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THE OLD ATOM OF MATTER 23

volume, but sooner or later there comes a limit. At first
it is only like squeezing a number of indiarubber
balloons; but if you go on squeezing them you will
presently find an excessive resistance, when they are
pressed so closely together that the actual substance begins
to jamb. When you find that you can compress no more
without excessive violence, the vessel is jamb full; the
gas has practically become a liquid, the atoms have got
into’ what may be called contact. By observing the
force needed at the different stages of compression, a
first estimate can be made of the size of the particles
themselves. All the rest is interspace or comparative
emptiness. There are innumerable evidences that a gas
consists of separate particles, flying about at random, and
that all we experience is the average of the combined
activities of miEiuns and billions of them.

But now take a liquid. What evidence is there that
that has an atomic limit, too, and that if we could spread
it out sufficiently, so that a single drop should cover an
area of many square yards, it might become so thin that
no more spreading was possible? There are ways in
which a liquid can be thus spread out. When a drop of
oil is put on a clean surface of water it spreads out at
once into a thin film. When soap is added to water,
bubbles can be blown, and those bubbles consist of a thin
film of liquid. By optical devices it is possible to measure
the thickness of such films; the thickness can even be
estimated by the colours which the soap bubble shows.
But a coloured film is not the thinnest film possible. If
we watch a bubble closely as it thins down, we shall find
(before it bursts) a patch devoid of colour, so thin as to
be invisible, showing up, therefore, against a dark back-

round as a black spot; and that black spot in the soap
Eubbl: is about the thinnest thing known. Recent
evidence has shown that it consists of a number of soap
molecules grouped together tightly side by side, with
their length constituting the thickness of the film—rather
like a wheatfield where the straw with its ears is standing
vertically, making an apparently homogeneous sheath for
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meant by the size of a nut—something bigger than a pea
and less than an orange. To specify atomic size further
would be possible, but complicated, for a lot of details are
now known about it. I must leave it at that. I cannot say
more about an atom until I have said something about
electricity, because we now know that an atom is com-
posed of electricity, and an immepgse amount is known
about that.

There are innumerable other ways of making an
estimate of the size of atoms, and they all lead to the
same kind of result. By no one method alone should we
be convinced, but by the converging testimony of a multi-
tude of methods the scientific world has become convinced
that atoms have a definite size and a definite weight, and
that in any given portion of matter they can be counted.

And what is the result? It can be expressed in various
ways. If a hundred printer’s full-stops were placed side
by side in a row, in contact with each other, their con-
bined length would be something like an inch, or
probably a little more. If we imagine ourselves able to
deal with the atoms in the same way, and place them in
a row, we should require 250 million to stretch the inch.
Or, in other words, the number of atoms which lie on
the surface of every square inch of a sheet of water are
sixty thousand million million, while in a cubic inch the
number is 250 million times greater. These numbers,
however, are so great that they do not make much im-
pression on the mind; they are beyond any numbers that
we have to deal with in daily life.

Let us therefore express the facts in terms of some
trace of impurity in the water. Sea water contains within
itself any number of dissolved substances; among others
it contains a certain very small proportion of gold,
estimated at about one-fiftieth of a grain to the ton—
not worth extracting. But if on the strength of this we
choose to reckon the number of atoms of gold in a tiny
drop of sea water we shall find an enormous number,
more than fifty million. For the number of atoms in
water itself is so enormous that the slightest trace of












THE ATOM OF ELECTRICITY 29

from the negatively electrified terminal of a vacuum tube,
and travel in straight lines with a speed and over a dis-
tance to which atoms of matter could not aspire. He did
not indeed know that cathode rays actually consist of
Farticll:s of electrici ﬂyin§ along at a speed not hope-
essly short of the velocity of light, but that is what a few
of his followers gradually perceived to be the truth. And
these corpuscles or particles of electricity, before their
nature was fully confirmed, were named * electrons ” by
a great, though barely known, physicist, Dr. Johnstone
Stoney. And then in the closing years of the century the
tremendous mathematical physicist, Sir ]J. J. Thomson,
now Master of Trinity College, Cambridge, who had
succeeded Maxwell and Lord Rayleigh in the Cambridge
Chair of Experimental Physics, brought the whole
phenomenon to book, and the clinching discovery that
:lciltricity was really atomic was finally and for all time
made.

This he accomplished by treating the phenomena in
the Crookes tube mttricaﬁ’y and mathematically. By
measuring the magnetic and electric deviations to which
the stream of particles was submitted, his genius enabled
him to weigh and measure these particles, to show that
they were of one kind and one kind only, whatever kind
of gas was admitted into the tube, and to Iimve that they
were incomparably lighter and smaller than any atom
of matter that ever existed. Thenceforth the electron
took its place among the ascertained verities of science—a
revolutionary discovery which has enthused and modified
the whole of subsequent physics.

We now know that negative electricity exists in no
other form than in these separate and extremely light and
incredibly small particles. We harness them in the
vacuum valves which most wireless operators use, and it
is owing to their extreme mobility and docility that wire-
less speech has become possible. That, of course, was not
the immediate outcome; that practical development was
initially due to the discovery by Fleming that a stray
observation of Edison’s could be so developed as to detect
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metal is a stream of electrons. We know that electrons
can easily be torn away from atoms, so that by rubbing
a piece of sealing-wax on a coatsleeve, or by merely
pulling a stylograph pen out of the pocket, electrons are
torn from one substance and accumulated on another,
giving the elementary and lnn§ known phenomenon of
electric charge; though not till the present century did
we know of what an electric charge really consisted.

If a thing has too many electrons, it is negatively
charged, for the extra electrons are units of negative
electricity. But we cannot manufacture electrons; we
have to get them from something else, and the thing
from which we extract them, having too few, is what we
call positively charged. The pieces of matter with which
we ordinarily deal have neither excess nor defect, but
only the normal quantity which makes up the atom.
Ordinary matter is, therefore, electrically neutral, but it
is quite easy to disturb this neutrality; the slightest friction
does it. We do it whenever we pull ﬂﬂg our clothes,
or brush our hair, or pass our hand over a sheet of paper,
or when we rub anything out with indiarubber. %cut
unless the clothes and the hair and the paper are specially
dry, we do not observe any sign of electrigcatinn, E:causc
the tendency is for the electrons to return to neutrality
immediately, by flowing back to the place whence they
were extracted or disturbed. Most substances have
sufficient electrical conducting power to allow this quick
recovery, and so to spoil the demonstration, either by their
own nature or by the slight amount of moisture which
they contain. But by drying certain insulating substances
—ganncl, silk, glass, sealing-wax, etc.—the restoration to
neutrality can be delayed; and the effort at restoration
is then accompanied by electrical sparks, and by the other

henomena which in the laboratory are extremely well
nown. These effects were experimented upon long ago
by Dr. Gilbert in Elizabeth’s reign, who first called it
elyt;ctricity, and afterwards by Benjamin Franklin during
the American War of Independence. He showed that
this same tendency to restoration was responsible, on the
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vacuum valve; the process of electrical evaporation from
a hot body being known as thermionic emission, a subject
developed from a discovery by Frederick Guthrie fifty
s ago, and one on which books have been written by
rofessor Richardson of King’s College, London, and
others.

Faraday called the electric transmitters * ions,” mean-
ing travellers. Ions in a liquid are atoms of matter,
carrying one or two too many, or one or two too few,
electrons; the two classes—the negative and the positive
—travelling through the liquid at a slow pace in opposite
directions. The ions in a gas are often the electrons
themselves, and their rate of travel is prodigious. It is
these which constitute the cathode rays, and it is b
the behaviour of these extraordinarily light and quic
travellers that ]J. J. Thomson was able to weigh and
measure them, in ways of which it is difficult to give a
pu%ular explanation. Suffice it to say that if a magnet
is brought near a stream of cathode rays in a vacuum
tube, that stream is deflected or curved by a measurable
amount, and if we know the strength of the magnetic
field we can make deductions from the amount of
curvature. If instead of a magnet an electrified body is
brought near, they are again curved, this time by the
electric field, which acts on them according to a difg;rcnt
law, though the effect is not so easy to observe and re-

uires much more skill. Still, these two separate deflec-
tions -can be observed and measured, and the results
submitted to mathematical analysis. The result is to
give us, not only the speed, but also the mass of each
individual partil:, notwithstanding the fact that we are
dealing with thousands and millions of them. And,
 furthermore, by collecting these particles and measuring
‘the aggregate amount of charge responsible for a given
current, it is possible to count them and determine the
' charge on :ar.ﬁ? The charge of a single electron is the
' fundamental unit of electricity, of which no fractions
exist, so that this charge is the atom of electricity.

. An electron, however, is only the atom of negative
h 2
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number, so that they partly neutralise each other, their
peculiar properties disappear or become masked, leaving
only a residue apparent, which residual properties are
those that we are familiar with in ordinary matter.
Matter is, therefore, a neutralised kind of electricity; it
has the properties common to both positive and negative;
it is altogether less lively and active than electricity of either
sign separately. It has only residual properties; though,
indeed, many even of those are remarkable enough.

What we have to realise, and what we have only dis-
covered in this twentieth century, is that the atom 1s
wholly composed of electricity. It is a grouping of
electrons and protons, and consists of nothing else.
Matter has no existence apart from electricity, but
electricity canexist apart from matter; it is much the
more fundamental of the two. We learnt a great deal
during the nineteenth century about the special properties
of electricity, which are of cxtraordinary interest; and in
the light 3 all that electrical information the atom has
yielded up some of its secrets, and taken on a beauty and
complexity which was previously quite unsuspected. The
atom of matter used to be thought the ultimate unit, so
extremely small that nothing smaller was imagined.
That idea has been abandoned; it is built up of things
very much smaller. To picture an atom as we now
regard it, we must try to think of a minute proton at the
centre and a Eroup or family of electrons revolving round
it, very much like the planets revolving round the sun,
or what we call the solar system. The solar system
is, in fact, like an atom on a gigantic scale—a ﬁeavy
body at the centre, with lighter iﬂdics revolving round
it in regular orbits.

You must not think that because the electrons are so
utterly minute they are moving at random or irregularly.
There is nothing random in nature. They are perfectly
obedient to law and order. Their orbits are known, and
can be calculated, just as the orbits of the planets are
known. The regular astronomy of the heavens is re-
peated inside the atom.
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of matter. We there spoke of matter as atomic and
therefore discontinuous, and said that in a gas the atoms
were flying about as separate entities, colliding against
each other at times, but otherwise independent, though
we had to admit that in a liquid or solid the atoms were
packed more or less together—packed so that they
cohered whether they were in actual contact or not. It
was, in fact, uncertain what we meant by “ contact,” for
we did not then know what the constitution of the atom
was. But now we see that however tightly the atoms are
acked together, discontinuity is still the prevailing
Featurc. Each atom is itself a discontinuous structure;
it is not in the least like what we used to think it. It
is itself mainly empty space, and its actual substance
is confined to the comparatively few minute particles, at
great distances from each other, which compose it.

In using terms about size and distance we have
to speak relatively. An atom is very small compared
with things we ordinarily deal with, but it is very large
compared with an electron. In fact, the distances separat-
ing electrons inside the atom are as large in proportion
to their size as the distances separating the p?anets. If
the atom were magnified to the size of a cathedral, each
component electron would be Sﬂmcthinri like the size of
a gnat. Twenty or thirty gnats in a cathedral would not
occupy much space. ow abolish the cathedral and
leave only the gnats. Let them fly round and round
within its quundgam walls, and you have a model of what
the mental eye sees as an atom of matter, except that
the regulated system of law and order, and many other
important and essential properties, are absent from the
model.* The model only exhibits the relative size and
fewness of the particles as compared with the empty space
they occupy.

The question has been asked, What is the boundary
of an atom? In other words, what takes the place of the
walls of the cathedral in which the gnats are flying?
One answer is, nothing. The atom has no material

boundary any more than a solar system has. '1"h;:|:“tl is why
Z
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are similar, or indeed identical, except that with electrons
an electric field takes the place of gravitation. This
fact has several important consequences, one of them
being that the deflecting force is independent of the
mass in the electric case, whereas in ﬁ gravitational
case it is for some reason directly proportional to the
mass. In the gravitational case the forces are enormous,
but so are the masses, hence the changes in planetary
movement are slow and stately; in the other extreme case,
the electron, the forces acting on it are not infinitesimal,
are not even insignificant, while the mass practically is,
so the resulting movements are exceedingly quick—far
beyond any other speeds we are acquainted with. But
there is no difference in principle between the two cases:
the calculations involved are similar; the Newtonian laws
of astronomy can be applied, not only to the heavenly
bodies, but also to the minutest objects known.

Not so long ago the question was an open one whether
electricity really possessed any inertia. Attempts were
made to find out if electricity was like matter in this
respect; it was a problem which many physicists in the
nineteenth century desired to look into. The truth was
hidden from them, but it has been revealed to us.
Electricity 1s found to possess all the fundamental pro-
perties of matter, and some in addition. We find that
matter has no properties and no constitution apart from
electricity, but that electricity can exist apart from matter.
The additional properties possessed by electricity may
seem a complication, but they are really a help. Every
additional property seems puzzling for a time, but in
the long run every new property discovered gives us new
weapons of investigation and increases our knowledge.

Any moving mass of ordinary matter, like a cannon-
shot or a cricket-ball, has certain well-known properties,
but there is nothing magnetic about it. A moving charge
of electricity, like a flying electron, on the other hand,
is surrounded by a self-generated magnetic field. The
magnetic properties of moving electricity enable us to
maﬁc further deductions and give us a quantity of novel
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challenge to future science, to the solution of which we
have at present no clue.

Accordingly, these massive protons tend to cnn%regatc
in the centre, interleaved by a sufficient number of
electrons to hold them together in spite of their mutual
repulsion. They thus form a massive nucleus, which
determines the atomic weight of the atom; but the
nucleus is positively charged, because it has too few
electrons. "Fohat deficiency is supplied by an additional
number, not fixed to the nucleus but circulating round it,
after the same fashion as the planets revolve round the
sun. In uranium there are ninety-two such planetary
electrons, whereas in hydrogen there is only one. What
we call the atomic number i1s, in fact, nothing more than
the number of planetary electrons characteristic of the
particular element. The nucleus itself has just that
number too few. The atomic weight counts the number
of protons in the nucleus. So naturally that, too, must
be an integer, and it is often twice as big as the atomic
number.

The atomic number of the common element carbon,
for instance, so important a constituent in our own body
and in our food, is 6, which means that each atom of
carbon has 6 planetary electrons. But its atomic weight
is 12, which means that its nucleus consists of 12 protons.
Now the charge of a proton and an electron is exactly
the same, though opposite in sign. Accordingly, it
would appear at first as if the atom of carbon nugﬁt to
be highly charged positively; but it is neutral, which
shows that the 12 protons at the centre are interleaved or
held together by 6P other electrons, immovably embedded
in the nucleus, while the remaining 6 revolve in regular
orbits round the nucleus. Similarly, the atomic number
of the common atmospheric gas nitrogen is 7, while its
atomic weight is 14. It contains, therefore, 14 protons
packed together with 7 electrons, while the other 7 re-
~ volve round it and account for its chemical properties.

When two atoms combine, it must not be thought that
the nuclei come close together. Atoms approach each
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and affect the chemicals on a photographic plate, it can
also eject one of the planetary electrons from an atom,
so that it jumps right away; and we find that the speed
or energy of that ejected electron depends not at all on
the strength or intensitr of the light which ejected it,
but simply and entirely on its wave-len%th. If we
multiply the energy of ejection by the wave-length of the
light which causes the ejection, we find that we get an
agsolut: constant, the same for every atom, for every
kind of matter—a new and quite unexpected constant of
the universe. This constant, now called the quantum, was
discovered by Max Planck of Berlin, at one time Presi-
dent of the University there. It is a discovery which
enters fundamentally into all atomic physics, and has
had both informing and puzzling consequences.

It is not difficult to see why there should be something
puzzling, and at present barely intellifiblc, about the
subject of radiation. As long as we deal with matter
and atoms alone, we can get along happily enough. As
long as we deal with the ether alone, as we did in
last century’s treatment of light, we are on fairly easy
ground—easy at least to the great mathematicians and
physicists who solved the problems of interference and
dil%raction and polarisation, etc., for us. But in the
production and absnr[l:ninn of radiation, we are dealinF
with neither matter alone nor ether alone; we are deal-
ing with the interaction of the two. That is where the
unsolved problems lie.

We do not accurately know the structure of either
ether wave or electron, but as long as we dealt with only
one we could slur that over, taking the electron as the
absolute unit in one case and the wave in the other case.
But now when we try to combine the two, and exhibit
or dissect out the constitution of the atom, or the electron
rather, and the wave—the structure which enables it to
- eject an electron—when we try to understand how an
atom can emit or absorb radiation, we come across this
unexpected and mysterious fact, that (in atomic emission
or absorption) energy and wave-length are intimately con-
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tremendous rapidity. It is such vibrations which affect
the chemical substances in a photographic plate, so as to
record an impression of the source which has emitted or
modified them. Radiation, in fact, brings us all manner
of information about what is going on at a distance. It
is by radiation that we see a landscape; radiation from
the heavenly bodies tells us about their size and distance,
and even about their chemical composition and their
temperature. |

But how do we suppose that this radiation—ether
waves from the sun and stars—originated? The only
fully analysed source of radiation is the sudden stoppage
of high-speed electrons. Ether pulses are produced Ey
the jerk of their stoppage. May we take that as a model
of what is happening generally? May we assume that all
radiation is emitted in jerks, g)r reason of some collision,
or drop, or collapse, or other sudden change in the
interior of an atom? We could not assume such a thin
without evidence; but the evidence is forthcoming, an
that is what we are learning as the truth.

It appears probable now that the emission of radiation
is not a continuous process, but a discontinuous or jerky
one, analogous to the sound emitted by the blow of a
hammer, or the clash of cymbals. That is the beginning
of the meaning of the quantum.

It has been ascertained that when an electron is
moving it is surrounded by a magnetic field. When
it is stopped, what becomes of that field? The answer
is, It turns into radiation. Every time an electron
changes speed, its magnetic properties, which depend on
that speed, must change too; and if the change be very
sudden, energy must be either emitted or absorbed in
perceptible quantities.

Now inside an atom each electron moves in a regular
orbit; it may move in any one of a selected set of possible
orbits, but, strange to say, it need not keep to tgat one
orbit. On Bohr’s theory it may suddenly jump from one
to another, as a bird hops up or down from its perch.
If it hops down it emits a quantum of radiation of

3
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I, 4, 9, 16, 25, etc., seems to be clear enough; the only
uncertainty is why.

There are atomic analogies not only to the planets,
but even to the comets, for some of the possible orbits in
the atom are very excentric, Ijl.:st as they are in astronomy.
The possible orbits are regular and determined, but every
I}gssigﬁ: orbit need not be occupied by a revolving body.

hose possible orbits which are not occupied %y any
satellite may become occupied by an electron which is
captured, or by one which ]itas jumped up or down from
some other orbit. For the odd thing is that each
planetary electron does not always adhere to the same
orbit, as a planet does; it occasionally drops from a
higher to a lower, or occasionally jumps from a lower to
a higher. What makes them drop we do not know, but
every time they drop they emit a quantum of radiation;
for they cannot drop without disturbing the ether, as a
stone disturbs the surface of a pond, and out spread the
ripples, stimulating the eye or a photographic plate. We
don’t know what makes the electrons drop towards the
nucleus, but we do know what makes tEem jump u
further from it, though we don’t know why or how. lPt
is the ripples that do it; as if the ripples made by the
drop of one stone into a pond could make another
stone jump out of the water—a process which seems
absurd in the pond case, not absurd, but strange and un-
likely, in the atom case. It seems unlikely because we
haven’t the clue, though we must admit the facts. We
find that when certain waves encounter a suitable atom,
they can expend a quantum of energy in making an
electron jump out, or at least jump from a lower position
to a higher one. It is just that sort of power possessed
by the ripples that is puzzling us about the nature of
light, as I hinted in the last chapter, for there is a sur-
prising connection between energy and wave-length.
Any wave-length too long has no effect, but if a wave
is the right length it causes a fully energetic result.

Now let us make these jumps and drops of electrons
more definite. They can be made very definite, but I
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meter, we can infer both the orbit an electron has
jumped from and the one it has jumped to. For the wave-
length indicates precisely the energy of the jump. The
orbits can be numbered, and the radiation tells us when
there has been a jump from number four to number
three, or wvice versa, or perhaps a bigger and more
energetic jump from number four to numgbcr one. Every
jump is associated with a certain definite frequency or
wave-length, and so, though we cannot observe the move-
ments in the orbits themselves, we can tell every time
they jump. We can specify which orbit they have come
from and which they have gone to. All this is done by
the evidence of the spectroscope, and the amount of in-
formation thus obtained, though it requires great skill
and experience to disentangle its meaning, i1s due to
measurements of astonishing accuracy and precision,
which have left no serious doubt about what it is that
we are really observing.

If it were not for these alternative orbits, a simple
element like hydrogen could not give a complicated
spectrum—a whole lot of wave-lengths—but as a matter
of fact it does. It gives a spectrum consisting of a series
of bright lines such as the eye can readily see, and it
gives other series which can be photographed but which
cannot be seen; indeed, from the theory of the jumps
such a series was predicted by that remarkable genius
Niels Bohr, now of Copenhagen, before it was observed.
Astronomy is well known to be an accurate and clearly
understood science, by reason of the exact predictions
which are familiar to everybody. And the same is true
in atomic astronomy, except that the predictions are by
no means familiar to the general public. They have been
the work of men of genius engaged in the calculations
associated with spectroscopic observations.

A spectroscope is only an instrument which sorts out
the waves and places them in positions corresponding
to their size, the short waves at one end of the scale, the
long waves at the other, each set of waves producing its
own bright line or visible representation. The spectro-
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ment — sometimes continuous and regular, preserving
their energy unchanged, but occasionally executing a
spasmodic movement which disturbs the ether, emits an
atom of radiation, and thereby tells us what is happen-
ing. We learn about occurrences in the heavens in the
same sort of way; not indeed by mere inspection, any
more than we see what is going on in a piece of matter
by mere inspection, but by instrumental -detection,
measurement, and inference. The heavenly bodies are
obviously detached from each other, but they are all
immersed in the ether, and any process occurring at their
surface facing us gives us a sign. They, too, like matter
on the earth, consist of protons and electrons. Most of
them contain these bodies in a simpler state of aggrega-
tion than those we are accustomed to down here. The

rocesses there are really easier to follow, and much more
is known about the interior of a star than about the
interior of the earth. There they are—the stars—ex-

sed to the gaze of our big telescopes and all the other
instruments which can receive and analyse the light
which they emit. Except for atomic clashes they would
not emit any light. All radiation is due to the jerks
of electrons insigc the atoms, or it may be to the col-
lisions of electrons and protons with each other. When-
ever there is clash, liﬁc a chemical clash, waves are
emitted—ether waves—of measurable length. It is a
kind of wireless telegraphy going on on a tremendous
scale, but mainly executed by exceedingly small radiators,
so that the waves are of excessively short wave-length.
The radiation is prodigious in quantity, and appears

' continuous, but that is only because of the multitude of
' radiators. Each pulse is really discontinuous, the radia-

tion is emitted and received in quanta; that is to say, in
definite or, so to speak, atomic portions. And when

. the radiators are sufficiently detached and separate from
' each other, they give a bright line spectrum, which is

i
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i
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full of information.
Matter on the earth is much denser and more crowded,
the radiators are packed closer together and interfere
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must have been atomic absorption; we know that an
electron has jumped up from one orbit to another in a
particular kind of atom. We can specify the kind of
atom and we can specify the kind of jump. If an
electron cannot jump, it cannot absorb any radiation:
it can only jump by receiving a definite wave-length; but
if it does receive that wave-length and does absorb it,
it will quench that particular kind of light from the sun
We shall see a spectrum crossed b darﬁ lines, by reason
of the jumps up, and they will be in exactly tru: same
_position as would have been emitted had the jumps been
down. So long as we get definite indications of wave:
length it does not matter whether we get it by a bright
line or a dark line; the information given is the same.
Whatever an atom can emit, that also it can absorb. We
may receive either emission spectra or absorption spectra.
One is as good as the other, and both enable the same
inferences to be made from the indications of our wave-
meter or spectroscope.

But it may be said, Are the lines which we observe
in the spectrum always accurately in their right position?
Is there nothing which can change the wave-length
slightly as it travels? The answer is not completely No,
for it 1s possible for the quanta of radiation to encounter
free electrons as they travel through space, and thus be
made to rebound with a slightly changed wave-length.
But then those portions which rebound will not reach
us direct, so that for all practical purposes the answer is
No. The direct wave arrives unchanged in length, as
it was emitted.

But suppose it were emitted by a moving body, one
which was either approaching or receding; there would
be a change then. For it is well known that a railway
whistle may be heard about a semitone either above or
below its true pitch when a locomotive is either
aﬁprnaching or receding. And that does happen in light
also. But it is not a single line that will be thus shifted;
it will be the whole series of lines emitted by a definite
kind of atom. And accordingly the effect does not
























