atomic species of zero

isotopic number lie on the horizontal line //P = o.g, which is taken as the ~-axis of the

plot. The isotopic numbers of the other atomic species are given by the numbers of the

equilateral hyperbolas.
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Fig. 6.

Ratio (N/P) of the number of negative to positive electrons in atom nuclei as a function of
the number of negative electrons (N).
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net positiveness on the X axis. The hypothesis that the net positive
charge on the nucleus exerts a certain self rep-ulsion, and tkat this self
repulsion increases with an increase of the charge, provided the relative

negativeness of the nucleus remains constant, has been developed by
Harkins. Stebi/ityis secured as the net positiveness increases, by an in-
crease in the relative negativeness. This is obtained in nuclei built up of
alpha particles alone, by the introduction oi negative electrons (cementing
electrons), used in cementing the alpha particles together. Only cement-
ing electrons are given off in beta disintegrations of the radio-active
elements. To a smaller extent an increase in the relative negativeness

may be brought about by the addition of groups in which the ratio of
X/P is greater than z/2. Such groups are piei, psei, and pe.

Evidence that the relative negativeness (or positiveness) plays an

extremely important part in determining stability is found in the rela-

tions of the radioactive elements (lower right-hand corner of Fig. 5).
This shows plainly that if atoms of constant net posi tiveness are considered,
it is found that as the nucleus becomes more negative in the relative
sense, the instability with respect to the emission of negative electrons
increases (beta period decreases), and the instability with reference to
the emission of positively charged particles decreases (alpha period in-

creases). This indicates that even in the closely packed nucleus, un-

like charges attract, and like charges repel, or the sign of the effect is

the same as at greater distances. Nicholson and other theorists have

assumed, without any evidence for their point of view, that this is not
true. When radioactive elements of different atomic numbers are com-

pared, no such relation is found, and it is seen that there is a strong in-

dication that the cementing electrons are arranged in pairs, and the

alpha particles in groups of varying number, but averaging about four.
The isotopic lines in Fig. 4 have very nearly the form of rectangular

hyperbolas, their equation being 2y(zx + k) = k, in Fig. 6 their equa-

tion is 2y(2x —k) = k, and in Fig. 5 they are rectangular hyperbolas,

xy = k/2. In these equations k represents the isotopic number. The
stability relations may best be expressed by considering one of these
lines, for example that for isotopic number z. The most abundant
elements, aluminium, sodium, and MgP', lie near the cusp of the curve.
In either direction along the curve, as either N/P or 3I, that is as either

the relative negativeness or the net positiveness, increases, the abundance

of the atomic species decreases. Going in either direction along any
' Harkins, J. Am.

'
Chem. Soc., 42, I97I-3 (z92o).

2 Fig. 4, if it gave an enlarged diagram of the radioactive elements, would show this even

more simply, since the lines of constant atomic number are vertical, but the two plots are so

nearly alike that it seems unnecessary to duplicate this part of the figure.
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one of these lines, starting at the position of maximum stability of the
nucleus, the instability of the atoms decreases so greatly that after a
certain, not very great distance is traversed, no atom is capable of ex-

istence for any appreciable time.
It has been shown by Harkins that the nuclear properties are to a

considerable extent periodic, the periodicity being between elements
of even and odd atomic number. Figs. 4,, 5, and 6, indicate that among
the light elements (atomic numbers z to g2) the mean value of the rela-

tive negativeness is much higher for elements'of odd than for those of
even atomic number (except in the case of three transition elements,

Be, A, and Sc). Curiously enough, among the elements of higher atomic
number, the relative nega~tiveness is in general considerably higher for

the elements of even atomic number, since all of tge high peaks, and
most of the minor ones as well, represent elements of even atomic number.
In all of these three figures the lines of constant atomic weight (P) slope
more to the left than those for constant atomic number (3I), while the
lines representing a constant number of negative electrons, slope still
more to the left. This is shown by the equations given in Table I.

n, (N//I') —o.5 Pr.oT.

Fig. 7 illustrates the increase of the relative negativeness of the nuclei

as the isotopic number increases. All of the extremely abundant atomic
species, with the exception of iron and aluminium, are represented

by the por'nt N//P equal to o.5, with an isotopic number zero. The
region of highest stability has very nearly the form of a parabola,
and along any isotopic line the stability decreases on passing vertically
higher or lower. As an example the lines showing the net nuclear
charge as 92, the number of positive electrons as 238, and the number of
negative electrons as x46, which are the values for ordinary uranium, are
given. These lines indicate that for a nucleus with any of these three
properties, represented by relatively large numbers, to exist, the isotopic
number must increase to a sufFiciently high value (about 54) to cause the
value of the relative negativeness to become sufFiciently high (about
o.6rii) that the repulsion due to large net positiveness may be overcome

by the high relative negativeness.
The diagram in the lower right-hand corner of Fig. 7 indicates that

during alpha disintegrations the isotopic number remains constant,
while the relative negativeness (N//I') increases slightly. After several
changes the nucleus becomes so negative in the relative sense that
positively charged particles no longer leave it, but negative electrons
are shot off. Each beta disintegration lowers the isotopic number by
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Ratio (N/P) of the number of negative to positive electrons in atom nuclei as a function of

the isotopic number (n).
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On this plot constant values for (z) the net positive charge on the nucleus, M; (2) the
number of hydrogen nuclei or positive electrons in the nucleus, P; (3) the number of nuclear
negative electrons, ¹ (4) the isotopic number, n; and (g) the ratio N/P, are all represented by
straight lines.
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Fig. 9.

Isotopic number as a function of the number of positive electrons.
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two, and in this region decreases the relative negativeness slightly more

than two alpha disintegrations. It may seem strange that the loss of

one negative charge changes the numerical value of the ratio X/P more

than two losses of doubly charged positive particles, but the reason for

this is obvious, since the loss of an alpha particle decreases both P and X.
It is apparent that beginning with uranium, 2p beta changes would be

sufficient to bring the plot to the origin, independently of the number of

alpha changes, so this is the highest number of beta changes of this type
possible for any known atom.

8, g, AND Io. 3f, P, oR X oN THE X AxIs, n oN THE V AxIs.

Figs. 8, g, and Io represent the isotopic number on the V axis. All

of them have the property that constant values of all of the five variables

are represented by straight lines; four, P, SIC, N, and n, by sets of parallel

straight lines, and N(P by lines radiating from the origin. The heavy
lines in the radioactive region indicate the paths of the decompositions,
but in the remainder of the diagram are only intended to bring out the
position of the region of highest stability, which takes on very n(arly
the form of an hyperbola. A part of this figure has been considerably

enlarged, and is shown in Fig. II, which will serve to indicate the rela-

tions more clearly.
In figure II the lines for four of the variables, P, N, M, and n, all

meet at every corner. Each such corner corresponds to the existence of
a possible isotope, but not every corner corresponds to a condition of
stability. From the general theory already presented it is to be ex-

pected that most of the corners which are filled will represent an even

number of negative electrons. This means that when the atomic number

(M) is even, the isotopic number (n) is also even, and when the atomic
number is odd, the isotopic number is also odd. Thusin general the atomic

number, isotopic number, and number of positive electrons, all match in the

sense of oddness or evenness, that is all of these numbers are either even,
or else they are all odd. In the range of this figure, 3 out of the 3I atomic
species thus far found, do not follow this rule. The secondary relation
here revealed is that in a small fraction of the known atomic species
P and N are both odd together. Only in extremely exceptional cases
(less abundant isotopes of Li and B) is N odd, and P even.

Figure II has exactly the characteristics which it would have if across
it had been plotted the tracks of four radioactive disintegration series, and
it gives ample evidence that the light atoms from carbon to zinc as well

as the heavy atoms are built up from alpha particles of mass 4, for along
each isotopic line the atomic riumber jumps by 2 and the atomic weight
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Isotopic number (n) as a function of the number of negative electrons (N).
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(Enlarged section of Fig. 8.) Isotopic number as a function of the net nuclear charge (M)
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by 4. Only between fluorine and phosphorus do two of these series be-
come intermingled. Out of the j:4 atomic species depicted as belonging
to the Helium-. Thorium Series, only two remain undiscovered. One
of these, K4', probably does not exist in quantities large enough to be
easily discovered. The other is Ca'4. The form of such a plot is deter-
mined by the stability relations of the atoms. The figures of this paper
suggest that the light atoms, as well as the heavy ones, both build up,
and disintegrate. The ratio N/P changes much more markedly with the
isotopic number among the light than among the heavy atoms, so the
range of the isotopes in terms of the isotopic number or atomic weight,
is much less when the atomic number is low. It is of interest to note
that in Fig. zz, while the value o.55 for the value of E/P is practically
attained three times, in no place is it exceeded. While in this range
atoms with values of N/P higher than this limit may be discovered, it
is now apparent from the atomic weights and the general relations in-

volved, that no such atomic species will be at all abundant.
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Fig. 12.

Shows the periodic variation in the abundance of the atomic species of each isotopic number.

That the abundance of the atoms of any isotopic number is periodic,

is shown by Fig. z2. The abundance is greatest for isotopic number o,
and decreases gradually to a minimum in isotopic number 3, rises to a
secondary maximum in isotopic number 4, and again decreases. Thus

there is also a periodic variation of the abundance of the atoms in the

isotopic numbers, which gives a maximum with each fourth isotopic
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number. While these maxima probabl b h 1n
' '

y ecome muc ess prominent
as the atomic number increases their promine

'
thnce in e range o low

atomic numbers is strongly suggestive th t th
' d' '

a e perio cecity
'

y 4 is due to
the fact that 4 is the mass of the alpha particle.
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Approximate number (i) of isotopes per element. '

This figure plots the number of isotopes per element thu f d'e us ar iscovered, using inked-in

sym o s. For elements whose isotopes have not been ds m o s. o een etermined a rough estimate of the
ro a e num er is given. This numberr ' . '

umber is based upon the assumption that the ch i
atomic weight is entirely exact. In so fc . n so far as this assumption is not justified, the number of
isotopes predicted cannot be expected to be corre t d

'
o ee correc; an it is well known that man of the

c emical atomic weights are very much i Thin error. is is illustrated by the case
yo e

the atomic weight of whi h h b h

case o' antimony,
ic as een c anged more thani a unit by the most recent determina- .

ions. e number of isotopes in neon and silicon is lotted
in ica e that Aston's experimental determinations are indefinite, givin in each c

isotopes, with a third doubtf 1 Wh' " oou u . ile the number of isotoopes plotted for the radioactive
emen s is greater than for the preceding elements, this is onl becis is on y ecause the experimental

or eir etection is much more delicate. While Aston was able
one atomic species for sul hur th

i e ston was able to find only

p ur, t e chemical atomic weight indicates that sul hur con i
of at least two isotope& To ~liow the relations ro erls ow e re ations properly the plot should be three-dimensional,

, wi on y per cent. of the higher isotope, is given the same ratin a
db 'h bne wi a out So per cent. , which gives a false im r

k t' 'd Th din . e esignation of indium, columbium, ttrium 1

praeseodymium as con i t' f 1

, y rium, anthanum, and
onsis ing o only one isotope each, is roba 1

in most of these the oese e atomic weight is not known with sufficient accuracy as to ive a
a definite prediction. On the other hand h
with sufficient precision as to ju t f th pr d

copper are nown

isotopes. It is of course i
s i y e pre iction that each o tf these elements consists of two

is o course possible that three isotopes may exist, but the number of i
sufficiently abundant to be detected b the

is, u e number of isotopes
e ec e y t e positive ray method in its present de re

tiveness, is in general not greater than two 'or 1

esen egree of sensi-

The most im
rea er an two for elements of odd atomic number.

e most important feature of this plot is th t 't 'll

isotopes is in general much hi h f
a i i ustrates the fact ht at the number of

uc zg er or elements of even than or ele

especially for clem
f r elements of odd atomic number.

or e ements of atomic numbers greater than o. Than po. is is exactly in accord with the
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Figure z3 shows the way in which the number of isotopes per element
varies with the atomic number. It will be seen that the relations are
exhibited roost easily when separate curves are drawn for the elements of
even and of odd atomic numbers. The lines represent only the most
general form and not the details of the numerical relations.

While Aston did not find a higher isotope of sulphur, there is little
doubt of the existence of such an isotope, which would have an atomic
weight of either 34, 0r 33. Also there is little doubt that a higher isotope
of calcium (possibly 42 or 44 atomic weight) and a lower isotope of iron

(probably 54) exist. The stability relations contain specific factors of
such importance that it is impossible to tell exactly the relative abundance
of such isotopes. However it may be pointed out that Harkins predicted
the existence of the 6 and 7 isotopes of lithium, the Io and II isotopes
of boron, and the z4 and 26 isotopes of magnesium without making a
single error in the predictions, but failed to predict the existence of the
25 isotope of magnesium, for which the relations are much more specific.

UNIVERSITY OF CHICAGO,

September xa, xgzr.

predictions from the theory of the stability of atom nuclei as presented by Harkins in vari-
ous papers published in the years rgxS to xgx7. {It is of interest to note that the number of
isotopes of element 3o (zinc) has just been found to be 4 by Dempster. Thus the number
of isotopes increases exactly at the point predicted by Harkins in the year rgr S.)


