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The experimental evidence from the distribution of 
cosmic rays with magnetic latitude and from their ab¬ 
sorption in the atmosphere demands that they have some 
sort of energy distribution. Examination shows that 
passage through interstellar space would not have ap¬ 
preciably distorted an energy band in cosmic-ray particles 
which have been travelling for 5 X1012 years. Consequently, 
it seems probable that they have preserved the energy 
distribution with which they were originally emitted. A 
Maxwell distribution in energy corrected for relativity is 
applied to functions which approximate Lemaitre’s and 

Vallarta’s curves for the latitude effect and fairly good 
agreement with Compton’s observations is obtained when 
16.7 percent of the radiation has the Maxwell distribution, 
the remainder being composed of particles unaffected by 
the earth’s magnetic field. These results are applied to 
Lemaitre’s theory of the radioactive origin of the radiation. 
The distribution found has many features which suggest 
such an origin although the recent findings of Johnson and 
those of Alvarez and Compton, indicating that there are 
more positive than negative electrons in the rays, seem to 
discredit such a theory. 

TWO bodies of experimental evidence give 
information concerning the distribution of 

energy in cosmic rays: (1) distribution with 
magnetic latitude; (2) absorption in the atmos¬ 
phere and in water. Both lines of evidence indi¬ 
cate that cosmic rays as they enter the earth’s 
atmosphere have a wide spread of energy. J. 
Clay1 and A. H. Compton2 have proposed energy 
distributions which bring the observed latitude 
distribution into partially satisfactory agreement 
with Lemaitre’s and Vallarta’s curves,3 while a 
number of observers have proposed energy 
distributions to account for the observed ab¬ 
sorption of cosmic rays in the atmosphere and in 
deep lakes. The distributions postulated by Clay 
and Compton are purely ad hoc assumptions and 
their authors made no attempt to justify them. 
It is the purpose of this paper to examine more 
fully the information which may be derived from 
latitude measurements concerning the distri¬ 
bution of energy in cosmic rays. The question of 
the origin of this distribution involves a dis¬ 
cussion of what effect passage of cosmic rays 
through interstellar matter may have on any 
original distribution of energy. We propose to 
examine this question first. 

1J, Clay, Proc. Amsterdam Acad. December 17, 1932. 
2 A. H. Compton, Phys. Rev. 43, 387 (1933). 
* G. Lemaître and M. S. Vallarta, Phys. Rev. 43, 87 

(1933). 

ENERGY LOSSES THROUGH COLLISIONS WITH 

INTERSTELLAR MATTER 

Bohr4 has shown that when high velocity 
/3-rays are passed through matter of thickness t, 
the losses in energy which they suffer are distrib¬ 
uted about a mean value according to the law 

W(E)iE = {2icPt)^e-^E^PtdE, 

where W(E)dE is the probability that a /3- 
particle has lost energy between E and E+dE, 
EQ is the mean loss of energy to be expected 
from the passage and P for this particular 
problem is given by P = iréNn in which e is the 
electronic charge, N the number of atoms per 
unit volume and n the average number of 
electrons in the atoms composing the matter. 
This law is only valid when a great many col¬ 
lisions have occurred. 

If T is the time during which these particles 
moving with nearly the velocity of light have 
been coursing through space, the distance which 
they have traversed is cT. H. A. Wilson5 has 
estimated that there is one calcium atom in every 
2.3 X107 cc in interstellar space. Assuming that 
interstellar matter is all calcium, we have 
N=0.435 X10~7, n = 20, and Pt = Tce*NcnT=±.3 
Xio-^P. The energy losses E and Eo are con- 

4 N. Bohr, Phil. Mag. 30, 581 (1915). 
5 H. A. Wilson, Astrophys. J. 68, 423 (1928). 
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veniently expressed in electron-volts, so we must 
multiply them by e/300. We have then 

W(E) = (6X10 i5/r*)<r-C3xi(>8/ DCMO)
1
. 

of light, € = c<p where c is the energy of a particle.. 
Hence <p2d<p = êjâde and 

dN= (N/c*)f(e/c)e*deda>. (1) 

To make Lemaitre’s and Vallarta’s theory fit 
Compton’s observed results, there must be a 
maximum variation from the mean energy of at 
least 5X109 electron-volts. W(E) must therefore 
be appreciable when E—E0 is between 0 and 
5X109. This condition is satisfied only if T is of 
the order of 1028 seconds or 1021 years. This is 
certainly too long a time, since Jeans’ and 
Edington’s independent estimates of the age of 
the universe both give only about S X1012 years. 
With this value for Tf a density of matter 
equivalent to five calcium atoms per cc in 
interstellar space would be required to give the 
necessary range of energy. 

These considerations show that it is quite 
probable that any original distribution in energy 
which the radiation may have had has remained 
unaltered so far as passage through interstellar 
space is concerned. There may, however, be 
enough matter around the stars to produce an 
energy variation in a single band of the required 
magnitude but the scarcity of data on such 
matter and the fact that it is distributed in 
lumps throughout the universe puts this expla¬ 
nation outside the domain of a rigorous theo¬ 
retical treatment. All that can be said is that it is 
highly improbable that there is enough of it to 
form the equivalent of 100 electrons per cc 
throughout all space. 

Lemaitre and Vallarta point out that since 
Liouville’s theorem applies to the case of 
particles moving in the earth’s magnetic field,6 

the intensity at any point is proportional to the 
total solid angle at the point inside of which the 
particles can reach the earth. Let 4(«) be the 
fractional intensity of the radiation at magnetic 
latitude X expressed as a function of its energy. 
Since, when i\ = 1, « = 2TT, 

— (2) 

The resultant fractional intensity Jx of all 
energies at magnetic latitude X is then 

«X 

/(c)c2dcd!w 

(3) 

= (2TTA«) I /(6)4(*)€2<f€ 
^0 

i-(l/N)f dN=(l/c*)J J 

from (1) and (2). In general two arbitrary 
constants appear in the distribution function. 
These are determined by the usual conditions 

N=(N/c*)f f f(e)e2dedo) 
do d Q 

c*/2x= (4) 
dn 

or 

THEORY FOR ANY LAW OF DISTRIBUTION 

Let the total number of particles be N and let 
the number having components of momentum 
between px and p*+dpx, pv and py+dpyt pz and 
p»-\-dpB be 

dN=Nf(pxt py, pz)dpxdpydpg. 

Transforming to spherical coordinates and letting 
<p be the magnitude of the momentum gives 

~dN=Nf((p) (p2do)d<p, 

which represents the number of particles in a 
solid angle dot whose momenta lie between <p 
and <p-\-d(p. 

For particles moving with nearly the velocity 

and, if c is the mean energy of the radiation 

i = (l/N) fedN=(2T/c*) f /(«)«»*. (5) 

MAXWELL DISTRIBUTION 

Suppose for example that the function /(c) is 
taken to be 

which leads to a Maxwell distribution. The above 
conditions (4) and (5) give A — âW/iir and 
ê = (hz/2) fo°e~héMe = 3/h. Eq. (3) becomes for 

•See also, W. F. G. Swann, Phys. Rev. 44, 224 (1933). 
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this special case 

Jx«(*V2)f e-H*x(€)e2J€, A = 3/i. (6) 
«'o 

Vallarta's curves. The second value is that 
calculated from the functions 

By carrying out the integration of Eq. (6) and 
by using the approximate functions (7), we get 

Fair agreement with Lemaitre's and Vallarta's 
curves is obtained when we use for i\(e) the 
functions defined as follows 

*x(«) =0, 0^6^ c0 

= (A^+Bxc+Cx)/e
2, co ^ c ^ d. (7) 

= 1, C^Ci 

in which the constants A\, Bx, Cx, «o» and ci have 
the values given in Table I. 

Ix = (h*/2) fl(^xc2+5x€+Cx)^€ 
•'«o 

+ (&V2) f e~ 
«Al 

k't2de 

or 

h = (A*/2) Mxe-ft'»(to
2+2€oA+2A2) 

- (^x- l)e-»‘*(ei2+2€xA+2A2) 

+Bx<rk‘°(e«+l/h) -Bie-^ia+l/h) 

+ C\erh‘o - C\erk‘i}. (8) 

TABLE I. Values of constants. 

X Ax Bx Cx «0 €1 

0 1.222 -1.111 -0.111 1.09 5.10 
10 1.207 -0.995 -0.156 0.96 4.96 
20 1.215 -0.859 -0.089 0.80 4.10 
30 0.940 0.455 -0.870 0.75 3.82 
40 0.660 0.930 -0.630 0.50 1.50 
50 1.000 0.173 -0.093 0.23 0.54 

TABLE II. Comparison of Lemaitre- Valtar la curves with the 
approximate functions i\. 

.X 0 10 20 30 40 50 

0.238 0.10 
0.08 

0.536 0.18 1.00 
.20 1.00 

0.954 0.084 0.443 .95 
.216 .46 .95 

1.49 0.35 0.40 .56 .86 
.426 .47 .60 .85 

2.145 .68 .71 - .85 .965 
.69 .71 .79 .963 

2.92 .83 .84 .92 .99 
.83 .85 .91 .99 

3.82 .97 .975 .983 
.93 .94 .986 

4.83 .99 .995 
.99 .994 

Table II gives the intensities i\ as a function of 
the energy c in electron-volts X1010 and the 
magnetic latitude X. The first value given in 
each case was taken from Lemaitre's and 

This Eq. (8) has been solved for various values 
of c and X. If the cosmic radiation is regarded as 
consisting entirely of electrons or positrons with a 
Maxwell distribution of energy, curve I, Fig. 1 is 
obtained. In this case c was 5.17X1010 electron- 

CEOM ACNE TIC LATITUDE 

FIG. 1. Intensity distribution as a function of latitude. 
Curve I, Maxwell distribution of electrons (or positrons); 
curve II, 16.7 percent of radiation possessing Maxwell 
distribution; curve III, Compton’s experimental curve. 

volts and was chosen so that the value Jo at the 
magnetic equator agreed with Compton's ob¬ 
served value. This curve obviously does not 
agree with Compton's observations at all. 

As a matter of fact, no distribution with only 
one maximum which includes all the rays can 
give the observed results. If the reduction in 
intensity at the equator is to be made about 13 
percent, the distribution function must have a 
maximum around 4 or 5X1010 electron-volts. 
This, however, forces the curve for I\ to approach 
unity between 30 and 40 degrees magnetic 
latitude. In order to make it approach unity at 50 



706 W. G. POLLARD 

degrees, as Compton’s curve does, the distri¬ 
bution function must have a maximum around 
1010 electron-volts which forces the reduction in 
intensity at the equator to about 80 percent. 

Curve II, for which i is 1.2 X1010 electron-volts, 
represents 16.7 percent of the radiation with a 
Maxwell distribution. It passes through Comp¬ 
ton’s observed points very well and very nearly 
fits curve III which he obtained by assuming the 
energy distribution to be a discrete spectrum of 
four lines.7 The remaining 83.3 percent of the 
radiation can be regarded as consisting of either 
positive or negative electrons with an energy 
greater than 6X1010 electron-volts and of neutral 
particles (photons or neutrons) of any energy. 

The actual values obtained by solving Eq. (8) 
are given in Table III. The intensities I\ are 
given in percent of the total intensity which 
would be observed in the absence of the magnetic 
field. 

TABLE III. 

X Curve 1 
Actual 
values 

Curve II 
Jo increased to 

87.2 percent 

0 87.2 23.3 87.2 
10 88.0 26.1 87.6 
20 91.5 34.8 89.1 
30 96.5 50.3 91.7 
40 99.2 77.1 96.2 
50 99.9 95.1 99.2 

THEORIES OF THE ORIGIN OF COSMIC RAYS 

Once it is known that the cosmic radiation has 
preserved the energy distribution of its original 
emission, we have a valuable means of checking 
any theory of its origin. If such a theory offers 
anything definite as regards the energy distri¬ 
bution which would be expected in the emission 
of the particles composing the radiation, that 
distribution should conform to the one which it 
now possesses. 

The distribution which we have just proposed 
is very suggestive of Lemaitre’s theory8 that 
these rays were produced in the breakdown of 
some radioactive super-element which completely 
disappeared long ago. The 83 percent not 

7 Compton, reference 2, note 20, p. 399. 
8 G. Lemaitre, Nature 128, 704 (1931). 

affected by the earth’s field could be regarded as 
consisting of high energy disintegration electrons 
and 7-rays. The other 17 percent could be 
associated with the continuous /3-ray spectrum 
which has an energy distribution roughly ap¬ 
proximated by a Maxwell distribution in most 
known radioactive substances. 

The recent independent findings of Johnson9 

and of Alvarez and Compton10 indicating that 
the larger part of the radiation affected by the 
earth’s field consists of positive electrons seem, 
however, to discredit this theory. Nevertheless, 
one might perhaps argue that a-rays emitted 
with energies of the order of 1010 electron-volts 
would disintegrate into four neutrons and two 
positrons. The latter might then be regarded as 
forming the 17 percent affected by the earth’s 
field. 

Swann11 has proposed that the cosmic rays 
originated in stellar vortices similar to sun spots. 
Unfortunately, all that can be gathered from his 
theory about their energy distribution is that it 
would roughly follow the distribution of stellar 
intensities which has been continuously changing 
for 1012 years. As a result it would be difficult to 
obtain any very definite information from his 
theory of the sort that this analysis demands. 

Nothing much can be done in this direction 
until a more detailed theory of the origin of 
cosmic rays and more precise data on their 
present energy distribution is available. All that 
we desire to do here is to point out the appli¬ 
cability of these results to such a theory and to 
suggest a distribution of common occurrence 
which agrees with all observations so far made. 

In conclusion, I wish to thank Dr. L. M. Mott- 
Smith for the large amount of information which 
he placed at my disposal, and Marcella Pollard 
for her assistance in making the calculations 
involved in this paper. I am deeply indebted to 
Professor H. A. Wilson for the interest he has 
shown in this work and for his many valuable 
suggestions. 

9 T. H. Johnson, Phys. Rev. 43, 834 (1933); T. H. 
Johnson and E. C. Stevenson, Phys. Rev. 44, 125 (1933). 

10 Luis Alvarez and A. H. Compton, Phys. Rev. 43, 835 
(1933). 

11 W. F. G. Swann, Phys. Rev. 43, 217 (1933). 
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1. 
ABSTRACT 

A ware equation for an electron In a Coulomb field based 

on a general relativity theory is obtained by assuming that the 

Einstein tensor equations GAV-=0 depend on the form of the field 

of force and not on the nature of the physical entity producing it. 

These equations applied to the electrical field of the nucleus 

give a wave equation for an orbital electron. The equation has 

two sets of eigen-values one of which is the set of Bohr-Schrodinger 

energy levels and the other a set of much lower levels of the 

form —1.2X10 n* electron volts. These levels can be taken as 

possible rotational energies of a rigid rotator of constant radius 

5.6 x 10"'*cm, whose electric moment is practically negligible. A 

hydrogen atom with its orbital electron in one of these levels is 
* 

interpreted as a neutron. Both the cosmic radiation and the Gray 

and Tarrant hard x-radiation have suggested origins in this theory. 

The classical theory of the motion of a planet around the sun 

is essentially the same as that of an electron in a hydrogen atom. 

It is assumed that the orbit in each case is determined by Hamilton's 

principle. Sinoe both the planet and the electron move in Coulomb 

fields, the results are very much the same for both problems. Gen¬ 

eral relativity had great suceess in the case of the first problem 

in replacing Hamilton's principle by the principle that the world 

lines of a material particle are geodesics in a space-time continuum 

the metric of which is determined by a tensor equation. It would 

seem that an equal success might be expected from a similar treat¬ 

ment of the second problem. 
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But a classical treatment of the problem of an orbital 

electron in an atom would be of little value. It is neceasary 

to treat this problem from a wave mechanical standpoint. A 

possible line of approach is suggested by the fact that Schrô¬ 

dinger^ equation, although radically different from classical 

theory, is nevertheless based on classical principles. It is 

obtained either from the velocity of propagation of equiaction 

surfaces or from the Hamiltonian of the electron in operational 

form both of which are derived from Hamilton’s principle. It 

should be possible then to start out not with Hamilton's prin¬ 

ciple but with the geodesic principle. Following very much the 

same proceedure as that of Schrôdinger, a wave equation could 

then be obtained which should represent the possible states of 

an atom on the more accurate general relativity theory. 

Such a treatment would necessarily assume: (1) that the world 

lines of an orbital electron in an atom are geodesics in a space 

curved by the electrical field of the nucleus, (2) that since both 

gravitational and electrical fields are Coulombian, the same 

tensor equation GMV- 0 defines the metric, and (3) that any 

integration constant appearing in the expression for the metric 

is to be so adjusted as to make the orbit obtained from it agree 

as closely as possible with the Newtonian orbit. 

DEDUCTION OF THE METRIC 

In view of the second assumption that the same tensor 

equation defines the metric for both problems, the space-time 

curved by the electrical field of a nucleus of charge Ze 
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may te supposed to have the Schwarzschild metric 

ds^ « (1- fy'rJcMt*- (1- fy'rr'dr*— rMdô*4- sin^ed^**) (X) 

The integration constant jS must be determined on the basis of 

the third assumption. In the case of a planet moving around the 

sun it has the value /3 = 2fl^c* where f is the gravitational 

constant and M is the mass of the sun. How the transition from 

a gravitational to an electrical field can, as is well known, 

be effected by the substitution f - e*Z/mM where m is the mass of 

an electron, M the mass of the nucleus, and e the charge on an 

electron. Hence 0 for the space-time metric of the nucleus is 

(3t - 2e*Z/mc*> • The geodesic condition <fJds=-0 applied to this 

metric leads to the equation of the orbit in polar coordinates 

r,<p with u^= l/r 
e*Z . ^ef;Z * 

+ 5 mc*-u’ . __    
<j<çz. ''' ^ rtlVf’ 

where h~r*^. The corresponding Newtonian equation is 

£Ur+UL_ eg. 
dq>**+ ^ “ mh* 

Since the term is relatively very small, the value given 

to 0 makes the actual orbit very nearly the same as the Newtonian 

orbit. 

THE WAVE EQUATION 

Levi-Civita(l) has proved the following theorem of mechanical 

equivalence for a system whose Newtonian total energy is Es The 

trajectories of the Einsteinian motion coincide to a second 

approximation with those of a Newtonian motion in ordinary 

Euclidean space for which the total energy is still E and the 

force is derived from the potential(2) 

(2) 



4. 
U is the ordinary Newtonian force function (the negative of the 

potential energy V) and hence in this case is e*Z/r. It should 

be pointed out that this equivalent potential is derived for the 

static case of a nucleus continually at rest at the origin. The 

motion imparted to the nucleus by the orbital electrons is neglected. 

Although this motion is small, it would probably alter the small 

term in U* if it were possible to solve the tensor equation for 

the non-static case. The variation of mass with velocity will 

also be neglected so we may write the first integral of energy 

-IFt - E (3) 

Using the De Broglie condition uT"ïnv 831(1 v* = 2(E-vU,)/m from 

Eq. 3, we get >? = 2m(E -vUO/lu Hence the wave equation AV - 

becomes with if/ ■=. tf£e*‘tri'v^ 

AV/o + ®£E.(E+U1')lll=o 

Transforming to polar coordinates r,0,<p and letting (cosa) l?(i-) 

n iW 
where P? (cos0) = sin"©(cose), the equation determining 

R(r) is found to be 

- ° 

Let r = 

'dx* 
-v 

Then the equation for R(x) is 

?> 3ft \ \ A. 

Now U^ =. Where cx= is the fine 
v* x x he 

structure constant and the substitution E has been made. 

Prom Eq. 2 we have 

\J, \ (x . V_ 
~ " v-v me*' x X** mc*-x* 

_ _SSZJî(»C'-4H0- 
<s^f 

— >(x * N 



which gives t 

] R=° (4) 

Since this equation has an ordinary singular point at the origin, 

the series solution must he multiplied hy r? when the expansion 

of the solution is about the origin. <r is to he determined later. 

Hence try for a solution a series of the form 

R = 

so that ^ = — e~x^>’csx
<rvs + e-*^ (<r+ a) cs x*+s~' 

and — e-^CsX^^—2e"*^(<r-vs) csx'*s"' -V e-*^(<r+ s')(<r+s^ 

Substituting these values into Eq. 4, dividing hy x*e~*, and picking 

out the coefficient of x**4 in the resulting expression, we obtain 

2{Xc«<K«s-.-ï 

If this is to he a solution for all values of x, the coefficient 

of each power of x in it must vanish. Hence 

- M/UX') + 6°clZ']cs - =0 

When s=0 since c„, = 0 and c^ 0» we must have 

<S" -v =-0 

which is the indicial equation determining c. In view of the fact 

that the wave function must have no singularities, we choose the 

positive root of c. Hence 

' = ~ (5) <r =■ - 

For all other values of s, it is sufficient for a solution that 

the recurrence formula 

Uff-vs^ — 
Cs =    -   (6) 

5(2.<r-VS-X-O V 

he satisfied. 

If the series is to terminate with the kth term, we must 
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hare 

or 

« e>(<r+K) 

- me1 » o 

The two roots of this equation are 

^ __ £- (,<S-+K) ±T|(<r*tOP* &<X*Z*] 

Changing hack to energy by means of the substitution E-=--Y* the 

energy eigen-values are found to be 

c* * to-^K («r+YOr+ôoc^T' 

Since E was defined by the Newtonian first integral of energy (3), 

it obviously does not contain the rest mass energy. The total 

energy Ï-E +mc* has two possible values for each value of k and % 

corresponding to the two roots of the eigen-value equation. They 

ar® w, = mo^l - Lst* v1«fW^*8«,2*r} 

W. = mol[\ - j£?z*-i?'VK ^ 

The corresponding eigen-functions are 

To obtain the energy levels (7) in a more convenient form, 

8<x*Z* 

<rtlc in terms of the small quantity — 
Ci+if 

expand them in term3 of the small quantity Q, =• . Also expand 

Then 
kf 

r* = mca{\-^L\ tfîTôT} 
= mc^[v- 

¥* = mc*{±.-± \  } 

¥. = mc*{\-^ *••••} 

<y^-k = k— £ £—R ~ k \ % - -  

Let n — ^ k denote the radial quantum number. Then <r \k =; n- , 
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(<r -V- le )2 

w - _ me* 
* ~ eofiz* 

'* (awo* = »ti+ 1* Hence 

T3L = me* — <x*Z*mc* (8) 

THE W- ENERGY LEVELS 

The energy levels denoted by W_ in (8) may be expressed in 

the usual form by introducing the Rydberg constant R — =. 

Hence W_ = me*- hRzVn*-   The frequencies emitted 

when n undergoes a change from n* to n, n1 >n, are hv=*W! -W_ =• 

hRZ^/n*—hRZfc/n**• Thus this theory gives the Bohr-Schrodinger 

spectrum 

y » RZ*(   —N 
W n'*J 

Terms involving powers of c*Z/n higher than the second are 

omitted from the expansions (8) because, as has already been 

pointed out, the potential U, is good only to a second approx¬ 

imation and the variation of mass with velocity as well as the 

motion of the nucleus were neglected. If however the term in 

c^Z'Vri* is included, the expression for W_ is 

W_ = ♦ ^rl»(jCBr)- l]+ } 

The last term gives a fine structure which is similar in form 

but differs by a factor of about 4 from the observed magnitude 

of the effect. For example, if the frequency difference between 

the doublet lines of the Balmer constant term is denoted by AVH, 

then this theory predicts a corresponding doublet of frequency 

difference -^Avw. The triplet lines for n=-3 are on the Sommer- 

feld-Dirac theories separated by frequencies -^AV* and ^AVH while 
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1>Û 
the corresponding separations on this theory are and 

13^8 y I 
For n-=4 the four lines are separated by ~AVn* ^AVM, 

and •gAVH on the former theory and by ~AV„, ^AVH» and <|AVH on 

this theory. This discrepancy indicates that the present theory 

is not correct for second order effects such as the hydrogen 

fine structure. However, it predicts correctly effects involving 

only a first approximation so the expansions (8) are correct for 

all effects involving only the given terms. 

This error in fine structure is not surprising when it is 

considered that previous theories have based it entirely on 

the special relativity effect of the variation of mass with 

velocity which was neglected here. Work is now in progress 

on the application of this theory to Dirac’s wave equation. The 

results should give a more accurate representation of second 

order effects than a theory which like this is based on Schrodinger*s 

equation. 

THE W+ LEVELS AND THE NEUTRON. 

The other set of possible energies which we have denoted 

by W+ are much larger than the W_ set. They correspond in some 

respects to the negative energy solutions of the Dirac equation. 

By far the largest term in the series is the first, — "■^■gne>, 

which represents energies in a hydrogen atom of the order of 

—1.2n^xl09 electron volts. The interpretation of these levels 

is to be found in the wave mechanics of a two dimensional rotator. 

A particle of mass m rotating in a plane at a constant distance 

a from the origin has possible energies W*.= --n^. If it is 
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assumed that the form of the W+ levels indicates that the electron 

in a hydrogen atom, say, is behaving like a rigid rotator, then 

the two expressions for W* and may be equated. Thus 

JfhsL rf. _ Ve - 

from which with 2 =1 for hydrogen, a.-2eVmc* = 5.604 x 10“'* cm. 

This value of a is of the same order of magnitude as the 

radius of the nucleus. An electron dropping into one of these 

levels would cease to behave like an orbital electron but would be 

rigidly fixed at the boundary of the nucleus. The atom would then 

have the form of a simple particle possesing certain possible 

rotational energies. Its electric moment would be practically 

negligible. Such a particle would of course behave like a neutron. 

Several investigators have already suggested the desirability 

of obtaining an energy level in a hydrogen atom low enough to place 

an electron in the nucleus thus forming a neutron. This theory not 

only accomplishes this end but also predicts that an atom in this 

state behaves like a rigid rotating particle of constant radius. 

A further confirmation of this analysis is given by the 

behavoir of the space-time metric for the value r^=-a. With Z=1 

and £ = 2eVmcN Eq. 1 becomes 

ds* = (1- --~.)c2*dt*--(l- —^r'dr^-rMdô*-* sin^edq»*) 

This metric has a singularity for r ~2ez'/m?' which may be avoided 

by requiring that dr = 0 for this value of r. But this condition 

requires that tfhen r takes on the value Se^/mc*- no further change 

in it can occur. An electron arriving at this point moves in such 

a way that its radial coordinate does not change. Thus both the 

eigen energies of the wave equation and the singularity of the 



10 

space-time metric lead independently to the same value for the 

radius of the orbit in which the electron is "stuck** to the 

nucleus. 

The energies emitted when the system changes from one W* level 

to another are of the order of cosmic ray energies. Hence these 

levels offer a possible explanation of the origin of cosmic rays. 

The various components of the radiation could be explained by 

allowing a certain fraction of the emitted photons to split into 

electron-positron pairs the remainder being the fraction unaffected 

by the earth’s magnetic field. In any case the energy distribution 

would have the form of a discrete set of values. Pollard(3) has 

shown that passage through interstellar space has no appreciable 

effect on the energy distribution in the rays. Hence the distribution 

would remain discrete irrespective of such passage. It would be of 

great interest if some method could be devised for measuring cosmic 

ray energies directly. Such data would provide a valuable check 

on the various theories of their origin. 

The second term of W* in the expansions (8) is a fine structure 

on the larger rotational term. It would have an observable effect 

only when l but not n changes. Since the azimuthal quantum number 

4 can change only by ±1, the corresponding energy change would be 

In the following table the values of AW are given for various 

values of n. 

n = l, 1* 1-^0, AW = me*” 

n-2, K* 2-*l, AW* = -|>mc*- 

me 

% î l-*0, AW^ * 2mc* 

n —3, SLî 3-*2t AW* ~ ^mc* 
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\ ; 2-*l, AW^= l-mc2- 

Si : 1-^0, Afj ~ 3mc^ 

In observations on the scattering of hard x-rays by heavy- 

atoms, Gray and Tarrant(4) observed that the scattered component 

contained besides the normal Compton scattering, two fairly 

monochromatic components with energies about equal to me2, and 2mc^. 

The intensity of the first component was greater than that of 

the second. It is possible that these two components are the 

result of an absorption of the x-ray by nuclei in states for which 

n is 1 and 2 respectively. It could be supposed that this 

absorption raises $ from 0 to 1 and that the scattered ray is 

the result of a reemission in which $ changes back to zero. The 

state for n = l being more probable than that for n—2, this 

explanation would give the proper intensity relation. If this 

analysis is correct, other components with energies ^mc^} etc 

should be observed though perhaps with much weaker intensity. 

If they are it will be an interesting confirmation of this theory. 

In conclusion, I wish to thank Professor H. A. Wilson for 

suggesting this method of approaching the problem. His interest 

in the work and his many valuable suggestions have been a 

considerable help in executing it. 

(1) See for example T. Levi-Civita, The Absolute Diffecential 

Calculus. English edition, p. 394. 

(2) A simple alteration has been made to express for any mass m. 

(3) W. G. Pollard, Phys. Rev., 44, 703, 1933. 

(4) Gray and Tarrant, Proc. Roy. Soc., A136, 662, 1932. 


