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1000 Mev, energics may possibly be reached.
The Metropolitun-Viek. s have under construe-
tion a 300 Mev. electron synchrotron and the
Birmingham University a proton synchrotron.

Relativistic  eyelotrons  producing  ions  of
energy more than 200 Mey, can be construeted
it the problem of space and time variation of
the magnetic  field are solved  satistactorily.
Arrangements  are inoprogress to convert  the
184-inch Berkeley cevelotron into a frequeney
modulited instrument  (synchrotron eyelotron).
It is expeeted that o dee vollage of only 50kV,
will be able to generate one micro-ampere of
200 Mev. deuteronst

The mierotron is an electron eyelotron where
the particles are made to slip one eyele of phase
in ecach circuit, A micro-wave resonator locat-
ed near the edge of a uniform magnetic field
gives rise to the necessary eleetrie ficld,  The
use of a split magnet and several resonant cavi-
ties it series worked by a single power souvee
is sugprestd by Schwinger {o compensade for the
drift in the orbits, The short aceeloration time
of the electrons makes the radiation loss neg-
ligible and the large separation of the orbits
facilitates  the easy removal of  the  output
beam.  Flectrong of 1000 Mev, energy can be
produced if defocussing can be counteracted by
proper shaping of the magnetie ficld or by the
insertion of a loosely coupled parallel series of
resonators,
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The lnear resonance  aceelerator  uses an
array of high Q resonators operated at a metre
wave-length and pulsed simullancously,  'When
used for accelerating ions, a loosely coupled co-
axial line, driven by a master oscillator and
loaded suitably, may be employed 1o phase the
systom, Radiation losses are ol a minimum and
the cquipment is inexpensive compared to the
magnetic devices, A 450-metre long system may
be neoded 1o generate 300 Moy, electrons, The

linear wave guide accelerator developed in the
M.LT. Radiation Laboratory consists of an
array  of lightly coupled resonators operated

from o single  osecillator, I dificultics  con-
nected with the accurate construction of wave
guide sections to avoid the propagalion of un~
winted modes and the provision of an auto-
matic tuning to overcome temperature and other
variations are suceessfully tackled, it may be
possible 1o speed up cleclrons to 1000 Mev.
energy. A delailed  discussion of the working
and possibilitios of the new devices is given by
Sehill,»
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WHAT IS MASS?
By D. FERROLI, 8.4, dsce.

1. Tentative Definition,

IN text-books which are very widely used,
we find the mass of a body delined as “the

quantity of matter it contains™.

Matter is tentatively defined as “that which
can he perceived by the senses™ (confr. Loney,
Dynamics of a Particle, pp. 4-5),

Henee, colour, sound, electricily, magnetism

would  prosumably  come under the  genus
“Matter', T wonder  whether many  would
apree to this.  Another detinition s “Matlter

is that which eann be acted upon by, or exert
foree”,

So matter would be both active and passive,
under ditfferent eireumstances. Could  perhaps,
matter, under its active aspect  (“that which
can exert foree™) be identificd with enerpy?

The author in guestion is aware of the im-
porfection  of  his  definition,  for he  adds:
“Matter, like time and space, 15 a primary
conception, and henee it is practically impos-
sible to give il o preeise definition”,

2. Mass under a triple aspecet,

As the student advanees, he meels the con-
cept of mass under three aspeets

(a) From the tirst fundamental equation of

Dynamics : Foree o Mass w0 Accelera-
tion, one would deduce that mass is a
coeflicient of inertia, it is something
passive, something which, in a way,
tends to resist acceleration.

‘. Soo— Ao

* Of which the Muupertuisian mass is the mean of
the Hamiltonian ana the Leibaitzian masses,

(h) In the second fundamental equation of
Dynamics : Mass x Veloeily = Acee=
loration > Time, the mass assumes a
slighily dilferent, connotation; il is a
capacity of impulse, it is something
which contribules to the momentum of
a body. The contribution, however,
does not  scem  mercly  passive, but
active, as o man who {rics {o stop a
roller or o cricket ball, would experi-
onee,

(¢) Finally in the cquation of energy B
Half the mass by the square of velo-
eity, the mass is a capacily of kinctie
energy--nol energy  really, bul some-
thing that can he energised, invested,
s0 o say, with energy,  The passive
aspeel of mass is again prominent,

3. Muass in Relativistic Mechanies.

In Relativistic Mechanies the above  three
detinitions of mass do not give the same values.
In fact, cven Defore  Binstein, one met in
Higher Mechanies the Maupertuision Mass, ihe
Hamiltonian Mass and the Leibnitzian Mass*

The present writer has dealt at length with
their  conceptual  significance in his  Madras
Undversity Lectures (March 1927), which were
publishicd by the University -in 1929, ere it
may be suflicient to point out that:

() If mass is a coeflicient of inerlia then it

is necessary 1o consider iwo masses :
the longitudinel mass, when the force
is parallel 1o the wvelocity ; and the
transversal mass, when the force is
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perpendicular to the direction of the
velocity. )

Both vary with the velocity, but ac-
cording to different laws. They are
equal when the velocity is zero.

(b) If mass is considered as a coefficient of
impulse, then there is only the trans-
versal mass, which is independent of
the direction of the force.

4. A Query.

Now it may be asked: If a different 'direc—
tion of force leads to a different conception of
mass, are the respective formulae merely a
result of different definitions of time and space,
or do they point to a different and real con-
figuration of the particles constituting the mass
in question? For it is conceivable that a differ-
ent configuration may afford a different re-
action, according as the force Is parallel, or
perpendicular to the velocity. Now is the
different configuration produced gradually or
instantaneously? And if gradually, what would
be the mass when the force is in a _dlrectlon
which is neither along, nor perpendicular to
the direction of motion? A solution which is
based on the parallelogram law seems unsuit-
able, for in Rclativistic Mechanics, velocities
are not compounded according to the parallelo-
gram law. :

5. Classical Definition of Mass is discarded.

It is clear, however, that the classical con-
ception of mass, as a definite quantity of
matter in a body, is thrown overboard. Simi-
larly the idea is abandoned that mass is some-
thing which remains constant throughout all
the transformations of matter; on the con-
trary, mass varies with the velocity of matter.

But one may reasonably ask the meaning of
these words “mass varies with the velocity of
matter”, when matter has been emptied of what
seemed to be its most fundamental attribute—
that of mass and inertia. In fact, if mass
varies, can we say that matter changes at all?
Or, if it changes, what is it that remains con-
stant throughout the change? For a change
which is all change, without anything that real-
ly changes is difficult to conceive. Or have we,
perhaps, to go back to Aristotle’s. “prote wule”
which is the same throughout all changes, not
being liable to “corruption and generation”?

6. Is Matter also to go overboard?

H. Poincare begins his most suggestive chap-
ter on “La fin de la matiere” with the words:
“L'une des découvertes les plus étonnantes que
les physiciens aient annoncées, ¢’ est ques la
matiére n’ existe pas”. And yet is there not a
way of saving the existence of matter?

In 'ghe theory of the cathode corpuscles, un-
changing mass still leaves its traces quite dis-
cernible, though it is almost nil in comparison
with the electro-magnetic mass which is re-
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vealed by the phenomenon of self-induction.
But in ZEinstein’s conception an unchanging
mass finds no place whatever. Again, the
negative corpuscles, though apparently en-
dowed with inertia, borrow it entirely from
the -zether, whilst, according to Einstein,
the inertia of a moving body is inherent in
the body, though it changes with the directed
velocity of the body itself, and has nothing to
do with the ether, for the zther, itself is done
away with. According to Lorentz, matter has
no existence, and what we call matter is but
a hole in the sether. For M. Langévin, matter
is only liquid eether, which has lost its proper-
ties. Matter in motion is not liquid eether
moving through ordinary ether, but it is
merely an extension or propagation of liquefac-
tion, the aether gradually melting in one direc-
tion and solidifying in the direction opposite
to the direction of motion. Hence moving mat-
ter would constantly lose its identity.
Einstein does away with these interesting
suggestions; for him matter is but a mathe-
matical function with the power of reaction
on a fourfold geometrical variety, which may
be called the time-space or the chronotope.
7. The Kingdom of Nominalism.

But is this modern tendency to change every-

thing into mathematical formulee a healthy
one? Mathematicians think they simplify
things. Rather than simplifying them, thzy

etherialize them into the purest gossamer. In
the XVI century a reaction set in against the
hair-splitting exaggerations of the later scho-
lastics, It was a healthy reaction: the re-
action of Induction against exaggerated Deduc-
tion, the reaction of observation against ab-
stractions, the reaction of objective against
subjective science. Now abstractions have
come back—no less insidious, because dressed
in a mathematical garb, Nominalism seems
again to have taken its seat among scientists.
It is true that mathematics deals with symbols,
but its symbols must be capable of some inter-
pretation. Now, what is the interpretation to
be given to mass? and if mass cannot be inter-
preted apart from matter, what is the inter-
pretation to be given to matter? ... One does
not want to be flippant, but Punch’s joke stems

appropriate : “What is matter? Never mind”.
“What. is mind? No matter”.
Or perhaps Bertrand Russell’s paradox:

“Mathematics is the science in which we do
not know what we are talking about, and do
not care whether what we say about it is true.”

Science seems to have turned full circle.
Descartes was satisfied with the tfruth of a
statement only if it could be given a mathe-
matical expression. Aristotle maintains that
“In mathematicis non est bonum’”. No good in
njlath;ematics or is it in the mathemati-
cians?



