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LETTERS TO THE EDITOR

Prompt publication of brief reports of important discoveriesin physics may
be secured by addressing them to this department Cl. osing dates for tins depart
ment are, for the firstissue of the month, the twenty eighth -of the preceding month;
for the secondissue, the thirteenth of themonth. The Board of Editorsdoes not
hold itself responsible for the opinions expressed by the correspondents

*On the Mechanism of "Atomization"

So far as the writer knows no adequate
explanation has been offered of the phenome-
non of liquid "atomization. " Scheubel' has,
indeed, given some interesting and instruc-
tive spark pictures of the process as it occurs
in the carburetor throat, but not much direct
information can be derived from them except
at fairly low air speeds. The fact, however,
that the phenomenon can be used with con-
fidence in the design of many rnachine ele-
ments, —that certain results may be expected
to attend certain conditions, —is tacit declara-
tion that the process has a definite physical
background.

If, given a quantity of liquid which at one
time exists as a single comparatively large
mass, and a moment later is observed to be
in the form of a very great number of very
small discrete drops, we merely make the
assumption that there must be an inter-
mediate stage in which fine ligaments are
formed, of such diameter that they will

disintegrate into drops of the observed size,
we can account for this phenomenon on the
basis of Rayleigh s theory of jet disintegration
and certain recent observations of the size
of the drops formed when a liquid is atomized.
This assumption seems reasonable, since time
and temperature considerations exclude the
possibility of evaporation and subsequent
recondensation; it seems necessary, since it
will appear very improbable that the existence
of such fine ligaments can ever be directly
demonstrated; and it is hoped to show that
it is sufhcient.

Rayleigh'- thus explained the disintegration
of a jet which we shall identify with the liga-
ment mentioned in the preceding paragraph:
He considered the jet as an infinitely long
cylinder of liquid initially in equilibrium
under the influence of the tension of its

envelope, and investigated the efficiency of
various types of disturbance in upsetting this
equilibrium. He found that

0.=~De« (1)
where a and ao are amplitudes, at times t
and 0, respectively, of a disturbance sym-
metrical with reference to the cylinder axis;
e is the Napierian base; and

q=, F {2)

In Eq. (2), T and p represent the liquid's
surface tension and density, respectively:

D is the diameter of the undisturbed fila-

ment; and F is a (dimensionless) function of
Z, the ratio length jdiameter. The denomina-
tor of this fraction is the same as D above,
while its numerator is the distance along the
jet between two adjacent points in the same
phase of vibration.

When a grows to D/2 the filament breaks.
The function F has been investigated by

Rayleigh' and by the present writer. ' As a
result it follows that the effective value of F
may be taken as about 0.34 at Z=4.5. For
this value of Z it also follows that the diameter
d of a spherical drop v ill be about twice D,
the diameter of the cylindrical segment f'rom

which the drop is formed.
Hausser and Strobl4 and Sauter' found,
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for water atomized in a high speed air stream,
a mean value of d of about 6X10 4 cm, while

Koltjen' found about the same for oil atom-
ized by "airless" injection into a high pressure
bomb. Taking 10 ' cm as an upper limit, we

have 5 X10 4 cm for D, so that Eq. (2) gives
q=740, 000 sec. ' for vater atomized in a
high speed air stream.

Now, it is very difficult, if not impossible,
to estimate the value of no precisely. The
molecular diameter is, however, of the order
of 10 ' cm' so it seems legitimate to place
about 10 ' cm as a lower limit. To cut:

through a ligament 5X10 4 cm in diameter,
a must grow to D/2=2. 5X10 4 cm. The
necessary time is, by Eq. (1), t = {1/q) ln a/no=
(1/M, ) log&0 n ja0=1/73, 000 sec. (approx. ).
This would correspond to a motion of about

2 millimeters of the air stream in the throat
of the carburetor of an automobile engine
turning over at high speed; or of about 1 mm
of the spray 0.0005 sec, after injection at
8000 lbs/in', into a chamber held at 200
lbs/in' (N.A.C.A. Report $268).

The above gives upper limits of the possible
lengths of these fine ligaments. Small wonder
that they have never been observed!

R. A, CASTI.EMAN, JR.

Bureau of Standards,
March 15, 1930.
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The Atomic Weights of Hydrogen and Helium.

Eddington (Proc. Roy. Soc. A125, 696,
1930) has obtained a new theoretical value of
1/137 for the fine structure constant cx.

This agrees much better with observational
data than his previous value of 1/136. He
also reaches the very interesting conclusion
that in a rigi system of protons and electrons,
there should be a proportional loss of mass

equal to a. The most rigid system of this kind

now known is the alpha-particle, and the
loss of mass, assuming the alpha-particle
to be absolutely rigid, agrees more closely
with the theory than is indicated in Edding-
ton's paper. In fact, on this assumption,
an atomic weight of 1.00777+0.00002 for
hydrogen (see Birge, Phys. Rev. Suppl. 1, 1,
1929) leads to 4.00166 as the calculated
atomic weight of helium. As I have noted
{footnote 12a, page 21, loc. cit.) the best
chemical value for this latter quantity is
now 4.0018. Because of the newly discovered
isotopes of oxygen, Aston's mass spectro-
graph value of 4 0022 should be lowered

about one part in 10,000 (page 69, loc. cit.)
and then agrees precisely with the chemical
value. Hence the observed and calculated
values of the atomic weight of helium differ

by only one part in 30,000, and this may be

taken to indicate that the alpha-particle is

in fact very nearly "rigid. "

This correlationof the fine structure constant
with the "packing effect" in an alpha-particle
has alreadybeen suggested, on a purelyempiri-
cal basis, by Lunn (Phys. Rev. 20, 1,1922) and
has been revived by Kitmer (Nature 124, 180,
1929). In this earlier work, the predicted
decrease in mass was given as a/(1+~), but
this differs by an entirely negligible amount
from the present predicted decrease of ~.

If the nucleus of the isotope oxygen "16"
is a non-rigid system composed of four such
"rigid" alpha-particles, the mass of this
nucleus should be four times the mass of an

alpha-particle, diminished by the mass-

equivalent of the binding energy of the four

alpha-particles. The atomic weight of the
isotope oxygen "16" is 15.9984 (one part in

10,000 less than 16.0000), and one thus ob-

tains 0.0082 atomic weight units (or one part
in 1950 of the total mass) as the mass-equiva-

lent of the binding energy. This seems to be

a reasonable value.
RAYMoND T. BIRGE

University of California,
March 25, 1930.

A Hear Uni6ed Field Theory and Wave Mechanics

In your issue of January 1st 1930, you
published a preliminary notice of a paper
on the above subject by the present v riter.
A few more words of explanation thereof, not
included in the paper itself seem called for.

The fundamental postulate is that the un-

observable is non-existent. This is familiar

in wave mechanics, but is now applied for the
first time to relativity.

Since the metric tensor of space time is


