452

neglect the opportunities that practice yields for ac-
curate, original investigation or for the deliberate,
logical reflection that helps to expand the confines of
knowledge. Moreover, minute aceretions to the store
of knowledge are not to be despised; indeed, were it
not for the continuous ecollection of such small in-
crements fewer of the so-called great discoveries
would be made, since for the most part great discov-
eries are nothing but the summits of structures com-
posed of a mass of minor investigative results.

Men who continuously insist upon the eross-ex-
amination of the evidences of their senses, men who,
when they observe an object or an event, try to con-
sider also all the conditions in which that objeet or
event is situated, men who examine into the varia-
tions, the concurrences, the sequences and the mutual
relations of phenomena, men who are cautious not to
insert their own beliefs and expectations and wishes
into their observations, men who are so distrustful
of their memories that they record accurately what
they observe at the time and place of observation,
men who are not satisfied merely with thinking of
explanations but insist upon testing them in order
to see whether or not they are true, are the men who
discover new things, who detect errors in conceptions
that are supposed to be well founded, and who, in
general, do most to contribute to the advance of our
knowledge of health and disease.

The growth of knowledge has often been compared
to that of an avalanche; its magnitude and its velocity
must steadily increase. Every single advance pre-
pares the way for a whole series of other advances.
Every new method devised makes it easier to invent
still other modes of extending observation. The phy-
sician who died in 1900, could he come to life again,
would be astonished and perhaps confused by the
medicine of 1925; if any one of us were to stop his
medical work to-day and were to try to resume it ten
years from now he would doubtless find himself
almost as disoriented in special medical fields as is
a patient in his general surroundings when he suf-
fers from Korsakoff’s psychosis!

You who are members of this Undergraduate
Medical Association enter upon your medical activi-
ties at the most favorable period the world has ever
known for the enlargement of medical knowledge and
for the advancement of human welfare. Just what
part each of you who will graduate here (from an
institution made famous by Cope, Leidy and a long
series of original investigators) will play in this en-
largement and this advancement remains to be seen.
There will be many difficulties in the way; for an
exaggerated account of them consult the recent clever
novel “Arrowsmith” by Sinclair Lewis. But difficulties
are only additional spurs to determined men. Some
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of you will have better brains than others but each
of us has to do the best he can with the brain that
he possesses. Some of you will be able to command
more leisure for scientifie studies than will others, but
again every one can secure some leisure for scientific
work if he will make his life orderly. Some of you
may be privileged to work in institutes devoted en-
tirely to original research; some of you will find it
advantageous to combine research with teaching; the
majority, perhaps, will engage in medieal practice
of one sort or another and will there find the special
opportunities for certain kinds of scientific work that
can not be found apart from such practice. No mat-
ter where your lot may be cast the main thing is that
you utilize every opportunity that comes to you to
observe accurately, to record carefully, to imagine
vividly, to reason logically, to experiment cautiously
and to test rigidly the validity of the explanatory
ideas that occur to you. For these are not only
pleasures that you may enjoy; they are also obliga-
tions and responsibilities that fall upon you as medi-
cal men. May I extend to each and every one of
you my very best wishes for happiness, success and
duty fulfilment in your work during the coming years.
Lewernys F. BARKER
THE JoHNS HOPKINS UNIVERSITY

THE TREND OF THOUGHT IN
PHYSICS. II

STATIONARY STATES AND THE LAwS DESCRIBING
ELecTrONIC MoOTION

ApaRT from the nature of emission of quanta dur-
ing the transitions between the stationary states,
there yet remains the problem of accounting for the
stationary states themselves. Now the mind is con-
tent that the electron should not be allowed to move
in any manner it pleases. It is content to have an
equation of motion of the Newtonian form, for ex-
ample, a simplification of the force equation of elec-
trodynamics, for this case; but, having become ac-
customed to this, it resents any further conditions of
constraint upon the motion, such as are involved in
the Wilson-Sommerfeld conditions that the quan-
tities { pdgq shall be integral multiples of kh, where
the p’s and ¢’s are suitably chosen momenta and
coordinates.

Now the question arises as to what attitude of
mind it is necessary for us to get into in order that
the existence of stationary states shall seem reason-
able to us in terms of the criteria for reasonableness
to which we adapt ourselves. This may well be con-
sidered as part of the whole question of the deserip-
tion of motion.

Suppose we return for a moment to the cireuital
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relations of electrodynamics with the ¢ and ou terms
absent, i.e., suppose we return to the equations for
free space. The electron, in this scheme of relations,
is the place where E and H cease to be analytic fune-
tions of #, y, # and t—ecrudely speaking—the places
where E and H become infinite.

Now it is easy to see that if the values of E and H
be assigned at all parts of space at any one instant,
the equations determine their values everywhere for
all time, and with these values the motions of the
singularities themselves. No law other than the cir-
cuital relations is necessary to determine the com-
plete subsequent history of the system, once the
initial conditions have been stated. This point was
emphasized by Sir Joseph Larmor many years ago.
However, corresponding to any motion we like to
assign to a singularity, we can always determine fields
E and H to correspond. But the equations are
linear so that the addition of two such solutions
results in a field which is itself a solution. In other
words, as far as these equations are concerned, there
is no mutual influence between the electrons. An
initial assignment of the fields will control the mo-
tions of the singularities for all time, and so their
mutual relations; but there is nothing in the equa-
tions themselves to prohibit any motion whatever.
In fact, the scheme is too wide for our universe. The
real function of such an equation as the force equa-
tion of electrodynamies is to restrict matters so that,
of all the fields which might be possible with a suffi-
ciently arbitrary choice of initial conditions, only
those to be found in our universe are the subjects of
discussion. In this sense, the forece equation and
even the law of gravitation constitute what, many
years agol® I termed subsidiary laws, <.e., laws which
would be unnecessary, and indeed superfluous if we
knew the initial conditions, but which serve to fill
the gap caused by our ignorance of those conditions,
by restricting the cases we are to regard as possible
to those which could have evolved out of the actual
initial conditions inherent in our pniverse.

Now it is possible to utilize this prineiple of adding
additional conditions to still further restrict the
atomic orbits beyond the restrictions implied in the
laws of classical dynamies. To be explicit, suppose
that, confining ourselves for the time being to eir-
cular orbits, we write down the ordinary equations
of classical dynamies, and work out the radius, a, of
the orbit in terms of the angular momentum p, for an
electron of mass m revolving about a nucleus of
charge E. It is easy to show that

2
a= "f;E (13)

10 Phil. Mag., S-6, Vol. 23, pp. 86-94, 1912.
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Now suppose that I should write down some differen-
tial equation other than that of classical dynamies,
and solve for the relation between the radius of the
orbit and the quantity p which appeared as the angu-
lar momentum in the classical theory. I should obtain

a=f (p) (14)

where f (p) is different from the right-hand side of
(13), so that, in general, equations (13) and (14)
would not be consistent. There might be ecertain
values of p for which they were consistent, however,
and if we take the classical law plus this new law
as the expression of the laws of motion, they will
together restrict the motion to these orbits. Thus
suppose we consider the equation

( _.E’f;xp_j_j:.) . .<p-§f§>=o (15)

expand the left-hand side and, having picked out the
term in the first power of p, equate p to the remainder
of the expression, or rather its negative, say @ (p),
to which this equation makes p equal.
Suppose now we take as our dynamical laws the
classical dynamical laws, whose solution is expressed in
pz
" meE

and the additional equation
OO
meE
These equations will only be consistent for the values
of p given by

a

(16)

h 2h nh
PE% o’ " " " m
which make p equal to @ (p).

Thus if classical dynamies and equation (16)
(which is itself a differential equation) be taken to-
gether as constituting the laws of dynamies, they
will, for eircular orbits, restrict the motion to the
various orbits corresponding to the angular momenta

b 2h nh
%75; « o . o
2n2p

By taking ¢ (p)=p+ 4 sin

h
where A is a constant, we obtain an expression which

h
gives @ (p) =p for ng_n where » has all values up

to infinity. Of course, in a sense, the equations
f pdg=nh provided by the Wilson-Sommerfeld.
theory constitute supplementary conditions analogous
to equation (16), but the advantage of the latter is
that it is in the form of a differential equation. It
will of course be understood that the foregoing is
only intended as a brief sketch illustrating the gen-
eral idea of the process. It is a process in which
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the mind has to accustom itself to accept as funda-
mental a more restricting relation between the fune-
tion of the position of the electron and the various
time derivatives of its motion than ecan be expressed
in a single vectorial differential equation. It must
remain incomplete as does the restriction involving

pdq until formulated in such a way as to permit
of the departure from one stationary state and the
entry into another as determined by those phenomena,
emission of unifrequentic radiation, emission of
quanta, ete., which we associate with the transition.

TraE DESCRIPTION OF MOTION IN THE CASE OF
NoN-LiNear EQUATIONS

An interesting situation would have arisen had the
circuital relations of electromagnetic theory been non-
linear. It would then have been impossible to have
added two solutions and obtained as a result a field
which was itself a solution. The story of two moving
singularities would have to be sought as a solution
of the field equations of such a nature that it con-
tained two singularities, and even the most general
solution would not permit of any motions we chose
to assign. The field equations themselves would have
a power to restrict the motion of one singularity in
relation to another, a power which is denied to the
electromagnetic field equations on account of their
linearity, a linearity which thus gives mathematical
simplicity at the expense of content, and necessitates
the addition of a force equation to make up for the
deficiency.

In a sense, the determination of the interactions
between electrons by regarding them as singularities
in the solution of non-linear equations is philosophi-
cally very satisfying. The process consists in setting
up differential equations in which the quantities
talked about are singularities of the solutions, and
then seeking a one-one correspondence between these
singularities and the observable entities of nature.
The whole story is told in one set of equations. The
reason for the existence of stationary states of quan-
tum theory would then find itself in the fact that
there would be no solutions of the equations corre-
sponding to motions of the singularities other than
the motions desired. The transition to classical theory
would find its way by virtue of the ordinary force
equation of electrodynamics being a close approxima-
tion to the law of the singularities for the cases where
it was applieable. Tempting as the possibilities seem
from the philosophical standpoint, it would appear
that the mathematical difficulties incidental to hand-
ling the situation would be very great. However,
these difficulties are apt to demand our attention
whether we like it or not. Our natural inclination
is to deseribe the relative motions of particles by
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force equations, or at any rate by attempting to
write a differential equation which describes the mo-
tion of one particle considered as a thing by itself
in the field of the others. If, however, the nature
of the complete theory is such that the particles form
singularities in a set of non-linear equations, it is
necessary to ascertain whether any additional law
which may be imposed is consistent with the restrie-
tions on the motion imposed by this condition.

I place some emphasis on this matter because it
appears to be very pertinent in connection with the
deseription of motion as given by Einstein’s General
Theory of Relativity. Much as I should like to speak
at some length of this great revolution of our method
of looking upon nature which has engaged so much
of our attention during recent years, it is of course
impossible adequately to deal with it in the few min-
utes I ecan devote to it. If, however, you will pardon
the use of statements in a somewhat elastic form, I
should like to sketch a few of the elements involved
particularly in relation to the point I am discussing
at present, the modes which we adopt for the deserip-
tion of motion.

GENERAL RELATIVITY AND THE DEscripTioN or Mo-
TION ; THE GGENERAL INVARIANCE OF Laws

The mind has decided that it likes the idea of a
body moving in a straight line with constant velocity,
and it would like to see everything going in that way.
The sense in which we use the term straight line is
that of a linear relation between the coordinates of
space and time.

We can avoid the twofold ideas—straight line, con-
stant velocity, by saying that we should like the body
to move so that f ds is a minimum, i.e., 0 J‘ ds=0
where!'!

11T have avoided the introduction of the velocity of
light, ¢, in the line element at this stage owing to a
preference for having it make its first appearance as a
constant in the expression for the line element which has
to be chosen in order to obtain a law of motion ap-
proximating to the Newtonian law and with g’s satis-
fying Guv=0. In this capacity ¢ serves to determine a
limiting velocity for planetary motion, and the choice
of ¢ necessary to explain the anomalies in the perihelion
motion of Mercury is consistent with its being equal to
the velocity of light. The nature of the ocecurrence of
¢ in the line element is such that far removed from
matter we have ds? = da2? + dy? +dz? - c2dt2. It is now
a matter of mere algebra to show that this expression is
invariant under the Lorentzian transformation, although
it must be remarked that this does not imply the re-
stricted theory of relativity in its entirety as a necessary
consequence, for there is nothing to show that observers
moving relatively to each other with constant rectilinear
velocity will automatically adopt the relation of measures
given by the Lorentzian transformation.
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ds? = da? + dy? + de? + di? (17)
Now if we imagine any arbitrary point transforma-
tion of eoordinates,

=1, (2,91,2,,81)s Y =Fo (20,9128, )s
2= fs (xyyvzytl); t= f4 (x1)y1:z1;t1)
the most general value assumed by ds is
dst=g,, dz,®+g,, dzx,dy, + . . .

where the g’s are functions of the new coordinates.

A path which was a straight line in the old set of
coordinates will not be a straight line in the new set,
although both paths would he recognized in their
respective coordinates as the paths which made f sp
a minimum. The question then arises as to whether
any arbitrary motion which might be assigned could
be described as a straight line with constant velocity
in some other system of coordinates. The answer to
the question is No. In spite of the infinite number
of different kinds of motion deseribable in this way,
all can not be so described. There is something
peculiar about all the g’s which have come from the
gs1,1,1, 1, of (17) by transformation. That some-
thing ean be expressed in necessary and sufficient
form as a set of differential equations for the g¢’s
with the coordinates as variables. This set of differ-
ential equations has in it nothing to indicate what
particular set of coordinates is used. If the answer
to our question of whether all paths could be reduced
to rectilinear constant velocity paths by suitable
transformation had been Yes, the whole law of
motion under any circumstances whatever could have
been expressed in astonishingly elegant form in the
statement that

A particle moves so that, with zero variations at
the limits,

1

d f (9, d2+gy,dmdy, . . . )2=0
where the ¢’s are solutions of the set of differential
equations to which I have referred, particular solu-
tions depending on the coordinates used, each solu-
tion being determined in its own set of coordinates
by specification of the appropriate initial conditions.
The general law would not involve the specification
of any particular set of coordinates, and would there-
fore be of a form to satisfy the wish, which many
people feel, to be able to express nature’s laws in a
form invariant under any transformation of co-
ordinates. If, as I have said to be the case, such a
law is not wide enough to cover the circumstances
of nature, what then? Well, it may be that the laws
of nature are expressed under

] f (91, B2 2+ g, A dy, + .« .

19

)E =0

where the g’s are solutions of some set of differential

SCIENCE

455

equations other than those which I referred to, a set
of differential equations which is satisfied when ' the
other set is satisfied, since the cases comprised under
that heading must constitute a special case. The law
in this widened form will still be the same in all
systems of coordinates. - Now what Einstein did was
to suggest an appropriate differential equation for
the ¢’s such that the law

1
b f (9, d2*+ gy, dedy, . . . )2 =0

with the g¢’s solutions of that set of equations, com-
prised the motions of astronomy, the understanding
being that matter was to be regarded as existing at
the places where the equations for the g’s possessed
singularities. All garnishing of this question by dis-
cussions of non-euclidean geometry of space is un-
necessary for the statement of the law, and consti-
tutes an elaboration clarifying to some minds and eon-
fusing to others, because the said others have formed
about ordinary geometry intuitions which are stronger
than they had any right to form. For here, as in
many cases, the secret of understanding a subject
which is abstract is a more clear realization of the
fact that we ought not to have thought we under-
stood the part which we regarded as non-abstract.

Now the main reason why I have dragged in this
diseussion of the Einstein theory is this. The motion
of the particle has been described by the geodesic
law, and the problem of the motion of one particle
about another particle, regarded as fixed, was of
course solved by Einstein. The ¢’s which oceur in
that caleulation are the ¢’s as caleulated for the fixed
particle alone, and indeed the process of finding them
was to find a solution of the differential equations
which was symmetrical about the point which the par-
ticle was to oceupy. Now, in electromagnetic theory,
the linearity of the equations makes it possible to
define what we mean by the field of one electron as
distinet from that of another. But, the equations
of the Einstein theory are non-linear, and this ecir-
cumstance renders such a definition impracticable.
We might still impart definiteness of statement into
the geodesic law were we to say that the particle B
moves in a geodesic in the field which the particle
4 would produce if alone in space. The non-linear-
ity of the equations will not let us escape from the
difficulty so easily, however, for, as I have already
remarked, that very non-linearity itself insures a re-
lation between the motions of the singularities from
the mere fact that they are singularities in a solution
of non-linear equations. Neither can we avoid the
difficulty by diminishing very greatly the strength
of the singularity whose motion we are discussing,
with the idea of thereby diminishing its contribu-
tion to the g’s; for, the definiteness with which the
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motion of a singularity is determined by the non-
linearity of the equations does not necessarily diminish
with the strength of the singularity. The question
then remains as to whether the law of the geodesic
is less stringent, more stringent or the analytical
equivalent of the law imposed by the non-linearity.
Until this matter is cleared up, there is a danger that
the law of the geodesic may say too much,

At first sight, it may appear that the difficulty may
be avoided by that line of attack in which the theory
is thrown into a form in which the Matter-Energy
Tensor is used to define the presence of a matter,
and a set of equations of motion are apparently built
up without the use of the geodesic law, to which, how-
ever, an attempt is made to show them equivalent in
a special case. A careful examination of the pro-
cedure will, I think, revesl however that, in the case
of the motion of a body for example, the quantity
which figures in the theory as a velocity is not neces-
sarily the space-time velocity of the region of dis-
continuity between what is defined as matter and what
is defined as empty space, and it remains as an addi-
tional postulate that solutions of the equations which
Einstein uses for his ¢’s can be found for which
the two are consistent.

The sort of difficulty here discussed must arise in
any scheme in which matter is defined as present at
points where there exist singularities of solutions of
non-linear systems of differential equations, and in
which an attempt is made to deseribe the motion
other than through the laws which the differential
equations themselves impose on that motion.

A good deal might be said as to the causes which
have been responsible for the desire to express na-
ture’s laws in a form invariant under any transforma-
tion of coordinates, and for this I have no time. I
should like, however, to make one remark on the
meaning of the invariance of physical laws. For
simplicity, let me for the moment econfine my remarks
to invariance in the sense of the restricted theory of
relativity.

Suppose that we modify the equations of the New-
tonian theory into a form consistent with ‘the re-
stricted theory, as in fact Poincaré did. Of course
they will differ but very slightly from the Newtonian
equations. Suppose the planets actually follow such
a law. A particular solution of the equations will
still correspond to one body, say the sun, with all
the other planets moving in exact circles around it,
apart, of course, from the mutual influence of the
planets. Suppose I then made careful measurements
and actually give % and r as functions of . The

former would of ecourse be proportional to ¢ and the
latter would be a constant, its magnitude being de-
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. A
termined by the constant value of % Suppose, now,

I assert that the equations I have written down rep-
resent a law of nature since they are true for every
planet I observe. Will my law be invariant under
the transformation of the restricted theory? Cer-
tainly not. Is it inconsistent with the restricted
theory? Certainly not. In faet, we started out with
the supposition that the law I had found experimen-
tally satisfies equations of motion consistent with the
restrieted theory, although I was not supposed to
know that. Then here is a dilemma. The thing is
true because I observed it. It is even a solution of
equations consistent with relativity, but I must not
call it a law because it itself is not invariant under
the restricted theory. When is a thing which is law
to be called a law and when is it not to be called
a law?

If T should take my results concerning the planets’
motions to a relativist he will say: “No, that is not
the law; you have said too mueh. You have given
an integration of the differential equations which
express the law, and that contains much that is pecu-
liar to your coordinates. The thing is not as invariant
as all that.”” T shall ask him how much less I am
supposed to say before he will permit my statement
to pass as a law. He will show me those differential
equations of the second order which, as we stated at
the beginning, were supposed to be invariant, and
of which my empirically found result constituted a
solution. The relativist will say: “Now these differ-
ential equations say less than you have said, because,
on integrating them there will be certain arbitrary
constants which the equations themselves will not de-
termine. These constants will be different for differ-
ent systems of coordinates, so that what you will write
down as the solution of these equations for that par-
ticular set of planetary motions which you have de-
seribed will not appear the same in other sets of
coordinates. Of course the most general solution of
these equations, with the constants left arbitrary, will
be of the same form in all systems of coordinates.”
Since, in order to say something which is invariant,
I have been condemned to speak in differential equa-
tions of order no lower than the second, I now begin
to wonder why I have been allowed even that amount
of liberty. For I might have said less still by speak-
ing in equations of higher order, since, in solving
these equations it would have been necessary to spe-
cify more constants in order to make my solution
definite. 'With equations of very high order, it would
be necessary to add almost the whole story by the
insertion of the various constants (and, in the case
of partial differential equations, arbitrary functions),
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necessary to proceed from the differential equations
to the solution.

Thus, if any one should ask me to state the general
spirit of the statement of the general theory of rela-
tivity, I do not think that I should say that it im-
plies that the laws of nature are invariant under
any transformation of coordinates, for that is not
fair to statements of truths which would appear to
have every right to be called laws, but would not be
invariant. I should feel inclined to say that the
spirit of the principle is that it is possible to say
something in a form invariant under any transforma-
tion of coordinates, even though, in the limit, when
the equations are of very high order, that something
might amount to nothing. An important feature of
Einstein’s theory is that it speaks in terms of equa-
tions of only the second order.

Apart from its relativistic bearing, the most revolu-
tionary aspect of Einstein’s gravitational theory is
its substitution in place of force acting in opposition
to kinetic reaction as a starting point in our think-
ing, the properties of a mathematical curve as a more
fit thing in which to find a representation of nature’s
laws. It is not a question of one method being right
and the other wrong, but a clear realization that
neither has any claim to ultimate fundamentality
other than that which its simplicity implies. A very
crude analogy will serve to illustrate the nature of
the situation.

E

A

Suppose that the figure represents a crater with
a house H in the middle, and that a traveler sets out
to go from A to E by the shortest path. He will
not mnecessarily pursue the path ABHDE leading
down to the bottom of the crater, and through the
house, because that may be too long. Nor will he
necessarily go by the path ABGDE, because that
may- be too long. By taking some such course as
ABFDE crossing the crater part of the way down, it
is possible that he will find a path shorter than any
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other, and this is the path he will take. Suppose now
that while this is true, we know nothing about it, and
that we find ourselves seated high up in an airplane
watching the spectacle. Of course I shall not see
the crater as such, everything will appear flat. I
shall see the traveler going from A to E, and shall
wonder why he does not go straight across and
through the house. If I have been taught in my
youth that a body moves in a straight line unless a
force acts on it I shall conclude that the house repels
him. Having come to this interesting conclusion, I
shall ponder over the reason why the house repels
him. Possibly I shall receive a sudden inspiration
which will lead me to believe that the house contains
a man, who is provided with a hose which he plays
on the traveler, compelling him to keep away from his
property. I may be able to describe the traveler’s
path very accurately in terms of the hose. Now if
you are philosophically inclined, you may doubt the
reality of this explanation, and ask me whether I
am certain that there really is a hose in that house.
Of course, if you press me hard enough, I shall find
difficulty in proving that there is. If you worry me
enough, however, I ghall get very angry with you
and call you an impracticable philosopher; but, feel-
ing the need of saying something to your arguments,
I may finally talk to you in this way: “I care not
whether there is or is not a hose in that house. So
long as by picturing one there, and expressing the
traveler’s motion in terms of its influence I can pre-
diet results which are true, I am on perfectly firm
ground. I am responsible to no man for how I think
so long as my econclusions are correct.” Having
said this, I shall feel that I have justified my atti-
tude, and confounded you completely. I shall begin
to feel a bit of a philosopher myself; but I shall con-
tinue to enjoy secretly the picture of this hose and
the various details of its action. I shall think all
sorts of things about it which I shall never dare to tell
you lest you should laugh at me. I shall wonder what
the density of the liquid composing the hose stream
may be, what its boiling point may be, and so forth,
and I shall thank heaven that I am not like you who
have no hose to aid you; for I shall wonder how
your mind can think at all unless it has something
to think about. Now suppose that while I am doing
all this you should bring me some observations which
show that the motion of the traveler was not exactly
what we thought it was. The difference might be
very slight, but it might be of such a nature as to
upset completely, the simplicity of the action which
I had imagined as going on by virtue of the hose.
Of course, I shall first cling to the hose, but shall
modify it slightly. I shall say “Naturally this is no
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ordinary kind of a hose. Possibly it does not push
entirely in the direction in which the stream of liquid
travels,” but I shall have to face the situation that
while the disecrepancies may be small in amount they
may be large in principle, and involve such radical
alterations in my notions of the mechanism of the
process that the hose which I shall have to pieture
will be radically different from any hose which I have
ever seen. I shall go on in this way, modifying and
adjusting the hose, making it more and more difficult
to understand; and, forgetting that the original jus-
tification for its introduction was its apparent power
to explain what was observed in terms of something
which I thought I knew all about, I shall soon be in
the position of expending 99 per cent. of my inge-
nuity in trying to understand the hose, leaving only
one per cent. for the law of the traveler. Now sup-
pose that, while I am doing this, and am feeling
rather disheartened with my success, you should come
to me and say, “I have made a discovery. I do not
know why the traveler moves as he does, neither, I
think, do you, but I have found exactly how he does
move. He is moving from 4 to E by a path which
is the shortest distance between those two points, not
as the crow flies, but across a crater whose form I
can describe to you in a very elegant way, and which
appears to play a very important part in a lot of
other phenomena going on down there, the direction
which that little stream takes for example.” Suppose
you should say this, and should add: “Now, I am
going to take this statement of the law as my start-
ing point. If there is to be any hose in the matter,
it is the hose which is going to be explained in terms
of this fundamental law, and not the fundamental
law in terms of the hose.” I think I should have to
admit that your attitude was at least reasonable. It
is a change of viewpoint of this kind to which we
have to adapt ourselves in passing over from the
Newtonian deseription of motion to that adopted in
Einstein’s theory of gravitation.

CONCLUSION

In its fundamental aspects, practically the whole
of modern physies is concerned with the discussion
of the relations which exist between the motions of
two sets of points in such a way as to establish a
sort of one-one correspondence between the things
which we do, and the behavior of one set of points
on the one hand, and the things which we observe
and the behavior of the other set of points on the
other hand. We send a beam of electrons through
an X-ray tube, and certain dark lines appear on
photographic plates elsewhere, or electrons are emit-
ted with certain velocities which we measure in-
directly. As regards the electrons which are emitted
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into our apparatus, we can almost say that we ob-
serve them directly. As regards the blackening of
the photographic plate, we are content if we can
account for certain electronic emissions or motions
to which we can attribute it. We do not, however,
try to establish a direct relation between the original
beam of electrons and the photographic plate or
photoelectrie cell, because we find that certain other
apparatus was necessary for the experiment, a calcite
grating and X-ray target, and so forth. These pieces
of apparatus are replaced in the mind’s eye by other
sets of points grouped into atoms and molecules, in
a manner characteristic of the substances in such a
way that we may hope to be able to establish a rela-
tion between the first set of points, those in the tar-
get, those in the caleite and those in the final photo-
graphie plate or photoelectric cell. The whole prob-
lem is to discover how the points must be assigned
and what function their mutual motions are of each
other in order that the correlation may be satisfac-
torily made.

So far it has been possible to get along with points
of two classes, the positive and negative electrons,
and it would be considered artificial if we had to in-
troduce anything else. The reason for this lies in the
fact that only these two kinds of points occur in the
specification of what we do and what we observe.
In a certain sense we have isolated them, and the de-
sire is to introduce into the atom nothing other than
what we have actually observed outside. Apart from
this, there would appear to be no logical objection
to the introduction of other classes of points as
intermediaries if they would prove helpful. Bohr’s
virtual osecillators and the quanta which we have dis-
cussed at some length in the foregoing are cases in
point.

Now, it is in the problem of how the points control
each other’s motions that there appears that defer-
ence to traditions in our thinking which is the source
of comfort on the one hand and trouble on the other.
Our ideas of force and kinetic reactions which had
their birth in an age which dealt only with the mo-
tions of the heavenly bodies, combined with a repug-
nance to anything savoring of action at a distance,
has led us to describe the motions of any one of
these points in terms of fields produced by the others.
This description of the motion has invited many other
ideas. We have felt the desire to define in terms of
this field something whose radiation from one of the
points is synonymous with decrease in the velocity
of that point and whose influx into a region con-
taining another point is synonymous with increase
of motion of the point there in such a way as to
maintain what we speak of as conservation of energy.
The necessity of providing for the smooth working
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of these ideas has suggested extending the points
into finite sizes, with the attachments of numbers
(the volume density) to the volume elements to which
they are extended, in such a manner as to retain the
total charge constant. It is in the mechanism which
we have provided for interrelating the motions of
the points that most of our difficulties have oceurred.
The mere description of that interrelation is not diffi-
cult, and could readily be written down. Such a de-
seription as a complete statement would, however,
be regarded as artificial without an interlocking mech-
anism built up in aceordance with the ideas which we
have inherited from our studies of matter in bulk.
It is only little by little that we will allow these modes
of expression to depart from us. Each step must be
allowed time to grow; and not until it is firmly en-
trenched are we willing to admit a further extension.
Classical electrodynamies itself affords a good illus-
tration of a stage in such developments. I suppose
it would be fair to say that, to-day, the average
physieist would be very content if everything could
be correlated on the basis of classical electrodynamies.
Yet, at the time when it was born, electrodynamies
was as incomprehensible to most people as the quan-
tum theory is to-day. The desire to interpret it in
terms of the properties of ordinary matter was com-
pelling, and afforded difficulties of primary moment.
To-day we would be satisfied with the theory itself
if it were complete, and would be glad of it, not
because we have any more of a picture in the sense
in which Maxwell or Kelvin looked for a picture,
but because we have developed a state of mind in
which we have widened our criteria for reasonable-
ness, the change having come about through con-
tinual eontact with the phenomena correlated by that
theory which was at first incomprehensible. It is
only by close familiarity with the phenomena that
radical changes in physical assumptions, which they
suggest, and the corresponding moulding of our
thoughts become part of our make-up in the sense
that when something is explained in terms of them
we say we understand the matter. This development
of mental attitude takes place naturally with greatest
intensity in the minds of those radicals in physical
thought who are responsible for the new points of
view, so that it is quite natural to find, as we do find,
that radicals in physies are apt to become extremely
conservative in their own radicalism.

It is a point which has been mooted before that
there may be many ways of understanding the uni-
verse in terms of different fundamental starting
points; and, once one has become imbued with this
view, he is not averse to adopting different methods
for the discussion of different classes of phenomena;
for it is not unnatural to find that correlation in a
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limited field of nature’s laws may be made in terms
which are simpler than those which would aim to
correlate all the phenomena of the universe. I some-
times picture the state of business of an optician
whose activity is devoted to the manufacture of lenses,
but, hearing of the unsatisfactory state of the quan-
tum theory of dispersion, shuts up his shop until the
matter is settled or even attempts to use the theory
when it is settled. )

How frequently somebody puts forth a theory
founded on concepts which seem to have no place
in a complete logical scheme, which even imply a
misunderstanding of the fundamentals and which the
philosopher could knock into a cocked hat in a min-
ute if he so chose. How frequently he uses these
concepts in a manner which tempts the mathematical
physicist to tell him that he does not know what he is
doing. Yet, how aggravatingly frequently he de-
duces from the illogical mess some new consequence
which is found to be right and which may even have
no place in the more profound philosopher’s scheme
of things. There is something in the fact that if we
write down any correlation of a group of » phe-
nomena where n is large, the chances are that, no
matter what we may be thinking about, or what our
picture of the processes is, if that scheme of correla-
tion predicts a new phenomenon, that phenomenon
will be found in nature. Even in its full generality,
the scheme of nature’s laws is not so elusive and
fickle but that if we fit some scheme of regularity
to it at one place we may, with reasonable chances
of suceess, extrapolate that scheme of regularity
beyond the place where we made the fit and prediet
new results. And it would seem that there need be
no fundamental objection to the process, provided
that one does not trouble himself about non-essentials
—provided that if he uses an electron with mass,
energy and so forth, he does not wonder what its
color is—provided that, if he uses an ether for the
purpose of visualizing the propagation of effects in
terms of elasticity and inertia, he does not trouble
himself as to why it does not freeze out in space
where it is so cold, and why he does not therefore
get light reflected from the boundary, and why the
ether does not boil as the stars pass through it.

A power of critical insight which will enable us to
show that, in the last analysis, nothing is real and
most things are meaningless is all very well in its
way; but it will not always carry its owner very
far, and may frequently lead him into pessimism.
Perhaps the most hopeful condition is a combination
of critical insight with a none too delicate conscience
when smelling out the truth. The owner of this com-
bination may be subject to the criticism of being a
particularly vicious sinner since he knows better,
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but his philosophy will save him the retribution of
his misdeeds; for he will know not to econcern himself
with the color of the electron unless the matter has
a bearing. He will be apt to reap only the wheat
from his harvest and leave the tares.

W. F. G. Swanx
YALE UNIVERSITY

THE WHITE INDIANS OF THE SAN
BLAS AND DARIEN

As a result of recent studies carried on in the
Darien region of Panama, more specifically on the
San Blas coast, certain facts concerning the reported
‘White Indians have been brought to light,

The White Indians obviously express a form of
albinism which has been termed imperfect or partial
albinism by Geoffroy Saint Hilaire, Pearson and
others. These terms signify that either the skin,
hair or eyes, any two or all three may fail to express
the full albinotie econdition, but that one or more are,
partially at least, relatively free from pigment.

Such a condition actually applies to the Indians in
question. Many, if not all, of the White Indian males
have frecklelike copper colored pigment spots of vary-
ing size, location and number, which evince an im-
perfect condition of albinism in the skin. Again the
hair is not necessarily devoid of pigment, but in some
cases shows traces of brown and in other cases is
clearly auburn. Finally the iris is hazel (blue with
brown spots), or dark blue, or dark violet. These
observations clearly establish the fact that, if any
classification of different degrees of albinism is valu-
able, as no doubt it is, the White Indians of Darien
and the San Blas must be considered imperfect or
partial albinos.

This contention, as opposed to the classification of
these Indians as persons exhibiting idiopathie leuco-
derma, is supported by the fact that the condition
obviously has a genetic basis, and that it is not the
result of progressive development but is- apparent at
birth. Indeed its hereditary nature is demonstrated
clearly in the hundred or more matings, the history
of which I obtained during my residence in San Blas.
If idiopathic leucoderma be considered as an inherited
trait, then the terms imperfect and partial albinism
and idiopathic leucoderma obviously approach a sy-
nonymous significance.

The origin of the condition expressed in the White
Indians would seem to be most satisfactorily placed
in the mutation theory. I saw no evidence of their
origin being traceable to previous miscegenation with
Cauecasians.

The White Indians appear frequently from matings
of brown San Blas Indians, resident on the islands
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just off the mainland, and on the mainland itself.
Indeed this is the principal source of White Indians
in the region, as whites are not permitted to mate

with whites, and browns only very rarely mate with
whites.

Do the White Indians form a race? If for the
existence of a race one demands geographical segre-
gation and permanenecy through the demonstrated pro-
duction of likes by likes the White Indians can not be
said to form a race, for they neither oceur by them-
selves in segregated geographical areas nor are they
permitted to reproduce their kind. But if in a defi-
nition of race one includes any group exhibiting
strikingly differential characteristics which are in-
sured of permanency by virtue of possessing a
genetical basis, then the White Indians of the San
Blas may be said to form at present a raece which,
due to artificial restrictions, is dependent for its con-
tinued appearance upon another race, carrying fac-
tors for the former’s inherited differential character-
isties in its germplasm. It is obvious that whatever
definition is applied the difference is not qualitative
but rather quantitative; the qualitative basis, genetical
nature of differential characteristics, being present in
either case. 'Whether or not it is admitted that the
‘White Indians now form a distinet race there can be
no question that, at least, they hold potentialities for
race production.

Actually, it may be repeated, the whites do not
occur by themselves in a segregated geographical area
but are to be found in varying numbers in praecti-
cally all the “brown” villages of the region, where
they appear, from time to time, from matings of re-
cessive carrying browns with recessive carrying
browns. The whites form about 0.7 per cent. of the
total population: an exceedingly high proportion for
any form of albinism. This high proportion I at-
tribute to the fact that intense inbreeding has oe-
curred for some time in the Indian villages. Thus
conditions are highly favorable for the frequent ex-
pression of any recessive traits oceurring in the
strain. Since all known forms of albinism are ap-
parently recessive to the normal condition, and as
albinism, like all recessive traits, occurs more fre-
quently in consanguineous marriages than in the
population at large, the observed high proportion
of whites among the San Blas Indians is not astound-
ing, in view of the constant inbreeding which occurs.

The exact method of inheritance functioning in the
present instance is not yet established. The condi-
tion is apparently recessive to the normal, but it is
not clear whether it is due primarily to the action of
a single gene, in its interrelation to the whole ehro-
mosomal content, or whether the genetic composition



